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Radiology Centennial: A Hundred Years of
Progress

Charles A Gooding

University of California San Francisco,
San Francisco, USA

As we observe the centennial celebration of the
discovery of x-rays, it is appropriate to pause and
consider the changes that have occurred in medicine
and, in particular, radiology over the past century.
The changes are awesome in scope and they did not
just spontaneously happen. The advances we have
witnessed were the result of devoted brilliant men and
women assiduously attempting to advance science
and clinical medicine. These people were real heroes.
But, before we review the advances in radiology, let's
step back in time for a moment

In the earliest days of mankind, medical diagnosis
and treatment were based on superstition, religion,
and astrology. Although considered extremely
primitive by today's standards of high technology,
for certain ailments, what was available was satisfac-
tory. Medieval medical science was dependent upon
the teachings of the second century Greek physician,
Galen, who had an undisturbed reign on medical
science for over a millennium. In the 1500's the
Flemish anatomist, Andreas Vesalius, dared to attack
Galen's theories, and was subsequently criticized
severely to such a degree that he had to resign his
professorship. William Harvey was a young English-
man, in the early seventeenth century whose key
work on cardiovascular circulation published in 1628
is regarded as the beginning of modern medical
science. By following the circulation of blood through
the body and testing his theory of blood circulation
experimentally, Harvey saw medical facts fall into
place, completing a revolution in physiology.

It has been said that the heroes of an age are mirrors
of the times. Certainly, Galen, Vesalius and Harvey
are such heroes in medicine. However, it was Wilhelm
Roentgen who discovered the x-ray one hundred
years ago, who really altered the course of medicine
and in so doing became one of the great heroes of the
ages. Roentgen received the Nobel Prize in Physics in

1901 and Roentgen's discovery was the beginning of
modem medical diagnostic and therapeutic techno-
logy. Subsequently, Marie Curie in 1910 published
the theory of radioactivity and was awarded the
Nobel Prize for Chemistry. Allan Cormack and
Godfrey Hounsfield received the Nobel Prize for
Physiology and Medicine in 1979 for their
independent research that led to computed
tomography, a tremendous advance because it pro-
vided cross sectional images of the body. Felix Block
and Edward Purcell shared the Nobel Prize in Physics
for their discovery of the Nuclear Magnetic Resonance
phenomenon.

Numerous individuals contributed to the develop-
ment of ultrasound as a diagnostic modality. Thus,
with a framework of diagnostic technologies of ultra-
sound, computed tomography and magnetic resonance
imaging, radiology emerged as one of the most
exciting medical specialities of the modern era.
Radiology subspecialists were quick to apply this
new technology to the study of all organ systems.
Pediatric radiology, in particular, represents a
paradigm of advent of angiography and
interventional techniques, the radiologist is also a
therapist.

The challenge for us is to continue the tradition that
has been developed. The charge to us is to sustain
radiological excellence into the next century. Former
United States President, John F. Kennedy, said in his
inaugural address "Ask not what your country can do
for you, but rather what you can do for your country."
To paraphrase, we in Radiology must ask not what
Radiology can do fr us, but what we as Radiologists
can do for our patients. Our contributions to the
further advancement of our specialty may take several
forms, whether it be in research, teaching, or patient
care. Whichever avenue we choose to pursue, let us
not be content to accept mediocrity, but let us continue
to strive for excellence. We have the opportunity to
make unprecedented progress in the effort to diagnose
and cure disease to alleviate suffering, and to improve
health.

The centennial activities of the 7th Asian Oceanian
Congress provide us with an opportunity to celebrate
a wonderful birthday party, to tell the story of a
hundred years of progress and to look to the future
with excitement and enthusiasm.
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Radiology at the Turn of the Century,
Opportunities and Problems

Alexander R Margulis

University of California San Francisco,
San Francisco, USA

It has been one hudnred years since Konrad Roentgen
discovered x-rays. The importance of this discovery
was immediately recognized and the medical
applications started within weeks and advanced
progressively to this day. Digital radiography, inter-
ventional radiology and 3-D reformatting of spiral
and electron beam CT, are distant products of the
original invention.

From the earliest days, medical imaging initiated by
Roentgen has advanced in directions maintained up
to this day in spite of the advent of much more
complicated technology. These trends are: decreases
in invasiveness, increases in sensitivity and specific-
ity, improvements in acquisition and presentation of
data and faster throughput of patients. Over the years
the many different techniques also started acquiring
functional and metabolic data promising to even
consort in the future with genetic medicine and
molecular biology.

Howevereven from the beginning there were problems
marring the glow of these brilliant advances, First
there was the initially unrecognized danger of damage
from ionizing radiation. It was successfully combat-
ted by many protective measures increasing the
effectiveness of administered ionizing photons.

Finally new non ionizing approaches were deve-
loped: ultra sound and magnetic resonance. The pursuit
of making imaging more tissue and metabolically
specific remains however a goal that seems far less
attainable than increasing sensitivity of detecting
disease. The giant strides in improving technology
and developing new approaches while relatively
economical due to the enormous bargains provided
by the diagnostic results of imaging and by advances

in computers are still very expensive posing the
dilemma of high benefits to patients, welfare versus
affordability and cost High technology has also
divided the world into three zones: one that can afford
it, one that hopes to be able to do so in the future and
one that has given up hope. It will be important to
institute outcome studies and cost effectiveness
projects using the various diagnostic imaging
techniques in order to develop imaging strategies
more beneficial for the different parts of the world.

The great advances in techniques includes spiral and
electron beam CT with its ability of reformatting in
any plane including curved and with the possibility of
subtraction. Ultrasound with color doppler capabili-
ties, digital with real time display is an affordable
highly versatile imaging technique with possibilities
for biopsy guidance except in the lung and bone. The
intraoperative transducers have made ultrasound at
the present the gold standard for determining the
presence of deep liver lesions at the time of surgery.
In spite of its excellent spatial resolution high noise
levels reducing the signal to noise raio make CT the
preferred choice in cases where resolving power is
essential, where the difference in cost can be afforded
and particularly in the evaluation of lung disease, in
very obese patients and patien.ts with severe gaseous
distension of their bowel.

Magnetic Resonance Imaging has revolutionized the
examination of the brain, spinal cord, spine, joints,
pelvis, heart and large vessels. With continued
advances in imaging sequences and contrast media in
its becoming an essential diagnostic approach in
much of the world. In addition to very high priced
superconducting instruments using helium, super-
conducting magnets without helium, new resistive
and permanent magnets have started to significantly
reduce the price of MR instruments providing accept-
able image quality in the price range of mid level
computed tomography.

After many years of disappointment over slow
progress, MR spectroscopy has reached clinical
applications. This has been achieved through advances
in surface coils, the ability to assay smaller voxels (as



small as 0.2 cc for 1 H spectroscopy). In addition,
progress in fat and water suppression and especially
through collaboration with interested and know-
ledgeable clinicians, MR spectroscopy has been
brought to the threshold of clinical usefulness. For
instance, there is already an application to distinguish
recurrence of brain tumours from brain necrosis
following radiation therapy and follow up of cancer
of the prostate after radiation or cryotherapy.

Interventional radiological procedures have revolu-
tionized the treatment of post operative leaks, drain-
age of abscesses, dilatation of strictures, opening of
vascular occlusions, treatment of portal hypertension,
treatment of jaundice, arteriovenous, malformations,
intracranial aneurysms and of many other conditions.
It is uniquely and unquestionably cost effective and it
reduces pain, morbidity and complications.

The tremendous accumulation of data and images
created by modern imaging have presented several
problems of retrieval. Advances in PACS have been
relatively slow, perhaps because of image archiving
retrieval and transmission provide an ease of opera-
tion but probably cannot be justified to bring income.
With increasing difficulty in the handling of an
enormous mass of data, PACS will become indispen-
sable and medical networks will be forced to use them
in order to operate smoothly and stay competitive.
With the steady and fast advances in computers and
expansion in archiving capabilities along with the
sinking prices, PACS will soon be a routinely avail-
able commodity.

As the 21st century is approaching, medical imaging
has become a most important diagnostic approach
highly sophisticated and precise in the industrial
world, less precise and still indispensable in most of
the world except in those parts where public health
measures and preventive health medicine are much
more vital than medical imaging. The hopes is that
eventually our heirs will live in one world, in which
high technology imaging will be uniquitous.

NIXT PAQE(S)
left BLANK



ABO-ABDOMEN

Current Status of Abdominal MRI

Joseph K T Lee

The University of North Carolina at Chapel Hill,
North Carolina

Rapid progress has been made in the area of abdominal
magnetic resonance imaging in recent years. With the
development of fast imaging techniques coupled with
the introduction of oral and intravenous contrast
medium, high quality MR images of the upper abdo-
men can be obtained within a breath-hold period. In
this lecture, the following MR techniques will be
described: (1) gradient refocused echo imaging and
its variants, (2) fast spin echo technique, (3) fat
suppression techniques (for example, phase-shift
technique, FATSAT, etc.)

The use of these techniques in imaging of the liver,
kidney, adrenal glands, lymph nodes and other upper
abdominal organs will be discussed. The role of
gadolinium for assessing abdominal pathology also
will be addressed.
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Abdominal MR Imaging Techniques

Joseph K T Lee

The University of North Carolina at Chapel Hill,
North Carolina

The abdomen can be successfully examined with
MRI. While transverse images are obtained in all
patients, usually with 8-10 mm collimation at 10-12
mm intervals, coronal and sagittal images are often
performed to better define specific abnormalities.
The use of 2 mm interstice gap reduces cross talk
between consecutive sections.

As in the case of CT, an MR oral contrast agent can
aid in the differentiation of bowel from other normal
or pathologic tissue. Although perflurbon
(perfluorooctyl bromide orPFOB, Imagent, Alliance
Pharmaceutical, San Diego,California), which causes
darkening of bowel lumen has received final FDA
approval, it has not achieved widespread clinical
acceptance because of its high cost. PFOB is dense
and has a low surface tension and progresses rapidly
through the small bowel to reach the colon in 30
minutes. It has a short-lived oily taste and may leak
inadvertently through the rectum in the first three
hours after oral administration. Oral magnetic particles
(OMP, Nycomed, Oslow, Norway) another bowel
darkening agent, is still awaiting FDA approval.
OMP is generally well tolerated; side effects are
mostly mild, consisting of nausea, vomiting and
diarrhoea in approximately five percent of patients. It
iseffective with all pulse sequences, except for gradient
refocused echo (GRE) sequences, which demonstrate
an undesirable amount of magnetic susceptibility.

Both Tl and T2-weighted sequences are required for
lesion detection and characterization. Tl-weighted
imaging can be achieved with either a breath-hold
GRE sequence (for example, FLASH, or spoiled
GRASS) or a conventional spin-echo sequence (TR
300-1000 msec, TE as short as possible). Although
spin echo sequence is less effected by magnetic
susceptibility artifact, we prefer GRE for Tl -weighted
sequence because it allows multiple sections to be
obtained within a single breath-hold, resulting in high
quality images without respiratory-related artifacts.
At 1.5T, with a TR of 130 msec, TE 4 msec, flip angle

80', and one excitation, a total of 14 sections can be
obtained in 19 seconds. The relatively short acquisi-
tion time of GRE allows serial dynamic imaging after
intravenous administration of gadolinium compound.
T2-weighted imaging (TR > 1500 msec, TE > 70
msec) can be achieved with a fast spin-echo (FSE) or
turbo spin-echo technique. The advantage of FSE is
a substantial reduction in imaging time. The faster
imaging time can be used to improve spatial resolution
(by increasing imaging matrix elements) and stronger
T2-weighting (by increasing TR and obtaining later
echoes) within a reasonable data acquisition time.
Although FSE provides better image quality and
contrast-to-noise ratio for cystic abdominal lesions
than does conventional SE, the qualitative conspicu-
ousness and the contrast-to-noise ration of solid
abdominal organs are decreased. T2-weighted FSE
technique combined with fat saturation reduces ghost-
ing artifact and increases the contrast range of non-
fatty tissues.
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Abdominal Imaging: MRI and Spiral CT
(Parti)

Lee C Chiu

St Joseph Medical Center, California

Computed tomography: computed tomography (CT)
or spiral CT (SCT) has become an important
diagnostic test in modern medical practice. The
application of SCT has been improved by minimiza-
tion of motion and the respiratory mis-registration
artifact. SCT represents a major refinement to
conventional abdominal CT. The ability to obtain
overlapping images without additional radiation
exposure, coupled with the combination of speed and
volummetric data acquisition offer specific advantages
for abdominal imaging. These advantages include
improved pathologic and tumor detection and stag-
ing, as well as providing a road map for surgical and
radiation treatment planning.

The methods of spiral CT scanning are as follows:

(1) Routine spiral CT:
Single bolus IV contrast injection with breath
holding

(2) Biphasic or triphasic contrast enhancement
with different rate and volume of IV bolus
contrast injection.

The applications of spiral CT in abdominal imaging
are:

ventional CT in differentiating benign
hepatic lesions such as focal nodular
hyperplasia, hepatic cell adenoma or
hemangioma.

(b) Diffuse liver disease : SCT with its
excellent definition of vascular struc-
tures and high level of enhancement
have resulted in increasing recognition
of focal and diffuse liver infiltration
such as fatty and cirrhotic liver.

(2) Pancreas:
SCT has resulted in dramatic improvement
over conventional CT in the evaluation of the
pancreas, including pancreatitis, as well as
diagnostic and prognostic evaluation of
pancreatic tumors and detection of small
lesions.

(3) Biliary Obstruction:
Overlapping reconstruction and scanning with
high level of contrast contribute to improved
recognition of normal and pathologic extrahe-
patic biliary tree.

(4) Kidney
Early and late nephrogram effect obtained
with SCT result in detection of small renal
lesions.

(1) Liver
(a) Primary and metastatic tumors:

Tumor enhancement on SCT are replica
of that seen in arteriogram. It gives a
more accurate detection of the hepatic
tumors due to the early and late phase
enhancement betwen the lesions and
the surrounding liver. However, it of-
fers no diagnostic advantages over con-
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Abdominal Imaging: MRI and Spiral CT
(Partll)

Lee C Chiu

St Joseph Medical Center, California

MRI: Technical issues unique to abdominal MR
imaging have been identified and solutions are under
development Nevertheless, newest MRI sequences
such as fast gradient echo Tl*, T2* weighted image
with breath holding technique. Additional advanced
peripheral pulse/respiratory gated methods. Effec-
tive motion and fat suppression is increasingly com-
petitive with CT for the remainder of the abdomen.
MR demonstrates specific morphologic features that
suggest the correct tissue diagnosis equal or better
than CT. Many criteria well known from CT can be
directly applied to MR imaging.

(A) MRI main pulse sequences
(1) Tl weighted image: show the best

anatomic resolution and are well suited
for delineation of special morphology.
For example: high intensity tissue
represent fatty lesion or hemorrhage. A
medium intensity "fluid mass" may
indicate proteinaceous abscess.

(2) Tl with fat suppression technique: best
sequence to show normal pancreatic
parenchyma

(3) Fast spin echo image: May show sig-
nificant differences in the internal ar-
chitecture of various lesions from other
changes. Additional fat suppression
technique can eliminate fatty ghosting
artifacts.

(4) Short inversion sequence (STIR) could
completely suppress the fatty tissue and
enhances the pathological lesion.

(6) Breath holding technique can reduce
noise from respiratory motion artifacts.

(7) Tl fat suppressed technique with IV
contrast enhancement imrpove lesion
detection and tumor characterization,
such as small pancreatic tumor.

(B) Clinical Applications:

(a) Hepatocellular Carcinoma: MRI can
establish few more tissue specific
diagnosis of nepatoma by demonstrat-
ing characteristic morphologic feature

(b) Abscess: MRI show more specific for
detecting abscess

(c) Cavernous Hemangioma: MRI has been
shown superior to CT

(d) Focal nodularhyperplasia: MRI appears
to be more sensitive than CT for detect-
ing the characteristic stellate "scar"

(5) Gradient Tl*/T2* shows high contrast
structure tissue and vascular image.
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MRI / CT of Retroperitoneum

Joseph K T Lee

The University of North Carolina at Chapel Hill,
North Carolina

The diagnosis of retioperitoneal pathology has his-
torically presented a challenge to physicians. The
signs and symptoms of retroperitoneal diseases are
myriad and often subtle. Because computed
tomography (CT) and magentic resonance imaging
(MRI) allow direct, noninvasive demonstration of
normal and pathologic retroperitoneal anatomy with
a high level of clarity, both methods have had a major
impact in the evaluation of retroperitoneal diseases.
With current technology, diagnostic images can be
obtained even in very emaciated patients. In this
presentation, discussion will be limited to diseases
involving the lymph nodes. Diseases affecting the
great vessels, psoas muscles and other solid retro-
peritoneal organs, such as the kidneys, the adrenals,
and the pancreas will not be covered.
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The Radiology of Extraluminal Air with
Emphasis on New and Forgotten but Valuable
Signs

\
Stephen R Baker

Technique
The formation of an optimal technique for the plain
film demonstration of free air in the peritoneal cavity
owes much to the seminal studies of Miller and
colleagues.1 In order to detect very small amounts of
free air they have recommended that a full radio-
graphic evaluation include views of the abdomen in
the left lateral decubitus, upright and supine positions.
These projections should be taken in the radiographic
suite, as portable films are usually inadequate for the
demonstration of subtle collections of free air.

The left lateral decubitus film should be performed
first This projection offers several advantages. As
free air assumes the least dependent position in the
peritoneal cavity, in most patients it rises to the right
upper quadrant just below the diaphragm, where it
situates itself between the abdominal wall and the
liver. The homogeneous hepatic density affords sharp
contrast to even small volumes of gas. The major
exception to this direction of flow occurs in women
with wide hips in whom the least dependent intra-
peritoneal region projects over the iliac bone. Elevation
of the right side enhances passage of swallowed air
into the peritoneal space through a duodenal or distal
gastric perforation. With such a position change gas
in the lesser sac can also escape through the foramen
of Winslow to enter the greater peritoneal cavity.
Soilage of the peritoneal space by pus, blood, food, or
gastric acid is minimized when the right side is
elevated.1-2

The patient should be placed in the leftlateral decubitus
position for 10 or 20 m inutes to perm it gas to percolate
into the right upper quadrant. It is important to center
this projection superiorly enough so that the lower
right lung field is included in the film because free air
will usually collect just below the right costophrenic

angle. Chest technique is preferable to a standard
abdominal technique because an overpenetration of
the right edge of the upper abdomen may miss the
sliver of lucency that identifies a small pneumoperi-
toneum. For best results the film should be obtained
during the expiratory phase of respiration. Generally,
the left lateral decubitus film approximates the up-
right chest X-ray in its ability to detect minimal
amounts of free air. If there has been a previous
laparotomy, however, it may be the superior view
because upper abdom inal adhesions retard the move-
ment of free air towards a subdiaphragmatic location.

The patient is then placed in a sitting or standing
position. After a wait of 5 to 10 minutes to permit air
to migrate superiorly, an upright view is obtained.
This film should be positioned at the level of the apex
of the diaphragm so that the central beam is parallel
to a possible free air level that is usually situated just
below the diaphragmatic dome. If the beam is centered
too low, small pockets of gas may not be appreciated.
The midexpiratory or midinspiratory phase of
respiration is best for the demonstration of free air.3

The pneumoperitoneum series concludes with the
standard supine film of the abdomen.

Such a comprehensive plain film series, with each
film obtained at measured intervals, in proper order,
and with appropriate technique, is highly sensitive for
the recognition of free air. However, for acutely ill
patients presenting with severe abdominal pain in a
busy emergency room, it is not always possible to
achieve an optimal radiographic assessment Includ-
ing the time required in preparation for the left lateral
decubitus and upright views, the ideal study takes 30
to 35 minutes to perform, with nearly half the time
spend with the patient on a radiograph table in the left
lateral decubitus position. A diagnostic radiography
room is th us occupied for one study for more than half
an hour as the plain film evaluation runs its course.
Many patients cannot reston their side for an extended
period and others may be too ill to stand or sit up for
the erect view. All the while, the referring physician
is eager to make a prompt diagnosis and may interfere
with the correct sequence or timing of films as he or

10



she observes the patient, obtains further history, repeats
the physical examination and removes samples of
blood or urine for laboratory tests. Moreover, the
three views series is usually sought when pneumo-
peritoneum is strongly suspected. In many patients
that diagnosis may be only remotely considered or
even unsuspected at first and a complete plain film
examination may not be requested.

For this reason, it is crucial that the radiologist become
familiar with the signs of pneumoperitoneum that can
be discerned on the supine film of the abdomen
because that may be the only radiograph available for
interpretation. An expeditious and definitive diagnosis
is possible in most instances from this view alone if
careful attention is given to sometimes subtle but
nonetheless reliable plain film findings.

In 1941, Rigler identified a sign for massive pneu-
moperitoneum that bears his name. Also known as the
bas-relief or double-wall sign, it depends upon the
observation that the wall of the bowel appears to stand
our in "relief when gas is present within the intesti-
nal lumen and in the adjacent peritoneal cavity.
Normally, only the interface between luminal gas and
encircling bowel wall is seen; the serosal surface is
not appreciated because it is of similar density to the
peritoneal contents that abut it. If the peritoneal
contents are displaced by air, however, the scrosal
margin of bowel now becomes clearly defined.4 On
occasion, not only can free air be detected but mural
thickening may also be demonstrated if the lumen is
filled with gas. The double-wall sign requires a large
volume of free air so that the bowel loops can be
separated from each other. Schultz emphasized that
ascitic fluid is also needed, often in excess of one liter,
so that gas-filled intestinal loops are displaced
anteriorly. As they float on the fluid surface they are
nearly surrounded by free air.5

However,Rigler's sign is insensitive and its presence
only validates the presence of pneumoperitoneum
that is usually apparent on clinical grounds. Too
often, it can be simulated by normal variations of
intestinal configuration. Abundantfat in theomentum
and appendices epiploicae may provide sufficient
contrast to demarcate the serosal surface of the colon.
Free air can be mimicked by contiguous loopsof large

or small bowel, as air within the lumen of an intestinal
segment may appear to outline the wall of its neighbor.
In actuality, it is the combined widths of two adjoin-
ing bowel walls that are highlighted. Intraperitoneal
air is featureless whereas luminal gas bears the hall-
marks of bowel, i.e., the valvulae conniventes of
small bowel or the haustra and plica semilunares of
large bowel.

In colonic distension, these intraluminal markers
may not be well delimited and the double-walled sign
can be suggested by two gas-filled loops lying next to
each other.6 If in doubt, the upright or left lateral
decubitus films should be done to confirm the existence
of free air with certainly.

In children, massive pneumoperitoneum can produce
the football sign, so called because the distended air-
filled peritoneal cavity looks like a football with its
long axis directed vertically. The falciform ligament
is often outlined and appears to bisect the peritoneal
cavity, furthering the likeness to a football. However,
such an appearance is seldom encountered in adults.7

Jelaso and Schultz described the urachus sign, an
elongated conical soft tissue density, which tapers
superiorly near the midline.8 The urachus, die intra-
abdominal extension of the allantois, sometimes has
a peritoneal reflection that can become visible in the
presence of a large pneumoperitoneum. Attached to
the urachus are the lateral umbilical ligaments, which
form an inverted V as they diverge inferiorly and
laterally from the midline. In some thin patients they
can protrude slightly into the peritoneal cavity from
their anterior abdominal attachments, becoming
visible on supine films only if there is a large pneumo-
peritoneum. Either one or both ligaments may be
seen, with a single ligament often closely resembling
a colonic septation.9 In most patients with a large
rounded lucency projecting below the inguinal liga-
ment, the gas collection is in an inguinal or femoral
hernia sac. Rarely, in men and boys, free air can
extend into the scrotum. The tunica vaginalis is a
sheath of peritoneum surrounding the testes. The
processes vaginalis is a peritoneal tube that passes
through the inguinal ligament and connects the peri-
toneal cavity to the tunica vaginalis. In 60% of male
infants and in 15% of men, it remains open, permit-
ting peritoneal gas to enter the scrotum. Typically, the
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the rounded density of the testes can be identified
within the lucent, distended scrotum. It is the presence
of the testes that distinguishes pneumoscrotum from
gas within a hernia sac.1011 These unusual signs of a
large pneumoperitoneum are anatomically interest-
ing but are almost never crucial for the diagnosis, as
other evidence of free air is always present.

On supine films, the findings of a large pneumo-
peritoneum are observed in the mid and lower
abdomen. It is also necessary to look at the upper
abdomen, especially the right upper quadrant, where
indications of free air are just as indisputable if often
less immediately striking. Therefore, it is essential
that no part of the abdomen be excluded from view
during a plain film search for pneumoperitoneum.
Inasmuch as the abdomen extends from the dome of
the diaphragm to the inguinal region, a single film
may not encompass the entire peritoneal cavity if the
patient has a long trunk. An adequate examination
may require two supine films, one centered in the
lower abdomen and theotherdirected more superiorly.

The liver shadow provides a homogeneous density in
the right upper quadrant. It should be at least as
radiopaque as the spleen. A gas-containing right
colon may be superimposed upon it, but the well-
defined course of the large intestine and its identify-
ing features of haustra, plica semilunares, and intra-
luminal feces are usually readily recognizable. Near
the midline, the gas-filled distal stomach and
duodenal bulb are also normal lucent landmarks
superimposed on the liver. Occasionally, malrotated
proximal small bowel may overlie the liver shadow.
In elderly and debilitated patients sharply marginated
lucencies of air trapped in skin folds can be super-
imposed on the hepatic density, but they are almost
always traceable beyond the peritoneal cavity. All
other areas of decreased density, whether focal or
diffuse in the right upper quadrant, must be suspected
of containing extraluminal air.

Gas within the peritoneal cavity can be distributed
ventral or dorsal to the liver. The ventral component
is by far the larger and extends across the hepatic
surface whereas the posterior extension or peritoneal
space tapers medially and superiorly within the narrow
confines of Morison's pouch. A large collection of air

in front of the liver may make the hepatic shadow
appear relatively lucent. For themost part, the diffusely
lucent liver is an ancillary sign almost always appear-
ing with other evidence of pneumoperitoneum. On
supine films in patients with hydropneumoperitoneum
or hemopneumoperitoneum, liquid tends to collect
peripherally while air is displaced medially. An inter-
face oriented in a craniocaudad direction and super-
imposed on the liver shadow strongly suggests
combined intraperitoneal air and fluid. Often small
gas bubbles are situated next to the sharp demarcation
of fluid and air.12 The lateral extent of the central gas
collection depends on the respective volumes of
peritoneal effusion and freeair. Although this lucency
crosses the midline it is most often best seen on the
right side where the liver provides an excellent back-
ground. Occasionally, a distended stomach, a dilated
colon, the large gas shadow of a cecal volvulus, a
large subphrenic abscess, and air in skin folds can
resemblea hydropneumoperitoneum. Differentiation
from these other causes of a large lucency can be
accomplished by upright or left lateral decubitus
views.

A helpful sign of pneumoperitoneum or hydro-
pneumoperitoneum involving the anterior superior
peritoneal cavity is visualization of the falciform
ligament. Extending slightly rightward and superiorly
from the umbilicus to the liver, the falciform ligament
and its rounded free edge, the ligamentum teres
hepatis, merges with the visceral peritoneum at the
anterior superior surface of the liver. The falciform
ligament then plunges posteriorly into the porta
hepatis, where it becomes continuous with the
ligamentum venosum. The ligamentum teres is 6 to
14 cm in length and varies in width from 1 to 11 mm13

The wide range of thickness is dependent on the
amount of fat within it. Harswell et al maintain that in
30% of cases, fat within the ligament can be seen on
a plain film, an observation that has not been con-
firmed by others.14 The course of the ligament is
usually straight but it may describe a slightly concave
or convex arc as it ascends from the umbilicus. It
extends more inferiorly than the right crus of the dia-
phragm. The ligamentum teres hepatis is more verti-
cally oriented than the obliquely positioned common
bile duct, which also may be seen on plain films if
invested with abundant fat.
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Air in the upper peritoneal cavity collects on both
sides of the ligamenturn teres, bringing it into sharp
relief. The ligament may be oblique to the radio-
graphic beam or may be slightly folded near its
umbilical end, causing it to appear widened inferiorly.
Its characteristic location and sharp margins make for
ready identification despite its wide variability in
width.

Smaller collections of anterior upper peritoneal free
air, can be seen as rounded or oval pockets of lucency.
Menuck and Siemers found an isolated focus of
ventral air in 4 of 29 patients who had supine film
demonstration of pneumoperitoneum.15 In our
institution we have seen it even more frequently. The
focal lucency is located just below the apex of the
right hemidiaphragm and may be missed if the supine
film is improperly positioned. It can be confused with
pneumoretroperitoneum or an interposed colon.
Retroperitoneal gas tends not to reach the dome of the
diaphragm and it rarely presents as a single large
rounded lucency. An interposed colon almost always
has the identifying mucosal features of the large
intestinal lumen.

At times, the only manifestation of pneumoperitoneum
is an agglomeration of bubbles visible over the liver
surface, an appearance similar to a pneumoretro-
eritoneum from duodenal rupture or a gas-containing
abscess. On supine films such minimal lucencies do
not conform to the outline of any peritoneal recess
and, therefore, an unequivocal diagnosis cannot be
made on supine films. Left lateral decubitus or up-
right films are needed to establish the intraperitoneal
position of such lucent collections.

Moving posteriorly, free air may reside under the
liver edge. Occasionally the superior margin of such
collections appears as a straight, obliquely oriented
interface as free air comes in contact with the medial
undersurface of the liver. Air in the inferior sub-
hepatic space frequently has a distinctive conforma-
tion. The gas assumes an oblong appearance, with its
long axis directed superiormedially.16

Morison's pouch, the superior extension of the sub-
hepatic space, is interposed between the posterior
edge of the liver and the anterior margin of the right

kidney. Its dorsal location makes it the most
dependent recess of the peritoneal cavity above the
pelvis and thus a favored site for the formation of
abscesses and for the collection of air and gastric
contents that have passed through perforations of the
posterior wall of the distal stomach and duodenal
bulb. Morison's pouch is situated just to the right of
the midline, rarely extending more than 7 or 8 cm pe-
ripheral to the lateral border of the nearest vertebral
body. Characteristically, it is situated no higher than
the right 1 lth rib, where it is restricted above by the
bare area of the liver. Occasionally, gas in Morison's
pouch may have a rounded superior border. Much
more typical is a crescentic lucency or a triangular
configuration reminiscent of il corno, the ceremonial
cap worn by the doges of Venice.17 The hypotenuse of
this triangle is oriented along the liver edge and
parallels the right 1 lth rib. The geometric contour of
the doge's cap distinguishes it from the rounded
margins of other right upper quadrant lucencies,
including a duodenal diverticulum, a gas-filled gall-
bladder, an intraperitoneal abscess, or a malrotated
bowel.8,9 However.it may be mimicked on plain
films by a large, gas-filled duodenal bulb. The far
posterior position of Morison's pouch can be appre-
ciated on lateral films, where it is often superimposed
on the body of the 11th or 12th dorsal vertebra.

Lesser Sac Gas
Communicating with the posterior subhepaticspace
through the foramen of Winslow, the lesser sac or
omental bursa is another posterior peritoneal recess
that when gas-filled reveals distinctive plain film
findings. The lesser sac occupies a central position
behind the stomach in the upper abdomen and is
delimited on the left by thegastrosplenic and gastro-
lienal ligaments. Posteriorly, it is defined by the
posterior peritoneum as it crosses the pancreas, the
left kidney, and the diaphragm. Its inferior extent is
usually bounded by the transverse mesocolon, but
there may be a caudal pouch that extends several
centimeters below the transverse colon.2021 Goodwin
and Lewicki reported gas in the lesser sac that entered
from a perforated sigmoid colon in a patient with a
capacious caudal pouch.22 Most of the anterior border
of the lesser sac is the stomach proper. Anterior-
medially, the lesser omentum separates the lesser sac
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from the gastrohepatic recess. The caudate lobe of the
liver borders the lesser sac on the right and the
foramen of Winslow is located just cephalad to the
duodenal bulb.

Gas collections in the lesser sac create a homo-
geneous lucency that straddles the midline. Their
right border is smooth, describing a slightly convex
lateral curve usually in the same sagittal plane as the
falciform ligament.23 These lucencies are delimited
superiorly by the left hemidiaphragm and inferiorly
by the transverse colon. Even on upright views, lesser
sac gas never ascends to the apex of the left hemi-
diaphragm, as it is confined by the left coronary liga-
ment. A fold of parietal peritoneum containing the
hepatic and left gastric arteries indents the left poste-
rior border of the lesser sac, partially dividing it into
rightandleftcomparmmens. Small accumulations of
gas may be confined to only one compartment whereas
more extensive collections fill the sac entirely. On
cross-table lateral projections, lesser sac gas appears
as a homogeneous lucency displacing the stomach
anteriorly. When the patient is placed in the right
lateral decubitus position, the lucency extends to the
hilum of the spleen. The left lateral decubitus position
permits gas to traverse the foramen of Winslow and
escape into Morison's pouch and the greater perito-
neal cavity.

Air may enter the omental bursa whenever there is a
massive pneumoperitoneum even if the source of free
air is remote from it. The most common cause of an
isolated lesser sac collection is perforation of a
posterior gastric or duodenal ulcer.24 Much less
frequent is perforation of a neoplasm of the stomach,
transverse colon, appendix, or splenic flexure into
this peritoneal recess.25 In most instances of
spontaneous rupture of the esophagus (Boerhaave's
syndrome) the tear is situated in the intrathoracic
portion of the esophagus, and pleural effusion and
pneumomediastinurn are the diagnostic plain film
findings. Occasionally, the site of rupture is below the
diaphragm and air enters either the retroperitoneal
space or the lesser sac.26 Perforation of the intra-
abdominal esophagus also occurs at gastroscopy.
Almost always, it is the posterior wall of the eso-
phagus that is affected, providing another cause of
lesser sac lucency.27

However, ruptured viscus is not the only reason for air
to fill the omental bursa. Bowel may herniate through
a patent foramen of Winslow or across a defect in the
omentum.

Primarily a disease of men (with a male-to-female
ratio of 2.5:1) herniation into the lesser sac usually
presents with epigastric pain made worse by extend-
ing the trunk and improved by bending forward.28-29

Prompt plain film recognition can be crucial because
immediate surgical correction is almost always the
only treatment. Most often, small bowel loops occupy
the lesser sac, appearing as multiple lucencies both
medial and lateral to the stomach. Often the gastric air
shadow is displaced medially, and lateral films reveal
a complex array of densities and lucencies represent-
ing the displaced small intestinal segment deviating
the stomach forward. Occasionally, the cecum
migrates into the lesser sac. This rare condition is
favored by a large right lobe of the liver, which helps
direct a mobile cecum (ie, cecum on a long mesentery)
towards the foramen of Winslow. Both a shortened or
a very redundant transverse colon favor superior-
medial migration of the cecum. An abnormally wide
foramen of Winslow also appears to be a predispos-
ing factor.30-31 At first glance, a cecum in the lesser sac
may be mistaken foradilated transverse colon. There-
fore, it is necessary to identify the transverse colon in
contin ui ty with adjacent large bo wel segments before
attempting to characterize any lucency that appears to
overlie the stomach. The herniating cecum in the
lesser sac can be identified by its characteristic haus-
tra and plica semilunares. Not only will it deviate the
stomach medially but it also displaces the duodenum
to the left.

A gas-containing abscess is a third cause of lesser sac
lucency. The typical features of intraabdominal
abscess, including poorly defined margins and
numerous small bubbles with or without a single
large lucency, help distinguish lesser sac abscess
from pneumoperitoneum of bowel herniation. The
recognition of the signs of abscess is crucial but
localization to the lesser sac may not be possible on
plain films alone. Mellins emphasized that lesser sac
abscesses elevate the stomach, a distinctive finding
that unfortunately cannot always be appreciated on
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supine abdominal films. The gastric bubble may be
displaced medially or laterally. Often, like the far
more common left subphrenic abscess, the splenic
flexure is depressed.32 In lesser sac abscesses, lateral
films usually demonstrate posterior pressure on and
anterior deviation of the stomach, an appearance also
encountered in large pus collections of the pancreas.
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AB2- ABDOMEN

Pitfalls in Plain Film Diagnosis of Free Intra-
Abdominal Gas

Stuart Field

Department of Diagnostic Radiology
Kent & Canterbury Hospitals NHS Trust
Ethelber Road, Canterbury

The presence of even tiny amounts of free intra-
abdominal gas is of profound importance in medicine.
In patients with abdominal pain a perforated viscus is
the usual cause and an emergency laparotomy is
frequently undertaken. However, radiological signs
of free gas can be quite subtle - even when large
amounts of free gas are present, and the various plain
films signs need careful evaluation. Radiographic
technique is particularly important when only small
amounts of gas need to be demonstrated. A number of
conditons simulate a pneumoperitoneum almost
exactly and form traps for the unwary.In others, free
gas can occur in the absence of a perforated viscus and
these patients may not requiremergency surgery. The
various topics will be extensively illustrated.
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The Radiology of Abdominal Calcification
Including Demonstration of a Readily Useful
and Comprehensive Classification Scheme

Stephen R Baker

University Hospital, Newark, New Jersey

The analysis of abdominal calcifications and other
radiopacities on plain radiographs is often a d iagnoslic
challenge. Occasionally, historical information will
be of value; at times, physical examination will
contribute important clues. Laboratory date such as
the presence of microscopic hematuria will some-
times be helpful. Yet, very frequently, the appearance
of the opacity is unexpected. Since the plain film is,
in most cases, the first radiologic examination of the
abdomen, there is often no further information avail-
able to the radiologist. Hence, the decision whether to
proceed with further workup rests on an e val uation of
the nature of the calcification.

While the literature abounds in short articles and case
reports describing specific entities, little has been
written about a systematic assessment of abdominal
radiopacities. Careful attention to morphology, loca-
tion, and mobility can narrow the diagnostic
possibilities considerably. In most instances, the
position and pattern of the calcification can be fairly
well established even before contrast studies arc
performed. An analysisofthedctails of the appearance
of the density and awareness of its relationship to
other structures can often reveal its identify on plain
films.

Morphology
The formation of a classification of abdominal
calcifications is difficult. The designated criteria of a
particular group may be too general to be applied to
a specific example or too detailed for practical
implementation. Consequently, there has been no
prior attempt to propose a comprehensive morpho-
logical classification of abdominal calcifications.
Rather the emphasis has been on the demonstration of
the uniqueness of a number of individual pathologic
entities. For example, the term "staghorn," a vivid

description of a renal calcullus occupying the calyceal
system, serves to differentiate the appearance of that
stone from other abdominal radiodensities. However,
only a very few calcifications are so easily identifi-
able.

Features of value for the classification of the
morphology of calcifications include shape, border
sharpness, marginal continuity, and internal
architecture. An evaluation of these factors permits a
grouping of abdom i nal calci fication into four discrete
morphological groupings, each possessing a set of
features peculiar to itself. The four categories are
concretions, conduit wall calcification, cyst wall cal-
cification, and solid mass calcification. In the follow-
ing discussion, this categoization scheme will be
discussed in detail. Mention will also be made of
potential pitfalls and notable exceptions.

Concretions
A concretion is a calcified mass formed in the lumen
of a vessel or hollow viscus. Concretions can be faint
or brightly calcified; theradiographic density depends
on the size of the opacity and the amount of calcium
per unit volume. Although there are many sites in
which concretions may form, the most common are
the pelvic veins, the gallbladder, and the urinary tract
Concretions can be formed by the precipitation of
calcium salts, as in renal calculi, or by the deposition
of calcium in pre-existing venous thrombi with the
development of phlebolilhs. Prostatic calculi occur
predominantly in the elderly whereas appendicoliths
are usually encountered in younger patients. With
some concretions, such as pancreatic stones, inflam-
mation seems to play a role, but for others, such as
enteroliths, the reasons for formation are more ob-
scure. Hence, concretions do not share a common
etiology.

Moreover, concretions do not have a common shape.
Small stones tend to be round or oval. Multiple
gallstones are frequently faceted and multiple urinary
stones, especially in a dilated system, may also be
faceted on at least one side of their perimeter. Ureteral
calculi are often angular but bladder calculi are usually
smooth. Occasionally, specific diagnostic forms also
occur, such as the star-shaped bladder calculus.
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Most stones exhibit a sharp, clearly defined external
border, but on occasion, concretions may have
irregular bulges. Concretions are calcified through-
out the entirety of theircircumference.Almostalways
there are no discontinuities in the external margin.
This is an important feature, especially if the interior
of the concretion is lucent, because it helps to
distinguish large stones from calcified cysts. If the
outer ringof calcification is not complete, it is unlikely
to be a stone.

The internal architecture of concretions is varied.
They can be homogeneously dense, a pattern
frequently encountered in urinary calculi. They may
have a central or slightly eccentric lucency, an
appearance which is characteristic of many plebol iths.
Multiple laminations indicate concretion morpho-
logy unequivocally. Alternating bands of encircling
lucency may be found within a concretion or there
may be a single lucent band close to the external rim.
Annular laminations are frequently encountered in
gallstones, vesical calculi, and appendicolilhs.

Each of the various internal patterns is quite distinc-
tive. Laminations have a predictable parallel
appearance. For the most part, central lucencies are
single. When there is only a marginal rim of calcifi-
cation, the width of the rim is continuous and usually
of minimally varying thickness throughout the
circumference. The inner pattern of stones is hardly
ever mottled, whorled, or patchy. Rarely, calcifica-
tions will deposit on only one surface of a stone, and
on plain radiographs, a streaky or amorphous focus of
calcification will be seen. These exceptions aside, the
vastmajority of stones will exhibit geometric outlines
and continuous contours.

Stones form within the lumen of pre-cxisicnt
structures. Unlike cysts or solid lesions, which arc
pathologic masses that distort or displace normal
organs, stones tend to remain within vcssclsor hollow
viscera. If multiple calcific densities appear to be
arrayed in line, this suggests a common location in a
hollow tube. Infrequently, concretions are found
outside expected locations, such as gallstones in the
ileurn or colon, an appendicolith in the peritoneal
cavity, or multiple phleboliths in a hemangioma.
Generally, however, concretions do not pass through

vascular or visceral walls, and are seen in association
with anatomic structures.

Conduit Wall Calcification
Conduits are hollow tubes through which fluids pass.
In the abdomen, conduits include the biliary ductal
system, the components of the urinary tract, pancreatic
ducts, the vas deferens, and arteries and veins. The
majority of conduit wall calcifications in the abdomen
involve the aorta and its branches. The tubular.
appearance of conduits can easily be appreciated if
the calcification is encircling. En face, a ringlike
density will be seen. Unlike concretions, dis-
continuities of the opaque ring are not unusual. Since
calcifications in conduit walls are not uniform,
unopacified and radiodense areas are irregularly
arrayed along the course of a vessel. However, calci-
fication is confined only to the tubular walls. The
presence of internal radiopacity suggests another
morphologic category.

Because calcium deposition can occur throughout the
circumference of a conduit, when the x-ray beam is
directed perpendicular to the vessel, the wall having
the greatest thickness will appear most densely calci-
fied. Thus, in profile, conduit wall calcification
presents as parallel tracks of increased density. Splenic
artery calcification often appears as calcified tracks
describing a serpiginous path. Although less com-
mon, a branching pattern is also characteristic of
many vascular calcifications. This can be seen at the
bifurcation of the abdominal aorta and in intrarenal
arteries. When a vessel of narrow caliber is densely
calcified, a stringlike appearance may be noted. In
female pelves, horizontal, slightly undulating opaque
lines of density often represent uterine artery calfica-
tion.

However, conduit wall calcification is not always so
obvious. When there is only a single fleck of calcifi-
cation, differentiation from a small calculus or from
cortical bone can be difficult. This is especially true
when it occurs in the region of the renal pelvis. Often
the question arises whether a linear density signifies
calcification of the renal artery or the lateral margin
of a vertebral transverse process. Inasmuch as calci-
fication within the vessel wall is not homogeneous,
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the margins of a focal density may be irregular and the
border indistinct. Also, conduit wall calcifications
are found close to the expected location of a vessel.
Hence, it would be very unusual for conduit calcifica-
tions to be located at the lateral margins of the liver or
spleen or in other peripheral locations.

Cyst Wall Calcification
For this discussion, a cyst will be considered to be any
abnormal fluid-filled mass. Included in this category
are the epithelial-lined true cysts, pseudocysts which
have a fibrous integument, and spherical and ovoid
aneurysms. Although cysts are of various types with
different histologic appearances and etiologies, they
share, when calcified, common radiograph features
that permit diagnosis on plain films. Of all the
morphological categories, cyst wall calcification is
the least variable and the easiest to recognize. Critical
for cyst pattern recognition is the presence of a
smooth curvilinear rim of calcification. Very small
cysts rarely calcify so that, when roentgeno-graphi-
cally visible, cysts have a diameter larger than any
nearby conduit. Although arcuate linear radiopacities
are seen in both conduits and cyst wall calcification,
the calcific rim of the cyst usually has a larger
diameter than that of a concuit. Yet, the calcific rim
need not be complete. At times, only a portion of the
wall is radiodense. This is in sharp distinction to
concretions, where a complete rim of calcifications is
a hallmark. Moreover, since cysts usually have only
one encircling wall, they are rarely laminated. An
incompletely calcificed single rim clearly indicates
the presence of a cystic density, rather than a concre-
tion.

Cysts are not always exquisitely round. They may be
oval or compressed on one side and appear asymmet-
ric. The shape of a cyst depends in great measure on
its location. Cysts can distort and displace organs or
vessels, or they can be delimited by adjacent solid
structures. Mostcysts present only with rim calcifica-
tion. Occasionally there appears to be central, calci-
fication occurring when calcium deposition is so
extensive that even surfaces which are not tangential
to the x-ray beam are sufficiently dense to be visible.
In such an instance, the "interior" of a heavily calci-
fied cyst has an indistinct, smudgy appearance, less
radiopaque than the wall.

Sometimes it is difficult to differentiate calcification
in cyst walls from that of solid masses. The outer
surface of a cyst is usually smooth, whereas the
transition between the inner surface of a calcific rim
and the liquid material contained within it may be
indistinct and roughened. In solid mass calcification
the outer margin of opacity is often ill-defined. In
general, the calcific rim of cysts is well-demarcated
and arcuate, whereas in solid densities, curvilinear
calcification is usually irregular. However, occasion-
ally leiomyoma of the uterus will have smooth linear
calcification at its margin and may simulate cystic
calcification.

The cystic pattern of calcification can be found any-
where in the abdomen. A peripheral density is unlikely
to be a concretion or conduit, a spatial restriction that
does not apply to a cyst. The most common
abnormalities with the radiographic appearance of
the cystic type are aneurysms of the abdominal aorta
and of the splenic artery, both seen frequently in the
elderly. Aortic aneurysm is often associated with
conduit calcification in the contiguous aorta and iliac
vessels. Splenic artery aneurysms frequently occur in
conjunction with calcification in adjacent portions of
the splenic artery. Cystic calcifications related to the
genitourinary tract include renal cysts, (about 5 per-
cent calcify), renal artery and intrarenal aneurysms,
echinococcal cysts, old perirenal hematomas, multi-
cystic kidney (occasionally calcify in adults),
parapclvic cysts, and adrenal cysts. On occasion,
solid neoplasms (most often benign adenoma) of the
kidney and adrenal show calcification simulating that
of cyst walls. In North America calcified splenic and
hepatic cysts are much less frequent than calcified
renal cysts, whereas in other parts of the world (e.g.,
the Mediterranean Basin and the Middle East) calci-
fied cysts of the spleen and liver are common because
of the high incidence of echinococcus infestation.
Retroperitoneal tumors such as pheochromocytomas
may assume a cystic appearance. In the lower abdo-
men, calcified cysts are more rare. Some of the
entities found in this location are calcified mesenteric
cysts, calcified mucoceles of the appendix, and calci-
fied benign cystic lesions in the ovary.

Solid Mass Calcification
The fourth category, solid mass calcification, is the
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most diverse in terms of radiologic appearance, yet in
almost all cases can be identified by an irregular
calcified border and a complex inner architecture.
Solid masses may appear as mottled densities, with
scattered radiolucencieswithinacalcified background.
Calcified lymph nodes often present in this way. A
whorled pattern with incomplete bands and arcs of
calcification around ill-defined lucent foci is frequently
seen in uterine leiomyoma. Irregular streaks and
flecks of radiodensity may occupy the substance of a
mass. Another common pattern is flocculent calcifi-
cation superimposed on a lucent background. No
matter how dissimilar the interior pattern, solid calci-
fications share this unifying feature - the inner archi-
tecture is nongeometric. There is no monotony or
regularity in the distribution of calcium deposition
detectable on plain films of the abdomen. In most
instances, the interiorcalcificalion is more promincnl
than the marginal calcification. Frequently, the calci-
fication does not extend to the edge of the mass, and
the outer aspect of solid mass densities may be
discontinuous, making the contours of calcium depo-
sition irregular. At times, the mass contains separate
islands of amorphous calcification. Occasionally, the
border of a solid mass is more densely calcified than
the interior. Although such an appearance resembles
cystic calcification, the margins are rarely smoothly
curvilinear; rather they may appear crenated or si igh tl y
angulated.

Like cysts, solid masses can appear anywhere in the
abdomen. They may be central or peripheral, adjacent
to or within organs, in the relroperitoneal or intra-
eritoneal spaces. Most common are calcified
mesenteric lymph nodes, which can occur anywhere
along a broad arc extending from the left upper
quadrant to the right lower quadrant of the abdomen
along the course of the small bowel mesentery. They
can be multiple and of varied si/xs. Tuberculous
infection has been invoked as the cause of these cal-
cifications, but in the majority there is no other
evidence of intra-abdominal granulomatous infec-
tion.

In women, the most frequent calcified solid mass in
the pelvis is a uterine leiomyoma. They are often
multiple and may attain great size. They need not be
confined to the pelvis, but can be seen almost any-

where in the abdomen. Usually, leiomyomas have a
whorled type of calcification, but occasionally a
prominent bordering rim of calcification may be
seen. Solid mass calcification can occur in renal
malignancies, adenomas, and hamartoinas. Tubercu-
lous and chronic abscesses in the kidney may also
calcify. Solid calcification in the substance of the
spleen is uncommon and pancreatic mass calcifica-
tion is very rare. More frequent, but still distinctly
uncommon, are calcified metastatic deposits in the
liver. Benign and primary malignant hepatic neo-
plasms with calcified foci are rare, as are tumors in the
hollow organs of the genitourinary tract. Occasionally,
adrenal adenomas or carcinomas may present as a
calcified mass, other solid retroperitoneal tumors
seldom calcify.

Psammomatous calcification is a type of solid calci-
fication that is so distinctive that it merits separate
consideration. Psammoma bodies are small calcified
concretions that occur intracellularly within the sub-
stance of ovarian serous cystadenocarcinomas.
Because individual calcifications are microscopic,
they cannot be appreciated as distinct entities on a
radiograph. Only masses of psammoma bodies, if
sufficiently calcified and numerous, can be detected.
When faint, psammomatous calcification is seen as a
poorly localized, finely granular pattern. However,
when dense, the calcification may be so intense that
other structures will be obliterated if they are overlain
by the mass. Psammomatous calcification appears as
a cloudlike conglomeration without internal lucency
or distinct borders. It may occur in the primary lesion
or in metastatic deposits in the peritoneal cavity, the
liver, and retroperitoneal lymph nodes. Carcinoma of
the stomach, colon, gallbladder, or liver may present
with amorphous calcification on plain radiographs
which is indistinguishable from psammomatous
calcification. However, in these malignancies, the
calcification is found in extracellular mucin formed
by the tumor and also in sites of hemorrhage and
necrosis.

Caveats
The classification of abdominal calcifications
according to radiographic morphology can help in the
analysis of an unknown opacity. However, there are
several limitations that need to be emphasized When
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a calcification is very small, it is difficult, if not
impossible, to categorize. If it is too minute to have an
inner pattern or definable contour, morphological
analysis is not feasible. For example, a single fleck of
calcification could represent a small stone, a segment
of an artery, a section of the wall of a cyst, or a part of
a solid lesion. Similarly, very faint calcification cannot
be classified if no information about margins or
center can be ascertained.

The distinction between solid mass calcification and
ossification may sometimes be difficult. Ossified
structures contain trabeculae, which appear as long
thin strands of radiodensity oriented along a straight
line or smooth arc. Parallel trabeculae are usually of
equal width, as contrasted with the varying width and
direction of solid mass calcifications. If a cortex
having a thickened rim with smooth external and
internal margins can be recognized, the presence of
bone is established. Dermoid cysts in the ovary are
common pelvic masses in young women. Many times
calcified teeth are observable within the lesion.
Generally, there is no difficulty in differentiating
between a calculus in the distal ureter and a tooth in
adermoidcysL Sometimes, however, the two densities
may resemble each other and proper identification
can rest on the relationship of the calcification to an
accompanying mass. Teeth are present within or at
the margins of the dermoid cyst whereas stones will
either be unassociated with a soft tissue mass or
deviated away from it.

Occasionally, there are calcifications with appear-
ances reflecting the characteristics of more than one
morphological type. Calcification in the wall of the
gallbladder is not rare; occasionally it may look like
a single large gallstone. However, gallbladder wall
calcification usually has a dense rim of variable width
and may be discontinuously radiopaquc, unlike large
gallstones which almost always calcify uninter-
ruptedly throughout their perimeter. Sometimes it is
not clear if a group of calcific densities consist of
multiple stones or a large mass. Pancreatic stones are
often dissimilar in size and configuration. They can
appear to extend diffusely without evidence of place-
ment within a closed space even though they are
within pancreatic ducts. In contrast, in a typical
collection of gallstones, there is no confusion with

solid mass calcification because the calculi are simi-
lar in size and shape and are seen to be clearly
delineated within a hollow structure. Some solid
masses may have only marginal calcifications and
this may look exactly like cysts. While these ex-
amples point out (he possible pitfalls apparent in this
classification scheme, in most cases it is still possible
to ascribe a specific abdominal calcification to one of
the four major categories with a reasonable measure
of assurance.

Mobility
The movement of abdominal radiopacities, either
during one examination or over a period of time,
provides additional information and can lead to a
plain film diagnosis. Gravity, respiration, peristaltic
activity, and the growth of masses can all cause
changes in the position of abdominal densities. An aid
in the detection of calculi within a fluid medium is the
recognition of layering in an upright position. With
the x-ray beam directed horizontally, stratification of
freely moving calcified concretions in a liquid medium
can be observed. This is most often noted with gall-
bladder stones and calculi in hydronephrotic sacs.
Very striking is the layering in milk of calcium, most
common in the gallbladder, but potentially observ-
able in any other hollow structures in the abdomen
which has an alkaline pH permitting the precipitation
of calcium salts.

Radiopacities that are free in the peritoneal caaavity
demonstrate great mobility. These are rare, but their
marked change in position on sequential films permits
recognition. Mesenteric calcifications also exhibit
movement but to a lesser extent than free intrperi-
loneal densities. However, calcifications trapped in
fixed solid organs do not move In contrast, calcifica-
tions within fluid-filled structures, such as the lumen
of the gastrointestinal tract, the pelvicalyceal system
of custs are apt to migrate along the direction of flow.

Effect of Respiration
Alternations is position with respiration may help to
distinguish retroperitoneal densities from intra-
peritoneal masse. Retroperitoneal calcifications are
usualy fixed and do not change significantly with
phase of respiration. Intraperitoneal calcifications,
especially in the upper abdomen, may be displaced
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by the excursion of the diaphragm. Also, costal
cartilage and soft tissue calcifications in the upper
abdomen move with the ribs and thus will be at
different locations in inspiration and expiration.

Effect of Peristalsis
The migration of urinary calculi on successive
examinations is frequently observed. This is due to
propulsion toward the bladder by ureteral contractions
and the flow of urine. Similarly, peristaltic activity in
the intestinal tract can cause movement of intra-
luminal densities.

Growth of Masses
The growth of calcium-containing masses can be
evaluated by the change in the position of a radio-
density on serial radiographic studies. The size of
aortic aneurysms can be ascertained by the separation
of calcifications in the anterior wall of the vessel from
the vertebral body on lateral films. Any increase in
this distance suggests enlargement of the aneurysm.
The growth of noncalcified masses may be evaluated
by displacement of adjacent Fixed calcifixcdcnsitics.
Phleboliths will move very little in the pelvis, except
when pushed by an adjacent mass. The "phlcbolith
displacement" sign is a neglected but a valuable aid in
the detection of enlarging pelvic masses and cysts.

Finally, the mobility of abdominal calcification may
be the result of processes not fully explainable by the
effects of gravity, respiration, peristalsis, or local
enlargement. Gallstone ileus is an intestinal obstruc-
tion caused by a gallbladder calculus that has eroded
through the gallbladder wall usually to the duodenum
and then progressed through the lumen of the small
bowel only to be restricted by the caliber of the
terminal ileum, or by narrowings in the large intestine.
The initial observation of a right upper quadrant
calculus and the later demonstration of the same
calculus in the pelvis and left lower quadrant points to
this possibility. The associated radiographic Findings
of air in the biliary tree and small bowel obstruction
assure the diagnosis.

Conclusion
An abdominal calcification can often be identified
after an evaluation of its morphology, location and
mobility. This approach is advantageous because it
allows a determination to be made from the informa-
tion provided from plain Films alone. At the very
least, close inspection of the characteristics of an
abdominal radiodensity will narrow the diagnostic
possibilities considerably and will direct further
workup to the appropriate confirming studies.
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Abnormal Bowel Mucosa : Value of Plain
Film Radiography

Stuart Field

Department of Diagnostic Radiology
Kent & Canterbury Hospitals NHS Trust
Ethelber Road, Canterbury

A number of important conditions can cause abnormal
bowel mucosa visible on plain abdominal radio-
gaphs. These include mesenteric infarction, intra-
mural haemorrhage, gangrenous bowel and various
inflammatory and ischemic conditions. These can
produce both subtle and gross radiological signs
which are important to evaluate to enable an early
diagnosis to be made and appropriate treatment
commence. The significance of the various signs will
be discussed and extensively illustrated.
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Intestinal Obstruction: The Plain Film Revisited

Stephen R Baker

University Hospital, Newark, New Jersey

The normal small intestine may be entirely gas free,
but scattered lucent collections are often seen within
the duodenum, jejunum, and ileum, resulting from
the swallowing of air or, to a lesser degree, from the
liberation of carbon dioxide in the stomach by the
neutralization of hydrochloric acid.13 The absorption
capacity of the bowel is so great that even massive
ingestions fail to distend an unobstructed lumen
persistently.* These gaseous agglomerations are
generally nondescript, appearing as rounded or
amorphous foci of decreased density. A quite different
roentgenographic pattern characterizes small intesti-
nal obstruction. Luminal blockage eventuates in the
proximal accumulation of succusentericus and gas as
the obstructed bowel is less able to resorb fluid. The
intestine dilates and peristalsis becomes more
strenuous in a heightened effort to propel bowel
contents distally. Hypertonic contractions of the
muscularis mucosa within the valvulae conniventes
thickens these encircling indentations.5 The hall-
mark of small bowel obstruction is the demonstration
of adjacent or continuous loops, each of which are
distended and contain prominent valvulae that stand
out in contrast to the air-filled lumen.

The arrangement of these tubular lucencics depends
upon the site, duration, and completeness of obstruc-
tion and the relative proportions of liquid and gas
within each segment of occluded bowel. The more
proximal the blockage, the fewer the number of loops
available for distension. Hence, obstruction within
the first few feet of the jejunum may go unnoticed on
plain films whereas ileal obstruction usually is
recognized on the basis of extensive small bowel
dilatation. Since gas does not accumulate instan-
taneously, the longer the period of obstruction, the
greater the likelihood of observing proximal dilata-
tion. Even this rule requires modification, however,
if the obstruction is incomplete or intermittent,
allowing for partial decompression of the bowel6

Swallowing of air is not inevitable in obstruction.
Stoic individuals tend to ingestlittleairandabdominal
radiographs may reveal a gasless abdomen even if
their obstruction is complete and prolonged. In others,
pain, crying, a sense of apprehension, and even a lack
of teeth promote the swallowing of air that then occu-
pies and distends numerous small intestinal loops.
Poor posture plays a role, too, because excessive gas
in the stomach lumen may not be expelled through the
esophagus as easily as it can pass distally into the
small intestine. The volume of small bowel air is
constantly changing. Ingested oxygen and carbon
dioxide are rapidly resorbed, requiring continuous
replenishment by swallowing. At the same time, gas
can be withdrawn through nasogastric suction and by
vomiting. Such a complex interplay of competing
influences on jejuna! and ileal gas accumulation is an
inherent limitation of the plain film, reducing its
efficacy for the detection of obstruction of the small
bowel.

Another factor that confounds plain film assessment
of small bowel obstruction is the variable quantity of
flatus in the large intestine. A moderate volume of
colonic gas, identified by haustral outpouchings and
intervening septa, is a normal finding. It may occupy
much of the lumen but in the supine position tends to
collect in the transverse and sigmoid colons, the least
dependent large intestinal segments. Obstruction of
the small intestine does not necessarily mean the total
and immediate disappearance of distal gas, because it
usually takes one to two days for the colon to empty
after the onset of small-intestinal occlusion. Hence,
the persistence of large-bowel gas is an expected
observation early in the course of a more proximal
obstruction. Incomplete blockage also permits in-
gested air to pass distally. Even after total occlusion,
the fermentation of residual fecal matter may con-
tinue for a while, resulting n the sustained production
of colonic gas. In the course of the clinical evaluation
of obstruction, gas may be introduced into the colon
in a retrograde fashion via a sigmoidoscope, colono-
scope, or enema tip.

In approximately one fourth of patents with large
bowel obstruction, an incompetent ileocecal valve
decompresses the colon and an inflow of flatus dis-
tends the distal small bowel. Hence, what appears to
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be an ileal blockage may, in fact, be a colonic obstruc-
tion-7* Furthermore, mechanical occlusion can be
mimicked by a diverse group of conditions - includ-
ing adjacent inflammation9 and mesenteric ischemia10

- in which no luminal blockage occurs but functional
obstruction exists because of focal paralysis of bowel.

Faced with the limitations imposed by the lack of
sensitivity and specificity of patterns of small bowel
obstruction, it is understandable why the diagnosis
cannot be made with certainty in every case. The
probability of a correct diagnosis by plain film s alone
varies from 55% to 80%,u with a roughly equal
likelihood of false-positive and false-negative inter-
pretations11. However, accuracy can be increased
even beyond 80% by attention to subtle signs of gas
accumulation and distribution and by close coordina-
tion between the radiologist and referring physician.
Nonetheless, there will always be a significant minority
of cases in which the plain films misleading or
unhelpful.

Proximal Small Bowel Obstruction
Theprinciples of interpretation of small bowel obskuc-
tion can be applied to luminal blockage at any level.
The appearances of proximal and distal occlusion are
often so dissimilar, however, that they must be
considered separately. Obstruction of the proximal
jejunum frequently goes undetected on plain films,
because the diagnosis rests exclusively on the
visualization of one or two air-filled loops. Evacuation
of gas by vomiting or by placement of a tube into the
stomach or duodenum often removes such telltale
lucencies. Moreover, even if gas-filled jejunal loops
are observed, they are usually not markedly dilated.
In almost every case, the valvulae are evident bul this
sign, too, is not specific since it can be present with air
swallowing and in the atonic sentinel loop of proximal
bowel sometimes seen in acute pancreautis and other
upper abdominal inflammations. Although the plain
film signs of proximal obstruction are often meager
and not pathognomonic, in the appropriate clinical
context, even one dilated small-bowel loop should be
regarded with suspicion.

Distal Small Bowel Obstruction
As more loops become air-filled the radiographic
distinctiveness of mechanical obstruction, air
swallowing, and adynamic ileus become more
obvious. Meteorism, the rapid ingestion of air, deposits

a large volume of gas within non-obstructed bowel.
The prompt resorption of gas prevents dilatation and
the valvulae in the distal jejunum and ileum do not
thicken because the intestinal wall is not placed under
increased pressure. The bowel lumen appears as
continuous rounded or polyhedral-shaped lucencies
and the pattern of gas distribution can change rapidly,
even on two films taken several minutes apart. In the
upper abdomen a focal ileus, evidenced by the
appearance of a sentinel loop, seldom affects more
than on or two small intestinal segments. Yet, a focal
ileus in the lower small bowel may be radiologically
akin to a mechanical obstruction in the same location,
in as much as air swallowing and bowel dilatation can
involve many proximal loops. A generalized adynamic
ileus usually affects the small and large intestines
together, with both distending and often filling with
air. Flaccidity becomes the muscular response of the
bowel wall. In the jejunum and ileum, the atonic
valvulae efface and retract toward the bowel wall,
making relatively short impression on luminal contour.

The archetypical appearance of distal small bowel
obstruction consists of multiple dilated loops of bowel,
all bearing the "signature" of small bowel, un-
accompanied by colonic lucencies.13 In actuality, some
large intestinal gas usually remains but there is a
discrepancy in the degree of intestinal distension
proximal and distal to the point of obstruction.
Valvulae conniventes can be seen in all dilated air-
filled segments, although they are less prominent in
the distal ileum where these mucosal protuberances
are more widely spaced. Obstructed small bowel
segments rarely exceed 5 cm in diameter, but, in long-
standing blockage, muscular fatigueor superimposed
adynamic ileus may develop, allowing small bowel to
distend to such a degree that it may be mistaken for
colonic dilatation. Moreover, in obese patients in
whom the obstruction is caused by adhesions or
herniation at the ventral abdominal wall, several
intestinal loops can relocate far anteriorly. The dis-
placed bowel may appear to have a widespread cal-
ibre on supine views solel y because of the magnifica-
tion effect of structures located relatively close to the
source of the roentgenographic beam.
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The majority of ileal and distal jejunal obstructions
occur in the pelvis, and the site of blockage, whether
caused by tumor or an adhesive band, is seldom
observed on plain films. Occasionally, however, an
elongated stenotic segment contains enough gas to be
seen amidst adjacent dilated loops. In the absence of
a conspicuous deformity or narrowed bowel, it is
hazardous to suggest the exact point of obstruction
based upon the distribution of gas-filled bowel loops,
because many feet of completely fluid-filled intestine
are often interposed proximal to the site of blockage
but distal to the visualized gas-filled segments.

For some radiologists, it is customary to comment on
the temporal course of a small intestinal occlusion on
information solely derived from a single plain film.
The designation of "early obstruction" is proffered at
times when gas and feces are still present in a non-
distended large bowel. In fact, the duration of a small
bowel obstruction cannot be determined on a single
abdominal film without corroborating clinical data.
For example, an incomplete luminal occlusion is
often associated with the accumulation of colonic gas
and may look exactly like a so-called early obstruc-
tion. The notion of partial blockage has also gained
wide currency. Yet, what may be considered an
unremitting but incomplete narrowing may just as
well be an intermittent obstruction distinguished by
alternating intervals of total blockage and luminal
patency. The essential fact to report is that an obstruc-
tion exists. Further information about the degree of
bowel narrowin8 and its persistence over time requires
additional radiological studies, including follow-up
plain films, barium contrast studies or computed
tomography, as well as continual monitoring of the
patient's signs and symptoms.

Reliance on the demonstration of fluid levels on
upright or decubitus projections is also a part of
radiology lore. The clinical value of these additional
views has been questioned by several investigators,
however. Intestinal fluid levels per se do not indicate
disease. Donahue el. al. observed gas-liquid inter-
faces in bowel on erect films of normal, postpartum
women at the moment they experienced abdominal
pain after having taken a cathartic medication several
hours earlier in the day.14 Gammill and Nice noted
fluid levels in healthy individuals who had no intes-

tinal abnormalities or recent bowel preparation.15 In
most instances, fluid and gas were confined to the
colon. They regarded the presence of two or more
small bowel fluid levels as a sign of luminal stasis but
were unable to use this finding to differentiate between
adynamic ileus and mechanical obstruction. In both
conditions, fluid is retained and the bowel distends
because of failure of transport across the intestinal
wall.

The seminal work of Frimann-Dahl popularized the
clinical pertinence of fluid levels.16 He mainained
that in obstruction the tense loops proximal to the
point of blockage become arrayed as a series of
inverted "IT s, with many containing short fluid levels
that could be seen on upright films. Often, a single
loop could have differing fluid heights in its two
limbs, a reflection of the enhanced peristalsis
secondary to obstruction. On the other hand, in
adynamic ileus, whatever its cause, motor activity is
diminished, individual loops are longer, and the fluid
interface is wider. Also, Frunann-Dahl suggested that
the differential level sign shold not be seen in "ileus"
because passive mixing of liquid and gas in a hypo-
tonic intestine results in an equilibration of fluid
heights.

These observations were made during continuous
fluoroscopic evaluation of bowel patterns. They have
not been borne out in careful studies using plain films
alone. Fluid-filled loops are usually broader than gas-
filled loops regardless of etilogy. Contrary to Frimann-
Dahl's assertions, Levin observed longer fluid levels
in obstruction than in adynamic ileus, but there was
such variation for each that this feature of gas accu-
mulation was notareliablediscriminator. Differential
levels can occur in ileus as in obstruction. In any
circumstances in which a bowel loop contains liquid
or gas, there may be flow from one limb to another in
much the same way as water and air course through
the arms of siphon as the siphon's position and
orientation are disturbed. Before equilibrium can be
restored, fluid heights need no be in the same horizon-
tal plane. Equally important on erect or decubitus
films is the difficulty of assigning nearby fluid levels
to one continuous section of intestine. Two non-
contiguous but adjacent gas-containing segments can
often be mistaken for the separate ends of one loop.
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The inherent ambiguities in the interpretation of
small-bowel fluid levels limits the effectiveness of
films taken with a horizontal beam. As long as there
is sufficient gas in the bowel, the supine projection is
usually adequate for the determination of intestinal
obstruction. Eliminating the upright film can hasten
the radiographic examination and frees a sick patient
from the unnecessary rigor of assuming the erect
position as a matter of routine.

In cases in which the gas pattern is inconclusive, a
valuable, supplementary view is a repeat radiograph
taken minutes to several hours after the initial film.
Bryk has demonstrated that successive supine films
obtained in conjunction with close monitoring of
physical Findings can help clarify the presence and
evolution of an intestinal blockage with minimal
discomfort to the patient.17

In some patients, gas is not the predominant intralu-
minal fluid and succus enteric us and ingested liquids
occupy much of the dilated segments. The remaining
scant gas appears as black slits sandwiched between
hypertrophied valvulae. The "stretch sign", consist-
ing of parallel straight radiolucencies perpendicular
to the long axis of bowel, is palhognomonic of fluid-
filled small intestine with prominent valvulae. When
even less gas is present the "stretch sign" is not seen,
because the residual lucencies are reduced in volume
and shape to small bubbles, each trapped beneath a
single valvula. Often hidden from view on supine
films, they may be observed on horizontal beam
projections as a skein of black circles oriented along
the coui3e of the bowel. The "string of pearls" sign
has been noted in adynamic ileus, gastroenteritis, and
after the ingestion of cathartic medications. How-
ever, it is, almost always indicative of intestinal
obstruction and its presence provides one of the few
justifications to obtain an upright or decubitus film of
the abdomen. Only in the almost completely liquid-
filled lumen does it contribute crucial and unique
information about small bowel obstruction.

Strangulated Obstruction
A gasless abdomen may be a normal finding in an
individual habituated to avoid swallowing gas. It can
be seen in mesenteric ischemia, obstruction of the
stomach or esophagus, and in any condition asso-
ciated with severe persistent vomiting, including
pancreatitis and gastroenteritis. In small bowel
obstruction, a gasless abdomen is an uncommon

presentation. Williams found such a pattern in only
18 of 300 patients with mechanical blockage of the
small bowel. One third of these had gas demonstrated
on erect or decubitus views. Of the 18 with gasless
abdomens, 12 had an uncomplicated bowel occlusion
and the other six had a strangulated intestinal
obstruction.18 The urgent need for treatment of vascular
compromise makes strangulated bowel occlusion a
condition needing identification without delay.
Frequently the lack of specific findings hinders plain
film recognition, however. Rarely, a closed loop
obstruction may remain distended, with air appearing
as featureless lucencies that can mimic a dilated
sigmoid colon, a cecal or sigmoid volvulus, a gas-
containing abscess, or a gas-filled giant duodenal or
sigmoid diverticulum. Its typical ovoid appearance
prompted the term the "coffee bean sign". The valvulae
that identify simple mechanical small-bowel obstruc-
tion become effaced in the strangulated segment.
More often, the distended intestinal segment is fluid-
filled and undetected on plain films. When outlined
by serosal or mescnteric fat, however, it can resemble
a solid mass—hence the term "pseudotumor sign".19

Successive films may show fixation of the pseu-
otumor, a feature that distinguishes it from normal
fluid-filled bowel, which should change in
configuration on follow-up radiographs. To
demonstrate fluidfilled loops or the pseudotumor
sign, a high-contrast, low-voltage technique isrequired
to highlight these intestinal segments against adjacent
fat.20 In many cases, the strangulated segment is
obscured by gas accumulation proximally, and the
plain film appearance is identical to simple mechanical
obstruction. Persistence of discomfort, a decrease in
bowel sounds, and a change from crampy to continual
pain are indications of the development of strangula-
tion.

Large Bowel Distension and Small Bowel
Obstruction
The diagnosis of small intestinal obstruction depends
upon differences in the width of segments of air-
filled, distended proximal bowel and distal segments
of normal caliber. There are occasions, however, in
which the colon is also abnormally dilated even
though the obstruction is in the jejunum or ileum. In
such circumstances, plain film diagnosis becomes
more problematical and even greater reliance should
be placed on correlation with clinical information and
on comparison with previous and successive
roentgenograms.
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After an abdominal operation, dilatation of all
intestinal segments is a normal occurrence, often
lasting up to 10 days. In this interval, abdominal
radiographs can be very misleading. There are no
plain film criteria to differentiate postsurgical ileus
from mechanical obstruction, although it is tempting
to request this examination in an urge to seek the
reason for pain or vomiting in the immediate post-
perative period. At this juncture, the plain film is only
definitive for the recognition of gastric dilatation.21

To avoid a misdiagnosis of acute intestinal obstruc-
tion it may be more prudent to defer plain films
waiting until bowel tone returns to normal. Not only
surgery but any type of insult to the peritoneal
membranes, including trauma, perforated viscus, and
infection, can be occasioned by a reflex ileus involv-
ing colon and small bowel.

Intestinal obstruction need not be confined to one
focus in the bowel. Adhesions, tumors, and inflam-
matory masses can all produce simul laneous obstruc-
tions in the small and large bowel. Multiple sites of
bowel occlusion are seen in peritoneal carcinomato-
sis and in the diffuse fibrosis of radiation therapy.22

Moreover, a single mass may trap adjacent loops. For
example, a large diverticular abscess can occlude the
sigmoid colon and nearby ileal segments at the same
time. If the colon is fluid-filled, small bowel findings
may predominate on abdominal films.23 In another
manifestation of combined obstruction by one lesion,
evidence of colon occlusion can be obvious, but signs
of jejunal or ileal blockage are subtle, partial! y masked
by dilatation of gas-filled large intestine.
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AB3 - ABDOMEN

Dilated Bowel: Obstructed or Not?

Stuart Field

Department of Diagnostic Radiology
Kent & Canterbury Hospitals NHS Trust
Ethelber Road, Canterbury

It is easy to assume that distended bowel - even when
massively dilated, is secondary to mechanical
intestinal obstruction and therefore needs an opera-
tion to relieve the obstruction. However, a number of
conditions may produce distended bowel without
evidence of mechanical obstruction. In some, sutble
signs may help to suggest the correct diagnosis wh ile
in others contrast studies are required to evaluate the
cause. Pseudo obstruction may clinically and radio-
logically exactly simulate true intestinal obstruction
but may sometimes require surgery to prevent
perforation. Various common and some uncommon
conditions will be illustrated and the value and
limitations of plain films discussed.
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Role of Ultrasound in Intestinal Obstruction
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The diagnosis of mechanical obstruction of the small
bowel is usually made by means of clinical history,
physical examination, and plain abdominal radio-
graphy. Sometimes, however, the abdominal radio-
graphs are not confirmatory or are even confusing,
and the cause of obstruction is rarely detected. Barium
studies are indicated in these patients to establish the
diagnosis of intestinal obstruction and to determine
the level and cause of obstruction, but barium studies
are not always satisfactory. Furthermore, surgeons
are reluctant to allow barium studies to be performed
because of the risk of concretion of barium, which
delays surgery. Computed tomography (CT) has been
shown to be useful in revealing the level and cause of
obstruction, but it is expensive compared with ultra-
sound (US) in the west as well as in our area, where
the cost of CT is four or five times that of US.

Sonography has been widely applied to evaluate
various abdominal diseases, but there have been few
reports concerning bowel obstruction. This is probably
because sonography is not considered helpful in most
patients with intestinal obstruction. This is easily
appreciated if one remembers that the presence of
abundant gas in the intestinal tract prevents satisfac-
tory examination of the abdomen.

The use of sonography in evaluating patients with
bowel obstruction has several advantages. Although
there may be a large amount of bowel gas, meticulous
examination through the flanks may show the
presence, level and cause of obstruction. Peristaltic
movement it easy to observe and the differentiation of
mechanical and paralytic ileus is relatively easy. The

level of obstruction may be determined by means of
careful analysis of dilated bowel in terms of location
and valvulae conniventes. A duodenal obstruction,
bowel tumor, gallstone, or bezoar may be easily
detected. Adhesions or an internal hernia may be
suggested as the cause of obstruction when there is no
apparent cause of obstruction.

Findings on plain abdominal radiographs are reliable
indicators of high-grade small bowel obstruction.
When findings show unequivocal evidence of high-
grade small bowel obstruction, the key management
issue is whether to initiate immediate surgical inter-
vention or to recommend a trial of conservative
management. On the other hand, most colonic
obstructions are attributable to tumor and require
surgical resection. A carcinoma at or adjacent to the
ileocecal valve or ileocecal intussusception (caused
by masses in the ileocecal area) may appear as a
mechanical small bowel obstruction on abdominal
radiographis. Thus, the patient with a suspected (from
plain radiographs) lower Heal or ileocecal obstruc-
tion, or the patient in whom the level of obstruction is
underfined, may be best studied by sonography in-
stead of barium enema or CT, and management
should be tailored accordingly.

Sonography may be valuable in the examination of
patients with known or suspected colonic obstruc-
tion. It is relatively easy to determine the level of
obstruction and to identify its cause. Neoplastic le-
sions, the most common cause of colonic obstruction,
can be detected easily. When findings on abdominal
radiographs are inconclusive or normal in patients
with suspected colonic obstruction, sonography can
be used as the next procedure in lieu of CT or barium
enema to establish the diagnosis of obstruction and to
identify its cause. Moreover, sonography may be
better suited to critically ill patients in whom the
instillation of contrast material creates a risk of per-
foration.
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CHI-CHEST

MRI In Congenital Heart Disease -
Current Clinical Indications And Future
Prospects

Charles B. Higgins, M.D.

Chief-Magnetic Resonance Imaging Scihori
University of California San Francisco,
San Francisco.

Morphological Evaluation of Congenital Heart
Disease
Depiction of the anatomy of simple and complex
forms of congenital heart disease constitutes the
most frequent clinical indication for MR imaging
of the heart at many centers in the United States.1"
12 The most frequently applied noninvasive
techniques for the assessment for congenital heart
disease is echocardiography. Consequently, MR
imaging is used in situations where the information
provided by echocardiography is incomplete or
cannot be obtained. Magnetic resonance imaging
using the ECG-gated spin echo technique has been
shown to have high diagnostic accuracy for
demonstrating the morphologic aspects of many
forms of congenital heart disease, including both
simple and complex lesions.8 Because of the ready
availability and greater familiarity with
echocardiography, the major uses of magnetic
resonance imaging in the evaluation of congenital
heart is aimed at specific indications where the
information is either unique or supplementary to
echocardiography.

The current indications for the use of magnetic
resonance imaging for the morphologic diagnosis
of congenital heart disease include: evaluation of
coarctation aorta, aortic arch anomalies and other
vascular rings9, pulmonary venous connections and
pulmonary venous obstructions10, the assessment of
pulmonary arterial dimensions and sites of
obstruction or atresia3, and complex cyanotic
anomalies including variuos types of single
ventricle (univentricular connections)5' " , and
assessment of postoperative congenital heart
disease. Magnetic resonance imaging permits the
precise assessment of the morphology of the
supracardiac as well as intracardiac components of

these complex operations. Moreover, magnetic
resonance imaging has also been accurate for
demonstrating residual obstructions of the central
or branch pulmonary arteries after operations
involving the pulmonary arteries. This is
particularly the circumstance for surgery used in
the correction of tetralogy of Fallot, pulmonary
atresia, and truncus arteriosus.

For the evaluation of coarctation of the aorta,
magnetic resonance imaging has been effective for
demonstrating the site, the extent of the coarctation,
the severity of the coarctation, and the status of
the aortic arch. In the evaluation of vascular rings,
the sagittal and transverse tomograms demonstrate
the severity of airway compression and also
demonstrate the precise anatomy of the vascular
anomaly. For the assessment of complex lesions,
such as single ventricle, the tomographic nature of
magnetic resonance imaging provides the depiction
of the atrioventricular connections and the
arterioventricular connections which is necessary
in defining the anatomy of these lesions. Likewise,
magnetic resonance imaging has been effective in
defining the anatomy of surgical procedures used
in the correction of these complex cyanotic
congenital heart lesions. A number of studies have
demonstrated the normal anatomy and
complications of the Rastelli procedure, Fontan
procedure, Jatene procedure, Norwood procedure,
and other operations involving the great vessel and
cardiac levels. Most of these operations influence
the size and relieve stenoses involving the
pulmonary arteries. Recent studies have
demonstrated that magnetic resonance imaging
more effectively detects abnormalities in the right
and left pulmonary arteries occurring as a residual
or as a complication of previous operative
procedures than does echocardiography.

Functional Evaluation of Congenital Heart
Disease
Depiction of morphology of congenital heart
disease is the most important aspect in the
diagnosis of many forms of congenital heart
disease. However, the functional aspects of
congenital heart disease are also important and in
some cases are critical in management. A number
of new magnetic resonance techniques have been
devised or applied for the assessment of several
functional aspects of congenital heart disease.
Evaluation of volumes and function of both
ventricles has been achieved using cine magnetic
resonance imaging and more recently, breath-hold
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cine MR imaging.13"15 In comparison to
echocardiography and other imaging techniques,
magnetic resonance imaging has the advantage of
providing better quantification of right ventricular
volumes and function. Many congenital heart
lesions, especially cyanotic lesions, frequently
afflict and alter the dimensions and shape of the
right ventricle. Consequently, a three-dimensional
imaging technique for providing direct
measurements of right ventricular volumes and
mass is important in a number of types of
congenital heart disease. The determination of
adequate volumes and functions of two ventricles
may be important in the surgical management and
decision as to whether to perform a bi-ventricular
or univentricular reconstruction incomplex
congenital lesions.

The measurement of blood flow in the great vessels
and cardiac chambers may be extremely important
in the assessment of congenital heart disease. The
velocity-encoded cine MR technique can provide
measurements of blood flow in the ascending aorta
and pulmonary artery simultaneously. This
technique has been used to measure the difference
between pulmonary arterial flow and aortic flow
in order to calculate the volume of some left-to-
right shunts and to calculate the pulmonary to
systemic flow ratio (Qp/Qs) of shunts. The Qp/Qs
derived from velocity-encoded cine magnetic
resonance imaging has shown a close correlation
with the same measurement derived from oximetric
data obtained during cardiac catheterization in
patients with atrial septal defects.16 Moreover, this
technique can be used to measure flow separately
in the right and left pulmonary artery is equivalent
to the flow measured in the main pulmonary artery
in normal individuals. This technique has been used
to quantify the distribution of blood flow in the
right and left pulmonary arteries in congenital
lesions which produce grossly unequal blood flow
to the two lungs as a consequence of stenoses
within the brances of the right or left pulmonary
artery, after construction of systemic to pulmonary
shunts, or in atresia or hypoplasia of one of the
hilar pulmonary arteries.17 Velocity-encoded cine
magnetic resonance imaging has also been used to
estimate the peak velocity across stenoses in order
to calculate the gradient across stenoses. This
information has been useful in congenital heart
disease by estimating the gradient across pulmonary
valvular stenoses, pulmonary arterial stenoses and
Rastelli conduits.18 Several recent studies have also
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shown the correlation between the estimation of
the gradient across valvular stenoses19' 20> and
across coarctation of the aorta in comparison to
measurements at cardiac catheterization.

Velocity-encoded cine MR imaging has recently
been applied as a method for estimating the volume
of collateral circulation in coarctation of the aorta.21

The rationale in this application is to demonstrate
greater flow in the distal descending aorta
compared to the proximal descending aorta. The
increase in flow from proximal to distal aorta is
presumed to occur from retrograde flow in the
intercostal arteries and other branches of the
descending aorta was slightly decreased compared
with the flow in the proximal part of the
descending aorta because of normal antegrade flow
through the intercostal arteries. However, in
patients with hemodynamically significant
coarctation (>2mm gradient), the velocity-encoded
cine magnetic resonance imaging measurements
demonstrated a substantial increase in the distal
aorta compared to the proximal part of the
descending aorta. The increase in flow was
presumably due to the retrograde flow in branches
of the descending aorta. In this study, there was a
significant linear relationship between the volume
of collateral flow measured by this technique and
the morphologic severity of the stenosis as
measured by the percent reduction in luminal
diameter of the aorta at the site of the coarctation.
It is possible that this technique may provide a new
method for defining the hemodynamic significance
of a coarctation.

The Future of MRI in Congenital Heart Disease:
Catheterless Cardiac Catheterization
The multifaceted morphologic and functional
information provided by magnetic resonance
imaging has the potential to replace cardiac
catheterization and provide the same information.
In recent years, the volume of cardiac
catheterization has declined considerably due to the
capability of echocardiography for evaluating
morphology and function in congenital heart
disease. The combination of echocardiography and
magnetic resonance imaging should eliminate a
substantial volume of cardiac catherization. In the
future, the major use of cardiac catheterization in
congenital heart disease may be to apply
interventional therapeutic procedures.

Magnetic resonance imaging under optimal
circumstances of application can supply most of



the information for which cardiac catherization is
currently used. This information consists of
morphologic, pressure, and oximetric data in order
to define the pressure gradient across stenoses, the
volume of shunts, and the presence and severity
of pulmonary arterial hypertension. At the current
time, the definition of the morphology of
congenital heart disease is accomplished by ECG-
gated spin-echo and cine magnetic resonance
imaging with a precision that rivals and usually
surpasses that provided by catheterization. The
exception to this statement is a definition of
anatomy in small infants. Three-dimensional
reconstruction of magnetic resonance imaging data
has recently been shown to add unique insights into
the morphology of congenital disease.22

Quantitative function of both ventricles can be
provided by cine magnetic resonance imaging, and
the accuracy and reproducibility of this
quantification should be better than that provided
by cardiac angiography because of the three-
dimensional imaging. As discussed above, velocity-
encoded cine magnetic resonance imaging can be
used to estimate the gradients across valves and
great arteries and to calculate the volume of left-
to-right shunts. However, the reliability of velocity-
encoded cine magnetic resonance imaging for
estimating the gradients across stenoses under a
variety of pathologic circumstances has not yet
been established. Moreover, now it is theoretically
possible to estimate pulmonary arterial pressure by
interrogating the jet of triscupid regurgitation
usually present in patients with pulmonary arterial
hypertension. However, no studies have
documented the capability of magnetic resonance
imaging to provide an estimate of pulmonary
arterial pressure.

Recent studies have indicated the possibility of
estimating oxygen saturation of blood in tissues23

would suggest the possibility that oximetric data
might be provided from specialized T2*-sensitive
MR images. Finally, the recent availability of echo-
planar magnetic resonance imaging suggests that
the morphologic and functional data necessary for
the complete evaluation of congenital heart disease
could be obtained within a very short examination
time.

REFERENCES
1. Higgins CB, Silverman NH, Kersting-

Sommerhoff B, Schmidt KG. Congenital heart
disease. New York: Raven Press, 1990

2. Ress S, Somerville J, Ward C, Martinez J, et
al. Coarctation of the aorta: MR imaging in
late postoperative assessment. Radiology
1989; 173:499-502.

3. Kersting-Sommerhoff BA, Sechtem U, Higgins
CB. Evaluation of pulmonary blood supply by
nuclear magnetic resonance imaging in patients
with pulmonary atresia. J Am Coll Cardiol
1988;11:166-171.

4. Kondo C, Hardy C, Higgins SS, Young JN,
Higgins CB, Nuclear magnetic resonance
imaging of the palliative operation for
hypoplastic left heart syndrome. J Am Coll
Cardiol 1991;18:817-823.

5. Kersting-Sommerhoff BA, Diethelm L, Stanger
P, et al. Evaluation of complex congenital
ventricular anomalies with magnetic resonance
imaging. Am Heart J 1990;120:133-142.

6. Link KM, Lesko NM. Magnetic resonance
imaging in the evaluation of congenital heart
disease. Magn Reson Q 1991 ;7:173-190.

7. Bisset GS ill. Magnetic resonance imaging of
congenital heart disease in the pediatric patient.
Radiol Clin North Am 1991;29:279-291.

8. Kersting-Sommerhoff BA, Diethelm L, Teitel
DF, et al. Magnetic resonance imaging of
congenital heart disease: sensitivity
andspecificity using receiver operating
characteristic curve analysis. Am Heart J
1989;118:155-162.

9. Bisset GS III, Strife JL, Kirks DR. Bailey
WW. Vascular rings: MR imaging. AJR
1987;149:251-256.

10. Masui T, Seelos KC, Kersting-Sommerhoff
BA, Higgins CB, Abnormalities of the
pulmonary veins: evaluation with MR imaging
and comparison with cardiac angiography and
echocardiography. Radiology 1991; 181.'645-
649.

11. Peshock RM, Parrish M, Fixler D, Parkey RW.
Magnetic resonance imaging of single
ventricle. Circulation 1985;72[Suppl]:III-29.

12. Martinez JE, Mohiaddin RH, Kilner PJ, et al.
Obstruction in extracardiac

33



ventriculopulmonary conduits: value of nuclear
magnetic resonance imaging with velocity
mapping and Doppler echocardiography. J Am
Coll Cardiol 1992;20:338-344.

13. Sechtem U, Pflugfelder PW, White RD, et al.
Cine MRI: potential for the evaluation of
cardiovascular function. AJR 1987; 148:239-
246.

14. Semelka RC, Tomei E, Wagner S, Mayo J, et
al. Interstudy reproducibility of dimensional
and functional measurements between cine
magnetic resonance studies in the
morphologically abnormal left ventricle. Am
Heart J 1990;l 19:1367-1373.

15. Doherty NE III, Fujita N, Caputo GR, Higgins
CB, Measurement of right ventricular mass in
normal and dilated cardiomyopathic ventricles
using cine magnetic resonance imaging. Am J
Cardiol 1992;69:1223-1228.

16. Brenner LD, Caputo GR, Mostbeck G, et al.
Quantification of left to right atrial shunts with
velocity encoded cine nuclear magnetic
resonance imaging. J Am Coll Cardiol
1992;20:1246-1250.

17. Caputo GR, Kondo C, Masui T, et al. Right
and left lung perfusion: in vitro and in vivo
validation with oblique-angle, velocity-encoded
cine MR imaging. Radiology 1991;80:693-698.

18. Martinez JE, Mohiaddin RH, Kilner PJ, et al.
Obstruction in extracardiac
ventriculopulmonary conduits: value of nuclear
magnetic resonance imaging with velocity
mapping and Doppler echocardiography. J Am
Coll Cardiol 1992;20:338-344.

19. Heidenreich PA, Steffens JC, Fujita N, et al.
The evaluation of mitral stenosis with velocity-
encoded cine magnetic resonance imaging. Am
J Cardiol 1994 (in press).

20. Elchenberger AC, Jenni R, von Schulthess GK.
Aortic valve pressure gradients in patients with
aortic valve stenosis: quantification with
velocity-encoded cine MR imaging. AJR
1993; 160:971-977.

21. Steffens JC, Bourne MW, Sakuma H,
O'*Sullivan M, Higgins CB. Quantitation of

collateral blood flow in coarctation of the aorta
by velocity encoded cine magnetic resonance
imaging. Circulation 1994;90:937-943.

22. Fellows KE, Weinberg PM, Baffa JM,
Hoffman EA. Evaluation of congenital heart
disease with MR imaging: current and coming
attractions. AJR 1992;159:925-931.

23. Wright GA; Hu BS; Macovski A. 1991 I. I.
Rabi Award. Estimating oxygen saturation of
blood in vivo with MR imaging at 1.5T. J
Magn Reson Imaging 1991;l:275-283.

34



CHI-CHEST

Magnetic Resonance Imaging Of Acquired
Heart Disease

Charles B. Higgins, M.D.

Chief Magnetic Resonance Imaging Section
University of California San Francisco,
San Francisco.

Magnetic resonance imaging has been used for the
evaluation of acquired heart disease during the past
decade. Experience over this period of time has
indicated that there are currently specific
indications for the use of magnetic resonance
imaging in acquired heart disease. The application
of magnetic resonance imaging in acquired heart
disease has been considerably influenced by the
ready availability and familiarity with
echocardiography. In general, magnetic resonance
imaging is used for the evaluation of diseases in
which echocardiography provides incomplete or
inadequate information.

Techniques for Evaluation of the Cardiovascular
System
A number of magnetic resonance imaging
techniques have been devised for the evaluation
of the cardiovascular system. These techniques
permit assessment of morphology, contractile
function, and blood flow.

The ECG-gated spin-echo technique is used to
assess cardiac morphology. The cine magnetic
resonance imaging technique is used for the
evaluation of morphology and contractile function
of both ventricles. The cine magnetic resonance
imaging technique provides multiple images at
each tomographic level with these evenly spaced
throughout the cardiac cycle. When these
multiphasic images are laced together and displayed
in a cinematic format the technique is referred to
as cine magnetic resonance imaging. The
acquisition of cine magnetic resonance images at
all the tomographic levels encompassing the heart
provides a three-dimensional set of images at end
diastole and end systole so that volumes and global
function of both ventricles can be determined. Cine
magnetic resonance imaging seems to be the
optimal technique for the evaluation of right
ventricular function and dimensions. Cine magnetic
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resonance imaging also seems to be the most
accurate and reproducible technique for the
measurement of left ventricular mass and for the
evaluation of right ventricular mass. A new
technique referred to as breath-hold cine magnetic
resonance imaging provides a very time efficient
method for acquiring a three-deimensional data set
of the heart at end diastole and end systole. With
this technique, multiple images evenly spaced
throughout the cardiac cycle are acquired at each
tomographic level during a breath-hold period of
twelve to sixteen seconds. This technique is
referred to as segmented or breath-hold cine
magnetic resonance imaging and acquires eight
lines of the imaging matrix per cardiac cycle. This
technique has also been used for the display of
the morphology of the proximal portion of the
coronary arteries.

Velocity-encoded cine magnetic resonance imaging
(flow mapping) is a technique for measuring blood
flow at any site within the cardiac system. This
technique has been used for the assessment of
valvular and ventricular function.

A recent application of echo-planar imaging for
cardiovascular evaluation has indicated certain
advantages for this technique. This technique
provides images during an acquisition period of 50-
100 ms. The technique has been initially applied
for the evaluation of ventricular dimensions and
function and for the assessment of valvular motion.
This may also be an ideal technique for evaluation
of regional myocardial perfusion using magnetic
resonance contrast media.

Myocardial perfusion at the current time has been
evaluated using contrast prepared fast gradient echo
imaging after the intravenous administration of
gadolinium chelates. Regional enhancement of the
myocardium has been evaluated in the basal state
and after the administration of vasodilators such
as dipyridamole.

Major Indications for Cardiovascular MRI
A survey by the Society of Magnetic Resonance
Imaging in 1992 included seventy sites performing
cardiovascular MRI. This survey demonstrated that
the major indications for cardiovascular MRI were
for the assessment of thoracic aortic disease,
congenital heart disease, pericardial disease and
paracardiac and intracardiac masses. Our own
experience has demonstrated that the major
applications have been for the following



abnormalities: thoracic aortic disease constrictive
pericarditis; cardiac and paracardiac masses;
hyperthropic myopathy; right ventricular dysplasia;
some aspects of ischemic heart disease especially
the detection of complications after acute
myocardial infarction, and congenital heart disease.

Constrictive Pericarditis
Magnetic resonance imaging has been demonstrated
to have high accuracy (93% diagnostic accuracy)
for the evaluation of constrictive pericarditis. The
features of constrictive pericarditis are a thickened
pericardium, right atrial enlargement with a normal
size or small right ventricle, and enlargement of
the inferior vena cava. A pericardial thickness of
greater than 4 mm is considered thickened
pericardium. Demonstration of thickened
pericardium in the proper clinical setting establishes
the diagnosis of constrictive pericarditis. Magnetic
resonance imaging may also be useful for
differentiation between a hemorrhagic and a
nonhemorrhagic pericardial effusion. This is usually
readily done using a Tl-weighted spin-echo
sequence. In such a sequence, blood produces
bright signal intensity while other fluids produce
low intensity.

Ischemic Heart Disease
The major use of magnetic resonance imaging in
ischemic heart disease at the current time is the
demonstration of morphologic abnormalities after
acute myocardial infarction. This includes a
demonstration of left ventricular thrombus and the
differentiation between true and false left
ventricular aneurysms.

Several experimental studies have demonstrated the
cine magnetic resonance imaging performed in the
basal state and then during pharmacologic stress
for the depiction of regional contraction
abnormalities.

Contrast prepared fast gradient echo images
performed in the basal state and after the
administration of a vasodilator have been effective
for demonstrating regional myocardial ischemia. In
the presence of a critical coronary arterial stenosis,
images acquired during the first pass of contrast
media through the myocardium after intravenous
injection have demonstrated delayed and
diminished enhancement of the myocardium served
by a coronary artery with a hemodynamically
significant stenosis. While this is usually not
evident in the basal state, the perfusion deficit is

demonstrated after the administration of
dipyridamole. In patients after previous myocardial
infarction and with a fixed defect on perfusion
nuclear scintigraphy, contrast enhanced magnetic
resonance imaging has shown a defect which
corresponds closely with the thallium perfusion
deficit.

Recently, segmented cine magnetic resonance
imaging with fat saturation and the use of surface
coils or thoracic multicoils has been used with
some success for demonstrating the morphology of
the right coronary artery and the proximal and mid
portion of the left anterior descending coronary
artery. A study by Manning, et al., shows a greater
than 90% correlation between X-ray angiography
and magnetic resonance angiography for depicting
hemodynamically significant stenoses in the
proximal or mid portions of the major coronary
arteries.

Recently, we have used a breath-hold velocity-
encoded cine magnetic resonance imaging
technique to evaluate blood flow velocity in the
coronary arteries. In an initial study, volunteers
were studied in the basal state and after the
administration of dipyridamole. Measurement of
blood flow velocity in the left anterior descending
coronary artery demonstrated a three-to-four fold
increase in blood flow velocity in this artery
compairing the basal and vasodilated studies. This
technique may prove useful for excluding the
presence of hemodynamically significant coronary
arterial disease in major coronary arteries by
demonstrating normal vasodilator reserve in
response to the administration of appropriate
vasodilators.

Right Ventricular Dysplasia
Arrhythmogenic right ventricular dysplasia is a
disease characterized clinically by the occurrence
of recurrent ventricular tachycardia or premature
ventriculur tractions arising from the right ventricle.
These arrythemias are exacerbated by exercise and
tend to occur in young males. This disease may
produce sudden death, especially during exercise.
The disease is characterized by the replacement of
variable portions of the right ventricular wall by
fat or fibrous tissue. Magnetic resonance imaging
using Tl-weighted ECG-gated spinecho technique
can be used to identify fat in the right ventricular
free wall. The presence of transmural fat provides
reasonable evidence of the presence of this disease.
The recognition of nontransmural or focal fat
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within the right ventricular free wall is more
difficult to interpret. Some patients have also
demonstrated generalized or focal thinning of the
right ventricular wall with, in some cases, localized
right ventricular dyskinesis or aneurysm formation.

Valvular Heart Disease
Magnetic resonance imaging has been used to
identify the presence and to assess the severity of
valvular heart disease. In cine magnetic resonance
images, the blood pool has a nearly homogenous
bright signal intensity. In the presence of high
velocity jet-like flow occurring at the sites of
valvular stenoses or regurgitation, a signal void is
recognized. Thus, depending upon the site of the
signal void and the phase of the cardiac cycle in
which it occurs, it is possible to identify the
presence of valvular regurgitation and valvular
stenosis. Cine magnetic resonance imaging has
been highly accurate for identifying the presence
of valvular regurgitation. Valvular regurgitation has
been quantified by the use of velocity-encoded cine
magnetic resonance imaging. For the quantification
of aortic regurgitation, blood flow is measured in
the ascending aorta. Retrograde diastolic flow can
be directly quantified and the volume of this flow
represents the volume of aortic regurgitation.
Studies in the past few years have demonstrated
the accuracy and the interstudy reproducibility of
this technique for quantifying the volume of aortic
regurgitation. Velocity-encoded cine magnetic
resonance imaging has also been used in patients
with moderate to severe regurgitation in order to
demonstrate the response or lack of response to
drug therapy of this disease.

Velocity-encoded cine magnetic resonance imaging
has also been used to evaluate the volume of
inflow across the mitral valve and the volume of
outflow across the aortic valve. The difference
between these two volumes in patients with mitral
regurgitation represents the volume of mitral
regurgitation. Velocity-encoded cine magnetic
resonance imaging has also been used to measure
the peak velocity across stenotic aortic and mitral
valves. The estimation of the peak velocity and
gradient across these valves has correlated well
with either Doppler echocardiography or pressure
measurements acquired at cardiac catheterization.
Cine magnetic resonance imaging has also been
used to assess the severity of left ventricular
dilatation and hypertrophy in patients with valvular
heart disease. Measurement of arterial pressure at
the time of acquisition of cine magnetic resonance

imaging studies has also permitted the calculation
of end systolic wall stress or peak systolic wall
stress in patients with valvular heart disease.

Cardiomyopathies
Magnetic resonance imaging has been used to
demonstrate the presence and location of the left
ventricular hypertrophy in patients with
hyperthrophic cardiomyopathy. It has also been
used to assess the severity of the disease by
quantification of left ventricular mass. Cine
magnetic resonance imaging has demonstrated a
high interstudy reproducibility for quantification of
left ventricular mass. Consequently, it has been
used for monitoring left ventricular mass in patients
in response to drug therapy for hypertrophic
cardiomyopathy.

Cine magnetic resonance imaging has been used
for measuring left ventricular volumes, mass and
systolic wall stress in patients with congestive
cardiomyopathy. Again, because of the high
interstudy reproducibility of these measurements
the technique has been applied for the evaluation
of drug therapy on patients with dilated
cardiomyopathy.

Summary
The multiple imaging techniques currently available
for magnetic resonance imaging in acquired heart
disease have provided both morphologic and
functional information. While the capabilities of
magnetic resonance imaging are considerable, the
greater familiarity and ready availability of
echocardiography has continued to limit the wide
application of magnetic resonance imaging in
acquired heart disease. It is expected that some of
the unique capabilities of magnetic resonance
imaging, such as the measurement of blood flow
in any part of the cardiovascular system including
the capability of measuring blood flow irv the
coronary arteries, will increase the use of magnetic
resonance imaging for acquired heart disease in the
future. In particular, the multiple capabilities of
magnetic resonance imaging make it possible for
this technique to serve as a single comprehensive
imaging technique in ischemic heart disease. Rapid
evaluation of patients using magnetic resonance
imaging will likely be possible in the future using
the echo-planar technique as it becomes more
widely available.
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Primary cardiac (including pericardial) tumor is one
of the cardiac diseases as well as one of the
neoplastic diseases. Due to its rarity, the clinical
significance of this entity has not been well
recognized for many years. Recent data indicate
the entity is not so rare as it has been considered
in the past decades. Major signs and diagnostic
evaluation of cardiac tomur with different imaging
modalities are presented in this article with a
discussion on the optimized approach of imaging
techniques.

1. Incidence of cardiac tumor

Based on autopsy cases series its incidence is stated
as follows: 0.017% - 0.280% - collected autopsy
series of cases in western countries (1); 0.276% -
0.278% - two large series of Chinese autopsy cases
(from Shanghai and Jilin Medical University each
around 5,000 carses)(2). It is estimated that the
incidence of metastatic cardiac tumors is 20-40
times higher than that of primary tumors*1*.

Among McAllister's series of 533 cases with
primary cardiac tumors'3* 75% are benign tumors
and 25% are malignant, and myxoma comprises
40% of cases with benign tumors is different age
groups, and 50% in adult cases, and 75% of
cardiac myxomas are located in left atrium(LA),
mesothelioma, angiosarcoma, rhabdomyosarcoma
and fibrosarcoma are commonly seen malignant
tumors. In Chinese collected series of 627 cases
with cardiac tumors, all pathologically proven, 90%
of those cases are benign tumors and 89% of them
are myxomas, and 90% of the myxomas (3 with
myxosarcoma included) are located in LA.
Rhabdomyosarcomas are the most commonty seen
malignant tumors. In FuWai Hospital series of 175
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cases(4) with cardiac and pericardial tumors 156
cases, 89% are cardiac tumors, and 19 cases, 11%,
are pericardial tumors. Among all kinds of benign
tumors myxama comprises 85%, 90% of them are
located in LA.

2. Classfication of primary cardiac and pericardial
tumors

There are several classification systems based on
the histopathologic types and anatomical sites
etc(1.5). From the view point of clinical and
diagnostic imaging, the cardiac and pericardial
tumors may be classified into three major
categories, i. e. l)intracavitary, 2)myocardial
(mural) and pericardial, and the imaging signs and
diagnostic evaluation of the cardiac & pericardial
tumors may accordingly be described.

3. Imaging study

3.1 Conventional radiology, mainly used as
preliminary and screening procedure.

3.1.1 Intracavitary tumors, the commonest one is
LA myxoma - in our previous study of 37
cases with LA myxoma about 80% showed
signs of mitral valve lesions on chest films,
and among them 60% showed typical signs
for mitrat stenosis. For those cases with
radiographic signs for mitral valve lessions,
if 1) no typical diastolic rumble or with
positional change of cardiac murnur (54%),
2) with short history or occurred in the
middle to aged patients (54%-52%), 3)with
increased sedimentation rate (75%), fever
(36%), and signs of arterial emboli (25%)
or syncope (22%) etc the possibility of LA
myxoma should be considered. In the
remaining cases of 20% no signs for mitral
valve lesion were depicted, and about half
of them the chest film findings were
essentially normal.

Intracavitary tumor of right atrium and
ventricle, depending on the size and location
of the tumor and its interference of right
heart filling and ejection, signs for tricuspid
valve lesion and pulmonary stenosis may be
demonstrated on chest films without or with
varying degree of cardiac enlargement, or
no abnormal findings. Left ventricutar tumor
is rare, may mimic subaortic stenosis or no
abnormal signs.



3.1.2. Myocardial and pericardial tumors.
Rhabdomyoma and fibroma are common
myocardial tumors, the former compreses
50% all kinds of benign tumors in children
and pericardial cyst in a commonty seen
pericardiat benign tumors. Nodular and
multinodular protrusions on either or both
cardiac border showing "bizarre" cardiac
silhouette and cardiac enlargement of
varying degree are significant signs on chest
films. Moderate to massive cardiac
enlargement are usually caused by associated
pericardial effusion. Calcific deposits, though
uncommon, may be detected within the
tumor mass, and the presence of bony and
dental structures are sign for teratoid tumor.
Localized pericarlial tumor may mimic
mediastinal mass.

Pneumoperitoneum after pericardiocentasis
(for therapeutic purpose) may aid tumor
localization and differentiation between
myocardial and pericardial tumor.

3.2 Echocardiagoaphy (Echo)

Echo has revolutionized the detection of
intracardiac tumors. As a safe, simple and
accurate imaging modality. Echo now
becomes to be method of first choice in
evaluating patients with cardiac and
pericardial tumors(2). Two-dimentional
echocardiography (2DE) has a clear
advantage over M-mode method, and the
transesoghageal echocardiography (TEE) is
superiar to the standard 2DE in delineating
atrial masses, and TEE can also identify the
structure (i.e. cystic VS solid) of the mass.

3.2.1. Intracavitary tumors, mainly manifested as
masses of varying degree of echo-intensities
within the cardiac chamber. For example in
patients with LA myxoma 2DE, if neccesary
combined with TEE, is highly accurate in
demonstrating the size, shape, attachment
and mobility of the tumor.

3.2.2. Myocardial and pericardial tumors. The
mural tumor mainly manifested as localized
area of increased thickness of the
myocardium usually with inhomogeneous
echo textures. The pericardial tumors are
usually associated with massive effusion,
and the tumor mass may be depicted in the

echo-free pericardial space. If the mural
tumor with infiltrating extension to the
adjacent myocardium, and the pericardial
mass deeply invading the myocardium both
are signs for malignancy.

Echo, however, is of limited value in the
full scate demonstration of intra and extra
luminal protrusion and extension of the
mural and pericardial tumors.

3.3 Magnetic resonance imaging (MRI) and CT

MRI, as an important non-invasive
technique, is now used with an increasing
frequency in evaluating patients with cardiac
and pericardial tumors. The clear delineation
of cardiac and the adjacent non-vascular
structures such as mediastinum, lung and
diaphragm etc, in large field of view, direct
multi-positional imaging, and no need of
contrast enhancement are major advantages
of MRI. CT, particularly ultrafast CT, has
similar function, and it is superior over MRI
is some aspects, ie. being able to detect
calcification and of higer spatial resolution
etc. However, CT scanning is only of axial
transverse imaging, usually contrast
enhancement is needed, and contrast
resolution is inferior to that of MRI are its
disadvantages.

3.3.1. Intracavitary tumors, usually manifested as
mass of medium signal intensity in cardiac
chamber on MR images, and MR scanning
of different positions may clearly
demonstrate its shape, size and the tumor
attachment etc. With Cine-MRI as well as
contrast enhanced CT the tumor mass may
be demonstrated as intracavitary "filling
defect". For example LA myxoma according
to its location and pedicle attachment
(mostly to the atrial septum) etc, it is usually
not difficult to be differentiated from that
of LA thrombus.

3.3.2. Myocardial and pericardial tumors, the
former is usually shown as localized
abnormal wall thickening of the cardiac
chamber. The lesion is commonly of
homogeneous medium signal intensity on
MR images similar to that of contiguos
myocardium (such as myoma), and if is of
lower intensity as compared to that of
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myocardium suggesting the possibility of
fibroma. On basis of the medium signal
intensity intermingled with low intensity
areas of noduar and streak form the
possibility of myocardial angioma or
lymphangioma, though rare, should be
considered. MRI clearly delineates parietal
and visceral pericardium may aid the
differentiation between mural, pericardial
and paracardiac masses.

CT, particularly MRI depending on the 4.2.
change of signal intensity on Tl and T2 -
Weighted images is helpful in the
"qualitative diagnosis" of fluid - nature of
the pericardial cyst and pericardial lipoma.
CT is more sensitive than radiology and
2DE in detecting calcific, bony and dental
structures.

3.4. Conventional angiography and DSA

Angiocardiography formarly used to be a
major imaging modality in the diagnosis of
cardiac tumors, the rate of diagnostic
accuracy up to 94%(8>. Since the wide -
spread application of non-invasive
modalities such Echo, MRI etc this kind of
invasive study is no longer used except in
some patients with special clinical indication.
For example all four cardiac chambers/
pulmonary and systemic circulation are not 4.3.
well visualized in one setting by other
methods, angiocardiography may be
indicated, and intravenous DSA is the
method of choice. Patients with cardiac
tumors and suspected to have systemic
arterial emboli angiography is indicated.

3.4.1. Intraluminal filling defect is the sign for
intracavitary tumor, and alteration of wall
thickness, compression and displacement of
the cardiac chambers, and pericardial
effusion etc are major signs for myocardial
and pericardial tumors. In a few patients
displacement and compression of the
coronary arterial branches due to cardiac
tumor may be demonstrated, even tumor
neo-vessles may be reveated on coronary
angiograms with LA myxoma.

4. Discussion

4.1. Reoent data indicate that primary cardiac and

pericardial tumors are no longer rare entities,
and the antemortem diagnosis being
established with increasing frequency mainly
due to the wide-spread application of non-
invasive imaging modatities such as Echo
and MRI etc. In addition most of the cardiac
and pericardial tumors are surgically curable,
so the significance and practical need of
exact pre-operative diagnosis using imaging
modilites have to be emphaziged.

Differentition between benignancy and
malignancy and assessment of resectability.

The intracavitary and pericardial tumors with
association of myocardial involvement or
infilltration are signs for malignancy, and
myocardial tumors with extensive intra-and-
extra cardiac protrusions are most likely
malignant. Most of the intracavitary tumors
(for example myxoma) are histologically
benign usually not interrelated to their size,
shape and lobulated border etc.

Intracavitary and localized pericardial tumors
are most likely resectable, and tumors, either
mural, intracavitary or pericardial, with
diffuse myocardial infiltration are most
likely non-resetable or non-radically
resectable.

Comprehenceive imaging approach and
optimization.

Both Echo and MRI are non-invasive
modatities of diagnostic significance in the
evaluation of patients with or suspected
having cardiac and pericardial tumors. The
former, simple and easily conducted is the
method of first choice, particularly for
intracavitary tumors being recognized as a
confirmative study, and the later provides
full-scale information, particalarly in
demostrating myocardial infiltration of the
tumor as well its intra-and-extra cavitary
protrutions.

CT has similar functions with MRI and be
able to detect tumor catcification, but it has
some disadvantage, i.e, contrast enhancement
is needed and only transverse images
available by direct CT scanning.

Angiography including DSA is no longer
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used except in patients with special
indication. Conventional radiology, in some
patients with positive signs, may suggest the
possibility of cardiac and pericardial tumor
now is only used as a preliminary or
screening procedure.
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Introduction
Cardiac studies including myocardial perfusion
scintigraphy was begun in the Singapore General
Hospital, Nuclear Medicine Department in 1983.
From a few patients per year using planar imaging,
we have in 1994 studied 1500 patients for
myocardial perfusion, using mainly SPECT (Single-
photon emission computerised tomography) and
radionuclides such as Thallium-201, Technetium-
99m sestamibi and Tc-99m tetrofosmin. Patients
have been stressed using treadmill exercise or
pharmacological agents; we have used
dipyridamole, and dobutamine for pharmcological
stress but have no experience with intravenous
adenosine. Since we do not possess a PET
(positron emission tomography) camera, we have
no experience in Singapore with the use of PET
tracers such as Fluorine-18 fluorodeoxyglucose
(FDG) or Carbon-11 labelled fatty acids, though
these are metabolic tracers rather than perfusion
radiopharmaceuticals. Similarly, though we use Tc-
99m pyrophosphate for localising clinically
doubtful infarcts, we have not had access to
Indium-111 labelled antimyosin antibody to enable
infarct-avid imaging. However multigated
angiography (MUGA) scans using technetium-
labelled red blood cells (RBC) for ventricular
function have been performed at rest and with
exercise over the last 12 years, in the Department.

Radionuclides
Ideal perfusion tracer:

distribute in myocardium in proportion to
blood flow over the range of values in health
and disease.

extracted efficiently from blood by
myocardium on its first pass through the heart.

data acquisition.

rapid elimination from the body, post
acquisition, to allow repeat studies.

high photon flux with energy 100-200 keV.

low radiation dose to patient,

easily available and cheap.

Thallium-201
Thallium-201 has been used for myocardial
perfusion scintigraphy for more than fifteen years.
It is a potassium analogue with physical half-life
(TVi) of 73 hours and main gamma emission of
69-80 keV. Entry into myocardium is about 4%
of injected dose, and Thallium-201 enters into the
cardiac myocyte largely by active transport using
the Na-K ATPAse dependent exchange mechanism.
The distribution in the myocardium is proportional
to blood flow over a wide range of values. After
i.v. injection at stress, there is progressive
redistribution. Hence imaging must begin within 5
-10 minutes of injection and repeat imaging is done
at 4 hours; in infarcted myocardium there is a lack
of redistribution, while in ischaemic (hibernating)
myocardium there is redistribution. Thallium-201
imaging with exercise or pharmacological stress is
good for assessment of myocardial viability. In
many centres a re-injection of a small dose
(1.5mCi) is done to confirm viability of
myocardium. The radiation burden of Thallium-201
is high and hence the increased tendency to use
technetium-99m labelled radiopharmaceuticals.

Technetium-Labelled Isonitriles
Sestamibi (2-methoxy-isobutyl-isonitrile) has the
best myocardium to background ratio. The
radiation dose to the patient is low, while the image
resolution is better due to good count statistics. The
tracer diffuses passively through the capillary
membrane, and after crossing the myocyte cell
membrane along the electropotential gradient, it
localises in the mitochondria at high concentration.
There is rapid blood clearance of sestamibi and
no significant redistribution. Due to the good
count-density it is possible to do first-pass
radionuclide ventriculography, as well as to gate
the acquisition using 'R' wave of the ECG, and
hence regional wall motion and wall thickening of
LV can be studied.

remain in the myocardium for the period of S e p a r a t e injections of tracer need to be given for
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stress and rest studies; thus one can study patients
using a two-day protocol or a same day protocol
either doing rest-stress or stress-rest imaging. It is
also possible to do dual isotope SPECT combining
Thallium and sestamibi using different energy
windows. There are quantitative programmes (e.g.
C-equal) to estimate size of perfusion defects and
extent of reperfusion if any. Sestamibi has an
added advantage that it can be used in the acute
infarction situation, since imaging can be delayed
post-injection. We have assessed the value of
sestamibi imaging in acute infarctions treated with
rTPA and are presently evaluating sestamibi
imaging for acute infarction pre and post
emergency PTC A.

Technetium-99M Diphosphine Complexes
(Tetrofosmin)

similar to sestamibi.

Technetium-99M teboroxime
boronic acid adducts with Technetium-99m
dioxime.
lipophilic and passive diffusion into myocyte.
rapid washout.

Pet Perfusion Tracers
Rubidium-82 and Nitrogen-13 Ammonia are PET
tracers that allow blood flow to the myocardium
to be studied. The images are of better resolution
and it is possible to do attenuation correction. Other
PET tracers such as Fluorine-18
fluorodeoxyglucose (FDG) and Carbon-11 labelled
fatty acids have been used to study myocardial
metabolism. FDG in particular is useful to identify
viable myocardium using FDG/flow mismatch.

Treadmill Exercise
We use a modified Bruce protocol that starts with
a speed of 1.7 mph a gradient of 10 degrees
increasing every 3 minutes by 0.8 mph and by 2"
in gradient. Some centres employ a supine bicycle
exercise protocol. The complication rates from
exercise tests is about 0.01%. Exercise is to be
avoided in patients with active inflammation/
infection of the heart, or when unstable cardiac
conditions are present (e.g. unstable angina, left
main stem disease, heart failure serve valve disease,
severe pulmonary or systemic hypertension), or
when severe arrythmias are likely to be provoked.
The exercise test for myocardial perfusion scanning
aims at achieving the greatest amounts of stress
within the limits of safety. False negative results
will occur in some patients with coronary artery

disease due to submaximal stress.

Pharmacological Stress

Dipyridamole and Adenosine
This is done for patients who are unable to do
bicycle or treadmill exercise due, example for, to
severe bone/joint lower limb disease, leg
claudication, physical handicap, or unwillingness
to exercise.

Most of our experience is with the use of
dipyridamole a vasodilator like adenosine;
adenosine mediates the cellular action of
dipyridamole and can be given directly
intravenously. Both these drugs produce mild
increase in heart-rate and mild to moderate fall in
blood pressure. Dipyridamole is given i.v. at a rate
of 0.56 mg/kg over a 4 minute period followed 4
minutes later by the Thallium or Technetium-99m
sestamibi. The hyperemic response produced by the
vasodilator, reduces the flow reserve in arteries
with fixed stenosis and thus a relative 'steal' in
blood flow may induce ischemia. Side-effects are
flushes, headaches, chest-pain, diziness and
epigastric discomfort with nausea. These side-
effects are readily reversed by intravenous
aminophylline. Patients with evidence of Asthma
should not be tested with dipyridamole while
caffeine and methylxanthines should be avoided for
12-24 hours as these interfere with the coronary
vasodilation of dipyridamole and adenosine.

Dobutamine
Dobutamine is a beta-agonist which increases
myocardial oxygen demand though combined
inotrophic and chronotrophic actions; it also
provokes myocardial ischemia by dilating the distal
coronary vessels, leading to increased coronary
flow and a fall in perfusion pressure distal to
coronary stenoses. The drug is given as an infusion
and the dose given is 10 ug/kg/min and increased
in 10 Mg/kg/min step every 3 minutes up to a
maximum dose-rate of 40 Mg/kg/min. Symptoms
include flushes, nausea, headache and light-
headadress. Side-effects are supraventricular
tachycardia, atrial fibrillation and premature
ventricular and atrial beats. Hypotension may
occur; dobutamine is safe in Asthma.

Both dobutamine and dipyridamole have given
excellent results with Thallium-201 and Tc-99m
sestamibi myocardial perfusion imaging, similar to
exercise stress.

43



Artifacts
1. breast attenuation.
2. diaphragmatic attenuation.
3. overlying abdominal visceral activity.
4. apical variation.
5. myocardial 'hot' spots.
6. LBBB (left bundle branch block).
7. myocardial hypertrophy.

In summary myocardial perfusion scintigraphy
using exercise/pharmacological stress has a higher
sensitivity for detecting coronary artery disease
(CAD) (80%) and a higher specificity (92%) for
excluding CAD compared to the exercise ECG,
using the angiographic gold standard of 50%
stenosis as comparison. It is also possible to
indicate the extent of disease and the severity is
further confirmed by noting increased pulmonary
uptake of tracer or transient ischemic dilation of
the left ventricle.
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High Resolution CT in Diffuse Lung Disease
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The development of high-resolution CT (HRCT) in
recent years has revolutionized our ability to detect
and characterize diffuse pulmonary disease. Using
HRCT, lung morphology can be assessed in detail.

HRCT TECHNIQUE
High-resolution CT techniques attempt to optimize
the demonstration of lung architecture.14 The use of
thin collimation (1-2 mm) and image reconstruction
with a high-resolution algorithm are essential in
obtaining HRCT.' Additional modifications of
technique can improve image quality further, but are
not necessary. These include increasing the kVp or
mA scan settings in order to reduce image noise, and
targeting image reconstruction to a small field of
view.2-5"*

The average skin radiation dose associated with HRCT
scans has been compared to that of conventional CT.9

Using a scan technique of 120 kVp, 200 m A, 2 sec, the
mean skin radiation dose was 4.4 mGy for 1.5 mm
HRCT scans at 10 mm intervals, 2.1 mGy for scans at
20 mm intervals, and 36.3 mGy for conventional 10
mm scans at 10 mm intervals. Thus, HRCT scanning
at 10 and 20 mm intervals, as is done in clinical
imaging, results in 12% and 6%, respectively, of the
radiation dose associated with conventional CT.

Recently, the utility of "low-dose" HRCT (120 kVp,
20 mA, and 2 second scan time) has been evaluated.10

Image quality is generally not as good as with standard
HRCT technique, but low-dose scans may be adequate
for the follow-up of patients with an established
diagnosis.

Most patients who have HRCT in our institution for
the diagnosis of suspected restrictive lung disease or
who have diffuse lung disease of unknown type, have
scans performed at 2 cm intervals from lung apices to
bases in both the supine and prone positions. Some

dependent lung collapse is often seen in both normals
and abnormals, and having scans in both positions
allows us to differentiate this finding from true
pathology. Patients with suspected obstructive disease
have scans performed at 1 cm intervals from the lung
apices to bases in the supine position only.

The use of HRCT following expiration, or dynamic
ultrafast high-resolution CT (DUHRCT) in which a
rapid series of ultra, fast HRCT scans are obtained
during a forced inspiratory and expiratory maneuvers,
can demonstrate dynamic morphologic and lung
attenuation changes associated with airways obstruc-
tion."

NORMAL HRCT FINDINGS
Structures as small as 0.2 to 0.3 mm can be seen on
HRCT images; this level of resolution allows the
imaging of lung anatomy at the level of the secondary
pulmonary lobule.2'1213 Within the peripheral lung,
interlobular septa measuring 100 |jm or 0.1 mm in
thickness are at the lower limit of HRCT resolution,13

but nonetheless can sometimes be seen on HRCT
scans performed in vitro.12 These are better seen
within the peripheral lung than in the central lung, as
septa are better developed in this location. On clinical
HRCT in normal patients, a few interlobular septa can
often be seen, but they tend to be inconspicuous.8

Numerous clearly defined interlobular septa are
usually abnormal.

The central portion of the 'secondary lobule, referred
to as the lobularcore orcentrilobular region,14contains
the pulmonary artery and bronch iolar branches which
supply the lobule. The pulmonary artery supplying a
secondary lobule measures approximately 1 mm in
diameter, while intralobular acinar artery branches
measure 0.5 mm in diameter, vessels of this size are
easily seen using HRCT. The visibility of bronchi or
bronchioles on HRCT is determined by their wall
thickness rather than their diameter. As an appro-
ximation, the thickness of the wall of a bronchus or
bronchiole measures from 1/6 to l/10th of its diameter.15

Thus, for a 1 mm bronchiole supplying a secondary
lobule, the thickness of its wall measures approxi-
mately 0.15 mm; the wall of a terminal bronchiole
measures only 0.1 mm in thickness, and that of an
acinar bronchiole only 0.05 mm. Bronchioles are
below the resolution of HRCT technique for a tubular
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ABNORMAL HRCT FINDINGS
Numerous pathologic studies have shown that HRCT
accurately depicts lung anatomy and pathology.
Generally speaking, HRCT findings of lung disease
can be considered in 4 groups or categories, which
reflect the histologic abnormalities present. These
are 1) reticular opacities, 2) nodular opacities, 3)
increased lung opacity, and 4) decreased lung opac ity
or cystic opacities.

RETICULAR OPACITIES
Thickening of the interstitial fiber network of the lung
by fluid, fibrous tissue, or because of interstitial
infiltration by cells, results in an increase in reticular
lung opacities as seen on HRCT. Reticular interstitial
abnormalities can often be characterized accordi ng to
their relation to secondary lobular structures.

Interlobular septal thickening occurs in patients
with a variety of interstitial lung diseases, and in the
presence of interstitial fluid, fibrosis, or cellular
infiltration. In the peripheral lung, thickened septa
measure 1-2 cm in length and are often seen extend-
ing to the pleural surface; in the central lung, the
thickened septa can outline lobules which are 1-2.5
cm in diameter and appear polygonal in shape. Such
visible lobules commonly contain a central dot-like
or branching artery.

Septal thickening can be smooth, nodular, or irregular
in contour in different pathologic processes. Pulmo-
nary edema results in smooth septal thickening;
Iymphangitic spread of tumor characteristically results
in smooth, nodular, or "beaded" thickening,1"8 while
"beaded septa" or septal nodules can also be seen in
patients with sarcoidosis and coal workers
pneumoconiosis."'22 Septal thickening is not common
in patients with interstitial fibrosis, except for those
with sarcoidosis and asbestosis;23 when visible, septal
thickening due to fibrosis is often irregular in
appearance.

When interlobular septa are visible, and lobules are
well outlined, it is important to note whether the
lobules are normal in shape and appearance or whether
they are distorted. Thickened septa without
architectural distortion is characteristic of edema,
Iymphangitic spread, or infiltration, while distortion
strongly suggests fibrosis.

Intralobular interstitial thickening represents an
abnormality of the intralobular interstitium, perhaps

occurring in relation to small arterial or bronchiolar
branches or in the periphery of acini.712 This finding
is most common can be seen in patients who have
fibrosis, and is visible as a fine network of lines.7'12

Honeycombing reflects extensive fibrosis with lung
destruction, and results in a cystic, reticular appear-
ance on HRCT which is characteristic.12-24 When
honeycombing is present, normal lung architecture is
distorted, and secondary lobules are difficult or
impossible to recognize. The cystic spaces of honey-
combing can range from several mm to several cm in
diameter, and are characterized by thick, clearly
definable, fibrous walls.

Centri lobular opacities2327 can reflect
peribronchovascular interstitial thickening such as
occurs in patients with fibrosis or interstitial infiltra-
tion, or can reflect bronchiolar abnormalities. For
example, centrilobular (peribronchiolar) abnormali-
ties have been reported as early HRCT findings in
patients with asbestosis28 andsilicosis,29 and can also
be seen in patients with pulmonary edema,
sarcoidosis1930 histiocytosis X ,31 and hypersensitivity
pneumonitis [32]. In some of these conditions, the
presence of centrilobular abnormalities reflects
peribronchiolar inflammation or air-space disease. In
patients with small airways diseases such as
panbronchiolitis,26cystic fibrosis,27andbronchiolitis,
centrilobular opacities and bronchiolar wall thicken-
ing have been seen. On HRCT, centrilobular
abnormalities can appear as an abnormal prominence
of the centrilobular artery or bronchiole because of
peribronchovascular interstitial thickening or as a
nodular opacity. The appearance of "tree-in-bud" is
often indicative of airways disease or inflammation,
as in cystic fibrosis or endobronchial spread of TB.33

NODULES
Nodules as small as 1-2 mm in diameter can be
detected on HRCT in patients with a variety of
diseases. Nodules can be "perilymphatic", random,
or centrilobular in distribution in different diseases
and recognizing one of these distributions can be
important in differential diagnosis.34 "Perilymphatic"
nodules affect the peribronchovascular, interlobular
septal, subpleural, and centrilobular interstitial com-
partments, and are usually due to sarcoidosis, which
tends to have a peribronchovascular and subpleural
predominance,"'2230'35"37 silicosis and coal-worker's
penumoconiosis, which predominates in the
subpleural and centrilobular regions,2"121'29-38 and
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lymphangitic spead of tumor, which is typically
peribronchovascular and septal.'"39 Nodules with a
random distribution are most typical of milary
tuberculosis" and hematogenous metastases.40

Centrilobular nodules, often reflect bronchiolar or
peribronchiolar abnormalities,41 and can be seen in
silicosis and coal-worker's pneumoconiosis,29

asbestosis,42 endobronchial spread of tuberculosis1 W3

or other causes of bronchopneumonia, hypersensitivity
pneumonitis32'43, airways diseases, respiratory
bronchiolitis, bronchiolitis obliterans or bronchiolitis
obliterans with organizing pneumonia (BOOP), and
pulmonary edema.41

INCREASED LUNG OPACITY
Air-space consolidation, by definition, occurs when
alveolar air is replaced by fluid, cells, or other
material.25 On HRCT, consolidation results in an
increase in lung opacity associated with obscuration
of underlying vessels. Among patients with chronic
diffuse infiltrative lung disease, the most common
causes of this pattern include chronic eosinophilic
pneumonia and BOOP.4445

" Ground-glass opacity" is nonspecific term referring
to a hazy increase in lung opacity which is not
associated with obscuration of underlying vessels.
This finding can reflect the presence of a number of
diseases, and can be seen in patients with either
minimal interstitial thickening or minimal air-space
filling.7-4*'47 It can reflect minimal thickening of the
alveolar interstitium, alveolar wall thickening, or the
presence of fluid or cells filling the alveoli. Thus, it
can be seen in patients with mild or early interstitial
disease or alveolitis

Although "ground-glass" opacity is a nonspecific
finding, its presence is very significant. This finding
usually indicates an acute, active, and potentially
treatable process,47 such as pulmonary edema,
alveolitis, desquamative interstitial pneumonitis
(DIP),7'4* active idiopathic pulmonary fibrosis,4*49

pneumonia (particularly pneumocystis carinii pneu-
monia,50 alveolar proteinosis,51 hypersensitivity
pneumonia's,32-52 and sarcoidosis.19-33 Because of its
association with active lung disease, the presence of
this finding often leads to lung biopsy, depending of
the clinical status of the patient.

DECREASED LUNG OPACITY AND CYSTIC
LESIONS
Honeycombing, as described above, results in cystic

abnormalities which can be precisely characterized
and localized on HRCT.12-24'54 Honeycomb cysts are
often peripheral in location, and are characterized by
thick, clearly definable walls.

Emphysema is accurately diagnosed using HRCT,
and this technique is more sensitive than conven-
tional CI or plain radiographs in detecting the presence
of this abnormality.123"5" Emphysema results in
focal areas of very low attenuation which can be
easily contrasted with surrounding, higher attenua-
tion, normal lung parenchyma if sufficiently low
window means (< 600 H) are used. Emphysemal is
usually distinguishable from honeycombing because
areas of emphysematous destruction lack a visible
wall, while honeycomb cysts are characterized with
thick walls of fibrous tissue.

Lung cyst is a term which is used to describe to a thin-
walled (usually < 3 mm), well defined and circum-
scribed air-containing lesion, 1 cm or more in diameter.
Lymphangiomyomatosis and histiocytosis X often
produce multiple lung cysts which have an appear-
ance on HRCT which is usually quite distinct from
that of honeycombing.31>3>'*3The cysts have a thin but
easily discernable wall, ranging up to to a few milli-
meters in thickness. Associated findings of fibrosis
are usually absent or much less conspicuous than they
are in patients with honeycombing. In these diseases,
the cysts are usually interspersed within areas of
normal appearing lung. In patients with histiocytosis
X, the cysts can have bizarre shapes because of the
fusion of several cysts or perhaps because they
represent ectatic and thiek-walled bronchi.

Bronchiectasis is diagnosed with a high degree of
accuracy using HRCT.64*5 Types of bronchiectasis
can be distinguished, but this is not commonly of
clinical significance.

Decreased lung attenuation, not reflecting the
presence of cystic lesions or emphysema can some-
times be recognized on HRCT in patients who have
diseases which produce air-trapping, poor ventila-
tion, or poor perfusion.27'6* The areas of decreased
lung attenuation which are seen on HRCT can be
focal, lobular or lobar, or multifocal. The term "mosaic
perfusion" has been used to refer to patchy lung
attenuation resulting from perfusion abnormalities
[67]. In patients with air-trapping, this appearance
can be enhanced by using dynamic expiratory HRCT
or by obtaining expiratory scans.1 '•6*"7()
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CLINICAL UTILITY OF HRCT
HRCT may show parenchymal abnormalities in
patients with normal radiographs, and because it
provides an accurate assessment of the pattern and
distribution of lung disease, it may allow confident
diagnosis in patients with normal or nonspecific
findings on the radiograph.5-617-223038-596371 •77 HRCT
may also be able todistinguish areas of active alveolitis
from irreversible fibrosis46-7*-7' and be a helpful guide
to the optimal type and site of lung biopsy.3880 The
clinical utility and indications for use of HRCT there-
fore may be reviewed in terms of its ability to detect
lung disease, to categorize it, to assess disease activity,
and as a guide to lung biopsy.

HRCT in the Detection of Lung Disease
The chest radiograph remains the first and foremost
imaging technique used in the assessment of patients
with suspected diffuse infiltrati ve lung disease. How-
ever, the radiographs is normal in 10- 16%of patients
with biopsy-proven disease.81'82 Abnormal conven-
tional CT or HRCT in patients with normal chest
radiographs have been reported in a number of patients
with chronic infiltrative lung diseases, including
asbestosis,71'7* sarcoidosis,2230 lymphan-
gioleiomyomatosis,63 fibrosing alveolitis,76

lymphangitic carcinomatosis,17 desquamative inter-
stitial pneumonia,83 and hypersensitivity
pneumonitis.13 The sensitivity of HRCT in detecting
lung disease has been compared to that of the radio-
graph in patients with biopsy-proven sarcoidosis,
lymphangioleiomyomatosis and lymphangitic
carcinomatosis.17-223063 On the average, looking at all
the patients assessed in these studies, the sensitivity
of the radiograph in detecting infiltrative lung disease
was 80% compared to 94% for HRCT. HRCT not
only allows greater sensitivity in demonstrating
infiltrative lung disease, it also allows greater
specificity in distinguishing normal from abnormal
lung parenchyma. This was evaluated in a recent
study by Padley et al.84 In their study the specificity in
correctly identifying the normal subjects was 82% for
the radiograph and 100% for high-resolution CT.
Thus high-resolution CT is indicated not only in
patients with suspected lung disease and normal
radiographs but also in patient with questionable
radiographic abnormalitiesor with radiographic find-
ings not in keeping with the clinical or functional
abnormalities.

HRCT can also be helpful in determining what type
of parenchymal abnormality is responsible for clinical

and functional impairment in patients with more than
one abnormality. Dyspneic smokers with idiopathic
pulmonary fibrosis may have impairment in gas trans-
fer but normal or near-normal spirometric measure-
ments of lung function. These patients are difficult to
assess objectively because the radiograph may not
show evidence of emphysema and the pulmonary
function tests may be misleading.85 HRCT can identify
the presence and extent of emphysema and fibrosis as
well as their relative contribution to the clinical and
functional abnormalities and therefore be valuable in
the assessment of these patients.57-85-8*

Differential Diagnosis of Lung Disease
Mathieson et al38 compared the accuracy chest
radiography and CT in the prediction of specific
diagnosis in 118 consecutive patients with chronic
diffuse infiltrative lung disease. The radiographs and
CT scans were assessed independently by three
observers without knowledge of clinical or pathologic
data. The observers made a confident diagnosis on
23% of radiographic and 49% of CT interpretations.
This diagnosis was correct with 77% and 93% of
those readings, respectively (p>.001). Thus, a
confident diagnosis was made more than twice as
often on the basis of CT scans than on the basis of
chest radiographs, and the CT-based diagnosis was
more often correct.

Grenier et al87 compared the diagnostic accuracy of
chest radiography and HRCT in 140 consecutive
patients with chronic diffuse infiltrative lung disease.
Three independent observers listed the three most
likely diagnoses and recorded the degree of confidence
they had in their choice. The percentages of high
confidence diagnosis by each of the three observers
that were correct on the basis of the chest radiograph
were 29%, 34% and 19%, respectively, as compared
to 57%, 55%, and 74%, respectively on the basis of
the HRCT (p<.001 for each comparison). The
interobserver agreement for the proposed diagnosis
was also significantly better with HRCT than with
conventional radiography.

On the basis of the results of these studies, HRCT is
indicated in the assessment of patients with suspected
infiltrative lung disease in whom the combination of
clinical and radiologic findings does not allow a
confident diagnosis. Although HRCT is a morpho-
logic and not a histologic tool, in some cases it does
allow a definitive diagnosis.
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HRCT IN THE ASSESSMENT OF DISEASE
ACTIVITY
HRCT may play a role in the assessment of disease
activity and response to treatment in patients with
diffuse infiltrative lung disease."4*"•7»

In idiopathic pulmonary fibrosis, both long-term
survival and response to treatment with corticos-
teroids correlate with the histologic changes. The best
response to steroids is observed in patients with
active alveolitis and mild fibrosis.**'*' Although open
lung biopsy provides the gold standard for the esti-
mate of the degree of alveolitis, it has two limitations:
it is invasive and it only assesses a small area of the
lung which may not be representative of the overall
process. Muller et al ** correlated the CT scans with
pathologic determinants of disease activity in 12
patients with idiopathic pulmonary fibrosis. Disease
activity was assessed by the presence of areas of
ground-glass density on CT. Five patients with marked
disease activity pathologically and five of seven
patients with mild disease activity were correctly
categorized by both observers. The capacity of HRCT
for distinguishing irreversible fibrosis from acute
alveolitis in most patients with idiopathic pulmonary
fibrosis has been recently confirmed by Hansell et a.7'
In a recent study, nearly 90% of patients with ground-
glass opacity had disease activity on biopsy.47

Lynch et al19 showed in a small number of patients
with sarcoidosis that localized areas of hazy in-
creased density (ground-glass opacities) correlated
with active alveolitis as assessed by gallium-67 scans.
Nodules on HRCT correlated with the presence of
granulomata."'22 Currently it is thought that alveolitis
rather than granuloma formation leads to fibrosis in
these patients." Follow-up HRCT in two patients
who improved clinically with steroid therapy showed
marked decrease in the ground-glass opacities and in
the nodularity.19 A more extensive follow-up of the
HRCT findings was recently reported by Brauner et
al.53 They compared the HRCT findings during the
active phase with those after improvement in 20
patients with pulmonary sarcoidosis. They demon-
strated that nodules, ground-glass opacities and
consolidationrepresentpotentially reversible inflam-
matory changes. Septal lines, nonseptal lines, and
lung distortion, on theotherhand.remained unchanged
or increase on follow-up scans.

HRCT as a guide to the type and site of lung biopsy
Most chronic infiltrative lung diseases have a patchy

distribution within the lung parenchyma, areas of
normal parenchyma being interspersed between areas
of active disease and areas with irreversible fibrosis.
HRCT is helpful in determining the kind of diagnos-
tic procedure most likely to yield the diagnosis and, if
biopsy is required, the area is most likely to yield the
correct diagnosis.5-63"0

The two chronic diffuse infiltrative lung diseases that
can be consistently and reliably diagnosed on the
basis of the findings of bronchial or transbronchial
biopsy are lymphatic spread of tumor and sarcoidosis.92

Diagnosis of interstitial pneumonia, fibrosis, chronic
inflammation, nonspecific reaction and normal lung
that are based on the findings of transbronchial biopsy
are unreliable and often entirely misleading92

Mathieson et al3* compared the accuracies of chest
radiography and CT in the prediction of whether
transbronchal biopsy was likely to yield a diagnostic-
quality specimen. Three independent observers
correctly predicted that a transbronchial biopsy was
indicated with 65% of radiographs and 87% of CT
scans (p < .001). An open lung biopsy was correctly
suggested by the radiographic findings in 89% of
cases and on the basis of the CT findings in 99% of
cases (p < .001).

When open lung biopsy is indicated, CT is helpful in
guiding the surgeon to the optimal biopsy site.80 In
order to make the correct diagnosis at open lung
biopsy, the specimen must include tissue from a
representative area of lung and areas of extensive
honeycombing must be avoided. This can be particu-
larly difficult in cases of idiopathic pulmonary fibro-
sis because the most severe honeycombing is
subpleural.24 Disease distribution usually cannot be
assessed adequately from the conventional radio-
graphy but it can easily be determined with CT.

Follow up of a known disease
In patients with a diffuse interstitial lung disease who
are being treated, HRCT can be used instead of chest
radiographs to follow the course of the disease. In
patients with sarcoidosis and idiopathic pulmonary
fibrosis, HRCT has proven valuable in this
regard.19""'93 w Progression or regression of disease
can be followed using this technique.

Conclusions
HRCT is able to define lung anatomy at the secondary
lobular level and define a variety of abnormalities in
patients with diffuse lung diseases. Evidence from
numerous studies indicates that HRCT can play a
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major roie in the assessment of diffuse infiltrative
lung disease and is indicated clinically (1) in patients
with signs and symptoms suggestive of diffuse lung
disease but normal or nonspecific radiographic find-
ings, (2) in patients in whom the combination of
clinical and radiographic findings does not allow a
confident diagnosis, (3) in patients in whom the
radiographic findings or pulmonary function tests are
not in keeping with the clinical history or symptoms,
(4) in patients with more than one parenchymal
abnormality, e.g., emphysema and idiopathic
pulmonary fibrosis, (S) before lung biopsy as a guide
to the optimal type and site of biopsy, (6) In patient
with infiltrative lung disease in whom complications
(e.g., infection) are suspected.
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CH2 - CHEST

MRI of the Brachial Plexus

Charles B Higgins

Chief Magnetic Resonance Imaging Section,
University of California of San Francisco,
San Francisco

MRI is becoming the preferred imaging procedure for
the evaluation of disease of the brachial plexus.
Patients are evaluated for two reasons:

1) symptoms referable to the brachial plexus, such
as pain or neural deficit;

2) pathology, usually a mass situated near the
course of the brachial plexus.

Technique
The several early reports of MRI of the brachial
plexus advocated several different techniques so
uniformity of opinion has not yet emerged. A reason-
able technique based upon diagnostic effectiveness
and economy of imaging times is the following:

1. Coronal plane: TR 700, TE 25; 5 mm thick-
ness; body coil or extended neck coil.

2. Transverse plane: TR 700, TE 25; 4-5 mm
thickness; neck coil.

3. Sagittal plane: TR 700, TE 20; 4-5 mm thick-
ness; extended neck coil.

4. Transverse plane: Fast spin-echo, TR 3,000 -
4,000, E85; 5 mm thickness; neck coil.

The long TR and TE sequence also should demon-
strate the increased signal of the inflamed brachial
plexus and edema of scalene muscles if these signs
are present.

Sagittal plane is particularly useful for the evauation
of the neurovascular compression syndrome and the
evaluation of the superior sulcus (Pancoast) tumor.

Pathology
The pathology evaluataed by MRI of the brachial
plexus has usually fallen into the following categories:

1. Primary tumors
- neurobfibroma schwannoma
- post-traumatic neuroma

2. Secondary tumors
- lung carcinoma (superior sulcus tumor)
- lymphoma
- metastases (breast)
- skeletal tumors (myeloma)

3. Trauma
- clavicular fracture
- penetrating trauma (knife, bullet)
- non-penetrating trauma (water-skiing, foot-

ball, etc).
- compression (crutch paralysis)

4. Neurovascular compression
- thoracic outlet syndrome

5. Neuritis

Diagnostic Anatomy

1. Components of brachial plexus
a. Originates from C5 to Tl
b. Divided into roots (neck), trunks (supracla-

vicular region), cords (axilla), and nerves
(brachium)

2. Roots caused between the anterior and middle
scalene muscles

3. Roots course posterior to the vertebral artery
and posterior to the anterior scalene muscle so
the important coronal images are recognized
by these structures.

Salient MRI Findings

1. Mass, hematoma, bone fragment invading,
disrupting or compressing plexus
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2. Mass along the course of the plexus. Distin-
guish between masses adjacent to and those
actually compressing or invading plexus or
subclavian artery.

3. Alteration in signal intensity of scalene muscles
may be sign of tumor (breast CA metastasis).

4. Sagittal MR image can be used to define the
presence or absence of fat pad at lung apex,
separating tumor and the neurovascular
bundles.

5. Mass of the brachial plexus itself occurring
with neurofibroma, schwannoma, etc. Mass
after trauma may indicate post traumatic
neuroma or severed neural trunks.
"Hammocking" of the trunks - cords has been
observed after traumatic avulsion of roots from
the spinal cord.

6. Thickened roots, trunks and cords have been
observed in patients with symptoms of neuritis.
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High Resolution CT in Obstructive and Air-
ways Lung Disease

W. Richard Webb

Dept. of Radiology, University of California of San
Francisco, San Francisco

The recent development of high-resolution CT
(HRCT) and dynamic CT techniques have
significantly improved our ability to image
morphologic abnormalities associated with airways
diseases and chronic airflow obstruction. This
disparate group of diseases can be associated with the
presence of emphysema, cystic abnormalities, large
airways abnormalities, small airways abnormalities,
and findings of abnormal lung perfusion or air-trap-
ping as shown on HRCT.1

EMPHYSEMA
Emphysema is characterized by "permanent abnormal
enlargement of airspaces distal to the terminal
bronchiole, accompanied by the destruction of their
walls".2 Emphysema is usually classified into three
main subtypes, based on the predominant anatomic
location of the areas of lung destruction; these 3 types
are 1) centrilobular, 2) panlobular, and 3) paraseptal.
In their early stages, these three forms of emphysema
can be distinguished morphologically using HRCT.
However, as they becomes more extensive, distinc-
tion between them becomes difficult or impossible,
both radiographically and pathologically.

Centrilobular emphysema is most common; it
usually results from cigarette smoking. Centrilobular
emphysema predominantly affects respiratory
bronchioles in the central portions of pulmonary
acini, and therefore predominates in a centrilobular
location.2 It is most severe in the upper lung zones.
Centrilobular emphysema of mild to moderate degree
is characterized pathologically and on HRCT by the
presence of small, round areas of low attenuation,
several mm in diameter, grouped near the centers of
secondary puimonary lobules, and lacking visible
walls in many cases33 Although the centrilobular
location of lucencies cannot always be appreciated on
HRCT, the presence of multiple, scattered, small
areas of emphysema is diagnostic.

Panlobular emphysema is classically associated
with alpha- 1-protease inhibitor (alpha- lantitrypsin)
deficiency, although it may also be seen without
protease deficiency in smokers, in the elderly, and
distal to bronchial and bronchiolar obliteration.2

Panlobular emphysema is characterized by uniform
destruction of the pulmonary lobule, leading to large
areas of abnormally low attenuation which are most
easily appreciated as a diffuse "simplification" c.f
lung structure.3'* It is almost always most severe in the
lower lobes. In severe panlobular emphysema, the
characteristic HRCT appearance is that of decreased
lung attenuation, with few visible pulmonary vessels
in the abnormal regions; bullae or cysts are character-
istically absent. Mild and even moderately severe
panlobular emphysema can be very subtle and difficult
to detect.7

Paraseptal emphysema is charactenzed by involve-
ment of the distal part of the secondary lobule and is
therefore most striking in a subpleural location. It
may be isolated or seen in combination with
centrilobular emphysema. It is often asymptomatic,
but can be associated with spontaneous pneumothorax
in young adults.2 The bullae or air cysts which are
commonly seen in patients with paraseptal emphy-
sema have visible walls, but the walls are very thin.
Even mild paraseptal emphysema is easily detected
by HRCT.7 Subpleural bullae are usually considered
to be a manifestation of paraseptal emphysema
although they may be seen in all types of emphysema
or as an isolated phenomenon. Bullae are generally
defined as being larger than 1 cm .'

"Bullous emphysema" does not represent a specific
pathologic entity, but is generally seen in association
with centrilobular emphysema and/or paraseptal
emphysema. However, a syndrome of bullous
emphysema, or "giant bullous emphysema", has been
described on the basis of clinical and radiologic
features, and is also known as "vanishing lung
syndrome", "type 1 bullous disease", or "primary
bullous disease of the lung".9 Giant bullous
emphysema is often seen in young men, and is
characterized by the presence of large, progressive,
upper lobe bullae, which occupy a significant volume
of a hemithorac. Most patients with giant bullous
emphysema are cigarette smokers, but this entity may
also occur in non-smokers. In patients with bullous
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emphysema, HRCT better depicts the presence of
associated paraseptal and centrilobular emphysema
than do chest radiographs.

Utility of HRCT in Diagnosing Emphysema
HRCT is undoubtedly more sensitive than chest
radiographs in diagnosing emphysema and in
determining its type and extent.*-7 Furthermore, HRCT
has a high specificity for diagnosing emphysema;
emphysema is rarely overcalled in normal individuals
or in patients with severe hyperinflation due to other
causes."

However, in clinical practice HRCT is rarely used in
an attempt to diagnose emphysema. Usually, the
combination of l)a smoking history, 2) a low diffusing
capacity, 3) airways obstruction on pulmonary function
tests, and 4) an abnormal chest radiograph showing
large lung volumes is sufficient to make thediagnosis.
However, some patients with early emphysema can
present with clinical findings more typical of inters-
titial lung disease or pulmonary vascular disease,
namely shortness of breath and low diffusing capac-
ity, without evidence of airways obstruction on pul-
monary function tests." In such patients, HRCT can
be valuable in detecting the presence of emphysema
and exclu-ding an interstitial abnormality. If signifi-
cantemphysema is found on HRCT, no further workup
is necessary; specifically lung biopsy is not needed. In
one study of 470 HRCT examinations , n there were 47
cases in which emphysema was the dominant or sole
parenchymal abnormality. Of these 47, 16 lacked
chest radiographic findings of emphysema, and 10 of
these 16 had decreased single breath diffusing capacity
(DLCoSB < 80% predicted) without evidence of
airways obstruction (FEV1/FVC and FEV1 > 80 %
predicted). In these patients the severity of emphysema
scoredon the HRCT correlated closely k = 0.8) with
decreasing DLCoSB.

CT is also of value in the preoperative assessment of
patients with bullous emphysema. In one study,13 CT
showed well defined bullae which were potentially
resemble in 23 of 43 patients; 20 patients had bullae'in
association with generalized emphysema which were
not amenable to surgical excision.

Large airway abnormalities - Bronchiectasis
Bronchiectasis is generally defined as localized,
irreversible bronchial dilatation.14 While
bronchiectasis usually results from chronic infection,
airway obstruction by tumor, stricture, impacted

material, or inherited abnormalities also can play a
significant role."

Bronchiectasis results in characteristic abnormalities
identifiable on HRCT in many patients.16 These in-
clude bronchial dilatation, bronchial wall thickening,
lack of normal bronchial tapering with visibility of
airways in the peripheral lung, gross irregularities in
airway contour, and mucus or fluid retention in the
bronchial lumen. A diagnosis of bronchiectasis is
usually based on a combination of these findings.

Since bronchiectasis is defined by the presence of
bronchial dilatation, recognition of increased bronchial
diameter is key to the CT diagnosis of this abnor-
mality. Unfortunately, to date, no absolute CT criteria
of normal bronchial diameter have been determined,
and this diagnosis remains somewhat subjective.
However, relating the size of bronchi to the size of
adjacentpulmonary artery branches has proven helpful
in the diagnosis of bronchiectasis; generally,
bronchiectasis is considered to be present when the
internal diameter of a bronchus is greater than that of
the adjacent pulmonary artery branch [16]. The
accuracy of this finding has been validated in a
number of studies comparing CT to bronchography
in patients with bronchiectasis.1417 In patients with
bronchiectasis, the bronchial diameter is often much
larger that the pulmonary artery diameter, a finding
which not only reflects the presence of bronchial
dilatation, but also some reduction in pulmonary
artery size; the abnormal ventilation of lung
parenchyma in regions of bronchiectasis results in
decreased lungperfusionandacorresponding decrease
in size of pulmonary arteries. The association of a
dilated bronchus, with a much smaller contiguous
pulmonary artery branch, has been termed the "signet-
ring sign". This sign is quite valuable in recognizing
bronchiectasis, and distinguishing it from other cystic
lung lesions.

A simple comparison of bronchial and pulmonary
artery sizes, however, may lead to the overdiagnosis
ofbronchiectasis.Forexample,Lynchetal"compared
the internal diameters of lobar segmental,
subsegmental, and smaller bronchi to those of adjacent
pulmonary artery branches in 27 normal subjects.
Fifty-nine percent of the normal subjects showed at
least one bronchus with an internal diameter exceed-
ing that of the adjacent pulmonary artery branch and
37 (26%) of 142 bronchi assessed in this group
showed this finding.18 Bronchiectasis should not be
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diagnosed on the basis of increased bronchial diam-
eter alone; bronchial wall thickeningis almost always
seen in associaiton with bronchiectasis, as are
irregularities in bronchial diameter or lack of bronchial
tapering. In the normal subjects studied by Lynch et
al," bronchial wall thickening was relatively
uncommon, and it is unlikely that any of these patients
would have been diagnosed on clinical HRCT studies
as having true bronchiectasis.

Bronchiectasis has been classified into 3 types,
depending on the morphology of the abnormal
bronchi."1* Each type of bronchiectasis has a charac-
teristic appearance on HRCT, but their differentia-
tion is not often of clinical significance. Cylindrical
bronchiectasis, the mildest form of the disease, is
characterized on HRCT by the presence of thick
walled bronchi, which extending into the lung peri-
phery and fail to show normal tapering. On HRCT,
bronchi are not normally visible in the peripheral 3
cm of lung, but in patients with bronchiectasis,
bronchial wall thickening, peribronchial fibrosis, and
dilatation of the bronchi, allow them to be seen in this
region. Depending on their orientation relative to the
scan plane they can simulate "tram tracks" or can
show the "signet-ring sign" ."•16 Dilated bronchi can
be filled with fluid, mucus, or pus. Varicose
bronchiectasis is similar in appearance to cylindrical
bronchiectasis; however, with varicose bronchiectasis
the bronchi walls are more irregular, and can assume
a beaded appearance. Varicose bronchiectasis is
easiest to identify when the involved bronchi course
horizontally in the plane of scan. Traction
bronchiectasis is commonly varicose in appearance.
The term "string of pearls" has been used to describe
varicose bronchiectasis.15'6 Cystic bronchiectasis
can show several CT findings. The presence of a
group or cluster of multiple air-filled cysts is most
common; cysts can also be fluid filled, giving the
appearance of a"clusterof grapes". Air-fluid levels in
the dependent portions of the dilated bronchi are a
very specific sign of cystic bronchiectasis. Combina-
tions of these findings are common.

Utility of HRCT in Diagnosing Bronchiectasis
Using HRCT Grenier et ai [ 19,20], found a sensitivity
of 96%, and a specificity of 93%, as compared with
bronchography for diagnosing bronchiectasis.14

Young et al17 also assessed the reliability of HRCI in
the assessment of bronchiectasis, as compared to
bronchography. HRCT was positive in 87 of 89

segmental bronchi shown to have bronchiectasis
(sensitivity 98%). HRCT was negative in 169 of 170
segmental bronchi without bronchiectasis at
bronchography (specificity 99%).

SMALL AIRWAYS ABNORMALITIES

Centrilobular Opacities
Small airways abnormalities are common in patients
with airways diseases, and are often the major site of
airway obstruction. Morphologic abnormalities of
the small airways in patients with airways disease
include 1) wall thickening due to increased muscle
thickness, inflammation, and fibrosis, 2) narrowing
or obliteration of the bronchiolar lumen, 3) bronchi-
olar dilatation, and 4) mucus plugging or bronchiolar
impaction with infected material.2

On HRCI, abnormal bronchioles filled with fluid,
mucus, or pus can appear as centrilobular tubular,
branching, or nodular structures.21 The combination
of fluid or pus filled bronchioles associated with
some surrounding inflammation has been described
using the term "tree-in-bud" i22 this appearance is
usuallyj the result of diseases associated with mucus
stasis or infection, such as panbronchiolitis, cystic
fibrosis, diseases associated with chronic bronchial
sepsis (e.g. ciliary dysmotility syndromes), and
bronchopneumonia (caused by bacterial organisms
or mycobacteria). For example, in its early stages,
cystic fibrosis is commonly associated with
centrilobular opacities representing mucus or pus-
filled bronchioles21 bronchiectasis is visible.23124

Small airways diseases can also be associated with
peribronchiolar, centrilobular opacities in the absence
of "tree-in-bud"; such diseases are usually
unassociated with infection or mucus stasis and
examples includebronchiolitisobliteransandBOOP.21

HRCT findings of "tree-in-bud" or centrilobular
nodules are often patchy in distribution. In many
patients with small airways abnormalities visible on
HRCT, large airways abnormalities such as
bronchiectasis or bronchial wall thickening are also
visible.

Mosaic Perfusion
Patchy areas of inhomogeneous lung attenuation are
often visible on HRCT in patients with small airways
abnormalities. These indicate the presence of perfu-
sion abnormalities occurring as a result of abnormal

58



regional lung ventilation; this is termed "mosaic
perfusion". In some patients, mosaic perfusion may
be the only sign of an abnormality.23 However, abnor-
mal airways are often visible in the areas of de-
creased attenuation, and pulmonary arteries may
appear smaller in these regions than in adjacent
denser lung regions.

For example, bronchiolitis obliterans (constrictive
bronchiolitis) is characterized by the presence of
granulation tissue polyps within the lumina of
bronchioles and alveolar ducts; narrowing of airways
by scarring is associated with significant obstruction
to airflow. Bronchiolitis obliterans is a nonspecific
reaction which may be caused by a variety of insults,
including toxic-fumes, infection, connective tissue
diseases, particularly rheumatoid arthritis, and as a
complication of bone-marrow and heart-lung trans-
plantation. Patients with bronchiolitis obliterans typi-
cally present with symptoms and signs of airway
obstruction.

The HRCT appearance of ibronchiolitis obliterans
has been described in several studies.31232629 Reported
HRCT findings have been quite similar regardless of
the cause of the abnormality. In addition to
bronchiectasis, typical HRCT findings of bronchiolitis
obliterans reflect the patchy ventilation and perfusion
of lung which results from bronchial obstruction and
air trapping. HRCT shows patchy or geographic areas
of increased and decreased lung attenuation - "mosaic
perfusion". Areas of lucency typically contain
abnormal bronchi, and small or invisible pulmonary
arteries.

Bronchiolitis obliterans is a major component of the
Swyer-James or MacLeod syndrome. The
bronchiolitisobliterans in patients with this syndrome
is the result of lower respiratory tract infection, usual ly
viral, occurring in infancy or early childhood. Damage
to the terminal and respiratory bronchioles leads to
incomplete development of associated alveoli. The
radiographic hallmark of this syndrome is unilateral
hyperlucent lung with reduced lung volume on
inspiration and air trapping on expiration. Marti-
Bonmati et a P described the CT findings in 9 patients
with Swyer-James syndrome. On CT, in 8 patients,
the affected lung showed decreased opacity; lung
volume on the affected site was reduced in 6 patients

and normal in three. In all patients, the size of the
afiected lung did not change on CT scans obtained
during inspiration and expiration, reflecting the pres-
ence of air trapping. All 9 patients had CT findings of
bronchiectasis.2* In a recent study of 8 patients with
Swyer-James syndrome, patchy areas of hyperlucency
were visible on CT, even in lung regions which
appeared normal on radiographs; bronchiectasis was
present in only 3.30

CT/HRCT DEMONSTRATION OF AIR TRAP-
PING
A technique termed dynamic ultrafast high-resolution
CT(DUHRCT) has recentlybeen shown tobe valuable
in the diagnosis of air-trapping.31-32 With DUHRCT,
a series of ultrafast HRCT scans are rapidly obtained
as the patient forcefully exhales, in order to demon-
strate dynamic abnormalities of lung attenuation and
morphology which result from air trapping. Post-
expiratory HRCT scans obtained at selected levels
can also be used to show air trapping.

On DUHRCT or post-expiratory HRCT scans, air
trapping is considered to be present when the lung
fails to increase normally in attenuation during
exhalation. It has been shown in a number of studies
that lung attenuation normally increases as lung
volume decreases.33 In the majority of normal subjects,
lung attenuation increases in a homogeneous, fashion
during exhalation, with the average increase being
200HU. Areas of air-trapping can be recognized on
expiratory HRCT as areas of abnormal lucency.3I'32

These findings can be seen in lung regions which
appear morphological ly normal on inspiratory HRCT,
or show only a subtle inhomogeneity in lung opacity.
In patients with findings of mosaic perfusion result-
ing from airways obstruction, lung inhomogeneities
are accentualcd on expiration.

In patients with airways obstruction and air-trapping
of various causes, areas of lung which appear rela-
tively lucent on exhalation show an increase in at-
tenuation measuring less than 50 HU, or sometimes
show a paradoxical decrease in attenuation of as
much as -250 HU. Overall, the extent of air-trapping
measured using DUHRCT.correlates closely with
pulmonary function test measures of obstruction;
correlation of FEV1, percent predicted, with the ex-
tent of air trapping measured using DUHRCT was
highly significant.32
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Isotope Scintigrapy in Pulmonary Embolism

V Ralph McCready
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Pulmonary Embolism is a serious disease which can
result in mortality of up to 26% and have a recurrence
rate of between 26 and 50%. Clinical signs frequently
are non specific or absent Lung ventilation and
perfusion scans can be performed simply and easily
and have become a frequently used technique for the
diagnosis of pulmonary emboli.

Pulmonary perfusion is generally performed using
macroaggregated albumin or microsphere labelled
with TC 99m injected intravenously. Ventilation
imaging is performed using a variety of gases includ-
ing 133Xe, "mKr or Tc 99m labelled carbon particles
(Technegas), or aerosols using Tc99mDPTA. Patients
with difficulty in breathing often show proximal
deposition of the labelled aerosol. 8'mKr and
Technegas do not have these problems making inter-
pretation easier.

The diagnosis of pulmonary embolism is made by the
comparison of the perfusion and ventilation
scintigrams. This is done on a segment by segment
basis. In general emboli are seen as areas of absent
perfusion with retention of ventilation.

The accuracy of V/Q scanning has been studied in a
prospective study using pulmonary angiography as
the "gold standard". This PIOPED study (Prospec-
tive Investigation of Pulmonary Embolism
Diagnosis) is a multicentre study. The likelihood of
an embolus being present is described in terms of
probability depending upon the appearance of the
chest x-ray and the number and size of perfusion
defects. Problems of interobserver agreement in the
nterpretation of low or medium probability examina-

tions have been highlighted.

The clinical interpretation of the reports using prob-
abilities from the nuclear medicine diagnosticians
have also been studied revealing that the clinicians do
not always understand what is meant by the probabil-
ity of disease being present when making their deci-
sions on treatment with anticoagulants. Ways of
improving communication have been proposed so
that the decision to implement anticoagulation therapy
can be made on a more rational basis.
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Newer Trends in the Diagnosis of Pulmonary
Lesions

Dr G R Jankharia
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Introduction

The last ten years have seen a change in the way
pulmonary abnormalities are approached. Newer
modalities such as US, CT and MR have revolution-
ized the way we deal with lung abnormalities.

I will deal with a few selected topics and then cover
the the indications for the use of US, CT and MR in
current practice in our part of the world

Topics:

1. Interstitial lung diseases

2. Emphysema

3. Solitary pulmonary nodule

4. Tuberculosis

5. Staging of bronchogenic carcinoma

6. Evaluation of complex shadows on the chest
radiograph

Modalities:

1. US

2. CT

3. MR

1. Interstitial lung diseases

High resolution CT (HRCT) has completely changed
the way we look at interstitial lung diseases. HRCT
now allows us to look at the lung parenchyma with a
resolution equivalent to that on gross sectioning of
the lung. The secondary pulmonary lobule is the
smallest segment of the lung which can be seen on
HRCT.

Indications:
1. Evaluation of suspected interstitial lung disease
2. Characterization of interstitial lung diseases
3. Follow-up of ILDs
4. To guide biopsies in ILDs

Various patterns of abnormalities are seen

1. Septal thickening
2. Nodules
3. Ground-glass attenuation
4. Cysts

A combination of these patterns and the distribution
usually gives us a clue as to the diagnosis and
prognosis.

In India, specifically it has affected our thinking
regarding sarcoidosis. It was traditionally believed
that sarcoidosis was uncommon in India. With the
advent of HRCT and its ability to provide etiologic
diagnoses, the number of cases of sarcoidosis
diagnosed has gone up. Keeping in mind the traditional
mind-set against the use of open lung biopsies in these
patients, a combination of HRCT and trans-bronchial
biopsies has helped in making us aware of the incidence
of this disease.

2. Emphysema

Emphysema is defined as permanent, abnormal
enlargement of the air-spaces distal to the terminal
bronchiole, accompanied by destruction of their
walls. It is classified into the following types:

a) centrilobular
b) panlobular
c) distal acinar
d) paracicatricial

HRCT is able to accurately diagnose the presence of
emphysema and to characterize the type of
emphysema.

Research being done on this subject has shown that
HRCT may be more sensitive than pulmonary func-
tion tests in the diagnosis of emphysema in some
patients. It is still not sure however, what the useful-
ness of this modality wilt be in clinical practice with
respect to the diagnosis of emphysema.

Clinically, CT is mainly useful in

a) the pre-operative evaluation of bullae

b) patients with dyspnea and decreased carbon
monoxide diffusing capacity, without evidence
of airflow obstnuction
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3. Solitary pulmonary nodule

Numerous changes have occured in the way we
approach an SPN now.

The algorithmic approach used now is based on
history and plain radiographic findings. If the SPN is
indeterminate on plain radiographs, a CT is peformed.
The density values can be checked against a phantom
or subjectively. Enhancement helps in determining
the aggressive potential of the lesion CT also helps
guid ebiopsy. MR has not been found particularly
useful as yet.

4. Tuberculosis

HRCT helps in evaluating patients with tuberculosis.
A perennial problem is to identify reactivation of
tuberculosis in a patient with evidence of previous
infection. Research done in India and in Korea has
identified signs which may help in the diagnosis of
reactivation. Centrilobular and acinar nodules along
with the tree-in-bud appearance are seen in 9-100%
of patients with active tuberculosis. Prospective studies
are underway to determine whether this sign can
reliably separate patients of reactivation from old
tuberculosis.

5. Staging of bronchogenic carcinoma

CT has been the mainstay of this in the past decade.
It has been used to determine the extent of
Iymphadenopathy, mediastinal and pleural invasion,
pulmonary artery involvement and chest wall
involvement. It is however not very good for
mediastinal and chest wall invasion and hence MR,
US, and other modifications have been proposed.

MR is very useful for Pancoast tumors and media-
stinal and chest wall invasion. It's usefulness in
evaluating Iymphadenopathy is equivalent to that of
CT.

The use of US has been proposed for the evaluation of
chest wall invasion.

Pneumothorax-CT has also been advocated for the
evaluation of chest wall invasion.

6. Unexplained shadows on the chest radiograph

Often it is difficult to determine the location and
nature of opacities seen on the chest radiograph. US
and CT help in this regard.

US - for peripheral opacities - pleural was parenchy-
mal

CT - for the location of opacities and their nature, eg
pleural vs parenchymal, calcification, etc.

To summarize the indications for the newer
modalities:

US

1. Differentiating peripheral opacities
2. Suprasternal ultrasound
3. Mediastinal invasion

CT- HRCT

1. Interstitial lung disease

2. Emphysema
3. Solitary pulmonary nodule
4. Staging of malignancy
5. Unexplained opacities
6. All other diffuse lung abnormalites

MR

1. Staging of malignancy
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Aortic dissection (AD) is a catastrophic aortic disease.
Imaging techniques play an invaluable role in the
diagnostic evaluation and management of patients
with AD. Major signs of AD with different imaging
modalities are described in this article with a pertinent
discussion on guidelines for the optimized approach
of imaging study.

1. Incidence of AD
AD is a worldwide and relatively common
aortic disease. In western countries it is
estimated to be 5-10 cases per million
population per annum for acute AD,1 0.1% -
1 % in collected series of autopsy cases-2 and at
least 2000 new cases per year occur in the
United States.

AD has been considered an uncommon aortic
disease in China in the past decades. Its inci-

dence, however, has been increasing in recent
years. In 120 cases with AD studied atFuWai
Hospital during a period of 1961 - June 1990,
46 and 74 cases being observed in a period of
1961 - 1984 and 1985 - June 1990 respec-
tively.

2. Classification and causative factors of AD

2.1 AD has been classified into 3 major types by
DeBakey et al ,4 based on the location of intimal
tear and extent of dissecting hematoma. Type
1, intimal tear located at ascending aorta and
the dissection extended from ascending aorta
to descending aorta, Type II only ascending
aorta involved, and Type HI only descending
aorta involved, and both Type I and III
abdominal aorta may be involved. This classi-
fication system has been simplified into Type
A and B by Daily et al,5 i.e. Type I and II as
Type A which has poor prognosis and for acute
cases usually surgical management is needed;
Type III as Type B which has much better
prognosis.

It is well-known hypertension and Marian's
syndrome are the most important causative
factors, and the types of AD and causative
factors in 120 cases of FuWai Hospital series
are shown on Table 1.

Table 1

Types of AD and causative factors (120 cases)

DeBakey's Hypertension Marfan's

11

3

42

1

(44)

(ID
(52.8)

N of cases (9o)

8

7

14

1

(32)

(58.3)

(17.5)

Type I
Type II

Typle III

Abd. Aorta

25 (20.8)
12 (10)

80 (66.6)

3 ( 2.5)

* Hypertension + Marfan's 3

**Miscellaneous factors, aortic stenosis, pregnancy, trauma etc 8(6.67), unknown 22(10.3).
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As shown on the above Table, Type III is the
commonest AD in China accounting for 2/3 of
the total 120 cases.

In general radiography is a useful screening
procedure for AD as well as for follow-up
examination.

2.2 According to the clinical course, in 120 cases
of the present series acute, subacute and chronic
AD was observed in 6 (5.0%), 20 (16.7%) and
94 (78.3%) respectively. Chronic AD was
much commoner than that of acute and sub-
acute AD in China. This figure is different
from that reported abroad, i.e. acute and sub-
acute AD making up 90% of the cases. In
addition, Type I in the commonest type of AD
accounting for 2/3 of the reported cases abroad.

3. Imaging Study

3.1 Radiography. The major signs for AD with
different types in 110 cases of our series are
shown in Table 2.

According to the original reports the accuracy
of radiographic interpretation of AD in cases
of our series was 67.5%. In addition, with
reference to the extent of aortic dilation wi th or
without cardiac/left ventricular enlargement
and pleural effusion etc on chest films type of
AD and extent of dissection may be roughly
assessed. In our experience not a few patients
with chronic AD the diagnosis was suggested
first on chest film findings.

3.2 Two-dimentional echocardiography (2DE) and
Doppler technique may clearly demonstrate
the major morphologic and hemodynamic
changes of AD, such as 1. intimal flap, 2.
double arotic lumen and differentiation of true
and false lumen, 3. thrombi in false lumen,
4. intimal tear et. M-mode technique is helpful
in showing the luminal dilation of the aorta and
the oscillating of intimal flap. The
transesophageal echocardiography (TEE),
though invasive or less-invasive, has increased
the detection rate of AD involving descending
aorta.

Tottle et al6 in a study of 23 patients with or
suspected having acute AD, compared the
sensitivity and specificity of combined
2DE+Doppler, CT and angiography, and the
results made as follows: sensitivity and
specificity of 2DE+Doppler was 77-80% and
93-96%; CT 88-100% and 92-100%, and
angiography 88-98% and 94-100% respec-
tively Erbel et al7 reported a sensitivity and
specificity of combined standard 2DE+TEE
of 99% and 98% respectively.
Echocardiography is particularly suited for
the emergency study, and also useful in dem-

Table 2

Major Radiographic Signs for AD with Different Types*

DeBakey's

Radiographic Signs Type I

19

0

7

7

1

II

5

0

2

2

0

III

17

33

3

3

5

Diffuse dilation of Ascend A, Arch, Descend A

D.D. of distal arch & Descend A

D.D. of descending A with cystic protrusion

Massive dilation of ascending A

Calcification of distal arch/Descend A

DD - diffuse dilatation
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3.3

onstrating complications of AD such as aortic
regurgitation, pericardial as well as pleural
effusion et. The method, however, has only
limited value in the study and assessment of
aortic branch vessels and longitudinal extent
of dissection.

CT an important non-invasive technique in the
study of AD. Plain CT scanning is sensitive in
detecting aortic wall calcification and its inner
displacement >5-7 mm is a significant sign for
AD. However, its positive rate is quite low.

The major signs of AD on contrast enhanced
CT are double aortic lumen and intimal flap,
the latter manifested as a linear negative shadow
in betwen the two lumens. Zhou et al8 reported
a positive rate of these two signs as 100% and
82.3% respectively in a study of 17 patients
with AD. Dynamic CT scanning, based on
contrast filling, density difference and delayed
washing-out of contrastmedium etc may further
aid differentiation of true and false lumen. In 7
(52.9%) out of 17 patients of the above stated
series intraluminal thrombus was detected.

Ultrafast CT with scanning time of m ilisecond
order, the volume mode provides high-resolu-

tion images minimizing motion artifacts, and
in flow mode sequences the contrast filling,
peaking and washing-out of the scanned
segments can be observed.

The limitation of CT are poorer visualization
of aortic branch vessels, intimal tear and fail to
demonstrate aortic regurgitation and longitu-
dinal extent of dissection without
reconstraction.

3.4 Magnetic resonance imaging (MRI). As a non-
invasive modality MRI has shown to be very
effective in the diagnostic evaluation of AD.
Spin echo (SE) sequence provides sectional
images of excellent morphologic detail and
gradientecho (GRE) depicts the flow dynamics
of AD. MRI is superior to 2DE and CT in direct
multi-positional imaging, no need of contrast
enhancement and better contrast resolution
etc.

Kersting-sommerhoff et al10 reported a sensi-
tivity and specificity of MRI of 95% and 90%
respectively in the evaluation of AD. In 33
cases of our series" the rate of diagnostic
accuracy was around 95%, and the major MR
signs for AD with different types are shown on
Table 3.

Table 3
Major MR Signs for AD with DiiTerent Types*

DeBakey's

Major Signs
I (5) II (2) III (25) Abd. A (1)

Intimal entry
Intimal flag
Double lumen

Th. A
Abd. A

Mural thrombus in false lumen
Branch vessel involvement**

1
5

4

3
2
3

2
2

2
-

1
1

8
24

23
21

11
1

* N. 33 cases
** Brachiocephalic art. 3 renal art. 2
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As shown on Table 3,intimal entry, intimal
flap, aortic double lumen and mural thrombus
in false lumen was identified in 11 cases
(33.3%), 32(97%), 30(90.9%) and 14(42.2%)
respectively. MR signs were correlated wilh
surgical findings in 12 operated patients, and
the results were as follows, 5/12 patients with
MR identified intimal entry were operated on,
MR signs confirmed to surgery in 4, double
lumen and intimal flap in 12 operated patients,
MR signs conformed to surgery in 11, in 5
operated patients mural thrombus revealed in
false lumen, MR signs positive in 4 suspicious
in one, and brachiocephalic artery involve-
ment was found in 2 operated patients MR
signs positive in one.

The application of cine-MRI with GRE
sequence has improved the detection rate of
intimal tear as well as the differentiation be-
tween thrombus and slow flow in false lumen,
in visualization of branch vessel involvement
cine-MRI is also superior to that of CT and
echocardiography. It is also useful in detection
and quantitation of aortic regurgitation.

3.5 Conventional angiography and DSA remain
to be the "gold standard" in the diagnostic
evaluation of AD, the accuracy rate up to 95-
99%12. Conventional angiography currently
has been replaced by DSA in most cases. The
major DSA signs for AD, based on 71 patients
(85 examinations) studied at FuWai Hospital,
are shown in Table 4.

Generally the diagnostic accuracy of DSA is
about 95%. In identifying intimal entry IA
DSA was superior to IV method, and the
multiple entries detected in 13 of the 14 patients
were by IA DSA. Re-entry was revealed in
30% of patients of our series. IV DSA is
suitable in demonstrating the overall situation
of double lumen and intimal flap, and IA DSA
may provide clearer images of anatomic detal.
In delineation of branch vessels and their
involvement as well as qualitation of aortic
regurgitation angiography is superior to that of
other imaging modalities and IA DSA is
superior to IV DSA.

However, in detecting mural thrombi of false
lumen angiography is only of limited value
depending on the indirect sign of wall thicken-
ing.

Table 4
Major DSA Signs for AD

Intimal entry
re-entry

Intimal flap
Double aortic lumen
Mural thrombus in false lumen
Pseud-aneurysms
Aortic regurgitation

IV (46 exams)

21 (46.0%)
1

18(39.1%)
39 (84.7%)
6(13.0%)
3

-

DSA

IA (39 exams)

33 ( 8.5%)
12(30.7%)
8(21.0%)

34(87.1%)
5 (12.8%)
2

19 (48.7%)

* Multiple entries found in 13, two in 11, three or more in 2
** 89 branch vessels involved, iliac 25, renal 25, Rt innominate 14
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4. Discusion
4.1 Adequately managed medical and surgical

treatment has resulted in excellent to good
therapeutic effect in patients with AD. The 30
days and overall S years, 10 years survival rate
were reported13 to be 89%-9O%, 57%-66%
and 31%-40% respectively. Imaging evalua-
tion of AD, therefore, must satisfy the need of
different treatment options. For example
patients suspected to have acute AD, the exact
diagnosis of AD should be promptly estab-
lished or excluded. In view point of therapeu-
tic management, type, extent of dissection,
intimal tear, status of aortic valve and branch
vessel involvement etc should be accurately
assessed.

4.2 Optimized approach of imaging techniques
based on our experience as well as the docu-
mented data, it can be summarized as follows:
1) patients suspected having acute and sub-
acute AD, particularly Type I and II, IA DSA
or angiography may be the first modality in
ordeer to gain time for adequate surgical man-
agement, Echocardiography being able to be a
bedside modality is one of the advantages; 2)
patients with chronic AD, particularly Type II,
MRI, CT, echocardiography (TEE included)
and IV DSA are methods of choice, and also
be used for follow-up study; 3) if there is
evidence of medial treatment failure, progres-
sive deletiton of the aorta or extension of AD
and branch vessel invovlement etc. further
aimed study of DSA, MRI or combined
2DE+TEE are needed.

Radiography is still routinely used as a screen-
ing and preliminary procedure.
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Along with the technical developments of CT the
indications and possible applications have expanded.
Historically the assessment of the mediastinum and
hila of the lung have been the most important indica-
tion for CT-study of the chest. CT has been the
preferred modality of choice for both detection of
pathological conditions of the mediastinum and
staging of malignancies. In 1987 already studies
showed that CT of chest was more effective in the
assessment of metastasis to the lung than conven-
tional tomography1. Shorter scantime was realized
with third generation scanners making assessment of
the parenchyma of the lung possible. The present
generation CT-scanners allows for high resolution
CT of the thorax which shows the interstital tissue of
the lung and makes assessment of small pleural
conditions possible. As opposed to conventional CT,
which uses slice thickness of 8 to 10 mm, high
resolution CT is characterised by 1.5 to 2 mm thick
slices.

High resolution CT versus conventional CT

Compared to conventional CT high resolution CT
(HRCT) shows several extra anatomical structures
which might effect both diagnosis and therapy. The
extra anatomical structures which shown by HRCT

are2

1.

3.

Bronchi, characterised as round, smooth circles
or as two parallel lines which taper to the
periphery and run parallel with the the pulmo-
nary arteries. HRCT shows bronchi up to three
quarts in the periphery.

Pulmonary vessels shown as small dots if they
run vertically. When they run horizontally
they are shown as small branching vessels.

Secondary pulmonary lobuli are anatomical
and physiological units of 2 to 3 cm diameter
in size and supplied by 3 to 5 terminal

bronchioli. The secondary pulmonary lobuli
are limited by smooth interlobular septa and
are best identified at the periphery of the
lung.'

4. The parietal and visceral pleura, wich can not
be distinguished from each other, but can be
differentiated from intercostal muscles, fat
and vessels.4

High resolution CT in daily practice

A major indication for HRCT is the assessment of a
solitary nodule in the thorax. Often these nodules are
smaller than 1 centimeter. The assessment of such
nodules by conventional CT using scan thickness of
8-10 mm suffer from partial volume effect, reducing
the accuracy of small nodule evaluation. Two com-
monly accepted histological criteria for benignity of
a nodule are the absence of growth during a period of
at least two years and/or the presence of
calcification.5 It is of vital importance for
therapeutic decisionmakers to be able to exactly
localise the nodule and make an assertion on either
the benign or malignant characteristics of the
nodule '•' The application of HRCT meets both aspects.
Criteria in the evaluation of a nodule are: (a) the
presence and distribution of calcifications in the
nodule, (b) smooth or irregular delineation, (c) cavi-
tation in inflammatory or neoplastic conditions', (d)
vascularization of hematogenous metastasis, and (e)
the presence of fat (e.g. hamartomas).'

With regard to exactly localizing a lesion HRCT
provides the advantage that in almost all cases the
fissura major can be distinguished accomodating the
means to differentiate between the lower and upper
lobe.

The central position of the segment bronchi are shown
by HRCT which can be usefull in localising the
position of a specific segment.10

HRCT allows differentiation between three different
pathological entities in the parenchyma of the lung:
interstitial, alveolar and destructive conditions^

Interstitial conditions present as nodular, reticular or
reticulonodular conditions. The interlobular septa
contain connective tissue with venous and lymphoid
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vessels. Thickening of interlobular septa is caused by
several different entities such as interstitial edema,
lymphangitis carcinomatosa, lymphedemaand inter-
stitial fibrosis. In the early phase alveolar conditions
present as round, 6 to 10 mm large unsharp delineated
noduli. In a later phase these small noduli may
confluence and form larger lesions.

Examples of conditions which first show abnor-
malities in the alveolar spaces are infections,
haemorrhage, edema and alveola protein. In HIV
infected patients showing a normal plain film of the
chest alveolar abnormalities such as homogeneous
condensation, may be found using HRCT in
Pneumocystic carinii pneumonia infections.

Destructive conditions present as low density regions
which can be caused by (a) centrilobular emphysema,
(b) cavitations, neoplasma, and (c) "honeycombing",
secondary to fibrosis.

CT is more accurate in the detection of reduced lung
density than a plain film of the chest. The most
common form of emphysema is centrilobular
emphysema.11 Anatomically the process starts slowly
and progresses centrally in the secondary pulmonary
lobule. HRCT shows the destructed changes by em-
physema providing insight in the amount of affected
parenchyma. In comparison to functional study CT
provided better quantitative and qualitative estima-
tion and to what degree the lungs were affected by
emphysema.12

Pleural disorders are better evaluated by HRCT than
conventional CT especially in the case of subtle
disorders of the pleura.13 Usually, ruling out the
presence of irregular, thickened and/or calcified pleura
is the main objective to perform HRCT-suidy.14 Most
often these disorders are only appreciated by HRCT.
A large number of disorders may cause thickening of
the pleura. Radiological imaging often is the only
method to be able to show asbestosis related disorders
of the pleura and parenchyma. HRCT is a necessary
completion to plain films and conventional CT of the
chest to show smaller elements. Frequently the
paravertebral pleura is the initial location of asbestosis
related pleural thickening." This:region is poorly
evaluated on plain film images of the chest. With help
of HRCT parenchymal disorders related to asbestosis
can be visualised, such as14: (a) curvilinear subpleural
lines (lines parallel to the chestwall at a distance of <
1 cm of the pleura), (b) "honeycombing"j defined as

small subpleural cystic cavernes, with a thick wall,
and (c) subpleural short "fat" lines. These lines touch
with the pleura and correspond to the interlobular and
intralobular components of the subpleural secondary
lobuli.

Bronchi are very well visualised by HRCT. The
bronchial artery can especially proximally be demon-
strated inside the bronchial wall. Bronchiectasis are
characterised by CT by a fluid level in enlarged
bronchi, dilated brochi in the periphery of the lung,
and/or by thickening of bronchial walls due to
peribronchial fibrosis.1' However, specificity of CT
for all types of bronchiectasis is 100%. Sensitivity is
100% for the cystic and varicose form, and 94% for
the cylindric variant." Because both, the presence as
the anatomical localisation of bronchiectasis are
very well determined by HRCT, the need for
bronchography is obviated."

Discussion

HRCT of the thorax is a relatively new, but usefull
modality in the evaluation of both local and diffuse
pulmonary and pleural conditions. In the evaluation
of solitary noduli calcifications or fat can sometimes
only be made visible by HRCT, which influences
diagnosis and therapy. Unsharp delineated, opaque
areas in the parenchyma of the lung may be caused by
bronchiectasies which as such can be detected by
HRCT. HRCT may be employed in de evaluation of
destructive lesions to (a) differentiate between normal
and emphysematous lung parenchyma (b) to detect an
early form of emphysema, (c) to quantify emphysema
and (d) to differentiate emphysema from simulta-
neously occuring diseases. HRCT also is a major
modality in the detection of interstitial disorders.
Centrally localised lymphangitis carcinomatosis,
sarcoidosis and peripheral interstitial fibrosis can all
be detected by HRCT. The small pleural conditions
which may occur with these conditions are well
assessed by HRCT. An other indication for HRCT is
for symptomatic patients with normal plain chest
films who are suspected to have PCP, Kaposi sarcoma,
pulmonary localisation of a lymphoma,.or a septic
embolus. In conclusion HRCT has gained an impor-
tant place in the diagnosis and evaluation of
parenchymal, interstitial and pleural disorders of the
chest.
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Chest X-ray Interpretation in the ICU: Old
Verities and New Signs

Stephen R Baker
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This discussion is concerned primarily with standard
chest films obtained on very sick patients. Such a
mundane topic may not excite as much interest as the
application of high resolution computed tomography
and magnetic resonance for the assessment of subtle
changes in the lungs, mediastinum and cardiac
silhouette. Yet what it might lack in technical novelty
is more than made up by clinical relevance. The most
common examination of the thorax is still the standard
frontal chest x-ray, especially so for the acutely ill in-
patient confined to a bed in any intensive care unit.
The frequent use of portable radiography, sometimes
supplemented by bedside ultrasonography, is the
predominant imaging procedure for those too ill to be
transported for computed tomography examinations.
Attachment to monitors and tubes often makes
magnetic resonance not only irrelevant, but hazardous.
Thus, it remains a fact today that most of the data
generated by the pictorial assessment of the acutely ill
patient is rendered by plain films obtained at the
bedside.

Despite sentiment to the contrary, concerning
conventional plain chest x-rays, all that might still be
learned has not already been reported. For example,
seemingly trivial observations about patientposition-
ing can yield crucial information about diagnosis and
prognosis. One should commence evaluation of the
standard supine view of the chest by inspecting the
superior margin of the film. It is helpful at times, to
note the relationship of the head to the upper chest. If
the mandible is situated with its lower margin above
C-3, that suggests that the patient is not obtundcd and
is probably able to participate in or at least compre-
hend his or her treatment. A head up position requires
muscular activity and an awake state. Yet such an
orientation of the head is not without pitfalls for the
image interpreter. If an endotracheal tube has been
positioned with its distal tip just above the carina and
the head is elevated, once the head is lowered the

endotracheal tube may also migrate caudally.
Consequently, tube ostensibly in a proper distal
tracheal location, may soon descend with its distal tip
reaching the right main stem bronchus or the bron-
chus intermedius, thereby occluding the left main
stem bronchus.

A lowered head position with the chin below C-6
suggests a lethargic or even more obtunded patient. In
making this judgement, the relationship of theclavicles
to the first rib must be borne in mind. The head may
naturally appear to be lowered in a patient with a
marked dorsal kyphosis. This abnormality of spinal
curvature can be recognized by a wide separation
between the uppermost rib and the clavicular margin.
Angulationofthex-ray tube towards the feet can also
contribute to a widening of this distance. Hence,
technical error must be considered before attributing
apparent clavicular descent to kyphosis.

With the chin down patient cooperation should not be
expected. In fact, everything else being equal, eleva-
tion of the head on subsequent films is usually a very
good prognostic sign, because it is well-correlated
with at least temporary recovery from a debilitating
illness.

Another interesting finding is the location and course
of radiopaque chains and necklaces. These items of
jewellery are meant to lie astride the upper chest
coursing over the lungs and mediastinum in a gently
curving arc. If the central portion of a metallic chain
is relocated above the edge of the film with it presence
detected only by two curving loops lateral to the neck,
then it can be assumed by the patient has placed the
chain within the mouth or over the nose to keep it from
obscuring lung or rib detail. An individual able to
perform such a manoeuvre most likely does not have
a depressed sensorium. Furthermore, he or she is
probably not dyspneic because air hunger makes one
very reluctant to impede mouth breathing by placing
an object in the oral cavity, secured by clenched teeth.

Assessment of mediastinal bleedng due to aortic
rupture after blunt trauma to the chest mandates an
upright view. However, in the absence of trauma, an
erect or sitting film is usually not necessary and may
be uncomfortable for the patient. In as much as heart
size assessed by plain film is a poor measure of
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cardiac dysfunction, a standard erect and lateral film
requested for that purpose need not be a desideratum
for intensive care patients who have not suffered
blunt or penetrating injuries.

Recumbent projections, then, may be the only films
obtained. Variations in exposure and positioning of
the bedridden patient can be utilized to resolve spe-
cific problems. For individuals with an enlarged
cardiac silhouette who are unwilling or unable to take
a deep breath, a universal problem is the assessment
of the left base for pneumonia. Cardiomegaly and
pericardia! effusion expand the heart shadow later-
ally at the expense of the adjacent left lung. Unless
technique is optimal, focal infiltrates in this pulmo-
nary region may be obscured. One modification of
technique that causes no patient discomfort is to use
voltage and m As-settings appropriate for abdominal
radiographs with the field aligned to include the
lowerchest andadjacent organs below thediaphragm.
Abdominal films are designed to detect small gas and
fat collection amidst organ and other structures of
water density. An enlarged heart converts the mostly
air-filled lower thorax to a predominantly water-
filled space and thus, abdominal technique can discern
pulmonary vessels and infiltrates below and behind
the apex of the diaphragm and posterior to the heart.

Another important question frequently posed for
intensive care unit patients is the distinction between
infiltrate and pleura! effusion. Often it is difficult on
a supine film to determine 1) if an effusion is presnt
when there is also a coexistent infiltrate, 2) if the
effusion is freely movable and 3) the extent of the
pleura! fluid. These are three separate inquiries
requiring different imaging strategies. The problem
with the evaluation of pleural densities is that the
question is usually posed too broadly, engendering in
most cases a sequence of studies including decubitus
films followed by bedside ultrasonography. Theclini-
cally relevant issues related to pleural involvement
should be allocated to one of the above categories,
each one focused and specific, so that only the appro-
priate examination will be done. Decubitus films are
difficult to perform in an intensive care unit. Patient
cooperation is often less than optimal, positioning is
cumbersome in an intensive care unit bed and there is
at least a theoretical danger of radiation exposure to
nearby patients and medical personnel with horizon-
tal beam projections. Lateral decubitus views are
critical qnly in distinguishing between infiltrate and
effusion. Once the fluid is repositioned according to

postural manipulation, then a spatially fixed infiltrates
can become uncovered. However, if the issue is the
determination of the extent of pleural fluid, or if the
presence of loculation is under question, then
ultrasonography should be the initial study, in as
much as decubitus films are redundant in this situa-
tion. Furthermore, if the fluid is to be drained,
ultrasonography offers constant monitoring during
thoracentesis. Thus, the radiologist has the responsi-
bility of educating referring physicians to specify the
exact question requiring resolution with imaging
studies. Decubitus films should not be regarded as a
prerequisite for ultrasonography but should be
reserved only for the differentiation between infiltrate
and effusion.

For those who cannot assume a side-lying position
the issue of infiltrate versus effusion can also be
ascertained using supine and prone films. When a
patient is placed face up, pleural fluid tends to migrate
medially, posteriorly and inferiorly, sometimes
obscuring basal segments, a common site of lower
lobe pneumoniae. However, if turned face down,
freely moving pleural fluid will then moveanteriorly,
superiorly and especially laterally, thereby providing
a clear window to expose the lung bases. This simple
expedient has often been helpful in my practice in
patients with rib fractures or in others who are reluctant
or unable to assume a decubitus positoin.

Medical practice often mandates the placement of
tubes and catheters in major intralhoracic conduits.
Insertion of these devices requires surveillance by
serial chest films. Although it is occasionally possible
by clinical evaluation alone to determine malposition
of a nasogastric or nasoesophageal tube accidently
diverted to the trachea and major bronchi, for the most
part, physical examination alone is insufficient to
determine exact location. Furthermore, the location
of intravascular catheters almost always requires a
radiographic evaluation.15

The roster of complications caused by perculaneously-
placed intravascular catheters is a long one.
Thrombosis, embolus, vessel obstruction and infec-
tion are possible with any of them. More specific
problems relate to perforation of a vessel or to
malpositon, either initially or with migration after
hours or days. Both situations yield untoward conse-
quences made worse by the accumulation of fluids
directed through the catheter orifice. To this exten-
sive list can be added unusual complications such as
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air embolus and local and distant effects of irritative
substances introduced through venous routes.6'8

The subject of catheter complications is too large for
an encyclopedic treatment in a short report. What
follows is a discussion of only some of salient points
which bear remembering in everyday practice. Central
venous pressure catheters can be inserted from several
points of entry. The most common site is the vein of
the arms. However, several studies have indicated
that satisfactory placement occurs in only two thirds
of cases. The most frequent aberrant locations for the
distal tip of catheters introduced via the arm is the
internal jugular vein. The lateral thoracic vein and
internal mammary veins are other frequent sites of
misplacement.14-9

Insertion of a catheter into the subclavian vein brings
with it the risk of misplacement into the internal
jugular vein if inserted through an infraclavicular
approach. Loop formation and entry into the con-
tralateral brachycephalic vein are also to be antici-
pated. This approach carries with it the real possibil-
ity of pneumothorax, a finding that varies with the
dexterity and experience of the physician performing
the procedure. On the other hand, catheter misplace-
ment and migration are typically less frequent by this
mode of entry when compared with arm vein instal-
lation. Approaching the subclavian vein by a
supraclavicular approach avoid the ectopic appear-
ance of the catheter tip in the internal jugular vein.
However if directed from the left side there is a
heightened risk of malposition in the azygous vein.14'

Catheterisation via the external jugular veins has
even fewer complications1 Yet, in individuals who
have an extensive venous plexus above the clavicle,
especially on the right side, the catheter tip but may
never negotiate the tortuous path from the external
jugular vein to the subclavian vein. A more common
approach is from the internal jugular vein, which
carries with it the risk of knot or loop formation in a
major mediastinal vein. If a straight guide wire is
used, there is the remote, but serious problem of
malposition in the left pericardiophrenic vein which
is located just across the subclavian vein from the
orifice of the internal jugular vein. Rapid infusion
into the left pericardiophrenic vein risks prompt
development of cardiac tamponade.9

Most people are attentive to the problem of
pneumothorax induced by catheterization of subcla-

vian other central veins. Small intrapleural collec-
tions of air are often undetected in supine views
because they tend to migrate anteriorly and medially.
If the patient remains in the supine position, demon-
stration of a pneumothorax laterally requires even
more air. Thus, the observation of a very small
pneumothorax may underestimate the extent of lung
collapse. More insidious and perhaps, more dangerous,
is perforation of the superior vena cava or the brachio-
cephalic veins leading to the direct infusion of fluids
into the right or left pleural space. Iatrogenic
hydrothorax may become very large, indeed, yet may
not be detected clinically until the phenomenon of a
"white lung" is noted by x-ray.2-610

The catheter tip should be directed along the long axis
of the brachiocephalic or superior vena cava. An
oblique configuration of the end of the catheter with
its tip pointing laterally in association with widening
of the mediastinum, is an important early warning
sign of superior vena cava perforation. If
hyperalimentation fluids are given, their fat content
can be recognized on plain films by a lucency in the
mediastinum even less opaque than natural collec-
tions of fat in is space.

The catheter tip should be situated in the superior
vena cava. If it is allowed to pass into the right atrium
it may be well tolerated but it could also induce
arrhythmias. Furthermore, with repeated movements
of the beating heart, penetration through the myo-
cardium is another potential complication." Swan-
Ganz catheters, on the other hand, must migrate
through the right atrium, the tricuspid valve, the right
ventricle to enter the right or left pulmonary artery.
These catheters should not be advanced too distally
because of the risk of inducing infarction. Also, it is
i mperati ve that after pressure measurements are made
with an inflated balloon, the balloon must be deflated
promptly to avoid a continual decrease in blood flow
to the lung parenchyma.312

All the major and most of the minor veins of the
mediastinum can be entered by peripheral
catheterization. An infrequent, but interesting ectopic
location is the left superior vena cava. This anomaly
usually is present in association with a normal right
superior vena cava. It results from persistence of the
left subcardinal vein beyond fetal life. Catheters
within this vessel pursue a vertical path to the left of
the mid line and parallel to the spine then make a
gentle curve within the cardiac silhouette as the
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superior vena cava enters the coronary sinus en route
to the right atrium. Internal mammary vein
cathetherization may not be appreciated on frontal
views. Therefore, oblique or lateral projections must
be obtained to recognize its far anterior position and
distinguish it from the superior vena cava.

A sharp bend at the level of the aortic arch is the
signature of a dilated left superior intercostal vein
which inferiorly becomes the herniazygos vein. With-
out a catheter in place it is recognized as an aortic
"nipple" because the posterior bending of this vessel
is situated just lateral to the lateral margin of the aortic
arch. Further peripherally is the left pericardiophrenic
vein which follows the course of the left heart border
exactly. Insertion of a catheter into the azygous vein
also may not be recognized initially and oblique or
lateral films should be obtained to demonstrate its
posterior course in the thorax.24
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CXR: Reading Between the Lines
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For a line shadow of soft tissue density to be seen on
a chest radiograph, air must be present on each side of
the sheet of tissue, which must also be tangential to
the x-ray beam.

Line shadows can be caused by the following:

1. Artifacts
2. Anatomical structures normally visible.

(a) Skeletal, e.g. edge of manubrium, scapula,
bifid rib, calcified costal cartilage

(b) Pulmonary e.g. fissures and accessory fis-
sure

(c) Anterior and posterior junction lines
(d) Para-tracheal strip

3. Anatomical structures not normally visible

(a) Pleura
(b) Pericardium
(c) Bronchial Wall
(d) Interlobular septa, e.g. interstitial pulmo-

nary oedema, lymphangitiscarcinomatosum,
infiltration by sarcoma, lymphoma, leukae-
mia, pneumoconiosis, sarcoidosis, haemosi-
derosis.

4. Other causes of line shadows

(a) Wall of emphysematous bullae
(b) Para-septal emphysema
(c) Post-infection scar
(d) Post-infarction scar
(e) Post-radiation scar
(f) Fleichner's line
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Use of Imaging in Assessing Lung Carcinoma
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The evaluation of patients with lung cancer requires
the imaging of various abnormalities. It is very likely
that CT will continue to be used as the primary
imaging modality for the evaluation of lung cancer
patients. Although the routine use of MR is not
recommended, MRI can be advantageous in certain
situations.

Staging of Bronchogenic Carcinoma
In patients with lung cancer, the anatomic extent of
the tumor is usually most important in determining
what therapeutic approach will be chosen. Generally,
tumors are considered to be unresectable if they are
classified as T4, N3, or Ml.1 However, it is important
to note that different surgeons can have different
anatomic criteria for considering a tumor unresectable,
and a careful and detailed discussion of the radio-
graphic findings with the involved surgeon is necessary
in individual cases.2

Invasive Primary Tumors
Assessment of the primary tumor extent is essential in
planning treatment.34 CT is most advantageous for
assessing the primary tumor. Although MRI offers no
significant advantage relative to CT in the diagnosis
of T classification,58 it can be valuable in specific
situations.

A primary tumor is classified T4 if it 1) involves the
trachea or carina, 2) invades the chest wall with
involvement of great vessels, vertebral body, or
brachial plexus, 3) invades the mediastinum with
involvement of the heart, great vessels, trachea,
esophagus, invades or 4) is associated with a malig-
nant pleural effusion.1 Tumors invading the chest
wall, including the superior pulmonary sulcus,
diaphragm, mediastinal pleural, pericardium, or
proximal main bronchus are considered resemble by
many surgeons, and are classified as T3.

Tracheal or Carinal Involvement
Although CT and MRI can be used to demonstrate
tracheal involvement, bronchoscopy with biopsy is
necessary in all cases. In patients with primary tracheal
carcinoma, CT is important for demonstrating the
extratracheal extent of disease. Central bronchial
tumors are usually unresectable if the carina is
involved.

Chest Wall Invasion
CT findings which have been considered to indicate
chest wall invasion include the presence of obtuse
angles at the point of contact between tumor and
pleura, more than 3 cm of contact between tumor and
the pleural surface, pleural thickening adjacent to the
mass, and increased density of extrapleural fat, but
these findings are not highly accurate.'10 In one
study, CT criteria for diagnosing chest wall invasion
were evaluated in a series of 112 patients who had
surgery.11 The findings assessed included (1)
obliteration of the extrapleural fat plane, (2) the
length of the tumor-pleura contact, (3) the ratio
between the tumor-pleura contact and the tumor
diameter, (4) the angle of the tumor with the pleura,
(5) a mass involving the chest wall, and (6) rib
destruction. Findings 1 (sensitivity 85%, specificity
87%) and 3 (sens. 83%, spec. 80%) were most
accurate.11

The extent of chest wall invasion adjacent to a lung
tumor may be better shown using MR than CT,
because of the better contrast between tumor and
chest wall fat and muscle.61213 Extrapleural fat may
be better shown on MR, and may be effaced in the
presence of early invasion The use of Tl weighted
images or Tl weighted images with contrast
enhancement are more accurate (sens. 90%; spec.
86%) than T2 weighted images.1*

In patients with Pancoast tumors, vertebral body
invasion or invasion of the mediastinum or great
vessels above the lung apex prevent surgical resection.1

MR images in the sagittal or coronal planes are
advantageous in imaging apical tumors, and are more
accurate than CT in diagnosing invastion,131516 and
involvement of the subclavian artery or brachial
plexus. The evaluation of Pancoast tumors is clearly
an indication for MRI.
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Recently, the use of artificial pneumothorax has been
used in conjunction with CT for diagnosing chest
wall invasion,1711 with a sensitivity of 100% and a
specificity of 80%.

Sonography has also been investigated. Findings
considered diagnostic of chest wall invasion were 1)
disruption of the pleura, 2) extension through the
chest wall, and 3) fixation of the tumor during breath-
ing.19 Sensitivity, specificity, and accuracy for
sonography were 100%, 98%, and 98%. The use of
dynamic CT obtained during respiration has, also
been used to show whether a peripheral tumor moves
relative to the chest wall or appears fixed. However,
the accuracy of this technique is yet to be established,
and appears to be of limited value in assessing apical
lesions.

It has recently been suggested that 3-D reconstruc-
tion of helical CT images can be valuable in diagnos-
ing pleural invasion by lung cancer.

Mediastinal Invasion
Contiguous invasion of the mediastinum with
involvement of the heart, great vessels, trachea, or
esophagus precludes resection.1 Invasion of the left
pulmonary artery within 2 cm of its origin, or invasion
of the main right pulmonary artery usually prevent
resection. Invasion of the mediastinal pleura or peri-
cardium does not prevent resection, although
significant invasion of mediastinal fat usually does.

As seen on CT, contiguity of tumor mass with the
mediastinal pleura or thickening of the mediastinal
pleura does not indicate mediastinal extension or
unresectability. However, a significant mediastinal
mass contiguous with a lung tumor, which results in
compression of mediastinal vessels or esophagus, or
replacement of mediastinal fat by soft tissue density
is strong evidence. Other findings which can indicate
mediastinal invasion include 1) obliteration of the fat
plane normally seen adjacent to mediastinal vessels,
2) tumor contacting more than 1/4 of the circum-
ference of a vessel wall, or 3) tumor contacting more
than 3 cm of the mediastinum [20]. In a recent study,
the extent of contact between tumors and mediastinal

structures was assessed using CT and compared to
surgical results in patients with lung cancer.31 In
general, the more extensive the contact, the more
likely invasion had occurred; when mass contacted
more than half of the circumference of a mediastinal
structure invasion was very likely. However, findings
having a high positive predictive value were relatively
insensitive.21

As with CT, MR is incapable of accurately
demonstrating subtle mediastinal invasion. In one
study,7 accuracies of CT and MR measured 89% and
93% respectively. In the RDOG study8 MR was
found to be significantly more accurate than CT in
diagnosing mediastinal invasion, but this result was
based on a small number of patients who had inva-
sion. MR is occasionally performed in this setting,
particularly when vascular invasion is suspected. MR
can be more accurate than CT in diagnosing media-
stinal vascular invasion.1'122 In some patients, obtain-
ing both CT and MRI may be helpful in making this
diagnosis.23

Malignant Pleural Effusion
Thoracentesis with cytologic examination is neces-
sary for making this diagnosis. Pleural nodularity
visible on CT suggests metastatic involvement of the
pleura. Pleural thickening visible on CT indicates that
the effusio'n is an exudate, although this finding does
not necessarily indicate that cytology will be posi-
tive.24 The absence of pleural thickening does not rule
out a malignant effusion.

Lymph Node Metastases
Ipsilateral mediastinal or subcarinal node metastases
are classified N2, and are considered potentially
resectable; contralateral hilar or mediastinal node
metastases are N3 and unresectable.1 There is some
consensus that in patients who have limited mediasti-
nal node metastases, resection should be attempted.
The presence of gross or bulky node metastases and
node metastases which have invaded through the
node capsule are associated with a poor survival after
surgery and are generally not resected. Some also
consider that the presence of mediastinal node
metastases detected at mediastinoscopy con traindicate
surgery.25
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Mediastinal Nodes
The accuracy of CT in predicting the presence or
absenceof mediastinal node metastases is limited3-26-27

In studies which use total nodal sampling as the gold
standard, in which the mediastinum is carefully
explored surgically with all nodes being submitted
for histologic study, the measured sensitivity of CT is
lower than in studies in which the mediastinum was
evaluated only by mediastinoscopy or palpation at
surgery.2* In recent studies using nodal
sampling,3'*'26-2*30 the sensitivity (60%) and accuracy
(67%) of CT in diagnosing mediastinal node
metastases have been lower than the sensitivity and
accuracy rates (78% and 87%) reported in earlier
studies in which nodal sampling was not
performed.31-35 Although mediastinoscopy is more
accurate than CT, some regions of the mediastinum
are not usually accessible; CT is generally used to
guide mediastinoscopy.

In general, MR is quite similar to CT in its ability to
detect and define mediastinal lymph nodes. In studies
which have compared the accuracy of CT and MR in
this regard, they have been shown to be quite
similar.5-"-31"0

The sensitivity of CT or MRI in diagnosing media-
stinal node metastases on a patient-bypatient basis is
higher than its sensitivity in detecting metastases in a
specific node or node group. In a study of 143 patients,26

the sensitivity of CT for detecting mediastinal lymph
node metastases was 64%, with a specificity of 62%;
in this study, the sensitivity of CT for detecting
metastasis to individual node stations was only 44%.
The MRI characteristics of mediastinal nodes are not
helpful in distinguishing benign and malignant nodes;
involved and uninvolved nodes cannot be accurately
distinguished on the basis of Tl and T2 values.4142

The use of Gadolinium-DTPA for imaging mediasti-
nal nodes and masses is not of great value in the
differentiation of benign and malignant nodes or
masses;13 however, recently it has been suggested
that the enhancement patterns of mediastinal nodes
may be of some value.

Recently the use of positron emission tomography
(PET) has been evaluated for the diagnosis of medi-
astinal lymph node metastases from lung cancer .43 In
this study, the 11 C-methionine uptake of mediastinal
lymph nodes was expressed using the distribution
absorption ratio (DAR). The average DAR in meta-
static lymph nodes was 3.89 while that of non-meta-

static nodes was 2.38 (p 0.001). A threshold for
detection of metastasis of 3.3 had a sensitivity of
100%, specificity of 87.3%, and an overall accuracy
of 89.7%. In a recent study by Wahl, FDG PET had a
sensitivity of 82% and a specificity of 81% in detect-
ing and localizing mediastinal metastases; CT in the
same study had a sensitivity of 64% and a specificity
of 44%.

Hilar Masses
Although the presence of extent of a hilar mass does
not always affect resectability, assessment of the hi la
is important in preoperative evaluation. Contrast-
enhanced CT and MRI are both quite accurate in
detecting hilar mass [36,44]. However, in some
patienis with poor vascular opacification atCT, MRI
allows a more confident diagnosis that the hilum is
normal or abnormal. Also, in an occasional case, MRI
can demonstrate node enlargement invisible at CT.36

MRI is advantageous in patients who are unable to
tolerate contrast. On the other hand, CT is much more
accurate than CT in assessing hilar bronchi and their
relationship to masses.

Because of its value in delineating hilar vessels, MRI
may be helpful in determining which patients will
require a pneumonectomy; invasion or involvement
of the central pulmonary arteries or veins usually
necessitates pneumonectomy.

Hilar mass and distal lung consolidation resulting
from bronchial obstruction can often be distinguished
on MR images. Bronchogenic carcinoma and distal
collapse are most easily distinguished with T2 weight-
mg.22,M.45.46 o n T2-weighted images, the lung consoli-
dation appears more intense than the hilar mass. Gd-
DTPA enhanced MRI allowed the differentiation of
tumor and distal obstructive pneumonia or atelectasis
in 85% of patients with hilar iung cancer ,47

References
1. Friedman PJ. Lung cancer: update on staging classifica-

tions. A//? 1988; 150:261-264.

2. Epstein DM,StephensonLW,GefterWB,vanderVoorde
F.AronchikJM, Miller WT. Value of CT in the preoperative
assessment of lung cancer: a survey of thoracic surgeons.
Radiology 1986; 161:423-427.

3. Webb WR, Golden JA. Imaging strategies in the staging
of lung cancer. Clin Chest Med 1991; 12:133-150.

4. Klein JS, WeW WR. The radiologic staging of lung
cancer. J Thorac Imag 1991; 7: 1:29-47.

79



5. Grenier P, Dubray B, Careite MF, Frija G, Musset D,
Chastang C. Preoperative thoracic staging of lung cancer:
CTandMRe\*\\itkUor\.DuignlnterRadiol 1989; 1:23-28.

6. Musset D, Grenier P, Careite MF, et al. Primary lung
cancer staging', prospective comparative study of MR
imaging with CT. Radiology 1986; 160:607-611.

7. Laurent F, Drouillard J, Dorcier F, et al. Bronchogenic
carcinoma staging: CT vs MR imaging, assessment with
surgery. Eur JCardio-lhorac Surg 1988; 2:31-36.

8. Webb WR, Gatsonis C, Zemouni EA, et al. CT and MR
imaging in staging non-small cell bronchogenic carci-
noma: report of the Radiologic Diagnostic Oncology
Group. Radiology 1991; 178:705-713.

9. Pennes DR, Glazer GM, Wimbish KJ, Gross BH, Long
RW, Orringer MB. Chest wall invasion by lung cancer:
limitations of CT evaluation. AJR 1985; 144:507-511.

10. Glazer HS, Duncan MJ, Aronberg DJ, Moran JF, Levitt
RG, Sagel SS. Pleural and chest wall invasion in
bronchogenic carcinoma: CT evaluation. Rarfio/ogy 1985;
157:191-194.

11. Ratto GB, Piacenza G, Frola C, et al. Chest wall involve-
ment by lung cancer: computed lomographic detection
and results of operation. Ann Thorac Surg 1991; 51:182-
188.

12. Haggar AM. Pearlberg JL, Froelich JW, et al. Chest-wall
invasion by carcinoma of the lung: detection by MR
imaging. AJR 1987; 148:1075-1078.

13. Kooo M, Sako M, Adachi S, et al. [MR imaging in the
assessment of lung cancer patients: primary lung cancer
staging, evaluation of therapeutic effect and diagnosis of
recurrent tumor]. Nippon Acta Radiologica 1989; 49:831 -
840.

14. Padovani B, Mouroux J, Seksik L, et al. Chest wall
invasion by bronchogenic carcinoma: evaluation with
MR imaging. Radiology 1993; 187:33-38.

15. Webb WR, Jensen BG, Gamsu G, Sollitlo R, Moore EH.
Coronal magnetic resonance imaging of the chest: normal
and abnormal. Radiology 1984; 153:729-735.

16. Heelan RT, Demas BE, Caraveili JF, et al. Superior sulcus
tumors: CTand MR imaging. Radiology 1989; 170:637-
641.

17. Yokoi K, Mori K, Miyazawa N, Saito Y, Okuyama A,
Sasagawa M. Tumor invasion of the chest wall and medi-
astinum in lung cancer: evaluation with pneumoihorax
CT. Radiology 1991; 181:147-152.

18. Watanabe A, Shimokata K, Saka H, Nomura F, Sakai S.
Chest CT combined with artificial pneumoihorax: value
in determining origin and extent of tumor. AJB 1991; 156:
707-710.

19. Suzuki N, Saitoh T, Kiumura S. Tumor invasion of the
chest wall in lung cancer: diagnosis with US. Radiology
1993; 187:39-42.

20. Glazer HS, Kaiser LR, Anderson DJ, et al. Indeterminate
mediastinal invasion in bronchogenic carcinoma: CT
evaluation. Radiology 1989; 173:37-42.

21. Herman SJ, Winton TL, Weisbrod GL, Towers MJ,
Mentzer SJ. Mediastinal invasion by bronchogenic
carcinoma: CT signs. Radiology 1994; 190:841-846.

22. Kameda K, Adachi S, Kono M. Detection of T-factor in
lung cancer using magnetic resonance imaging and
computed tomography. J Thorac Imaging 1988; 3 :2:73-
80.

23. Adachi S, Kono M, Tanaka K, et al. [Diagnosis of invasion
to thoracic aorta and superior vena cava in lung cancer,
comparative studies on CTand MRI in resected or autopsied
cases. Japanese Journal of Clinical Radiology 1990;
35:803-810.

24. Aquino SL, Webb WR, Gushiken BJ. Pleural exudates
and transudates: diagnosis with contrast-enhanced CT.
Radiology 1994; 192:803-808.

25. Pearson FG, DeLarue NC, lives R, et al. Significance of
positive superior mediastinal nodes identified at
mediastinoscopy in patients with resectable cancer of the
lung. J Thorac Cardiovasc Surg 1982; 83: 1 - 11.

26. McLoud TC, Bourgouin PM, Greenberg RW, et al.
Bronchogenic carcinoma: analysis of staging in the
mediastinum with CT by correlative lymph node mapping
and sampling. Radiology 1992; 182:319-323.

27. Dales RE, Stark RM, Raman S. Computed tomography to
stage lung cancer: approaching a controversy using mela-
analysis. Am Rev Respir Dis 1990; 141: 1096-1101.

28. McKenna RJ, Libshilz HI,' Mountain CE, McMurtrey
MJ. Roenlgenographic evaluation of mediastinal nodes
for preoperative assessment in lung cancer. Chest 1985;
88:206-210.

29. Staples CA, MullerNL, Miller RR, Evans KG, Nelems B.
Mediastinal nodes in bronchogenic carcinoma: compari-
son between CT and mediastinoscopy. Radiology 1988;
167:367-372.

30. Mori K, Yokoi K, Sailo Y, Tominaga K, Miyazawa N.
Diagnosis of mediastinal lymph node melasteses in lung
cancer. Jpn J Clin Oncol 1992; 22:35-40.

31. Baron RL, Levitt RG, Sagel SS, White MJ, Roper CL,
Marbarger JP. Computed tomography in the preoperative
evaluation of bronchogenic carcinoma. Radiology 1982;
145:727-732.

32. Daly BDT, Faling LJ, Pugatch RD, el al. Computed
tomography: an effective technique for mediastinal stag-
ing in lung cancer. / Thorac Cardiovasc Surg 1984;
88:486-494.

80



33. Filing LJ, Pugatch RD, Jung-Legg Y, et al. Computed
tomognphic scanning of the mediastinum in the staging
of bronchogenic carcinoma. Am Rev Rtspir Dis 1981;
124:690495.

34. Khan A, Gersten KC, Garvey J, Kahn FA, Steinberg H.
Oblique hilar tomography, computed tomography, and
mediastinoicopy for prethoracotomy staging of
bronchogenic carcinoma. Radiology 198S; 156:295-298.

35. Osborne DR, Korobkin M, Ravin CE, et al. Comparison of
plain radiography, conventional tomography, and
computed tomography in detecting intrathoracic lymph
node metastases from lung carcinoma. Radiology 1982;
142: 157- 161.

36. Webb WR. Jensen BG, Solliuo R, et al. Bronchogenic
carcinoma: staging with MR compared with staging with
CT and surgery. Radiology 1985; 156: 117- 124.

37 Peon PY, Bronskill MJ, Henkelman RM, et al. Media-
stinal lymph node metastases from bronchogenic
carcinoma: detection with MR imaging and CT. Radiology
1987; 162:651-656.

38. Batra P, Brown K, Collins JD, Ovenfors CO, Steckel RJ.
Evaluation of in Ira thoracic extent of lung cancer by plain
chest radiography, computed tomography, and magnetic
resonance imaging. Am Rev Respir Dis 1988; 137: 1456-
1462.

39. Patterson GA, Ginsberg RJ, Poon PY, et al. A prospective
evaluation of magnetic resonance imaging, computed
tomography, and mediastinoscopy in the preoperalive
assessment of mediastinal node status in bronchogenic
carcinoma. / Thorac Cardiovasc Surg 1987; 94:679684.

40. Dubray B, Grenier P, Carette MF, Frija G, Chastang C.
[Mediaslinal lumph node involvement in bronchogenic
carcinoma. CT and MRI evaluation using ROC methodo-
logy]. Rev Im Mtd 1991; 3:249-256.

41. Glazer GM, Orringer MB, Chenevert TL, et al. Mediasli-
nal lymph nodes: relaxauon time/pathologic correlation
and implications in staging of lung cancer with MR
imaging. Radiology 1988; 168:429-431.

42. de Geer G, Webb WR, Solliuo R, Golden J. MR charac-
teristics of benign lymph node enlargement in sarcoidosis
and Castleman's disease. Eur JRadiot 1986; 6: 145- 148.

43. Miyazawa H. Arai T, Inagaki K. Morita T, Yano M, Hara
T. (Detection of mediastinal lymph node metastasis from
lung cancer with positron emission tomography (PET)
using 1 [Cmethioninej. Nippon Kyobu Geka Gakkai
Zasshi 1992; 40:2125-30.

44. Glazer GM, Gross BH, Aisen AM, Quint LE, Francis IR,
Orringer MB. Imaging of the pulmonary hilum: a prospec-
tive comparative study in patients with lung cancer. AJR
1985; 145:245-248.

45. Tobler J, Levitt RG, Glazer HS, Moran J, Crouch E, Evans
RG. Differentiation of proximal bronchogenic carcinoma
from poslobslructive lobarcollapse by magnetic resonance
imaging: comparison with computed tomography. Invest
Radiol 1987; 22 : 5 3 8 - 543.

46. Bourgouin PM, McLoud TC, Fitzgibbon JF, et al.
Differentiation of broncogenic carcinoma from
postobslructive penumonitis by magnetic resonance
imaging: histopaihologiccorrelation./rAorac/ffiag 1991;
6: 22-27.

47. Kusumoto M. [Clinical studies for usefulness of Gd-
DTPA enhanced MRI in lung cancer). Nippon Ada
Radiologia 1992; 52 : 358-371.

81



CH4-CHEST
MY9700691

CT of Pleural Abnormalities

W. Richard Webb

Dept of Radiology, University of California of San
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The pleural surface of the lung and adjacent chest
wall are made up of a number of tissue layers. On CT
in normal patients, a 1 to 2 mm thick stripe of soft
tissue density (the "intercostal stripe") is often visible
in the anterolateral and posterolateral intercostal
spaces, at the point of contact of lung with chest
wall.1 This stripe primarily represents the innermost
intercostal muscle. Although the parietal pleura, a
thin layer of extrapleural fat, and the endothoracic
fascia lie internal to the innermost intercostal muscle
and rib segments, they are not normally visible on CT
orHRCT.

In the paravertebral regions, the innermost intercostal
muscle is anatomically absent. In this location, a very
thin line (the "paravertebral line") is sometimes vis-
ible on CT at the lung-chest wall interface; this line
represents the combined thicknesses of the visceral
and parietal pleura and the endothoracic fascia.1

CT Diagnosis of Pleural Thickening

Asbestos exposure is known to result in thickening of
the parietal pleura.1'3 Thus, patients with asbestos
exposure serve as an excellent model of parietal
pleural thickening for the purpose of understanding
the CT appearances of pleural disease. In patients
with asbestos exposure, parietal pleural thickening
can result in 3 findings:

1) A stripe of soft tissue density, 1 mm or more in
thickness, can be seen internal to rib segments.
Since parietal pleural thickening is often
associated with thickening of the normal
extrapleural fat layer, the thickened pleura
may be separated from the rib by several mm.

2) Thickening of the extrapleural fat layer can
also allow the thickened parietal pleura to be
Seen as distinct from the innermost intercostal
muscle. This results in the "sandwich sign", in

3)

which the soft-tissue opacity parietal pleura
and innermost intercostal muscle are separated
by a layer of low attenuation fat

In the paravertebral regions, a distinct stripe of
density, 1 or 2 mm in thickness, indicates the
presence of pleural thickening.

CT Technique for Examining the Pleura or Pleuro-
Pulmonary Disease

Usually contiguous 1 cm collimation, or spiral CT
with 7 mm collimation is sufficient for imaging
pleural abnormalities. Contrast enhancement at an
injection rate of 1-2 ml/sec is essential; following
contrast opacification thickened pleura, fluid collec-
tions, and collapsed or consolidated lung can be
distinguished [4]. This is not always possible without
contrast infusion.

Diagnosis of Pleural Fluid Collections

Is it an exudate or a transudate?

Distinguishing an exudate from a transudate can be
important in differential diagnosis and clinical
management. Exudative effusions can have a variety
of causes, but often reflect the presence of a pleural
abnormality associated with increased permeability
of pleural capillaries.56 Common causes of an
exudate include pneumonia, empyema, and neo-
plasm. Transudative effusions are unassociated with
pleural disease, and are usually the result of systemic
abnormalities which cause an imbalance in the
hydrostatic and osmotic forces leading to pleural
fluid formation. Common causes of a transudative
effusion include congestive heart failure, cirrhosis,
overhydration, and nephrotic syndrome.

Most effusions appear to be near water in attenuation
on CT. CT numbers cannot be used to reliably predict
the protein content or specific gravity of the fluid, and
whether it is a transudate or an exudate. Acute or
subacute hemothorax can sometimes appear
inhomogeneous in attenuation with some regions,
particulary dependent regions, having a CT attenua-
tion value greater than that of water.

The appearance of the parietal pleura on contrast
enhanced CT can be of value in predicting the nature
of a pleural fluid collection [4]. The presence of
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thickened parietal pleura on contrast enhanced CT, in
association with a pleural effusion, indicates that the
fluid collection is an exudate, with only rare
exceptions. Such an effusion should be tapped for
diagnosis. The absence of pleural thickening in a
patient with pleural effusion indicates that the effusion
is either a transudate or exudate.47 In a study we ha ve
performed,4 pleural thickening is present in only 61 %
of consecutive patients with an exudate; this finding
had a specificity of 96% in diagnosing exudate and a
positive predictive value of 97%.

Pleural thickening on CT is least sensitive (27-48%)
in patients with an exudate associated w ith neoplasm.
On the other hand, CT shows pleural thickening and
enhancement in nearly all patients with empyema. In
a study by Waite et al.,7 23 of 24 empyemas demon-
strated pleural thickening and enhancement on CT. In
our study, all 10 empyemas showed pleural thicken-
ing; pleural thickening was less frequently (56%)
seen in association with uninfected parapneumonic
effusions.

Thus, in a patient with symptoms of infection and a
pleural effusion, thepresenceof parietal pleural thick-
ening on CT indicates thepresenceof an exudate, and
thoracentesis is necessary. If pleural thickening is
absent, empyema or complicated parapneumonic
effusion (one needing drainage for treatment) is highly
unlikely. In a patient with malignancy, CT does not
help in assessing the presence or absence of a malig-
nant effusion, and thoracentesis is usually required
regardless of what CT shows.

Sonography is also useful in diagnosing the presence
of an exudate, with an accuracy nearly identical to
that of CT. Yang et al8 found that all effusions having
the sonographic appearances of septation, complex
nonseptation, or homogeneous echogenicity were
exudative. Anechoic effusions, however could be
either transudative or exudative. The sensitivity of
sonography in this study was 66%, with a specificity
of 100% and a positive predictive value was 100%.

Diagnosis of Pleural Fluid Abnormalities in
Patients with Pneumonia

Pleural fluid accumulates in approximately 40% of
patients with pneumonia, and the term parapneumonic
effusion is used to describe this occurrence.
Parapneumonic effusions are usually classified in 3
stages (these are also known as the 3 stages of an
empyema).

Stage 1 (Exudative Stage)

An exudative parapneumonic effusion probably results
from increased permeability of the visceral pleura.
Effusions in this stage are commonly exudates, as the
name implies, and are typically small, sterile, and
have normal glucose (> 40 - 60 mg/dL) and pH values
(> 7.2). They will usually resolve with appropriate
antibiotic treatment. Stage 1 effusions may not show
pleural thickening on CT. As indicated above, about
50% of exudative parapneumonic effusions will show
pleural thickening; these are usually crescentic, with-
out evidence of loculation.

Stage 2 (Fibropurulent or Acute Empyema Stage)

The term "empyema" is generally used when a pleural
effusion is infected, although its true definition
necessitates the presence of "pus" in the pleural space.
Although most empyemas occur in association with
pneumonia, approximately 10% are unassociated with
obvious lung disease. The term "empyema" is
synonymous with "fibropurulent parapneumonic
effusion".

The fibropurulent stage of a parapneumonic effusion
is characterized by the presence of organisms in the
pleural fluid, increased effusion, increased WBC and
PMN in the fluid, fibrin deposition along the pleural
surfaces, a tendency for loculation, decreased glucose
and pH levels, and increased LDH (>1000 IU/L).

In a patient who has a pneumonia, the presence of a
localized or loculated pleural effusion strongly
suggests the presence of an empyema. On plain
radiographs, empyemas or loculated fluid collections
will often have a somewhat lenticular configuration,
appearing much larger in one dimension (i.e. as seen
on the PA radiography) than the other (i.e. on the
lateral radiography). Furthermore, because the
collection may have a obtuse angles at the point it
contacts the chest wall, it may appear much more
sharply defined in oneprojection than the other. In the
presence of a bronchopleural fistula (BPF), an
empyema cavity can contain air. Gas within an
empyema is presumptive evidence of a BPF, although
the presence of agas-forming organism is occasionally
associated with this finding.

With conventional radiographic techniques, an
empyema contain ing air may be difficult or impossible
to differentiate from a peripheral lung abscess abutting
the chest wall. This distinction can be an important
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one to make because empyemas are often treated by
tube thoracostomy in addition to systemic antibiotics,
whereas most lung abscesses require antibiotics only.
On CT, empyemas typically have a regular shape and
are round, elliptical, or lenticular in cross section,
although crescentic collections can also be seen;910

they tend to be sharply demarcated from the adjacent
lung. Parietal pleural thickening is almost always
seen on CT, while visceral pleural enhancement is
somewhat less common. With contrast infusion, a
"split-pleura" sign is commonly visible, with the
enhancing visceral and parietal pleural surfaces split
apart by the fluid collection, but this sign need not be
present The pleural layers usually appear smooth and
of uniform thickness.7 Lung abscesses tend to be
rounded in shape, ill-defined, and have walls of
irregular thickness. Empyemas also compress and
displace lung and vessels, acting like a space-occupy-
ing mass, while lung abscesses usually destroy lung
without displacing it.

In some patients with lung abscess and an air-contain-
ing empyema indicating the presence of a
bronchopleural fistula, the site of the BPF can be
demonstrated on CT. Absence or interruption of the
enhancing visceral pleura adjacent to an air-filled
abscess cavity (the "interrupted pleura sign") implies
that this is the site of perforation. It should be noted,
however, that an interrupted pleura does not always
indicate the presence of a bronchopleural fistula.

In patients with uninfected parapneumonic effusion
or empyema, it is common (60-80 % of cases) to see
extrapleural fat thickening when parietal pleural thick-
ening is present. Increased attenuation of extrapleural
fat representing edema is less common (30% of
cases).7

Several pulmonary infections can involve the chest
wall by direct extension ("empyema necessitatis").
Tuberculosis accounts for about 70% of cases of
empyema necessitatis, but other organisms such as
actinomycosis, nocardiosis, and other bacteria can be
responsible. In this setting, extensive extrapleural fat
thickening, edema, and subcutaneous collections can
be seen on CT."

As tube thoracostomy is commonly used to treat
empyema, it is important to consider the indications
for tube placement in patients with a fibropurulent
effusion. These will vary depending on the clinician
involved and the clinical setting, but Light suggests
the following criteria: 1) thick pus present on

thoracentesis, 2) positive gram stain, 3) pH < 7.0,
4) glucose < 40 mg/dL. Although pleural thickening
seen on CT is common in an acute empyema, this
does not constitute a "pleural peel", and surgery is
rarely required. Follow tube drainage, the pleural
thickening usually resolves within a period of days or
weeks,12 although focal pleural abnormalities can
remain. Tube thoracostomy is generally avoided in
patients with a tuberculous empyema.

Stage 3 (Organization Stage)

In patients with chronic empyema, especially
empyema which is tuberculous in origin, organiza-
tion of the empyema, with ingrowth of fibroblasts,
can result in extensive pleural fibrosis and the deve-
lopment of an inelastic fibrotic "pleural peel". This
can cause lung restriction and decreased lung volume
("trapped lung"). On CT, a thickened layer of
extrapleural fat is frequently visible, separating the
thickened parietal pleura from the intercostal muscle
or rib. Calcification, which usually is focal in its early
stages, may become extensive.13

Dense pleural thickening, even with calcification,
does not indicate that the pleural disease is inactive.
Loculated fluid collections resulting from active
infection may be seen on CT within the thickened
pleura [14]. Similar pleural thickening can be the
result of chronic or prior infection, chronic inflamma-
tory disease, hemothorax occurring because of trauma,
neoplasm, or radiation. Except in patients with neo-
plasm, calcification can occur.

Pleural Neoplasms
CT findings which are most helpful in distinguishing
malignant and benign pleural diseases include 1)
circumferential pleural thickening, 2) nodular pleural
thickening, 3) parietal pleural thickening greater than
1 cm, and 4) mediastinal pleural involvement.15 The
specificities of these findings for diagnosing malig-
nant pleural disease were determined to be 100%,
94%, 94%, and 88% respectively, while their sensi-
tivities were 41%, 51%, 36%, and 56%.15 If one or
more of these findings are considered to indicate
malignancy, overall diagnostic accuracy is about
75%.

Malignant (Diffuse) Mesothelioma
Diffuse mesothelioma is a highly malignant, progres-
sive neoplasm with an extremely poor prognosis.16 In
most patients', malignant mesothelioma is related to
asbestos exposure, and although it is rare in the
general population, the incidence in asbestos workers
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is up to 5%. It is characterized morphologically by
gross and nodular pleural thickening, which can
involve the fissures. Hemorrhagic pleural effusion
often occurs. Malignant mesothelioma spreads most
commonly by local infiltration of the pleura. CT is
very helpful in diagnosis, and the frequency of vari-
ous CT findings have been described."

Pleural effusions are found in 15% of patients with
Hodgkin's disease, and usually reflect lymphatic or
venous destruction rather than pleural involvement,
because they tend to resolve following local
mediastinal or hilar radiation. Pericardial effusions,
on the other hand, present in 5%, usually indicate
direct involvement of the pericardium.

Pleural thickening is common (90%), and is often
irregular or nodular in contour-, focal pleural masses
can sometimes be seen. Pleural fluid collections are
visible on CT in 75%. Fluid can be difficult to
distinguish from tumor, even on CT, since tumor
nodules can sometimes appear low in density. How-
ever, CT scans with the patient prone or decubitus can
help to distinguish underlying tumor from free fluid.
Also, enhancement of the pleura after contrast infusion
can also help differentiate tumor from adjacent fluid
collections on CT.16-20

Although pleural mesothelioma is visible most
frequently along the lateral chest wall, mediastinal
pleural thickening or concentric pleural thickening is
seen withextensivedisease. The abnormal hemithorax
can appear contracted and fixed (40%), with little
change in size during inspiration. Thickening of the
fissures, particularly the lower part of the major
fissures, can reflect tumor infiltration of the fissures
or associated pleural effusion; involvement of the
fissures is seen on CT in 85 %. Malignant mesothel ioma
typically spreads by local invasion, involving the
mediastinum and sometimes the chest wall (15%),
but hematogenous pulmonary metastases, and distant
metastases do occur.

Metastases
Pleural metastases usually result in pleural effusion
without visible pleura thickening. However, pleural
metastases can result in nodular pleural thickening or
masses visible on CT. In some patients with pleural
metastases, particularly those with a malignant
thymoma, can show pleural metastases unassociated
with effusion. Metastatic adenocarcinoma can infil-
trate the pleura and may be indistinguishable from
malignant mesothelioma.11

In a patient with bronchogenic carcinoma, pleural
effusion can occur for a variety of reasons, including
obstructive pneumonia, and lymphatic or pulmonary
venous obstruction by tumor. Only those patients
with demonstration of tumor cells in the pleural fluid
are considered unresectable.

Local Fibrous Tumor of the Pleura (Benign
Mesothelioma)
Local ized fibrous tumor of the pleura is the new name
of an uncommon tumor, formerly known as benign
mesothelioma. This lesion is usually detected
incidentally on chest radiographs. However, it can be
associate with hypoglycemia and hypertrophic
pulmonary osteoarthropathy. It usually arises from
the visceral pleura and therefore can be within a
fissure, but more commonly involves the costal
pleural surface. They appear as solitary, smooth,
sharply defined, often large lesions, contacting a
pleural surface.

On CT, necrosis can result in a multicystic appear-
ance with or without contrast infusion. Although it is
generally believed that pleural abnormalities resultin
obtuse angles at the point of contact of the lesion and
chest wall, benign mesothelionas typically show acute
angles with slightly tapered pleural thickening adjacent
to the mass.21 This thickening may reflect a small
amount of fluid accumulating in the pleural space at
the point where the visceral and parietal pleural
surfaces are separated by the mass. A similar "beak"
or "thorn" sign is often visible on plain radiographs in
patients with a benign fissural meshotheolioma.
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GA1 - GASTROINTESTINAL RADIOLOGY

Computed Tomography of the
Gastro-intestinal Tract: Its Value.

Jacques W.AJ. Reeders

Academic Medical Center, Amsterdam,
the Netherlands

Gastrointestinal Radiology as we consider nowa-
days, has its true beginning less than a year after the
discovery of a new type of rays by Wilhelm Konrad
Roentgen in November 1895. In early December
18%, Walter Bradford Cannon and Albert Moser
began their fluoroscopic studies on esophageal
motility followed by an American radiologistFrancis
Henry Williams and German, Viennese and Swedish
radiologists, who developed new advance techniques
for gastrointestinal examinations. The modern
examinations of the alimentary tract are the product
of a combination of the Japanese and German school.

From its very beginning, gastrointestinal radiology
was at the forefront of radiology, combining physio-
logic and anatomic information. From evaluation of
esophageal motility to the first depiction of gastric
ulcers and carcinomas of the alimentary tract, gastro-
intestinal radiology became indispensable to physi-
cians/surgeons. Improvements were made in fluoro-
scopic and radiologic equipment (e.g. tilting table),
the image intensifier, development of selective
visceral angiography with safer contrast materials,
and more recently, digital substraction angiography,
digital Ultrasound (US), Colour Doppler Ultrasound,
Computed Tomography (CT) and Magnetic
Resonance Imaging (MRI). All of these newer
modalities have made establishment of a diagnosis
by radiological imaging more precise and safer. The
choice of radiological exam ination should be specific
for a given diagnosis. They should provide maximal
information of the full extent of the disease process.
This information should be translated into improved
patient management. Plain film identification of
intraperitoneal structures is generally limited to those
aspects outlined by contrasting extraperitoneal fat or

MY9700692

intraluminal gas. Fibre-optic endoscopy and barium
studies provide direct information about the mucosal
lining. A major limitation has been the inability to
accurately evaluate the thickness of bowel wall. In
these circumstances, only indirect signs are relied
upon in the diagnosis of mural or serosal disease.
However, Computed Tomography (CT) - in addi-
tion - may image the intramural, mural and serosal
abnormalities giving information about the extra-
visceral adjacent structures.

CT, due to its superior density discrimination and
excellent spatial resolution, permits exquisite imag-
ing of the gastrintestinal tract, mesenterial structures
and peritoneal cavity. This is clinically important for
those gastrointestinal tract abnormalities which extend
beyond the mucosa e.g. diverticulosis, inflammatory
bowel disease and gastrointestinal malignancies.
Cross-sectional modalities have rapidly been adapted
to the alimentary tract and have greatly contributed to
the "gastrointestinal imaging". On every CT image of
the abdomen portions of the gut are visualised. So
specific evaluation of the bowel should be included in
the interpretation of these examinations. Increased
experience of both performing and interpreting CT
studies, combined with increasing use of high resolu-
tion (helical) CT scanners, and the use of safer contrast
materials have led to the maturity of the CT to become
a vital diagnostic modality and a highly sensitive tool
in the evaluation of digestive abdom inal abnormalities.

Although CT is established as one of the most impor-
tant techniques for imaging the gastrointestinal tract
(GIT), it should be used selectively and only on the
basis of conventional radiologic examinations.

Indications
The indication and accuracy of CT of the GIT have
been dramatically enlarged and improved today. It is
based on CTS usefulness for:

- diagnosing or suggesting the presence of primary
gut disease

- evaluating the nature, extent of disease in patients
with known GIT lesions.

- determiningthepresence.locationand severityof
complications associated with primary

- GIT lesions.
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Conventional barium examinations remain superior
to CTforevaluating intraluminal and mucosal disease.

CT is far more accurate for evaluating the intramural
and extraintestinal components including involve-
ment of the mesentery, peritoneal cavity, retro-
peritoneal and solid organs.

Contrast studies should be performed in all patients in
whom the presence, origin or nature of abnormality is
unknown or uncertain at time of CT examination.
Conversely, CT examinations are often required to
elucidate and evaluate gastrointestinal abnormalities
detected or suspected on conventional examinations.

Technical Considerations
Routine abdominal CT examinations are inadequate
for evaluation of specific GIT abnormalities; there-
fore special efforts need to be taken to visualize such
an abnormality, which can be summarised as follows:

Adequate bowel preparation is essential for
accurate evaluation of the true thickness of the
bowel wall of the GIT. It should be empty, clean
and the lumen opacified and distended.

- Administration of proper amount of the oral
contrast media.

- Changing the patient's position on the table to
the prone, or lateral decubitus may also enhance
the visualisation of such an abnormality.
Imaging of primary GIT lesions should be done
whenever possible during the arterial phase after
a bolus of IV contrast and using the spiral CT
technique.

High resolution images with thin 5mm slice
thickness at the pathologic area suspected, lmg
IV glucagon can be administered to inhibit
peritalsis.

Common Pitfalls in CT Interpretation
Interpretation of any given study is potentially
subjected to various pitfalls. Most of the pitfalls in the
CTdetection and evaluation of GIT lesions are related
to technical failures. Inadequate contrast filling of the
intestinal lumen and incomplete distension during
CT scanning are the most common causes. An empty,
collapsed or fluid-filled bowel can present as soft
tissue density mimicking mesenteric tumours which

"pseudotumours" may be located throughout the
intestinal tract. Very commonly the normal esophago-
gastric junction assumes a mass-like appearance
because of the oblique course of the distal esophagus
before it enters the cardia. The knowledge of this fact
will prevent misinterpretation of a normal anatomic
structure as a "mass". In case of suspicion, an extra
dose of oral contrast agent can be ingested in the
prone position. So, "pseudomasses" (e.g. fundal
diverticulum) can be eliminated from the differential
diagnosis.

Partial filling of the intestinal lumen can also lead to
"false positives" or "false negatives" because of the
inability to determine the true thickness of the gastro-
intestinal wall.

Another cause is partial distension of the bowel. On
CT the normal thickness varies with the degree of
bowel distension. The bowel wall is l-2mm thick in
a distended bowel and 3-4 mm in a collapsed or
partially distended bowel. If the wall appears concen-
trically, symmetrically thickened with a homogene-
ous enhancement the clinical significance of this
finding should be taken with caution, for it has to be
related to the degree of bowel distension.

Parameters for CT Evaluation
Once a lesion is detected its radiologic features are
analysed by criteria similar to those employed in
conventional radiology as the:

* location of the abnormality
* size of the lesion
* length of affected segment

They may be defined as affecting a certain segment
of the GIT focally, segmentally or diffusely.

Other important CT criteria to be considered are:

* Degree of wall thickness
* Symmetry
* Smooth or irregular margins
* Contour and tabulation
* Pattern of enhancement after a bolus of i.v.

contrast injection
* Exophytic growth
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* Associated lymph node enlargemnt
* Adjacent mesentery

Benign lesions are characterised by:
* Circumferential thickening of the bowel wall

* Symmetrical involvement
* Segmental or diffuse involvement
* Adjacent inflammatory reaction into mesentery

appearing as thickened and streaky densitites
* Homogenously enhancing wall after i.v. contrast

injection

"Double halo" and "target" signs
These CT signs may be present, when there is submu-
cosal oedema, inflammation and/or fat deposition at
the bowel. It is helpful in differential diagnosis be-
tween benign and malignant disease. These "ring
densites" are better appreciated during the arterial
phase of contrast enhancement

These signs may be seen in the following patholo-
gies of GIT:

* ischemic enteritis
* Crohn's disease
* ulcerative colitis
* radiation enteritis
* bowel edema
* infectious colitis
* secondary to pancreatitis

According to bowel wall enhancement after i.v. con-
trast injection, they are either:

Hyperattenuated as seen in:
- scirrhous carcinoma
- Crohn's disease
- acute appendicitis
- ischaemia

Hypoattenuated as seen in:
- oedema
- fat
- mucin

Inflammatory bowel disease is characterised by:
- symmetrical bowel wall thickening
- segmental distal ileal loop distribution
- skipped areas of involvement

- fistulas
- fibrofatty proliferation of the mesentry which

appear as various degrees of streaky and poorly
defined heterogeneous fat densities

- abscess formation(s).

All these signs may be seen continuously or separately
in Crohn's disease. Mucosal abnormalities are best
appreciated by endoscopy or double contrast barium
studies.

In other inflammatory diseases as ulcerative colitis
and ischemic colitis, CT may be of value in severe
forms and are characterised by:

diffuse distribution
marked concentric thickening of the bowel wall.
deep transmural ulcerations.
pericolic inflammatory changes.

Intestinal Ischaemia
Intestinal ischaemia may have CT features, similar to
those seen in Crohn's disease as :

* segmental distribution.
* symmetrical, circumferential thickening of the

affected bowel wall.
* intramural haemorrhage appearing as high

density wall thickening.
* mesenteric blood may be seen.

Because it is non-invasive, highly sensitive examina-
tion for the entire peritoneal cavity, pelvis and retro-
peritoneum , CT has become the imaging technique of
choice. Recently MRI has the upper hand in patients
with bleeding tendency due to abnormal clotting
factors.

It can sometimes establish the cause of ischaemia by
showing arterial occlusion or thrombosis of the SMA
or portal veins. In advanced stages of bowel ischaemia
infarction has already developed with air in the wall
(pneumatosis) and/or air in the regional mesenteric
venous system.

Radiation enteritis may have similar CT features as
ischaemia and can be properly diagnosed from the
clinical history.
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Neoplastic thickened wall is characterised by:

* Eccentric and asymmetrically thickened bowel
wall (>2cm)

* Irregular and tabulated outline.
* Abrupt transition between normal and abnormal

wall.
* Narrowing of the bowel lumen.
* Regional lytnphadenopathy.
* Distant metastases.
* Homogeneous or heterogeneous pattern of

enhancement after I.V. contrast injection.

Signs which may differentiate benign from malignant
bowel wall thickening (own studies) may be
summarised as follows:

Benign Malignant
Symmetric wall
thickening
Asymmetric wall
thickening
Nodular thickening
More than 1 cm
"Target sign"

* homogeneous density
* enlargement of regional lymph nodes ulceration

Leiomyosarcoma: most common CT findings:

* bulky tumour
* large tabulated exophytic soft tissue mass
* central necrosis
* when liquified it appears as fluid-fluid cyst.
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Primary Adenocarcinoma of the GIT are char-
acterised by the following CT features:

* involves stomach and colon most commonly
* the small bowel is an uncommon location and

involves the proximal duodenojejunal segment
mainly.

* short bowel segment is involved most often.
* the mass is mostly eccentric focally.
* circumferential asymmetric thickening is common.
* irregular outline.
* wall thickness often more than 2cm.
* heterogenous enhancement of the tumorous lesion,

after I.V. contrast injection.

Lymphoma: most common CT findings:

* mural soft tissue mass lesion
* concentric wall thickening
* longer segment of bowel involved
* tabulated outline
* sharp margins
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Imaging of the Ileo-Caecal Region

Dr G R Jankharia

Bombay, India

Ileo caecal region (ICR) is one of the most important
medical point anatomically, physiologically, and
pathologically in the body and its evaluation has been
a constant challenge to the clinicans, surgeons and
radiologists. Before discussing various imaging
modalities a brief review of the pertinent anatomical
points would be useful.

Caecum: It is a large cul-de-sac widest in diametre
and a meeting point of terminal ileum and colon. It is
mobile and its shape varies. Anatomically 4 shapes
are described and it is important to remember these so
that no misinterpretation occurs during imaging.

Type I: '
The tip is conical, tubular and appendix arises from
the tip (2%).

Type II:
Quadrate by outgrowth of the saccule on each side,
saccules are of equal size and appendix arises be-
tween them instead from the apex (3%).

Type III:
Normal type (90%) were the saccules are of unequal
size. Right or lateral being bigger than the left or
medial because of the unequal size of the saccule a
new apex is formed by the downward growth of the
right saccule and original apex where appendix is
attached is pushed to the left very near to the ileo
caecal region.

Type IV:
It is the exaggerated condition of the 3rd type. The
right saccule is very big and the left has atrophied so
that the original apex with vermiform appendix is
very close to the ileo-caecal region.

Ileo-caecal Vale (ICV)

1. It is situated at the junction of the caecum and
colon.

2. It has two lips upper lip is almost horizontal and
is attached to the line of the junction of the ileum
to the colon. The lower lip is large and concave
and is attached to the line of the junction of (he
ileum with caecum.

3. It acts like a sphincter and its mean resting
pressure is almost 2 mm Hg above the colonic
pressure.

4. Splanchnic vagal nerve stimulation as well as
caecal distension increases sphincteric pressure

5. The terminal ileum is directed horizontally and
si ightly downward and forms a slot like orifice in
the caecum

6. The lips of the ileo-caecal valve are thicker in
children due to more lymphoid tissue.

Vermiform Appendix: A narrow worm shaped tube
which arises from the posterior medial wall of the
caecum, 2 cm or less below the opening of the ileum.
It is very variable in position.

It may be:

1. Retro-caecal or retro-colic.

2. Pel vie in posi tion very near to the right ovary and
fallopian tube

3. Below the caecum-sub caecal

4. In front of the terminal ileum and thereby in
contact with the anterior abdominal as well

5. Behind the terminal part of the ileum.

Its length varies from 2cm to 20cms. It is longer in
children than in the adult. It may atrophy and become
smaller after mid-adult life.

91



Imaging modalities available for ICR arc:-

1. Plain Radiographs

2. Ultrasound
3. Barium Studies - Meal, Enema
4. C T Scan
5. Angiography
6. Isotope Scanning

Plain Radiographs - The role of the plain radio-
graphs is declining in every system of the body and
ICR is no exception. Plain erect films may be useful
in the caecal volvulus, intussusception and shows a
small fluid level in the acute appendicitis.

Calcification in the appendix is very rare.

Perforation will show free air in the peritoneum.

Ultrasound - Role of ultrasound in gastro intestinal
diseases is fairly well established and accepted. Ul-
trasound of ICR may show any of the folio wing signs
depending upon the nature of the lesion and area
involved.

Routine transabdominal sonography as well as graded
compression US may be carried out.

Acute appendicitis:

A. Detection of the fluid filled distended appendix
> 6 mm in diameter

B. No peristalsis, non compressable.

C. No change in the shape, position in oblique,
transverse and longitudinal planes.

D. Peri-caecal inflammatory changes and/or abscess
in the absence of an abnormal appendix.

The pathology in the terminal ileum or caecum may
show hypo echoic mass, exophytic, pseudokidney
sign, bowel wall thickening, small ascites, nodularity
of the bowel wall, target sign.

The ultrasound findings are non-specific and they
must be supplimented by C TScan or Barium Studies.

Barium Studies: Despite the availability of cross
sectional imaging like C T Scan, Ultrasound, MRI,
Barium studies still have strong foothold in the evalu-
ation of the GI problem and more so for the imaging
of the ileo-caecal region. Diseases involving only
caecum are malignancy, amoebiasis and benign
tumors.

Disease involving caecum and terminal ileum are all
granulomas be it tuberculous. Crohn's sarcoidosis
etc. Distinction between Crohn's and tuberculosis is
very important but at times very difficult

Tuberculosis
1. Endemic areas

2. Stricture with
proximal
dilatation

3. Contraction of
caecum, taking up
of the ICV and
shortening of the
caeco-colic
junction.

4. Response to
antikoch's
treatment.

Crohn's
More common in
western countries
Narrowed segment with
nodularity but no signi-
ficant dilatation

Contraction is not a
feature of Crohn's
disease

No response.

C T Scan : C T Scan may show

1. Fluid collection
2. Thick wall -> 1 Omm is suggestive of malignancy
3. Mass effect with obliterated lumen or narrowed

lumen.
4. Wall enhancement by IV contrast agent
5. It will show para intestinal compartments and

lymphnodes
6. Calcification suggests mucinous adenocarcinoma
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Angiography: In lower G.I. tract bleeding acute or
chronic, site of bleeding can be demonstrated by
angiography if bleeding is 0.5 ml/min. The cause of
bleeding like A.V. malformation acquired angio-
dysplasia, ischemia, inflammation, ulceration, benign
or malignant tumors, A.V. fistula, visceral artery
aneurysm, etc may be demonstration.

Radionuclide: Isotope scanning is useful to deter-
mine the state of haemorrhagic activity with higher
sensitivity than angiography and can detect bleeding
as little as 0.1 ml/min.

Summary: Ultrasound and barium studies - meal or
enema can demonstrate the abnormality in the ileo-
caecal region in 90 to 98% of the patients. CT helps
in staging of the malignancy and gives over all view
of the spread of the disease.
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Diagnostic Imaging of Inflammatory Bowel
Disease

Jacques W.A J . Reeders

Academic Medical Center, Amsterdam,
the Netherlands

The diagnosis of Inflammatory Bowel Disease (IBD)
is based on the contrast enema and/or colonoscopy
and is supported by the patient's history, theabdominal
and digital rectal examinations.

Ulcerative colitis (UC) and Crohn's colitis (CC)
comprise 90% of all cases of chronic IBD and are the
most important considerations in differential
diagnosis. Both diseases are idiopathic since neither
aetiology norpathogenesis is completely understood.
Each condition is associated with rather specific, but
overlapping constellation of clinical pathologic,
endoscopic and radiological findings.

Double contrast barium enema (DCBE) and colono-
scopy play an established role in the evaluation of
patients with inflammatory disorders of the large
bowel. The indications for diagnostic evaluation of
IBD are:

- determination of the extentand/or grade of activity
to rule out cancer and/or follow-up after surgery
for cancer
differentiation from other inflammatory diseases.

Detecting these colonic processes by visualizing the
full extent of patho-anatomic changes is the primary
goal of the radiological/endoscopic examinations.

Thorough bowel preparation and a good double
contrast technique are mandatory as is an adequate
contrast solution. Recognizing and distinguishing
both conditions are of therapeutic and prognostic
consequence. Although UC and CC are the inflam-
matory diseases most frequently identified by radio-
logy or endoscopy, underlying infections or identifi-
able causes of the colitis should be excluded.

In our series (Academic Medical Center, Amster-
dam) a statistical analysis of 699 colonic segments in
99 patients (UC: 48; CC: 51) showed a substantial to
almost perfect agreement of DCBE and colonoscopy
in >80%.

DCBE is superior to endoscopy in observing structural
abnormalities (deformity, strictures and fistula).
Colonoscopy is superior to DCBE in observing
mucosal abnormalities (small superficial ulcerative
lesions, abnormal mucosa surrounding ulcers).
Although DCBE and endoscopy provide a wealth of
information regarding the mucosa (e.g. aphthoid
lesions, ulcerations, cobblestoning, pseudopolyps
etc.), ultrasound and computed tomography can
provide an important additional diagnostic prospec-
tive. These modalities have proven to be superior in
recognizing intramural, serosal and mesenteric
changes, including thickening of the intestinal wall of
serosa, fibrofatty prolifration of the mesenteric adipose
tissue, inflammatory changes of the surrounding
mesentery and mesenteric lymphadenopathy. Clini-
cally these modalities are very helpful in assessing
space occupying masses or displacement of intesti-
nal/colonic segments.

There are insufficient data at present to establish the
utility of MR imaging in the evaluation of patients
with IBD. MR Imaging quality is generally degraded
by gross movement artefacts caused by respiration
and intestinal motility. Furthermore, appropriate
intraluminal contrast media have yet to receive the
first marketing approvals in different countries.

Angiography plays no further role in the diagnosis of
IBD; it was, however useful in differential diagnosis
several years ago.

In approximately 10-15% of patients with IBD, clini-
cal and colonoscopic findings, pathologic character-
istics or changes seen on CDBE studies do not pro-
vide sufficient information to distinguish between
UC and CC. Such cases are occasionally termed
"indeterminate colitis".
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MRI in Gynaecology

Kaori Togashi

Japan

Magnetic resonance imaging has been established as
one of the noninvasive, practical methods to examine
the female pelvis. The course will briefly introduce
the fundamental findings of MRI devaluating gynae-
cologic diseases.

i. Physiologic changes
The MRI appearances of the uterus changes
markedly by many physiologic effects, such as
age, menstrual cycle, exogenous and en-
dogenous hormonal status. The effects of
endogenous and exogenous hormonal condi-
tions are remarkable. If the uterus appears
unusual for the patient's age, hormonal effects,
for example administration of Tamoxifen, as
well as organic lesions must be considered.
Uterine contraction is another pitfall, which is
problematic in the evaluation of leimyomas
and adenomyosis.

ii. Benign uterine lesisons
Leiomyomas are by far the most common
benign disease of the uterus. Leiomyoma
typically is sharply marginated, and is a rounded
mass with either a homogeneous or a speckled
low intensity on T2-weightea images. Although
typically low, the signal intensities of the lesion
can be variable according to the extent of
vascularity, cellularity, and degeneration.
Differential diagnosis ofleiomyomas includes
variable lesions. We must distinguish intra-
mural lesions from adenomyosis, subserosal
lesions from ovarian tumors, and submucosal
lesions from endometrial polyps etc. MRI is
able to distinguish leiomyomas from adeno-
myosis, and from solid ovarian tumors. On the
other hand, it is difficult to distinguish cystic
leiomyoma from cystic ovarian tumor, or

hyperintense leiomyoma from endometrial
pathology, or leiomyoma from leiomyosar-
coma.

Adenomyosis appears as an ill-defined, diffuse
low intensity lesion, which extends along the
endometrium. The lesion usually has a flat-
tened configuration, and are frequently associ-
ated with tiny high intensity spots on T2-
weighted images or on both Tl- and T2-
weighted images.

iii. Malignant uterine lesions
MRI can directly show carcinoma of the cer-
vix as a relatively high-signal intensity lesion
on T2-weighted images. The 95% accuracy of
MRI in demonstrating invasive disease has
been reported. Identification of adenoma
malignum is clinically important.

Experience in staging carcinoma has underscored the
contribution of MRI to evaluate parametrial status
and vaginal involvement. Preservation of the low-
signal-intensily ring of cervical stroma is a reliable
indicator of the absence of full-thickness stromal or
parametrial involvement. Segmental disruption of
the ring indicates full-thickness stromal invasion.

Endometrial carcinoma is identifiable by an abnor-
mal thickening or lobularity of the central high-
intensity zone. The lesion typically displays homoge-
neous or heterogeneous high signal intensity on T2-
weighted images. Superficial or small tumors may be
missed if they exhibit the same signal intensity with
the endometrium. Distinction between endometrial
hyperplasia or polyp from carcinoma is impossible,
even by a use of contrast enhancement.

MRI is a promising method of staging endometrial
carcinoma. The most important contribution of MRI
is an assessmentofmyometrial invasion. The complete
preservation of the junctional zone is a reliable sign
that the lesion is confined to the endometrium. The
use of contrast enhancement would still improve the
accuracy of MRI in staging endometrial carcinoma.
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MRI of Pelvic Mass

Kaori Togashi

Japan

When physical examination or ultrasound is incon-
clusive, MRI can aid in the evaluation of women with
a suspected pelvic mass. MRI is highly sensitive and
specific in prospectively diagnosing leiomyomas,
dermoid cysts and endometriomas. By identifying
these common benign gynecologic condition, unnec-
essary surgery can be avoided.

i. Solid pelvic masses
Solid pelvic masses present highly common
and difficult diagnostic problems. Many of ihc
subserosal leiomyomas have been operated on
just to exclude the possibility of solid ovarian
tumors. Both conditions can be distinguished
with MRI.

Leiomyomas typically image with a low inten-
sity, and solid ovarian tumors usually image
with a relatively high intensity. Fibromas are
the rare exceptions, but they are exclusively
benign and the similarity to leiomyomas are
not clinical problem. Some malignant ovarian
tumors, dysgerminomas and metastasis may
have a relatively low intensity. So, it is impor-
tant to be very cautious when a diagnosis of
leiomyoma will be established based on signal
intensity alone.

Supply vessels are another helpful means. The
supply vessels coming directly from the adja-
cent myomelri urn will suggest the myomctrial
origin of the mass, even if the signal intensity
is not sufficiently low. The supply vessels
coming from dilated ovarian vessels may
indicate a diagnosis of solid ovarian tumors.

In addition, the maldistribution of the solid
portion indicates where the lesion is well
supplied, in other words, where the lesion is

originating from.

ii. Cystic pelvic mass
With MRI, a specific diagnosis of fat and
blood can be made. It means we can make an
accurate diagnosis of dermoid cysts and hem-
orrhagic masses, including endometriomas.
Dermoid cysts are exclusively benign, and
endometriomas are basically nonneoplastic.
So, an accurate diagnosis of these lesions may
help obviate or postpone surgery under certain
clinical conditions.

Fat has a relatively characteristic signal inten-
sity, a prominently high intensity on Tl-
wcightcd images. The signal intensity of fat
may be confused with that of aged blood, but
they are easily distinguished on fat-saturated
i mages. In addition, fat is always accompanied
by a chemical shift artifact at the interface with
other tissue. Endometriomas typically exhib-
its prominently high intensity on Tl-weighted
images, which is the signal intensity of blood
itself. The other important imaging features
are "multiplicity" of the cysts, and "shading".

MRI is no more successful than other imag-
ing modalities in making specific diagnosis of cystic
pelvic mass except for endometrial cyst and dermoid
cyst. Stillmore it is difficult to tell benign from
malignant. The criteria for malignancy must depend
on morphological criteria as with other imaging
modalities. Although protein concentration strongly
affects the signal intensity of the fluid, this unique
feature of MRI is usually not sufficiently specific to
make a diagnosis. Sometimes, this unique feature of
MRI can be even a disadvantage, as the signal inten-
sity of thick fluid may mimic that of solid tissue. The
use of contrast enhancement dissolves this problem.
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MRI Staging of Uterine Cervical Carcinoma
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Seoul National University, Seoul, Korea

Uterine cervical carcinoma is one of the most com mon
gynecological malignancies and one of the most
frequent causes of death in women. The disease
typically begins at the squamo-columnar junction. In
younger women, the tumor is characteristically exo-
phytic, whereas in older women it is often endo-
cervical due to the proximal m igration of the squamo-
columnar junction. The staging of the uterine cervical
carcinoma usually follows the International Federa-
tion of Obstetrics and Gynecology FIGO) staging
system which was revised in 1988. Accurate preop-
erative staging of uterine cervical carcinoma is cru-
cial in determining the mode of treatment. Still FIGO
does not allow CT or MRI as part of the staging
process, but CT has been commonly used in staging
of uterine cervical carcinoma. Recently, a number of
studies have shown MRI to be superior to CT for
preoperative staging of uterine cervical carcinoma.

MRI findings in the normal uterus and vagina have
been well described. On T2-weighted images, the
normal uterine cervix hasa high-signal-intensity center
corresponding to endocervical canal, an adjacent
low-signal-intensity periphery corresponding to fi-
brous cervical stroma, and an outer intermediate-
signal-intensity zone that is continuous with the
myometrium.

In case of uterine cervical carcinoma, high-signal-
intensity tumor is well contrasted against the back-
ground of low-signal-intensity cervical stroma on
T2-weighted MR images is regarded as a reliable
indicator that full-thickness tumor involvementof the
cervical stroma and parametrial invasion are not
present In most studies, comparing MR findings of
preservation or disruption of the low-signal-intensity
stripe of cervical stroma on T2-weighted images and
parametrial status on surgical-pathologic findings,

MRI has 100% sensitivity and 100% negative
predictive value but a significantly lower than 100%
positive predictive value in determining parametrial
invasion. This MR finding of preservation of a low-
signal-intensity stripe on T2-weighted image is of
great value in the exclusion of parametrial tumor
invasion.

The greatest impact of MR imaging on the staging of
uterine cervical carcinoma is in the evaluation of
parametrial status, which has been one of the most
significant limitations of CT staging. This distinction
is crucial because patients with parametrial invasion
are usually not candidates for surgical therapy. A
tumor should be considered as stage IIB when there
are abnormal signal intensity lesions within the
parametrial region with complete loss of the low-
signal-intensity cervical stroma. Disruption of the
low-signal-intensity stripe of cervical stroma alone
without abnormal signal intensity lesion in para-
metrium on T2-weighted image cannot be used as an
indicator that parametrial involvement is present
The accuracy of MRI for detecting parametrial
invasion has been reported as 88% to 93%.

Vaginal wall invasion is identified by loss of the low
signal intensity of the normal vaginal wall on T2-
weighted axial or sagittal image. Vaginal invasion is
associated with extension of tumor through the full
thickness of the cervical stromal ring in the region of
the vaginal attachment Invasion of the anterior and
posterior vaginal wal I is best demonstrated on sagittal
images, whereas invasion of the lateral vaginal fomi-
ces is best demonstrated on axial images. The accu-
racy of MRI for detecting vaginal wall invasion has
been reported as 83% to 93%.

Pelvic side wall invasion is also well demonstrated on
MRI. On Tl-weighted images, there is complete oblit-
eration of the fat plane between the lesion and the
pelvic side wall. On T2-weighted images, abnormal
signal is demonstrated in the substance of the pelvic
side wall musculature. Cervical carcinoma may also
invade adjacent structures such as bladder and rec-
tum. A tumor is considered stage IV A when there is
loss of the low signal intensity of the normal bladder
or rectal wall, especially on T2-weighted sagittal
images.
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Although the presence or absence of pelvic lymph
node metastasis does not affect the FIGO stage, the
finding is one of the most important prognostic fac-
tors in patients with uterine cervical carcinoma. Us-
ing a criteria of minimal axial diameter over Icm,
MRI has an accuracy over 90% in detection of pelvic
node metastasis from uterine cervical carcinoma.

The role of contrast-enhanced MRI in the staging of
uterine cervical carcinoma is not established. Hricak
etal. reported that use of gadopentetate dimeglumine
is helpful only in advanced cases of cervical carci-
noma and that contrast enhancement in MRI may
result in overestimation of stromal, parametrial,
vaginal, and/or bladder wall invasion. We think that
the contrast enhancement is helpful in differentiating
small pelvic lymph nodes from blood vessels.

In conclusion, MRI is the best imaging modality for
staging of uterine cervical carcinoma at this moment.
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Hysterosalpingography

Sven Dorph

Department of Radiology,
Herlev University Hospital, Copenhagen, Denmark

Indications
In Denmark, hysterosalpingography (HSG) is done
almost exclusively for infertility. However, this will
inevitably include a number of indications more or
less related to infertility, such as:

• Congenital malformations
• Intrauterine synecchiae
• Intrauterine fibromata and polyps
• Tubal surgery (pre- and post)
• Location of IUD (supplementary to ultrasound)
• Recurrent abortion
• After laparoscopic sterilization

Some authors also use HSG in other gynecological
conditions such as abnormal intrauterinc bleeding,
unexplained pelvic pain and for staging of endo-
metrial carcinomas.

HSG is best regarded as apurely diagnostic procedure,
although it may occasionally be therapeutic by
facilitating pregnancy. However, HSG technique is
now used increasingly as guidance for negotiating
isthmic tubal stenosis or occlusion. Promising results
of such procedures in terms of fertilization have been
published during recent years.

The diagnostic potential of HSG is greatly supported
by the frequent correlation with pelvic ultrasound and
laparoscopy. MR of the female pelvis - when more
generally available - will also play an important role.

Contraindications
• Pelvic inflammation
• Pregnancy

Preparation
HSG is only done during the follicular phase of the
menstrual cycle, i.e. after cessation of the menses and
before ovulation (6th - 12th day of the cycle). We

formerly required a normal sedimentation rate
immediately before the examination, but have dis-
continued this. A vaginal examination is done
immediately before HSG to exclude acute pelvic
inflammation and to determine the orientation of the
uterus. Prophylactic antibiotics are not advisable.

HSG is unpleasant to the patient in the sense that it
entailsaconsiderableinvasionofthepatient'sprivacy,
and that it causes discomfort and, in some patients,
even pain. Therefore, HSG requires careful instruc-
tion and particularly thoughful handling of the patient.

Technique
The many different techniques used indicate that
there is no unanimously carried standard and that the
discomfort to the patient cannot be completely
removed. The technique should secure a safe delivery
of contrast medium to the uterine cavity under some
pressure, and allow slight traction on the uterus to
facilitate contrast medium injection and present the
uterus in the best way possible for radiographic
exposure.

1 Metal cannulae with an acorn of rubber or
metal to be introduced into the cervical ostium
is a safe method. It requires grasping of the
cervix with a forceps.

2. Vacuum cannulae have a cup applied to the
cervix by suction and a central cannula for
contrast medium injection. No forceps is
needed. However, there are cervices which
will not fit to any cup, with resultant change to
alternative technique and strain to the patient.

3. Ballooncatheters(8or lOFr.Foley or specially
designed rigid balloon catheters) are introduced
through the cervical ostium, possibly without
the use of a grasping forceps, with the inflated
balloon Lying in the lower segment of the
uterus or in the central part of the canal. Prior
dilatation of the canal is occasionally needed.
The technique allows selective catheterization
of the fallopian tubes for negotiating isthmic
stenosis.

The type of contrast medium for HSG has been the
object of much debate during the years. Oily medium
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was used in the old days when the water-soluble
media were toxic, but most authors changed to water-
soluble during the sixties after the triiodinated media
became available. The change was primarily based
on concern regarding serious side effects with the oily
media, such as fever, oil-embolism and granuloma
formation. An obvious advantage of the water sol uble
media is that there is no need for delayed films.

The discussion water-soluble versus oily media has
been revived recently by a Danish group, who
compared the low viscosity poppy seed oil with both
a high osmolar and low osmolar ionic and a non ionic
medium in a prospective randomized study of about
500 patients. They found the complication rate
(including pelvic inflammation, vaginal bleeding and
abdominal pain) to be significantly lower and the
pregnancy rate after the procedure significantly higher
with the oily medium than with any of the water-
soluble media. Further investigation and similar results
from other centers are needed to confirm these
observations. Recentanimal studies have shown more
local peritoneal reaction after oily than after water-
soluble media.

Fallopian tube catheterization
The technique was introduced by Thurmond et al. It
entails selective catheterization of the Fallopian tube
with an angiographic catheter and requires the balloon
catheter technique for HSG. High success rates of
catheterizing occluded tubes (80-90%) are also
reported from other groups. The technique allows
visualization of the distal tube when the isthmic
portion is obstructed and provides an opening of
possible intraluminal adhesions, thus serving both a
diagnostic and a therapeutic purpose. The pregnancy
rate varies from 7-31% with quite a few cctopic
pregnancies. Balloon dilatation of stenotic tubes may
improve long term patency. The technique is also

used for direct introduction of garnets and embryos
into the Fallopian tubes undersonographic guidance,
resulting in a higher fertilization rate than can be
obtained by intrauterine delivery.

Besides other HSG complications, tubal perforation
may occur, particularly when the stenosis is fibrotic.
However, it closes spontaneously and prophylactic
antibiotics seem to be effective to prevent sepsis.

The technique is promising, the tools are commercially
available and it will probably soon be adopted by
many.
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Contrast Media in Liver Imaging

H J. Weinmann
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The use of fast CT scanning techniques in combina-
tion with an optimized contrast media injection has
greatly improved the diagnosis of liver lesions. Spiral
CT permits twofold scanning of the liver during both
the hepatic arterial phase and the portal venous phase
of contrast enhancement (biphasic scanning).

However, with the development of faster and artefact
reducing techniques, MRI became more sensitive for
liver diagnosis than conventional contrast enhanced
CT. Comparative studies have shown that gado-
linium-enhanced sinusoid phase MR techniques may
be even superior to invasive CT arterial portography
(CTAP) for the preoperative evaluation of patients
with focal liver lesions.

Focal liver lesions such as metastasis or hcpaio-
cellular carcinoma (HCC) are delineated by using T2-
weighted techniques or contrast enhanced Tl-wcightcd
studies. Nevertheless, the extracell ular contrast agent
available today for abdominal MRI, Magnevist, docs
not display perfect contrast enhancing properties for
the detection of small lesions. Except for their use in
differential diagnosis by means of dynamic studies,
their utilization in screening liver pathologies is
limited.

The goal is to find substances that speci fical ly increase
the contrast between lesions and the normal
parenchyma for a longer period and thus allow better
detectability and characterization of lesions as small
as 3mm in routine MR diagnosis.

All strategies for liver specific agents target the
normal tissue, either the hcpalocytes or the macro-
phages of the reticulo-endothclial system. Two
categories of contrasting substances arc under clinical
investigation; whereas the paniculate supcrpara-
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magnetic (T2-agents) iron oxides (SPIO) decrease
the signal intensity, paramagnetic (Tl-agcnts) metal
chelates increase the signal of the healthy
parenchyma.

After intravencous injection the extremely tiny iron
oxide particles rapidly accumulate in the Kupffer
cells of the liver. Because of the very high para-
magnetic effect of SPIO, the uptake in this small cell
population is sufficient to decrease the signal
intensities of the entire normal liver parenchyma. The
particles dissolve and the metabolized iron enters the
normal iron pathway (ferritin, hemosiderin,
hemoglobin) within days.

Two preparations are currently under clinical
investigation: AMI-25 (FeridexR, Endorem"),
Advanced Magnetics, US A and SH U 555 A, Schering
AG,Germany. Both agents exhbita very high efficacy
after intravenous administration of a very low dose
(- lOnmol Fe/kg body weight corresponding to about
40mg of iron per patient) using T2-weighted proton-
density or even moderately Tl-weightcd techniques.
Generally the efficacy in detecting and differen-
tiating lesions from normal liver tissue is very good;
metastases do not accumulate the particles, but some
accumulation in FNH and HCC has been reported.
The contrast occurs within 45 min after bolus injec-
tion of SH U 555 A or drip infusion of AMI 25 and
lasts for days. Some adverse reactions have been
described using AMI 25.

After i.v. injection, hepatocyte-specific Tl-agents
(MnDPDP [Nycomed, Norway], Gd-BOPTA
[Bracco, Italy] and Gd-EOB-DTPA [Schering AG,
Germany] are subjected toa specific carrier-mediated
accumulation. While the manganese complex,
MnDPDP.and the gadolinium containingGd-BOPTA
are only poorly eliminated by the biliary route, Gd-
EOB-DTPA undergoes equal and complete excretion
in the urine and faeces in animals and man. Clinical
data demonstrate the strong liver enhancement of the
Mn formulation after drip infusion of a very low dose
(10 -unol Mn/kg). Despite the low dose, the adverse
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reaction rate of the unstable complex is relatively
high. On the other hand, Gd-BOPTA has a somewhat
reduced efficacy m clinical trials. A relatively small
amount (2% of dose) undergoes hepatobiliary trans-
port and a dose of 50 to 100 -lmol Gd/kg of the well
tolerated compound is needed for an adequate contrast,
teaching maximum values at about 60 min post
injection. Gd-EOB-DTPA elicits a high contrast at a
much lower dose. Good perfusion characteristics and
specific hepatocyte accumulation are obtained at a
dose of 25(imol Gd/kg. First clinical results
demonstrate an excellent safely profile of this water
soluble hydrophilic gadolinium chclalc. use of the
early perfusion pattern of Gd-EOB-DYPA in
combination with delayed images (-30 min p.i.)
improve the characterization and detection even of
small liver lesions.

Coated with galactose derivatives (eg arabino-
galactan), special iron ox ide particle formulations arc
directed to specific plasma membrane receptors of
hepatocytes, a very low iron dose (2pmol Fc/kg)
exhibited a high efficacy in expericmcntal studies in
animals.

Other strategies such as liposome-encapsulatcd Gd-
DTPA accumulating in the RES, or polymeric Gd-
chelates for perfusion studies of the liver are under
preclinical investigations, neither of the agents has
received marketing authorization. However, it is very
likely that both thcTjandTj compounds will be used
routinely for MRI of the liver in the near future.
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Imaging of Hepatic Lesions by MRI

Yuji Itai

Department of Radiology,
Institute of Clinical Medicine, University ofTsukuba

Ultrasound(US) is obviously the most important
imaging modality in the Held of the liver. MRI is a
tough competitor of CT, which has been used next to
US. Recently, MRI has been proven as a pivot
diagnostic modality especially in liver cirrhosis and
hepatocellular carcinoma (HCC). Recent progress
has made it possible to apply both new pulse sequences
such as fast spin echo and turbo-FLASH, and contrast
agents such as nonspecific Gd-compounds and liver-
specific agents in this field.

1. Liver Cirrhosis
MRI clearly demonstrate deformities of
cirrhotic liver such as atrophy of the right lobe
and hypertrophy of the lateral segment and
caudate lobe just like CT and US. Irrespective
of location, various collaterals induced by
portal hypertension are demonstrated as flow
void without any contrast agent. The unique
aspect of MRI is of ability to depict nodular
lesions noted in liver cirrhosis; regenerating
nodule, adenomatous hyperplasia, and HCC
as well. Regenerating nodules arc well
epresented as low-intensity on T2-weightcd
image. Gradient echo divides regenerating
nodules into with and without hemosiderin
deposit. Regenerating nodules with hemo-
siderin deposit is better depicted by gradient
echo as markedly low-intensity nodule than
spin echo because of magnetic susceptibility.
Regenerating nodules lacking hemosiderin
deposit are demonstrated as high- intensity
nodules on Tl-weighted image due to presence
of thickened and water-rich Glisson sheath of
low-intensity.

2. Hepatocellular Carcinoma
Hepatocellular carcinoma(HCC) has some
characteristic MRI findings compared with
other hepatic tumors.

Signal intensity
Nearly half of HCCs show high-
intensity on Tl-weighted image. This is
partly because of fatty metamorphosis
within HCC. However, majority of such
HCCs actually lack enough fat demon-
strated by fat suppression technique or
even histopathologically. Accumulation
of copper is advocated to be another
possible cause.

Capsule
Nodular HCC has a fibrous pseudo-
capsule of varying thickness. This is
depicted as low-intensity ring on Tl-
weighted image and less sensitively as
low-intensity rim or double (inner low-
and outer high-) intensity rim on Tl-
weighted image, which corresponds to
fibrous capsule and to compressed
hepatic parenchyma, respectively. How-
ever, low-intensity rim can be noted in
other hepatic tumors. Septa within HCC
are also represented as low-intensity
lines within hepatic mass.

Tumor thrombus
Extension of HCC into venous system
is represented as lack of flow void,
which usually shows the same signal
intensity as the primary HCC.

Dynamic study
HCC of nodular or massive type shows
early and transient enhancement of
marked degree in the entire lesion (small
nodular type) or in mosaic-shaped
distribution. Compared with contrast
enhancement at dynamic CT, MRI
usually reveals more prominent and
prolonged enhancement. This is of great
use in detecting new lesions and evalu-
ating lesions treated with chemo-
embolization. It should be remembered
in differentiation from cavernous
hemangioma that enhancement in the
entire lesion can be noted even in late
phase as is the case in metastatic tumor
at enhanced MRI.
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Early HCC and adenomatous hyper-
plasia
Adenomatous hyperplasia has been
suggested as precancerous state, and
appears as hyperintense at TI -weighted
image and hypointense at T2-weighted
image. Multistep hepatocarcinogencsis
has been recently advocated: from
adenomatous hyperplasia, atypical
adenomatous hyperplasia, early HCC,
early advanced HCC and to classical
HCC. Pivot imaging findings in
classification of mullistep
hepatocarcinogenesis are blood supply
to lesion (arterial vs. portal: evaluated
by CT arteriography and CT during
arterial portography), and intensities at
MRI( high - low intensity on both Tl-
and T2-wcightcd image) as well.

Wedge-shaped signal intensity
difference
MRI is sensitive in detecting area of
portal flow stoppage (due to obstruc-
tion or compression of portal vein and/
or hepatic vein, as well as arterioportal
shunt), and represents wedge-shaped
high-intensity area both on T2-wcightcd
image, and on (dynamic) enhanced Tl-
weighted image. This finding is most
frequently noted in HCC, but also in
metastatic tumors and cavernous
hemangioma.

3. Cavernous Hemangioma
MRI is quite useful in the detection and
di f f eren tiation of cavernous hemangioma using
intensity, T2 value, morphology and dynamic
study. Since cavernous hemangioma contains
much stagnant blood, it has high-intensity on
heavily T2- weighted image and long T2 value
as well. Cavernous hemangioma appears as
multinodular, homogeneous mass (inhomo-
geneous with internal cleft in large lesion or at
narrow window width and elevated window
level) and gives spreading and prolonged
enhancement on dynamic study. Recently, it is
clarified that small cavernous hemangioma
may show shorter duration enhancement than
that of large lesion. Thus tiny lesions should be
carefully distinguished from other hyper-
vascular tumors including HCC.

4. Metastatic Liver Tumor
There are no common findings to all metastatic
liver tumors even on MRI. T2 values (especially
determined with echo planar imaging), and
contrast noise ratios are useful for the differen-
tiation between metastatic tumors from colo-
rectal cancer and cavernous hemangioma.
However, some hypevascular metastatic
tumors may mimic cavernous hemangioma
showing hyperintensity on T2-weighted im-
age and prolonged T2 value as well. Still
dynamic study is of great value in differentia-
tion.
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Hepatic Angiography

Osamu Matusi

Kanazawa University School of Medicine,
Kanazawa City, Japan

Hepatic angiography is usually performed for 1) the
detection of small hypervascular tumors, 2) the quali-
tative diagnosis of hepatic space occupying lesions,
3) the preoperative evaluation of vascular system and
anatomy, 4) the evaluation of portal venous flow
dynamics and 5) the transcatheter treatment of tumors
or bleeding.

For the precise diagnosis of hepatic tumors, a combi-
nation of CTand arteriography or ultrasound after the
intraarterial injection of carbon dioxide microbubbles
(CO2 angiography) is carried out at many Japanese
institutions. There are three combinations of CT and
arteriography. One is CT during the injection of
contrast medium into the hepatic artery, which is
called CT arteriography. Another combination is
called CT during arterial portograpy (CTAP), in
which 70 to 100 ml of contrast medium is infused into
the superior mesenteric artery during the sequential
scanning of the liver with incremental movement of
the table. The last is CT 1 to 2 weeks after intraarterial
injection of poppyseed oil (Lipiodol), which is called
Lipiodol CT.

The techniques, indications, and usefulness in the
detection and differential diagnosis of hepatic tumors
of these angiographic methods will be discussed.
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Scope And Limitations Of Ultrasound in
Obstructive Jaundice

Mukund S Joshi

Tata Memorial Hospital, Bombay, India

Imaging is essential in all patients with suspected
obstructive jaundice. The ability to accurately distin-
guish obstructive from non-obstructive jaundice has
made sonography an accepted screening procedure in
a jaundiced patient. The role of sonography has
further enhanced because of the availability of newer
machines with excellent resolution. In a way this has
made the task of the ultrasonologist more challenging
though relatively easier. Excellent additional infor-
mation can now be obtained by Duplex/Colour
Doppler imaging in distinguishing between vascular
and non-vascular tubular structures. It is now possible
to routinely image normal intrahepatic biliary radicles.
A good few workers advocate the use of Color Flow
imaging along with real time study to visualise early
biliary dilatation. This is advocated to distinguish
between intrahepatic vessesl and biliary radicles. It
has become especially important to use Color flow
imaging since it is now known that the anatomic
relationship between the biliary tree and the portal
venous system is variable. The previously thought of
view that the bile ducts are always anterior to the
portal vein does not hold true anymore and it is
occasionally observed that the bile ducts are located
posterior to the portal veins. Color flow imaging is the
answer to such problems.

The intrahepatic biliary ducts can now be visualised
and are considered to be normal if they are 2.0 mms
or less in diameter or not more than 40% of the
diameter of the accompanying portal vein. This is in
contrast with the previous belief that only portal veins
were visible within the portal triad of the hepatic
parenchyma. The ability of ultrasound to delineate
both intra as well as extra hepatic biliary dilatation is
the outstanding feature of this imaging modality. It

has also been shown that biliary dilatation does not
occur simultaneously throughout all branches of the
biliary system. Gross intrahepatic duct dilatation is
easy to determine by sonography and the appearance
has been classically described as 'Too many tubes".

The questions that ultrasonologist has to answer are:

1. Is there biliary dilatation?
2. What is the level of the obstruction?
3. What is the aetiology of the obstruction?
4. Can any interventionalprocedurebe done under

ultrasound guidance to bypass the obstruc-
tion?

Dilatation of the intraphetic biliary tree depends
upon:

1. Duration of the obstruction
2. The intrahepatic pressure generated by the

obstruction
3. The distensibility of the common hepatic duct
4. The elasticity of the surrounding hepatic

parenchuma. (Cirrhotic patients may have high
grade haptic duct obstruction while little or no
intrahepatic dilatation)

As obstruction progresses biliary dilatation can be
definitely detected onm ultrasonography. This dilata-
tion precedes the onset of jaundice and involves the
extrahepatic ducts before the intrahepatic ducts. It
may be said here that biliary obstruction should not be
confused with biliary dilatation. Obstruction can be
present without dilatation in the course of the disease
or in cases where there is intermittent obstruction eg.
common bile duct calculus. Likewise dilatation can
also exist without obstruction as seen in patients with
surgical decompression of bypass. Another situation
in which the common bile duct may remain margin-
ally dilated is after cholecystectomy. Thus the role of
ultrasonography in obstructive jaundice is signifi-
cance in detecting pathological lesions such as
intrahepatic masses, porta hepatis lymphadenopathy,
cholangiocarcinomas, calculus disease, pancreatic
neoplasms, cholcdochal cysts etc.
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The expanding spectrum of therapeutic options for
the jaundiced patient has made a precise assessemnt
of etiology, location and extent of the disease manda-
tory in choosing the correct therapeutic approach. In
our studies, we found ultrasonography to be highly
accurate in diagnosing the level of obstruction, with
the accuracy being higher in cases of low level
obstruction. Evaluation of the gall bladder and
pancreatic duct was helpful in this regard, as dilatation
of these structures is a pointer to the presence of low
level obstruction. At the Tata Memorial Hospital,
which is a premier institution for cancer in India,
ultrasound remains the initial modality of investiga-
tion in a patient suspected to have obstructive
jaundice.

The imaging of obstructive jaundice by
ultrasonography helps not only as a screening
procedure but in the diagnosis of the disease, the level
of obstruction and intervention. This enables the
clinician to choose the adequate method of managment
in severely ill patients.
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Overview on Staging of Cholangiocarcinoma
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If there was any major revolution inGastroenterology
in recent years, than this statement is true for the
preoperative staying and treatment of cholangio-
carcinomas. Revolution is based on completely new
and significant diagnostic procedures as well as on
sophisticated new endoscopic and surgical techniques.
Progress has been made not only in the surgical
management of ampullary or pancreatic head
carcinoma but especially of bifurcation tumors. Due
to the exact knowledge of liver anatomy and its
related functions, radical surgery with good long-
term results is nowadays available even in patients
with Katskin II tumors under the precondition that an
exact preoperative diagnosis has been made. ERCP is
a sensitive and specific diagnostic procedure which
allows an exact diagnosis of the extent of cholangio-
carcinoma.

PTC techniques may overcome problems in cases
where ERCP by the duodenal route is not feasible.

Whereas these techniques are invasive procedures
with the potential of different complications like
pancreatitis, cholangitis and bleeding, transabdomi-
nal ultrasonography is a noninvasive, widely appli-
cable technique and today represents the first choice
for the diagnostic decision-making in biliary diseases.
With a sensitivity and specificity of up to 90% in
experienced hands, ultrasonography is nowadays
indispensable. Duplex Doppler ultrasonography
(DUS) has been shown as accurate as angiography in
diagnosing major portal venous confluence (PVC)
involvement and seems nowadays the examination
of choice in our hospital for preoperative evaluation
of PVC involvement in liver hilum and pancreatic
head carcinomas.

Other sophisticated techniques like dynamic CT,
angiography, Hidascan or endo ultrasonography may
contribute to the final diagnosis of cholangiocarcinoma
in only selected cases.

In contrast to former times, the cause of obstructive
jaundice today can be found in just a very short period
of time (< 2 days) thus reducing the time-lag for the
necessary therapy. Techniques like ERCP and PTC in
addition are not only - with DUS - the precondition
for the final diagnosis, but also in many cases establish
the first step for the therapeutic procedure.
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Recurrent Pyogenic Cholangitis

Lilian Leong and S. T. Fan

Queen Mary Hospital, Hong Kong

Recurrent Pyogenic Cholangitis (RPC), also known
as Oriental Cholangiohepatitis, is a disease of the
Orient especially affecting the Chinese. In contrast to
gall stone disease seen in Western countries, RPC
affects a younger age group of the lower socio-
economic classes with male and female equally
susceptible.1 Despite a recent decline in overall
incidence, it remains one of the common causes for
hospital admission.2

The condition is characterized by repeated attacks of
bacterial infection of the biliary tree as a result of bile
stasis from stone or / and strictures in the bile ducts,
especially in the intrahepatic segment. It is possibly
caused by an enteric infection with the organism
entering via the portal circulation.3

The imaging features are related to the primary patho-
logical changes, i.e. infection, stones formation and
strictures of the bile ducts, and their consequences,
like biliary dilatation, poor or excessive biliary
branching.peribiliaryfibrosis with irregular strictures,
hepatic necrosis, abscess and tumour formation.4

Gall bladder is diseased in 20% of patients.1 Acute
pancreatitis is also associated with RPC in 20% of
cases'

Imaging4"' is employed to confirm the diagnosis in
rare equivocal situation and most importantly in
mapping out the ductal anatomy and in delineating
the extent and severity of the disease to assist in the
selection of the best form of treatment.10

Endoscopic retrograde cholangiopancreatography
(ERCP) and percutaneous transhepatic cholangio-
graphyare the directcholangiographic methods. Being
invasive, with possible complications like acute
cholangitic attacks and sepsis, they are usually not
employed in acutely ill cases. Also ERCP may not be
suitable for patients with hepatico- or cholcdochoje-
junostomy.

sonography and computed tomography are valuable
in acute situation, as well as in chronic stage. These
cross-sectional imaging techniques are useful in as-
sessing the status of the biliary duct,4"8 presence of
stones, liver abscess and tumour. They can also assess
the status of parenchymal atrophy or evidence of
portal hypertension. Gallbladder and pancreas can
also be imaged. They are complimentary to direct
cholangiography and are useful for interventional
guidance79

Updating in the current radiological approach and
management of RPC patients in Hong Kong will also
be discussed.
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CT and Ultrasound in Clonorchiasis

Dr. Jae Hoon Lim

Samsung Medical Center, Seoul

Clonorchiasis is a trematodiasis caused by chronic
infestation* of liver flukes, Clonorchis sinensis. The
adult flukes reside in the medium-sized and small
intrahepatic bile ducts and, occasionally, in the extra-
hepatic bile ducts, gallbladder, and pancreatic duct.
The result is mecnanical obstruction, inflammatory
reaction, adenomatous hyperplasia, and periductal
fibrosis. Signs and symptoms are usually mild and
nonspecific, but heavy infestation results in obstruc-
tive jaundice.

Adult flukes living within the medium-sized and
small intrahepaticducts (i.e..tertiary,quaternary, and
more peripheral tributaries) produce mechanical
obstruction and inflammatory reaction.

In the early stage, edema and desquamation of
epithelium, proliferation of bile ducts, and an
inflammatory reaction occur. In the later stage, mcia-
plastic squamous cells appear in conjunction with
glandular proliferation, resulting in adenomatous
hyperplasia. Bile ducts become dilated, thick, and
infiltrated withlyrnphocytes.plasmacells.histiocytes,
and fibroblasts. In heavy infestations, the main bile
ducts and gallbladder are involved. Later, marked
periductal fibrosis occurs with pronounced thicken-
ing of the walls of biliary passages.

The small or medium-sized intrahepatic bile ducts are
dilated diffusely. However, the extrahepatic bile ducts
are not dilated or are slightly dilated. Dilatation of
smaller bile ducts most likely is caused by the fluke
itself. The 8-to 1 5-mm fluke or aggregates of flukes
easily could occlude small peripheral ducts, but larger
ducts such as right and left hepatic ducts and extra-
hepatic ducts are wide enough to be patent, even if

flukes are lodged within them. However, the mecha-
nism of obstruction cannot be explained on the basis
of fluke size alone, as the flukes are flat, l.S-S mm
thick. Adenomatous hyperplasia, mucus in the bile
ducts caused by cholangitis, and periductal fibrosis
and stricture may play additional roles in the occlu-
sion of ducts and the resultant dilatation of proximal
intrahepatic ducts.

Sonographic and CT findings are based on the same
pathologic processes as cholangiography (i.e., flukes
within the dilated bile ducts and periductal changes).
Flukes within the bile ducts usually are difficult to
show with sonography and CT. With the advent of
newer high-resolution sonographic equipment, the
flukes or aggregates of flukes can be shown as a
nonshadowing echogenicfocus or case within the bile
ducts. The bile ducts may be obstructed.

Flukes within the gallbladder are much easier to see.
The gallbladder may have floating or dependent,
discrete, nonshadowing echogenic foci in the lumen.
Usually flukes sink in the dependent portion, but float
with a change in position or a light blow on the
gallbladder with the transducer, thechange in position
or the light blow causes swirling movement of bile
within the gallbladder, and the flukes float Flukes
occasionally float sponaneously, and these motions
are considered to be caused by the movement of
living flukes. These discrete, echogenic foci are not
considered stones because they are fusiform, weakly
echogenic, and noshadowing.

CT is of little value in the delineation of flukes. To the
best of my knowledge, no description concerning CT
visualization of flukes in the bile ducts or gallbladder
has been published. CT of some patients may show
high-density foci scattered within the dilated intra-
hepatic bile duels, assumed to be aggregates of flukes.

As with cholangiograms, sonograms and CT scans
show diffuse, uniform dilatation of the small intra-
hepatic bile ducts with no or minimal dilatation of the
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large bile ducts and no focal obstructing lesion. This
characteristic finding of clonorchiasis is not encoun-
tered in other bile duct diseases, such as tumors along
the bile ductorcholedocholithiasis, as discussed with
cholangiography.

Clonorchiasis could be suspected with a high degree
of confidence on the basis of dilatation of the peri-
pheral intrahepatic bile duct without dilatation of the
extrahepatic bile duct.

Thickening of the bile ducts can be shown with
sonography and CT. Adenomatous hyperplasia,
inflammatory cell infiltration, and periductal fibrosis
produce diffuse thickening of the bile duels.
Sonograms show diffuse cchogcnic Ihickcning of
bile ducts. When the transducer is parallel to the bile
ducts, the thick wall of the bile ducts can be seen as
echogenic bands. When the transducer is tangenital to
the direction of the bile ducts, the thick bile ducts
simulate echogenic nodules. However, in clonor-
chiasis each nodule has a small echolucent centre
representing a dilated duct. The overall hepatic echo-
genicity becomes coarse.
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RoleofC.T.inHCC

M. Ngan

The University of Hong Kong, Queen Mary Hospital,
Hong Kong

Hepatocellular carcinoma (HCC) is extremely
common in South-East Asia and Southern Africa. It
is the second commonest cause of death from
malignancy in Hong Kong and is probably the most
common cancer in the world affecting men with an
estimated annual incidence of 1 million. In a study of
360 symptomatic cases, 28% of the HCCs were
solitary, 34% multicentric and 38% diffuse in type.

Computerized tomography (CT) is a most helpful
modality in the imaging of HCC, but it must at times
be complemented by hepatic angiography and portal
venography. CT demonstrates accurately the site and
extent of the tumour and detects the presence of
daughter nodules. Intravenous contrast enhancement
increases the detectability of the tumour in 26% of
cases of HCC but decreases the detectability in 16%.
In the remainder, contrast has no effect on the dctect-
ability. Both non-contrast and contrast enhanced CT
should therefore be done to maximise the sensitivity
of the technique. An HCC is usually hypodense on
CT, but may occasionally be hyperdense or even
isodense, especially the diffuse type. After contrast,
there is usually non-homogeneous enhancement of
the tumour, which remains hypodense relative to the
normal liver. Necrosis is frequently present within
the centre of a large tumour. HCC of the diffuse type
may sometimes be difficult to detect on CT, and the
diagnosis in such cases can only be made by hepatic
angiography. However, the appearance of HCC is
often non-specific on CT and may be indistinguish-
able from metastases, cholangiocarcinoma, benign
adenoma or focal nodular hyperplasia, unless the
serum alpha foetal protein is above the diagnostic
level of 400-500ng/ml. Hepatic angiography and

portal venography, on the other hand, may
demonstrate the more characteristic features of HCC
such as the presence of pathological tumour arteries,
tumour blush, vascular lakes and channels, early
occlusion of branches of the portal vein, occlusion of
the main portal vein, arterio-venous shunting, portal
vein egurgi tation and the "thread and streak" sign. CT
is most helpful in providing guidance in fine needle
aspiration biopsy and trucut" biopsy of a focal lesion
in the liver suspected to be a HCC. Since the main
portal vein and its major intrahepatic branches, the
hepatic veins and inferior vena cava can normally be
visualized by contrast enhanced CT, involvement of
these vessels by tumour can often be detected. While
involvement of the main portal vein precludes any
tumour resection, transcatheter arterial
chemoembolization is contraindicated in the presence
of complete occlusion of the main portal vein and
intrahepatic arterio-venous shunting. CT also dem-
onstrates the presence of enlarged metastatic lymph
nodes in the porta hepatis or coeliac axis. Thus CT
shows not only the topographic relationship of the
tumour with the major vessels, but also helps to
determine if the tumour is resectable.

Since most HCCs are inoperable by the time they
present with symptoms, Lipiodol CT has been intro-
duced to detect the tumour while it is relatively small
and hopefully still resectable. In this technique, 2-5ml
of Lipiodol ultrafluid is selectively injected into the
common hepatic artery or coeliac axis at the end of
conventional hepatic angiography, followed by CT
of the upper abdomen 1 to 2 weeks after the injection
of the Lipiodol. Sixty patients were studied with
Lipiodol CT in our institution. Most of these patients
were hepatitis-B surface antigen positive and had
chronic hepatitis, cirrhosis or a previous hepatic
resection for HCC. Lipiodol CT was undertaken
cither because of persistent elevation of the serum
alpha foetal protein above 20ng/ml or because of
suspicious ultrasonography of the liver on routine
follow-up at 3-6 monthly intervals. In the presence of
acontractedcirrhoticliver.a small HCCoradaughter
nodule may be difficult to detect with conventional
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CT or even with angiography. After injection, the
Lipiodol accumulates in an HCC and enhances the
differentiation of the tumour from normal liver
tissue. There were two patterns of uptake of the Lipio-
dol within the HCC: dense homogeneous uptake or
dense patchy uptake at the periphery and/or centre of
the tumour. When dense homogeneous uptake
occurred within a lesion, the chance of it being HCC
was high with the post-test probability being 92.8%.
In the presence of elevation of serum alpha foetal
protein, this pattern is highly diagnostic of HCC.
When dense patchy uptake occurred, only 76% were
HCCs, as other lesions such as haemangiomata,
metastases or focal nodular hyperplasia could have
similar appearance. Thus this pattern is not
pathognomonic of HCC, especially in the presence of
a normal serum alpha foetal protein level, and fine
needle aspiration biopsy under CT or ultrasound
guidance should be done before surgical resection.
When only ill-defined faint patchy uptake occurred,
especially in the sub-capsular region, or when no
uptake was present, HCC could be excluded with a
high degree of certainty, the post-test probability of
the liver harbouring an HCC being only 5.5%.

Lipiodol CT has a high sensitivity of 97.1% an
overall accuracy of 88.3% but a specificity of only
76.9%
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Diagnosis and Management of Small HCC

Osamu Matusi

Kanazawa University School of Medicine,
Kanazawa City, Japan

In this lecture, I focus on the imaging diagnosis of
small HCCs and discuss briefly the indications of the 4.
various kind of treatment methods for small HCCs.

1. Screening Tor small HCC
Between 85 to 90% of HCCs are associated
with hepatitis B or C virus-related liver injury,
especially liver cirrhosis. In these patients
group, ultrasound are performed every 3
months and CT every 6 to 12 months. When 5.
some abnormality is found, hepatic arteriogra-
phy and a combination of CT and arteriogra-
phy are carried out. At our institution, about
70% of HCCs detected during periodic screen-
ing in high-risk patients have a diameter of less
than 4 cm, compared to only 13% in patients
who do not receive periodic examinations.

2. Histologic aspects of various types of hepatic
nodular lesions associated with liver
cirrhosis
Various types of hepatic nodular lesions such
as adenomatous hyperplasia (AH), atypical
AH, atypical AH with malignant foci, well-
differentiated HCC, and classical HCC,
frequently are found at ultrasound, CT or MRI.
The differential diagnosis among them is very
important for the management of cirrhotic
patients.

3. Imaging findings and diffeential diagnosis
of classical small HCCs
The macroscopic features of small nodular
type classical HCCs consist of a fibrous capsule
and an internal mosaic architecture separated
by fibrous septa. Hypervascularity is anolhcr
important feature of classical HCCs. The signal

intensities on MRI are valuable. About one
third of small classical HCCs demonstrated
hyperintensily on Tl images, whereas almost
all HCCs show hyperintensity on T2 images.
This combination is unique among hepatic
tumors. Classical HCCs should be differenti-
ated from cavernous hemangiomas, hypervas-
cular metastases, A-P shunts.FNHs and hepatic
adenomas.

Estimation of the grade of malignancy of
various types of hepatic nodular lesions
associated with liver cirrhosis
The analysis of intranodular blood supply and
the signal intensity on MRI are valuable for
this purpose (the data will be shown in the
lecture).

Management of small HCCS
About 70% of the HCCs detected at major
Japanese institutions measure less than 2 to 3
cm in diameter. However, because of the asso-
ciated liver cirrhosis and occasional multi-
centricity, about 70 to 80% of cases are
inoperable. Therefore, segmental or sub-
segmental TAE and percutaneous ethanol in-
jection (PEI) therapy play an important role
even in the treatement of small HCCs. TAE is
performed for the treatment of hypervascular
classical HCCs and PEi is mainly for hypo-
vascular well-differentiated HCCs. The
combination of PEi and TAW therapy is also
occasionally carried out. The 5 year survival
rates of the patients with HCC less than 3 cm
in diameter treated with surgery, subsegmental
TAE and PEi are almost identical (around 50-
60%).
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Chemoembolization in the Management of
HCC

HNgan

The University of Hong Kong,
Queen Mary Hospital, Hong Kong

One hundred and thirty-two patients with inoperable
hepatocellular carcinoma (HCC) were treated with
transcatheter arterial infusion of an emulsion of
Cisplatin and Lipiodol. In 104 patients, "light" gelfoam
embolization was added. The treatment sessions were
repeated every 11/2 to 3 months. The number of
treatment sessions each patient underwent varied
from 1 to 18 with the mean number of seessions being
4.8. The tumour size ranged from 0.3 cm to 33 cm in
maximum diameter with the median size being 8 cm.

Overall, the HCC decreased in size after
chemoembolization, at least initially, in 56.1% of
patients. In tumours of 9 cm or less in size (Group 1),
72.4% responded. In tumours between 9 cm and 18
cm in size (Group 2), 40.5% responded. In tumours
larger than 18 cm (Group 3), 14.3% responded. The
addition of gelform embolization enhanced the
response of HCCs larger than 9 cm in size to therapy.

The overall median survival time was 14.2 months.
The median survival times of patients in Group 1,
Group 2 and Group 3 were 22.4 months, 8.6 months
and 2.7 months respectively. The median survival
time of responders was 26 months while that of non-
responders was 4.8 months.

The size of the HCC at the commencement of
chemoembolization is therefore an important factor
affecting both the response rate and survival.
Responders also survive significantly longer than
non-responders irrespective of the size of the tumours.
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Subsegmental Transcatheter Arterial
Embolization for Small HCC

Osamu Matusi

Kanazawa University School of Medicine
Kanazawa City, Japan

With advances in imaging modalities and the estab-
lishment of the high-risk group for HCC, it has
become possible to diagnose HCCs less than 2-3 cm
in diameter. About 70% of the HCCs detected at our
institution are less than 3 cm in diameter. However,
because of the associated liver cirrhosis and occa-
sional multicentricity, about 70-80% of cases are
inoperable. Therefore TAE plays an important role in
the treatment of small HCCs. To achieve more
complete tumor necrosis and to reduce the damage to
liver parenchymawilh TAE, we introduced sub-
segmental TAE for small HCCs with use of micro-
catheters. In subsegmental TAE, a microcalhctcr is
inserted into the more distal branches of the subscg-
mental artery of the liver, and the small HCC and
surrounding subsegment arc strongly cmbolizcd.
Small hypervascular (classical) HCCs less than 4 cm
in diameter and less than two lesions arc usually
treated by subsegmental TAE. TAE was performed
by injecting a mixture of iodized oil and anticancer
drugs followed by gelatin sponge particles. Emboli-
zation is continued until almost complete stopage of
the subsegmental arterial flow is obtained. When the
blood supply was from two different subsegmcntal
arteries, both were embolizcd.

Following the introduction of subsegmental TAE
technique, the 5-year survival rates of the patients
with small HCC associated with liver cirrhosis was
significantly improved up to around 50-60%, almost
identical to those by surgery. The damages on liver
function induced by subsegmental TAE was minimal
or subclinical.
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Percutaneous (T-Tube) Biliary Stone or
Ascaris Removal

Angelito G Tingcungco

Santo Tomas University Hospital, Manila,

Considerably adequate number of research works
and case reports have been published as regards to
postoperative or percutaneous removal of retained
stones in the biliary tree. The simplicity and case of
performance of the technique, as compared with
other nonsurgical modalities, have been well
established and have gained tremendous acceptance
from various medical specialty groups, particularly
among the gastroenterologists and the surgeons.

Various techniques and modified maneuvres have
been discussed and described in details in several
reports. The interventional radiologists, individually,
adopt the system that works best for them.

However, one may be confronted with another much
related vexing problem, the presence of unusually
large retained stone or ascaris in the biliary tract
discovered on follow up T-tube cholangiography.
The latter incidence is quite rare that no existing
statistic report is available, particularly among the
developed countries of Europe and North America.

In the application of conventional Dormia basket or
Kim forcep removal method, existing technical
problems are not unlikely to be encountered, namely:
(1) Engagement of the parasite segment within the
basket or grasping by the forceps and (2) Intact
extraction of the ascaris via the matured T-tubc tract.

(1) Engagement of the parasite segment within
the basket or grasping by the forceps. - The
live ascaris may be erratic and enter anybiliary
radicle, the calibre of which is in conformity
with the parasites circumferential diameter.

(2) Intact extraction of the ascaris via the matured
T-tube tract. -The usual size of T-tube cathe-
ter left for drainage after biliary surgery ranges
from 14 to 18 French. Fragmentation may
occur as the folded or doubled ascaries passes
through the relatively tight matured tract cre-
ated bythe removed drainage tube.

Current interventionalproducts.notnecessarily made
for the biliary tree may be applied, hence, proving the
feasibility and increasing the success rate of the
procedure. The use of the conventional biliary stone
removal technique plus modified T-tube tract
dilatation method proved to be applicable in 5 cases
of ascaris extractions encountered.

Materials
The basic instrument is a Dormia basket or Kim
retrieving forceps, the size of which should appro-
ximate the calibre of the biliary radicle where one end
of the parasite is located. A 0.035 orO.038 3 mm J-tip
safety guidewire can be used to manipulate the catheter
into either the hepatic or the common bile duct, with
the T-tube in place. Two types of pre-shaped catheters,
namely: (l)Cobra I 6.5 or 7 French for selective
positioning of the safety guidewire in the cephalad or
caudad common duct segment, and (2) Formacath 7
French catheter with 180 degrees pre-curved end to
advance the retrieving basket and to engage the
specimen.

A sidcho flushing adapter has proved to be very
useful in reinjecting contrast medium into the biliary
tree while either the safety guidewire or the basket
instrument is inside the catheter. The Amplatz dilator
set is indispensable, available in 12 French to 30
French, with 24 French to 30 French accompanying
tunnel teflon sheath. The set plays an mportant role in
the sequential dilatation of the T-tube tract, with
instant smooth-lined straight tunnel to facilitate intact
ascaris or stone extraction.

Overview and Conclusion
Basket retrieval technique has proved to be a safe,
useful and considerate method of clearing the biliary
tree of residual stones found after biliary surgery. Its
lack of mortality and minimal morbidity, compared
with repeat surgery, makes it the procedure of choice.
No other nonsurgical method has proved to be as
consistently successful even among inexperienced
practitioners. Those skillful in vascular catheteriza-
tion will find it quite easy to perform stone or ascaris
removal through the T-tube tract.

With the aid of Amplatz dilator with tunnel sheaths,
live ascaris can be removed intact with no accompa-
nying worry of parasite fragmentation.The performed
cases have proved the possibility of dilating the tract
in one session, instead of the reported progressive
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dilatation for several days or even weeks. This, like-
wise, suggests that delivery of large biliary stones
measuring 1.5 cm in diameter can be easily accom-
plished via the tunnel system, thus avoiding fragmen-
tation or watchful waiting period that goes along with
heparin or saline perfusion. Long tortuous tracts from
small French T-tube catheter are likewise straight-
ened. The confusing bile sludges or fibrous fragments
incidental to the T-tube tract and bile duct instrumen-
tations are likewise minimized.

We found it difficult to convince the referring
physicians that it is possible and safe to remove and
reinsert the T-tube, as long as there is no infection and
the tract is solidly formed (four to five weeks post
biliary surgery). This became simpler with the tunnel
sheath in place, plus guided by the angiographic
catheter and guidewire. We had reinserted 18 and 20
French T-tube catheters with no difficulty at al.

The larger the fibrous tract, the easier is the dilatation
procedure and the removal of the biliary residuals,
especially the large and fragile ones. It would be
helpful if our colleagues in surgery would use larger
T-tube catheters, particularly if questions arise as
regards to the thorough exploration of the biliary
tract.

Patient discomfort is usually due to retraction of the
T-tube catheter, more particularly during the dilata-
tion of the tract, emanating from fracture or craking of
the formed fibrous wall. We do not hesitate to put the
patient on deep sedation, thus avoiding possible
neurogenic shock. Patient with high pain threshold
can be limited to premedication sedatives, and
continuous assurance of significant relief immediately
after removal of the tunnel sheath.

Overlooked biliary ascaris can be extracted safely
and without difficulty with the standard Dormia basket
or Kim forceps, and the Amplatz dilator system with
telescoping tunnel teflon sheath. The procedure is
innocuous and can be applied to patients without
biliary sepsis or ascending cholangitis. The failure of
the procedure, although a rarity, will not affect any
repeat surgical intervention. The technique has been
proven effective for both ascaris and larger stones up
to 1.5 cm in diameter, thus sparing these often elderly
patients another difficult celiotomy and choledo-
cholithotomy.
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Diagnostic Imaging of AIDS of the
Gastrointestinal Tract

Jacques W A J Reeders

Academic Medical Center, Amsterdam,
Netherlands

While the AIDS pandemic appears to slow its rate of
growth as it spreads into the heterosexual population
of the industrial world, it is becoming apparent that
the disease is going to dominate many aspects of
medical practice for several decades to come.
Radiologists will need to recognize its appearances,
to understand how, safely, to look after patients with
the disease, and to know enough about the illness to
be able to counsel their patients, their staff and their
colleagues.

This presentation is divided into two sections, the first
of which provides up-to-date information on the
disease, its epidemiology and its pathophysiology.
The other section describes the imaging aspects of the
gastrointestinal tract (conventional double contrast
studies, ultrasound, CT). Candidiasis, cytomega-
lovirus (CMV), cryptosporidiosis, histopasmosis,
isosporiasis, salmonella, toxoplasmosis and unusual
mycobacteria account for a majority of nonneoplastic
disorders. Neoplasms include Kaposi 's sarcoma (KS)
and high grade B-cell lymphomas. Mutiplc sites may
be involved in significant numbers of patients.

As radiologic experience accumulates, the
predominant radiographic patterns will become more
clearly defined. This presentation will produce a
cohesive account of AIDS that will educate and guide
radiologic practice.
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Thoracic Imaging in AIDS
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Amersfoort, Netherlands

Introduction
Lung disorders are a frequent occurrence in AIDS.
Abnormalities one can encounter on conventional
chest X-ray and in computed tomography (CT) of the
chest in patients with AIDS are classified into infec-
tions, tumors and other disorders.

Infectious Diseases

Pneumocystis carinii
The appearance of abnormalities on the chest X-ray
in a case of Pneumocystis carinii pneumonia (PCP)
lags behind the clinical appearance. An active PCP
may well be accompanied by a normal chest X-ray in
about 10% of patients.1234 High resolution CT
(HRCT) can demonstrate abnormalities in this
situation.56 The classical image of PCP on the chest
X-ray is a bilateral perihilar of basal fine interstitial
pattern without pleural fluid and without hilar or
mediastinal abnormalities. This pattern often adopts
a so-called ground-glass appearance.

Although the abnormalities on the chest X-ray are
initially interstitial in nature, histopathologic exami-
nation reveals a predominant filling of the alveoli
with inflammatory exudate early in the course of the
disease. As the infection progresses, signs of air-
space disease in the form of scattered alveolar
consolidations also appear on the chest x-ray. The
first abnormal manifestation of PCP in CT is a
symmetrical ground-glass appearance of the lung
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parenchyma, while the lung periphery may well be
spared. Later in the course of the disease, asym-
metrically scattered alveolar consolidations can be
seen; there is often a mosaic pattern of affected and
unaffected (sub)-segments and sometimes a pre-
dominantly reticular pattern caused by thickening of
interlobular and/or intralobair interstitial tissue. Just
like the chest X-ray, CT seldom demostrates intra-
thoracic lymphadenopathy or pleural fluid. The final
stage of PCP is a life-threatening respiratory insuffi-
ciency which can be associated with ARDS. The
concomitant radiologic abnormalities cannot be
distinguished from those of other causes of ARDS.7

Sometimes atypical images are seen in PCP, as
summarized in Table IIA«.».».«MUV\ Cavities in PCP
are almost thinwalled and usually occur in the upper
lobes (irrespective of the distribution of other
abnormalities.131415 These pneumatoceles may arise
early or late in the course of the disease and can persist
after the pneumonia has disappeared. A complication
of PCP associated with the presence of pneumatoceles
is spontaneous pneumothorax. Abnormalities which
are confined to the upper regions occur more often in
patients who use pentamidine inhalation prophy-
laxis.1112 Usually there is a definite improvement in
the chest X-ray appearance 2 weeks after initiating
antibiotic therapy, followed by normalization. The
radiologic abnormalities persist in some patients,
however, despite the fact that the pneumonia seems to
have been cured from a clinical and microbiological
point of bilateral reticualr or reticulonodular patterns
on the chest X-ray. HRCT then reveals a correspond-
ing interstitial pattern. Histopathologically, these
patients seem to have interstitial fibrosis.16 The
occurrence of this disorder is not linked to previous
oxygen administration or other therapy. If PCP recurs,
a mixed image emerges of fibrosis and infectin. With
regard to interpretation in this situation, it is very
important to compare the most recent images with
previous ones.

Table 1 :
Atypical thorax images in PCP and their frequency as reported in the literature

Abnormalities confined to the upper lobes (incidental)
Unilateral abnormalities (0 6%)
Cavity formation ( 0 - 13%)
Solitary / multiple nodules (incidental)
Intratlforacic lymph gland enlargement (0 - 5%)
Pleural fluid (0 - 2%)
Spontaneous pneumothorax (1-6%)
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Mycobacterium Tuberculosis
Infection of the lung with Mycobacterium tuber-
culosis occurs more often in AIDS patients than in the
general population. Just as in non-AIDS patients,
several patterns of disease can be distinguished. A
sign of primary tuberculosis is enlargement of hilar
and/or mediastinal lymph glands, in some cases
accompanied by pulmonary infiltration. Infiltration
does not seem to show any preference for a particular
region of the lung. The postprimary form manifests as
infiltrative abnormalities with a preference for the
upper lobe and the superior segmentof the lower lobe,
not usually accompanied by lymphadenopathy. A
third form is miliary tuberculosis in which hemato-
genous dissemination of tubercle bacilli produces a
diffuse, fine, nodular pattern on chest X-ray. In the
majority of adult tuberculosis patients who do not
have AIDS, the postprimary form of pulmonary
tuberculosis is seen; the primary infection and miliary
tuberculosis occur relatively seldom in this group.
AIDS patients with tuberculosis do usually have the
primary form (+ 60%), while miliary tuberculosis is
also seen more often (+ 15%) than in non-AIDS
patients. Pulmonary cavities are rare in cases of AIDS
and more common in non-AIDS patients. Pleural
fluid is present sometimes, both in AIDS and in non-
AIDS patients. In cases of pulmonary tuberculosis in
non-AIDS patients, a chest X-ray with no abnor-
malities is rarely seen. This occurs in + 5% of AIDS
patients.

Atypical Mycobacteria
Tuberculosis is generally seen early in the course of
AIDS and may be the first manifestation. On the other
hand, infection with atypical mycobacteria occurs
late in ±20% of the patients with AIDS.2 The most
frequently encountered atypical mycobacterium is
Mycobacterium avium-intracellulare (MAI). Myco-
bacterium kansasii is' seen less often. In the non-
immunodeficient host, MAI infection is, a primary
pulmonary process which expresses itself radio-
logically as patchy infiltrates or nodules with a
tendency to form cavities and a preference for the
upper lobes. In contrast, in AIDS patients MAI is
almost always a disseminated process, not always
affecting the lung (anymore), although it is assumed
that this is the point of entry. Thus, abnormalities are
rarely seen on the chest X-ray. If the lung is affected,
diffuse or localized patchy infiltrates or nodules with
or without indications of thoracic lymphadenopathy
can be seen. This latter disorder can also occur with-

out pulmonary abnormalities."22 One might expect a
similar spectrum of findings in Mycobacterium kansaii
infections. Because of the late occurance of infectioh
with this atypical mycobacterium, the image is usually
mixed because of the simultaneous presence of other
pathogens.

Fungal Infections
Fungal infections in AIDS are usually disseminated.
Fungal pneumonia occurs in less than 5% of AIDS
patients.2 Cryptococcus neoformans is the most
common pathogenic fungus in AIDS. Other fungi,
such as Histoplasma capsulatum, Candida albicans,
Aspergillus fumigatus, Nocardia asteroides, and
Coccidioides immites are found less often. In crypto-
coccal pneumonia, there is a large diversity of radio-
logic expression: a solitary nodule or multiple nodules
with or without cavities, a miliary pattern, segmental
consolidation, and bilaterally scattered, patchy
infiltrates may be encountered. Intrathoracic lym-
phadenopathy is often (+80%) present, sometimes
with normal lung parenchyma. In Aids patients,
pneumococcal pneumonia often occurs together with
acryptococcal meningitis. Radiologically, other fungi
can present in many ways; two of these produce
striking images on the chest X-ray.2-26 Nocardiosis
usually appears together with a unilateral segmental
lobar consolidation, often with cavity formation.
Coccidioidomycosis usually expresses itself as solitary
or multiple cavity-forming lesions which often have
a thin wall.2

Viral Infections
Viral pneumonia in AIDS is predominantly caused by
members of the herpes group: cytomegalovirus
(CMV), herpes simplex virus (HSV), and varicella-
zoster (VZV; 27). CM V is the mostfrequently isolated
cause of viral pneumonia in AIDS patients. In most
cases, chest X-ray demonstrates bilateral interstitial
abnormalities which cannot be distinguished from
the classic pattern of PCP. A nodular (including
miliary) pattern or asymmetrically scattered alveolar
opacities with a preference for central and lower
regions are sometimes observed.28 Spontaneous pneu-
mothorax and pneumomediastinum are reported as a
frequent complication of severe CMV pneumonia in
non-AIDS patients with compromised immunity. It
seems probably that this also applies in cases of
AIDS-related CMV. HSV penumonia can manifest
with a bilateral interstitial pattern just as in PCP and
CMV, but (scattered) focal alveolar abnormalities
occur just as often. VZV pneumonia usually appears

121



as bilaterally scattered round alveolar opacities,,
sometimes also described as nodular, with a tendency
to coalesce.

All herpesvirus pneumonia can be accompanied by a
normal chest image; pleural fluid and intrathoracic
lymphadenopathy are relatively rare.

Bacteria
Streptococcus pneumoniae and Hemophilus
influenzae are among the most frequently found
bacterial lung infections in AIDS, as well as Legionella
pneumoniae. Bacterial pneumonia can manifest in
AIDS patients with a chest image of unilateral or
bilateral lobar consolidation. In AIDS (and other
immune deficiencies), often a pattern of scattered,
nonlobar consolidations may seen.30"31 The develop-
ment of these abnormalities is probably associated
with the degree of immune disturbance. Cavity
formation does occur,particularly in infections caused
by staphylococci and anaerobes. Multiple lung
abcesses as a result of septic emboli from intravenous
drug abuse may occur in both AIDS and non-AIDS
patients. The presence of pleural fluid is not unusual,
particularly in infections with anaerobes, gram-
negatives, staphylococci, and streptococci. In such
cases, one should consider the possibility of empyema.
Also in cases of AIDS, intrathoracic lymph gland
enlargement does not usually occur in bacterial infec-
tions of the lung.

Malignant Diseases

Kaposi's Sarcoma (KS)
KS in AIDS is a multicentric process which in ±25%
of cases leads to a clinically significant (pleuro)
pulmonary affection. Pulmonary KS is preceded in
95% of the patients by KS lesions on skin and mucous
membranes.3*35 The chest image can display the
following abnormalities:33-34136

- Bilateral reticular nodular opacities often local-
ized in the perhilar region.

- Bilaterally scattered, mostly round opacities
whose delineation varies in definition.

- Unilateral abnormalities (< 10%).
- Pleural fluid, mostly bilateral, often in large

amounts (<40%).
- Intrathoracic lymphadenopathy (+30%).

The interstitial abnormalities are in general coarser in
nature than those which are seen in PCP; sometimes

there is a fine interstitial pattern that could fit either
PCP or CMV pneumonia equally well. In CT of the
chest, there is often noticeable thickening of the
peribronchovascular interstitium, radiating from the
perihilar region.

Endotracheal or endobronchial localizations may also
be present. The lung abnormalities progress
relatively slowly (over a number of months), and in
the case of focal involvement, the boundary becomes
increasingly unclear.1113 Atelectasis can occur because
of obstruction of a bronchus.

Malignant Lymphoma
The incidence of AIDS-related lymphomas (ARL) in
cases of AIDS is greater than that of malignant
lymphoma in the rest of the population. Non-
Hodgkin' s lymphoma is the most frequently occuring
ARL. Thoracic organs are relalivelyrarelyaffectedin
ARL (< 10%). If the thorax is involved in the process,
lymphadenopathy, pleural fluid, and intrapulmonary
abnormalities can arise. In the latter case, the aspect
of the lung can display a unilateral or bilateral reticular
and/or nodular pattern, but a solitary mass can also
appear. Pulmonary abnormalities, lympadenopathy,
and pleural fluid can each arise in isolation, but also
in combination.2-334

Other Disorders

Lymphocytk Interstitial Pneumonitis
LIP is the lung disorder which occurs most frequently
in children with AIDS. It is, however, also found in
adults. In half of the cases, the chest X-ray is normal.
If the chest X-ray displays abnormalities, these usually
consist of a bilateral interstitial pattern in accordance
with the classic image of PCP. Considerable develop-
ment of the abnormalities and alveolar consolida-
tions, such as those which occur in an advanced PCP,
are rare in LIP. Intrathoracic lymphadenopathy has
not been reported in LIP.2-37-38

Hypersensitivity Reactions
Allergic reactions to drugs do occur in AIDS patients,
but there is usually a lack of radiologically recogniz-
able pulmonary abnormalities. Noncardiogenic lung
edema and a diffuse interstitial reticular or nodular
pattern may occur. Intrathoracic lymphadenopathy
and pleural fluid are sometimes seen as a result of
hypersensitivity.3'
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Bullous Changes
Bullous changes of the lung are seen more often in
AIDS patients and at a younger age than in the general
population. The bullae are mainly located in the lung
periphery (in particular in the apex), in contrast to the
pneumatoceles in PCP, which are found distributed in
the lung parenchyma (largely in the upper lobes).
Pneumatoceles usually dissapear when the pneu-
monia has been cured, but they can persist for a long
time and cannot always be distinguished from
bulla.31315 CT, in particular HRCT, is more sensitive
than chest X-rays for tracing bullae, and their distri-
bution can also be better determined with CT. In a
recent series, using CT, bullous abnormalities were
found in + 40% of the AIDS patients with pulmonary
symptoms.14

(Peri)cardial abnormalities
Pericardial fluid in AIDS is sometimes seen as a result
of tuberculosis and, incidentally, in pericardial or
epicardial localizations of Kaposi's sarcoma.
Cardiogenic lung edema and pleura! fluid, which
can, for instance, occur in the context of an AIDS-
related cardiomyopathy,40 should not be confused
with a progression of the infectious abnormalities in
the case of pre-existent infection.

Discussion
No single radiologic finding or combination of find-
ings is pathognomonic for a particular pathogen.
Indications for radiologic investigation of the thorax
include:

1. Correlation of the radiologic manifestations with
the clinical picture. If the chest X-ray is unusual
for the clinically determined diagnosis (estab-
lished, e.g., by means of bronchoscopy or
bronchoalveolar lavage), there may be addi-
tional causes which were not suspected.

2. Support of bronchoscopy or bronchoalveolar
lavage (B AL) on the basis of indications. If there
is clinical suspicion of PCP, there is a tendency
to instigate empirical treatment aimed at
Pneumocystis carinii without invasive diag-
nostics:41"44 If the chest X-ray or CT displays an
unusual image for PCP, this can be a reason for
carrying out bronchoscopy or BAL.

3. Demonstration of complications.

4. As a parameter to measure the effect of t reat-
ment.

5. Determination of the distribution of abnor-
malities.

6. Determination of the precise localization of an
abnormality.

The following observations are important:

1. Intrathoracic adenopathy is very uncommon in
PCP and in viral and bacterial infections. It is
usually the result of tuberculosis, fungal infec-
tions, Kaposi's sarcoma, or malignant lymphoma.

2. Presence of pleural fluid is, certainly in large
amounts, unusual in PCP and viral infections,
and occurs as a result of Kaposi's sarcoma,
lymphoma, and bacterial and mycobacterial
infections.

3. Thick-walled cavities are unusual in PCP, viral
infections, Kaposi's sarcoma and lymphoma.
These are seen most often in cases of fungal and
bacterial infections. Cavity formation does occur
in myobacterial infections, but is not usually
present in tuberculosis in AIDS.

4. Thin-walled cavity formation occurs as a result
of PCP (pneumatoceles), sometimes in fungal
infections (coccidioidomycosis) and can also be
due to bullae.

5. A solitary nodule is a most unusual manifesta-
tion of PCP and viral and bacterial infections;
more likely causes are Kaposi's sarcoma,
lymphoma, fungi, and mycobacteria. A diagnosis
of bronchial carcinoma can also be considered,
partly because an increased occurrence of this
disorder is reported in AIDS.

6. Multiple nodules are unusual in PCP and bacte-
rial infections and are mainly encountered in
Kaposi's sarcoma and in cases of viral, myco-
bacterial, and fungal in fection. The miliary pattern

123



7.

is mainly due to typical and atypical myco-
bacteria and fungi (in particular, Cryptococcus
and Histoplasma).

Unilobar consolidation is unusual in infection
with Pneumocystis carinii, virus, mycobacteria
or fungi (especially Nocardia).
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IN2 -INFECTION - TUBERCULOSIS

History And Progress in TB

Professor B J Cremin

Red Cross Children s Hospital,
University of Cape Town, South Africa

The existence of M Tuberculosis is as old as man's
recorded history. The palaeopathological evidence
for this although not definitive is derived from typical
deformities of the spine. The earliest reported case is
from the Neolithic man found near Heidelberg in
Germany dating back to about 5000 BC and Egyptian
mummies show skeletal lesions typical of TB dating
back to the dynastic period of 3400 BC. More recently
DNA evidence has been found in Peruvian mummies
which existed centuries beforeColumbus "discovered"
America.

Classical non medical literature includes graphic
accountsof the disease. JohnBunyan(1680)described
the life and death of Mr badman as, 'The Captain of
all these men of death thatcame to take him away, was
the consumptin, for it was that which brought him
down to the grave". The condition was termed The
White Plague" by Oliver Wendell Holmes (1861) and
a graphic account of sanitoria deaths was given in
"The Magic Mountain" by Nobel prize winner Thomas
Mann (1924).

The disease has many names which include pthsis,
consumption and in the East, the Urdu "Tabay dig",
the Pathan "Nare Maraz" and the eloquent Hindu
"Xoy" (waning of the moon). The term tuberculosis
was first used by Fransiscus Sylvius (1679) to
described to characteristic lung nodules. Although its
contagious nature disputed by 17th century physicians
such as Benjamin Martin Richard Morton its
contagious nature was first demonstrated by French
military physician Jean Antoin Villemin (1865). This
is about 20 years before the German pathologist
Robert Koch isolated and cultured M tuberculosis
from crushed tuberculosis specimens.

The historical spread of the disease has been greatly
influenced by urbanization, industrialization,

colonization and mass migrations during various
wars. In the last century in Europe and America, TB
was considered the cause of the deaths of 20-30% of
the population and was particularly prevalent in
children. The main form of therapy that existed was
rest in sanatoria and this often resulted in a lingering
horizontal death. Although the disease was prominent
amongst the overcowded and underprivileged, many
famous statesmen and artists succumbed. These are
too numerous to be catalogued but include musicians
such as Purcell, Paganini and Chopin and authors
such as the Bronte sisters and a brief account of the
deaths of J Keats, RL Stevenson, DH Lawrence and
G Orwell will be given.

During World War II the first drugs that could cure
the disease were discovered. A pioneer was Gerhard
Domask (awarded a Nobel prize in 1939 but not
allowed to receive it till 1946), who, working amongst
the bombed ruins of Germany discovered the growth
inhibiting effects of the Thiosemicarbazones. These
were too toxic for humans but from them the isomazid
group of drugs were developed in America after the
war. The Streptomyces, products of soil microbiology
were discovered in US A by Albert Schatz and Selman
Waksman in 1943. Although Selman Waksman got
the initial credit and the Nobel Prize, much of the
credit must go to Schatz. The award causda maelstrom
of controversy and an out of court judicial settlement

Another candidate for the 1952 Nobel Prize was
Jorgen Lehmann who in Sweden in 1944, derived
PAS from thehumbleaspirin. Both these drugs became
the first effective cure for TB. Their impact was
Lazarus like and people clamoured to obtain them
when they were initially in scant supply. By the end
of the 1960s the eradication of the disease was
predicted. At a symposium in London in 1971 it was
stated that the disease would be rarity and of interest
only to medical historians by the year 2000. This
euphoria was ill judged and there has been an alarm-
ing resurgence in large urban areas in the UK and
US A. In 1990 it was estimated that there were annually
8 million new cases causing 3 million deaths.
Approximately one third of the world's population
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harbours M Tuberculosis and is at risk of developing
the disease. Many of these cases are in Africa but th
majority incidence is in Asia, where TB remains
man' s greatest infectious disease killer, causing 6.7%
of all deaths in the developing world with 16.5% of all
deaths in adults aged between 15 and 59 years. World
Health figures in 1991 reflected the concern for the
increase of this disease in children and it has been
estimated that ther are 1.3 million infected children
under the age of 15 years and 450,000 die annually.
These children, although infected by adults, represent
a reservoir from which future generations will be
afflicted. In the USA the TB figures for 1990 showed
an increase in childhood TB of 30% in 1987 and 29%
in 1989. The majority of this increase was in children
less than 5 years of age and there is now much concern
about the effect of overcrowding of indigent children
in large urban areas and the development of drug
resistant strains from poor patient/physician compli-
ance, in the UK drug resistant isolates have risen from
8% in 1987 to 14% in 1991. An increased incidence
of TB in HIV positive serology patients is cuasing
alarm in developed countries. This has been mainly in
adults with implications of overcrowding and IV drug
abuse. However in Central Africa autopsy reports
have reported an over 50% incidence of TB in severe
AIDS cases. The realisation of this makes the treat-
ment and control of TB one of the most importan t and
cost effective health strategies available today.
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This abstract has been adapted from an article by the
author on 'TB in Children" to be published by Pediatric
Radiology (Springer Verlag). Reference sources are
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to be published this year by Springer Verlag and an
excellent history of tuberculosis, 'The Greatest Story
Never Told" by FrankRyan, Swift publishers, Worc-
ester, England (1992).
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Impact of CT and MRI in the Diagnosis and
Management of Intracranial Tuberculoma

Prof Arcot Gajaraj

Department of Radiology and Imaging Sciences
Malar Hospitals, Madras, India

Tuberculosis continues to be a major health problem
in developing countries. Holm1 estimated a point
prevalence of 100 to 150 open cases of pulmonary
tuberculosis per 1,000,000population, He also projects
an incidence of 50 to 75 new sputum positive cases
fora 1,000,000population every year. According to
arecentworlddevelopmentreport21993, tuberculosis
is a leading cause of death and the biggest contributor
to the disease burden in India and South Saharan
Africa Despite various control programmes Ihere is
no decline in its prevalence. The observation is
particularly true of non pulmonary tuberculosis which
evade early detection and result in high morbidity and
mortality. There is no authenticated data on the
incidence of non pulmonary tuberculosis. These may
manifest in a variety of ways, such as skeletal, nodal,
visceral, neural etc. Amongst these, tuberculosis of
the central nervous system ranks foremost in
developing countries. Tandon3 has estimated that 7 to
21 percent of all neurological problems is due to
tuberculosis. A higher incidence has been noted in
recent times with the development of drug resistant
mycobacterium tuberculosis and with large sections
of the population, afflicted with AIDS. This increase
is even more pronounced in the developing countries
where tuberculosis disease has staged a return amongsi
the immuno suppressed population, addicted to drugs
and/or suffering from AIDS; Bishburg et al, 1986.*

Intracranial tuberculomas and tuberculous meningitis
are common manifestations of nervous system
tuberculosis. Tuberculous meningitis is associated
with recognised clinical signs and symptoms. Confir-
matory laboratory CSF findings are invariably present.
While tuberculous meningitis is associated with
cortical/sub cortical minute tuberculoma, intracranial
tuberculoma per se may not involve the meninges;
Whelan and Stern, 1981.* The diagnostic criteria for

intracranial tuberculoma has been presumptive and
non specific with a host of differential diagnosses;
Hildebrandt and Angoli, 1982.6 Intracranial
tuberculoma has been defined as "presence within the
skull of a tuberculous lesion with the character of a
swelling"; Dott and Levin, 1939.7 Accordingly, the
clinical signs and symptoms of intracranial
tuberculoma are those of space occupying lesions of
the brain: viz, features of raised intracranial tension,
focal or generalised seizures, focal neurological
deficits etc. The index of suspicion of a tuberculous
lesion is mostly indirect; corroborative evidences,
such as concomitant tuberculous lesion elsewhere,
malaise, lossof weight, fever, positive tuberculin test,
raised sedimentation rate, young age, history of contact
etc.

Conventional radiological studies have not been
contributory. Plain X-ray skull may show features of
increased intracranial tension if severe. Calcified
specks may indicate healed tuberculous granulomas,
but the findings are not specific for tuberculosis.
Several angiographic appearances have been
described: Ramamurthi et al 1961,'Davis and Taveras
1967.' The features observed are sudden narrowing
of blood vessels in the vicinity of tumours, and/or
displacements or as an area of increased vascularity
like tumour blush or enplaque lesions. It is observed,
however, that the angiographic findings described
may also be seen in other space occ upy ing lesions and
are not specific for tuberculoma. Radio nuclide studies
haveal so been observed inotherinflammatory lesions
and in primary/metastatic intracranial tumours.

With die introduction of CT (computerised x-ray
tomography), there has been an impressive impact
not only in the diagnosis, but also in the management
of intracranial tuberculomas. Certain distinctive
diagnostic morphological features have been appre-
ciated; Ethier, 197410is credited with the first
documentation of CT demonstration of an intracra-
nial tuberculoma. Other early reports are those of;
Leibrock et al, 1976" and Bhargava and Tandon,
1980.12

CT Appearances of Intracranial Tuberculoma
There has been an impressive sophistication in equip-
ment technology in recent times, providing quality
CT images with excellent resolution. A better appre-
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ciation of CT characteristics of intracranial
tuberculoma has been feasible. CT is now recognised
as a simple non invasive method, to diagnose the
disease with confidence. Gajaraj and Grover, 198813

report detection of 322 cases amongst 780 intra-
cranial space occupying lesions based on CT
morphology. CT also helps to evaluate its progress
and reponse or otherwise to ami tuberculous treat-
ment; Kalyanaraman, 198314 and Jenkins, 1991".
The various morphological features described are the
disc or nodule, the ring and enplaque forms. The
lesions may be iso, hypo or hyper attenuating. On
administration of intravenous iodinated contrast
medium, they enhance to form bright discs, or rings
with an enhancing rim density. The enplaque lesions
appear as focal areas of blush. The lesions may be
single or multiple. One or more forms may be present
at the same time. The lesions are surrounded by
varying extent of low attenuating oedema. The lesions
are mostly located in the periphery in the cortical or
sub cortical regions. The size of the lesions vary from
a few mms to large lesions 3 to 4 cms in diameter.
Occasionally, several small lesions may be observed
scattered over the entire brain parenchyma. (The
latter can be mistaken for cysticerosis). Isolated foci
of calcification may represent healed granulomatous
foci. CT demonstrates calcification not identified in
plain x-rays.

Correlation of CT Morphology with Patho-
physiology
The tubercle bacilli reach the brain and its coverings
by blood steam from a distant active focus, located in
thelung, bone, lymphnode.kidney, abdominal viscera,
etc. In the brain, the bacilli lodge in areas rich in
vascularity and hence a predilection for the cortical
and sub cortical region and/or meninges. Gajaraj and
Grover, 1988° made a comparative study of the CT
appearances with histopathological findings in
surgically resected specimens. The CT findings could
be correlated with pathogenesis and evaluation of
disease process. The bacilli having lodged in the brain
produce an allergic reaction forming the initial
tubercle. Each tubercle consists of a central area of
incipient or frank necrosis surrounded by layers of
inflammatory cells, lymphocytes, epitheloid and Giant
cells with an encircling zone of rich vascularity. The
lesion is surrounded by varying extent of oedema.

The individual tubercles tend to coalesce and form
the large macroscopic lesion, the tuberculoma. Further,
progress/evolution of the lesion depends on the
virulence of the organism, the response or resistance
to anti tuberculous drugs and the immune response of
the host. Under favourable circumstances, the
tuberculoma may resolve and heal completely even
withoutantituberculous therapy, similar to the primary
complex in lung parenchyma. The central area of
necrosis is minimal with many layers of inflam-
matory cells around interlaced with fibrosis. These
lesions appear in CT as the disc or nodular lesion. The
surrounding oedema and vascularity depend on the
age of the lesion and extent of repair. The enhance-
ment of the disc with intravenous contrast also varies.
The lesions ultimately heal with fibrosis and/or
calcifications. When the virulence of the organism is
pronounced, with resistance to an tituberculous therapy
and if the patient's immune response is poor, the
central area of necrosis expands with caseation and
the cellular response is poor. The encircling oedema
is also prominent. These lesions tend to appear as ring
forms enhancing with rim density, enclosing a central
zone of low attenuation. In progressive disease tuber-
culous abscess results, with a large caseating core and
a thick enhancing rim. The size of such lesions are
usually large from 2 to 3 cms in diameter. These may
resemble primary malignant glioma or metastatic
disease.

MRI Features of Intracranial Tuberculoma
Characteristic morphological features have also been
recognised in MRI studies; Gupta etal 1988", Gajaraj
1991", Bargallo et al 1993". They have proven to be
even more sensitive and specific. The studies also
have the advantage of demonstrating lesions in the
brainstem, temporal lobes and posterior fossa, regions
blind to CT examination. Morphologically the central
area of necrosis/caseation are seen as hypointense in
Tl and bright in T2. Lesser degrees of necrosis show
intermediate or isointense signal intensities. The
surrounding cellular layer is usually isointense in Tl
and seen as a hypo intense ring in T2 between the
bright central area of necrosis/caseation and bright
peripheral oedema. The vascular area around the
cellular layer is hypointense in Tl merging with the
peripheral oedematous zone. Occasionally when it is
haemorrhagic, the vascular zone is observed as a
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bright peripheral ring in Tl from methaemoglobin.
Aftrer adminstration of contrast agent Gd DTPA, the
appearances are similar to enhancements after
iodinated contrast in CT. The disc/nodular lesions are
seen as bright lesions. Lesions with central necrosis
demonstrate bright peripheral rim in intensities.

Discussion
The CT morphological features though characteristic
and diagnostic of intracranial tuberculomas, have
limitations, since they are non specific, almost similar
appearances may be observed in certain other
granulomatous diseases such as Cysticerosis,
Nematodes, Fungal, Amoebic and non specific infec-
tions. Primary and metastatic diseases may also have
similar features. In such situations corraborativc data
like history of contact, concomitant demonstrable
foci of tuberculosis elsewhere in the body, strongly
positive Mantoux, younger age group are helpful. In
about 30 percent of cases there is evidence of
demonstrable lesions elsewhere; Arseni, 1958",
Dastur, 196520. Significance of Mantoux is debated in
a developing country where more than 60 to 70
percent of the population are tuberculin positive.
Nevertheless a very strong reaction is definitely
contributory. Serial CT studies help to evaluate the
efficacy of antituberculous treatment. A favourable
therapeutic response is appreciated in 6 to 8 weeks of
treament. There is reduction in the size of the lesion,
resolution of the extent of oedema and abatement of
epileptic episodes. Occasionally,objective resolution
in CT scans takes a longer time and may not correspond
to the clinical wellbeing of the patient. No increase or
progression of the lesion will however be present.

If there is no tangible response to antituberculous
therapy, it may indicate that the organism is resistant
to treatment and that the patient probably is immuno
compromised. A craniotomy and biopsy in such cases
are mandatory. This helps to confirm the diagnosis. It
is also useful to rule out other lesions which resemble
tuberculoma in morphological features. Foremost
amongst these is cysticercosis. Cysticercosis is a
common parasitic infestation in developing countries,
though not as prevalent as tuberculosis. The disease
is caused by the larva of the tapeworm Taeniasolium.

The brain is commonly affected and is considered to
be a significant cause of epilepsy; Veliath et al,
198521. They usually manifest as multiple scattered
foci in the brain. Each lesion is about 5 to 10 mm in
size and consists of a liquid filled bladder containing
an invaginated scolex. In CT scans, they are displayed
as (a) scattered low densities with little or no enhance-
ment, (b) focal low densities with well defined rounded
nodular enhancement or (c) round cystic lesions with
ring enhancement. The dead larvae may calcify and
appear as calcified specks. Multiple lesions have
characteristic CT morphological featues which are
diagnostic. Soemtimes disseminated multiple intra-
cranial tuberculoma may resemble Cysticercosis and
vice versa. In some cases, the scolex degenerates and
forms the large Cysticercosis racemosus lesions. They
may be several centimeters in diameter. They are
located in regions of low resistance for expansion;
adjacent to the CSF pathway (subarachnoid) or within
the ventricles. The morphological features of these
lesions which can be solitary, particularly those located
in the periphery of the brain parenchyma, pose
difficulties in diagnosis and differentiation from
tuberculoma. With the advent of MR Imaging, how-
ever, the anatomy of the parasite is well portrayed and
the appearances are more specific, and hence more
sensitive/diagnostic compared to CT features. In Tl
weighted image the lesion is seen as fluid filled cyst
with an eccentric high intensity mural nodule.
Localised oedema is easily demonstrated in T2 images.
Larger lesions are actually arachnoid cysts with
multiple bladders or bladder remnents within. In Tl
weighted images the arachnoid cyst show signal
intensity identical to CSF. The bladder has a slightly
higher intensity compared to CSF and the lesion
exhibits a characteristics "cyst within cyst"
appearances.

Recent reports of the so called "disappearing lesions"
or "vanishing lesions" have raised controversies in
the diagnosis of intracranial tuberculomas; Ahuja et
al, 198922, Rajashekar 1991", Chopra et al 199224. It
has been observed that lesions with CT morpho-
logical features similar to intracranial tuberculomas
disappeared over a period of time ranging from 6 to 8
weeks while the patients were on anti convulsant
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therapy alone without any ami tuberculous regime of
management. Some authors strongly advocate
Cysticercosis as the alternative etiology in such cases
while others admit that the nature of lesions are not
yet understood. Kalyanaraman 199525 has observed
from surgical experience, that in tracranial tuberculoma
is more prevalent in poor socially economic patients,
compared to Cysticercosis which has a higher
incidence in the affluent sections of the population.
The food habits of the latter differ, prone to consum-
ing raw uncooked vegetable and salads. Reports of a
higher incidence of Cysticercosis are from institu-
tions catering to the affluent society. It should be
borne that spontaneous healing/resolution of
tuberculous lesions is well known under favourable
organism/host relationship; such as the Gohn' s foe us
in the lungs. A similar phenomenon can perhaps
occur in the brain lesions as well. It is also known that
Cysticercosis lesion can also involute with death/
degeneration of the larvae. Further, the more dis-
appearance of the lesion in the CT studies do not
necessarily indicate a pathological clearance. The
lesions may be still lurking, but not demonstable in
CT examination. Kanter et al, 1984M have shown the
lesions thought to have resolved in CT studies were
proved to be cryptococcal infection at autopsy.

To conclude, CT is an excellent method of diagnosis
of intracranial tuberculoma. The morphological
features are characteristic and with corroborative
data the diagnosis is imperative. MR imaging is even
more sensitive and has the advantage of demonstrat-
ing lesions in the brain stem, middle cranial fossa nd
posterior cranial fossa. In addition to the feasibility of
studying in different planes. MR imaging again de-
picts specific morphological feactures of Cysticercosis
and other lesions which may be misdiagnosed as
intracranial tuberculomas in CT studies. The so called
disappearing lesions or vanishing lesions in CT must
positively have a pathological significance; failure to
demonstrate the lesion in CT studies need not signify
complete resolution of the lesions.

(I wish to acknowledge the valuable help rendered by
Maj Gen (Retd) S V Subramanyam and Dr Ashok
Parameshwaran, Department of Pathology, Apollo
Hospitals, Madras).
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CT in Abdominal Tuberculosis
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Postgraduate Institute of Medical Education and
Research, Chandigarh, India

Despite significant advances in diagnostic techniques
and discovery of effective antitubercular treatment,
abdominal tuberculosis continues to be a major cause
of morbidity and mortality in India (developing
countries). The situation has also changed in the west
where AIDS epidemic has caused a rapid re-
emergence of tuberculosis.

Clinically, tuberculosis can mimic a large number of
conditions such as peptic ulcer, lymphomas and
carcinomas. The investigative procedures used are
numerous reflecting the inadequacy of any single
procedure. Peritoneal biopsy has a yield of 36 - 40%,
ascitic fluid demonstration of AFB has only 16 - 40%
positivity. Colonoscopic biopsy is positive in 40-
60% of cases. Diagnostic laparotomy is accurate but
causes significant morbidity.

In the abdomen, tuberculosis may affect intestinal
tract, lymph nodes, peritoneum and solid viscera in
varying degrees and in various combinations. Barium
studies of the GIThave been the mainstay of diagnosis
in the past. It has been shown that 2/3 of patients with
abdominal tuberculosis have lymphadenopathy and
peritoneal disease, in addition to intestinal involve-
ment. While barium studies remain the best technique
for demonstration of intestinal changes, these are
unable to detect extraintestinal manifestations result-
ing in frequent missed diagnosis. Further, the find-
ings on barium studies although suggestive are not
always diagnostic and can mimic other conditions
like malignancy, Crohn's disease and lymphoma.

CT scanning offers a comprehensive overview of
abdominal structures with direct imaging of mural,
serosal, mesenteric lymph nodes and visceral
involvement and is therefore, considered the technique

of choice. A study of abdominal CT scans in 66
patients of proven abdominal tuberculosis at PGI,
Chandigarh, suggests that CT plays a major role in the
diagnostic evaluation of abdominal tuberculosis.

According to our results, multicompartmental
involvement is much more common than single site
involvement. The commonest pattern observed was
that of combined lymph nodal and peritoneal forms
followed by lymph nodal, peritoneal and intestinal
variety together. Only 10% of cases showed either
isolated involvement of lymph nodes or intestinal
involvement.

Lymph nodal involvement: Quite common and is
seen in almost 2/3 of patients. Distribution of enlarged
nodes and their morphology depict distinct features
which are quite characteristic. Mesenteric and
retroperitoneal areas are affected most commonly
followed by peripancreatic group and portal group.
While isolated involvement of mesenteric group of
lymph nodes is quite frequent, isolated involvement
of retroperitoneal group is least common and was
seen only in 1 out of 66.

The various patterns of lymph node morphology
include in decreasing order of occurence:

enlarged nodes with hypodense centres and a
hyperdense peripheral rim.
increased number of normal size nodes.
conglomerate mixed density nodal
masses

a.
iii.

and
iv. enlarged nodes which may be homogenous in

appearance.

Low density centre representing caseous necrosis is
very characteristic of tuberculosis but buy no means
pathognomonic, as it can also be seen in metastases
from testic ular tumours, Whipple' s disease and rarely
in lymphoma following Radiotherapy. However,
lymph node metastasis from testicular carcinoma are
usually seen in the lower retroperitoneum while asso-
ciated intestinal and peritoneal changes in tuber-
culosis help in differentiating it from Whipple's
disease.
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Peritoneal involvement: Peritoneal involvement is
as frequent as that of lymph nodes and can be seen in
up to 2/3 of cases. Common CT features include
mesenteric or omental infiltration, ascites (free or
loculated) peritoneal enhancement or thickening.
Mesenteric infiltration is in the form of linear strands/
thickened leaves/increased soft tissue density masses
or sheets engulfing small bowel loops. Less com monly
there may be fluid or abscess in mesenteric leaves.
Omental involvement is seen as smudged appearance
or presence of small nodules in the omentum which
may look like an omental cake. Most of these features
considered individually can be seen m other condi-
tions such as peritoneal mesothelioma carcinoma-
tosis and peritonitis of any form.However, when
present in combination with other findings parti-
cularly hypodense nodes and mural thickening
affecting the ileocecal region, highly suggests a
diagnosis of tuberculosis.

Intestinal involvement: Intestinal involvement is
seen in up to about half of the cases. It appears as
concentric mural thickening affecting the terminal
ileum or caecum or more commonly involving both
the regions. Mural thickening is usually homogeneous
though in a few patients low density contrast may be
noted within the wall.

Skip areas of mural thickening of distal or mid-small
bowel can be seen in more than half of cases with
intestinal disease, often with an associated ileocaecal
involvement. Isolated involvement of ileocaecal
region is present in up to 25% of all cases.

Varying pathologic processes like ischaemic enteritis,
Crohn's disease and primary or secondary bowel
malignancies can show similar features of intestinal
involvement but the preferential involvement of ileo-
caecal region and the associated hypodense lymph
nodes and peritoneal changes when present usually
help in distinguishing tuberculosis from these diseases.

Solid visceral involvement: This is relatively less
common and only one eighth of the patients in our
study showed focal hypodense lesions of variable
size and density in the liver and spleen. These lesions
cannot be differentiated from other conditions like-

lymphoma, fungal infection or metastatic deposits
unless features due to lymph node or gut involvement
are also present. Pancreatic involvement is very rare
and was seen in only 2 of our cases. The lesions
appeared as a hypodense area seen within the head of
pancreas associated with peripancreatic lymph-
adenopathy, an appearance indistinguishable from
carcinoma.
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Genitourinary Tract Tuberculosis: Imaging
and intervention
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Despite a steady and dramatic decline over the past
several decades, tuberculosis remains a significant
public health problem and the cases actually have
been increasing during the past few years. The major
factor accounting for the recent increase of tuber-
culosis appears to be related to the epidemic of the
HIV infection. The risk factors for the development
of tuberculosis are poverty with poor nutrition, poor
general health, and crowded living conditions. The
number of male patients manifesting clinically is up
to twice as much as that of female. In patients with
HIV infection, tuberculosis may be the first mani-
estation of the AIDS and up to 70% of AIDS patients
with tuberculosis have extrapulmonary lesions. In
addition to mycobacterium tuberculosis, other myco-
bacteria may produce disease that is indistinguish-
able from tuberculosis. These atypical (nontubcr-
culous) mycobacteria include mycobaclerium bovis,
mycobacterium Kansasii,and mycobacterium avium-
intracellulare.

Nearly 15% of all new cases of tuberculosis involves
sites outside of the lung. Of these extrapulmonary
lesions, approximately 30% involve the genitouri-
nary tract. The initial symptoms of genitourinary
tuberculosis become manifest most commonly in the
20 to 50-year age group, and about twice as often in
males as in females. Fewer than 5% of patients with
genitourinary tuberculosis have concomitant active
pulmonary tuberculosis, and only 50% have evidence
of a lung abnormality on chest radiographs. The
specific diagnosis of urinary tract tuberculosis is
made by urine bacteriology or by fine-needle aspira-
tion.

The kidneys are thought to be inoculated with myco-
bacterium tuberculosis at the time of the initial
pulmonary infection, rather than as part of reactiva-
tion. The bacilli are trapped in the periglomerular
capillaries and incite abscess formation in the both
kidneys. If the patient's cellular immunity is intact,
the organisms are confined to the cortex with the
formation of multiple small healed granulomas. Any
breakdown of host defenses may allow the cortical
granulomas to be reactivated, with extension of the
lesions down the loops of Henle to the renal pyramids.
Clinical disease is often unilateral and tends to be
polar. The papillary foci often caseate and cavitate,
producing the ulcerocavernous lesions of papillary
necrosis with subsequent seeding to the ureters and
bladder. The disease can also spread distally along the
urothelial submucosa and the lymphatics to affect the
infundibula, renal pelvis, ureter and bladder. The
uroepithelium becomes inflamed and ulcerated, and
multiple tiny granulomas form in the mucosa and
submucosa. The areas most severely affected are sites
of anatomic narrowing, such as the infundibula of the
calyces to the upper and lower poles, the uretero-
pelvic junction, and the ureterovesical junction.

During the healing phase, fibrosis and secondary
obstruction can destroy additional renal tissue.
Massive parenchymal destruction may produce large
coalescent granulomas containing caseous or calcific
material. Perinephric and retroperitoneal extension
may create fistulas to the skin and gastrointestinal
tract. Extensive dystrophic calcification may form a
cast of the kidney producing so-called auto-
nephrectomy.

Imaging studies neither confirm nor exclude the
presence of urinary tract tuberculosis. Early findings
are detected best on excretory or retrograde pyelo-
graphy. US, CT, and MRI do not have the special
resolution capable of demonstrating the fine early
erosive changes of the renal tuberculosis. Late and
chronic changes are evaluated optimally with US and
CT.Theseimagingproceduresareextremely valuable
in the evaluation of the nonvisualized kidney at
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urography. CT is the best procedure to evaluate the
adjacent retroperitoneal area for extension of disease.
MRI seldom adds additional information.

The stage of parenchymal miliary tubercles, before
calyceal involvement, produces no radiological find-
ings. When a calyx is involved, we may notice a slight
loss of sharpness of the calyx, which probably
represents mucosal edema. Progressive enlargement
of the tuberculoma and its caseation into the adjacent
calyx results in a cavity that is irregular, and that
resembles renal papillary necrosis. It has been
suggested that the erosion of the papillae from tuber-
culosis is more ragged than that from other causes.

Ureteral involvement with tuberculosis is hardly found
in the absence of more severe renal changes. Mucosal
nodules and ulceration occur with thickening of the
wall, fibrosis, and even calcification. The earliest
changes most commonly occur distally. The ureter is
dilated initially but later it becomes strictured and
eventually forms a straight, rigid tube. It may have a
beaded, corkscrew, or pipestem appearance. The
ureterovesical orifice may become gaping, leading to
reflux from the bladder. Renal damage resulting from
changes secondary to stricture is greater than that
resulting directly from tuberculomas seeded in the
renal parenchyma. The fibrosis causing the strictures
represents healing of tuberculous ulcerations, and
this may develop during appropriate chemotherapy.
Early scarring may be reversible by steroid therapy,
but end-stage fibrotic strictures are irreversible.
Dilatation and stenting of a ureteral stricture may
regain or retain ureteral patency and salvage a kidney.
We found that antegrade dilation of the urinary tract
combined with ureteral stenting is an effective tech-
nique for the management of stenosis secondary to tu-
berculosis of the urinary tract.

The extension of tuberculosis into the perirenal area
can cause an extrarenal tuberculous abscess and
subsequently connect with other structures within the
abdomen, whether they are retroperitoneal or
intraperitoneal. Spontaneous drainage into the skin or
bowel lumen is the final result.

Cystitis develops in up to one third of patients with
urinary tract tuberculosis, usually late in the course of
the disease. Coalescence of mucosal tubercles
produces superficial ulceration which are shallow
and irregular with undermined edges. If untreated, the

inflammation progresses to involve the muscularis
layer, and mural fibrosis causes the bladder to become
markedly thickened and contracted. A faint, irregular
rim or nodular calcification may outline the bladder
wall. Urethral tuberculosis is uncommon and usually
occurs secondary to prostatic or renal infection. It
may result in nonspecific stricture, fistula and urinary
incontinence.

The epididymis and prostate are the most common
sites for tuberculous involvement of the male genital
tract. Epididymal infection can occur from hemato-
geneous seeding, lymphatic spread, or retrograde
canalicular spread via the vas deferens. In tubercu-
lous epididymitis, sonography shows an enlarged
epididymis, predominantly in the tail portion, and
marked heterogeneity of the echotexture of the
involved epididymis. Sonographic findings of asso-
ciated testicular involvement consist of a diffusely
enlarged hypoechoic testis or ill defined focal
intratesticular hypoechoic areas, or an irregular
margin between the testis and epididymitis.
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The Past, Present and Future of Balloon
Angioplasty, Atherectomy and Stents in
Peripheral Vascular Disease
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Conventional Balloon Angioplasty
The concept of percutaneous transluminal angioplasty
(PTA) was first advanced by Dotter and Judkins and
1964. Initial reaction amongst the radiologic,surgical,
and medical communities was one of intense
skepticism. Attitudes have undergone a dramatic
shift since that time, and a 1988 Society for Vascular
Surgery meeting in Chicago heralded PTA (and its
recent off-shoots) as "the new endoluminal vascular
surgery." Indeed, as predicted by Dotter and Judhns
in the article, the indications have expanded from the
management of lower extremity ischemia to include
significant applications in thecoronary.renal, visceral
and carotid-vertebral vascular beds. The clinical
indications of angioplasty included a) lifestyle limit-
ing claudication b) bed rest and c) ischemic ulcer,
gangrene and poor wound healing.

The results of PTA vary according to the site. The
most commonly performed PTA is in the iliac arteries
with five year patency rates ranging from 50 - 87%.
The five year patency in the femoropopliteal vessels
range from 50 - 80%. The most important limitation
of PTA is restenosis which occurs in approximately
one third of cases during the first year. The restenosis
is related to elastic recoil in acute cases, and late
restenosis is related to fibrointimal hyperplasia and
progressive atherosclerosis. The serious complica-
tions of PTA occur in approximately three to five
percent of the cases and one to three percent of these
require surgery or a prolonged stay in the hospital.

PTA may now be considered the procedure of choice
in Fontaine Stage IIB through IV lower extremity
ischemia due to iliac and/or femoral popliteal stenosis

or short occlusions. Its role at the present time in
infrapopliteal disease is less clear, although signifi-
cant success has been achieved in limb salvage cases
with appropriate anatomy. PTA can also serve as an
important adjunct to surgical revascularization by
improving either inflow or outflow.

Atherectomy Devices

Designs of atherectomy devices were conceived out
of frustration with the limitations of convectional
angioplasty, especially due to poor long-term results.
The ideal atherectomy device has not yet been
designed. Atherectomy catheters attempt to remove
plaque with minimal injury to the vessel. Included in
this group of devices are:

1. Simpson atherectomy Catheter
2. Transluminal Extraction Catheter (TEC)
3. Trac-Wright Catheters
4. Auth Rotational Atherectomy
5. Sonic Atherolysis

Simpson Atherectomv Device
This ingenious device consists of a catheter, on which
the distal end forms a chamber with a side slot on one
side and a balloon on the other. The catheter is placed
in the stenosis, and the balloon is inflated to 20 - 30psi
to hold the cutter device against the atheromatous
plaque. The balloon is inflated, a hand-held motor is
activated and the cutter blade is advanced slowly
along the entire length of the housing while rotating
it at about 2,000 rpm. The device is rotated and
several cuts are made to debulk the atheromatous
plaque. The excised material is collected in the hous-
ing chamber and can be removed. The procedure is
repeated until enough tissue is removed to achieve
luminal patency.

In a recent report by Katze, et al, directional
atherectomy results were published. In 207 limbs,
atherectomy was carried out over a three year period.
The initial technical success rates are 97% in the
stenosis group and 99% in the occlusion group. The
patients were monitored with pulse volume record-
ings and ankle/arm indices. From life-table analysis,
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the overall one and two year patencies, according to
Rutherford's modified reporting standards, were 69%
and 37% respectively.

The TEC SYstem (Interventlonal Technologies,
Inc. San Diego. California)
This catheter assembly includes a torque controlled
cutter at the distal end of a catheter that passes freely
over a 0.014 inch steerable wire. The torque tube
cutter is rotated at approximately 700 rpm by a hand-
held motor. The excised tissue is withdrawn by a
vacuum applied to the torque tube. The distal
embolization when the device is used properly appears
to be infrequent The unique problem associated with
the device is excessive blood loss if aspiration
volummes are not carefully monitored.

The results published are from only one institution
and consists of 200 patients. The initial technical
success ranges from 88 - 100%, however the short-
term patency rates are disappointing They were around
66% at the end of six months.

Auto-Rotablator (Heart Technology, Bellevue,
Washington)
This instrument consists of a high-speed diamond
coated burr that is passed over a .014 inch guidewire
through a protective sheath. These burrs vary in size
from 1.5 to 6 mms. The instrument is based on the
principle of differential cutting which takes advan-
tage of the inelastic nature of atherosclerotic plaque.

One of the most appealing aspects of this athcrcctomy
device is the remarkable smoothness it can impart to
the recanalized lumen. The usage of this device
invariably results in:

a) Embolization: The maiority of the particles
are in the 5 -10 micron size and more of them
showed clinical ischemia;

b) Hemoglobinuria The incidence of hematuria
was reported in 33 - 63% of patients and no
comment was made regarding renal failure in
these patients.

The initial technical success is 90%, with a complica-
tion rate of 15%. The six month patency rates vary

between authors and range from 37% to 90%. Over
half of these patients were treated with adjunctive
balloon angioplasty and therefore it is not clear how
much of the effect is related to alherectomy and how
much is imparted from balloon angioplasty.

INTRAVASCULAR STENTS
Percutaneous Intravascular Stenting
By definition, vascular stents are mechanical devices
placed within the lumen of a tubular structure to
maintain patency by providing mural support. The
prosthesis is geometrically stable, pliable and self-
expanding. At the present time, 16 different stent
designs have been described. The prostheses differ in
construction. They all possess one of the three basic
mechanisms of action: thermal memory, spring action
or plastic deformation.

The stents have biochem ical integrity and are also bio
compatible. They can be introduced in a reduced
diameter percutaneously. They expand at the deploy-
ment site. The major function of the stent is to prevent
elastic recoil of the dilated vessel. The stent should
have adequate hoop strength to prevent collapse after
insertion. The metallic stents are corrosion resistant.
Experiments in animals and humans showed complete
intimal coverage within weeks after stent deploy-
ment. In atheromatous lesions, stents have been used
after angioplasty to prevent elastic recoil of the artery
and to correct dissection of the intima and media.
They have been placed following recanalization of
long segment occlusions. They have been proven
useful in maintaining the luminal patency of vessels
narrowed by fibrosis, radiation therapy and surgery
for tumor resection.

Balloon Expandable Stents (Palmaz Stent)
In the USA and Europe, it has undergone extensive
trials. It was released three years ago for use in iliac
vessels. The Palmaz Stent is a simple stainless steel
tube, the walls of which are etched into multiple rows
of staggered rectangles. It is crimp mounted onto the
standard balloon delivery system. UPOD expansion,
the rectangular slots assume a diamond shape. It is
easy to deliver and it has an expansion ratio of up to
6:1. When expanded, it has a minimal amount of
metal comprising the surface area. Following the
implantation, the endothelium protrudes through the
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diamond holes, thus initiating rapid coating of the
metal with neo-intima. Until now, several thousand
patients have undergone Palmaz Stent placement.
The average ankle/brachial index rose from .6 to .9
following the stent placement. Niney percent of the
patients improved, and the severity of the symptoms
was converted to mild claudication. The long-term
patency of the stents in humans is yet unknown,
however, they are promising.

The cooperative trials suggest that the stents are
useful in long occlusions, long irregular stenoses,
post-angioplasty dissections and stenotic lesions
withextensiveulcerations.Percutaneousstentcatheter
placement will never replace balloon angioplasty,
lasers or atherectomy devices but it can be used in
conjunction with other modalities to help overcome
certain limitations.

In spite of the introduction of new tools, we should
anticipate or continue to see restenosis in the range of
17 - 40%. The restenosis is primarily related to
progression of atherosclerotic plaque plus thrombus
and intimal hyperplasia. At the present time, research
is underway to deposit pharmacological agents at the
site of angioplasty or atherectomy to prevent
restenosis. Restenosis might have to be dealt with at
the cellular level with anti-growth factors, mono-
clonal antibodies, thermal radiation and/or other
pharmacological agents.
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Vascular Metallic Stent -
Its Clinical Experience In Japan

K. Hiramatsu

Department of Radiology, Keio University, School
of Medicine, Tokyo, Japan

Expandable metallic stent developed very rapidly
in interventional radiology during past few years,
and forming the main-stream of the procedures in
vascular and biliary intervention.

But in Japan, only some kinds of biliary stents
were already approved officially, and most of the
vascular stentings were not officially approved yet.
Multi center clinical trials are now on the process
for iliac lesions using Wallstent, Palmaz stent and
Strecker stent.

In Keio University Hospital, metallic stentings were
performed in 21 iliac lesions of 19 cases of ASO
(Palmaz stent 7 lesions, Strecker stent 9 lesions
and Wallstent 5 lesions). Technical success rate
was 100% and 6M success rate (primary) was 95%
Multicenter study of iliac lesions with Wallstent
were performed in National Cardiovascular Center,
Nara Medical College and Keio University.

Multicenter study with Palmaz stent were
performed in Nara Medical College, Keio
University, Nihon Medical College, St. Mariana
Medical College, Saiseikai Chuo Hospital and
Tottori University. Some of these results will be
presented including the current status of vascular
metallic stents and future problems.
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Mechanical Thrombectomy

S. Murthy Tadavarthy

Minneapolis Heart Institute, Minneapolis, USA

The presently accepted treatment for acutely
thrombosed peripheral arterial and syllthetic bypass
grafts is the placement of a vascular catheter and the
administration of thrombolytic agents, primarily uroki-
nase. Even though impressive results have been
achieved, this treatment is associated with
complicatiorls such as bleeding, distal emboli, peudo-
aneurysm formation.pericatheter thrombosis, vascular
spasm, and allergic reactions. It is very expensive, not
uniformly successful, and requires an average treat-
ment time of 18 - 40 hours. Patients are usually
monitored in the intensive care unit following the
procedure.

To overcome the drawbacks of fibrinolytic therapy, 3.
various authors have described percutaneously
introduced devices for thrombus destruction or
aspiration: These include (1) the transluminal extrac-
tion catheter (TEC device; Interventional Techno-
logies, San Diego, Calif.), (2) the Gunther aspiration
thromboembolectomy catheter, (3) the Starck manual
thromboembolectomy catheter, (4) the Trac-Wright
catheter (previously Kensey catheter), (5) the ultra-
sound-driven oscillating aspiration thrombectomy
catheter, (6) the rotating spiral aspiration
thrombectomy catheter, (7) the Rheolytic catheter,
and (8) the Amplatz thrombectomy catheter. 4

Several of the devices have undergone extensive
experimental evaluation and some of them have
undergone human trials. We have extensive experience
with the Amplatz Thrombectomy Device, as we wil
discuss.

1. Transluminal Extraction Catheter (TEC
device)
The transluminal extraction catheter was
originally designed for the pelcutaneous

removal of atherosclerotic plaque. However,
it has been successfully used in removing fresh
and chronic thrombus in laboratory animals as
well as humans. We believe that this system
will prove to be useful in treating thrombus
refractory to thrombolytic therapy and reduc-
ing overall fibrolytic infusion time, by
debulking the thrombus.

Ponomar Transjugular Clot-trappng De-
vice:
This is a mechanical device that has been used
to remove large thrombi form the iliac and
inferior vena cava. The device can be used in
conjunction with a mechanical thrombectomy
device to fragment the thrombus once this has
been caught within the bag. This clot-trapping
device has been used for thrombo-
embolectomy in patients with pulmonary
emboli. The preliminary experiments in dogs
are encouraging. The prototype requires a 20
Fr. introducer sheath. Improvements in tech-
nology will allow for easier introduction.

Gunther Aspiration Thrombo-
embolectomy Catheter
This consists of a 7.0 Fr. Teflon Catheter with
a rotating shaft and a propeller inside the
catheter. The tip of the catheter is placed
against the thrombus, the suction and the motor
drive are then started. With the propeller rotat-
ing at speeds of 500 - 1000 rpm, vascular
perforation is not seen. Preliminary results are
encouraging with fast, effective removal of the
thrombus.

Rheolytic Catheter
The Rheolytic thrombectomy catheter uses
high velocity saline jets to break up thrombus
and allows withdrawal of the resulting debris
via the same catheter. The design of the system,
with the recirculation pattern provided by the
saline jets, can lyse thrombus larger than the
catheter. The small caliber, flexibility, and
effective lysis suggests its potential usefulness
in larger and smaller diameter vessels. The
combination of thrombolytic drugs and tbe

141



Rheolytic catheter might quickly break-up
larger thrombi. Thrombolytic drugs might
effectively act on small residual thrombi. It is
effective, and can be introduced percu-
taneously. Ithasremovedoneweekold thrombi
both in-vitro and vivo experiments. Currently
clinical investigations with this device is
underway in the USA and in Europe.

Starck Thrombo-embolectomy Catheter
This technique consists of percutaneously
placing a sheath with a detachable hemostatic
valve. This wall 5-9 Fr. catheters with minimal
tapering are used to aspirate the clot. The basic
technique is to advance the catheter and obtain
contact with the embolus. Negative pressure
for aspiration is applied by hand with a 50 ml.
syringe. Fresh thrombi are easily aspirated;
harder thrombi requires multiple passes. Pre-
treatment of organized thrombi with
angioplasty or thrombolytic therapy softens or
loosens the thrombus and enhances the chances
of removal with aspiration technique. The
basic technique and results will be discussed.

Amplatz Thrombectomv Catheter
The device consists of a 100 cm long, 8 Fr.
polyurethane catheter with an impeller mounted
on a drive shaft in a 1 cm long, open-ended
metal cylinder with two side holes. The two
side holes in the metal capsule are used for
recirculation. The impeller is similar to the
blades of a household blender and is recessed
in the metal capsule. It is driven by an air motor
up to 150,000 rpm. The drive shaft extends
through a Y-type connector at the proximal
end of the catheter and is used for infusion of
saline or contrast medium for visualization of
the thrombus and cooling of the device. The
high-speed maceration of the thrombus by the
impeller allows subsequent remaceration of
clot and aspiration of any residual contents
manually with an aspiration catheter.

It has been tried in 14 humans. The procedure
was carried out in ten arterial Gortex grafts,
two native arteries and in two patients with
venous thrombosis. It completely removed
the clot in eleven patients and partially in three
patients. Mechanical thrombectomy with this
device is a new, effective technique, and can
rapidly remove the thrombus.

The advantages and disadvantages of various
mechanical devices and their applicability will be
discussed.
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PTA for Renovascular Hypertension -
History and Current Status in Japan

K Hiramatsu, T Narimatsu

Department of Radiology, Keio Univesity,
School of Medicine, Tokyo, Japan

Percutaneous transluminal renal angioplasty (PTR A)
is a well established treatment for renovascular hy-
pertension, and now widely accepted by many clini-
cians in various fields internationally.

Itis well known that Gruntzig reported his first PTR A
in 1978, using co-axial balloon catheter. But in 1976,
Tari and colleagues reported a successful dilatation of
bilateral renal artery stenosis caused by Takayasu
arteritis by inserting hook shaped KIFA green and
yellow catheters into both renal arteries and the
patient had been normotensive for 4 years and 6
months. This paper was reported in Japanese Journal
ofClinical Urology and considered to be first "PTRA"
in the world.

The first balloon PTRA was performed in 1979 in our
department, and since then 75 cases of PTRA were
attempted including 27 cases of fibromuscular dy spla-
sia (FMD), 36 cases of atherosc lerosis and 10 cases of
Takayasu arteries. In long term follow-up result,
FMD group showed the most favourable success rate
of five years (87%), atherosclerosis group showed
65% success rate and Takayasu group showed suc-
cess rate of only 36%.

Current status of PTRA in Japan was also reviewed in
this paper.
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Percutaneous Interventional Procedures in
the Kidney

Dr. John Hoe

Mt.EHzabeth Hospital, Singapore

Percutaneous Nephrostomy
Indications for this are now well established and
include relief of obstruction of the kidney in patients
with oliguria or sepsis, as well as to provide access to
the ureter or bladder for other procedures, or to
provide urinary diversion and to assess recoverable
function of a chronically obstructed kidney.

Contraindications are few and the only absolute
contraindication is a bleeding diathesis. Prior to the
procedure the radiologist should see the patient to
discuss the reason for the nephrostomy, prospects for
short or long term drainage, and discuss possible
complications . Pre nephrostomy antibiotics should
not normally be indicated except when sepsis is
present then ideally, culture specific antibiotics should
be given 24hrs before.

The nephrostomy track should ideally be placed in
the relatively a vascular posterolateral parenchyma of
the kidney (Brodel' s line ) and enter a posterior calyx.
To help identify the posterior calyces, aside from
their typical rounded configuration on opacification
of the collecting system following antegrade punc-
ture, injection of 5ml of room air with the patient
prone is also helpful.

Following placement of the nephrostomy tract, for
simple drainage, an 8F catheter should be adequate. If
the urine is very viscous or pus-like 10-1 2F catheter
should be placed. A teflon sheath should be used prior
to placement of the nephrostomy catheter so that a
safety guide wire can be placed, especially if there is
severe hydronephrosis. If a self-retaining catheter
such as a Cook-Cope loop is used, it should still be
initially sutured to the skin, until the tract is well
developed.

Post nephrostomy look out for post-obstructive
diuresis. The radiologist should know how to respond
if the tube stops draining or if the nephrostomy tube
falls out. Follow up care includes prophylactic tube
change for long term drainage every month for 2
months then adding one month to the intervals. The
tube should not be left longer than 6-8 months at a
stretch while antibiotics should also not be needed
during this time.

Note that with malignant ureteric obstructions, renal
interventions should only be performed on carefully
selected patients, not just because they present with
renal failure or urosepsis. A recent study showed that
even after careful selection of patients for nephrostomy
and stent placement, only 68% were able to achieve
a useful life although 77% were able to be discharged
from hospital. Patients with advanced pelvic malig-
nancy and urinary obstruction, with uncontrollable
pain, poor mental status and disseminated disease do
not warrant percutaneous nephrostomy and inter-
vention because of their poor clinical prognosis and
quality of life.

Percutaneous Drainage of Renal and Perinephric
Collections
Renal abscess drainage is indicated if initial antibiotic
therapy fails. The collection should be localized
initially by cross-sectional imaging. This usualiy
requires CT, occasionally fluoroscopy alone. Ultra-
sound guidance can also be used, depending on
operator preference but note that smaller collections
and any associated retroperitoneal extension of dis-
ease will not be well demonstrated. Following
diagostic aspiration of the collection using a 21 guage
needle, the tract can be dilated or a separate adjacent
tract placed and a drainage catheter placed under CT
or fluoroscopy guidance. The drainage catheter should
be at least 10F size and pigtail, Malecot catheters or
specially designed sumpcalheterscan be used. Straight
multipurpose catheters also work if cost is a
consideration.If the abscess is septated, these can
usually be perforated with a guide wire and catheter.
After24 hours, flushing of the catheter with lOmlsof
saline four times a day can be helpful to maintain
drainage.
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Length of drainage depends on the size of the collec-
tion and clinical response. If the collection is large,
cavity size assessment and readjustment of the catheter
position to a more favorable position, particularly in
septated collections, can be done after a few days,
under fluoroscopy. In persistent or large collections,
infuse contrast into the collection via the catheter,
clamp for 2 hours to allow for diffusion of the contrast
and repeat CT scan to demonstrate unsuspected
septations or loculated cavities.

Ureteric interventions
Commonest indicationsare for management of ureteric
striciures and urinary fistulae. For easier manipula-
tions in the ureter, the nephrostomy tract should be
placed as superiorly as possible, at least in a mid pole
calyx. Ureteric strictures can be dilated and stented, if
the stricture can be passed by an antegrade or retro-
grade route. Antegrade manipulations are usually
performed if a retrograde procedure is unsuccessful,
but can be the first line of intervention especially for
malignant obstructions when pelvic masses are
present

Using aCobra catheter or other torque control catheter
and a J guide or glide wire, most strictures of the
ureter can be crossed. Newer devices that have
improved the success rate of ureteric manipulations
include use of a peel away sheath (at least 9F) and
glide or slip coated guide wires. If there is a complete
obstruction of the ureter, manipulations should only
be attempted at a second session following initially
nephrostomy to increase the success rate. Although
dilatation of malignant strictures are generally unsuc-
cessful as they respond poorly, it should still be
attempted as successful placement of a double J stent
will improve the patient's quality of life by doing
away with a permanent external drainage catheter.
However as mentioned earlier careful patient selec-
tion is necessary otherwise these interventions may
only be a technical success.

Benign ureteric strictures are the most responsive to
percutaneous techniques, although factors that influ-
ence response to dilatation include cause of the
stricture, age, length and site. Benign strictures that
fail to respond are usually those of an ischemic nature.
Post radical hysterectomy strictures can respond if
detected early and a follow up IVU one month in all
these patients post operatively is mandatory.

Strictures can be dilated by a .variety of methods.
Balloon dilatation is the most popular . With the
newer higher pressure balloon catheters, the balloon
can be inflated up to 12-16 atms. Also there is a trend
to using larger size balloons than previously e.g 8mm
balloon for PUJ, 5 mm balloon for lower ureter.
However due to the cost of these catheters, strictures
can also be dilated using coaxial catheters or van
Andel tapered dilating catheters. These are said to be
preferred for ischemic strictures and transplant kidneys
as they are more 'gentle' although theoretically they
create radial as well as longitudinal shear forces.

Ureteric stents should be placed across the strictures
following dilatation and internal stents are preferred.
For benign strictures, stents should be placed for 3 to
6 months, rather than for 6-8 weeks as many suggest.
With the newer co-polymer materials complications
related to stents are much less. Placement of these
stents antegradely can still be tricky and use of a
surgical suture through the proximal J loop is recom-
mended. Make sure that the suture is removed before
the guide wire is removed from the stent otherwise the
suture may be difficult to remove or even left behind
as a foreign body in the kidney. Correct selection of
stent length is also important and this can be deter-
mined by use of clips or steristrips on the guidewire.
For most Asian patients 22 -24cm stents are used. An
external draining nephrostomy is always left for at
least 24 hours following stent placement.

For ureteric fistulae, following nephrostomy through
an upper or mid pole calyx, external urinary diversion
should be established to allow apposition of the
segments, and to block the flow of urine into the distal
ureter. A retrograde study can also be useful to locate
the distal limit of injury. At a second session, the
fistula site is probed and a guidewire passed into the
distal segment. If this is successful, astent6-10F with
no side holes at the site of the leak, is placed for 4-8
months. Patience is the keyword in the management
of these patients.

Percutaneous techniques for the management of renal
and ureteric stones in the ESWL era will not be
discussed here but the radiologist should be aware of
the modification of techniques that are required so
that he can complement the urologist rather than be
replaced by the urologist
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Vena Caval Filters

Yashwant D Patel

University of Medicine & Dentistry of New Jersey,
Neward, New Jersey, USA

Pulmonary embolism is a significant cause of
morbidity and mortality in the United States.
Approximately half a million patients have
symptomatic pulmonary embolism yearly in the
United States. There areapproximately 150,000 deaths
due to pulmonary embolism.

The treatment of pulmonary embolism depends on
the degree of pulmonary dysfunctrion it produces.
Large central pulmonary emboli may require
emergency surgical embolectomy or high dose
intraembolothrombolytic therapy. In most cases,
anticoagulation therapy is usually suficient to prevent
recurrent pulmonary embolism. When anticoagulation
is ineffective or contraindicated, vena caval filter
placement is usually successful in preventing recur-
rent pulmonary embolism.

The indications for vena caval filters have been
largely expanded due to the ease and lower morbidity
associated with filter placement. Percutaneous vena
caval filter placement is indicated, in patients who
develop complications due to anti-coagulation (bleed-
ing or heparin-induced thrombocytopenia), in pa-
tients with contraindication to anticoagulation such
as bleeding ulcer disease, haematuria, recent surgery
or the presence of an intracranial malignancy, and in
those patients who have recurrent pulmonary embo-
lism despite adequate anticoagulation.

Prophylactic vena caval filter placement has been
recommended in patients undergoing knee and hip
replacement surgery, who have had a history of
thromboembolic disease. Other indications that have
been espoused for prophylactic filter placement in-
clude patients undergoing pelvic surgery, those with
gynaecologic malignancies and patients with severe
pelvic trauma.

There are several venacaval filters avialable, includ-
ing the stainless steel and titanium Greenfield filters
(Meditech, Watertonw, MA), the Bird's Nest filler
(Cook, Inc. Bloomington, IN), the LGM filter (Vena
Tech Corp, Evanston, IL), the Simon-Nitinol filter
(Nitinol Medical Technologies, Woburn, MA), the
Gunther filter and the Amplatz filter. Most of these
filters have small introductory devices which range
from 8 to 14 French and are usually placed in vena
cava which are 28 mm or less in diameter. The Bird's
Nest filter is an exception which may be placed in
larger vena cava up to 40 mm in diameter. Filter
placement may be performed by the femoral venous
approach or through the right internal jugular vein.
The Simon-Nitinol filter, due to its smal 1 delivery
system (9F), has also been placed via the brachial vein
in the upper extremity.

There are numerous reports on the use of each of the
above filters, including long-term results pertaining
to recurrent embolism, filter migration and vena
caval thrombosis. The largest experience has been
with the stainless steel Greenfield filter, which has
been used for over 15 years. A caval patency rate of
95% and a recurrent embolism rate of less than 5%
has been reported.

With the Bird's Nest filter, Roehm et al reported the
long-term success and follow-up in a total of 568
filters placed. Four hundred and forty patient were
followed up for more than six months. The recurrent
pulmonary embolism rate was 2.7% and the inferior
venacaval occlusion rate was 2.9%. There were five
filter migrations which occurred with the original
filter design, but no migration occurred with the
redesigned B ird' s Nest filter. In the initial 200 patients
who hadplacementoftheSimon-Nitinol filter, obvious
occlusion occurred in approximately 2% of patients
and there was recurrent pulmonary embolism in less
than 5% of patients.

Presently, the new low-profile titanium Greenfield
filter is the most widely used venacaval filter in the
United States. Insertion is easy and the filter can be
precisely positioned. As the design is substantially
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the same as that of its stainless steel predecessor,
similar statistics concerning the recurrence of pulmo-
nary embolism and IVC patency are anticipated.

Complicatons related to placement of vena caval
filters include: incomplete opening, malposition, caval
wall penetration, filtermigration, strut fractures, vena
caval stenosis or thrombosis, access site hematoma or
thrombosis and possible recurrent pulmonary embo-
lism.

It is now clear that vena caval filter placement should
be performed percutaneously. However, there is
presently no ideal filter. Selection and use of a filter
should be based on the operator's experience, the
clinical situation and an objective evaluation of the
current literature.
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Principles of Catheterization for Embolization
in the Gastrointestinal Tract
How to Stop Bleeding in the Gastrointestinal
Tract

Pr. R.F. Dondelinger

University Hospital Sort Tilman, Belgium

Indications
They include on the arterial side any punctual source
of hemorrhage, which cannot be arrested by the
endoscopical approach. Cause of bleeding may be
iatrogenic trauma, ulceration, vascular malforma-
tion, vascular dysplasia, di-verticulum, tumor, surgical
anastomosis, acute pancreatitis, etc. On the venous
side, GI bleeding is caused by varices secondary to
portal hypertension.

General principles
The following guidelines should be followed: the
embolization should be performed as selectively as
possible to the bleeding side, avoiding, necrosis of the
gastrointestinal tract consecutive to massive
embolization and avoiding bleeding recurrence by
revascu.arization through still open vascular supplies.
Embolization material should guarantee an efficient
vascular occlusion. For bleeding originating from a
main trunk such as the gastroduodenal artery,
embolization is performed immediately proximal and
distal to the bleeding side. For embolization in
peripheral arteries, multiple control injections during
embolization are necessary. A bleeder may rebleed at
any time. Extravasation may be evidenced on one
series and no longer be shown on subsequent injec-
tions. Using conventional arteriograpy; a bleeding
rate of a 2 to 3 ml/min is necessary for arteriographic
demonstration. With DS A, a bleeding rate of less than
1 ml/min is required. The diagnostic technique can be
enhanced by repeat angiography, particularly after
injection of 20.000 to 50.000 u of UK between two
injections and after a time interval of 2 to 5 minutes.
Magnification can be useful. Catheterization should
be performed from proximal to distal and at each level

of catheterization a control injection may be neces-
sary. Oblique projections are very helpful in the
superior mesenteric artery. One must be sure that the
bleeding vessel has been catheterized before
embolization. Spasmolytic drugs such as Glucagon,
Buscopan, or Visceralgine are necessary. A standby
anesthesiologist should be present as the patient should
be carefully monitored. A sudden myocardial infarct
may happen on the arteriography table when the
patient is in severe shock due to massive blood loss.
When diagnostic arteriography is negative, the
hemostatic valve is left in place for urgent re-
catheterization. Patient selection is based on clinical
history and on endoscopical findings. The vascular
radiologist should be notified that a bleeder is going
to be examined as soon as he has entered the hospital.
DSA, which is now widely used, has many artifacts
due to bowel peristalsis and may create a false positive
diagnosis of extravasation. All the series should be
reviewed subtracted and non subtracted, several times
and at different frame rates. The catheter systems
used are mainly preshaped Fr5 catheters, with a
S idewinder or a Cobra tip configuration. Hydrophilic
coated guide wires and catheters are helpful for
selective catheterization. Non ionic contrast medium
is used. The coaxial technique using microcatheters
such as the Tracker or Microferret are very useful.
Flow obstruction must be avoided. Embolization
material include gelfoam pledges, coils or minicoils,
minidetachable balloons, poly-vinyl-alcohol particles
or ethanol. For acute variceal bleeding, TIPS is indi-
cated on an emergency basis in 30% of the patients
undergoing portocaval shunting. When varices are
still largely opacified after TIPS, they are embolized
during the same approach by catheterization of the
left gastric vein or the short gastric veins. Bleeding
may also be caused by Heal varices or periumbilical
veins. Coils and ethanol are mainly used as
embolization material.
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The Role of CO2 IADSA for the Catheter
Treatment of acute bleeding

K Hiramatsu, S Hashimoto
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Transcatheter arterial embolization (TAE) is a good
alternative to surgery in many patients with active
hemorrhage, if the bleeding site is demonstrated on a
angiogram. Conventional iodine contrast angiogra-
phy, however, fails to demonstrate extravasation at a
rate of 0.5 ml/min or less. The angiographers often-
feel frustration when a patient is actively bleeding
and the bleeding point is not identified.

In this lecture, a new way of detecting minute arterial
bleeding by using carbon dioxide gas as a contrast
medium for IADSA Our materials include 42 con-
secutive patients with suspected abdominal and pel-
vic bleeding.

In 12 out of 49 procedures, only CO2 IADSA
demonstrated extravasation, while iodine contrast
angiography failed, and in this group, TAE was
successfully performed and the bleeding was
controlled.

In 13 procedures, both CO2 IADSA and
conventional IADSA detected extravasation.

After the TAE procedures, this CO2 IADSA can be
used to make it sure that the bleeding is well controlled
by TAE.

149



IR3 - INTERVENTIONAL RADIOLOGY

General Principles of Embolization with
emphasis on pulmonary AVM's

S Murthy Tadavarthy

Minneapolis Heart Institute, Minneapolis, USA

Transcatheter vascular embolization has become an
important aspect of the burgeoning field of inter-
ventional radiology. A tremendous upsurge of inter-
est in embolization beginning in the 1980's was
fueled by parallel development in catheter technology
and embolic agents. The effect of embolization on
any organ is specific to that organ and this fact makes
generalization about the techniques of embolization
difficult.

Embolization is a major procedure. Radiologists need
to be familiar with clinicl status of the patient and
when required, it should be performed in stages.
Catheters should be selectively placed as possible and
stray embolization should be avoided. Radiologists
should be familiar with the physical, chemical and
biological characteristics of different embolic agents
and the delivery devices. Embolic materials can be
classified as absorbable and non-absorbable,
properties of different materials will be discussed.

Pumonary AVM's and the Role of Transcather
Embolization
Pulmonary arteriovenous malformation is an ex-
tremely interesting anomaly that is associated with
low pressure pulmonary arteries. It can be single or
multiple. The predilection is towards lower than
upper lobes. They are commonly associated with
hereditary hemorrhagic telangiectasia (HHT) or also
known as Rendu-Osler-Weber disease. Shortness of
breath, fatigue clubbing and cyanosis from right to
left are the most frequent signs. As per White (Ref. 1),
40-50% of patient with PAVM's are at risk for
paradoxical embolization leading to stroke. Because
of extra cardiac right ot left shunt, 5-9% of patients
are at riskof developing a cerebral abscess. The annual
risk of stroke is 1.5% per year with PAVM's (Ref. 1).

Clinically the diagnosis is made by change in artterial
oxygen content in the upright position (orthopdeoxia)
and is lower compared to the supine position.

The superior diagnosis of PAVM's by cross sectional
imaging of the chest over pulmonary angriography
has been recently stressed by Reny et al (Ref. 2).
When they are detected, they should undergo treat-
ment either by embolizationm or by surgical resec-
tion. The radiologist is in a unique position to diag-
nose and understand the pathophysiology, and at the
same time treat them with transcutaneous percutane-
ous methods.

The obliteration of PAVM's is achieved in single or
multiple sessions. Basically it is carried out with coils
or by detachable balloons. Each modality has unique
advantages and disadvantages. The details of the
embolization techniques, follow-up and results will
be discussed. The complications of embolotherapy
include inadvertent systemic embolization and
pulmonary infarction.
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Stent Implantations

ProfDrHSchild

Universitat Maim, Mainz, Germany

Metallic stents are nowadays implanted in vessels,
biliary tree, tracheobronchial system, urinary and
gastrointestinal tract as wellasintraparenchymal into
the liver for TIPS procedures. The lecture will discuss
the various stent types, and focus on fundamentals of
intravascular stent implantations.
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Esophageal Intubation for Palliation in
Esophageal Stricture

Ho-Young Song, M.D.

Asan Medical Center, University ofUlsan College of
Medicine, Seoul, Korea

The potential benefits of esophageal intubation in
esophageal cancer were anticipated by Symonds who
used a tube made of boxwood and ivory in 1885.'
Symond's tube was made of boxwood and ivory.
Since the introduction of indwelling esophageal
catheters, many types of nonexpandable esophageal
prostheses inserted surgically or endoscopically have
been developed.2"* Prosthesis may be pushed though
(pulsion) the stricture from above, usually via the
peroral route or pulled through (traction) the stricture
from below, via a high gastrotomy. Traction tech-
niques require laparotomy and gastrotomy, which
increase mortality and morbidity. These disadvantages
can be avoided with peroral pulsion techniques.5

Despite the efforts, esophageal intubation continues
to be plagued by high morbidity and mortality as well
as limited effectiveness in the relief of dysphagia.2

Fluoroscopic or endoscopic placement of a covered
or uncovered expandable esophageal metallic stent is
a new peroral intubation procedure that is increas-
ingly being used for palliative treatment of
esophagogastric strictures,6"15 because the stent has
been thought to overcome the considerable mortality
and morbidity as well as the limited effectiveness in
the relief of dysphagia associated with the conven-
tional esophageal prostheses. The implantation of
expandable metallic stents is better tolerated and
safer than that of nonexpandable tubes, because the
diameters of the delivery systems are only 3 to 12
mm." In addition, the released stent with a 14 to 20-
mm lumen can provide excellent relief from dysphagia
with a low risk of migration, and placement of a
second stent when the stent already in place has been
occluded with tumor overgrowth is easier with the
expandable stents.

Indications
Esophageal intubation is indicated for the following
patients who had aphagia or dysphagia even to soft
food.

1. Patients with nonresectable or inoperable
esophagogastric neoplasms.

2. Patients with recurrent esophagogastric neo-
plasms after surgery and/or radiation therapy.

3. Patients with resectable esophageal
malignancywho reject surgery.

4. Patients who absolutely need nourishment prior
to surgery.

5. Patients with esophagorespiratory fistula due
to a malignant tumor.

6. Patients with benign esophageal stricture that
shows frequent recurrence after balloon
dilatation.

Contraindications
There are no absolute contraindications, but the
fallowings are considered to be relative
contraindications.

1. Uncontrollable bleeding diathesis.
2. Severely ill patients with a very limited life

expectancy.
3. Obstructive lesion of the small bowel due to

peritoneal seeding.

Techniques
Although most patients may require hospitalization,
the procedure can be performed on an outpatient
basis. Local anesthesia of the hypopharynx can be
supplemented by intravenous sedation with
diazepam(Valium) if the patient is partially
apprehensive. The site, severity, and length of the
stricture are evaluated before balloon dilatation by
means of barium esophagography.

Under fluoroscopic guidance, a small amount of
barium (approximately 10 ml) is swallowed for
opacification of the narrowed esophageal lumen. A
0.035-inch exchange guide wire is inserted, with or
without the help of a straight, tapered angiographic
catheter, through the mouth across the stricture into
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the distal esophagus or stomach. The location of the
stenosis is marked on the patient's skin under fluoro-
scopic control, if necessary. A deflated esophageal
balloon catheter (6 or 8 cm long and 10 or 15 mm in
diameter) is passed over the guide wire to a position
astride the stricture. The deflated balloon is slowly
inflated with a diluted water-soluble contrast medium
until the "hourglass deformity" created by the stric-
ture disappeared from the balloon contour. When a
stricture is so severe that the patient complains of
severe pain and the "hourglass deformity" does not
disappear from the balloon contour, the inflation of
the balloon should be discontinued. The balloon is
then removed, and the guide wire is left in the
esophagus.

With the patient in the left anterior oblique cr supine
position and in full extension of the neck, the delivery
system with the stent inside, whose proximal part is
lubricated with jelly, is passed over the guide wire
into the esophagus and is advanced until the distal tip
of the stent reaches beyond the stricture. The intro-
ducing sheath is slowly withdrawn in a continuous
motion. This frees the stent and allows it to lie within
the stricture and expand. The delivery system and
guide wire are removed. Esophagography can be
performed immediately after or 1 day after stent

placement to verify the position and patency of the
stent and to detectany esophageal perforation. Patients
are allowed a liquid diet initially and then a soft and
a solid diet.

Results
Table 1 compares the results of different expandable
esophageal stents. It is notable that all the technical
success rates reported from different countries are
100%. After intubation, 94 - 100 % of the patients
ingest soft or solids foods without dysphagia.1113

The incidence of esophagorespiratory fistula in
patients with esophageal cancer ranges from 5 % to
10 %.12 Treatment should be instituted rapidly once
the diagnosis is confirmed, because most untreated
patients died within a month of its development due
to progressive aspiration, secondary pneumonia, lung
abscess and starvation. The results of covered
expandable metallic stents for esophagorespiratory
fistula have been encouraging, because they sealed
off the fistula successfully as well as safely and
easily.671215 Uncovered expandable metallic stents,
however, are not suitable for the treatment of
esophagorespiratory fistula, and progressive tumor
ingrowth through the openings between the wire

Table 1

Results of Expandable Esophageal Stents*

Song GRZ Spiral Z Strecker

No. of Patients

Technical sucess (%)

Improvement of dysphagia (%)

Eosphageal perforation (%)

Bleeding (%)

Migration (%)

Blockage (%)

Food impaction

Tumor overgrowth

Tumor ingrowth

Mean survival (weeks)

119

100

98

0

3

10

2

7

0

16

52

100

94
2
4

10

4

0

2
9

20
100

?

5
0

30

0

0

0
9

33
100
100

15
0

9

0
12

9

*1993 Annual Meeting, Western Angiographic and Interventional Society and Sth International Radiology
& New Vascular Imaging 1994
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filaments tends to cause progressive dysphagia.9'3

Schaer et al.' reported tears of the silicone membrane
after stent placement which resulted in tumor in-
growth. Therefore, careful handling of the covering
membrane is needed when using a covered metallic
stent for esophagorespiratory fistula because the
covering membrane could be damaged when the stent
tube is being pushed into the introducing tube or the
introducing tube is being withdrawn.15

Placement of expandable metallic stents is indicated
for the patients with benign stricture that shows
frequent recurrence after balloon dilatation. How-
ever, migration of the covered stent is common in
benign stricture19 and formation of new stenoses at
the uncovered stent edges14 can occur.

Table 2 compares the complication rates of expand-
able stent tubes with those of nonexpandable tubes.

Table 2
Complication Rates of Song Esophageal Endoprosthesis vs Conventional Nonexpandable Tube

Expandable

No. of patients
No. of tubes
Initial perforation (%)
Bleeding (%)
Migration (%)
Blockage (%)

Food impaction
Tumor overgrowth

Ogilvie, et al*

118
135

11
3

12

19
5

Nonexpandable

Liakakos, et al**

105
116

10
0
4

5
22

Song, et al

119
136

0
3

10

2
7

*Data presented from reference 2.
**Data presented from reference 16.
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Expandable Metallic Stents for Eosphago-
Respiratory Fistulae and Tracheobronchial
Stenoses

Josef Rosch, M.D.

Dotter Interventional Institute OHSU, Portland,
Oregon, USA

Expandable metallic stents (EMS) are useful devices
for management of oesophago respiratory Hstulae
and tracheobronchial stenoses.

Esophagorespiratorv Fistulae
Esophagorespiratory fistula (ERF) is a devastating
clinical problem. Patients are unable to swallow food
or even their own saliva without aspirating. ERF
usually develops in esophageal and occasionally in
lung malignancies invading surrounding tissues. The
natural history of ERF is one of repeated aspirations,
pulmonary infection and death resulting from pulmo-
nary compromise. EMS have great potential in
management of ERF and are more effective and more
safe than other modes of treatment such as insertion
of rigid, nonexpandable prostheses or surgical bypass.

Two types of EMS have presently been used for
treatment of ERF: covered Wallstent (Schneider,
Mineapolis, Mn.), and covered Gianturco-Rosch Z
(GRZ) stem (William Cook, Europe). In our series of
13 patients with ERF, we have used covered GRZ
stents in 12 patients and covered Wallstent in one
patient. All patients had fistulae from either the distal
trachea or maintain bronchus to the middle esophagus
and complained of severe aspiration of both liquids
and solids. Seven patients had primary lung carcinoma,
three esophageal carcinoma, one laryngeal carci-
noma, and two had mediastinal lymphoma. Ten
patients had also significant esophageal obstructions.

The stents were 10-14 cm long depending on the
length of the esophageal lesion. The procedure was
done in the interventional unit using light sedation. A
preshaped catheter was passed first with leading

guidewire into the stomach and the stricture was
predilated too 10-12 mm. The stent inside thedelivery
system was then positioned into the esophagus and
deployed to cover the fistula and extending at least 3-
4 cm above and below it. Stent placement was
successful and well tolerated in all 13 patients. There
were no stent related deaths. Aspiration symptoms
were completely relieved in 9 of 13 patients (69%).
The stents in these patients completely covered the
fistula and expanded the preexisting stenoses. All 9
patients were relieved of aspiration until death (range
from 1 week to 6 months-mean 3.7 months). Four of
13 patients (31 %) were improved and able to eat a soft
diet, but experienced residual aspiration with fluids.
Three of these patients had no significant stricture of
the esophagus at the side of the fistula and their
barium esophagography revealed leakage around the
stent. Two of these patients are alive at 2 and 10
months, and two have died at 1 and 9 months after
stent placement

Tracheobronchial Stenoses
Obstructions of the large airways by both benign and
malignant pathologic processes are associated with
high morbidity and possible death by gradual asphyxia.
Benign tracheal strictures are most often of
postraumatic or iatrogenic origin. Malacia, vascular
rings and tuberculosis are among the other causes.
Malignant obstructions are mostly caused by primary
or secondary tumors of trachea, bronchus, and lung.
EMS offers an attractive alternative treatment of both
benign and malignant tumors not amenable to
conventional therapies. Noncovered, bare stent are
sufficient for the benign stenosis. For treatment of
malignant lesions, covered stents are preferable to
prevent tumor ingrowth inside the stent.

We have treated six patients with tracheobronchial
obstructions. Three had benign lesions, two post-
operative stenoses and one tracheomalicia. Of the
three patients with malignant lesions at the level of
the carina, two had carcinomas, and one had
melanoma. We used the bared GRZ stents with benign
lesions and in patients with melanoma. The two
patients with endoluminally growing carcinomas
received silicone covered stents. The procedure was
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done in an interventional room under general anes-
thesia and with the cooperation of ENT surgeons. The
stents were deployed under fluoroscopic control with
a 14 Fr delivery sheath introduced through a rigid
bronchoscope. All patients received broad spectrum
antibiotics prior to and continued for 7 days after stent
placement

Two of three patients with benign lesions responded
well to stent placement and both were asymptomatic,
one for 2 years and the other for 5 months. In the third
patient with high tracheal stenosis, the stent was not
placed across the lesion centrum, slipped after one
week and was later removed when the lesion was
corrected surgically. All three patients with malig-
nant lesions improved symptomatically and remained
without significant symptoms until their death from
1-5 months (mean 2.S months) due to generalization
of their malignant process.

Conclusion
EMS are useful devices for treatment ERF and
tracheobronchial stenoses and offer an effective
palliation of severe symptoms in the majority of the
patients.
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TIPS - Patient Selection, Technique, and
Short Term Results

Josef Rosen, M.D.

Dotter Interventional Institute
Oregon Health Sciences University
USA

The transjugular intrahepatic portosystemic shunt
(TIPS) is a new interventional radiologic method
of creating a portosystemic shunt by percutaneous
means. Using needles, conventional and angioplasty
balloon catheters and expandable metallic stents, a
shunt is established directly inside the liver
parenchyma connecting a large hepatic vein with
a main portal vein branch. Depending on the
diameter of the expandable stent used, the created
TIPS diverts various amounts of portal blood into
the systemic circulation and results in significant
portal decompression, cessation of hemorrhage
from gastroesophageal varices and resolution of
ascites. Present experience indicateds that TIPS is
an effective and safe alternative to emergency
portocaval shunt surgery.

Historic notes
The idea of TIPS was conceived by Rosch et al in
1969, who developed its technique in animal
experiments and tested it in cadavers. The
technology available at that time, however, did not
allow clinical application. Technological progress
in the late seventies and early eighties has helped
to elevate this method to its present clinical status.
The first important innovation was the introduction
of angioplasty ballon catheter, and Colapinto et al
established the first TIPS with balloon inflation
clinically in 1982. Introduction of expandable
metallic stents was the final step that brought TIPS
from an Utopian dream to reality. Palmaz et al
initiated this step in 1985 with detailed
experimental work in dogs with portal hypertension
using balloon expandable Palmaz stent. Rosch et
al in 1987 in experimental work in swine,
documented suitability of another stent - the
modified Gianturco Z stent - for TIPS creation.

The first TIPS in a patient using metallic stents
(Palmaz stents) was performed by Richter et al in

158

Freiburg, Germany in January 1988. The Freiburg
group and later the Heidelberg group continued
their pioneering work and were followed by other
pioneer groups in Toulouse, Miami, San Francisco
and Portland. Their enthusiastic work and
documentation of TIPS efficacy in management of
portal hypertension and its complications lead to
rapid spread of TIPS throughout the world.

Indication for TIPS
The first TIPS were ofter done as a last ditch
procedure in patients with advanced stages of liver
disease and massive bleeding who were not
candidates for surgical portosystemic shunts. Some
of these patients had already undergone surgical
portosystemic shunts. After documentation of the
effectiveness and safety of the TIPS in arresting
variceal hemorrhage in terminal patients,
indications for the procedure were expanded.
Presently TIPS is performed as an alternative to
emergency shunt surgery in bleeding patients who
have failed sclerotherapy. It has special value in
the management of variceal bleeding in patients
awaiting liver transplantation, particularly in those
with alcoholic liver disease. The TIPS not only
stops bleeding without precluding a liver transplant;
its effect is sufficiently long enough to acquaint
the patient with transplantation, and if necessary,
to allow them to demonstrate compliance with an
alcohol treatment program and establish an
adequate support system.

Some interventionalists have expanded indications
for TIPS and perform it on a semi-urgent or even
elective basis in patients with mild liver disease
and chronic variceal bleeding or ascites. Before this
indication can be accepted into wide clinical
practice more studies are necessary to evaluate the
long term patency of the shunts and the amount
of intimal hyperplasia that forms in the stents.

Technique
Prior to the TIPS procedure portal vein patency
must be documented. Furthermore the anatomy,
particularly that of the portal bifurcation, should
be visualized. In the first few patients, transhepatic
portography was performed for this purpose, and
a Dormia basket was introduced through the
transhepatic catheter as a target for the portal vein
puncture. This approach is no longer used because
it prolongs the procedure, increases its risks and
has led early mortalities from the TIPS procedure.



Presently some use ultrasound for visualization of
the portal vein and some also perform puncture
under its guidance. Earlier we have done
angiographic visualization of the portal vein via
arterial portography after selective splenic or
superior mesenteric artery injection. This approach
also enabled evaluation of the arterial liver
anatomy, particularly exclusion of hepatoma. In the
nonurgent cases angiographic study was done one
day prior to the TIPS. In an emergency situation
it was combined with the TIPS procedure.
Presently, in most cases we do a wedged hepatic
venogram which visualizes both the hepatic and
portal veins and their mutual relationship.

For the TIPS procedure, the patient receives mild
to moderate sedation but should be able to
cooperate and suspend breathing, particularly
during liver puncture and stent placement. Entry
into the right internal jugular vein is done high on
the neck approximately one inch below the jaw
angle to eliminate possibility of pleural
complications. For the liver puncture the standard
or Colapinto transjugular liver biopsy needle (Cook
Inc., Bloomington, IN) has been used most often.
We have recently developed a coaxial catheter
needle system (Cook Inc., Bloomington, IN) which
has several advantages. Its needle can penetrate
even a hard liver, and because of its diameter of
1.66 mm, it is relatively atraumatic. Rigidity of the
system then allows easy introduction of the balloon
catheters and expandable stents.

A catheter is introduced first and is guided into
the right hepatic vein. A free hepatic venogram or
test injection of contrast medium is useful for
visualizing the anatomy of the main hepatic vein
and for selection of the puncture site. A wedged
hepatic venogram is done next and it visualizes
the portal vein retrogradely in the majority of
patients.

The hepatic vein is most ofter punctured in its
proximal three centimeters. The catheter with the
needle inside is rotated anteriorly in the proximal
portion of TIPS the hepatic vein and wedged
against the inferior wall of the hepatic vein. A
forceful thrust is used to puncture the liver and
advance the needle distally in the direction of the
right portal vein. Optimally the right portal branch
should be entered one to two centimeters from its
bifurcation. In this position the liver puncture tract
and the shunt are almost in continuation of the
portal vein and have optimal flow. If the right

portal branch is entered more peripherally, a more
curved tract of the shunt results and necessitates
use of a flexible stent. Puncture at the bifurcation
of the portal vein has its risks because the
bifurcation sometimes is extra parenchymal with
connective tissue between its wall and the liver.
However, no complications were reported in the
shunts established in this position when the needle
entered the portal bifurcation directly from above,
and did not violate the peritoneal space. Variations
of the portal vein anatomy, particularly a
hypoplastic right portal branch, sometimes do not
lend themselves to successful TIPS. In this case
the left portal branch is the target; however, its
anterior position and direction has to be considered
during the puncture. In a case of more complex
anatomy, a lateral film of the venous phase of
arterial portography with a venous catheter placed
in the hepatic vein and indicating its position and
relation to the portal bifurcation is very helpful.
Success in the portal vein puncture is closely
related to the learning curve. Experience with
transjugular liver biopsy is very helpful here and
knowledge of the liver vascular anatomy is
essential. In our first few cases, we needed more
than 5 - 10 punctures for portal vein entrance,
presently no more than two to three attempts have
been necessary, and occasionally we have
succeeded on TIPS the first puncture attempt.

The portal vein wall offers more resistance to the
needle than the liver parenchyma and sometimes
it is possible to feel the entrance into the portal
vein. After the puncture, suction is applied during
slow withdrawal of the needle. When blood is
aspirated, contrast test injection is done to
document needle position in the portal vein. A soft-
tipped guide wire is then introduced deep into the
portal system followed by a catheter for portal
pressure measurement and portal venogram to
document the portal anatomy, location of catheter
entrance site into portal vein and extent of varices.
A stiff guidewire is then introduced and the liver
puncture tract is dilated using a 10 mm diameter
and 6 cm long high pressure balloon catheter.
While the liver parenchyma tract dilated well, the
portal vein wall offers significant resistance and a
persistent waist is seen on the balloon until
increased pressure is applied. During balloon
dilation significant discomfort is encountered and
additional analgesia is usually required. This
discomfort and some pain during the liver puncture
are the main patient complaints.
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The steps for the stent application depend on the
type of stent used. With the use of the Wallstent
(Schneider, Minneapolis, MN) the stent covered
with a protective sheath is advanced directly after
balloon dilation and applied. For use of the Palmaz
stent (Johnson & Johnson Interventional Systems,
Warren, NJ), and the Z stent (Cook Inc.,
Bloomington, IN) the 10 F sheath is introduced
into the portal vein and stent placed in the dilated
liver tract. Optimally, the stent should protrude
about two to three centimeters into the portal vein
and the same distance into the hepatic vein. Exact
estimation of the ends of the liver tract, however,
is not easy. For safety reasons, we and others let
the stent protrude more, 3 - 4 cm on both ends. A
multiple sidehole catheter is then introduced into
the portal vein for portal pressure measurement and
a follow-up portal venogram. If filling of varices
persists on the portogram, the reduction in portal
pressure is not significant and there is insufficient
flow through the shunt, the stent is dilated using a
10 or 12 mm diameter balloon catheter. Pressure
measurement and portal venogram are
thenrepeated. Dilation of the stent usually results
in significant reduction or absence of variceal
filling. Should their filling still persist, direct
variceal embolization can be performed. If this is
the case, we prefer to do a follow-up portal
venogramthrough the shunt 2 to 3 days later, and
embolize varices at that time, if necessary. The
length of the jprocedure is closely related to the
learning curve. Our first two procedures, when we
used transhepatic portography for portal vein
localization, were long and lasted between 5 to 6
hours. Upon gaining experience, the TIPS
procedure itself lasts about one to one and a half
hours. Similar experience is reported by others.
Complex portal vein anatomy combined with
distortion of hepatic veins, however, can make the
procedure more lengthy.

Results
The TIPS procedure requires an experienced
interventional rediologist with knowledge of liver
vascular •anatomy, stent placement and the
transjugular approach. Experience gained by
practicing TIPS in animals is extremely helpful and
results in a very steep learning curve and high
success in establishing TIPS in patients. Richter
and his group had 90% technical success rate and
were able to create TIPS in 53 of 59 patients with
6 failures coming early in their series. After gaining
more experience Richter and others have been able
to establish TIPS with more than 95% success rate.

Successful creation of a TIPS results in significant
portal decompression with a reduction in portal
pressure that ranges from 14 to 25 mm Hg. The
TIPS often diverts a significant portion of the
portal flow to the systemic circulation. Authors
report complete diversion of the portal flow in two-
thirds of their patients. The remaining patients
showed filling of intrahepatic portal branches as
well as flow through the shunt. There is usually
little or no retrograde filling of gastroesophageal
varices and other hepatofugal collaterals on the
post-procedure portogram.

Early clinical follow up is very dramatic.
Esophageal bleeding stops immediately after TIPS
and no recurrent bleeding from gastroesophageal
varices has been reported in the first three weeks
following the procedure. Endoscopic studies at 1
week after the procedure showed complete
decompression of varices. Ascites usually resolve
rapidly after the TIPS and even large tense ascites
can resolve completely. The patients' final status
depends on the severity of their liver disease.
Patients with preserved liver function recover
rapidly and leave the hospital. An average post-
procedure hospital stay has been reported from 7
to 9 days, with some patients leaving the hospital
one or two days after the procedure. In end stage
liver disease, a high percentage of patients die,
secondary to preexisting complications such as
ARDS, pneumonia, liver and renal failure.
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The Interventional Team

Pr. R.F. Dondelinger

Department of Medical Imaging,
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B - 4000 Liege 1, Belgium

Interventional Radiology, like surgery is practised as
a team work. This applies particularly to large
Departments dealing with a great variety of proce-
dures, which are performed on in-patients and out-
patients. The team can be composed by the following
members: a senior vascular interventional radiologist,
one or more fellows who have accomplished their
training in radiology and specialize in Interventional
Radiology for one or several years, a resident, usually
in the 4th or 5th year of training, a medical student
with a monthly turn-over, nurses and technicians, a
nurse in-chief, responsible of the vascular or
Interventional Section, occasionally an anesthesio-
logist, and a research fellow working primarily in the
vascular and interventionai laboratory of the Radio-
logy Department. Basic interventional procedures,
such as percutaneous biopsies or drainages or skeletal
procedures are performed by the senior staff member,
directing the organ specific section. Interventional
neuroradiology is performed by the vascular
neuroradiologist and the neuroradiology team.
Specific problems of the interventional radiological
team work are the following:

Patient schedule: it may be problematic, if a large
number of various procedures are to be carried out in
one single room: vascular and non vascular proce-
dures or diagnostic and interventional vascular
procedures. Emergency cases may further disturb
patient schedule.

Indications: a member of the team with specific
knowledge in the field has to attend the clinical or
surgical conferences and discuss the cases with the

clinicians or surgeons, make suggestions and weight
relative benefit and risk of the proposed procedure. A
radiologist is not always available in smaller teams.

Patient information before the procedure and
patient care: a junior member of the team sees the in-
patient before the procedure and daily after the proce-
dure. Outpatients leave the one-day-clinic after the
visit by the junior staff member in the late afternoon.

Schedule of control examinations: they have to be
planned together with the patient and the various
sections (US Doppler, US, CT, angiography,
phlebography, plain films, etc...)

On call: a senior vascular interventional radiologist
is on call around the clock during the year. This may
be very problematic in practice when two members
only are able to handle any clinical and radiological
problem; neuroradiologists can be specifically trained
to perform those non neuroradiological procedures
that are most frequently carried out on an emergency
basis (local peripheral thrombolysis, trauma
embolization). Members of the team should not be on
vacation longer than for a 2 weeks period.

Choice of interventional devices: the chief of the
section has to decide upon the type of catheters and
guide wires or other devices that are in current use in
the department, after discussion with the members of
the team. Protocols for patient management are estab-
lished and agreed upon by the members of the staff.
Experimental clinical protocols are discussed in the
team and signed by the head of section or department

Teaching: Members of the staff organize teaching to
the residents during a weekly conference besides the
other multidisciplinary discussions; the junior resident
presents the case and emphasizes clinical background,
anatomy and basic interventional technique.

Daily practice: interventional procedures are carried
out by a senior interventional radiologist together
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with a junior radiologist, who works under his
supersivion and thereafter alone. The nurse should
not assist the senior radiologist All senior members
of the team should equally train in most types of
procedures.

Responsibility: complications should be discussed
by all members of the team and also during the regular
conferences. One of the most difficult part for
intervenu'onal radiologists is to accept complications
and to share the responsibility within the team.
Psychological equilibrium of the members of the
team is an important prerequisite for excellent work.

Turf battles: the members of the team must be
prepared to protect their interests in the medical
community inside and outside the hospital.

Academic promotion: the members of the team who
wish to do so must have an equal opportunity to work
in the laboratory, prepare conferences and manu-
scripts and attend meetings.
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Bronchial Embolisation

Nina Sacharias

Department of Radiology, Alfred Hospital,
Melbourne, Australia

Aim
To control severe haemoptysis.

Method
Bronchial artery anatomy is variable, but very often
an artery can be found just below the carina, either
single or double and further branches off other inter-
costals occasionally anomalous from subclavian or
internal mammary.

Simmons I catheter, Cobra or Berenstein is generally
successful. Tracker 18 can be used for superselective
approach or to avoid any spinal cord feeders arising
from intercostals and identified on preliminary imag-
ing (Tracker 18 will pass through any catheter which
will admit a 38 wire).

Site of bleeding may be indicated by audible crepita-
tions heard by the patient, alveolar haze on the chest
x-ray or bronchoscopy.

Material used is fine Gelfoam pledges contour emboli
(Target).

Small coils are very infrequently used and usually on
second presentation.

Results
Experience of 27 cases is presented, bleeding con-
trolled in all cases, reembolisation required in 5 in 18/
12

Complications of mild ischaemic changes in the
mediastinum (trachea! pain, dysphagia) are infre-
quent and transitory fever.

Conclusion
An extremely useful possible lifesaving procedure
carried out relatively easily.

Our experience has been in patients with lung cancer,
tuberculosis bronchiectasis and patients with cystic

fibrosis.

The procedure is safe it preliminary imaging excludes
spinal vessel connections, when tracker should be
used placed beyond spinal tributary and distal em-
bolisation avoided by careful and repeated monitor-
ing of progress of occlusion of bronchial artery

Pelvic Embolization for Control of
Haemorrhage

Aim
To control haemorrhage after pelvic trauma.

Method
After fixation of bone fragments by external fixatures
venous bleeding generally ceases. If signs of bleeding
persist, early angiography with view to embolisation
is advised. A high brachial approach via 5F sheath
avoids groin haematomas and fixatures. A general
survey of lower and abdomen and pelvis, including
oblique views to show all of the soft tissues of the
buttocks to demonstrate all bleeding points, followed
by very selective embolisation using a 4F Berenstein
catheter, usually using Gelgoarm pledgets, embolisa-
tion being as selective as possible to prevent collateral
filling-2mm coil have been used in rare instances.
Occasionally bleeding sites further out e.g. profouna
femoris have been found in cases of femoral fracture.
Complications of sciatic nerve palsy can be avoided
by never using particles under S mm, tissue necrosis
avoided by very selective embolistion. Procedure
carried out with antibiotic cover.

Results
Of 15 cases embolised over the last five years, only
eight survived in the long term due to extensive injury
to other areas and complications thereof.

Conclusion
The procedure is easily performed and extremely
useful and often life saving in patients with bleeding
following severe trauma or uterine bleeding follow-
ing obstetric complications. Our experience relates to
trauma patients only.
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Vascular Injuries in the Abdomen & Pelvis
Diagnosis and Radiological Management

Yashwant D Patel

University of Medicine & Dentistry of New Jersey,
Neward New Jersey, USA

Abdomen
Vascular injuries in the abdomen are often caused by
blunt or penetrating trauma. In unstable patients and
those with multiple sources of blood loss, diagnostic
peritonal lavage is often followed by urgent explor-
atory Laparotomy. In stable patients and those with
unreliable physical examinations, CT evaluation al-
lows detection of both intra and extraperitoneal inju-
ries. In a patient diagnosed as having significant
vascular injury and continued bleeding, diagnostic
angiography followed by transcatheter embolization
may be life saving. Diagnostic angiography accu-
rately localises the source of bleeding and allows
determination of possible therapeutic intervention.

Hepatic injury is a significant cause of morbidity and
mortality. Mortality rates of up to 10% have been
reported with hepatic injuries. Surgical treatment is
often curative but inadequate control of bleeding or
recurrent bleeding may occur post operati vely .Selec-
tive hepatic angiography is essential to demonstrate
the bleeding site and this can often be managed by
transcatheter embolization. Extravasation from small
intra hepatic branches can be treated by 1-2 mm gel
foam pledges. Other lesions such as
pseudoaneyurysms.arterior-venusfistulaorhemobilia
require permanent occlusive material such as stain-
less steel coils or detachable balloons. Two important
percautions to observe are firstly hepatic artery
embolization should be performed distal to the cystic
artery and secondly no embolization should be
performed in patients with portal venous thrombosis.

The diagnosis of significant vascular and parenchy-
mal renal injuries is accurately assessed by CT Scan-
ning. The role of angiography is usually limited to

stable patients with persistent renal bleeding.
Angiograpy often demonstrates extravasation,
pseudoaneurysms or arterio-venous fistulae as the
cause of bleeding. Selective distal embolization with
gel foam or coil springs is performed to preserve renal
parenchyma. In severe unremitting renal hemorrahge
angiographic renal ablation may be necessary.

S ignificant intrasplenic hemorrhage may be examined
by angiography. Extravasation, psedoanuerysms or
arteriovenous fistale may be permanently occluded
and thus result in avoidance of splenectomy.

Retroperitoneal hemorrhage from lumbar arteries
occur in massive blunt abdominal trauma or penetrat-
ing injuries. Blunt trauma may be associated with
vertebral fractures. Abdominal Aortography followed
by selective lumbar artery angiography is performed
prior to embolization. Small gell foam pledges and
micro coils are often used for embolization. It is
important to avoid spinal branches by performing
very distal embolization of the lumbar arteries.

Aortic and Visceral Arterial injuries often cause
massive bleeding and may be diagnosed at explor-
atory lapartomy. In rare situations, these injuries may
be found in the pre or post-operative patient on
angiography. Embolization should only beperformed
if the procedure is safe and by experienced
interventional radiologists thoroughly familiar with
embolization techniques.

Pelvis
Hemorrhage is a significant cause of mortality in
patients with severe pelvic trauma. The amount of
blood loss may be correlated with the mechanism of
pelvic injury and severity of fractures and ligamen-
tous injury. Patients with antero-posterior, lateral and
vertical compression injuries often develop sevre
hemorrhage. In penetrating injuries, disruption of the
hypogastric artery or its major branches may cause
significant bleeding. Patients with pelvic ring frac-
tures, who are hemodynamically stable, are best
managed initially by an external fixator. This controls
ossesous and vascular bleeding and limits the pelvic
space available or bleeding. Decreased motion
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between fractures reduces bleeding by preserving
blood clots. However, in hemodynamically unstable
patients emergency angiography or exploratory
laparotomy is required.

The approach for pelvic angiography should be via
the groin opposite the site of expected bleeding. The
bleeding site may be predicted by the location of
fractures for predetermined by a pelvic CT scan. An
angiogram performed with a pigtail catheter placed
above the aortic bifurcation usually adequately dem-
onstrates the bleeding site. Otherwise selective hypo-
gastric angiograms are required. The bleeding site is
often seen as one or more irregular amorphous collec-
tions of contrast adjacent to or distal to a feeding
vessel. A pseudoaneurysm or an anterio-venous fis-
tula may also be demonstrated. Occasionally an oc-
cluded vessel or vessel in spasm may be the only sign
of vascular injury. Selective catheterization using
fluoroscopic road mapping and torquable guide wires
is almost ways achievable. Once satisfactory catheter
position is achieved, embolization could be performed.

The embolic material often used is gel foam pledgets.
These may be 1-3 mm cubes and are ideal for tempo-
rary distal embolization. Gel foam powder or IvalOn
should not be used due to occlusion of microcircula-
tion and risk of infarction of end organs. Stainless
steel coil springs can be used for larger lacerated
vessels, pseudoaneurysms and arterior-venous fistu-
las. Detechable silicone balloons have also been used
for arterio-venous fistula.

In most patients with pelvic trauma, embolization is
usually sufficient to control bleeding. Panetta et al
achieved successful embolization in 27 of 31 patients
while Yellin et al. successfully embolized all 14
patients in their series. There were no significant
complications due to the embolization procedure in
both series.

In conclusion, the severely traumatized patients with
abdominal and/or pelvic injuries is best managed by
exploratory laparotomy. The hemodynamically stable
patient suspected of abdominal and/or pelvic injury
should be evaluated by CT. If transcatheter therapeu-

tic intervention is feasible, diagnostic angiography
followed by vascular embolization should be
performed immediately. In patients with an uncertain
bleeding source and in post operative patients with
continued bleeding, early diagnostic angiography
often determines the most appropriate management
necessary.
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Vascular Trauma of the Extremities

Yashwant D Patel

University of Medicine and Dentistry of New Jersey,
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Vascular injuries to the extremities often result from
vehicular accidents, penetrating injuries such as stab
or gun shot wounds or direct blunt impact to the
limbs. Historically surgical exploration with ligation
of traumatized vessels was the rule. This resulted in
consdierable tissue loss and a high amputation rate.
Following advancement in vascular repair and
reconstructive surgery, there has been a significant
decrease in morbidity and amputations due to vascular
injuries. Additionally thedevelopmentof angiography
has provided for accurate delineation of the injured
vessels prior to surgery. The combination of
diagnostic angiography and improved surgical
techniques has resulted in better patient care and
outcome. In the last decade, with the development of
transcatheter occlusive techniques, many vascular
injuries have been treated by this non surgical
technique.

Role of Arteriography
The traumatized patient is initially examined in the
emergency room. In patients who have non life threat-
ening injuries associated with extremity trauma, clini-
cal evaluation is made of the nature of extremity
vessel injury. Patients with extremity trauma are
classified in the following groups:

(1) Severely traumatized patients with crush injury
to the exremity are often rushed to the operat-
ing room for amputation.

(2) A traumatized patient with absent pulses,
ischemic extremity or a rapidly expanding
hematoma is taken directly to the operating
room for exploration.

(3) A traumatized patient who is stable and with
physical findings such as a diminished pulse,

significant hematoma, neurological deficit or
bruit, requires urgent angiography.

(4) A trauma patient who is clinically stable, with
no significant physical findings but a
penetrating injury in the vicinity of major
vessel requires elective angiography.

Angiography is usually performed in patients that fall
into the third and fourth groups. Accurate clinical
examination is an important determinant of the like-
lihood of a positive angiogram. A diminished pulse
may be associated with arterial injury in up to eighty
seven percent of patients. Neurological deficits has
an associated arterial injury rate of up to forty percent.
A significant hematoma may be present in up to thirty
five percent of arterial injuries. Fracture dislocations
at certain sites may also be associated with vascular
injuries. Typically dislocation of the knee joint may
have up to a forty percent incidence of popliteal artery
and/or venous injury. Fracture dislocations at the
elbow may also account for a higher rate of brachial
artery injuries. However, long bone fractures are
rarely associated with significant vascular injuries.

Certain penetrating injuries, like shotgun wounds
have a high association of arterial injuries and there-
fore require immediate angiography. The use of
angiography for penetrating injuries close to a major
vessel, but with no physical findings is controversial.
The rate of positive angiography in proximity injuries
varies from two to twenty percent. Additionally many
of these injuries detected do not require surgical
intervention. In patients who do require surgical
repair there is usually no morbidity associated with
delayed repair. Thus, in patients with a proximity
injury, elective angiography performed within twenty-
four hours is generally acceptable. Diagnostic
angiography occasionally requires the use of vaso-
dilators.

Bolus injections of Priscoline, Papaverine and Nitro-
glycerine have all been used to reverse vasospasm.

Radiological Signs
The findings on angiography may be classified as
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being normal, showing a major vascular injury or a
minor vascular injury. Major vascular injuries include
arterial occlusions, intraluminal defects, contrast
extravastion, focal dilatation and arterio-venous
fistula. Persistent intraluminal defects may be due to
intimal flaps or thrombus formation. Intimal flaps
appear as linear or rounded filling defects. These
intimal injuries may cause thrombus formation and
subsequent vessel occlusion. Arterial occlusion may
be due to an intimal injury or arterial transection.
Such occlusions may result in an acutely ischemic
extremity. Length of occlusion is variable and
dependent on anatomic site and the availability of
collateral vesselsforreconstitution.The angiographic
appearance is either an abrupt cut off of the artery or
a tapered occlusion. Occlusions of the brachial,
superficial femoral and popliteal arteries usually
require immediate surgery. Focal asymmetric dilata-
tion of major artery represents a pseudoaneurysm. A
pseudoaneurysm is due to a tear through the intima
and media of the arterial wall. It results in an extrinsic
hematoma which is contained by the surrounding
adventitia or connective tissues. Frank dispersal of
contrast media from a vessel into the surroudning
tissues may be due to arterial laceration or transection.
The amount of contrast leaking depends on the size of
the tear and the size of the bleeding vessel. The
simultaneous visualization of both artery and vein
during the early arterial phase of an angiogram indi-
cates the presence of an arterio-venous communica-
tion. Such shunting may result in decreased arterial
flow distal to the fistula. Laceration of an artery and
vein, which are juxtaposed, is necessary for the
formation of an arterio-venous fistula. Penetrating
injuries and catheterization procedures are the cause
of arterior-venous fistula.

Minor radiological findings in arterial injuries include
arterial narrowing, diminished flow, arterial displace-
ment and the compartment syndrome. Arterial
narrowing may be smooth, irrregular or gradually
tapered. In most instances this appearance is due to
spasm. Stationary waves seen on arteriography causes
symmetrical concentric irregularity of the wall with
no luminal narrowing. Slowed blood flow may be
secondary to reduced inflow, spasm or the compart-
ment syndrome. The compartOent syndrome is
diagnosed by pain, swelling, diminished pulses and

increased compartment pressures. The syndrome
usualy occurs in the forearm and calf. Significant
vascular injury must be suspected in these cases.

Radiological Management of Arterial Injuries
In patients with extremity vascular injuries
angiography not only provides diagnostic informa-
tion but may occasionally provide a means for therapy.
Certain vascular injuries are amenable to transcatheter
management.

Angiography demonstrated injuries such as contrast
extravasation, psedoaneurysms or arteriovenous
fistula to embolize a lesion depends on its site and
clinical signficance. Injuries to the brachial artery
superficial femoral and popliteal arteries usually
require surgical repair. However, a pseudoaneurysm
with a narrow neck arising from these vessels may be
occluded using permanent occlusive material.
Similarly arterio-venous fistula with adequate room
for placement of a coil or silicone balloon may be
treated angiographically. It is necessary to emphasize
that these procedures should only be performed by
those angiographers familiar with the latest
angiographic technology and embolic material avail-
able.

Arterial injuries occurring in the branch vessels arising
from the axillary, brachial, superficial femoral, deep
femoral and popliteal arteries may be safely embolized.
Similarly single vessel injuries distal to the trifurca-
tion in the leg and arteries in the foream may be safely
embolized due to adequate collateral pathways.
Vascular lesions in small peripheral branches are
most suited for transcatheter occlusion. Caution is
necessary to avoid inadverent closure of a major
artery or embolization of a non targeted vessel.

Familarity with the different embolic material is
essential prior to its use. Gel foam (gelatin sponge)
pledgets are the material of choice for the occlusion
of small bleeding vessels. Stainless steel and plati-
num coil springs provide permanent occlusion and
are used to pseudoaneurysms and arterior-venous
fistulas. These coils may be used to occlude vessels
from one mm to twenty mm in diameter. Multiple
coils are often used for these lesions and to occlude
large muscular branches. Small catheters are now
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available to deliver microcoils for distal
embolization. This allows maximum tissue
preservation. Other embolic material available
includes silicone balloons whic may be used for
arterio-venous fistula.

In conclusion, angiography may be useful in
diagnosis of the nature and extent of vascular injuries
in extremity trauma. In selected patients it allows for
non-surgical management of arterial injuries.
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Fine Needle Aspiration Biopsy: Handy Hints
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Department of Radiology,Westmead Hosptial and
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Fine needle aspiration biopsy (FNAB) has become a
routine technique employed in everyday radiological
practice and enables early and accurate diagnosis,
particularly of malignant conditions.

The presentation will address issues related to FNAB
of the lungs and mediastinum, thyroid, breast, the
abdominal and pelvic organs and musculoskeletal
structures.

The main aim of the presentation is to provide an
overview of the author's experience in these areas,
with the emphasis on the variations in technique
which radiologists can employ in performing FNAB
on all of these structures.
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CT-Guided Nerve Blocks
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With CT-guidance extremely accurate needle place-
ment has become possible. This can be used to perform
nerve blocks. Most frequently, ceiiac plexus blocks
and lumbar sympathicolysis are being performed.
Different anatomical approaches and various
neurolytic agents may be used. Even though the
procedures are usually technically successful, clinical
success varies. In ceiiac plexus blocks performed for
otherwise intractable pain, initial success is about
80%, with the success rate decreasing to about 20%
with longer follow-up. Clinical effects of
sympathicolysis are frequently difficult to evauate.
Techniques, results and problems of CT guided nerve
blocks will be discussed.
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Fallopian Tube Recanalization in Treatment
of Infertility
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Fallopian tube disease is the single most common
cause of infertility in women. It has been treated by
microsurgery, which has a 20 to 50% pregnancy rate
after two years, or in vitro fertilization (IVF), which
has a 10 to 15% chance of pregnancy. Both of these
procedures involve morbidity, particularly surgery,
and significant expense. Fluoroscopic transcervical
fallopian tube recanalization can open a majority of
the obstructed tubes without surgery, and its pregnancy
rates are, in a short term follow up, equal to those of
microsurgery, and much better than those of IVF.

The procedure is performed on an outpatient basis in
the follicular phase of the cycle, at least 2-3 days
following cessation of menstrual bleeding, and before
ovulation. Patients receive 5 days of doxycycline
antibiotics (100 mg p.o.b.i.d.), starting 2 days before
the procedure. Intravenous 1 mg Versed is given at the
start of the procedure and is repeated 15-20 minutes
later if necessary. The procedure is more stressful
than painful, but in sensitive patients, 25(ig of Fentanyl
may be useful.

The patient is positioned on the fluoroscopic table -
we use the angio table - in traditional position for a
pelvic examination with knees flexed over triangular
cushions. The hips are elevated about 4 inches from
the table, using folded towels placed under the but-
tocks. The legs and perineum are draped to maintain
sterility. The cervix is exposed using a speculum, and
the cervix and vagina are copiously swabbed using
Betadine, then dried with sterile gauze.

An appropriate diameter Hysterocath (Cook Inc.,
Bloomington, IN) is chosen (250,300 or 350 mm cup

sizes) depending on the woman's cervix size. The
Hysterocath provides a sterile conduit through which
the catheters can be maneuvered and allows traction
to be placed via the vacuum cup. In order to obtain the
best fit on the cervix, the central shaft with the acorn
tip is advanced all the way out. After maneuvering the
speculum to get a good view of the cervix, the acorn
tip is placed in the external os. Next the cup is
advanced, slid over the cervix, an extension tubing is
attached to the vacuum line of the Hysterocath, hooked
up to a hand vacuum pump and a vacuum equivalent
to 10 inches of mercury is applied. The speculum and
the folded towels below the patient's buttocks are
removed, making the procedure more comfortable
for the patient.

Control hysterosalpingogram is done first to
visualize anatomy of the uterine cavity and to docu-
ment tubal obstruction. Occasionally one or both
tubes which had seem to be blocked on a previous
study, are found to be open on the control
hysterosalpingogram. The apparent blockage was
probably due to technical factors, particularly the use
of insufficient injection pressure.

Selective salpingography is the next step, in the case
of tube blockage. First, the 0.035" safety J-guidewire
is advanced into the uterine cavity, followed by the
5.5 Frcatheterand the affected cornua iscatheterized.
Once this is accomplished, the 0.035" LT guidewire
is used to wedge the catheter tip directly in the tubal
ostium, which is crucial, sinceembedding the catheter
in the myometrium results in intravasation, obscuring
the anatomy. Most patients have some cramping and
sometimes brief sharp pain when the uterus is stretched
with contrast agent or during catheter manipulation.
With the 5.5 Fr catheter successfully wedged in the
fallopian tube ostium, full-strength contrast agent is
injected. In approximately 20% of patients, this direct
injection will visualize the tube. Higher hydrostatic
pressure of the injection in this catheter position
probably flushes non-adherent, amorphous debris
from the tube onto the peritoneum, disrupts slight
tubal adhesions, or overcomes cornual spasm.
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Recanalization of the obstruction follows when
selective salpingogram documents an occluded tube,
particularly in its proximal portion. The 3 Fr Teflon
catheter with 0.015" platinum-tipped guidewire inside
are advanced together through the 5.5 Fr catheter,
with guidewire leading. When resistance is encoun-
tered at the site of the obstruction, the guidewire is
ad vanced with slight pressureorshort probing motions
to recanalize the obstruction. Once this is accom-
plished, the guidewire is advanced 1-2 cm and is
followed by the 3 Fr catheter to dilate the obstruction
site. The guidewire is then removed and full-strength
contrast agent injected to document the fallopian tube
anatomy. If another obstruction is seen more peri-
pherally, and particularly if a bend in the tube has to
be traversed, an ultrasoft guidewire-catheter system
is used for recanalization. After the tube is recanalized
and patency of its peripheral portion visualized, the 3
Fr catheter is withdrawn and the contrast agent is
injected via the S.5 Frcatheter to visualize the anatomy
of the recanalized proximal portion.

If the contralateral side is also blocked, the 5.5 Fr
catheter is pulled back into the uterine cavity, the
0.035" J-guidewire is reinserted, and the process is
repeated on the other side. After recanalization of one
or both fallopian tubes, the 5.5 Fr catheter is with-
drawn back into the Hysterocath and follow-up
hysterosalpingogram is performed to confirm tubal
patency. In cases of bilateral recanalization, the first
recanalized tube sometimes fills less readily or not at
all, probably due to less resistance and easier flow
through the more recently recanalized tube.

The procedure takes 30 to 45 minutes and the patients
go home shortly afterward. They have vaginal spot-
ting for a few days and return to work the next day. We
see no reason to delay intercourse, and in fact, several
patients have conceived within a week of the proce-
dure and delivered healthy infants. The patients are
instructed to contact their gynecologists as soon as
they miss a period. We advise checking a quantitative
beta HCG level, and then obtaining an ultrasound to
confirm intrauterine pregnancy.

Fallopian tube catheterization may be difficult or
even impossible in patients with uterine fibroids,
polyps or scarring, and in patients who had tubal

microsurgery with uterotubal anastomosis. The
procedure is contraindicated in women with active
pelvic inflammation processes.

Tubal perforation occurs in less than 5% of
recanalization attempts, and usually occurs in patients
with severe tubal disease, such as in salpingitis isthmica
nodosa, and in patients with previous tubal surgery,
particularly tubal ligation reversal, where obstruction
is often caused by dense adhesions. In these patients,
successful recanalization also carries a higher risk of
ectopic pregnancy. Fifteen per cent of our patients
with recanalized severely diseased or postsurgical
tubes had intratubal pregnancies. No tubal pregnancies
occurred in patients with successful proximal tubal
recanalization and no distal tubal disease.

In the First 100 consecutive patients, we were able
to open at least one tube in 86 patients, and all these
women benefitted from improved diagnosis. In this
non-homogenous group of patients, 31 pregnancies
occurred at an average of 3 months following the
procedure (range 0.1 to 18 months). Twenty-six
pregnancies were intrauterine (33%) and resulted in
birth of 20 healthy children, 1 premature delivery,
and 5 first trimester miscarriages. Five pregnancies
were ectopic (15%) and all were located in the
ampullary portion of the diseased tube, several
centimeters from the recanalized portion. There were
no other complications.

Twenty-five patients who did not conceive had a
follow-up study at an average of 8 months after the
recanalization (range 2 to 19 months). Twelve patients
had one or both tubes occluded (48%). Eight of 12
women with occluded tubes had repeated
recanalizations, and 2 conceived within 2 months of
the second procedure.

Of the first 100 patients, 20 women were selected who
satisfied criteria for selection for tubal microsurgery
or in vitro fertilization. All had at least one year of
infertility, bilateral proximal tubal obstruction by at
least 2 hysterosalpingograms and one laparoscopy,
normal fimbria and no pelvic adhesions by laparoscopy
and no history of proximal tubal surgery.
Recanalization was successful in 19 of these women
(95%); 11 patients conceived (58%) at an average
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time of 4 months after the procedure (0.5 to 12
months), and all pregnancies were intrauterine. The
pregnancies resulted in delivery of 9 healthy children,
1 premature delivery, and 1 miscarriage. Of the 8
women who did not conceive, 6 had follow-up
hysterosalpingography at an average of 6 months
after recanalization (range 2 to 10 months). Four
patients had reocclusion of both tubes and 2 patients
of one tube. Two patients had repeated recanalization
of reoccluded tubes, and one of them conceived 2
months after the second procedure.

Evaluation of these 20 selected patients allows an
accurate comparison of recanalization with tubal
microsurgery and in vitro fertilization, and clearlv
documents that fallopian tube recanalization is an
effective treatment of infertility caused by proximal
tubal obstruction.
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Contrast Media - What You Should Know

Prof Hans HSchild

University Maim, Mainz, Germany

One of the main tools for radiologial
examinations are contrast media. Despite their
importance knowledge about contrast media fre-
quently is limited. Various aspects of cm chemistry,
effects and side effects will be presented.
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Imaging of Thyroid Malignancy Using
Technetium-99M Sestamibi

F X Sundram,
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Singapore General Hospital

The incidence of malignancy in solitary thyroid
nodules varies from 5 to 25%. A number of diagnostic
modalities are available to investigate the nature of
these nodules. Both ultrasound and radionuclide
scintigraphy are sensitive tests but lack specificity.
Computed Xray tomography (CT), and magnetic
resonance imaging (MRI) are expensive tests which
provide good anatomical images.

Fine needle aspiration cytology (FNAC) of thyroid
nodules is the most useful and specific test in the
management of thyroid nodules. However it is not
conclusive for follicular tumours of the thyroid
reported on FNAC as follicular neoplasm, excision
advised; hence a number of patients would undergo
needless surery after FNAC. We have used Tc-99m
sestamibi in scans of thyroid nodules to evaluate their
possible value in indicatingpaticnts who might require
surgical management. Tc-99m sestamibi has been
used like Thallium-201 to localise tumours and
suppressed thyroid tissue. A preliminary study
reported in 1993 by us suggested a higher likelihood
of malignancy in the warm nodules noted on MIBI
scans.

Patients referred to the authors for management of
thyroid nodules over a three year period were requsted
to participate in this study and informed consent was
given after explanation of the need for two or three
scanning procedures. Fine needle aspiration cytology
was usually done prior to the scans. The pertechneta

and the MIBI scans were usually done a week apart,
and were reported without any knowledge of the
FNAC findings. In our department all patients with
thyroid disease also have a routine ultrasound study.

The Tc-99m pertechnetate scans were done 20 minutes
after i.v. injection of 320 MBq; the Tc-99m MIBI
study was done with flow and 5 minute images, as
well as a scan after 30 minutes, using a dose of 440
MBq. An Elscint Apex 409 A gamma camera was
used to acquire the images with a pin-hole collimator.
At least 300 K counts were acquired for the static
images.

Both types of scans were reported as showing a cold,
warm or hot nodule, in relation to the rest of the
normal thyroid; the warm nodule had similar intensity
to normal thyroid, while the cold nodule was deficient
in counts and the hot nodule had greater intensity than
adjacent thyroid.

Patients' age ranged from 22 to 82 with a mean of 40
years. Of these patients 147 were female and 14 were
male. The majority of the 161 patients were Chinese
(80%), with Malays 14%, Indians 3% and Eurasians
3%.

Though 161 patients had both types of scans,
irrespectiveofneedleaspiration,only 131 gaveconsent
to FNAC or had evaluable FNAC results; of these 131
patients only 58 agreed to or insisted on, surgical
management. The results are summari~ed in Table 1.
Eleven out of 20 warm nodules on sestamibi scan
were mal ignant, compared to 3/38 hot or cold nodules.
All these patients had cold nodules on the pertechne-
tate thyroid scan. The MIBI flow and early 5 minutes
images were normal in most of these 14 patients
except one who had increased vascularity. The warm
nodule on Tc-99m seslamibi scan thus has a positive
predictive value of 55% and a negative predictive
value of 92%.

Of the 14 cancers confirmed by surgery 11 were
papillary and 3 were follicular carcinomas. The 161
patient who had both types of scans were representa-

ve, in terms of racial mix, of the population in
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Singapore which is predominantly Chinese. Most of
the cancers were also hypoechoic on Ultrasound (10/
14), with only 2 isoechoic and 1 nodule of mixed solid
and cystic echogenicity. The FNAC in 11/14 was
concordant with the histology at Surgery, while in the
remaining 3, the FNAC was reported as follicular
adenoma but the final histology was papillary cancer
in 2 of these and follicular cancer in the one, giving an
accuracy for FNAC of 79% in this limited series.

Of the 44 surgically documented benign lesions, 18
were cold, 9 were warm and 17 hot on the sestamibi
scan, while the majority were cold on the pertechne-
tate scan (only 3 hot nodules); these 3 hot nodules
were also hot on MIBI and radioiodine 1-131 scans
but the patients insisted on surgery. The benign lesions
noted at surgery were adenomas (36) thyroiditis (4)
and colloid or haemorrhagic cysts (4). In thyroiditis,

the pertechnetate images were of poor quality due to
reduced tracer uptake, but the MIBI scans were
generally better and 2/4 were hot on the MIBI scan.

In those 131 patients who had FNAC, the cytology
was reported as benign in 120 of the nodules and
malignant in eleven. The three false negative cyto-
logies were reported as follicular adenomas. The
benign lesions noted on FNAC and surgery were
thyroiditis, adenomas and haemorrhagic or colloid
cysts. The results from the 58 surgically treated
patients suggest that the warm nodules would need
surgery while the cold and hot nodules are not likely
to be malignant. The overall sensitivity of the MIBI
scan is 79% and the specificity 80%, with the warm
nodule on MIBI scan having a positive predictive
value of 55% and a negative predictive value of 92%.

FNAC :

Surgery :

Cancers :

Warm =

Nodules Cold / hot

Table 1
Summary of Surgical Results

No.

No.

No.

20

38

131

58

14 (11 papillary, 3 follicular)

Malignant

11

3 (2 cold)
(1 hot)

Benign

9

35

58 14 44
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Imaging ofParanasal Sinuses for Endoscopic
Surgery : Anatomy and Variants

Dr John Hoe

Ml. Elizabeth Hospital, Singapore

Ongoing advances made in endoscopic surgical
techniques require the radiologist to understand the
anatomy and pathophysiology of the sinuses. CT
scanning is a complementary & pre-oper'ative
procedure for functional endoscopic sinus surgery
(FESS), and is required to evaluate the extent of sinus
disease as well as the sinus drainage pathways.

Normal Anatomy of the Sinuses
The radiologist needs to understand the pathways of
drainage of the frontal, ethmoid, maxillary and
sphenoid sinuses into their appropriate meati.The
middle turbinateoverlieslhemiddlemeatus, which
is the more complex area ofthe lateral wall of the
nose.The middle meatus contains the ethmoid bulla
on its superior aspect, and the hiatus semilunaris, a
passage between the inferior aspect of the ethmoid
bulla and the superior aspect of the uncinate process.
The infundibulum, a passage between tne uncinate
process and inferior aspect of the ethmoid bulla,
connects the ostia of the maxillary and ethmoid
sinuses to the hiatus semilunaris, which is bounded
inferiorly by the uncinate process.The uncinate
process is attached to the ethmoid procss of the
inferior concha and is a thin curved bone that forms
a portion of the lateral nasal wall. The ostiomeatal
unit or complex is at the crossroads of drainage into
the middle meatus and c onsists of the maxillary
infundibulum the uncinate process, ethmoid bulla
hiatus semilunaris and the middle meatus.

The frontal sinuses drain via the frontal recess
(nasofrontal duct), adjacent to the anterior ethmoid
air cells, into the middle meatus. The anterior ethmoid
air cells drain into the anterior part of the hiatus
semilunaris . The middle ethmoid air cells drain
through the ethmoid bulla into the middle meatus

while the posterior ethmoid air cells drain into the
superior mealus. then into the sphenoethmoidal
trecess. The maxillary sinus drains through the
maxillary ostium into the infundibulum and then
into the posterior aspect of the hiatus semilunaris of
the middle meatus. .The sphenoid sinuses drain into
the sphenoethmoidal recess just posterior to the
superior meatlls. The radiologist should be able to
identify some features of the ethmoid air cells. Agger
nasi cells are the most anterior air cells. Haller cells
are those ethmoid air cells extending below the medial
floor of the orbit. Ethmoid bulla (bulla ethmoidalis)
is part of the middle ethmoidal cells that forms a
rounded swelling on the lateral wall of the middle
meatus, and whose convex medial bony wall protrudes
into the middle meatus.The basal lamella is the lateral
attachment of the middle turbinate which separates
the posterior ethmoid air cells from the ethmoid bulla
and is an anatomical landmark for separating the
anterior andmiddleethmoidair cells from the posterior
ethmoid air cells.Thc sinus lateralis is part of the
anterior ethmoid complex and is an air space or cleft
that can be found superjor to the ethmoid bulla and
between the lamina papyracea and the middle
turbinale. It may communicate with the frontal recess
or drain directly into the middle meatus via the
posterior aspect of the hiatus.

On endoscopy, the middle turbinate blocks visualiza-
tion of the posterior ethmoids and the sphenoid ros-
trum. There are four bony lamella that must becrossed
on the way to the sphenoid sinus - uncinate process,
anterior wall of ethomoidal bulla, basal lamella and
anterior wall of the sphenoid sinus. During FESS the
maxillary ostium cannot be easily seen until the
uncinate process has been removed. The posterior
extent of the uncinate process indicates the position of
the ostium. Note that accessory ostia usually in the
membranous medial sinus wall can be seen in up to
40% of patients.

CT Technique
Coronal scans are essential as this simulates the plane
seen by the surgeon and best shows the ostiomeatal
complex. Ideally imaging is best done after treatment
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of an acute infection as surgery is only indicated for
failed medical treatment. Following application of a
topical nasal vasoconstrictor spray, patient is placed
prone with the head hyperextended, so that fluid will
layer on the maxillary sinus floor. 3 to 5 mm contin-
guous plain scans are obtained in a bone algorithm
from the anterior margin of the frontal sinus to the
posterior margin of the sphenoid sinus and filmed
with intermediate windows to have both bone and
soft tissues visualized on a single set of images.

Axial scans should be done when posterior ethmoid
and sphenoid sinus disease predominates, and to
demostrate the relationship ofthe optic nerves to the
sinuses.

Complications of FESS and Anatomic Variants
Severe complications from FESS are rare but potential
complications include orbital injury, haemorrhage
due to injury of the internal carotid artery, CSF leak
and intracranial injury. The radiologist can help in the
prevention of complications by recognising potential
danger zones. Recognition of anatomic variations
will also help the surgeon perform the FESS more
precisely and adequately so as to reduce the inci-
dence of recurrent inflammatory disease.

In a recent study done on 800 patients, 52 anatomical
variations were identified in the paranasal sinuses in
93% of patients but many of the variants were not
clinically significant and 40% were endoscopically
normal.

Up to 20% ofthe normal population can havedeviation
ofthe nasal septum.This can laterally displace the
middle turbinate and narrow the infundibulum and
middle meatus. It can also distort the frontal recess.

Variations ofthe middle turbinate to be noted include
pneumatization or concha bullosa and paradoxically
curved middle turbinate which is directed laterally
instead of medially.The uncinate process may be
deviated laterally, medially or anteriorly ("second
middle turbinate") or may be pneumatized.

Ethmoid air cell variations are also common. Haller
cells are ethmoid cells that project beneath the orbital
floor or ethmoidal bulla while Agger nasi cells are the
most anterior ethmoid cells that lie below the frontal
sinus and can contribute to narrowing of the frontal
recess .The ethmoidal bulla can also be large or
extensively pneumatized.Onodi cells are the most
posterior ethmoid cells and may extend laterally
adjacent to the optic nerve placing the optic nerve at
higher risk for injury if posterior ethmoidectomy is
performed.

A low position of the cribiform plate and fovea
ethmoidalis may place the patient at higher risk of
CSF leak post operati vely. An extreme medial course
ofthe internal carotid artery or one thatbulges medially
into the sphenoid sinus, or one that has an absent or
dehiscent bony sphenoid sinus wall should be noted
for the surgeon.

For accurate interpretation of scans, the radiologist
should also be familiar with the normal pattern of
pneumatization ofthe sinuses in infants and children.
The significance of normal variations is that they can
impair the normal drainage of the sinuses, act as a
focus for recurrent disease and can make FESS more
difficult and increase the risk of surgical complica-
tions.

Patterns of Disease
Using knowledge of the drainage pathways of the
sinuses, several distinct patterns of inflammatory
disease as seen on sinus CT have been described.
These include the infundibular pattern, ostiomeatal
unit pattern, sphenoidal recess pattern, sinonasal
polyposis pattern and the sporadic disease pattern.
The presence of disease in one of these patterns has
surgical implications as it helps the surgeon decide on
which patients will benefit from surgery as well as the
type of surgery.
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MRI of the Nasopharynx
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MRI plays an important role in evaluating pathologic
conditions of the nasopharynx. MR is superior to CT
in evaluating tumors of the nasopharynx due to the
excellent soft tissue contrast resolution and
multiplanar.capability. Tumor margins and tumor-
soft tissue interfaces are clearly delineated.

Difficulties still exist in the differentiation of mcta-
static lymph nodes from inflammatory lymphadcno-
pathy. Also in follow up patients following surgery or
radiotherapy, one is often faced with the problem in
distinguishing recurrent tumor from postoperative
scar or post radiation inflammatory changes. CT is
still superior in the recognition of subtle bony changes.

Introduction
MRI is now recognized as a powerful aid in the
evaluationof diseasesof the nasopharynx. Itpossesses
advantages over other imaging methods in the
nasopharynx due to the excellent image quality and
contrast between normal and pathological anatomy;
this is due to the presence of relatively immobile
tissues in this region having inherent different
relaxation times.

Accurate depiction of tumor-soft tissue interfaces,
tumor margins and adenopathy is necessary for treat-
ment planning. Because of the excellent soft tissue
contrast resolution MRI is well suited for this task.

The clinical and MR evaluation of patients with
suspected nasopharyngeal pathology are complemen-
tary. As with CT the strength of MR is the ability to
assess theextentof the disease into adjacent structures
which is not possible to see on clinical examination.
Other advantages of MR include the capability to
produce multiplanar sections and lack of ionizing
radiation.

Anatomy
The nasopharynx begins anteriorly and superiorly at
the choanae and ends postero-inferiorly at the level of
the soft palate. It is a relatively rigid tubular structure
that has the characteristics of an inverted J-shaped
muscular sling suspended from the base of the skull.
Involved in both respiration and deglutition, the
nasopharynx connects the nasal cavity anteriorly and
the oropharynx inferiorly. It is limited superiorly by
the base of the skull, posteriorly by the prevertebral
musculature of C1 and C2 and laterally by the pharyn-
geal constrictors and the deep soft tissues of the
parapharyngeal space and infratemporal fossa.

Deep to the pharyngeal mucosa are the deglutitional
muscles. In the oropharynx these consist of the con-
strictor muscles but in the nasopharynx the superior
constrictor muscle thins, disappears and continues
superiorly as the pharyngobasilar fascia. Patency of
the nasopharynx is maintained by this fascia which
attaches to the base of the skull superiorly and medial
pterygoid plate anteriorly but has a free inferior
margin.

A gap normally exist between the pharyngobasilar
fascia and the skull base called the sinus of Morgagni.
The eustachian tube and the levator veli palatini
muscle descend through this sinus from externally to
internally. At the same time a portion of the pharyn-
geal mucosa herniate peripherally forming the lateral
pharyngeal recess or fossaof Rosenmuller. The tensor
veli palatini muscle remains e basilar fascia.

The superficial landmarks and the deep nasopharynx
are normally bilaterally symetrical. The most promi-
nent the superficial landmarks is the torus tubarius,
the cartilaginous portion of the eustachian tube. The
torus separates two recesses, the orifice of the eusta-
chian tube anteriorly and the lateral pharyngeal recess
posterolalcrally on axial images. On coronal images
the eustachian lube orifice is situated inferiorly ant he
fossa of Rosenmuller superiorly to the torus.

The lymphoid tissue of the nasopharynx is most
prominent along the roof, often filling the fossa of
Rosenmuller. The lymphoid tissue of the pharyngeal
tonsil ( adenoids ) is normally located in the sub-
mucosa and will never obliterate the deeper tissue
planes of the nasopharynx.
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The mucosa and the musculature of the nasopharynx
are intimately related to the skull base. Cranial nerves,
including III-VI and VIII-XI and the sympathetic
nerves are frequently affected by nasopharyngeal
pathology. Many of the nerves pass through the skull
base and course within the tissue surrounding the
nasopharynx.

Below the nasopharyngeal mucosa and pharyngo-
basilar fascia, symetrical fatty parapharyngeal spaces
extend bilaterally from the base of the skull to the
oropharynx. The symetrical parapharyngeal spaces
serve as markers for mass effects and will bedisplaced
or obliterated by deep infiltration of disease of the
nasopharynx. Asymetry of this space must be consi-
dered pathologic.

Lateral to the parapharyngeal space is the infra-
temporal fossa. The tissue planes and contents of the
bilateral infratemporal fossa are normally symetrical.
Within the temporal fossa are the muscles of
mastication : the medial and lateral pterygoid, mas-
se ter and portionsof the temporalis.Smallamountsof
fat separate muscle bundles and these are easily seen
on MR due to the superior contrast resolution between
fat and muscle. Coronal MR images allow particu-
larly good evaluation of the musculature and fatty
connective tissue compartments that are oriented
along the long axis.

Pathology
More than 90% of malignancies that arise in the
nasopharynx are carcinomas1. Of these squamous
cell carcinoma accounts for 80%. Adenocarcinoma
and adenocystic carcinoma are less frequently
encountered in the nasopharynx. These may arise
from accesory salivary tissues within the nasopharynx

Squamous cell carcinoma of the nasopharynx is more
common in Asia than in other parts of the world,
particularly in the southern provinces of China.This
racial predisposition is present among the Canton
Chinese whether these people are in their native
country or have migrated to other countries.

Nasopharyngeal carcinoma is one of the most frequent
malignant diseases in Indonesia. Almost all the ENT
centres in this country reported it as the most frequent
malignant disease in its field. At the Radiotherapy
Department, Faculty of Medicine , University of
Indonesia it is ranked third after cervix and breast

malignancy during the last decade. Most of the patients
came to the hospital 6 months after their first
complaints and 81% had neck lymph nodes enlarge-
ment. Using the UICC staging most of the patients
(74,3%) were reported as stage IV; 17,6% stage III
and the rest stage I and I I , 4,5% and 3,5% respec-
tively. Most of the patients are in the productive age
period 40-59 years)2. The clinical presentation varies
depending on the location and size of the tumor.

Nasopharyngeal carcinoma usually arise in the area
of the lateral pharyngeal recess. Spread of tumor may
be directly to adjacent structures, to the lymph nodes
or haematogeneously to other organs, particularly
bones, lung and liver. Spread into adjacent structures
may occur in several directions. Medial extension
into the lumen of the nasopharynx and forward into
the orifice of the eustachian tube may be present.
Inferior extension into the oropharynx and soft palate
or anterior extension along the levator palatini muscle
may occur. Once extension has occured in the lateral
direction through the foramen of Morgagni, neoplas-
tic extension may occur throughout the fascial space
from the apex of the petrous bone to the soft palate.
The parapharyngeal space is vulnerable to neoplastic
extension. Access into the prestyloid compartment
by tumor permits spread to the skull base, foramen
ovale, foramen spinosum and sphenoid bone.

The retrostyloid compartment contains the carotid
vessels, cranial nerves IX-XII, internal jugular vein,
sympathetic chain and deep cervical lymphatics. These
structures may be affected by the tumor.

The nasopharynx has a rich lymphatic network and
cervical lymph node involvement is frequent. The
most frequently involved lymph nodes are the jug-
ulodigastric, the upper cervical lymph nodes, the
jugulo-omohyoid a~d the spinal accessory nodes.

Lymphoma.
Lymphoma of the nasopharynx is usually of the non-
Hodgkin type.lt is the second most common tumor in
the nasopharynx. It may involve any aspect of
Waldeyer's ring, including residual lymphoid tissue
in the nasophharynx .It is indistinguishable from
squamous cell carcinoma by CT and MRI.

Rhadbdomyosarcoma
About 30% of rhabdomyosarcoma involve the head
and neck3. The orbit and nasopharynx are the most
frequent sites of involvement. The tumor occurs
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primarily in young children less than six years of age.
Invasion of the skull base may produce cranial
neuropathies and cavernous sinus syndrome.

Benign lesions of the nasopharynx
Benign lesions of the nasopharynx are rare and include
teratoma, Thornwald's cyst, choanal atresia and
encephalocele.

Deep compartment tumors of the nasopharynx
The nasopharynx may be involved secondarily by
tumors adjacent to the nasopharynx, such as tumors
from the carotid space, skull base, pituitary, deep lobe
of the parotid and oropharynx.

Tumors of the carotid space may be of vascular,
neurogenic or lymphatic origin. Benign tumors of
this space include paragangliomas and neurogenic
tumors such as neurofibroma and schwannoma. The
mass may displace the vessels and cause charac-
teristic deviation of the parapharyngeal fat planes
anteriorly.

Diffuse enlargement of the parotid gland may be
secondary to inflammatory or neoplastic disease.
These two entities can often be differentiated by
clinical history and physical examination. Malignant
tumors are often associated ith seventh cranial nerve
palsy and cervical adenopathy.

Chordomas arise from residual remnants of the
embryonic notochord. More than 30% occur at the
baseof the skull. The tumor may extend inferiorly and
anteriorly to involve the soft tissues of the naso-
pharynx.

Juvenile angiofibroma, although relatively rare, are
the most common benign neoplasm of the naso-
pharynx. The clinical diagnosis is made in a young or
adolescent male who presents with nasal obstruction
and epistaxis. This benign tumor arise from the
pterygomaxillary fossa. The tumor scallops adjacent
bone, displacing itin a benign fashion. The posterior
wall of the maxillary sinus is displaced anteriorly and
the pterygoid plates posteriorly. They may extend
through the skull base foramina into the orbit,
cavernous -sinus and middle cranial fossa.

Inflammatory lesion
Primary inflammatory lesions of the nasopharynx are
uncommon. They are usually related to infection of
adenoidal tissue in children. Inflammatory disease of
the nasopharynx most often occur by extension from
surrounding areas.

Imaging Strategies
In conventional radiologic imaging andCT the density
values seen in films are dependent on one
factor.namely the degree of Xray absorption by
different tissues. The information provided by MRI
depends primarily on three tissue-specific parameters,
namely proton density, longitudinal spin-lattice
relaxation time Tl and transverse spin-spin relaxa-
tion time T2. By choosing special sequences e.g. spin
echo, inversion recovery, gradient echo and varying
acquisition parameters ( TR.TE ) a multitude of
variations in contrast between different tissue types
can be obtained.

Since the tissues of the nasopharynx possess a variety
of proton densities and relaxation times, it is possible
to image them with varying contrast to one another
depending on the technique chosen. It is important to
choose appropriate sequences to contrast suspected
pathology that could possibly be masked in other
sequences.

Spin echo images acquired with a short TR (100-500
ms ) are highly Tl-weighted : tissues with short
relaxation times such as fat appears bright. Tissues
with long relaxation times such as CSF and cyst are
dark.

As TR is increased ( 1600-2000 ms) Tl relaxation
times has negligible influence on signal since all
partial vectors of magnetization have the opportunity
to relax before the next RF pulse is applied. The echo
lime (TE) plays an increasing role here. When TE is
short (25-30 ms ) tissues with short or intermediate
relaxation limes appear bright. At longer TE ( greater
than 70 ms) tissues with long relaxation times become
increasingly bright while tissues with short T2 relaxa-
tion time such as muscle remain low in signal inten-
sity.

Cortical bone appears as very hypointens ( black )
structures in all sequences due to the small number of
mobile hydrogen protons present. The same is true for
teeth, non-paramagnetic dental fillings and calcifica-
tion. Recognition of subtle bone lesions is clearly
superior with CT.

Fibrous connective tissue such as fascia and scars
have have low signal intensity. Air-filled spaces are
completely black.
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Fat, with its short Tl and intermediate to long T2
relaxation times is very bright particularly in Tl-
weighted images. Bone marrow , due to its high fat
content, shows similar signal characteristics to that of
fat.

The mucosa and lymphoid tissue produce high signal
intensity in T2-weighted sequences due to their high
water content and long T2 relaxation times. These
structures can easily be differentiated from muscle
and fibrous tissue. Muscle has long Tl and very short
T2 relaxation times, therefore has low signal intensity
in both Tl and T2-weighted images.

Fluid has the longest Tl and T2 relaxation times,
therefore appearing dark in Tl and bright in T2-
weighted images. Blood vessels appear as signal
voids in spin echo sequences. Pathologic changes in
tissue usually show measurable increased Tl and T2
relaxation times in comparison tosurrounding normal
tissue.

Squamous cell carcinomas show as intermediate signal
intensity mass on Tl -weighted images and high signal
intensity in T2weighted images.

Contrast between tumor tissue and fat is best seen in
Tl-weighted images whereas separation of tumor and
muscle in T2-weighted images. T2-weighted images
display tumor brightly against the low intensity of
muscle. On the other hand tumor tissue can not be
well demarcated from muscle in T-l weighted images
due low contrast between these two tissues.

Contrast between tumor and fat is particularly impor-
tant in the evaluation of lymph node metastasis of the
carotid sheath; proton density and more so Tl-
weighted images may fail to provide sufficient ontrast
between the metastatic node and fat tissue, masking
the metastasis. T2-weighted and proton density
weighted images are superior to Tl-weighted images
in delineating retropharyngeal lymph nodes from
surrounding muscle tissue. At present state of deve-
opment there is no MR sequence that is capable of
demonstrating contrast between tumor - muscle and
tumor - fat, simultaeously*.

Large tumors may show areas of inhomogeneity and
necrolysis that has a higher signal intensity than the
tumor itself on T2weighted images.

Fast sequences have been developed using an angle
of excitation (flip angle) smaller than 90 degrees and

reversal of gradients is used instead of 180 degrees
refocusing pulses. These sequences are called gradient
echo sequences. Using very short repetition times of
30-100 ms (in contrast to 300-1800 ms used in spin
echo technique ) a reduction of effective measuring
time by a factor of 10-60 can be achieved4.

A disadvantage of gradient echo sequences is their
vulnerability to artifacts caused by magnetic suscep-
tibility or inhomogeneities in the magnetic field.
Susceptibility artifact in the form of local signal void
and/or streaks.

Contrast of tumor to fat is poorer when using Gd-
DTPA than in plain Tl-weighted spin echo images.
Gradient echo sequences without Gd-DTPA show
only low contrast; after administration of Gd-DTPA
the tumor tissue -how considerable enhancement and
is hyperintens with respect to muscle as well as fat. In
this sequence delineation of tumor from the similarly
hyperintens mucosa can be difficult.

At present time it is not possible to predict the
histology of nasopharyngeal tumor by MRI.

The evaluation of lymph node metastasis is a funda-
mental part in the pre-treatment evaluation and llow-
up of patients with nasopharyngeal tumors since it
has a striking effect on prognosis.5 The MR imaging
criteria for diagnosis of cervical lymph node meta-
tasisare: nodal size, shape, grouping, central necrosis
and extranodal tumor spread. Contrast enhanced MR
images upgraded 60% of the clinically negative necks.6

The generally used upper limit of normal for the
greatest nodal diameter is 1,5 cm for the jugulodigas-
tric and submandibular nodes and 1 cm for all other
cervical nodes.( 5). Other size criteria are also used.
The shape of metastatic adenopathy is usually spheri-
cal. Another criteria for metastatic adenopathy is
grouping of three or more contiguous and confluent
lymph nodes.

If the nodes have tumor necrosis, they usually have a
nonhomogeneous MR appearance on Tl and T2-
weighted images. Sites of necrosis show as focal
lower Tl and higher T2-weighted signal intensities
than the remainder of the node. Most hyperplastic
lymph nodes have a homogeneously low signal
ntensity on Tl-weighted images and a high signal
niensity on T2-weighted images. However non-
necrotic metastatic nodes and even some necrotic
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nodes may have the same signal intensities. Contrast
enhanced, fatsuppressed.Tl-weighted MR sequences
have been proposed as the optimal NR sequence to
image metastatic lymph nodes.7 Another technique
used is contrast enhanced, gradient echo Tl-weighted
sequence.4-6

CT and MRI can not detect microscopic metastasis. If
all head and neck primary sites are included, approxi-
mately 15% of patients initially considered to lack
cervical lymph node metastasis subsequently are
found by histologic examination or clinical manifes-
tation to have such metastasis.8

Surgery and radiation therapy alter the anatomy of the
neck. The advantages and disadvantages of different
spin echo pulse sequences in demonstrating recurrent
neoplasm are similar to those in patients with un-
treated tumor.T2-weighted images provide the best
contrast between recurrent tumor to adjacent muscu-
lature, but high signal intensity is not specifik for
tumor recurrence and can be caused in post radiation
oedema.

Posttreatment fibrosis-or scarring have low signal
intensity in all MR pulse sequences. A baseline
radiologic study three months after therapy is
recommended; the detection of tumor recurrence will
be much easier in follow up studies9

Lymphomas have an intermediate signal intensity on
Tl and proton density weighted images and a
moderately higher signal intensity on T2-weighted
images. MR displays this tumor as a homogeneous
mass. Usually there is simultaneous presence of
enlarged lymph nodes which have typical homo-
geneous signal intensity.

Rhabdomyosarcoma shows as a homogeneous, inter-
mediate signal intensity mass on Tl -weighted images;
the signal intensity is approximately equal to that of
muscle. After Gd-DTPA it shows strong inhomo-
geneous enhancement. In T2-weighted spin echo
images the tumor has a high inhomogeneous signal
intensity.

Chordomas have a variable signal intensity on T1 and
proton density-weighted images and a high signal
intensity on T2weighted images. MR imaging is
superior to CT in delineating the extent of the chor-
domas10.

Conclusion
MRI possesses many advantages over other imaging
modalities in the evaluation of the nasopharynx in the
pre-treatment as well as the post-treatment period. Its
superior soft tissue contrast resolution and multi-
planar capability is very useful in detecting and
defining the extent of abnormalities in the naso-
pharynx. Neoplastic invasion to the skull base and
adjacent vital soft tissue structures can be demon-
strated by MRI. Differentiation between metastatic
and reactive lymph nodes can be difficult and more
experience and studies on this subject is needed. The
differentiation between recurrent tumor and post-
operative scar or post radiation in flammatory changes
may be difficult. Currently, there is no reliable way to
accomplish this differentiation. A baseline imaging
study three months after therapy will be very useful in
follow up studies. At present MRI can not predict the
histology of a nasopharyngeal tumor.
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MCI -MISCELLANEOUS

MRI of Spinal Fracture :
Benign vs Malignant

Lee C Chiu

St Joseph Medical Center

Occult or compression fracture of the vertebral body
can be caused by either benign or malignant proc-
esses. It is of utmost importance to differentiate the
two etiologic factors of the vertebral fraactures as
their treatment options differ so are the clinical out-
come. Plain film radiograph of the spine usually
offers limited information. Radionuclide scan often
displays high sensitivity for fracture but less specific
as to its benignity or malignancy. The following MRI
pulse sequences can offer different bon emarrow
imaging between normal, benign and malignant
processes:

(1) Tl Weighted Image
The intensity of normal yellow marrow is
slightly brighter than red marrow. Both benign
or malignant fractures show low intensity due
to edema (water). Primary or metastatic spinal
lesions may show medium intensity of "soft
tissue". A lytic lesion in the spine shows a low
intensity lesion replacing the bright marrow.
An osteoblaslic or slcerotic bony lesion shows
very low intensity marrow because of dense
calcium deposit. Very high intensity bone
marrow usually is caused by fatty replacement
such as radiation effect or hemorrhage.
Hemangioma of the spine shows a focal high
intensity lesion.

(2) Tl with fat suppression (F/S) Technique
Yellow marrow is heavily supprssed but not
red marrow. Benign fracture retains some
marrow component after fat suppression tech-
nique. Malignant fracure shows little or nor
residual marrow after fat suppression.

(3) Tl fat suppression technique with intravenous
contrast injection will help in the differentia-
ton of the following:

Benign fracture: Homogeneity and/or periph-
eral enhancement
Malignant fracture : Central vertebral body,
and/or pedicle enhancement

(4) Short inversion (Stir) Technique :
Very sensitive for both benign or malignant
fracture. A lytic lesion shows higher intensity
than blastic lesion in genera.

(5) Spine Echo T2 Weighted Image :
SE T2 weighted image shows high intensity
spinal edema from either benign or malignatn
process. Fast spin echo T2 weighted image
shows very poor high intensity T2 image. Use
a fast SE T2 imaging of the spine.

(6) Gradient Echo displays bone formation such
as healing fracture or calcium deposit, special
gradient echo T2* technique.
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MC2 - MISCELLANEOUS

MRI approach for lesion in the hypothalamic
pituitary axis

Dong Ik Kim

Department of Diagnostic Radiology
Yonsei Univesity College of Medicine, Seoul, Korea

Magnetic resonance imaging (MRI) is an important
imaging method in patients suspected of having hy-
pothalamopituitary disease. In most cases, MRI is the
single best imaging test to deermine the location and
the size of a lesion and its relationship to the pituitary
gland and surrounding structures, and to provide for
a concise differential diagnosis. MRI has been used
extensively for hypothalamopituitary axis lesions for
approximately 4 years in our institution. There is now
detailed accumulated knowledge of the normal MRI
appearance of this area and variation, also, virtually
every type of pathology peculiar to this region has
been examined and described. Alterations in the
normal signal intensity are becoming increasingly
better understood.

Imaging techniques
High spatial resolution, good signal-to-noise ratio
and freedom from artifacts are of great importance.
Pixel size should be less than lxl mm, and slice
thickness should be 3 mm or less. In most instances,
an unenchanced scan is performed first, contrast-
enhanced MRI follows. The imaging protocol varies
depending on whether the examination is being
directed primarily towards the pituitary gland or
toward the adjacent area. Our preference remains
with Tl-weighted fast spin-echo sagittal and coronal
imags. Dynamic enhanced Tl-weighted coronal
images is added if the plain scan is equivocal,
particularly if the patients has compelling clinical or
hormonal findings of a pituitary lesion. Contrast
enhanced MRi and T2-weighted fast spin-echo images
in coronal plane are always added if a mass is dis-
covered in the initial phase of the examination.

Topographic regional appraoch
The pituitary gland is a small organ consisting of two
distinct lobes. The anterior lobe (adenohypophysis)
is a true endocrine organ, synthesizes, and secretes

multiple different hormones under hypothalamic
control. There are rather characteristic geographic
distribution in each specific hormone secretion. So
the lesion in anterior lobe can be subclassified into the
lesion in lateral wing and central mucoid wedge of
pars distalis and pars tuberalis. The posterior lobe is
much smaller than anterior. It is directly connected to
the hypothalamus by the pituitary stalk. The stalk,
composed of the nerve fibres of the hypothalamoneu-
rohypophyseal tract and venous plexus. There is a
third lobe, the pars intermedia between pars distalis
and posterior lobe. It is an embryonic vestige and
normally not of any significance. Occasionally it is
the site of the origin of space-occupying cysts.

All these anatomical structures are clearly visible on
routine MRI, so it gives us an valuable topographic
approach in the differention of hypothalamopituitary
lesions.

Topographic distribution of pathology in hypotha-
lamopituitary axis

Anterior lobe of pituitary gland: pituitary adenoma
exclusively
Lateral wing of pars distalis: Prolactinoma, GH
secreting adenoma
Central mucoid wedge of pars distalis: TSH or
ACTH secreting adenoma
Pars tuberalis of pituitary gland: TSH secreting
adenoma

Pars intermedia of pituitary gland: Rathke cleft
cyst, dermoid/epidermoid and cranipharyngioma

• Posterior lobe and pituitary stalk: Metastasis,
germ cell tumors, Histiocytosis X
Hypothalamus: glioma, germ cell tumor,
lymphoma, hamartoma

The important point to establish from an imaging
perspective are the site of origin of the abnormality
and the signal characteristics of the lesion. In most
instances, consideration of just these two features
yields a very concise differential diagnosis. The dis-
cussion will be include MR characteristics of above
listed pathologies depending on the site of origin.
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MY9700710

Endocrine Tumour Imaging

V Ralph McCready

Royal Marsden Hospital, Sutton, Surrey, UK

Endocrine tumour imaging is one of the most
appropriate uses of radionuclides since the images
reflect the function of the organs with the radio-
nuclide tracing an aspect of metabolism of the endo-
crine gland. The field is evolving rapidly at the
present time with imaging techniques involving both
planar, SPECT and PET imaging techniques. The
clinical place of the newer radiopharmaceuticals is
being evaluated at the present time.

Thyroid Imaging
The commonest form of endocrine imaging is
performed on the thyroid gland. It can be imaged with
Iodine 131, Iodine 123, Tc 99m pertechnetate or
Iodine 124 and PET imaging.

Benign tumours can be classed as functioning or non-
functioning. Non-functioning tumours have an inci-
dence of about 10-20% carcinoma while masses that
are hyperfunctioning have a very low incidence of
cancer. Cancers of the thyroid are usually differenti-
ated and have the ability to concentrate radioactive
iodine especially when the competition from normal
tissue is absent The distribution of metastases can be
seen on whole body scans following 1131 or I 124.
Thyroglobulin found only when thyroid tissue is
present as normal tissue or cancer, provides a useful
method of monitoring for occult thyroid cancer once
all normal thyroid tissue has been ablated.

Newer approaches to imaging thyroid cancer which
may be valuable in tumours which are becoming
dediferentiated, employ thallium 201 and Tc 99m
labelled sesfamibi (more commonly used for
myocardial imaging). The response to therapy with
radioiodine depends upon the radiation dose deli vered
to the tumour. Measurements using PET and I 124
show that at least 90 Gray is required to ablate tumour
tissue.

Parathyroid Tumour Imaging
The parathyroid glands produce parathormone, a
hormone essential for the control of calcium metabo-
lism . Clinical parathyroid disease occurs as a result of
overproduction of PTH which can come from the
normal or enlarged gland or from parathyroid cancer.
Imaging of the glands can help in the diagnosis of the
cause of overproduction or help the surgeon to locate
the enlarged gland(s). A variety of agents have been
used to image the parathyroid glands including labelled
methionine, Gallium 67, and labelled dyes such as
toluidine blue. The most frequently used techniques
at present employ a combination of Tl 201 and Tc
99m pertechnetate. The pertechnetate labels the thy-
roid gland while the thallium concentrates both in the
normal thyroid tissue and the parathyroid adenomas.
A fractional subtraction of the Tc-99m activity
removes the thallium and pertechnetate in the thyroid
tissue leaving the thallium visible in the adenoma.
The sensitivity of the test varies from a reported 60%
to 100% with some series reporting significant num-
bers of false positives. These tend to be produced by
abnormalities of the thyroid gland which also concen-
trate thallium. Parathyroid carcinoma is a very rare
disease and when present the scan appearances may
be indistinguishable from parathyroid adenomas.
Scstamibi can be used instead of thallium. The advan-
tage of it lies in the improved statistics since sestamibi
is labelled with Tc 99m which has more favourable
imaging charateristics. Studies show that it is more
sensitive than Thallium although the latter shows
higher concentration per gram of tissue.

Adrenal Tumour Imaging
Tumours in the adrenal gland may arise from the
cortex or medulla. Adrenocortical carcinomas are
rare and may be functioning or non functioning.
Imaging is usually performed using CT and ultra-
sound. Radioisotope imaging is normally carried out
with radio seleno-cholesterol. This can help in the
diagnosis of Cushings syndrome where only one
adrenal is affected. It is difficult to separate benign
adenomata from well differentiated carcinomas.
Poorly differentiated lesions are unlikely to concen-
trated the tracer.
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Phaeochromocytomas arise from the medulla and
about 10% are malignant. Some 75% secrete
catecholamines or their precursors. While most arise
in the adrenal medulla phaeos may be seen anywhere
in the sympathetic ganglia. Malignant phaeos may be
found outside the sympathetic system. The lesions
may be demonstrated with high sensitivity (about
90%) and specificity using iodine 123 labelled MIBG.
This is valuable in locating functioning lesions prior
to surgery. In patients with malignant disease and
high uptakes I 131 MIBG has been used lo treat the
tumors with varying degrees of success.

Pituitary Gland Imaging
Until recently most pituitary tumours were studied
using Cl l labelled methioninc and PET. Excellent
results have been demonstrated from several centres.
The PET technique is valuable in demonstrating
viable tumour tissue from fibrosis, cysts and necrosis.
Dopamine D2 receptor ligands are valuable in show-
ing the potential value of therapy with dopamine
agonist treatment. More recently the wider availabil-
ity of In 11 labelled octreotide has improved the
possibilities for pituitary tumour diagnosis outside
PET centres. This agent has shown high sensitivity
for functioning adenomas producing growth hormone,
assisting in determining which patients would benefit
from treatment with somatostatin.
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Imaging The Adrenal Gland

PJACarr

Department of Radiology, Westmead Hospital and
Faculty of Medicine, University of Sydney, Syndey
Australia

The adrenal glands are complex endocrine organs
which secrete several hormones critical to the body's
endocrine functions.

This presentation represents a review and overview
of the common clinical presentations of adrenal gland
pathology and highlights the appropriate imaging
modalities which should be employed to make an
accurate diagnosis.

Although all imaging modalities can impact on the
diagnosis of adrenal pathology CT and MRI are the
most useful, with nuclear imaging having an increas-
ing role.

Both endocrine and non-endocrine adrenal conditions
will be considered, including adrenal adenomas,
hyperplasia, cysts, phaeochromocytoma, Cushing's
disease, Conn's tumour, carcinoma and metastases.
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MC2 - MISCELLANEOUS

Venous Sampling for Endocrine Tumours

F L Chan

Department of Diagnostic Radiology
Queen Mary Hospital, Hong Kong

Hormone-related syndromes arising from tumours of
endocrine glands present with relevant clinical history
and often have the diagnosis confirmed by appro-
priate biochemical tests. When there is a need to
localize the tumour to guide surgical planning, the
primary modality is usually by means of noninvasivc
morphologic imaging, especially CT or MRI.
Morphologic imaging can be applicable in conditions
with hyper-, normo- or hypo-secretion. Nevertheless,
these techniques do not convery direct information
about the function of endocrine tumours, and they
may not be sufficiently sensitive to detect very smal I,
surgically curable tumours which however are hyper-
functioning with florid clinical manifestations.

Venous sampling is the most sensitive method of
detecting pathophysiologic abnormality in the hormo-
nal secretion of an endocrine gland. It involves sam-
pling of the venous efflux with assay of the hormone
of interest to detect sites of hypersecretion or ectopic
secretion. Its success requires close collaboration
among the endocrinologists, radiologists and bio-
chemists to provide proper patient preparation,
technical expertise in catheterization and reliable
laboratory support. The result of the technique can
also be affected by the cyclical hormonal secretion of
the endocrine tumour, plus the variability and inter-
communication of the venous anatomy of the affected
gland.

Venous sampling can be applied:

(a) to confirm the diagnosis of hormone hyper-
secretion when the clinical, biochemical and
morphologic imaging findings are equivocal
or controversial. Inferior petrosal sinus
sampling has been used to confirm or refute

Cushing's disease when MRI of pituitary
demonstrates intraglandular filling defect with
abnormal signal intensity while the biochemi-
cal tests suggest extra-pituitary source of
hypercortisolism. Adrenal venous sampling
has been used to confirm equivocal cases of
hyperaldosteronism or pheochromocytoma.

(b) to localize the site of functioning endocrine
tumours, aiming at lateralization (e.g. inferior
petrosal sinus sampling for pituitary microade-
noma not visualized on morphologic imaging,
parathyroid venous sampling), regional local-
ization (e.g. Iranshepatic portal venous sam-
pling), or definitive localization.

(c) to distinguish between adenoma and hyper-
plasia in functioning endocrine disorders (e.g.
for nodular adrenal glands in hyperaldo-
steronism or hypercortisolism).

The technique involves tedious selective catheteriza-
tion of the possible sites of hormonal hypersecretion
by end-hole catheters to collect sufficient venous
blood samples for analysis. Attention to details in
timing, sites of collection, and recording of samples
should be adhered to for consistent accuracy. Modi-
fication of the technique is required to tailor to the
needs of the specific clinical problem. Variations in
the approach include:

(i) Specific glandular efflux sampling (e.g. adre-
nal venous sampling), sometimes requiring
simultaneous bilateral collection of venous
sample (e.g. inferior petrosal sinus sampling).

(ii) Systemic sampling for ectopic sites of
hormonal secretion (e. g. in ectopic ACTH
syndrome, ectopic pheochromocytoma).

(iii) Stimulation tests to enhance the sensitivity of
venous sampling, by systemic administration
of stimulating hormone or releasing factor
(e.g. use of corticotrophin releasing hormones
for inferior petrosal sinus sampling: use of
ACTH for adrenal venous sampling).
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(iv) Regional arterial injection of a secretagogue
prior to venous sampling to achieve regional
localization (e.g. hepatic venous sampling for
islet cell tumours).

Venous sampling is a time-consuming, invasive but
sensitive investigation to localize functioning endo-
crine tumours. The level of diagnostic accuracy is to
be decided in light of the preferred therapeutic
approach, and this has to be balanced against the
invasiveness of the study. It definitely plays an
important role in elective situations, but should be
applied with the understanding that the information
so obtained warrants the associated risk and cost.
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Superconductive or Permanent Magnet MRI
- Advantages and Disadvantages

Yoshihiro Hiramatsu

Department of Radiology
Toho University School of Medicine, Japan

The superconductive magnet MRI unit has been
accepted worldwide because of stronger signal inten-
sity and higher image quality. The permanent magnet
MRI unit has many advantages over the superconduc-
tive and is also well accepted. We have an opportun i ty
to use both Toshiba MRT-200/FX, 1.5 Tesla super-
conductive and Hitachi MRp-7000, 0.3 Tesla
permanent magnet unit and could compare the
advantages and disadvantages of both machines.

Advantages of Superconductive Unit
It is well known that the higher the magnetic field
strength, the stronger the signal intensity from the
object. There is no question about the fact that the
details of the brain structures are demonstrated more
clearly with the super-conductive magnet.

When the signals are stronger, scanning can be
performed in a shorter time. That will eliminate
patient discomfort and moreover, untoward motion
artifacts especially when the chest or abdomen are
studied.

Ulrafact scans or functional studies can be performed
more easily with the superconductive unit.

Disadvantages of Superconductive Unit
The size of the equipment is a serious problem
especially when the hospital is located within the
large city where the space is limited.

The maintenance costs for the unit are also not
negligible, especially the electricity. Although the
consumption of the costly helium gas has been reduced
significantly with the recent machines, supply for the
gas might still be a problem in some countries.

Restriction of the examination for those who have
some metallic objects within the body is a big problem
clinically. Patient with cardiac pacemaker and cerebral
aneurysmal clips are the most serious contraindica-
tions of the MRI.

Stronger chemical shift artifacts are still the problems
with high Tesla units, although some soft ware com-
pensation have been made.

Another clinical problem is the patient with claustro-
phobia. They can never be persuaded to be brought
into the narrow gantry opening of the superconduc-
tive magnet.

Hammering noises are also unbearable irritation to
some patients, although back ground music systems
using pneumatic tube have been developed and actually
been used. Hearing disturbances are also considered
in some situations.

Advantages of Permanent Magnet Unit
To reduce the initial cost of the equipment and the
maintenance fees is one of the most important factors
in reducing the budget, especially after the worldwide
economy crises which initiated the reform of the
health-care system.

Although the magnet itself isrelatively heavy, the size
of the whole unit is significantly smaller than that of
the superconductive. Compactness of the unit is actu-
ally one of the main reasons in selection, especially
when the MRI room is reformed from the conven-
tional x-ray room or storage room. In our institution,
the machine was installed at a space of 5 x 6 meters,
where a small out-patient clinic room existed previ-
ously. Not only the magnet, the computer and other
supportive systems are also made compact.

Anotherreason for popularity of the permanent magnet
unit is its low maintenance cost. It consumes only
small amount of electricity to operate. No costly gas
is needed.lt is also easy to operate. The machine can
be ready to use, only a few minutes after the switch
was turned on.
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Hammering noises are significantly smaller than the
superconductive and is definitely more comfortable
for the patients.

We have experienced performing examinations for
some claustrophobia patients with permanent magnet
unit, on whom the examination can not be done with
the superconductive unit.

The open type gantries are now available from many
manufacturers and most of them are with permanent
magnet. They are particularly useful for intervention
and also for the patients with claustrophobia.

Patients with cardiac pacemaker can be studied with
permanent magnet until, although the patients should
be strictly selected and should be very closely moni-
tored.

The image quality is almost satisfactory. Especially
in imaging the abdomen, the quality is sometimes
better, as the chemical shift is less with low Tesla unit.

Disadvantages of Permanent Magnet Unit
The main disadvantage of this unit is slightly inferior
mage quality due to lack of signal intensity in

comparing with the superconductive unit, especially
in imaging the brain. The data acquisition time is
therefore slightly longer, but it is not a big problem as
fast spin echo sequences are now available.

The weight of the magnet is about 12 tons. Enforce-
ment of the supporting floor might be needed, except
for placing the unit directly on the ground.

Conclusion
Bolh superconductive and permanent magnet MRI
units have their own advantages. At a busy hospital or
a clinic with many complicated cases, super-conduc-
tive units might be preferable, but on the other hand,
at relatively small institution with limited space, and
with limited financial status, the permanent magnet
unit has better advantages.

The picture quality might be slightly inferior in imag-
ing the brain with the permanent magnet, however,
the differences is not so remarkable in imaging the
abdomen. Becauseofthecharacteristicsof less chemi-
cal shift artifacts, the picture quality might be rather
superior in some body parts such as in the pelvic
space, where there is abundant fat tissue present.
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New 3D MRI in the Diagnosis of Brain Lesions

Lee C Chiu

St Joseph Medical Center, Burbank California, USA

The magnetic resonance phenomenon is inherently
three dimensional (3-D). MR images can be produced
using a 3-D reconstruction technique. As the MR
imaging are stretched by new clinical needs, 3-D
acquisition method is emerging as a solution to many
technological problems encountered with conven-
tional 2-D technique in high resolution examinations.
The tools needed to exploit 3-D acquisition sequences
are commercially available. With the use of high
resolution techniques, the diagnostic capability of
MRI will be further enhanced to generate a new group
of clinical applications. Pulse sequences techniques
are: Fast gradient-echo IT* or T2*, short TE/short
TR, 1.5mm thickness, 128 x 1 average.

Advantages of 3D MRI:

1) Display better anatomical detail than 2-D images
2) Display small arteries and veins as well as

surrounding structures to better advantage
3) Display miniature vessels which may not be

otherwise detected with conventional or MR
angiogram

Clinical Applications:
A) Primary or secondary tumor: Better differentia-

tion between intracranial from extracranial
tumors. Easy to understand the location of the
tumor for surgical or radiation planning.

B) Vascular lesions: Better understanding of the
main feeding arteries and draining veins

C) Meningeal lesions: Display extra-axial tumor
and its meningeal origin

D) Subependymal or intraventricular lesions: Bet-
ter differentiation between this two areas.

2-D and 3-D MR images will be compared and
presented. A serial 35 mm slides as well as 3-D video
will be illustrated and discussed.
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PACS - Current Status

Frits H Barneveld Binkhuysen

Eemland Hospital, Department of Radiology
Amersfoort, The Netherlands

Introduction
Diagnostic radioogy provides information that is
needed by many medical specialists in and outside the
hospital. The importance of radiologic information is
still increasing, primarily because of the effective-
ness of diagnostic possibilities. Radiological infor-
mation is needed throughout the hospital. Clinicians
want this information as fast as possible, but the
radiology department is a very complex one. There is
often a delay of up to one or two days between the
moment of a radiological procedure and the moment
the referring physician gets the needed radiological
information.

Especially for critical care patients this can not be
tolerated. Frequenlty radiological procedures are not
reported in these situation because for example the
images are taken to the critical care unit by clinicians
themselves immediately after the radiological
procedure.

Another frequent problem is ihe need for comparable
old images, while the radiological folder with the old
images cannot be found in the archive.

There are many reasons why this can be the case. It is
clear that a good Picture Archiving and Communic-
ations system (PACS) can be a solution to all these
problems. PACS seems technically feasable.
Furthermore an increasing percentage of images is
acquired directly in digital form nowadays.

According to prognoiss more then ten years ago,
PACS should have completely replaced film by now,
substituting workstations, electronic archives and
networks for cassettes, film processors, alternators
and filerooms.

But it has not happened that way at all. Why have
PACS failed to live up to their promise? The reasons
were entirely foreseeable: the systems are too slow,
too expensive, inferior to film in spatial resolution
and gray scale and too disastrous whern they fail.

But PACS have recently returned to the spotlight as
sophisticated information management tool after
several years of minimal activity. Now, growth in
PACS sales is expected because prices for more
systems have decreased, image quality rivals that of
film and adoption of the digital imaging and commu-
nications in medicine (DICOM 3.0 standard) has
made broad connectiveity possible. In sure it has
become obvious to many information managers and
radiologists that PACS will work. Their remaining
concern is whether PACS can pay for themselves. But
on the other hand PACS implementation maybecome
part of a hospital's strategic plan to attract managed
care contracts, enlarge its patient base, improve qual-
ity of care, decrease staff costs and recapture lost re-
imbursement.

Today PACS applications can vary widely. These
may include on-call teleradiology over-reading/
quality control networks, filmless radiology depart-
ments, relatively simple archiving systems, and on-
demand applications unique to a hospital's require-
ments.

Why PACS?
There have been important changes in healthcare and
in radiology the last ten years. Looking into the future
three issues seems to be of utmost importance. They
concern technology, clinical services and socio-
economic issues. Here we will only focus at digital
technology. Digital technology and information net-
works will proliferate and will continue to enhance
our capabilities in image acquisition, display, inter-
pretation, storage, retrieval and communication.

Expansion of networks will benefit physicians in all
areas of diagnostic endeavour in at leat two ways:
connectivity between physicians and health care
systems will be greatly enhanced, generalists will
have ready excess to specialists, with radiologists
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being able to transmit images, interpretive data,
diagnoses faster and more efficiently then ever be-
fore. At the same time, the ubiquity of networks will
raise new issues and economic concerns who will
control networks? Who will manage the flow of
information? Who will pay for them? How do we
ensure data integrity and security? What are the legal
ramifications?

Although there are a lot of questions, the trend is
clear. Everywhere the same question arise: how can
we implement (parts) of PACS in a cost effetive way.

What is PACS
The term picture archiving and communication
systems was first used about 1980. It was conceived
as a system that would revolutionize radiology-film
today into filmless tomorrow. Radiologists and refer-
ing clinicans would be able to read images off ultra-
high resolution monitors and everyone would be
better for it. In spite of the benefits, the introduction
of practical systems over the last decade and half has
been slow. The single most important reason for this
slow development is the complexity of the software
required for the systems. The lack of components
with adequate capacity and speed has also been a
significant problem.

The question what is PACS can be formulated as
follows: PACS consists, at least, of one or multiple
imaging modalities (acquisition devices), a commu-
nication network, an intermediate/or long term stor-
age device, and an image review and/or post process-
ing workstation. A very often used devision is large
scale-PACS and mini-PACS. A large scale-PACS is
a system which includes three or more modalities, is
in daily clinical use and makes images available in
and outside of radiology. Using this definition at the
end of 1993 there were 13 institutions around the
world which met these criteria. Here we will focus at
mini-PACS.

Although several institutions are in the process
implementing a large-scale PACS, more an more
radiology departments are planning mini-PACS. The
widespread implementation of the complete depart-
ment PACS is doubtfully for several reasons. First of
all the current economic climate does not offer enough

financial resources. Secondly there are cultural and
organisational issue that makes it unlikely to convert
an analogue into a digital operation from one moment
to the other. Thirdly the question arises if a depart-
ment-wide PACS will be either time-effective or
cost-effective. Ten years of PACS development
learned that a complete conversion of a radiology
department to digital operation is indeed a huge task.
These reasons result in more and more radiology
departments planning mini-PACS implementations.
Some of these systems have been designed to act as a
stand alone manner, while others have been deve-
loped to be connected into a more comprehensive
system.

Mini-PACS offers the best possibilities for taking
advantage of the many digital applications in radio-
logy nowadays. The goals of these systems are to
serve the target user group effectively in a specific,
justifiable way.

Therefore PACS systems should be modular in such
a way that the elements mesh together, are able to
grow and offer advantages over current practices.
Also they must be reliable and not to expensive.
Concerning the cost effectiveness one has to realise
that savings on film and personnel will in most
instances not be the principal justification. The
important issues of justification of mini-PACS
implementations are the introduction of some
conveniences, problems that will be solved (lost
films) and contributions to the delivering of medical
information. Looking for the coming years, it is
expected that several mini-PACS "islands" will be
integration in a more complete systems. Probably
these mini-PACS systems are products of various
vendors. Therefore it is important to define standards,
open networks, interfaces and databases.

Implementations of PACS
Before implementation of a PACS the goals of the de-
partment have to be defined. These goals can be the
improvement of communication or the improvement
of the accessibility of images. Also a problem analy-
sis has to been done. What is the organisational
structure, what are the communication links and what
is the production? Other important issues are: identify
specific needs for different locations and physicians.
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plan small steps, convince clinicians of the value,
demonstrate benefits, choose components that offer
efficiency and insist on proven integration.

Considering the implementation of PACS, there are
four possibilities:

- Phased implementation beginning with e.g. a
network with a laser imager and a single work
station.
Implementation in a specialised part of the
radiology department, e.g. first aid or pediatrics.
A total conversion from analogue into digital at
D-day.

- A hybrid department where conventional and
digital working is possible. From the cost-benefit
point of view the last one is not attractive.

When it is known which kind of PACS you will start
with, the next question arises: who docs what?

There are three possibilities.

1. A multi disciplinary team in your hospital
This team of experts writes the PACS specifica-
tions, does operational research, select PACS
components, act as a system integrator, develops
components interfaces, write system software
and does the service and maintenance of the
installation.

The advantages are that such a system will have
your own specifications is state of the art, can be
continuously upgrated and is not dependent of a
single manufacturer. The disadvantages are that
such a team is difficult to set up and you will
probably have a one of a kind system.

2. Two team method
First of all a team has to set up of experts who
writes your PACS specifications. Next a manu-
facturer is invited for the bidding. The team of
the manufacturer will do the implementing
service, training and maintenances.

3. The easiest way is maybe to buy a turn-key
system, including modifications to fit into your
clinical site. The disadvantage can be that a

system maybe to general for you and will probably
not be state of the art.

Discussion
PACS is more than a technology. It is the application
of technology to solve real-world problems. We also
know that PACS is not restricted to radiologists or
radiology departments, because PACS will be a part
of a hospital information system and a management
tool. Therefore it is difficult to foresee what the
impact of PACS will be in our future daily practice.

While financial justification is the most often cited
barrier to PACS, relative to the entire scope of a
PACS project, maybe it is the one of the least signifi-
cant issues. Looking at PACS justification, there are
five imporant issues: financial, political, marketing,
integration and service with each area having a direct
impact on th other. One has to focus on the impact of
PACS on the entire facility or on the PACS Systems
"Soft" benefits which encompass the political,
marketing and integration issues. Although the im-
plementation of PACS will hopefully solve todays
problems, the future importance of PACS will be the
delivery of image information into the process of
care.
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The High Quality Mammogram

Jennifer Cawson

Melbourne, Australia

The aim of mammography is to achieve a high
sensitivity and specificity in diagnosis of both
malignant and benign breast diseases, and so to achieve
a high detection rate of cancer while minimising
intervention. Population screening also requires
minimal radiation.

The breast is inherently a low contrast organ and great
attention must be paid to producing films with
sufficient density, resolution and contrast. Optimum
image quality requires:

Skilled breast positioning and adequate compres-
sion
A 'state of the art' mammography unit
Fast, high contrast, high resolution film screen
combination

- Optimum processing of film
- Quality assurance program

As well as excellent film quality, good mammogra-
phy requires, skilled "work up" to refine the diagnosis
and expert perception to detect subtle lesions.
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Normal Mammogram and Benign Conditions

Nina Sacharias

Department of Radiology, Alfred Hospital,
Melbourne, Australia

The breast mammographically presents a variety of
patterns of dense fibroglandular tissue and fat. The
dense areas are largely fibrous and generally represent
fibrocystic change, this term being acceptable as to
not raising any anxiety in recipients of radiological
reports. There is a pattern of symmetry of disposition,
with not infrequent exceptions which with careful
workup should not lead to misdiagnosis of cancer.
The empty areas of the back of the breast and medial
portions with involutions are stressed. Benign focal
lesions of solid and cystic nature are distinguished by
ultrasound or characteristic calcification or other
appearances, e.g. fatty hilum of lymph nodes, FNA
working together with imaging in some instances.
Typically benign calcifications of duct ectasia,
vascular or skin and other coarse calcifications e.g.
fibroadenoma or fat necrosis should be easy to
recognise. With understanding of the anatomy of the
terminal duct lobular unit the formation of
appearance of benign lobular calficications is easily
understood, most falling into the concretions of even
density and calcium sediment in microcysts of vary-
ing density in the two views. The small group of
indeterminate calcifications becomes smaller with
experience. The importance of careful workup cannot
be overstressed to enable one to come to the correct
diagnosis and minimise increasing biopsies.
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Mammographic Sign of Malignancy

Nina Sacharias

Department of Radiology, Alfred Hospital,
Melbourne, Australia

Calcification, mass and stromal distortion are the
cardinal signs, often coexistent.

Increased density of an area needs to be interpreted
with caution in absence of any palpable changes.

Diffuse density of the whole breast may be due to
carcinoma or abscess and needs to be differentiated
clinically.

Dilatation of a single duct is very rarely seen. The
most reliable sign of malignancy is a spiculated mass
and calcification, stromal distortion as a single sign is
rarely positive.

Ductal carcinoma in situ of large cell variety has
characteristic calcification of casting, granular or
broken stone appearance, in linear or cluster forma-
tion.

DCIS of small cell type is aassociated with rounded
calcifications, often impossible to differentiate for
sclerosing adenosis.

Careful workup of characteristics of margins, calcifi-
cation shapes is essential and workup of palpable but
invisible abnormalities should include ultrasound.

With careful workup the percentage of radiographi-
cally in visible carcinoma should drop. Clearly defined
round or oval masses believed to be benign can be
followed up mammographically, accepted by a
malignancy incidence of 1.4%.
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Preoperative Ultrasound-Guided Wire
Localization of Nonpalpable Solid Breast
Lesions

Yi-Hong Chou, Chui-Mei Tiu

Veterans General Hospital, Taipei, Chinese Taipei

Introduction
Mammography-guided wire localization of thebreast
lesion is valuable in the work-up of nonpalpable or
deep-seated breast lesion.12 Ultrasound (US) has also
been engaged in the detection or differentiation of
breast lesions for years. It is not uncommon that some
clinically nonpalpable or mammographically unde-
tectable lesions can be depicted by US examination.
US-guided wire-localization for solid breast lesions
is therefore becoming increasingly important in our
hospital. In this article, we describe our experience of
using this technique in patients with clinically non-
palpable breast lesions.

Techniques
There are a variety of commercially available wires
for preoperative localization of small breast lesions
(usually less than lcm in size). These stainless steel
hookwires we commonly used are PercuGuide (E-Z-
EM, New York), Kopans needles (Cook Inc. Bloom-
ington, IN), and Hawkins needles (National Standard,
Gainesville, FL). All the patiens referred for the US-
guided procedure had had a negative x-ray mammo-
graphy examination (most commonly with radio-
graphically dense breast but a positive US study. The
patients were initially scanned using high-resolution
sector US (ATL UM8, Bolhell, Washington, USA.
10 MHz) or linear-array US (Acuson XP 10,7 MHz;
or Diasonics Spectra VST, 10 MHz) to localize the
lesion and determine the route of access. The most
proper skin sites for US probe and percutaneous
procedure were then marked.

After antiseptic skin preparation and local anaesthe-
sia, a needle with a hookwire was inserted percutane-
ously, usually about 0.5-3 cm from the tip or margin

of the US probe and with a 30-to 75-degree angle to
the central beam of the sector or scan plane. The
needle tip was readily detected by US just after
having penetrated the skin for 1-2 cm of depth. The
forward movement of the needle could therefore be
monitored and the needle pointed to the lesion could
be adjusted properly. The needle was then inserted
deep to reach the distal margin of the lesion or pass
through the lesion for about lcm. The wire was kept
firmly in its location, and the needle was withdrawn
for approximately 1.5cm. The hook, now free from
the needle, would open and be seated in the tissue or
in the tumor, depending on the tumor size. To assure
a proper placement, the wire was gently pulled to feel
resistance. The needle was then removed from the
breast with the hookwire affixed to the lesion site. The
whole procedure usually took 10-15 minutes. A
follow-up x-ray mammography (XRMG) of the
diseased breast was performed to reassure the location
of the wire after the procedure and to recheck if the
localized lesion could be seen on the second XRMG.

During surgical intervention localization of the wire
related to the lesion was observed and recorded by the
surgeon. If the wire was noted firmly fixed to the
tumor or the nearby tissue during surgical manipula-
tion or even after removal of the lesion, it was classi-
fied good" fixation. If the wire was easily detached
from the breast without apparent force during ma-
nipulation, it was in "poor" fixation. The wire de-
tached with relatively strong force was classified as
"fair" fixation. The accuracy was evaluated by the
distance of the wire to the lesion.If the wire exactly
penetrated the solid lesion, the distance was recorded
"0 cm". The final histopathology of these small
lesions was also recorded.

Accuracy of Lozalization and Satisfaction of Fixa-
tion
The accuracy of fhe wire localization and the grade of
satisfaction of fixation in various hook wires are
acceptable (Table 1). Ourprevious experience showed
that most of the stainless steel hook wires were fixed
well to the breast (39/46, 85%). Thirty-six of the 39
well-fixed wires were in accurate localization (92%).
Among these 36, two wires went deep to the pector-
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alis muscularis beneath the lesion but did not change
the result of success in searching the nodules during
surgery. The other three well-fixed wires did not
exactly penetrate the small nodules (0.4 and 0.6 cm in
size), but were still considered helpful to the surgeons.
The smallest malignant lesion detected by US was
only 5mm in size, and was well localized by using a
stainless steel hook wire. The histopathologic results
of these small solid lesions are listed in Table 2,
including 9 malignant lesions (20%) and 37 benign
lesions. No complication was encountered.3

Discussion
Breast lesions detected by imaging modalities, such
as mammography and ultrasound, may not be evident

on physical examination. These lesions may be either
small in size, deeply located, or confined in the ducts
or lobules. Even with the knowledge of the findings
on mammography or ultrasound, most of them are
still not palpable physically., In this instance, lesion
localization employed to give precise guidance for
surgery is very important. Various methods are used
in different institutes, including skin markers,
stereoradiography, plexiglass compression plate,
needle puncture, metal wires or self-retaining
hookwire insertion.*"6

Although considerably satisfactory to the surgeon,
wire localization under x-ray mammographic guid-
ance has some disadvantages. A pendulous or a large
breast may cause measurement error for needle inser-

Table 1
Accuracy of Localization and Satisfaction of Fixation in Different Wires

Wires No. Satisfaction of Fixation Accuracy

Percuguide
(E-Z-ENf)

Kopans needle
(Cook)

Hawkins
(National

Standard)

6

14

26

Poor

_

1

_

Fair

1

1

4

Good >0.5cm < 03cm 0

12

22

11

21

Total 46 39 36

Table 2
Accuracy of Localization and Satisfaction of Fixation in Different Wires

Pathology

Fibroadenoma

Lobular Fibrosis and Sclerosing Adenosis

Intraductal Papilloma

Infiltrate Ductal Carcinoma

Medullary Carcinoma

Total

Size (cm)

0.4-1.2

0.5-1.1

0.4 - 0.8

0.5-1.2

0.5

0.4 -1 .2

No.

19

10

8

7

2

46
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tion. Repositioning of the needle or wire is usually References
time-consuming and can result in tissue damage and
surely more radiation dose to the breast tissue. US- '•
mammograpy, with much improved resolution, has
an expanding role in breast imaging over the past
several years. US is not only capable of confirm ing a
cyst, but also detecting a solid breast lesion as small
as 4-5 mm. Because of its difficulty to detect micro-
calcification outside an ultrasonically visible nodule,
US is clearly not a primary screening modality for
early breast cancer.7 However, US mammography is
still considered an acceptable imaging method for
detecting tumors and may be used as an adjunct to the
x-ray mammography'. Whenever a solid lesion with-
out typical US appearance of benignancy is found on 4

US examination, it is reasonable to recommend US-
guided wire localization for a non-palpable lesion if
biopsy is indicated. US-guided wire localization is a 5

safe and accurate method and usually take sonly 15
minutes to finish a procedure. Our result showed a
satisfaction rate of 85% (good fixtion) in the 46 6

procedures. Most of the wires were located within the
target (92%). A distance within 0.5 cm to the target
was considered acceptable by the surgeon. In two
patients, the wires were placed too deep and reached
the pectoralis major muscle. The surgeon still could
find the lesion with the aid of the wire and had no
difficulty to remove these deeply located tumor. All g

commercially available stainless steel hookwires can
provide satisfactory fixation.

The most common radiologically undetectable solid
lesions were fibroadenomas. Although most fibro-
adenomas could be distinguished from carcinoma on
the basis of high-resolution. US image, some small io.
fibroadenomas may be round or mildly irregular in
shape, and may be associated with distal acoustic
attenuation.'-10 Because of the overlapping sono- n.
graphic appearance of the benign and malignant
lesions, excisional biopsy is occasionally necessary.
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Conclusion
Fine-needle aspiration cytology (FNAC) though
having been suggested by some authors,11 is not
generally accepted by surgeons. Based on our
experience, US-guided localization with stainless
steel hookwire is a quick, easy and accurate method
to aid the surgeon for a precise removal of a non-
palpable breast lesion.
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Stereotaxis in Diagnosis of Early Breast
Cancer

Jennifer Cawson

Melbourne, Australia

Mammographic screening delects impalpable lesions
suspicious for breast cancer requiring pathological
diagnosis. The morbidity and cost of diagnosis can be
minimised by using interventional techniques such as
stereotactically guided biopsy.

Two types of stereotactic biopsy unit are available: a
dedicated table on which the patient lies prone, with
the breast dependent through an aperture; and an
upright stereotactic device attached to a conventional
mammography unit. Both enable fine needle aspira-
tion cytology or core biopsy to be performed. The
latter is facilitated by the prone table.

Explanation and local anaesthetic are needed for
patient cooperation, as immobilisation of the breast is
essential. The procedure is well tolerated and takes
20-40 minutes. Speed is facilitated by the use of auto-
guide and digital add-on devices but these greatly
increase the equipment cost.

Accurate needle placement is performed using stereo
pairs of x-rays in an arc of 30 degrees with computer
assisted calculations of lesion depth. Pre and post fire
films and specimen x-ray of core biopsy material
ensure accurate sampling.

Stereotactic "add-ons" to upright mammography units
are low cost and enable rapid sampling using FNA
cytology. The dedicated table and core biopsy tech-
niques has the advantage of gaining information
regarding tumour morphology, enabling accurate
surgical planning and one stage surgery. The capital
cost, however, is much higher.

Use of these devices minimises the need for surgical
biopsy.
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Localisation with Perforated Grid and
Specimen Handling

Jennifer Cawson

Melbourne, Australia

Localisation
Hook wire localisation techniques require communi-
cation between the radiologist, surgeon and patho-
logist to enable accurate excision and pathological
examination. Localisation and surgery performed in
the same place on the same day minimise delay and
reduces the chance of hook wire dislodgment.

Prior to localisation we need high quality
mammograms and work up, discussion with the
surgeon regarding the best radiological approach,
and explanation for the patient, to redcue anxiety and
lessen the chance of fainting.

The perforated grid hook wire localisation method
will be demonstrated.

Specimen X-ray Technique & Specimen Handling
Specimen x-ray performed immediately after excision
confirms that the lesion has been excised. Specimen
x-ray units in theatre may reduce delay but provide
poorer image resolution.

Technique
Two films are performed, one with the lesion marked
for the patholgoist.

Special techniques can localise the lesion for the
pathologist, involving specimen slicing and re x-
raying the slices. This allows accurate mapping of
tumour within the specimen with regard to size,
extent of invasiveandinsitucomponents.andmargins,
important regarding treatment and prognosis.
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Screening - Scientific Background and
Australian Experience

Jennifer Cawson

Melbourne, Australia

Breast cancer, a disease of multifactorial origin, is a
significant cause of death in women, and for many
decades the case fatality remained unchanged. The
possibility of reducing mortality by early detection
became the subject of a number of trials, case control
and population studies in the United States and Eu-
rope since the 1960's. A sample of these studies will
be discussed.

The evidence from these studies is complex and at
times conflictive, however, it is generally accepted
that population screening is of value, if conducted in
acarefully monitored setting, with appropriatequalily
asurance and trained personnel, and multidisciplinary
teams for assessment of detected abnormalities. Such
an approach is a prerequisite for in detecing small
tumours without evidence of metastases, thought to
be a surrogate indication of eventual mortality
reduction.

In Australia, a country with relatively high incidence
of breast cancer, a number of pilot studies were
conducted to assess the feasibility of population
screening for breast cancer. Assessment of the
scientific evidence and the resultsofthepilot programs
has lead to the development of an organised, co-
ordinated national breast cancer screening program,
with minimum standards based on the European
results.

Women over 40 years of age, (target group 50-69) are
offered biannual, 2 view memmographic screening.
Early results indicate that satisfactory standards are
being achieved in most centres.
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Education of General Practitioners, Report
Writing & Medicolegal Aspects

Nina Sacharias

Department of Radiology, Alfred Hospital,
Melbourne, Australia

On an individual basis and through the literature one
should educate the primary care physicians of the
benefits of mammography in the asymptomatic and
symptomatic patients. Although one should not try to
replace clinical judgement with mammography, in
the process of a palpable lump, mammography may
make a diagnosis of benign or malignant process, but
importantly detect unsuspected cancer.

In the presence of cancer, mammography may show
the true extent of the tumor and also provides a
baseline for future examination and exclude or detect
cancer in the opposite breast.

Clinicans can be accused of mismanagement if they
treat patients' complaints purely on clinical findings
- most medicolegal cases arise through mismanage-
ment of a palpable lump.

The Radiological report should be concise and deal
with each breast separately. It should describe the
breast, appearance of the lesion, any workup done
and conclusion about the believed nature of the lesion.
It is better to recommend surgical consultation than
indicate that biopsy is mandatory. If there is a definite
palpable abnormality and no cause can be seen after
full radiological workup, a warning that 10% of
malignancies may not be seen on Mammography
should be given.

Medical aspects - The radiologist can avoid any
such problems by

1. having appropriate dedicated equipment
2. ensure quality assurance is carried out
3. ensure your staff is properly trained
4. radiologists get training in interpretation
5. ensure follow up of your cases.

Ensure all palpable lesions receive full workp and
you issue a warning regarding the possibility of
radiologically invisible cancers.

Personal discussion with the refering doctor of any
problem cases is invaluable and shows you care.

Generally one's level of competence is judged by
comparison with the work's of one's peers and
having exercised a reasonable level of care.
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Use of MRI in Selected Patient Problems

Nina Sacharias

Department of Radiology, Alfred Hospital,
Melbourne, Australia

Aim:
To detect clinically occult cancer is a select group of
patients' and to exclude cancer in some.

Method:
1.5T Signa, FSE localiser followed by dynamic
MPSPGR through area of interest, 15ml. of Gdtpa.
Recent addition of subtraction very helpful. Most
scans done in axial plane, but sagittal plane may suit
some cases.

Clinical:
MR was used to exclude or prove cancer recurrence
in scars. Also used to detect cancer in the opposite
breast in patients with specific problems and to detect
cancer in dense breasts where other methods have
failed.

Results:
85 cases have been examined so far. In most of the
early cases biopsy was performed, in a few equivocal
situations a repeat MRI was performed in 4 months
time. Most cancers enhance rapidly, enhancement
rises most sharply in first minute. About 4% of
cancers rise at a slower rate and the shape of the area
may be of some help in appreciating abnormality.
Absence of enhancement excludes carcinoma.

Conclusion:
MRI in conjunction with mammography can be used
in selected patients to exclude cancer or detect highly
suspicious areas. Close co-operation with clinicians
is essential.. Unfortunately brisk enhancement in
some benign lesions in younger patients may occur
and lack of easily applicable localisation techniques
and easy access to MR Imaging is preventing wide-
spread use.
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The Current Status of Skeletal Scintigraphy

V Ralph McCready

Royal Mardsden Hospital, Sutton, Surrey, UK

Skeletal scintigraphy is one of the most frequently
used investigations in Nucelar Medicine. Its particu-
lar advantage over x-ray techniques is it greater
sensitivity since it demonstrates bone turnover prior
to the changes seen on x-ray radiography. Original
hope imaging techniques employed Fluorine 18,
Strontium 85 and 87m and radioisotopes of calcium.
Fluorineprovidedexcellent tumour background ratios
but was difficult to obtain and did not have the
characteristics required for gamma camera imaging.
The discovery in 1971 of Tc99m labelled compounds
for bone imaging by Subramaniam led to the wide-
spread use of bone scintigraphy in benign and
malignant disease.

The uptake of bone seeking radiopharmaceulicals
into the skeleton reflects the relative turnover the
bone mineral. Thus any lesion whether benign or
malignant which has an increased turnover of bone
mineral will show up as an area of increased activity.
The differential diagnosis requires correlation with x-
rays of the same area.

High sensitivity bone imaging is a balance between
the correct information density, the resolution of the
collimator and the distance between the patient and
collimator. Spot views give the best detail but are
relatively consuming. Whole body imaging makes
close collimator contact difficult. Most studies employ
planar imaging of the whole body but more SPECT
examinations are being performed now for the evalu-
ation of orthopaedic problems. The extra detail helps
to pin points the exact position of the lesion which is
of particular value around the joints especially in the
lower spine. The improved contrast found when using
SPECT also improves the diagnostic sensitivity of
bone scanning.

Malignant disease
Probably the most frequent use for bone scinu'graphy
is in malignant disease for staging prior to therapy.
Metastases come most frequently from the breast,
lung and prostate tumours. Primary bone tumurs are
relatively rare. The stage of the disease in most cases
determines whether or not systemic therapy is given.
Lesions are seen as areas of high aactivity being most
intense in the osteoblastic metastases seen in prostatic
cancer. Most metastases are found in the spine (80%)
with about 20% distributed between the skull and
long bones. The actual distribution depends upon the
type of primary tumours. Thus there is an argument
for high resolution spot views of the axial skeleton
rather than whole body imaging. The number an
position of lesionscanhelpin the differential diagnosis.
Care has to be taken to exclude Paget's disease,
trauma and thoracotomy as causes of uptake.

Benign Disease
The use of bone scintigraphy in benign disease is
increasing. In joint disease the bone scintigram gives
an early warning of the destruction of bone. The
uptakes to some extent reflect the activity of disease.
In patients with prostheses the scan can help eluci-
dates the cases of joint pain since the diagnosis of
loosening of the prostheses can be difficult. Labelled
white cells can be used to confirm the presence of
infection. Bone scintigraphy can evaluate the situation
following fractures where there is suspected non
healing. It can also help in the evaluation or detection
of sports injuries especially when the x-rays are
normal. In summary Bone scintigraphy remains one
of the most sensitive ways of detecting bone
abnormalities and assessing the physiological situation
post trauma or in developing joint disease. The
continuing problem is the difficulty in making a
differntial diagnosis between the multiple conditions
which produce increased bone mineral turnover.
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Osteogenic Sarcoma : Imaging Advances

Charles A. Gooding

University of California, San Francisco, USA

Contemporary treatmentofosteosarcoma has resulted
in dramatically improved survival for patients with
this aggressive tumor. Whereas previously only 17-
20% of patients were expected to have a five year
survival,12 the addition of intensive adjuvant chemo-
therapy has increased this to over 80%.3 Precise
image analysis plays an important role in patient
management decisions. Whereas the initial diagnosis
of osteosarcoma is usually based upon clinical history
and plain radiographic findings, then confirmed with
biopsy, the later decisions regarding chemotherapy
and surgery are heavily dependent upon the results of
several various imaging studies. For example, chest
radiographs and computed tomography of the chest
are of value in the detection of pulmonary metastases.
Radionuclide bone scanning with technetium 99m
methylene diphosphonate (99mTc-MDP) is helpful
in the diagnosis of osseous metastatic disease. Com-
puted tomography and magnetic resonance imaging
assist one in quantitating the extent of local tumor
spread and comparison of images before and after
preoperative chemotherapy yields information
regarding tumor response to therapy.4

Classification of Osteosarcoma
Osteosarcoma is a malignant bone tumor in which
bone or osteoid tissue is formed by the tumor cell.
Several classification systems have been proposed.5

The most common classification details:

A) The location:
1. In the medullary space (conventional)
2. Within the cortex (intracortical)
3. Adjacent to the cortex (parosteal or perio-

steal)
4. Away from the bone (extraosseous)

MY9700713

B) The degree of biological aggressiveness
1. Low grade
2. High grade (85% of osteosarcoma)

C) The historical cell type preponderance

1. Osteoblastic (55%)
2. Chondroblastic (23%)
3. Fibroblastic (22%)

D) The de novo occurrence of the tumor or the
presence of pre-existing abnormal bone (eg.
previous radiation.

Conventional osteosarcoma is the most common
primary malignant bone tumor other than myeloma.
It accounts for 25% of all primary bone tumors. This
tumor occurs most frequently in sites of active bone
growth and, therefore, it has the greatest incidence in
the distal femur, the proximal tibia, and the proximal
humerus. It is rare in the small bones of the hands and
feet and in flat bones. Most frequently, it arises in the
metaphysis with only 9.5% being diaphyseal. Os-
teosarcomas arising in the epiphysis is rare although
the tumor may extend across a closed or even open
cartilaginous plate and may extend into the joint
space.

The most common route of tumor metastasis is
hematogenous spread to the lung.' Lymphatic spread
of malignant cells to regional lymph nodes has been
noted in about 11 % of cases.10 Tumors that are smaller
(less than 10 cm) and distally located have a better
prognosis than larger tumors that are proximally
located.11 Recurrence of osteosarcoma at the amputa-
tion site is stated to occur in 5.2% of patients.12

Computed tomography is more sensitive in detecting
pulmonary metastases than is conventional radio-
graphy.13

About 60% of osteosarcomas develop in the second
decade of life during the adolescent growth spurt14

and osteosarcoma is rare under the age of five years
or over the age of 40 years. Osteosarcomas that occur
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in bones with an earlier growth spurt (eg. humerus)
develop at an earlier age than they do in bones that
have a later growth spurt (eg. femur).15 The male to
female ratio is 1.5 I.16

Skip lesions in osteosarcoma refer to a second smaller
focus of tumor occurring in the same bone, although
separated from the major metaphyseal primary,17 or it
may be a second focus on the opposing side of the
joint1* Skip lesions may be part of the natural evolu-
tion of osteosarcoma and have been observed in up to
25% of cases in one series. Patients with skip lesions
have a higher local recurrence rate and lower disease
free intervals and a graver prognosis compared to
those without skip lesions.17

Extraosseous osteosarcoma is very rare (2.6% of all
osteosarcomas) and is highly malignant and not often
seen in children. It has been reported as occurring in
the breast, chest wall, soft tissues of the thigh, intra-
abdominally, in the scapular region, in the popliteal
fossa, and the falx.5

Multicentric osteosarcomas existing in the skeleton
at the same time is extremely rare with an incidence
of 0.1% of cases of osteosarcoma.19 Multiple
osteosarcomas may deyelop simultaneously
(synchronous) or at different times (metachronous).
The synchronous form occurs in children, is meta-
physeal, osteosclerotic, and relatively symmetric in
size, and it has a poor prognosis.5

Radiographic Appearance
Since most osteosarcomas have a mixed histological
pattern, the radiographic appearance is comprised of
both osteosclerotic and osteolytic changes.4 A
disrupted cortex and an adjacent soft-tissue mass are
usually present. Interrupted periostal new bone in the
form of Codman's triangle or a perpendicular
"sunburst" appearance may be present.

Parosteal osteosarcomaoccurs most commonly along
the metaphyseal region of the distal femur. Charac-
teristically these lesions present as a large, sclerotic,
longitudinally oriented oval mass with a sessile
attachment to the underlying cortex.

Plain radiography is the primary imaging modality
for assessing osteosarcoma's response to preopera-

tive chemotherapy. Tumors that have not decreased
in bulk have a higher incidence of recurrence and
metastatic disease. Plain radiography is also the
primary method used to detect recurrent tumor
ollowing surgery. This is particularly true for patients
that have an endoprosthesis which can degrade the
images on computed tomography or magnetic
resonance imaging. Recurrent tumor usually is
characterized by radiographic findings similar to the
primary tumor whether predominantly sclerotic,
osteolytic, or mixed.

Radionuclide Imaging
Bone scanning with 99mTc-MDP (methylene
diphosphonate) is generally used to search for addi-
tional osseous lesions such as bony metastases (skip
lesions) and synchronous lesions. The technetium-
MDP is absorbed onto the surface of hydroxyapatite
crystals of actively forming bone. Increased isotopic
accretion is a nonspecific finding and neoplastic,
traumatic, and inflammatory conditions often cannot
be differentiated purely on the basis of the bone scan.
Therefore, the bone scan must be interpreted in cor-
relation with the radiograph.

PET Scanning
Positron emission tomography (PET) utilizes cyclo-
tron produced positron emitting isotopes which are
combined with compounds that trace physiologic or
biochemical processes. This is in distinction from
conventional radionuclide scanning in which one
utilizes compounds that emit gamma radiation.

Bone metabolism is measured in PET scanning by
utilizing radioactive fluorine (18F) which is incorpo-
rated as (13F) 2-fluoro-2-deoxy-D-glucose (FDG).
This compound allows measurement of glucose utili-
zation and, thereby, one can distinguish normal tissue
from neoplastic or inflammatory tissue because the
pathologic tissues have a higher rate of glycolysis and
thus trap more FOG.20"23 It is expected that PET will
make an enormous impact on the evaluation of
osteosarcoma and will become the most useful
modality for identifyingmetastatic'disease, monitor-
ing the response of the tumor to chemotherapy, and
detecting tumor recurrence. A recent report describes
two cases of bone tumors with high FDG uptake and
negative 99mTc HMDP bone scintigraphy.24
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Arteriography
Arteriography is useful for the accurate depiction of
the blood supply of osteosarcoma before and after
systemic or intra-arterial perfusion chemotherapy.
The evaluation of tumor response to chemotherapy
has now largely been performed more accurately and
noninvasively by CT and MRI. Osteosarcoma may
manifest one or more of the following arteriographic
signs of tumor: (a) bizarre tumor vessels, irregular in
path and ragged in margin, which fail to progressively
diminish in caliber, (b) tumor vessels that terminate in
small scattered accumulations of contrast called tumor
"lakes", (c) arteriovenous shunting, (d) encasement
of vessels, and (e) diffuse staining of the tumor by
contrast media. Controversy exists as to the value of
arteriography in predicting the histologic response to
therapy or the eventual outcome.2526

Computed Tomography
The role of computed tomography in osteosarcoma is
to precisely depictcortical destruction of bone, marrow
involvement, soft tissue mass extent, relationship to
neurovascular structures and joint spaces, and accu-
rately define the number and location of pulmonary
metastasis.272* Patients responding to treatment,
demonstrated on a post therapy CT scan decrease or
disappearance of the associated soft tissue mass and
clear re-establishment of the previously obscured fat
planes between muscle bundles.28 Mail et al. concluded
that the changes seen on CT correlated well with the
degree of histologic response in a small series of
patients.27 On CT scans, marrow involvement by
tumor is seen as soft tissue density replacing the
normal low attenuation marrow fat.

MRI Imaging
In the past few years, many reports have described the
value of magnetic resonance imaging in osteo-
sarcoma evaluation.29'33 The multiplanar imaging
potential with MRI makes it well suited for the
assessment of tumor extent in this current era when
limb salvage procedures have replaced amputation as
the mainstay of surgical treatment. The exceptionally
high intrinsic contrast resolution is a very important
reason for choosing MRI over other imaging tech-
niques.37

What is the preferable MR imaging sequence for
bone tumors in children? Using MRI, we have inves-
tigated several imaging techniques to differentiate
viable from necrotic tumor and to differentiate viable
tumor from perineoplastic edema.33 We found in a
correlative histopathology study that we can distin-
guish viable from necrotic tumor by analyzing MR
images after administration of gadolinium. Fat
saturated post-contrast scans are superior to conven-
tional post-contrast scans because theenhancing viable
tumor is highlighted against the low signal intensity
fatty marrow. We can identify tumor hemorrhage on
the fat saturated pre-contrast Tl -weighted scan
because it has a high signal intensity compared to low
signal intensity tumor and the low signal intensity
fatty marrow. Rapid sequential imaging for a few
minutes after the administration of a contrast bolus
enables us to distinguish between viable tumor and
perineoplastic edema. The viable tumor has a very
steep curve for signal intensity increase and the signal
reaches a statistically higher level than that which we
saw for perineoplastic edema.

Response to Chemotherapy
Patients with a good radiographic response demon-
strate dramatic changes. One sees medullary sclero-
sis, prominent periostea! new bone formation, and
disappearance of the soft tissue mass.39-40 Some inves-
tigators believe that radiologic studies are of only
limited use in predicting which patients with extrem-
ity osteosarcoma will have a poor response to chemo-
therapy or a poor outcome and are not useful in
predicting a good response or outcome.41 The use of
99mTcMDP is felt by some to be h ighly sensitive and
specific modality for an objective and accurate
assessment of tumor regression during preoperative
chemotherapy.42

The Memorial Sloan-Kettering Cancer Center ten
year experience (1976-1986) was reviewed by Glas-
ser et al.43 This group screened 559 records and found
179 consecutive patients who were studied to identify
predictors of long term survival. Survival was 77%
and 73% at five and ten years respectively with
continuously disease free survival being 70% and
69%, respectively. The most significant predictors of
survival were the location of the primary lesion, local
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control of the tumor, and the degree of necrosis in the
primary tumor after intravenous neoadju van t chemo-
therapy. The risk of local recurrence was almost
fivefold higher in tumors of the femur than in tumors
of other locations. Within the femur, the risk of local
recurrence was more than threefold higher in the
proximal femur than in the distal femur.
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Shoulder MRI

Clyde A. Helms

University of California San Francisco, USA

MR of the shoulder is a still-evolving exam so far as
its diagnostic utility for abnormalities of the rotator
cuff and the glenoid labrum. It has been shown by
some investigators to have a high degree of accu-
racy,1"4 while others report a barely acceptable rate of
accuracy. Although there is currently some contro-
versy over its utility, MR of the shoulder is neverthe-
less replacing standard arthrography and CT arthro-
graphy for examining the rotator cuff and the glenoid
labrum.

ANATOMY
The rotator cuff is comprised of the tendons of four
muscles which converge on the greater and lesser
tuberosities of the humerus: the supraspinatus,
infraspinatus, subscapularis, and teres minor. Of these,
the supraspinatus is the one which most commonly
causes clinically significant problems, and is the one
which is most commonly surgically treated. The su-
praspinatus tendon lies just superior to the scapula
and inferior to the acromio-clavicular joint and acro-
mion. It inserts into the greater tuberosity of the
humerus. Two to three centimeters proximal to its
insertion is a section of the tendon called the "critical
zone". This area is reported to have decreased vascu-
larity and is therefore less likely to heal following
trauma. The critical zone of the supraspinatus tendon
is where most rotator cuff tears occur.

The glenoid labrum isa fibrocartilagenous ring which
surrounds the periphery of the bony glenoid of the
scapula. It serves as an attachment site for the capsule
and broadens the base of the glenohumcral joint to
allow increased stability. Tears of the glenoid labrum
most commonly occur from, and result in, disloca-
tions of the humerus.

ROTATOR CUFF
The rotator cuff commonly suffers from what has
been termed impingement syndrome. Impingement
of the criticai zone of the supraspinatus tendon occurs

from abduction of the humerus which allows the
tendon to be impinged between the anterior acromion
and the greater tuberosity. The tendon can also be
impinged by the undersurface of the A-C joint if
downward pointing osteophy tes or a thickened capsule
are present. Other theories exist for impingement
syndrome, including natural degeneration from aging
and a predisposition for the critical zone to undergo
degeneration due to decreased blood supply. Most
investigators agree that, whatever the cause, the natural
course of impingement syndrome is a complete, or
full-thickness, tear of the rotator cuff.

The rotator cuff is best seen on oblique coronal
images which are aligned parallel to the supraspinatus
muscle. Both Tl and T2 weighted sequences are
mandatory. Multiple acceptable variations of imag-
ing sequences are available to demonstrate the nor-
mal and abnormal structures which can be seen in the
obi iq ue coronal plane. The most com monly employed
protocol is a spin- echo proton density and T2 weighted
sequence. Someprefertouseaspin-echoTl weighted
image in conjunction with a GRASS or other type of
T2* sequence. The slice thickness should be no
greater than 5mm, and 3mm is preferable. As with
most joint imaging, a small FOV (16-20cm) is recom-
mended. A dedicated shoulder coil or a surface coil
placed anteriorly over the shoulder is necessary,
although no particular type of shoulder coil appears to
be clearly superior.

In examining the rotator cuff the anterior most oblique
coronal images will show the critical zone of the
supraspinatus tendon. A useful landmark for noting
the supraspinatus tendon is the acromioclavicular (A-
C) joint which is an anterior structure and usually
easily located. The infraspinatus tendon is seen on (he
more posterior images and can easily be mistaken for
the tendon of the supraspinatus. The supraspinatus
tendon can be differentiated from the infraspinatus by
noting the more horizontal course of the supraspinatus
as compared to the infraspinatus which runs obliquely
inferiorly to superiorly.

The normal supraspinatus tendon is said to be
uniformly low in signal on all pulse sequences.
Unfortunately, this is not always the case. In fact, it
usually has some intermediate to high signal in the
critical zone which causes much confusion. If the
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signal in the critical zone gets brighter on the T2
weighted images it is abnormal and represents either
tendonitis or a partial tear (severe tendonitis). How-
ever, if it disappears or has the same signal intensity
as the adjacent muscle on T2 weighted sequences it
may represent one of many different processes:

1) Partial volume averaging of peri tendinous fat can
cause some high signal in the supraspinatous tendon
on the oblique coronal images which does not get
brighter on T2 weighted images. 2) If the plane of the
oblique coronal images is slightly off the plane of the
tendon, muscle slips can be partially volume aver-
aged which may appear as relatively high signal on
Tl weighted images but will not get brighter with T2
images. 3) The so-called "magic angle" effect can
cause apparent high signal in a tendon which lies ai
55' to the bore of the magnet (as docs the critical zone
of the supraspinatus tendon).5 This highsignal will
not seen on T2 weighted images (or any sequence
with a long TE). This is felt to be a common cause of
high signal in thecritical zone on Tl weighted images.
4) Myxoid and fibrillar degeneration of the supra-
spinatus tendon are commonly found in autopsy
specimens and increased with edge. The majority of
asymptomatic shoulders in patients over the age of 50
are felt to have some tendon degeneration in the
supraspinatys wh ich has been termed "tendonopalhy".
This is seen as high signal in the critical zone on Tl
weighted images which does not increase with T2
weighting.6 It has not been determined if this can be
symptomatic.

Since high signal can be seen in the critical zone of the
supraspinatus in a variety of normal situations how
can one differentiate the normal from the abnormal?
So long as the T2 weighted images do not show the
signal getting brighter, it probably does not matter.
Tendon degeneration (tendonopathy) can be seen in
asymptomatic shoulders of all ages, hence it needs to
be corela ted with theclinical picture. If the signal gets
brighter on T2 weighted images it must be considered
pathologic - either tendonitis or a partial tear. A small
amount of fluid can be seen in the subacromial bursa
due toa partial tear, but if a substantial amount of fluid
is found a full-thickness tear is almost certainly
present.

If disruption of the supraspinatus tendon can be seen,
obviously a full-thickness tear is present. In these
cases fluid is invariably present in the subacromial
bursa. Care should be made to look for retraction of
the supraspinatus muscle, as marked retraction will

obviate some types of surgery.

Thus three categories exist for the appearance of the
supraspinatus tendon: 1) high signal on Tl weighted
images that does not get brigher on T2 weighted
images. This can represent one of several processes in
a normal tendon or myxoid degeneration, aslo called
tendonopathy. Thsi should basically be considered
"normal" as it has not been proved that tendonopathy
is symptomatic 2) High signal on Tl weighted images
which gets brighter on T2 weighted sequences. Little
or no fluid is present in the subacrominal burs. This
represents tendonitis or a partial tear. 3) If tendon
disruption and/or a large amount of fluid is present in
the subacromial bursa with high signal in the critical
zone on Tl and T2 images, a full-thickness tear
should be diagnosed.

BONY ABNORMALITIES
The undersurfaced of the anterior acromion and te A-
C joint should be examined for osteophytes or
irregularities which can be responsible for impinge-
ment syndrome. In the proper clinical setting an
anterior acromioplasty will relieve the symptoms of
impingement syndrome and prevent a more serious
full-thickness cuff tear. It is imperative that the sur-
geon also remove and A-C joint undersurface irregu-
larity, if present, or a failed surgery can be expected.

Abnormalities of the humeral head include sclerosis
and cystic changes about the greater tuberosity which
are commonly present in patients with impingement
syndrome and rotator cuff tears. Bony impaction on
the postero-superior aspect of the humeral head can
be seen in patients with anterior instability of the
humeral head This is called a Hill=Sachs lesion and
is best identified on the superior-most 2 o 3 axial
images. The normal humeral head should be round on
the superior slices - an irregularity posteriorly is
abnormal.

GLENOID LABRUM
Tears of the glenod labrum cause glenohumeral joint
instability. They are commonly caused by dis-
locations but less traumatic episodes, such as repeated
trauma from throwing, can result in labral tears. Torn
or detached labra are often repaired arthroscopically
with good results.

The glenoid labrum is best imaged on axial T2 or T2*
images. Tl weighted axial images are not necessary
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to diagnose labral abnormalities and can be omitted
from the shoulder protocol.

The normal labrum is a triangular shaped low-signal
structure as viewed on an axial image, with the
anterior labrum usually larger than the posterior
labrum. The anterior labrum is much morecommonly
involved with tears than the posterior, and the superior
labrum is even less commonly involved. The superior
labrum is evaluated on the oblique coronal views.

If no joint effusion is present a labral tear can be
difficult to see unless it is quite severe. If joint fluid
extends between the bony glenoid and the base of the
labrum a torn labrum is present. Tears in the body of
the labrum are diagnosed by noting fluid extending
into the labrum or by truncation of the labrum. The
attachment of the glenohumcral ligaments to the
labrum can cause a linear high signal that can mimic
a tear, so care must be taken to be certain high signal
fluid is actually present in the tear.7

BICEPS TENDON
The long head of the biceps tendon runs in the
bicipital groove between the greater and lesser tuber-
osities and inserts onto the superior labrum. It can be
impinged by an abnormal acromion in the same way
the supraspinatus tendon is impinged, resulting in
tenosynovitis or tendonitis. In tenosynovitis fluid can
be seen in the tendon sheath surrounding an otherwise
normal tendon. Because fluid in the glenohumeral
joint can normally fill he biceps tendon sheath this
diagnosis is difficult to make with MR imaging alone.
If the tendon is enlarged and/or has signal within it
tendonitis is present. If the tendon is not seen on one
or more of the axial images it is disrupted or dis-
located. Dislocation is uncommon, but when it occurs
the tendon can be seen to lie antero-medial to the
joint.

SUPRASCAPULAR NERVE ENTRAPMENT
The suprascapular nerve is made up of branches from
the C4, C5, and C6 roots of the brachial plexus. It lies
superior to the scapula, and runs from anterior to
posterior, just medial to the corocoid process. It gives
off a branch which innervates the supraspinatus muscle
as it courses posteriorly in the suprascapular notch,

and then innervates the infraspinatus after it runs
through the spino-glenoid notch in the posterior
scapula. It can easily be entrapped by a tumor or a
ganglion as it passes above the scapula because it is
bounded superiorly by a transverse ligament both
anteriorly and posteriorly. A fairly common finding
is a ganglion in the spinoglenoid notch which im-
presses the infraspinatus portion of the nerve with
resultant pain and atrophy of the supraspinatus muscle.
This is most commonly seen in males who are ath-
letic, particularly weightlifters. The ganglion can be
percutaneously drained with CT guidance or surgi-
cally removed. They can also spontaneously rupture
with cessation of symptoms.8
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CT and MRI in Shoulder Instability

Iain W McCall

Shropshire, United Kingdom

The shoulder joint allows a large range of movement
and is the most commonly dislocated joint in the
body. Instability of the shoulder joint is therefore a
frequent clinical problem and may result from disrup-
tion of the articular rim of the glenoid, the ligaments
of the joint and the surrounding tendons and m uscles
that provide the stabilising force.

CT arthrography and MRI have proved a valuable
means of assessing the features of instability. Anterior
dislocation is the most common and is associated
withacompression fractureof he posterolateral surface
of the humeral head. This is equally well demon-
strated by CT and MRI but bruising of the underlyi ng
marrow without a cortical break is only visualised by
MRI. Disruption of the anterior glenoid cartilaginous
rim is easily demonstrated, with a 98% sensivitiy and
specificity on CT arthrography being reported in
most studies. MRI will also demonstrate the anterior
labrum satisfactorily but is more clearly seen on T2
weighted images in the presence of an effusion. Early
studies suggested that the accuracy was sim ilar to CT
arthrography but the latter was more sharply defined
but recent studies have produced conflicting results
with a lower accuracy rate for CT arthrography. The
use of MR arthrography with gadolinium provides an
accuracy rate of 96% for labral tears in recent series.
The value of the STIR sequence in the evaluation of
the glenoid rim is not clear. Tears of the superior
gelnoid labrum appear to result from excessive stress
to the long head of biceps and may also be evaluated
br MRI. Damage ranges from surface fraying to
complete "bucket handle' tears. These are more dif-
ficult to see on CT arthrograhy but direct coronal
oblique views on CT arthrography have demon-
strated these lesions. Fractures of the glenoid are most

easily demonstrated by CT but are demonstrable on
MR. The capsular mechanism may be stripped from
the glenoid and this can only be demonstrated on
unenhanced MRI in the presence of a joint effusion on
T2 weighted imaging. CT arthgropgrahy or MR arthro-
graphy will, however, demonstrate the grading of the
capsular attachment along the glenoid neck both in
cases of anterior or posterior dislocation. Thickening
of the capsule or disruption of (hemiddleglenohumeral
ligament and subscapularis tendon are best seen on
MR. Most comparative studies of MR and CT arthro-
graphy have shown a high interexamination correla-
tion and good correlation with arthroscopy and
surgery. We have found little difference in patient
choice between the two examinations but the non
invasive nature of MR is an advantage. MR arthro-
graphy provides superior visualisation of the glenoid
labrum, glenoid ligaments, subscapularis burse and
capsular insertions but has the disadvantage of a
longer examination time. The use of fluoroscopy and
conversion of a non invasive into an invasive
investigation.
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Osteonecrosis of the Femoral Head
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Osteonecrosis of the femoral head is still considered
to have an ischaemic origin. This may result from
trauma or from disorders affecting the blood such as
Caissons disease, sickle cells anaemia, Gaucher's
disease or blood vessels such as polyarteritis nodosa.
Therapy with corticosteroids and alcohol abuse are
also associated with this condition. The initial phase
of osteonecrosis, involving necrosis of marrow and
death of the osteocyte, is not visible on plain radio-
graphs. Increased bone density, due to replacement of
woven bone on the surface of the dead trabecula as
part of the healing process, is demonstrated but this
occurs at a larger stage and depends on revascularisa-
tion, which can be shown by comparison between
pathological and microfocal x-ray examinations of
specimens. Where revascularisation is obstructed by
the replacement of marrow with fibrous tissue, col lapse
and fracture of subchondral bone occurs, which also
berald the onset of clinical symptoms. Radiologically,
this is manifest by the crescent sign which is a lucent
subchondral line parallel to the articular surface of the
femoral head. In the final stage, the osteonecrotic
segment collapses and there is an increase in density
due to the compression of the trabecular.

Early diagnosis of osteocrosis is important if treat-
ment is to be of value. Decompression of raised
intraossesous pressure has been advocated but results
are best in the early stages. The diagnosis may be
made by 99TcMDP scanning, which will show
decreased uptake of isotope in the early stages, but an
revascularisation takes place increased activity will
be seen reflecting the next bone being laid down.
Pinhole views in both AP and flexion/abduction
provide detailed images, particularly in Perthes

MY9700715

disease, but SPECT avoids the decreased uptake of
the necrotic area being masked by incrased uptake in
the healing fractures. Early diagnosis is most sensi-
tively demonstrated on MR and which are positive
before symptoms occur. The avascular area appears
as a focal defect, usually in the anterosuperior aspect
of the femoral head, with a rim of decreased intensity
which may contain areas of fat, giving a high signal
on Tl. Blood, with high signal on both Tl and T2
weighted sequences, may be seen but areas of low
signal on Tl and high signal on T2 are common in
more established cases. Areas of low signal on both
Tl and T2 correlate with late radiographic staging
and moderate or severe clinical symptoms. Concur-
rent joint effusions are frequently seen and are easily
identifiable on T2 weighted sequences.

Results of treatment should, however, be assessed
with care, as MR changes have been shown to remain
static in some asymptomatic subjects. Collapse of the
femoral head is more likely if the affected area
encompasss at least 2/3 of the major weight bearing
zone.

Sensitivity and specificty of MR in the diagnosis of
osteoncrosis is high buta normal MR does not exclude
early osteonecrosis and other conditons, such as
transient osteoporosis, must be differentiated.
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Hip Sonography in Children
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Indications
1. Congenital dislocation and joint laxity-develop-

mental dysplasia of hip
2. Painful hip for investigations: irritable hip, septic

arthritis, slipped femoral epiphysis
3. Proximal femoral focal deficiency for presence

of femoral head.

Diagnosis
1. Clinical tests: Otolani and Barlow, 1930s
2. Radiography: unreliable for under 3 months
3. Sonography: Graf (1981); Harcke (1984)

Screening for developmental dysplasia of hip
(DDH)
Timing: Preferably performed after 1 monthof age to
avoid physiological joint laxity

A. Absolute indications:
1. Frank dislocation clinically
2. Decreased abduction
3. Leg shortening
4. Familial history of DDH

B. Relative indications:
1. Congenital postural deformity
2. Oligohydramnios

Techniques of hip sonography
1. Graf:

Lateral and coronal morphological approach for
anatomy and angles measurements

2. Harcke: Lateral coronal and transverse views
with dynamic test

3. RAHC: ModifiedGraf (anatomical foracetabular
dysplasia) and Harcke ( dynamic tests for hip
laxity, subluxability and dislocation).

Advantage of sonography
1. Imaging soft tissue, cartilages as well as bony

cortex
2. Dynamic test with realtime scanning
3. Study with harness in situ possible
4. No ionising radiation
5. Quick and easy

Value of hip sonography for DDH
1. Diagnosis: Acetabular dysplasia ( 3 grades)

Femoral head instability-dislocation, dislocata-
bilty, subluxation and joint laxity

2. Follow-up studies: for post-reduction anatomy
and maturity of acetabular dysplasia

Hip sonography: RAHC technique
1. High resolution linear transducers: 7.5 mHz for

< 3 months, 5 Mhz for older
2. Patient in supine position against a firm bed
3. Parent participation

Echo pattern of hip in infants:
1. Articular cartilage of femoral head and acetabu-

lum- anechoic
2. Hyaline cartilage in femoral head: alternating

hypoechoic and echogenic columns
3. Fibrocartilage of limbus: echogenic

Views in hip sonography:
1. Planes referred to acetabulum and tri-radiate

cartilage
2. Hip adducted with 90' flexion - Coronal flexion

(CF) Transverse flexion (TF) with both neutral
and dynamic stress views

3. H ip in neutral extension- transverse neutral (TN)
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Grades in acetabular dysplasia (modified Graf)

Grade
Acetabular rim
Roof
Medial wall
Limbus

1 (Mild)
Sharp
Horizontal
Concave
Long

2 (Moderate)
Round
Inclined
Inclined
Short

3 (Severe)
Absent
Inclined
Straight
Deformed

GRADES OF HIP DYSPLASIA

GRADES OF HIP DYSPLASIA

Normal

Grade 2

Grade 1

Grade 3

Dynamic stress test in hip sonography:
1. Second part of Barlow's test- hip held in adduc-

tion and 90" flexion and pushed postero-laterally
2. Coronal flexion (CF) for change of % femoral

head coverage
3. Transverse flexion (TF) to measure the decrease

in distance between the proximal femoral meta-
physis and posterior acetabular rim

Hip instability with dynamic test in CF views:
1. Frank dislocation- fixed or reducible
2. Dislocatable
3. Subluxable with FHC reduced to C 33%
4. Joint laxity with FHC reduced to < 50%

Normal

STOP

Hip Sonography Protocol (RAHC)

Coronal flexion (CF) view with stress test

Joint laxity
(33-50% FHC)

T F with stress test

Subluxable (FHC < 33%),
dislocatable, dislocated

TN for position of femoral
head before and after treat-
ment
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Hip Sonojraphy Protocol (RAHQ

i

Coronal flexion (CF) view with stress test

Normal Joint laxity Subluxable~(FHC<33%),
(33-50% FHC) dislocatable, dislocated

i .1
STOP T F with stress test TN for position of femoral

head before and after
treatment

HIP ULTRASOUND
X ^

G2 DYS or
joint
subluxation

G1 DYS or
joint laxity

I
F/U3/12

Mortal < F/U 4-6/52

X-Ray at
1 year i ^ Cease

G3 DYS,
dislocated
or dislocatable

\
Ortho.
opinion

iPavlik
harness

Check in 2/52

iStop 5-6/12
F / u g " Normal«_F/U

Iptaa

Common errors:
1. Incorrect mid-acetabular cavity and true trans-

verse image of the femoral head in CF view
2. Inadequate dynamic stress test
3. Greater trochanter mistaken as part of the femoral

head in CF and TF views

Slipped femoral epiphysis:
1. Sonography indicated only if the radiograph ic

diagnosis uncertain
2. Aspirate effusion or haemathrosis at time of

pinning to reduce avascular necrosis.
3. Documenting the reduced position.
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MRI of the Knee
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MRI of the knee has developed into one of the most
frequently requested exams in radiology. This is
because of its inherent accuracy in depicting internal
derangements and allowing the orthopedic surgeons
to use the study as a road map for subsequent thera-
peutic arthroscopic procedures. Also, it has a very
high negative predictive value, therefore a normal
MR knee exam is highly accurate in excluding an
internal derangement.1-2

Technique
The proper imaging protocol is essential for a high
diagnostic accuracy rate. If the appropriate sequences
are obtained, an accuracy of 90-95% can be expected.
A sagittal Tl weighted (or proton, density) sequence
is essential for examining the menisci. Four or five
mm thick slices with a relatively small field of view
(FOV) and at least a 192 matrix are recommended.
The knee should be imaged using a dedicated knee
coil and externally rotated about 5-10° (do not exceed
10°) to put the anterior cruciate ligament in the plane
of imaging. T2 spin-echo or T2* GRASS sagittal
images are obtained primarily to examine the cruciate

Coronal images are obtained toexamine the collateral
ligaments and to look for menisco-capsular
separations. These abnormalities can generally only
be seen with T2 weighted images. Tl coronal images
are therefore a waste of time as there is nothing to be
seen on these images that cannot be equally well seen
on the sagittal images or the T2 or T2* coronals. T2*
GRASS coronals or repeating the sagittal spin-echo
sequences in the coronal plane are imperative. The
coronal images are rarely useful for seeing a meniscus
tear which cannot be appreciated on the sagittal
images.

Axial images are obtained primarily for use by the
technicians as a scout view. They can also be utilized

for viewing the patello-femoral cartilage and for
examining a medial patella plica. As in the coronal
images, to afford an opportunity to see any pathology,
T2 or T2* images must be obtained. Since it takes too
long to obtain another full spin-echo sequence with
proton density and T2 images, aT2* GRASS sequence
is recommended.

Menisci
The normal meniscus is a fibrocartilagenous.C-shaped
structure which is uniformly low in signal on both Tl
and T2 weighted sequences. With T2* sequences the
menisci will usually demonstrate some internal sig-
nal. With Tl weighted images any signal within the
meniscus is abnormal, except in children where some
signal is normal and represents normal vascularity.

Meniscal signal that does not disrupt an articular
surface is representative of intrasubstance degenera-
tion, which is myxoid degeneration of the fibrocarti-
lage. It most likely represents aging and normal wear
and tear. It is not felt to be symptomatic, and cannot
be diagnosed clinically or with arthroscopy. Some
choose, therefore, not to mention intrasubstance de-
generation in the radiology interpretation. A grading
scale for meniscal signal which is widely used is the
following: Grade 1 - rounded or amorphous signal
which does not disrupt an articular surface; Grade 2 -
linear signal which does not disrupt an articular sur-
face; Grade 3 - rounded or linear signal which disrupts
an articular surface. Grade 1 and 2 are intrasubstance
degeneration and should not be reported as "grade 1
or 2 tears". The term "tear" often leads to an unneces-
sary arthroscopy (arthroscopy is not indicated for
intrasubstance degeneration). Grade 3 is a meniscal
tear.

When high signal in a meniscus disrupts the superior
or inferior articular surface, a meniscal tear is
diagnosed. Meniscal tears have many different
configurations and locations with an oblique tear
extending to the inferior surface of the posterior horn
of the medial meniscus is the most common type. In
a small but significant percentage of cases it can be
virtually impossible to be certain if meniscal high
signal disrupts an articular surface. In these cases it is
recommended that the surgeon be advised that it is too
close to call. The surgeon can then rely on his clinical
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expertise to decide if arthroscopy is warranted, and,
if it is, the MR will guide him to where the question-
able tear is located. If these equivocal cases are
excluded, the remaining cases will have an extremely
high accuracy rate.

It has been shown that the accuracy of MR imaging
for meniscal tears suffers when an anterior cruciate
ligament (ACL) tear is present.3 DeSmet showed in a
series of 400 patients that the sensitivity for a lorn
medial meniscus dropped from 97% to 88%, and in
the lateral meniscus the sensitivity dropped from 94%
to 69%. The predominant pattern of tears which were
missed were subtle peripheral tears, especially those
involving the posterior horn of the lateral meniscus.
Therefore, when a torn ACL is noted careful attention
to this area is recommended. There are several pitfal Is
which can make the posterior horn of the lateral
meniscus difficult to assess. These include pulsation
artifact from the popliteal artery, magic angle phe-
nomenon,4 the popliteus tendon interface, and inser-
tion of the meniscofemoral ligaments.

Another very common meniscus tear is a bucket
handle tear. This is a vertical longitudinal tear which
can result in the inner free edge of the meniscus
becoming displaced into the intercondylar notch. It is
most easily recognized by observing on the sagittal
images that only one image is present which has the
bowtie appearance of the body segment of the
meniscus. Normally two contiguous sagittal images
with a bowtie shape are seen, since the normal
meniscus is 10-12 mm in width and the sagittal
images are 4-5 mm in thickness. On the coronal
images a bucket handle tear may reveal the meniscus
to be shortened and truncated, however, often the torn
meniscus remodels and truncation cannot be appre-
ciated. The displaced inner edge of the meniscus (the
"handle" of the bucket) is often seen in the inter-
condylar notch on sagittal or coronal views, however,
it can occasionally be difficult to find the displaced
meniscal fragment.

A discoid meniscus is a large meniscus that can have
many different shapes - lens shaped, wedged, flat, and
others. It is not known if it is congenital or acquired,
but most are found in children or young adults. It is
seen laterally in up to 3% of the population, with a
discoid medial meniscus being much less common. A
discoid meniscus is felt to be more prone to tear than
a normal meniscus, and can be symptomatic even

without being torn. Although they are easily identi-
fied on coronal images by noting meniscal tissue
extending into the tibial spines at the intercondylar
notch, they are most reliably diagnosed by noting
more than two consecutive sagittal images that show
the meniscus with a bowtie appearanc.5

The lateral meniscus often has what appears to be a
tear on the anterior horn near its upper margin which
is a pseudotear from the insertion of the transverse
ligament. This can easily be differentiated from areal
tear by following it medially across the knee in
Hoffa's fat pad to where it inserts into the anterior
horn of the medial meniscus. Its function is unknown.

Cruciate Ligaments
The normal anterior cruciate ligament is seen in the
intercondylar notch as a linear, predominantly low-
signal structure on Tl weighted images which often
shows some linear striations near its insertion onto
the medial tibial spine when viewed on sagittal images.
When torn it is most often simply not visualized,
although sometimes the actual disruption will be
seen. T2 or T2* images are imperative for obtaining
the highest accuracy in diagnosing anterior cruciate
ligament tears, as fluid and hemorrhage will often
obscure the ligament on Tl weighted images. Partial
tears or strains of the anterior cruciate ligament are
manifested by high signal within an otherwise intact
ligament.

The normal posterior cruciate ligament (PCL) is a
gently curved, homogeneously low signal structure
which is infrequently torn and even less frequently
repaired by surgeons. When torn it takes on diffuse
intermediate signal throughout. Most orthopedic
surgeons do not even inspect the PCL at arthroscopy
and do not repair it when torn because it rarely is a
cause of instability.

A low signal round structure is often seen just anterior
or posterior to the PCL as seen in the sagittal views.
A loose body or a free fragment of a piece of torn
meniscus can have this appearance, but it is most
commonly due to a meniscofemoral ligament which
extends obliquely across the knee from the medial
femoral condyle to the posterior horn of the lateral
meniscus. If it passes in front of the PCL it is called
the ligament of Humphry, and if it passes behind the
PCL it is the ligament of Wrisberg. One or the other
is present in up to 72% of all knees.
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The insertion of the ligament of Humphry or Wrisberg
onto the lateral meniscus can produce a pseudotear
similar to that caused by the transverse ligament on
the anterior horn of the lateral meniscus. Prior to
calling a tear on the upper aspect of the posterior horn
of the lateral meniscus, care must be taken to look for
a meniscofemoral ligament to be certain it is not a
pseudotear from the ligament's insertion. Similarly,
prior to calling a loose body in front of or behind the
PCL, care must be taken to try and follow the struc-
ture across to the lateral meniscus to determine if it
is a meniscofemoral ligament.

Collateral Ligaments
The medial collateral ligament (MCL) originates on
the medial femoral condyle and inserts on the tibia. It
is closely applied to the joint and is intimately asso-
ciated with the medial joint capsule and the medial
meniscus. The MCL is uniformly low in signal on Tl
and T2 or T2* sequences. Injuries to the MCL usually
occur from a valgus stress to the lateral part of the
knee (a "clipping" injury in football). A grade 1 injury
represents a mild strain and is diagnosed on MR by
noting fluid or hemorrhage in the soft tissues medial
to the MCL. The ligament is otherwise normal. A
grade 2 injury is a partial tear and is seen as high signal
in and around the MCL on T2 or T2* coronal
sequences. The ligament is intact, although the deep
or superficial fibers may show minimal disruption. A
grade 3 injury is a complete disruption of the MCL. It
can be best appreciated on T2 or T2* images.

A meniscocapsular separation occurs when the medial
meniscus is torn from its attachment to the joint
capsule. It occurs most commonly at the site of the
MCL and often occurs concomitantly with an MCL
injury. It is easily recognized on a T2 or T2* coronal
image by noting joint fluid extending between the
medial meniscus and the capsule. It is essential to use
T2 or T2* sequences as a Tl weighted image will not
detect the fluid between the meniscus and thccapsulc.

The lateral collateral ligament consists of three parts.
The most posterior structure is the tendon of the
biceps femoris which inserts onto the head of the
fibula. Next, anterior to the biceps, is the true lateral
collateral ligament, also called the fibulo-collateral
ligament, which extends from the lateral femoral
condyle to the head of the fibula. The biceps and the
fibulo-collateral ligament usually join and insert onto
the head of the fibula as a conjoined tendon. Anterior

to the fibulo-collateral ligament is the ilio-tibial band,
which extends into the fascia more anteriorly and
blends into the lateral retinaculum on the patella. The
lateral collateral ligament is infrequently torn.

Patella
The patellar cartilage commonly undergoes
degeneration causing exquisite pain and tenderness.
This is called chondromalacia patella. It can be
diagnosed on sagittal images but is generally more
easily identified on axial images. Since hyaline ar-
ticular cartilage has the same signal intensity as joint
fluid on Tl weighted sequences, T2 or T2* sequences
are necessary to diagnose chondromalacia patella in
most instances.

Chondromalacia patella begins with focal swelling
and degeneration of the cartilage. This can be seen as
low or high signal foci in the cartilage. As it progresses
it causes thinning and irregularity of the articular
surface of the cartilage, and finally underlying bone
is exposed. This final stage occurs more commonly
trauma than from wear and tear.

A normal structure that is seen in over half of the
population is the medial patellar plica. It is an
embryological remnant from when the knee was
divided into three compartments. It is a thin fibrous
band that extends from the medial capsule towards,
and sometimes onto, the medial facet of the patella. A
suprapatellar and infrapatellar plica also exist. The
medial patellar plica can on rare occasions thicken
and cause clinical symptoms indistinguishable from
a torn meniscus, which has been termed plica
syndrome. An abnormal plica can be easily removed
arthroscopically.

Bony Abnormalities
The most frequently encountered bony abnormality
seen with MR is a contusion. A contusion represents
micro-fractures from trauma.6 They are also called
bone bruises.They are easily identified on Tl weighted
sequences as sub-articular areas of inhomogeneous
low signal. With T2 weighting a contusion will show
increased signal for several weeks, depending on its
severity. It can be difficult to see increased signal with
T2* images due to the susceptibility artifacts of the
bone seen with T2* images. Contusions can progress
to osteochondritis dissecans if they are not treated
with diminished weight bearing, hence an isolated
bone contusion, with no other internal derangement,
is a serious finding that requires protection.
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A commonly seen contusion is one that occurs on the
posterior aspect of the lateral tibial plateau. It is
invariably associated with a torn anterior cruciate
ligament. Acute ACL tears have been reported to
have this type of contusion in over 90% of cases.7

MR is useful in examining fractures about the knee.
Tibial plateau fractures can be imaged precisely with
CT, however, MR allows the soft tissues to be seen in
addition Co any bony abnormalities. A fracture that
occurs which is almost always associated with an
internal derangement is the Segond fracture. It is a
small bony fragment pulled off of the posterior lateral
tibial joint line by an avulsion of the lateral joint
capsule. It is almost always associated with an ACL
tear.
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The practice of NeuroRadioloay has reached a new
height with the technological advances made in recent
years.

MRI & the new Spiral CT Scan with advanced
computer softwares brought sophistication to the
development of NeuroSciences making the treatment
of neurological conditions easier, with greater
accuracy and reduced morbidity.

Diagnostic capibilities, from improved anatomical
details to functional mapping are made faster and
more accurate with non- invasive MRI; which sees
rapid advances with great potential growth.

Greater accuracy in diagnosis makes pre-surgical
planning easier, improving operative results and
shorten hospital stay.

Through advanced computer technology, the detailed
diagnostic images from MRI, CT and angiograms
give birth to consultation with the use of Tele-
Radiology and allow treatment by radiosurgery or
computer assisted surgical programme making
possible Robotic surgery.

In Singapore like other Asian countries,
NeuroRadiology has developed through slow stages.
CT scan was installed at Tan Tock Seng Hospital in
1976 and the MRI introduced in 1987 brought us into
the modern era of NeuroRadiology.

We introduce Neuro-Interventional procedures with
glue & coil embolization in the late eighties: but it was
not until 1992 that these skilled delicate techniques
become readily available.

We are now able to carry out all aspects of Diagnostic
and Theurapeutic radiology as practised in the
advanced countries; enabling Diagnosis to be made
with MRI, CT & Angiography; and with Theurapeutic
measures like interventional procedures
NeuroRadiology will help towards complementing
or replacing some surgical procedures in the Treat-
ment of neurological conditions.

Future MR Therapy (MRT) and computer assisted
surgery and the development of robotics will make
NeuroRadiology the future leader in Neuroscience.
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The blood-brain barrier (BBB) is an anatomical and
physiological phenomenon which provides the brain
with an ultrastable environment by insulating it from
normal (and to some extent abnormal) systemic
fluctuations which would seriously interfere wiih its
operation were the BBB not present. Such systemic
fluctuations are routinely encountered and tolerated
by noncerebral organs and tissues in which blood-
tissue barriers do not exist.

In providing the brain with its ultrastable environ-
ment, the BBB acts as a dynamic, highly selective
filter which determines, to a large extent, which
substances are able to pass from the blood to the brain,
and vice versa. In this lecture, the anatomical and
physiological characteristics that determine that
selectivity will be discussed. In a number of
neuroimaging modalities, such as computed
tomography (CT), magnetic resonance imaging
(MRI), singlephoton emission computed tomography
(SPECT) and positron emission tomography (PET),
exogenous agents are administered intravascularly to
assist in imaging brain structure and function. This
lecture also examines the way in which these agents
interact with the intact BBB. An understanding of the
intact BBB and its interactions with imaging agents is
necessary in order to understand their behaviour
when the BBB is disrupted pathologically.
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Primary intracranial germ cell tumour (GCT) is more
prevalent in the Asian countries than elsewhere. This
may account for the pineal region tumours compris-
ing 9% of intracranial masses in Asia compared with
1-3 % in the United States. The pattern of GCT also
differs, with a higher proportion of GCT located in the
suprasellar region. The leeture is based on an analysis
of cases of GCT encountered over a 10-year period in
a tertiary referral hospital in Hong Kong.

The tumour presents most commonly in the first two
deeades of life. There is an overall male dominance
with a ratio of about 4:1. Two-thirds of our cases were
germinomas, and all female cases belonged to this
histological type. Non-germinomatous GCT included
teratoma, choriocarcinoma, embryonal carcinoma,
endodermal sinus tumour and mixed-type GCT, and
many of these occurred in the first decade. One-third
of the cases had multiple GCT on presentation,
especially over the pineal and suprasellar regions:
search for additional sites is therefore warranted in
evaluation of the tumour. There was an equal occur-
rence of pineal and suprasellar GCT, single or double
location, in our series. The suprasellar group of GCT
did not have sex predominance. Less common sites
included thalamus, basal ganglia, corpus callosum,
cerebrum and optic nerves. Depending on the location
and size of the tumour, the clinical features include
various neuro-ophthalmological and endocrine
manifestations. The frequent occurrence of intra-
cranial hemorrhage with choriocarcinoma should be
noted.

Germinomas are slightly hyperdense on computed
tomography (CT), with uniform contrast enhance-
ment The degree of enhancement is unrelated to
malignancy, although the extent of heterogeneity
may be helpful in some cases. Large germinomas
tend to have irregular margins and may be difficult to

differentiate frem non-germinomas. The appearance
is also related to the anatomical sites. Germinomas of
the basal ganglia may not be detected by CT in the
early stage and are often heterogeneous with necrosis.
Ipsilateral hemiatrophy may be an associated feature.
Their detection at this location is however important
since they are radiosensitive. On magnetic resonance
imaging (MRI) the germinomas are often homo-
geneous, slightly hypointense or isointense. With its
higher soft tissue resolution and multiplanar imaging
flexibility, especially the sagittal scan to assess these
predominantly midline tumours, MRI is the choice
modality for the location and extent of pineal and
suprasellar GCT. MRI also gives better demonstra-
tion of the altered anatomy and vascular involvement.
Enhanced MRI is especially sensitive for meningeal
metastases and skull base involvement. It provides
good imaging monitor for patients under treatment,
with demarcation of tumour margins and detection of
complications like leucoencephalopathy. However,
MRI is insensitive in the detection of calcification. In
germinomas there is an increased frequency and
extent of pineal calcification though tumour calcifi-
cation is uncommon. Detection of pineal calcifica-
tion as a sign of childhood GCT is significant, and CT
may be the preferred primary imaging for this age
group.

Imaging is in general sensitive for the detection of
GCT. Its specificity in differentiating the histological
types is however low, despite some tumours show
characteristic features. MRI gives better charac-
terization of GCT because of its higher sensitivity for
fat, cyst and products of hemorrhage, although its
detection of calcification is poor. Teratomasare usually
heterogeneous, with cystic, calcific and fatty elements
in addition to the enhanced soft tissue. Gross calcifi-
cation is also a feature. Malignant teratomas have
poorly defined margins with infiltration of adjacent
tissue. The presence of small cystic areas in enhanced
germinomas may signify the existence of other
embryonic components. Embryonal carcinomas often
contain calcification and necrotic areas. The detection
of blood products in GCT commonly denotes
choriocarcinoma.

Optimal therapy of GCT requires accurate evaluation
of tumour location and extent, tumour histology, and
tumour response to therapy. For the latter two issues,
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imaging findings need to correlate with the laboratory
assay of tumour markers. Choriocarcinoma typically
produces (J-HCG while endodermal sinus tumour
produces a-fetoprotein. Embryonal carcinoma
contains components that produce both markers.
Germinoma and teratoma generally produce neither,
unless the tumour contains syncytial trophoblastic
giant cells. The tumour markers are also used as
indicators of efficacy of therapy, or to check on
recurrence of tumour. Histologic typing is
documented by stereotactic or open biopsy, and this
may be required for prognostic assessment and choice
of therapy.
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INTRODUCTION
Angiographically occult vascular lesions of the brain
include thrombosed arteriovenous malformations,
thrombosed aneurysms, capillary telangiectasias and
cavernous haemangiomas. With the introduction of
MRI, it would appear that these lesions are more
common than previously thought. In particular,
cavernous haemangiomas, the most common
surgically verified angiographically occult vascular
lesions, have been shown to be clinically
significant.2"5

CAVERNOUS HAEMANGIOMAS
Incidence and Location
Cavernous haemangiomas occur in all age groups
with an equal sex incidence. In a recent unselected
series of 2,000 MRI studies, 18 (0.9%) patients had 28
lesions.2

The majority of lesions are located supratentorially
but up to 21% have been reported infratentorially.3

Multiple lesions are common2 and a familial inci-
dence has been reported.3

In the cerebrum, characteristic locations include the
peri-ventricular white matter, at the grey-white
junction and in the basal ganglia4 while favoured sites
in the posterior fossa are the brain stem and the
cerebellar hemispheres.

Clinical Presentation
Prior to the introduction of MRI, cavernous
haemangiomas were regarded as relatively rare lesions,
most commonly found as an incidental finding at
autopsy. However, the MRI literature clearly indicates
that their clinical importance has previously been
underestimated and they are often symptomatic.

Patients most commonly present with seizures,
progressive neurological deficits and haemorrhage.
Such lesions are prone to recurrent haemorrhage.

The onset of symptoms most commonly occurs in the
third or fourth decades of life although some have
presented in childhood.

Pathology
The size of cavernous haemangiomas can vary from
small petechial pinhead areas to sharply circum-
scribed "mulberry-like" nodules. The larger well
circumscribed nodules are usually defined from the
adjacent normal brain by a pseudo-capsule of gliosis
often with abundant haemosiderin containing
macrophages. The cut surface has a sponge-like
appearance consisting of thin-walled vessels which
may contain thrombi and haemorrhage of variable
age.

Cavernous haemangiomas consist microscopically
of large, closely clustered vascular spaces without
any intervening normal brain. The spaces vary
enormously in size and the walls are composed of
collagen. Calcification may occur but many lesions
which are hyperdense on CT show no obvious
calcification histologically. Thrombosis and
organisation frequently occur and cholesterol clefts
as a sequel to haemorrhage may be seen. The absence
of any intervening brain parenchyma is a charac-
teristic feature which helps to differentiate cavernous
haemangiomas from other vascular abnormalities
such as telangiectasias. The routine use of trichrome
stain for smooth muscle and collagen and stains for
elastic fibres can help differentiate the various sub-
types of vascular malformations.7 An association
between venous and cavernous haemangiomas has
been reported' and recently it has also been suggested
that capillary telangiectasias and cavernous
haemangiomas represent two pathological extremes
of a single entity.'

Imaging
Computed Tomography
The ability of CT to detect cavernous haemangiomas
has been reported to be very good10. However, in a
recent report of ten histologically proven cases, the
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CT examination both with and without contrast was
negative in three.5

The typical appearance of a cavernous a well circum-
scribed round or oval area of increased density that
may be either homogeneous or inhomogeneous510

although mixed hypodense and isodense lesions have
been described1. A very important feature is the lack
of any change in the brain parenchyma immediately
adjacent to the hyperdense lesion. Mass effect has
been reported2-510 but in the absence of recent
haemorrhage, this is an uncommon feature.2

In ihe presence of recent haemorrhage, the density of
the lesion usually increases and there may be signifi-
cant mass effect. However, despite this, the area of
increased density usually remains relatively well
circumscribed from the adjacent brain parenchyma.
The mass effect will gradually resolve but unlike
primary intracerebral haemorrhage, a residual focus
of hyperdensity on follow-up CT usually persists,
suggesting the presence and likely nature of the
underlying lesion.2

Most cavernous haemangiomas show minimal or no
enhancement.5-10 While CT studies may strongly
suggest that a particular lesion is a cavernous
haemangioma, the CT features are not specific.5

Similar findings could be due to a low grade tumour
with calcification while in one series, historically
proven arteriovenous malformations both with and
without thrombosis which were angiographically
occult have shown a similar CT appearance.1

Magnetic Resonance Imaging
The features of cavernous haemangiomas on MRI are
largely dependent on the demonstration of evidence
of repeated subclinical haemorrhage or thrombosis.
The detection of haemosiderin (Ferritin) by MRI is
related to field heterogeneity while the detection of
magnetic susceptibility and diffusion effects in local
environment of heme or nonheme iron is propor-
tionate to the square of the magnetic field strength.3

Therefore high field (1.5 Tesla) imaging is more
sensitive than low field imaging for the demonstra-
tion of cavernous haemangiomas.5

The majority if not all of cavernous haemangiomas
may be demonstrated by MRI with T2 weighted
images being more sensitive than Tl weighted images.

On T2 weighted images the majority of larger lesions
appear as areas of mixed signal intensity consisting of
multiple foci of variable size and signal intensity,
described by Rigamonti et al5 as a "reticulated"
appearance and with a prominent surrounding rim of
decreased signal intensity ? The focal areas of increased
signal intensity probably correspond to thrombi within
vascular spaces and focal haemorrhage. Haemosiderin
deposition both within and around the lesion, the
latter corresponding to the rim of low signal intensity,
is thought to be related to subclinical haemorrhages
or to slow lysis of red blood cells.5

In a recent series, smaller lesions were seen as small
punctate areas of decreased signal intensity.5 Tl
weighted studies are less sensitive than T2 weighted
images5 and, in particular, the hyperintense foci which
are a feature of the T2 weighted images are often less
obvious on Tl weighted images. The increased
sensitivity of the T2 weighted images is particularly
obvious with low field strength imaging.5

In the presence of acute haemorrhage, the typical
features of the underlying lesion may be obscured by
the focal haematoma.2 However, despite this, the
underlying lesion may be suspected at the time and in
particular with resolution of the haemorrhage, the
typical appearance becomes evident.2 If there is
surrounding oedema or a clear break in the
haemosiderin rim on T2, a lesion other than an
angiographically occult vascular lesion should be
suspected.

Angiography
Angiography fails to demonstrate a significant number
of cavernous haemangiomas and for this reason
cavernous haemangiomas represent a large propor-
tion of surgically verified angiographic occult
cerebrovascular malformations. At angiography,
cavernous haemangiomas may appear as an avascular
region in the capillary phase or as an avascular mass
with displacement of adiacent vessels.510 Dense
venous pooling and a localised area of capillary
staining persisting into the late venous phase have
been described as diagnostic features but Rigamonti
et al5 found these features in less than 33% of cases
and these findings are considered too nonspecific to
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be characteristic and therefore diagnostic of cavern-
ous haemangioma.

Capillary Telangiectasias
Capillary telangiectasias are a collection of
pathologically dilated capillaries but, unlike cavernous
haemangiomas, there is intervening brain parenchyma
between the abnormal vessels." They are typically
small solitary lesions that occur most commonly in
the pons. Most are clinically silent and incidental
findings at autopsy but occasionally they are a source
of haemorrhage." It has been suggested that capillary
telangiectasias and cavernous haemangiomas
represent two pathological extremes of a single
cerebral entity called cerebral capillary malformation.9

Although surgically verified angiographically occult
vascular lesions are usually cavernous haemangiomas,
it is likely that a capillary telangiectasia with
haemorrhage could result in a similar MRI appearance.
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period. The dural menbrane between the cavernous
sinus and the pituitary gland can be demonstrated to
better advantage between 60 and 180 seconds. The
cranial nerves III, IV, V1 and VI as well as V2 within
the cavernous sinus are shown better on the early
images. These structures are difficult to identify on
later images.

INTRODUCTION
In spite of MR images with excellent quality, it has
not been always possible to accurately deliniate
primary and postoperative residual or recurrent
adenomas from the surrounding normal and post-
operative tissues. Furthermore, the diagnosis of
parasellar tumors has often been difficul t with routine
MRimaging.Ithasbeenshown.however.thatpituitary
adenomas, either preoperative or postoperative, and
parasellar tumors often demonstrate minor differences
in contrast in theearly phase of dynamic MR imaging.
The purpose of this presentation is to review the value
of dynamic MR imaging in the sellar and parasellar
tumors before and after surgery. Differentiation of
meningiomasfromneurinomaswillalsobediscussed.

MATERIALS AND METHODS
Dynamic MR imaging was performed with spin echo
technique (TR 200fTE 15 msec) every 30 seconds for
4-5 minutes following rapid injection of Gd-DPTA in
a dose of 0.1 mmol/kg body weight. More than 200
patients with sellar and parasellar abnormalities,
including postoperative cases, were performed and
the dynamic MR images were evaluated whether
dynamic MR imaging can differentiate the primary,
recurrent or residual pituitary adenomas and parasellar
tumors from the normal pituitary tissue or post-
operative tissues.

NORMAL PITUITARY TISSUE AND
CAVERNOUS SINUS
The first visualized structures on dynamic images are
the cavernous sinus, infundibulum and posterior
pituitary lobe, which are demonstrated at 30 seconds
following injection of contrast media. The enhance-
mentoftheanteriorpituitary lobe occurs slightly later
between 60 - 90 seconds. Within the anterior pituitary
lobe, there is progressive enhancement from the central
portion towards the peripheral portion within this

MACROADENOMA
Macroadenomas before surgical or medical treat-
ment show delayed enhancement between 60 and 180
seconds. In contrast the normal pituitary tissue is
enhanced earlier than this and contrast between the
normal pituitary tissue and the pituitary adenomas is
most prominent at the early phase of dynamic imag-
ing. Some macroadenomas reveal early enhance-
ment, but its degree is less prominent and the contrast
between tumors and the normal structures is still
present. The normal pituitary tissues are displaced by
macroadenomas superiorly, to the side and
infrequently in a ring-like fashion.

MICROADENOMA
Microadenomas also show delayed enhancement
compared with the normal pituitary tissue. Therefore,
the mostprormnentcontrastbetween microadenomas
and the normal pituitary tissue is obtained at 30 or 60
seconds. Invasion of the tumors into the cavernous
sinus is better imaged on early dynamic MR images.

RECURRENT AND RESIDUAL ADENOMAS
The recurrent or residual tumors without
bromocriptine treatment reveal similar enhancement
pattern to the preoprerative macroadenomas and
microadenomas.

PACKLNG MATERIALS
The sequential enhancement pattern of the surgical
packing materials shows delayed enhancement, the
peak time being at or later than 210 seconds. They are
enhanced later than pituitary tumors. Surgical
packing materials show minimal or no enhancement
at the early postoperative period. However, with the
elapse of time in the order of months, there is progres-
sive enhancement in the packing materials,
probably due to neovascularization within the
packing materials.
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ADENOMAS TREATED WITH
BROMOCRIPTINE
Macroadenomas treated, with bromocriptine show
similar enhancement pattern to that of surgical pack-
ing materials. There is delayed enhancement in
contrast to the non-treated pituitary adenomas and the
normal pituitary tissue.

PARASELLAR TUMORS
Tumors in the sellar and parasellar areas usually show
delayed enhancement compared to the cavernous
sinus. Therefore, invasion of the cavernous sinus can
be demonstrated to good advantage at the early
dynamic phase. However, meningiomas usually show
very early enhancement, indicating difficulty in
differentiating between the tumor and the cavernous
sinus.

DIFFERENTIATION OFMENINGIOMAS AND
NEURINOMAS
Differentiation of meningiomas from acoustic
neurinomas have been possible with application of
dynamic MR imaging. Meningiomas show early rapid
increase of contrast enhancment with very slow
decline, while theenhancementpattem of neurinomas
is rather slow with rapid decline compared with
meningiomas.

DISCUSSION
It has been shown that dynamic MR imaging, in spite
of poor time resolution, can differentiate the pituitary
adenomas, either preoperative or postoperative, and
parasellar tumors from the normal pituitary tissues
and postoperative tissues. Because of this interesting
finding, the differentiation between the pituitary
adenomas and the postoperative normal tissue can be
obtained to better advantage on the early dynamic
images. With introduction of more rapid imaging
sequence in the future, the enhancement patterns of
the various normal and abnormal tissues in the sellar
and parasellar area will become more evident and
differentiation of pituitary adenomas from the
surrounding structures will become much more easier.
In the near future, dynamic MR imaging will become
an important method in the evaluation of the tumors
in the sellar and parasellar areas.
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Role of MRI in Optic Pathway Lesions
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Lesions of the globe are usually evaluated with
fundoscopy and where necessary ultrasound. The
orbit behind the globe is well depicted with CT,
however, lesions such as optic nerve inflammation
may not be seen with this modality but are well seen
with MR using some form of fat suppressed
technique. For lesions at the optic nerve canal and
those involving intracranial optic pathways MRI is
the modality of choice. Intracranial extension of optic
nerve meningioma, optic nerve glioma or metastatic
deposit is accurately depicted with sagittal coronal
and axial MR images with the use of Gadolinium. The
optic chiasm is accurately displayed as are the optic
tracts, optic radiations and the calcarine cortex.
Intrinsic lesions of the chiasm such as chiasmatic
glioma are accurately diferentiated from comprcs-
sive lesions of the chiasm such as pituitary adenoma
or a supra-sellar aneurysm. Accurate assessment of
intracranial extension of an optic nerve glioma is
essential as involvement of the chiasm is a contra-
indication for surgical resection. The patients with
neuro-fibromatosis periodic assessment with MRI
has been utilised to tailor radiotherapy for bilateral or
unilateral optic nerve chiasm glioma when these are
increasing in size.

Tumours, and arterio-venous malformations involv-
ing the structures adjacent to the optic tracts and
calcarine cortex require accurate localisation in order
to preserve the optic pathways but safely remove the
lesion.
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MRI in Inflammatory Disease

Brian C Bowen, MD, PhD
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For diagnostic imaging of CNS inflammation, infec-
tious and non-infectious, MR imaging has become
the screening procedure of choice. Based on the
clinical setting and the frequency of occurrence, brain
infections may be categorized as: (1) the more com mon
infections occurring in patients with the acquired
immunodeficiency syndrome (AIDS), (2) the more
common infections occurring in immunocompetent
(as well as immunodeficient) patients, and (3) un-
common infections. In the non-infectious group, the
most common inflammatory process is multiple
sclerosis.

INFECTIOUS

AIDS - related infection
Symptomatic CNS infection (in the United States) is
most often associated with the clinical manifestations
of AIDS. The most common agents are viral (the
human immunodeficiency virus HIV: a papovavirus
causing progressive multifocal leukoencephalopalhy
PML; and cytomegalovirus CMV), parasitic (Toxo-
plasma gondii), and fungal (Cryptococcus
neoforrnans).

Patients with subacute encephalitis caused by HIV
commonly present with symptoms of forgetfulness,
confusion, loss of balance, headache, and rarely
seizures (AIDS dementia complex). The clinical
course is inexorably downhill, marked by super-
imposed opportunistic infection and eventual death.
The MR imaging findings of HIV encephalitis in
patients with AIDS are atrophy and, less often,
hyperintense signal (on proton density and T2-
weighted images), which ranges from patchy to
confluent, in the periventricular white maner and
centrum semiovale. The signal abnormalities represent
demyelination and vacuolation, which accompany
the histologic evidence of multinucleated giant cells
and microglial nodules located in white matter, and
also in cortex and basal ganglia. HIV encephalitis

primarily affects the supratentorial space, and is
considered an uncommon cause of bainstem
encephalitis. HIV is the most common cause of acute
and chronic meningitis in AIDS patients and may also
cause a subacute myelitis. In children, but not adults,
with HIV encephalopathy, calcifications located in
the basal ganglia, periventricular frontal white mat-
ter, and cerebellum, are a prominent feature. The
calcifications may be related to a vasculopathy
ocurring in these children.

Of the opportunistic infections occurring in patients
with AIDS, toxoplasmosis is the most common. On
MR and CT, it is frequently manifested as multiple
lesions (80% of cases), usually involving die basal
ganglia, although any area of the brain may be affected.
On T2W images, the lesions may be hyperintense or
may show a hypointense center with peripheral
hyperintensity, part of which represents edema.
Enhancement is usually solid or ring-shaped,
occasionally appearing as an "asymmetric target",
with considerably edema and mass effect. When just
one lesion is seen, other etiologies (eg, CNS
lymphoma), in addition to toxoplasmosis, should be
considered. Because toxoplasmosis is so prevalent in
AIDS, patients presenting with enhancing cerebral
mass(es) are usually treated empirically with anti-
toxoplasma medication (sulfadiazine and
pyrimethamine) and rescanned in one to two weeks.
I f the patient responds to treatment, it is assumed that
the diagnosis is correct and the treatment is continued
(lifetime medication is required, even if there is no
imaging evidence of infeclion.becauseofthecertainty
of reactivation upon cessation of therapy). If there is
no response, a biopsy is sually recommended. Recently
thallium-201 single-photon emission CT has been
found useful in distinguishing primary brain
lymphoma from a toxoplasma lesion.

Cryptococossis is the most common fungal infection
in AIDS and is the third most common cause (after
HIV encephalitis and toxoplasmosis) of CNS infec-
tion in AIDS patients. It is manifested as either a
meningitis, a gelatinous pseudocyst, or a
granulomatous inflammation. While gadolinium-
enhanced T1W MR images are potentially the most
sensitive for detecting meningeal enhancement due
to meningitis, such enhancement is not commonly
seen. This observation has been attributed to the
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inability of these patients to develop a cell-mediated
immunological response. Cryptococcal mass lesions
are usually found in the basal ganglia because the
infection tracks along the peri vascular spaces from
the infected basal meninges. Typically, the gelatinous
pseudocysts in the basal ganglia (also found in the
posterior fossa around the fourth ventricle) do not
show enhancement, while parenchymal cryptococcal
granulomas do.

Antibodies to the papovavirus which cases PML are
found in a large number of normal adult patients;
however, PML occurs almost exclusively in
immunocompromised patients, presumably because
of reactivation of the virus in the presence of a
lowered cellular immunity. The virus infects the
myelin-producing oligodendrocytes, resulting in their
alteration and destruction, so that demyelination
ensues. On TIW and T2W MR images, hyperintense
lesions are typically seen in the parieto-occipital
white matter, although lesions may occur in any white
matter tract, including those in the brainstem and
cerebellum. Initially, subcortical, rather than
periventricular, white matter is affected. PML can
present as a single lesion, and not with "multi focal"
involvement, as its name implies; however, with lime
multifocal and even confluent white matter involve-
ment occurs. In the majority of cases, these lesions
show no mass effect or contrast enhancement S ubtle
enhancement of the margin of the lesion on post-
gadolinium TIW images has been observed in 10% of
cases in a recent study.

CMV is is a member of the herpesvirus group, and
antibodies to it are found in nearly 90% of adults. In
AIDS patients, it becomes reactivated (like the
papovavirus for PML) and may produce a necrotizing
encephalitis and ependymitis. While atrophy and
evidence of demyelination, without mass effect or
contrast enhancement, have been reported in cases of
CMV, imaging abnormalities are rare. In the late
stages of CMV infection, subependymal signal
abnormalities and postcontrast enhancement can be
seen. These patients also can develop CMV
polyradiculomyelitis with involvement of the nerve
roots of the cauda equina, manifested as patchy
enhancement of the nerve roots on post-gadolinium
TIW images, with normal prc-gadolinium TIW and
T2W images.

Less commonly encountered infections in the AIDS
population include tuberculosis (TB abscess,

tuberculoma, and/or TB meningitis) and neurosyphilis.
Meningovascular syphilis can cause infarcts in both
gray and white matter.

Common brain infections
The most commonly encountered forms of pyogenic
bacterial infection of the CNS are focal cerebritis/
abscess, meningitis, subdural empyema, and epidural
abscess. Cerebritis results from direct spread of infec-
tion (either from a sinusitis, otomastoiditis, or menin-
gitis) or from hematogenous spread of an extracranial
infection. Cerebritis, which has the same appearance
as edema, may evolve into an encapsulated abscess,
with a rim of tissue separating the necrotic center
from the peripheral edema. The rim of tissue has
unusual MR signal characteristics in that it tends to be
hyperintense on TIW images and hypointense on
T2W images. These properties have been attributed
to the presence of paramagnetic substances, which
shorten Tl and T2 relaxation times, in the rim. The
capsule enhances with gadolinium and is typically
thin and regular, compared to the thick, irregular rim
enhancement seen with cystic or necrotic neoplasms.
Rupture of an abscess into the nearby lateral ventricle
can alter the signal characteristics of the CSF and/or
produce a fluid-fluid level, heralding a poor
prognosis.

Herpes simplex encephalitis may result from brain
infection with either the type I (HSV-1) or type 2
(HSV-2) virus. HSV-1 encephalitis in adults has a
relatively characteristic pattern on MR or CT, with
involvement, oflen hemorrhagic, of one or both
temporal lobes. HSV-2 encephalitis in neonates
(acquired during vaginal delivery), though, has no
lobar preference. It may be hemorrhagic, and not
uncommonly, progresses to massive cystic necrosis
and brain destruction.

Acute disseminated encephalomyelitis (ADEM) is
an autoimmune reaction (cell-mediated immune
response to a viral protein with cross-reaction against
the patient's own myelin) rather than a primary brain
infection. Symptoms begin typically 5 days to 2
weeks following a viral illness or vaccination. The
imaging findings resemble those of multiple sclerosis
(MS), although in fulminant cases of ADEM, which
arc rare, an acute hemorrhagic leukoencephalitis can
occur and diffuse white matter hemorrhages, as well
as demyelination, observed. Because ADEM is a
monophasic process, a larger percentage of lesions
may be expected to enhance on post-gadolinium T 1
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W MR images than in MS, where a mixture of acute
and chronic plaques is usually present.

In patients with Lyme disease and CNS involvement,
scattered white lesions resembling MS plaques can
also be seen.Lyrneborreliosisisamultisystem disease,
due to the tick-transmitted spirochete Borrelia
burgdorferi, which manifests clinically in stages,
like syphilis.

The forms of neurocysticercosis are parenchymal,
intraventricular, and subarachnoid, based on the
location of the cysticerci. These have a variable
appearance on CT and MR imaging, depending on the
phase of CNS involvement In the acute phase, patients
may be asymptomatic, and the cysts show minimal or
no enhancement, with little edema. Cyst fluid has
signal characteristics of CSF on MR, and a mural
nodule (eccentric scolex) can be identified. In the
chronic phase, the larva dies, and there is a more
marked host inflammatory response resulting in the
formation of a capsule, which enhances with a ring
(sometimes nodular) pattern, as well as surrounding
edema. MR is more sensitive than CT is detecting this
inflammatory response. Eventually (on the order of
months), the cyst involutes, and at the site of the
lesion, the parenchyma appears normal or a focal
calcification is seen. Because it readily detects the
multiple calcifications that may be present within the
brain parenchyma, CT is more specific than MR for
cysticercosis. Intraventricular cysts can migrate and/
or obstruct CSF flow. Cysticercus lesions in the basal
subarachnoid cisterns may degenerate to form a
multilobular (racemose) cyst, which lacks a mural
nodule and can be several centimeters in size.

Uncommon brain infections
Fungal and some viral infections are difficult to treat
and lead clinically to a progressive downhill course.
Aspergillus, Candida, and Mucor, which infect
only immunocompromised patients, produce brain
parenchymal lesions in addition to meningitis. The
hyphae or pseudohyphae are able to obstruct medium-
size and small arteries, leading to hemorrhagic and
septic infarction, or abscess formation, with
catastrophic consequences. Aspergillosis and
mucormycosis involve the CNS by direct extension
of nasal cavity/paranasal sinus infection or by
hematogenous dissemination.

Subacutesclerosing panencephalitis(SSPE) results
from an earlier measles infection, and the clinical

picture can vary from mild mental and behavioral
abnormalities to loss of cerebral function over a
period of I to 3 years. MR imaging demonstrates
diffuse bilateral periventricular white matter areas of
abnormal signal, and less often bilateral basal
gangl ionic lesions, without mass effect. In Creutzfeld-
Jakob disease (CJD), there is diffuse cortical and
subcortical (basal ganglionic) gray matter involve-
ment White matter is usually spared. Symmetric
hyperintensity in the bilateral basal ganglia on T2W
MR images has been reported, as has hyperintensity
limited to the occipital and posterior temporal cortex,
with thickened gyri that demonstrate spongiform
change on biopsy. Usually CJD, which is thought to
be due to a "slow" virus, shows only progressive
atrophy. While clinical deterioration is gradual, the
outcome is invariably fatal.

Human T-cell Iymphotropic virus type I (HTLV-I)
causes a meningo-encephalomyelitis and is the agent
responsible for tropical spastic paraparesis. MR images
of the brain may show multiple periventricular and
subcortical white matter lesions without mass effect
or enhancement, mimicking MS.

NON-INFECTIOUS

Multiple sclerosis
Among the non-infectious inflammatory processes
which affect the brain, multiple sc lerosis is the para-
digm. MS, which may be acute chronic, is the most
common cause of diffuse areas of periventricular and
deep white matter lesions in patients under the age of
50. Acute MS is characterized by edema, inflamma-
tory cells, and demyelination. Chronic MS shows
lossof myelin sheaths with no inflammatory changes.
The MR appearance can vary from small, focal white
matter signal abnormalities to large confluent
periventricular lesions, with potential involvement
anywhere in the CNS where there is myelin. Gado-
linium-enhanced MR can show enhancement in
lesions which have associated clinical deficits as well
as lesions which are clinically silent. Thus, post-
gadolinium MR, which detects blood-brain barrier
breakdown, may be more sensitive than the clinical
exam in determining areas of acute inflammatory
change. Published reports documenting the
disappearance of previously noted enhancing lesions
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and/or a return to isointensity of previously
hyperintense lesions on long TR images provide
evidence of a reparative process involving areas of
demyelination.

Several points regarding MR imaging of patients with
suspected MS are worth emphasizing: (I)
Penventricular lesions are sometimes better shown
on proton density scans than on T2W scans where
hyperintense plaques may be difficult to distinguish
from hyperintense CSF; (2) Because demyelination
is perivenous and can be oriented along the deep veins
perpendicular to the lateral ventricular margins,
elongated ovoid lesions in the periventricular white
matter ("Dawson's fingers") should suggest MS,
although the finding is not pathognomonic; (3) White
maner lesions in the central corpus callosum and at
the callosal - septal interface arc more likely to be MS
plaques than ischemic lesions or infarcls, which occur
in the setting of subcortical arteriosclerotic
encephalopathy; (4) In chronic MS, intracerebral iron
deposition may be prominant, particularly in the
basal ganglia; (5) Unusual presentations of MS include
gray matter lesions (resulting from involvement of
peripheral "U" fibers and seen in 5% of MS patients)
and a large solitary plaque mimicking tumor.

Other non-infectious inflammatory lesions
Neurosarcoidosis, which occurs in 5% of patients
with sarcoidosis, may have MR findings that mimic
those of TB and fungal infection. Typically, there is
enhancement of the basal meninges with secondary
involvement of the optic chiasm, hypothalamus, floor
of third ventricle, and pituitary gland. Occasionally,
white matter lesions, mimicking MS, are seen. These
are thought to enter the brain by tracking along the
peri vascular spaces. Although uncommon, ischemia
or infarction in the basal ganglia or white
rnatter,secondary to vasculitis, may occur. Seeding
along the spinal CSF, nerve roots and pial surface of
the cord is an additional feature of neurosarcoidosis.

Other "non-infectious" processes which may mimic
MS, with respect to the MR appearance of white
matter lesions are autoimmune reactions resulting
from a previous infection. These were discussed in
the infectious category above and include ADEM
and SSPE.
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Introduction
A chronic and progressive disorder of the spinal cord,
characterised clinically by brachial amyotrophy and
segmental sensory loss of dissociated type, and patho-
logically by central cavitation of the spinal cord,
usually involving the cervical region but sometimes
extending upwards into the medulla oblongata
(syringobulbia) or downward into the thoracic reg ion.

Historical Comment

1. Pathologic cavitation of spinal cord recognised
as early as 16th century.

2. Term syringomyelia first used in 1827 by
Ollivier d'Angers. Syrinx is from the Greek
"pipe" or "tube".

3. The name hydromyelia was introduced by
Vichow (1863) and Leyden (1876) who
assumed that the cavitation had its origin in
abnormal expansion of the central canal.

4. In 187S Simons suggested that the term
syringomyelia be reserved for cavities
unconnected with the central canal and that the
term hydromyelia be restricted to dilatation of
the central canal.

5. In 1991 confusion between the terms
hydromyelia and syringomyelia still exists.
The author believes any separation is inappro-
priate.

Classification
In order to avoid confusion, the following should be
considered as separate entities as, although there may
be overlap of clinical features, the pathogenesis is
different

1. Syringomyelia or hydromyelia with or with-
out an associated congenital abnormality at
the craniocervical junction.

2. Syringomyelia associated with an
intramedullary tumour such as astrocytoma,
ependymoma or haemangioblastoma.

3. Traumatic syringomyelia.

4. Syringomyelia associated with spinal
arachnoiditis.

The discussion will emphasise random syringomyelia
occurring in the absence of an intramedullary tumour,
or a history of spinal trauma or arachnoiditis.

Pathogenesis

1. Disturbance of normal CSF flow due to
congenital obstruction of the outlets of the
fourth ventricle (Gardner).

2. Disturbance of the normal CSF circulation at
the foramen magnum or craniocervical junc-
tion (Ball & Dayan, Aboulker, Williams).

3. Systolic pressure wave in spinal CSF due to
brain expansion and downward movement of
cerebcllar tonsils during systole (Oldfield et
al).

4. Initial abnormality of the spinal cord tissue
followed by cavitation.

Although the argument regarding the pathogenesis
has not been settled to the present day, most would
agree that in the majority of cases disturbance of the
hydrodynamics of CSF is an important factor.

Pathology
Some authors continue to consider hydromyelia and
syringomyelia as separate entities but such a clear
separation is inappropriate as in the majority of cases
the syrinx first occupies a central grey matter of the
cervical portion of the spinal cord with involvement
of the central canal.

Here the cavity interrupts the crossing pain and
temperature fibres in the anterior commisure and as
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the cavity enlarges it extends symmetrically or asym-
metrically into the posterior and anterior horns and
eventually into the lateral and posterior funiculi of the
cord. It may or may not enlarge the spinal cord. The
cavity is lined by astrocytic glia and a few thick
walled blood vessels. The presence of circumferen-
tial gliotic bands can lead to a haustrated, "beaded" or
partly segmented appearance to the cavity. The nature
of the fluid in the cavity is variable as it may be clear
like CSF or xanthochromic and its protein content is
variable.

Associated Abnormalities
Include:

1. Chiari Malformation
A significant number of patients with Chiari
malformations have an associated syrinx and
vice versa. In the majority of cases of classical
syringomyelia presenting in late adolescence
or early adult life, the Chiari I malformation or
cerebeHar eciopia is the typical accompanying
abnormality. The association is so common
that some authors speak of the syringomyelia-
Chiari complex.

2. recapitalisation of the atlas

3. Klippel-Feil anomaly

4. Basilar invagination

5. Shallow posterior fossa

6. Dandy-Walkeranomalyorposteriorfossacysts

7. Hydrocephalus
Far more common in cases associated with
Chiari II or Chiari III malformations.

Clinical Features
Classical syringomyelia of the cervical cord is a
sporadic disease. Symptoms may begin in late child-
hood or adolescence but more often present in early
adult life with a very variable progression with long
periods of little change.

Beccauseof the well recognised association of cervical
syringomyelia and Chiari I malformation (ccrcbcllar
ectopia) it is often difficult to decide whether the
symptoms.and signs are due to the syrinx or foramen
magnum compression of the brain stem. For example,

a Chiari I malformation alone may produce a
nystagmus, ataxia and headache.

There are however certain features that are funda-
mental to the clinical diagnosis of syringomyelia.

These include segmental weakness and atrophy of the
hands and arms with loss of tendon reflexes and
segmental anaesthesia of dissociated type over the
neck, shoulders and arms. The latter consists of loss
of pain and temperature sense and preservation of
sense of touch.

The dissociated sensory loss is caused by strtetching
and destruction of the crossing anterior commisural
fibres of pain and temperature with sparing of the
uncrossed fibres of touch and proprioception. The
amytrophy is due to the involvement of the anterior
homs.

Early in the disease, the localisation is responsible for
the classical clinical picture but eventually extension
may occur into the posterior columns with involve-
ment of tactile position and vibration sense, extension
into the anterolateral funiculi with involvement of
spinothalamic pathways causing analgesia of the
trunk and legs while corticospinal tract signs of the
legs occurs relatively late due to the extension of the
syrinx into the lateral columns of the cord.

Pain is a frequent symptom of syringomyelia typi-
cally with a deep aching or boring quality but may
lancinating. Paradoxically the pain may be more
intense in an analgesic limb (anaesthesia delorosa).

Homer's syndrome may result from ipsilateral
involvement of cells in the lateral cell column of the
eighth cervical to the first thoracic segments of the
spinal cord.

When extension occurs into the brain stem, it usually
involves the lateral tegmentum of the medulla result-
ing in nystagmus and sensory impairment over one or
both sides of the face. Cranial nerve palsies resulting
in unilateral palatal and vocal chord paralysis as well
as weakness and atrophy of one side of the tongue are
other clinical signs.

There is often little correlation with the severity of the
neurologic deficit and the extent of the lesion.

Other Forms of Syringomyelia
In a small number of patients who survive traumatic
paraplegia, progressive central cavitation of the spinal
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cord occurs and leads to symptoms between 1-15
years after the original trauma. These take the form of
an ascending lesion of the central grey matter involv-
ing the portion of the cord above the point of the
original trauma. Downward cavitation can occur but
this is clinically silent. Symptoms are initially
unilateral but later may become bilateral with
progressive upward extension.

In tumours of the cervical cord with associated
cavitation, the clinical features will be less classical
and simply be those of an intrinsic spinal cord lesion.

Imaging

Plain Films

1. Shoulder Girdle and Upper Limb
In longstanding cases, joints of ihc upper limb
may demonstrate typical neuropathic changes.

2. Craniocervical Junction and Cervical Spine
Abnormalities in this region are more common
if there is an associated Chiari I malformation.
The reported incidence of abnormalities is
variable but includes basilar impression,
atlanto-occipital fusion, partial fusion of C2
and C3, Klippel-Feil deformity and cervical
spina bifida occulta. Widening of the cervical
spinal canal may be seen particularly in younger
patients.

Myelography
If syringomyelia is suspected, it is not appropriate to
perform myelography without the facility to proceed
to CT. In the majority of cases, myelography will
demonstrate expansion of the cervical cord but it may
also appear normal or even thin. In the author's
experience, the collapsing cord sign is difficult to
demonstrate and it is likely that a thin cord is due to
associated atrophy of the spinal cord and a variable
state of filling of the cavities which has been noted in
serial MR examinations. In the presence of a Chiari I
malformation, myelography may demonstrate
cerebellar ectopia together with the typical upward
course of the cervical nerve root sheaths.

Computed Tomography
Plain CT has little role to play in the diagnosis as it is
only in occasional cases that a cystic cavity is demon-
strated. An immediate postmyelographic study may

on occasions demonstrate contrast within the cavity
which presumably has reflux through the fourth
ventricle and into the central canal. However, usually
contrast is not demonstrated within the cavity for 6-
24 hours. In the majority of cases the contrast has
most likely passed through the cord itself into the
cavity rather than via the fourth ventricle.

A Chiari I malformation may be demonstrated with
the tonsils lying posterior to or alongside the spinal
cord. The tonsil tips usually reach Cl or C2 and rarely
C3. The tonsils are often unequal in size and extend
downwards to different levels.

Magnetic Resonance Imaging
In general Tl weighted sequences are best for
depicting the spinal cord and therefore intramedullary
cavities. In syringomyelia the spinal cord is usually
expanded but it may also appear normal or even thin.
In the majority of cases the fluid demonstrated within
the syrinx shows Tl and T2 signal characteristics
indistinguishable from those of CSF, consistent with
similar protein concentration. It is unusual forcysts to
extend above C2 although syringobulbia is found
infrequently. On the other hand, there is often inferior
extent into the thoracic and rarely the lumbar region.
The walls of the cavities are usually smooth but in
some cases well defined internal ridging leading to a
haustral pattern is demonstrated. When the cavities
collapse, the haustra may appear to approximate and
give a false impression of multiple separate cavities.
The degree of distention or collapse of the cavity may
vary widely from segment to segment throughout the
involved portion of the cord. The cavity typically
tapers as it reaches its cranial extent and sometimes
the upper cervical cord appears atrophic when com-
pared with the cord at the level of the cavity.

Any associated cerebellar ectopia (Chiari I) is clearly
demonstrated by MR. The tonsilsareclosely adherent
to the posterior aspect of the cord and the tonsils
typically have an abnormal configuration with taper-
ing or pointing of their inferior poles. The cisterna
magna is usually very small or absent with apparent
"crowding" of the foramen magnum.

MR sequences allow the study of CSF movement. In
normal patients active to and fro movement of CSF
from the third ventricle to the fourth ventricle has
been demonstrated while there is turbulent CSF move-
ment in the cisterna magna. CSF around the spinal
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cord and in the pontine cistern usually moves in
synchrony with pulsation of the lateral ventricle.

Certain authors have reported that in all patients with
the syringomyelia-Chiari complex, the cisterna magna
is obliterated by the descending cerebeltar tonsils and
the CSF movements in the region of the cranioccrv ical
junction is absent. On the other hand, CSF in the
syrinx has been shown to move actively in synchrony
with pulsations in the ventricles. Such studies would
suggest that there is some disturbance of the normal
CSF flow in the presence of a Chiari I malformation
but there is no definite agreement yet about the
significance of this in understanding the aetiology of
the abnormality.

Differential Diagnosis

1. Traumatic Syrinx
The diagnosis of traumatic syrinxes is usually
not difficult with MR1 when the cavity is
demonstrated adjacent to and extending
superiorly from the level of the spine trauma.

2. Spinal Cord Tumour
The differential diagnosis of an expanded
cervical cord containing cavities must include
intramedullary tumours. Although
ependymomas are the most common spinal
cord tumour, astrocytomas occur more
commonly in the cervical cord. These are
found most frequently in children and a cystic
change is common. Plain films often
demonstrate expansion of the bony spinal canal
while myelography and CT will demonstrate
the expanded cord. The tumour within the cord
as well as any cystic component is clearly
demonstrated by MRI. The solid tumour is
frequently of high signal intensity on heavily
T2 weighted images and compared with
syringomyelia, tumour cysts tend to have a
higher signal intensity on both Tl and T2
weighted images because of contained protein
and a lack of fluid motion. Although the
configuration of cavities may mimic
syringomyelia, the absence of the typical
tapering of the cranial end of the cavity in
syringomyelia is helpful. Gadolinium-DTPA
enhancement of the solid components of the
tumour helps to clearly differentiate solid
tumour from cysts and syringomyclia.

3. Arachnoiditis

Treatment
Indications for active treatment varies from centre to
centre. However in general surgery is indicated in the
presence of progressive disease and is aimed at halt-
ing any further deterioration.

Depending on the surgeons understanding of the
possible aetiology and pathogenesis, one of two
approaches may be used.

1. Decompression of the craniocervical function
with or without plugging of theobex to prevent
the passage of CSF into the central canal or
shunting of the fourth ventricle.

2. Direct shunting of the cavity of the syrinx into
the adjacent subarachnoid space or into the
peritoneal cavity.

At Flinders Medical Centre, decompression of the
posterior fossa is the favoured technique but other
authors have reported similar results with either
approach.
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Magnetic Resonance Imaging of Infarcts

PARTI : TYPICAL APPEARANCES

PARTU : ATYPICAL APPEARANCES

Erik Gaensler

Neuroradiology Section, University of California,
San Francisco

This presentation is divided into a general discussion
of the mechanisms of stroke, followed by a listing of
some of the causes of atypical appearences of infarcts,
as well as "mimics" of stroke. Slides demonstrating
the typicial appearences of infarcts in classic distribu-
tions will be shown.

A stroke represents a sudden neurologic insult which
may leave a permanent neurologic deficit A variety
of etiologies including ischemia, hypoxia,
hypoglycemia, hypertensive hemorrhage, aneury smal
rupture, bleeding into a tumor, or spontaneous subdural
hematoma may account for (he event. Clinically, the
onset of a stroke-like event is usually obvious. The
role of imaging is to characterize the nature of the
event and to assess the extent of the damage.

Approximately two-thirds of strokes may be accounted
for by infarction, and one-third by hemorrhage -
either intraparenchymal, or subarachnoid. Roughly
two-thirds of infarcts are thrombotic in nature; small
vessels are more commonly involved than large ves-
sels. One-third of infarcts are embolic in nature, the
source, however, is frequently unknown.

Pathophysiology of Infarction
The brain receives 25% of cardiac output, from which
it extracts 50% of blood oxygen and 10% of blood
glucose. When cerebral perfusion falls below critical
levels (10-20 ml/100 grams/min) ischemia ensues
resulting in a marked alteration in brain metabolism.
The diminished availability of oxygen results in a
decrease in cell energy production by oxidative
phosphorylation and decreased stores of ATP.
Glycolysis does proceed via the less efficient

anaerobic pathway with resulting increasing amounts
of lactic acid production. Although blood flow to the
ischemic area is reduced, flow may be sufficient to
provide additional glucose but insufficient oxygen,
resulting in continued lactic acid production, and
ATP depletion. These cells are at risk for a secondary
insult from the lactic acidosis.

With energy stores depleted, the sodium-potassium
pump fails; sodium leaks into cells and potassium
leaks out. The elevated osmolarity associated with
increased intracellular lactate and sodium causes an
influx of water resulting in cytotoxic edema (cell
swelling). Cytotoxic edema occurs within thirty
minutes of an ischemic event. If blood flow actually
dropped to zero, there would be no additional fluid
accumulation. In fact, however, perfusion is rarely
completely compromised. There is always marginal
or collateral flow which is insufficient to provide
adequate oxygen to prevent further damage, but is
adequate to deliver increased substrate for lactate
formation as well as fluid that will leak out of damaged
cell membranes which represent the blood brain
barrier (BBB) resulting in vasogenic edema. The
amount of edema which ensues is dependent to a
degree on the perfusion pressure available. Edema in
infarcts is usually maximum at three to seven days.
Contrast extravasation, by comparison, peaks at one
to two weeks.

Vasogenic edema is also present in venous infarcts,
where is can collect in the subcortical white matter,
where the extracellular spaces are larger than in the
gray matter. Venous infarcts can be quite confusing
for this reason, as they may mimic tumors.

Although in general gray matter is more susceptible
to ischemia than white matter, in the adult, edema
spreads mainly into white matter. Edema further
damages the brain both by increasing intracranial
pressure and by causing mass shifts. Local pressure in
ischemic territory may rise to 80 mm Hg as compared
to 15 mm Hg on the normal side.

As edema in the infarct becomes more prominent, it
may furthercompromise the microcirculation includ-
ing viable tissue at the penumbra or borders of the
infarcted area, resulting in progressive increase in
size of the infarct. By two to three weeks, infarcts
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usually stabilize both anatomically and clinically.
The ultimate anatomic size reflects the degree of
vascular compromise and the availability of
collateral circulation.

Early on, it is not possible to distinguish between
ischemia and frank infarction by imaging techniques.
The permeability to macro molecules represented by
contrast enhancement with iodinated contrast agents
on CT and Gadolinium-DTPA on MR usually favors
a frank infarction, but intense enhancement with
gadolinium agents has been reported in reversible
ischemia within 24 hours of the event.
Encephalomalacia is the late sequela of infarction and
appears as discrete often cystic areas of increased
signal.

Clinically, strokes are focal in nature and charac-
terized by the anatomic distribution of the vessels
involved. Numbers vary somewhat, butapproximately
62% are in the middle cerebral distribution, 14% in
the posterior cerebral artery distribution, 5% in the
anterior cerebral artery, 14% are watershed, and 5%
posterior fossa. Half of the posterior fossa events
involve the cerebellum; the risk factors are the same
as those for infarcts in the cerebrum. Infarcts involv-
ing the AICA are low in frequency. Infarcts involve
the PICA and SCA territories with approximately
equal frequency.

Lacunar Infarcts
Lacunar infarcts account for 15-20% of clinical
strokes. Prior to the availability of CT, lacunes were
thought to represent defects secondary to small
hemorrhages associated with hypertension. It is now
recognized that these lesions are predominantly
ischemic resulting from primary arterial disease
involving a penetrating branch of a large cerebral
artery. The majority of lacunes are small, ranging
from 2 to 15 mm3, depending on the size of the
territory supplied by the occluded vessel. They occur
primarily in the basal ganglia, especially the putamen,
the thalamus, the white maner of the internal capsule
and pons, and they occasionally occur in white matter
of the cerebral gyri. They are rare in gray matter, the
corpus callosum, visual radiations, and centrum
semiovale of the cerebral hemispheres, medulla, or
spinal cord. The incidence is particularly high in
patients with hypertension and/or diabetes. Less
common causes include microembolism,
polycythemia, and possibly small dissections result-

ing in Charcot Bouchard aneurysms. Varying forms
of arteritis including chronic meningitis, chronic
neurosyphilis, and any severe granulomatous
meningitis are a rare cause. Unlike major vascular or
embolic strokes, where there is an acute onset of
symptoms, as many as a third of patients with lacunes
develop symptoms over a period of 36 hours. In only
40% of cases is there an acute onset of symptoms.

The term "etat lacunaire" was used by Pierre Marie as
an early description of lacunar infarction. The term is
still used in the literature and should be distinguished
from the term "etat crible" which refers to enlarged
perivascular spaces that may develop around
perforating vessels. These spaces may simulate
lacunes. There is no associated neurologic deficit and
they are rarely larger than 2-3 mm in diameter.

Hemorrhage
Primary intraparenchymal hemorrhagic events occur
as a result of bleeding from an arterial source directly
into the brain substance, or surrounding spaces. There
is a high association with hypertension. In these
instance, hemorrhage into the putamen occurs in 35-
50% of cases, the subcortical white matter in 30%, the
cerebellum 15%, thalamus 10-15%, and pons 5-10%.
Lipohyalinosis of vessels is thought to be the primary
predisposing pathologic feature, although miliary
aneurysms in the vessel wall may also play a role.

There are a variety of other causes of intracranial
hemorrhage which are non- hypertensive in origin.
Vascular malformations are far less frequent than
hypertension but are a cause of hemorrhage which
must be ruled out, especially in young patients. A
parenchymal hemorrhage should not summarily be
dismissed as hypertensive in origin. Contrast CT is
often but not always reliable in identifying an enhanc-
ing portion of a vascular malformation adjacent to a
hemorrhage. Normally acute hemorrhage, although
high density on a pre-contrast scan, does not take up
contrast unless there is an associated vascular mal-
formation. The surrounding vascular capsule of a
subacute hematoma will enhance. MR is more
sensitive in the detection of small vascular malforma-
tions. The associated flow void appears as an area of
serpiginous low signal intensity. The anatomic
definition is in general superior.

Intracranial hemorrhage may also be due to blood
dyscrasias. Chronic oral anticoagulation increases by

248



eightfold the risk of intracranial hemorrhage. The
association is particularly true when the coagulation
parameters are extended beyond the recommended
therapeutic range. Amphetamines, intravenous and/
or intranasal or oral have been documented as a cause
of intracranial hemorrhage. Cocaine has also been
associated with ICH. Symptoms develop within min-
utes to hours following the use of the drug. Transient
blood pressure elevation has been noted in about 50%
of cases. The genesis may also be related to arteritis-
like vascular change indistinguishable histologically
from periarteritis nodosa. Approximately 50% of
drug abusers who suffer an intracranial hemorrhage
have an underlying demonstrable cause.

It may be difficult to distinguish between intracranial
hemorrhage and hemorrhagic infarction. The first is
a primary event and the second is usually felt to be a
secondary event associated with breakdown of an
embolus. The hemorrhagic infarctions usually show
some degree of contrast enhancement in that a blood
brain barrier breakdown may have already occurred.
They are usually in classic anatomic distribution and
tend not to have associated mass effect. They are not
associated with intraventricular blood which is a
characteristic of ICH. Definition of the anatomic
distribution is more readily rendered with mul tiplanar
MRI. The not uncommon petechial nature of
hemorrhagic infarction is more readily identified on
MR and can be easily overlooked on CT due to
insufficient differential photon absorption.

Imaging of Infarcts
The CT findings with frank infarction are wel 1 known.
CT is relatively insensitive to the presence of infarction
during the first 24 hours, although subtle findings
such as effacement of cerebral sulci, loss of definition
of the margins of the basal ganglia and medial border
of the insular cortex can be detected. As blood brain
barrier breakdown develops, there is extravasation of
fluid into the damaged area. Low density in the
specific cerebrovascular territory reflects both the
increased water content in the ischcmic tissue and
edema in the penumbra region. Permeability of the
blood brain barrier to iodinated contrast agents is
usually not seen until three to seven days after the
frank infarction. The appearance is that of increased
density which is variable in distribution and duration
in the infarcted area. On non-contrast scans at two to
three weeks, the infarct may become isodense, a so-
called "fogging effect" which is thought to reflect
partial volume averaging with petechial hemorrhagic

material, and partial resorption of edema fluid. By
three weeks, the infarcted tissue is usually a well-
defined area of low density.

In a thrombotic infarct, the occlusion frequently
persists, preventing reperfusion, resulting in a pale or
bland infarct. Hemorrhagic transformation of
infarction is felt to represent a reperfusion of the
vascular bed of the infarct following fragmentation
and/or distal migration of the occluding embolus.
Arterial blood pressure in hypoxic capillaries results
in a diapedesis of red cells through the hypoxic walls.
The more intense the reperfusion and the more severely
damaged the capillaries, the greater the degree and
the more confluent the hemorrhagic infarction.
Hemorrhagic change can also occur from collateral
vessels to the damaged area in the absence of
dissolution of the offending embolus.

Although CT clearly identifies large hemorrhagic
components of an infarct, it misses the far greater
number of petechial hemorrhages which occur. In the
CT literature, approximately 5% of infarcts are
recognized as hemorrhagic in character. In the
pathologic literature, as high as 40% of infarcts have
hemorrhagic qualities ranging from petechial to gross
hemorrhage. MR has proved to be very sensitive in
characterizing whether or not an infarct is hemorrhagic
in quality. On high field- strength units, acute
hemorrhagic events appear as an area of particularly
low signal intensity on T2-weighted images, and
subacute hemorrhagic events, such as is the case with
petechial hemorrhage, appear as areas of high signal
both on Tl and T2- weighted images.

Causes ot "Typical Infarcts"
• Embolic or thrombotic events in major vascular

distributions.
• Lacunar events.
• Hypotension—watershed appearance.

Causes of "Atypical Infarcts"
• Hemorrhagic infarcts: may mimic hemorrhagic

tumors, AVM's and other sources of benign or
malignant intracranial hemorrhage.

• Diffuse small embolic strokes: may mimic adiffuse
infectious process or multiple metastases.

• Dural sinus/cerebral venous occlusions: sparing of
the cortex with adjacent subcortical white matter
edema raises question of neoplastic or infectious
process at the gray/white junction—although the
enhancement pattern will differ.
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• Mass effect or trauma causing vascular
compromise in an atypical distribution.

Mimics of Infarcts
• encephalitis
• post ictal enhancement
• contusion
• infiltratingtumor
• Ieptomeningeal carcinomatiosis/infection
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Value and Diagnostic Accuracy of Magnetic
Resonance Angiography
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INTRODUCTION
With recent developments of MR techniques, it has
become possible to obtain angiographic images of
relatively good quality with use of MR. The purpose
of this study is toevaluate the usefulness and diagnostic
value of MR angiography (MRA).

THE VALUE OF MRA
The spatial resolution of MR angiography has been
inferior to conventional angiography, in spite of the
fact that there has been various developments and
advances in the technique of MR angiography. The
first indication of MRA is elucidation of MR findings
on spin echo images that are obtained routinely.
When vascular lesions such as occlusions, stenoses,
arteriovenous malformations, cerebral aneurysms and
other vascular lesions are suspected on the initial MR
images or during MR procedures with the patients in
the MR unit, MRA can be obtained almost imme-
diately in an additional time of 10-15 minutes.
Secondly, MRA can be used for patients at high risk
for cerebrovascular diseases, including those with a
family history of subarachnoid hemorrhage, long-
standing hypertension, cystic kidney disease and other
conditions that render them prone to develop
cerebrovascular diseases. Thirdly, follow-up studies
of vascular diseases may be performed with MRA
when the vascular diseases are originally demonstrated
on conventional angiography as well as MRA. When
contrast angiography is contraindicated or patients
refuse to undergo contrast angiography, then MRA
may be performed inlieu of conventional angiography
with use of iodinated contrast media. However,
radiologists should be ready to perform conventional
angiography when clinical suspicions still persist on
MRA.

DIAGNOSTLC ACCURACY.OF MRA
To assess the diagnostic accuracy of MR A, a working
group was formed within the Japanese Society of

Magnetic Resonance in Medicine. This working group
evaluated 131 patientsof whom 99 had variouscerebral
vascular diseases. Sixty-one patients had cerebral
aneurysms and 27 patients have stenoocclusive
diseases. Two patients had a stenoocclusive lesion as
well as an aneurysm. Furthermore, 10 patients had
multiple aneurysms and there were 75 aneurysms in a
total of 61 patients.

MRA was reviewed by five observers with use of 6-
8 maximum intensity projection (MIP) images
produced by most recent MR imagers (Siemens
Magnetom 1.5T Erlangen, and Germany and GE
Signa 1.5T, Milwaukee, Wl.US A). No source images
or cine display of the images were used for reviewing
the images.

ANEUSYSMS
At first, sensitivity and specificity in the diagnosis of
cerebral aneurysms were obtained in 61 patients with
cerebral aneurysms. In patients with multiple
aneurysms, detection of an aneurysm was considered
correct for the diagnosis.

The sensitivity of cerebral aneurysms was 73.6 %
with the 95 % confidence interval between 67.5% and
79.7%, while specificity was 76.2% with the 95%
confidence interval between 67.6% and 84.8%. It
should be noted here that there is considerable differ-
ence in diagnostic accuracy from observer to ob-
server.

Assessment of MRA in the detection of 78 individual
aneurysms was made in relation to their sizes. When
the size of the aneurysms were less man 5 mm, the
sensitivity was 55.9% with the 95% confidence
interval between 51.2% and 60.5%, whereas the
sensitivity of aneurysms of 5 mm or larger was 86.3 %
with the 95% confidence interval between 79.6% and
93.1 %. The overall accuracy was 62.9% within the 95
% confidence interval between 59.4% and 66.5 %.

When sensitivity of aneurysms a assessed in relation
to their locations, the internal carotid aneurysms
showed 51.0% with a 95 % confidence interval
between 40.7% and 61.3 %. The internal carotid
aneurysms included aneurysms originating from the
origin of the posterior communicating artery and
ophthalmic artery as well as at the bifurcation of the
internal carotid artery. The middle cerebral artery

251



aneurysms at the trifurcation and anterior communi-
cating artery aneurysms showed better sensitivity of
87.8 % with the 95 % confidence interval between
83.0% and 92.6% and 82.7% with the95% confidence
interval:between 72.4% and 93.0%, respectively. In
general, a misdiagnosis occurred when there were
overlapping vessels over the aneurysms, or when the
aneurysms were small or arose from an unusual
location. In another study, when the source images
were used, there was a slight improvement, in a range
of less than 10%, in sensitivity and specificity. How-
ever, considerable time may be required in the inter-
pretation when source images were used.

STENOOCCULUSIVE DISEASES
A similar assessment was performed on 32 patients
with a stenosis of 50% or greater and occlusions of
cerebrovascular disease. Stenosis or occlusion in the
internal carotid artery was seen in 15 patients and in
the middle cerebral artery in 17 patients. With use of
receiver operator characteristic curve (ROC) analysis
from pooled data, sensitivity for stenoocclusive
diseases was 88.7 % with 95% confidence interval
between 85.3 % and 91.5%, whereas the specificity
was 97.4% with a 95 % conficence interval between
96.5% and 98.0%. For stenosis less than 50% of the
diameter, excellent agreement between MRA and
conventional angiography was obtained. Stenosis of
more than 50% of vessel diameter tended to be
underestimated in this study. However, no occlusions
of the middle cerebral artery were interpreted as
normal or mildly stenotic. Therefore, diagnostic
accuracy of stenoocclusive diseases by MRA is quite
good and thus is acceptable for clinical use.

NEW TECHNIQUES OF MR ANGIOGRAPHY
To improve the spatial resolution of MRA, various
new techniques have been proposed. Magnetization
transfer contrast (MTQ.tilted optimized nonsatulation
excitation (TONE),presaturation techniques, and use
of contrast media as well as high- resolution images
have been proposed. Although these new technique
provide some improvement in the quality or spatial
resolution of MRA, there have been no drastic
improvements in the quality of MR angiograms.
Among them, high resolution MR technique, includ-
ing 512 X 512 matrics, has been promising and
should be developed further in the future, but the
considerably increased imaging time may be a
limitation of this technique. Further improvement of
spatial resolution in short imaging time is required to
improve diagnostic accuracy of MRA.
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The compartmental localization and angioarchitecture
of spinal vascular malformations have a direct
influence on theirclinical presentation, natural history,
therapeutic approach and prognosis. Therefore a
classification based on these two criteria may be
considered most appropriate because it helps to define
this complex pathology. Intraspinal arteriovenous
malformations (AVMs) are therefore classified as
spinal cord AVMs,perispinal AVFs and dural AVFs.
Because the natural history and prognosis vary, the
danger of using the same methodology is easily
understood. Endovascular embolization is an
important contributor to the treatment of these spinal
AVMs. In the 1970s, Rene Djindjian and coworkers
pioneered the work on selective spinal angiography
and vascular lesions of the spinal cord and canal.
These are now refined techniques that require a
specialized learn approach including interventional
neuroradiologist, neurosurgeon. neurologist and
related specialists.

Technical aspects of embolization for spinal AVMs
Embolization with particles
Severai paniculate materials are available. Gelfoam
is resorbable and may be cut into fragments of desi red
size. The thrombogenecity of Gelfoam fragments can
be enhanced by soaking them in alcohol.
Nonresorbable materials include dura mater and
polyvinyl alcohol(PVA) particles. The size of these
emboli vary between 150 and 200 m. These particles
are injected in the arterial pedicle, little by little until
the venous drainage disappears or the blood flow is
markedly slowed down.

Liquid embolization
The most common liquid embolic material is N-
butyl-2-cyanoacrylaies solidify when they come into

contact with an ionic medium, such as blood or
contrast media. Changes in the polymerizaton time
determine the site of the occlusion of the arterial
system. These can be injected only through a
microcatheter because of dead space
of the conventional is too large.

Spinal cord arteriovenous malformations
(SCAVMs)
SCAVMs are true vascular malformations with a
congenital origin. They become clinically apparent in
the second or third decade of life, and may present
with hemorrhagic events (isolated subarachnoid
hemorrhage or hematomyelia) or progressive spinal
cord dysfunction. This hemorrhagic events have an
acute mortality of 20% to 30%. Therefore the severe
clinical outcome of these hemorrhagic events leads to
treat all SCAVMs, even those clinically silent.

Angioarchitecture
Angioarchitecture of SCAVMs is similar to cerebral
AVMS, in that the nidus is made of arteriovenous
fistulas. The blood supply to the nidus is always given
by the spinal cord arteries, anterior and posterior
radiculomedullary arteries. Involvemernt of the
median anterior branches (sulcal arteries) arising
from the anterior radiculomedullary artery points to
an intraparenchymal location of the AVM, whereas
exclusive involvement of the posterior
radiculomedullary branches indicates the pure pial
location of the AVM. In most cases these AVMs are
mullipedicular and an anterior radiculomedullary
artery is almost always involved in their vasculariza-
tion.

A detailed pretherapeutic analysis of the
angioarchitecture is mandatory. On the arterial side,
aneurysm of unclear origin may be found, which is
thought to be related to the increased blood flow or
secondary to hemorrhagic event (false aneurysm).
On venous side, venous stenosis or ectasia may be
identified. They may represent a risk factor for
hemorrhage, and they may exert compression
myelopathy.

Embolization
The treatment of SCAVMs has two goals: suppres-
sion of the hemorrhagic risk and prevention of an
eventual progressive neurologic deficit. The long-
term clinical follow-up of partially embolized
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SCAVMs shows that the frequency of hemorrhagic
recurrence is low. A progressive neurologic deficit
may also regress when arteriographic arterial steal is
suppressed. Therefore the aim of treatment is maximal
obliteration of arterial steal. A suitable endovascular
embolization is thus the one that allows the most
complete angiographic eradication with the minimal
risk to the patients. When important angioarchitectural
aspects are present (e.g. arterial aneurysm, venous
ectasia), the are the first line of target in embolization.
The largest recent series of SCAVMs treated with
embolization reported that the risks of cmbolization
were lower than those of surgery (5.7% of irreversible
deficits versus 14-25% in surgical series) and its
clinical results were better than surgery (57% of
amelioration versus 83-48%).

Perispinal arteriovenous fistulas (SAVFs)
Perispinal A VFs are characterized by the presence of
a single arteriovenous shunt between one or more
radiculomedullary arteries and perimedullary vein on
the cord surface. They are most often located inthe
conus medullaris or the cauda equina, thought to be
congenital in origin.

Angioarchitecture
The angioarchitecture of these lesions was described
by Merland (1980), that has considerable diagnostic
and therapeutic value. In his classification; type I
lesionscorrespond to small-caliber AVFs between an
anterior spinal artery and a perimedullary vein; type
II lesions between one or more arterial feeder of
medium caliber and a dilated vein; type HI lesions are
giant and multipediculated AVFs. Radiculospinal
draining veins leave the cord away from the AVF in
type I and II, but they leave the spinal canal at
rachidian levels close to the site of the fistula in type
III.

Embolization
The goal of embolization in these lesions is close the
AVF itself. Type I lesions are the most difficult to
treat, which do not allow distal catheterization. In
case of multiple dilated feeders, it is useful to select
a pedicle with a less intrinsic risk(radiculopial artery)
to inject the acrylics. The goal is to block the first
centimeter of the vein to occlude all the shunt sites by
a single injection.

Spinal dural arteriovenous fistulas (SDAVFs)
SDAVFs was falsely classified as retromedullary
AVMs until Merland (1980) described as dural
meningeal AVFs with perimedullary venous drainage.
These lesions sharply distinguishes from SCAVMs.
Distinctive background features are the male
predominance and age of onset in the fifth decade or
later. Clinical pictures are insidious onset of upper
and lower motor deficit and sensory change in the
conus level. Isolated sphincter and sexual dysfunc-
tions are sometimes noted. These lesions never bleed.

Angioarchitecture
They consist of small AVFs (150-200 m) between
one or more meningeal arterioles of radicular arteries
and a radicular vein draining into perimedullary venous
networks. This induces an intramedullary venous
hypertension and chronic spinal cord ischemia.

Embolization
The aim of treatment is to isolate the fistula draining
vein from the perimedullary veins to establish normal
hemodynamics in the spinal cord. This imposes block-
ing of the arteriovenous shunt, which can be obtained
either by occlusion of the AVF itself or by occlusion
of the first few centimeter of the draining vein,
eliciting retrograde thrombosis of the fistula. Acrylic
agents is the best embolic material in this purpose.
Surgery is also simple and efficient, and it includes
the selective clipping of the draining vein with
excision of dura mater containing the AVF.

Conclusion
Endovascular treatment of spinal vascular malforma-
tions has undergone very positive changes in recent
years, with a direct impact in anatomical and clinical
results. Vertebromedullary vascular malformations
involves several pathologic entities. Each case needs
to be reviewed within a multidisciplinary setting
involving interventional neuroradiologists and
neurovascular surgeons. They are relatively rare
lesions, and some of them have a poor natural history.
Endovascular embolization in some of them has
dramatically changed their natural history and
facilitated complete anatomical and clinical cure.
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Classification of Spinal A VM
According to its location, spinal arteriovenous mal-
formation (AVM) or AV anomaly can be classified
into: (a) extradural; (b) dural with intradural venous
drainage; (c) intradural, and (d) vertebral. Intradural
type may also be classified according to its location as
intramedullary, perimedullary, and mixed
intramedullary and perimedullary1*3.

Spinal AVM has also been classified by their
angiographic appearance into three types4-5: Type 1 is
the most common 'adult type': Type II is the 'glomus
type', confined to a short cord segment with slow
flow; and Type III is the 'juvenile type', occurring
almost exclusively in children with multiple large
feeding arteries supplying a voluminous malformation
Type I is usually entirely extramedullary and lies on
the dorsal surface of the spinal cord and is thus called
'the long dorsal arteriovenous malformation'. As
suggested by Merland et al, most of these type I
malformations are arterial ized intradural veins
emerging from an extradural or dural AV anomaly in
the vicinity of a nerve root as it exits in the dural1'6.
Intradural type are mostly type II or type III.

Spinal Dural AV Anomalies
In 1977, Kendall and Loggue presented 10 cases of
spinal epidural angiomatous malformations8. Later,
Merland, et al. reported these lesions as
'radioculomeningeal arteriovenous fistula'6. Symon
et al suggested that the dural type of lesion is the
commonest spinal arteriovenous malformation
(AVM) in adults' . This is also called
'radioculomeningeal vascular malformations of the
spine' by Masaryk', 'the dural type of spinal AVM'
by Doppman10, and 'dural arteriovenous anomalies'
by t Thron2. The nidus of the above mentioned lesions
are imbedded in the spinal dura and dura covering the

proximal nerve root. They were called AVM or
arteriovenous fistula (AVF), depending on whether
there is a nidus on the dura with a tangle of small
vessels or a direct communication between one feed-
ing artery and one draining vein. Here we call them
spinal dural AV anomalies.

Pathogenesis
Pathogenesis of spinal AVM includes vascular
diversion ("steal"), increased venous pressure,
mechanical pressure caused by bulky arterliazed veins,
subarachnoid hemorrhage and thrombotic pheno-
mena. The extradural and vertebral type of AVM may
have symtpoms from stealing of blood supply from
the spinal cord, and neural compression by the vascular
mass. In addition, vertebral tpe may have complica-
tion of compression fracture, and hematoma forma-
tion. Intradural type may become symptomatic
because of intramedullary or subarachnoid
hemorrhage, stealing of blood, mass effect to the
spinal cord from mechanical compression, and venous
hypertension.

Because the amount of blood flow to the fistula is
small in dural type A V anomalies and in most patients,
the supplying artery of the anomalies have no
concomitant supply to the spinal cord, vascular steal
cannot be the cause of tnyelopathy. The venous
drainage of the A V anomaly runs to the perimedullary
veins including coronal venous plexus. Absence of
valves between the coronal venous plexus and the
radial veins facilitates the transmission of high venous
pressure to the cord tissue, which causes congestive
myelopathy. Therefore, the pathophysiology of the
neurological deterioration in dural AV anomaly is
mainly increased venous pressure".

No segmental vein for venous drainage from the
perimedullary vein to theparavertebral venous systems
could be found from the lower thoracic to mid-
cervical region in 3 cases. Therefore, dural AV
anomaly may be associated with anatomical change
of deficiency in the venous drainage from normal
medul lary veins to the paravertebral venous systems6.

Clinical Presentation
Most patients with dural AV anomaly are older than
40 years of age12. Most of these patients have a
gradual onset and progressive worsening of symptoms,
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and experience exacerbation of symptoms by activ-
ity. Majority of these dilated and tortuous vascular
lesions are in the lower half of the spinal column.
Thus, symptoms usually affect the legs instead of the
arms. Dural AV anomaly occurring in the cervical
region is extremely rare. Only 1 out of 55 cases
reported by Symon et al the lesion was at the level of
foramen magnum (1). Even in that case, the superfi-
cial sensory disturbance affected only legs (level at
L4) without affecting the arms. All patients without
treatment will have problem in urination and defeca-
tion sooner or later.

Radiological Diagnosis

1. Myelogram
Myelogram will demonstrate a typical
serpigenous filling defects in the subarachnoid
space. Several factors may make the
mylographic demonstration of the lesion
difficult The first factor is the level of the
nidus and the tortuous perimedullary veins
may be far from the clinically detectable
sensory levels. In our cases, the nidus was
more than 6 levels away from the clinical
sensory level in 4 cases (28%). We encounted
2 cases in which the myelographic demonstra-
tion of tortuous filling defects was in the
cervical and thoracic region, while the sensory
level was in the lumbar region (at L3 level).
Clinicians may request a lumbar or cervical
myelogram while the tortuous filling defects
may be present only in the thoracic region. The
second factor is that the tortuous perimedul lary
veins may be small in size and a myelogram
may miss the lesion unless it is of a good
quality. Thirdly, the lesion may be present
only on the ventral or dorsal aspect of the
spinal cord. A myelogram performed with
patient in prone position may miss the lesion.

2. MRI
On MRI, spinal AVM of dural type may show
perimedullary veins with flow void.
Occasionally. The spinal cord may be enlarged
with abnormal signal secondary to ischemic
change. The flow void effect has been noted in
7/11 of Terwey 's series (13). After intravenous
administration of Gd-DTPA, contrast enhance-
ment is present not only within these vessels
but also within the lower spinal cord.1318

3. Angiography

On angiogram, the supplying artery may be
dural, meningeal, vertebral, or radicular artery
of the spinal ramus of the intercostal, lumbar
artery, or lateral sacral artery.3-12 The segmental
feeder may have concomitant blood supply to
the spinal cord. In Rosenblum's report,
medullary arterial supply for the spinal cord
and the fistula comes from a common vessel in
only four of 27 patients.3 The venous drainage
of the AVM or AVF flows through a dilated
single vein (reticular vein) in a retrograde
manner to the coronal venous plexus on the
surface of the spinal cord (intradural
perimedullary veins), which become dilated,
tortuous, and elongated. Most often
perimedullary venous drainage are going
cranially. Less often it goes caudally.

Spinal angiogram affords definite diagnosis
by showing the feeding artery, the location of
the nidus in the dura, and the intradural drain-
ing veins. The feeding artery may be far away
from the myelographic or MRI demonstrated
tortuous enlarged perimedullary veins. A
conventional aortograms of good quality
performed with contrast material containing
high iodine concentration is helpful by
demonstration of enlarged perimedullary veins.
The segmental feeding arteries is usually close
to the enlarged perimedullary veins that shows
up early in the aortogram.

Treatment
Previously, many surgeons treated extramedullary
spinal AVM with intradural exposure and dissection
of the coiled extramedullary arterialized veins from
the underlying the spinal cord. This stripping of the
extramedullary vein from the spinal cord may interrupt
the drainage of intramedullary veins and coronal
veins which carry the venous effluent from the spinal
cord parenchyma. Thus causes interruption of the
normal venous drainage of the spinal cord.1617 There-
fore, removal of the enlarged perimedullary vein is
not the treatment of choice. Effective surgical treat-
ment should include ligation of AVM vessels'
intradural ligation of the connecting vein in cases
with a common segmental artery feeding the spinal
cord and AVM,11 clipping of communicating vessels
between the AVM and the coronal plexus,1 and clip-
ping of the feeding artery.1'

Hilal has treated spinal AVM by embolization with
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silicone rubber." Merland advocated embolizing the
AV fistula with IBXA.6 Most of their patients
responded well to embolic interruption of the fistula
with improvement beginning within hours to days
after treatment. However, one patient became para-
plegic after embolization because of a disturbance of
medullary venous flow. On Rosenblum 's series, 15%
of the feeding arteries of spinal epidural AV anomaly
also provided a medullary artery to supply the spinal
cord.3 Embolization should not be performed unless
the artery to the spinal cord can be preserved in cases
like this. We treated 13 cases by embolization using
IBCA & NBCA.7 All cases responded well after
embolization with no complication.20

SUMMARY
In conclusion, the nidus of spinal dural AV anomaly
is in the dura with retrograde draining into the
perimedullary vein. The pathogenesis is venous

hypertension. Myelogram may show serpentine fill-
ing defects from enlarged perimedullary vein. Before
MRI is available, supine and prone myelogram has to
be performed in order not to miss the leison that is
present only in the dorsal or ventral aspect of the
spinal cord. MRI may be used to demonstrate the
perimedullary vein with flow void, or signal change
of spinal cord from ischemia. Occasionally MRI may
also miss the lesion. Conventional aortogram with
high concentration of contrast material may be used
for detection of the enlarged perimedullary vein.
Definite diagnosis depends on selective spinal
angiogram showing the feeding artery, the nidus, and
the enlarged perimedullary vein. Treatment includes
surgery and embolization. Whichever method used,
the perimedullary veins should be preserved for the
necessary venous drainage of the spinal cord.
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Magnetic resonance (MR) imaging is a rapidly
developing technology that may largely replace the
X-ray computed tomography in neuroradiology.
Doctors in MR imaging has realized the potential of
this new technique for evaluation the spine. With
technological improvements, such as the introduc-
tion of surface coil, contrast agent (Gd-DTPA), the
application of new and fast MR imaging pulse
frequenses, MR imaging technology has become the
solely best imaging modality for evaluating spinal
disease. MR could give doctors not only the detail
information on spinal lesion and its relation with
surround tissues, but also the excellent contrast
between various tissues as well, in a noninvasion
way. Other benefits of MR imaging include 1) no
bone artifact which is quite common in the spinal
picture of X-ray computed tomography, 2) the
ability to perform multisection and multiplanar
scan 3) no side effect of both patient and radiologist

By MR neuroradiologist could see the spinal cord in
different section with different scan parameter, make
images with different contrast. This made it possible
for doctor to identify the accurate position and nature
of spinal tumor. In this article, we will discuss spinal
tumors, and review diagnosis and differen tial diagnosis
of tumors on MR images.

Magnetic Resonance Imaging Technique
MR imaging protocols depend on the magnetic field
strength and desired image contrast. The image should
have the maximum contrast among different tissues.
For routine spin-echo Tl-weighted images, the echo
time (TE) between 16-40 msec and the repetition time
(TR) between 400-600msec is appropriate. This
images give excellent contrast between spinal cord
and CSF in a moderate period of time. The spinal cord
is mediate signal intensity while the CSF appears low

signal intensity. This contrast produce excellent
visualization of normal and pathological spinal cord
morphology. But sometimes it is difficult to indentify
CSF and the cortical bone. TE of 60- 100msec and TR
of 2000-4000msec given T2-weighted images. The
CSF will be high signal and the spinal cord will be
slight low signal. T2-weighted images is highly
sensitive to alterations in tissue water contain. TE of
16-40msec and TR of 2000-4000msec give proton-
density images, both the CSF and the spinal cord will
be mediate signal. But sometimes it could show the
lesion that has closed relation with CSF. The images
is obtained with surface coil, 256*256 metrix, two
acquisitions, 5mm thickness, 2mm gap, 20cm FOV in
cervical scan or axial scan of spinal cord and 30cm
FOV in lumbar or thoracic spine sagittal scan.

In the spine MR images, seriously motion artifacts
degrate the image quility because of body physio-
logical motions, such as respiration, heart and great
vessel beating, blood flow, swallowing and CSF
pulsatle. To eliminate these artifacts, some consider-
ation must be kept in mind during the spinal scan. In
generally say, motion artifacts always occur in phase
encoding direction, wecould change frequence/phase
encoding direction to avoid the artifacts in the region
of interest. The presatusation pulse is a very useful
method to reduce or eliminate artifacts. It could be
applied in the motion area to remove all the signal of
motion region. In axial scan the presaturation pulse
could be applied at above or below the scan section to
eliminate flow artifacts which is produced by income
blood flow. Cardiac-gated magnetic resonance images
can reduce or eliminate the CSF pulsation artifacts,
blood flow artifacts, heart and great vessel beating
artifact.

On heavily T2-weighted imagings, CSF appear bright
and spinal cord and adjacent components appear
dark, this high contrast imaging is called 'MR-
myeiogram'. Degenerative processes are better
appreciated on this images. Gradient-echo scans are
now used in routine spinal MR examination. This
pulse frequence produce excellent T2-weighted
imaging in a short time while reduce theCSFpuisation
artifarcts. Fast spin echo (FSE) has been largely used
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recently. The itnagings of FSE has the same quality as
conventional spin echo images, but the imaging time
is shrunk to nearly one eighth of conventional spin
echo. Fat suppression technique is very useful to
indentify fat and hemometheglobin and help us to
recognize the nature of lesion.

Diagnosis and Differential Diagnosis
There have been more than 400 cases of spinal tumor
with pathological diagnosis since we got the first
magnetic resonance imaging system in 1986. Near
65% cases were intradural extramedullary tumors,
25% tumors occurred intramedullary, 10% of epidural.

Intramedullary Spinal Cord Tumors
With MR images doctors, for their first time, diagnose
intramedullary masses precisely and accurately. The
common intramedullary tumor include ependymomas
and astrocytoma, less commonly, haemangio-
blastoma, heamangioma, lipoma. Intramedullary
tumor could occur at any place in the spinal cord.
Tumor in cervical cord and the condal conus are
slightly higher than 35% respectively, in thoratic cord
near 30%. Intramedullary masses widen the spinal
cord that can be showed on MR images clearly. On
Tl-weighted images, most of intramedullary tumor
may hypointensity or isointensity, nodefiniti ve margin
with normal spinal cord. The tumor may have a cysts,
necrosis, blood components. On T2-weight images,
most of masses are hyperintensity that may make
tumor difficult differentiate from CSF. In this case,
proton-density images are very helpful to observe the
tumor which is hyperintense. Epemdymoma is difficult
to be differentiated from astrocytoma. But
ependymomas tend to show focal cord enlargement.
On Tl-weighted images, ependymorna is low signal
intensity with cystic generation, sometimes syrinx
cavities capping its upper and lower poles. On T2-
weighted images, it shows high signal intensity. The
tumor exhibits homogeneously enhancement on con-
trast enhanced Tl-weighted images. Astrocytomas
likely involve multilevels. It shows low signal inten-
sity on Tl-weighted images, high signal intensity on
T2 weighted imaging. On contrast enhanced T2-
weighted images, theastrocytoma likely exhibitpatchy
and irregular enhancement, and tend to locate at the
posterior aspect of cord, Hemangioblastomas present
with diffuse and extensive widening of spinal cord. It

shows low signal intensity on Tl-weighted images,
high signal intensity on T2-weighted images. Tumor
nodules exhibit intense contrast enhancement.
Cavenous hernangiomas show hetegeneous signal.
Lipomas have the same signal intensity as the fat.

Extremedullary Intradural Tumors
The MR imaging is very sensitive to demonstrate the
extramedullary intradural tumors. Meningiomas and
schwannomas are most common tumors as this
location. Less common tumors included metastasis,
lipoma, dermoid and epidermoid. Extramedullary
intradural tumors are displayed nicely on MR images.
These tumors appear as discrete mass lesion within
spinal canal with different signal intensity. Cord com-
pression can be clearly seen in sagittal and coronal
images. The widening of the ipsilateral subarachnoid
space can be well demonstrated. Schwannomas appear
as lower signal than spinal cord on Tl-weighted
images, high signal intensity (isointense to CSF) on
T2-weighted images. After Gd-DTPA administra-
tion, the tumor shows strong enhancement.
Schwannomas may extend through the neural
foramina, appear as the extraspinal soft-tissues mass.
Spinal meningiomas are usually seen in female patient
The tumors tend to have the similar signal intensity to
spinal cord on both Tl and T2-weighted images,
enhanced after Gd-DTPA administration. Sometimes
it is difficult to differentiate schwannoma from
meningioma. The expansion through neural foramina
may help to diagnosis the schwannoma. Spinal lipomas
show typical signal intensity as subcutaneous fat,
often accompany othercongenital anomalies. Dermoid
and epidermoid are conenital, but often found in
adult. They usually appear as cystic mass on MR
images. The signal intense dependent on the water,
keratin, collagen and cholesterol composition of the
cyst wall and its contents. Dermoid cysts may have
high protein content, show slightly higher signal than
CSF on Tl-weighted images, the same signal inten-
sity as CSF on T2-weighted images. Epidermoid
cysts tend to have signal intense similar to CSF on
both Tl and T2-weighted images. These cysts usually
have no enhancement after Gd-DTPA administration.
Extramedullary Intradural metastasis usually occur at
leptomeninges, tend to involve multilevels, it shows
slighdy higher signal thanCSFonTlweighted images,
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the same signal intense as CSF on T2-weighted
images. TheGd-DTPAenhancedTl -weighted images
show enhancement of tumor in subarachnoid space.

Extradural Tumors
The most common extradural tumor is metastatic
neoplasms. Less common extradural tumors include
chordomas, hemangiomas and lymphomas. Extradural
metastasis frequently involve vertebra, it shows
hypointense on Tl-weighted images, various signal
(from hypo-tohyperintense) on T2-weighted images.
The tumor exhibits enhancement on enhanced scan,
but may be heterogeneous. The pathological fracture
and spinal cord compression are common.
Hemangiomas content large amount of fat, so they
exhibit hyperintense on Tl -weighted and hypointense
on T2-weighted scan. Chordomas is lobulated tumor
will septea, usually affect sacrococcygeal area,
produce bone destruction. It show hypointense on T1
and extremely hyperintense on T2-weighted images,
enhanced with Gd-DTPA. Lymphomas exhibit
hypointense on Tl and hyperintense on T2-weighted
images. Enhancement can be seen after Gd-DTPA
injection.

MR is very sensitive to detect spinal tumors, MR can
provide valuable informations on the location, size,
extension of the tumor.
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INTRODUCTION
Before the introduction of magnetic resonance imag-
ing (MRI), various radiographic methods were used
to diagnose lesions of the spinal cord. Myelography
and CT myelography show cord enlargement and
cord contour, but the abnormality within the spinal
cord was difficult to evaluate.1'3 Angiography has
been used to evaluate vascular lesions, mainly the
arteriovenous malformations of the spinal cord. In
addition, ultrasonoglaphy, used during surgery and in
young children, can reveal the solid or cystic nature of
the spinal cord pathology. Radionuclide studies, plain
radiography and ether diagnostic methods have rarely
been fruitful in the diagnosis of spinal cord lesions.

Since the clinical application of MR imaging, this
technique has become the main method in the diagno-
sis of intrinsic spinal cord lesions or intramedullary
abnormalities because of its high contrast resolution,
non-invasiveness, lack of artifacts and ability to image
in any desired planes.'** Furthermore, the differing
signal intensity within the spinal cord has been used
to assess accurately the internal anatomy and patho-
logy of the spinal cord. With MR imaging, direct
visualization of the spinal cord has become possible,
enabling detailed analysis of the contents of the
tissues within it.7 In particular, sagittal MR images of
the long and slender spinal cord along the body axis
can be obtained easily. Therefore, MR imaging has
become the most important and reliable imaging
procedure in the diagnosis of intramedullary lesions,
but, in spite of its advantages, there have been some
difficulties in accurately defining and differentiating
the various histological types of intramedullary ab-
normalities. Water-soluble MR contrast media have
helped, and this review focuses on the MR imaging of
the intramedullary lesions, with emphasis on the
value of water- soluble contrast media like Gd-DTPA
in the diagnosis of such lesions.

INTRAMEDULLARY TUMORS
With the application of MR imaging, it has become
much easier to detect, localize and characterize
intramedullary tumours. Looking at spinal tumours
in general, 7 to 22% are intramedullary, 53 to 65% are
intradural and extramedullary, and 28 to 30% have an
extradural location.' Fifty-four percent of spinal
tumours are found in the thoracic region, while 21%
are lumbar, 18% cervical, 7% sacral and 1 % are found
in multiple locations. More than 95 % of intramedullary
tumours are gliomas, among which 65 % are
ependymomas, 30 % astrocytomas and 3%
oligodendrogliomas. Other varieties of tumour make
up 2%.' In the cervical spinal cord, astrocytomas are
more common, whereas ependymomas and
astorcy tomas are common in the thoracic spinal cord
and ependymomas are most frequent in the medullary
conus. Syringomyelia may be associated in the
superior and inferior aspect of the tumour.

On MRI, intramedullary tumours show diffuse
enlargement of the spinal cord on Tl -weighted images,
whereas T2-weighted images reveal high signals
within the spinal cord secondary to the tumour and/or
its surrounding oedema. Haemorrhage and cyst
formation may be detected on MR images. The tumour
and oedema are usually slightly hypo-intense
compared with the normal spinal cordon Tl -weighted
images. When Gd-DTPA is given intravenously, Tl-
weighted images show various degrees of contrast
enhancement. The contrast enhancement may be
diffuse, spotty or local with varying degrees of signal
intensity increase, and Gd-DTPA helps to charac-
terize and delineate the lesion.

INFLAMMATRY LESIONS
Various agents can produce infectious diseases within
the spinalcord,causingmyelopathy*'°. These include
bacterial, granulomatous, viral, parasitic and auto-
immune diseases. In spite of the varied pathogenesis
and regardless of the specific agents, the response of
the normal tissue of the spinal cord leads to the
production of inflammatory infiltrates of lympho-
cytes, plasma cells and neutrophils together with
vasogenic and cytotoxic oedema adjacent to the
infiltration*. Vascular thrombosis, necrosis, lique-
faction and cyst formation may follow. Spinal cord
inflammation can be divided into two groups:
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(1) non-granulomatous disease including AIDS
myelitis, acute disseminated encephalo-
myopathy (ADEM), herpes zoster myelitis
and inflammatory myelitis of unknown origin;

(2) granulomatous diseases such as tuberculosis
and sarcoidosis.

Tl -weighted images in non-granulomatous diseases
demonstrate minimal to diffuse enlarge- ment of the
spinal cord with slightly decreased signal intensity or
normal signal intensity relative to that from the normal
cord. T2-weighted images show focal or diffuse high
signal intensity within the spinal cord that encompass
the inflammatory lesion as well as the oedema. A skip
area may be observed in some patients with an
inflammatory process, a very important finding that
helps to differentiate inflammation from tumours10.
In these patients, contrast-enhanced Tl-weighted
images show diffuse, peripheral or nodular enhance-
ment, such enhancement being rather unusual for
tumours.

In patients with intramedullary granulomatous
diseases, focal spinal cord enlargement is seen on Tl -
weighted images, whereas there is a localized increase
in signal intensity within the cord swelling on T2-
weighted images.

Following injection of contrast media, there is usually
nodular enhancement of the lesion within the cord.
On the follow-up study after resolution of the lesion,
the enhancement usually disappears as the spinal cord
returns to normal.

Demyelinating Diseases
As with the brain, numerous demyelinating diseases
can affect the spinal cord to produce myelopathy of
various degrees. The most important demyelinating
disease in the spinal cord is multiple sclerosis (MS);
however, radiation myelitis, ADEM and acute
transverse myelitis can also produce spinal cord
demyelinau'on processes.

(1) Multiple sclerosis (MS)
MS occurs from the second decade to the fifth
decade and its prevalence is highest in Northern
Europe,Canada, and the United States. Cervical
cord involvement is more common than

(2)

involvement of the dorsal and lumbar cord. In
the acute phase, the myelin of the white matter
is fragmented and destroyed, together with
microglial and perivascualr Iymphocytic
infiltration followed by development of gliosis
within the chronic plaque. Most patients
develop multiple disease symptoms and spinal
lesions are frequently associated with lesions
in the brain. The demyelinating process is
more often seen in the dorsal and lateral aspect
of the spinal cord.

In the acute phase, the spinal cord may be
slightly enlarged, but no signal intensity
changes are observed on T1 -weighted images.

On T2-weighted images, ovoid or elongated
high signal intensity lesions are seen within
the spinal cord. Oedema may be shown as a
diffuse hyper-intense area associated with the
lesion. During the acute phase, there is usually
enhancement of the lesion on Tl-weighted
images, the enhancement being stronger on
delayed images between 45 and 60 minutes."
Slight enhancement may be present on the
early image, but it is more obvious between 45
and 60 minutes after injection of contrast media.
Contrast enhancement can help to differen-
tiate acute 'active' MS plaques from non-
enhancing chronic 'inactive' lesions.12

During the chronic phase, there may be general
atrophy of the cervical cord or the cord size
may be normal. These lesions may be hyper-
intense on T2-weighted images, but they do
not show enhancement Following spontaneous
improvement or regression after treatment,
enhancement with Gd-DTPA falls as the
clinical signs and symptoms of myelopathy
decrease, so the degree and extent of contrast
enhancement gives a good indication of the
effect of treatment.

Radiation myelitis
The degree of radiation injury following radia-
tion therapy of the spinal cord depends upon
the radiation dose, dose fractionation, and the
length of the spinal cord irradiated. Patho-
logically, demyelination, oedema and gliosis
with necrosis are observed within the spinal
cord lesion. A conventionally fractionated dose
produces an incidence of radiation myelopathy
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(3)

that ranges from 5% at doses between 57 to 61
Gy to 50% at doses between 68 and 73 G y m ' .
It appears that a total dose of 65 Gy is the dose
at which a higher incidence of radiation
myelopathy occurs. With increasing dose, the
latent period of myelopathy shortens.16 The
incidence of radiation myelopathy is between
1 and 10% after treatment of nasopharyngeal
carcinomas.17"

Radiation myelopathy should be suspected
when neurological signs referable to the
segment of irradiation occur and other causes,
such as metastasis, can be excluded. The latent
period of myelopathy varies from 7 months to
5 years.

On MR imaging, there are low signal intensi-
ties on Tl-weighted images and high signal
intensities on T2-weighted images of a long
segment of the irradiated cord.

Swelling of the spinal cord may be observed.
Focal enhancement is seen after administra-
tion of Gd-DTPA."These findings may persist
for several months.20 When MR imaging is
performed a long time (up to 3 years) after the
initial symptoms of myelopathy, atrophy of
the spinal cord and focal contrast enhance-
ment are the only findings observed on MR
imaging. There is no evidence of abnormal
signal intensity within the spinal cord.19

Acute disseminated encephalomyelitis
(ADEM)
ADEM is benign relapsing encephalomyclilis
which typically occurs several weeks after a
previous inoculation or viral infection such as
parotitis, measles, and varicella.13 Patho-
logically, there are areas of perivasucular
lymphocytic infiltration and demyelination,
but usually no infectious agents can be found.
The primary site of involvement is the brain,
but occasionally the spinal cord may be in-
volved as well. This disease is usually
monophasic.

On MR imaging, the findings of ADEM are
similar to MR findings of multiple sclerosis.

In the acute phase, the cord is normal or
slightly enlarged on Tl-weighted images,

whereas T2 weighted images show increased
signal intensity in the lesion. In the chronic
phase, atrophy of the spinal cord is observed,
and contrast enhancement usually does not
occur.

Vascular lesions
These pathological entities include spinal cord
infarcts, arteriovenous malformation and
cavernous haemangioma.

(1) Spinal cord infarct
The spinal cord infarcts have been considered
rare, and diagnosing them with conventional
imaging techniques is very difficult6120121 How-
ever, with the introduction of MR imaging,
spinal cord infarcts can no w be diagnosed with
relative ease. Although there is no Firm
information on the epidemiology of spinal
cord infarcts, vascular surgery, aortic
dissection, atherosclerosis and arteritis are
among the causative factors. Other precipitat-
ing factors may include hypotension, strangling
and acute disc herniation.20

MR imaging of the acute phase shows high
signal intenstiy within the cord on T2-weighted
images and enlarged cord without significant
signal intensity change on Tl-weighted images.

The high signal intensity on T2-weighted
images is observed in the entire spinal cord or
in the central grey matter. In the latter situation,
the central area and posterior horn of the grey
matter is more frequently involved, since these
areas are more susceptible to the ischaemic
injury. In a small number of cases, bone marrow
changes may appear as high signal intensity
areas on T2-weighted images and as low signal
intensity areas on Tl -weighted images. These
bone marrow signal changes are observed in
the anterior half or in the multiple areas near
the endplate and/or deep medullary portions of
the vertebral bodies20. This is because the
blood supply of the vertebral body comes from
the I umbar and intercostal arteries which supply
the spinal cord.

Contrast enhancement of the spinal cord may
be diffuse or patchy.20-22 Contrast enhance-
ment on serial MR imaging parallels the find-
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ings in cerebral infarcts and excludes other
entities such as tumours21. Several months
after infarction, T2- weighted images may show
spinal cord atrophy with minimal areas of high
signal intensity.20

2) Arteriovenous malformation
There are two main types of arteriovenous
malformations, one involving the spinal cord
and the other involving the dura623.
Intramedullary arteriovenous malformations
are generally seen in young adults. These
arteriovenous malformations present as sub-
arachnoid haemorrhage or intramedullary
haemorrhage, or slowly progressing symp-
toms due to spinal cord ischaemia. The nidus
is localized within the spinal cord and the
feeding artery is mainly the anterior spinal
artery with the drainage through the veins
around the spinal cord within the dura. Tl-
weighted images show normal or swollen cord
with the nidus showing an area of flow void.

In addition, localized and speckled areas of
high signal intensities may be seen within the
lesion or near the nidus, representing
haemorrhage within the spinal cord. Tortuous
or serpiginous vessels are seen over the spinal
cord or adjacent to the nidus on T2-weighted
images. On contrast enhancement, some of the
draning veins may be enhanced, as is gliosis
within the old haemorrhage.

In older patients, extramedullary arteriovenous
malformations are localized at the dural surface.
This is a fistula between the dural branch of the
radicular artery and the perimeduHary veins,
fed mainly by the posterior branches of the
radiculomedullary arteries. On Tl- and T2-
weighted images, cord enlargement and
ischaemic changes may be observed within
the spinal cord, together with enlarged veins
over the surface of the spinal cord. These veins
may be enhanced after injection of contrast
media.

3. Cavernous haemangioma
Cavernous haemangiomas are rare in the spinal
cord. On MR imaging, there are multilocular
lesions with different signal intensites, indi-
cating old and new haemorrhages in the cord,6-24

and a haemosiderin ring, showing a hypo-

intensity band, may surround the lesion on
both Tl- and T2-weighted images. The lesion
is seen as a central focus of high singal inten-
sity, surrounded by a low signal intensity rim.
A mass effect may be present when
haemorrhage has recently occurred. After
administration of contrast media, enhance-
ment is rare, but may be seen as speckled or
spotty areas.
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NR5 - NEUROR ADIOLOG Y

Angiographic classification and treatment
methods of dural A VM

Dong Ik Kim

Department of Diagnostic Radiology,
Yonsei University College of Medicine, Seoul

Dural arteriovenous malformations (DAVMs) consist
of a nidus composed of numerous small fistulas in (he
wall of dura. The arterialized blood flow subsequentl y
drains into the sinus itself or associated veins. Arterial
inflow is from the meningeal branches in the affected
region, which can be from an extracranial or an
intracranial source. Additionally, pial vessels may
also participate in the malformation. Typically venous
drainage is through the dural sinuses, although cortical
or deep venous drainage may be recruited.

Recent evidence has documented that this disease is
often acquired from a dural sinus thrombosis or
traumatic etiology. It usually presents in a middle-
aged to elderly population and with a slight predomi-
nance of female patients. Congenital lesions are seen
and therefore the lesion may have a multifactorial
pathogenic pattern. The symptoms the patient present
with are related to the route of venous drainage rather
than to the location of the malformation or rapidity of
the shunt Typically lesions that have recruited cortical
or deep venous drainage seem to have a greater
propensity for neurologic complications.

To validate the angiographic classification system
elaborated in 1978 by Djindjian and Merland we
reviewed the clinical manifestations encountered in
the evolution of patients with DAVMs. They were
exclusively correlated with the type of venous
drainage. The aim of the classification is to elaborate
therapeutic planning depending on the potential
neulogical risk incurred by each patient.

There were total 32 patients of DAVMs since last 6
years who have been followed six months to 6 years
after treatment. We adopted the following classifica-
tion which was revised by Cognard et al (1994);

Type I: venous drainage in a sinus with normal
direction of flow, (n = 4)

Type II: primitive drainage in a sinus with
Type II a: backward drainage into the sinus or

reflux into an other main sinus (n=7)
Type II b: reflux into cortical veins (n=14)
Type III: immediate drainage into cortical veins

(n=4)
Type IV: immediate drainage into cortical veins

with venous dilatation upper than 5 mm
of diameter
(n=2)

Type V: perimedullary venous drainage (n=l)

Magnetic resonance imaging is useful tool for evalu-
ation of neurologic complication related to DAVMs.
None of the 11 patients without cortical venous
drainage exhibits an intracranial complication. How-
ever, among those patients with cortical venous
drainage (n=20), we found venous congestion in 8,
hemorrhage in 4 and hydrocephalus in 2.

Transarterial embolization using synthetic particles
or cyanoacrylate was performed in most patients.
Trans venous embolization usingplatinum microcoils
was done in 10 patients who showed symptomatic
residual shunts after transarterial embolization and in
5 patients whose DAVMs had pial or intracranial
dural feeders. In two patients with complex DAVMs
surgical excision of residual dural shunts were done.
Angiographic complete cure can be obtained in 24
patients (75%). In 8 patients whose dural shunts were
only partially occluded, one showed fatal outcome
due to progressive venous infarction and hemorrhage.

Due to the high risk of intracranial complications in
patients with DAVMs draining into cortical veins, it
is important to obtain a complete and durable
angiographic cure. With the current possibility of
combining the endovascular treatment by transarterial
with transvenous approach, the likelihood of complete
cure has considerably increased. In high risk patients
whose dural shunts can be occluded by endovascular
approach, the therapeutic choices have to be dis-
cussed by a multidisciplinary team to combine the
various possible therapies including surgical exci-
sion or radiotherapy.
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Carotid Cavernous Fistula

Michael Mu Huo Teng

Division ofNeuroradiology,
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National Defense Medical Center and National Yang
Ming Medical College, Taipei, Chinese Taipei

Carotid cavernous fistulas (CCFs) occur spon-
taneously or, more often, secondary to trauma, and
can generally be classified as either direct or indirect
Direct CCFs arise directly from the internal carotid
artery (ICA) and may result from trauma, ruptured
intracavemous carotid aneurysms, collagen deficiency
syndromes, arterial dissection,direct surgical trauma,
and fibromuscular dysplasia. Indirect CCFs or dural
arteriovenous malformations (AVMs) of the
cavernous sinus (CS) acquire blood supply indirectly
from dural branches of the ICA or external carotid
artery (ECA). Their causes are often unknown, but
they may be associated with pregnancy, sinusitis,
trauma, surgical procedures, or cavernous sinus
thrombosis. CCFs of the dural AVM type are more
common than CCFs caused by rupture of an aneurysm.

According to Barrow DL et al, carotid-cavernous
fistula can be classified into four types: 1. Type A :
Direct shunts between the intracavernous ICA and
the cavernous sinus; 2. Type B: Shunts between
meningeal branches of the ICA and the cavernous
sinus; 3. Type C: Dural shunts between meningeal
branches of the ECA and cavernous sinus; 4. Type D:
Shunts between meningeal branches of both ICA and
ECA and the cavernous sinus.

Type A is the direct CCF, Type B to Type D are
indirect type. Type C & D are most often dural AVM
of the CS, while Type B could be an arteriovenous
fistula occurred after a head injury.

Venous drainage of carotid cavernous fistula: 1.
anterior: ophthalmic vein; 2. superior: sphenoparietal
sinus, deep middle cerebral vein, superficial middle
cerebral vein> 3. posterior: superior petrosal sinus,

inferior petrosal sinus; 4. inferior: pterygoid venous
plexus.

Symptoms and Signs of CCF: progressive visual
deterioration, orbital or forehead bruits, severe
conjunctiva! congestion or edema(chemosis),diplopia
with ophthalmoplegia and/or proptosis (from com-
pression of cranial nerves in the CS), and retro-orbital
pain (from increased intraorbital pressure, glaucoma).

The complications of carotid-cavernous fistula
include: (1) intracerebral hematoma, subarachnoid
hemorrhage, intraorbital hemorrhage, epistaxis, and
otorrhagia; Patients with cortical venous drainage
have a higher risk of intracranial hemorrhage1. (2)
blurred vision or loss of vision caused by secondary
glaucoma, intraorbital hemorrhage or other causes;
(3) cerebral ischemia due to steal of blood by the
fistula1; (4) progressive proptosis; (5) increased
intracranial pressure; (6) limitation of ocular move-
ments; (7) brain edema.

Outcomes of the untreated CCF: 1. Loss of vision
(25%), visual impairment (20%); 2. Mortality from
intracranial or nasal bleeding (3%); 3. Spontaneous
cure (6-10%).

Indications for treatment on cases of CCF: 1. progres-
sive visual loss; 2. intractable orbital pain; 3. progres-
sive severe exophthalmos; 4. hemorrhage; 5. cerebral
ischemia.

Treatment of Carotid-cavernous Fistula: 1.
Caroticojugular compression self manual compres-
sion of the involved carotid artery with contralateral
hand (usually of no use in direct ype CCF); 2. Surgical
treatment needs several procedures and cannot
preserve the flow in the ICA: (a) EC-IC bypass:
superficial temporal artery to middle cerebral artery;
(b) trapping of the ICA: application of clips over the
supraclinoid ICA, progressive screw occlusion of the
ICA, muscle strips embolization, Fogarty balloon
catheter; 3. Embolization.

Materials for Embolization: coils, microcoils, gelfoam
pieces, detachable balloon (silicone or latex balloon),
IBCA or NBCA, etc.
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Various approaches of embolization of direct type
CCF:

1. Arterial approach
(i) If the ICA proximal to the fistula is patent:

femoral artery or carotid artery puncture can
be done to:

(a) Put detachable balloon in the venous
side of fistula: the flow in the ICA is
preserved.

(b) Use Tracker catheter to implant
microcoils (or other emboli) into the
CS, to preserve the flow in the ICA.

(c) Combine the above two techniques.
(d) Put emboli (most often detachable

balloons) in the ICA and fistula: the
flow in the ICA is occluded. The patient
must be able to tolerate occlusion of the
ICA. A lest occlusion can be performed
first. This is done only when other
methods are not possible or difficult.

(ii) If the ICA proximal to the fistula is not
patent at embolization:

(a) Direct puncture of ICA distal to ligation
and proximal to fistula (in the upper
neck)

(b) Direct puncture of the ICA distal the
occluded ICA and fistula to do
embolization of the ICA distal to and at
the level of fistula. The puncture is
through the superior orbital fissure.

2. Venous approach to occlude the cavernous sinus:
This is performed when arterial approach is difficult.

Inferior petrosal sinous approach

Superior ophthalmic vein after surgical dissection, or
direct puncture. Direct puncture carries risk of
intraorbital hemorrhage.

Direct puncture of the sphenoparietal sinus: difficult
and carries risk of intraorbital or subarachnoid
hemorrhage.

Direct puncture of the cavernous sinus: can be done
when other approaches are difficult or impossible.
This must be performed in an experienced hands with
various emboli (including coils, NBC A.. .) available
and under the guidance of digital subtraction
angiography.

Potential immediate risks of embolization of CCF
include: Formation of blood clots around the detach-
able balloon causing distal embolization; Acute blood
loss from the puncture site. Rupture of the
pseudoaneury sm, venosu varix of the cavernous sinus
during embolization; Transient or permanent cranial
nerve palsy; from mechanical compression of the
cranial nerves in the cavernous sinus; Rupture or
deflation of balloon with recurrence; Unintended
balloon detachment during the procedure or reflux of
balloon back into the ICA causing occlusion of a
major branch of the ICA. Distal migration with
obstruction of a major vein; Partial occlusion of the
fistula causing more venous drainage to the orbit may
cause increased orbital symptoms. Increased venous
drainage to the brain may cause brain edema or
hemorrhage.

Distal migration of the detached balloon is rare but
may occur. It may displace distally to occlude the
middle cerebral artery (MCA) and exclude the brain
tissue in this arterial territory distal to the balloon
from obtaining collateral blood flow via the posterior
communicating and anterior communicating arteries.
If this happens, the only way to save the patient is
immediate surgical removal of the migrated balloon.
However, not every neurosurgical service can perform
an emergency craniotomy for an embolectomy. There-
fore, we designed a technique to prevent the distal
migration of the detached balloon which occurs when-
ever the balloon bursts or deflates.

Graeb et al have discussed the precautions for avoid-
ing intraarterial balloon detachment in ihe treatment
of CCF with preservation of the blood flow in the
ICA. In brief, this includes: (1) Angiography must
always be performed and carefully reviewed before
balloon detachment; (2) Detachment should not be
performed if a part of the balloon protrudes into the
ICA; (3). Manipulation of the balloon under
fluoroscopic control; (4) Expansion of the balloon
into the ICA with further inflation probably indicates
an unsafe balloon position; (5) Gentle traction on the
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balloon catheter before detachment to see if it will
return to the arterial side easily.

Dural AVMs of the cavernous sinus (indirect CCFs)
usually have such eye symptoms as proptosis, diplopia
and limitation of eye movement due to cranial nerve
palsies, decrease in visual acuity, vascular engorge-
ment of the conjunctiva with redness of the eye,
chemosis and retroorbital pain. Some patients may
have bruits. Intracranial hemorrhage is rare in dural
AVMs of the cavernous sinus. Spontaneous regres-
sion in dural AVM of the cavernous sinus is not
uncommon. Five of 11 cases reported by Newton and
Hoyt had spontaneous regression. Three of 18 cases
of dural AVMs of the cavernous sinus reported by
Vinuela et al had spontaneous regression. Among 28
cases of indirect CCFs reported by Halbach et al.
3.6% had cortical venous drainage with symptoms of
increased intracranial pressure, 25% had decreased
visual acuity and 10.7% had blindness. Patients with
cortical venous drainage or an enlarged cavernous
sinus varix are at risk to develop intracranial hemor-
rhage. Therefore, although most indirect CCFs have
a relatively benign nature, some need emergent treat-
ment to preserve visual function, relieve increased
intracranial pressure, or avoid intracranial hemor-
rhage.

Treatment of dural AVMs of the cavernous sinus
included carotid jugular compression, trapping of the
ICA, ligation of the external carotid feeders, selective
or nonselective embolization of the external carotid
feeders, embolization or electrothrombosis of the
cavernous sinus via the SOV or IPS, external radia-
tion therapy, and gamma-knife radiosurgery.

Carotid jugular compression has been effective in
inducing thrombosis in the treatment of 17% of direct
CCFsand30% of indirect CCFs. Compression is best
achieved by the patient himself with his contralateral
hand, so that the hand will drop spontaneously if any
weaknessof the hand develops from cerebral ischemia.
Carotid jugular compression is notindicated in patient
with cortical venous drainage because theoretically
this may increase the cerebral venous pressure and
cause infarction or rupture of the cerebral vein. The
maximal effect of carotid jugular compression is
usually achieved within 4-6 weeks.

Trapping of the ICA, ligation of the external carotid
feeders,' nonselective embolization of the external

carotid feeders are often not effective. Selective
embolization of the external carotid feeders often is
effective, but it is often difficult when the feeders are
multiple, and when there are feeders from branches of
the ICA. Embolization of the CS may be the treatment
of choice when there are multiple EC A & ICA feed-
ers. This can be done by catheterization via the
inferior petrosal sinus, superior ophthalmic vein or
even by direct puncture of the CS. Because of mul-
tiple channels and compartments of the CS,
embolization of the CS may sometimes be difficult or
not effective. When the symptoms are mild and there
is no immediate threaten to vision or hemorhage,
external radiation therapy or gamma-knife
radiosurgery may be recommended.
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Combined management of brain AVM

Dong Ik Kim
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Yonsei University College of Medicine, Seoul, Korea

Recent advancement of microsurgical, radiosurgical
and endovascular techniques, has modified not only
the indications and results of brain AVMs treatment
but also its philosophy. The fact that three different
treatments can be proposed either separately or more
often in association, has lead to a fruitful competition
in the development of each technique whose patient
should be beneficial. We have reached a point where
taking the right therapeutic decision is sometimes
more difficult than the treatment itself. Because more
and more brain AVMs can be proposed for treatment,
it is our duty to balanced the risks of the natural
history versus the therapeutic one in our final decision.

Endovascular embolization can be performed
according to two different techniques which
correspond also to two different purposes. One is the
therapeutic embolization technique using
superselective catheterization and liquid acrylics as
permanent embolic agent. Its goal is to get a permanent
and complete closure of the nidus, or partial closure
of the nidus in order to allow a complementary
treatment by radiosurgery or direct surgery. This
technique dose not always begin with a surgical
removable or radiosurgically curable AVMs. On the
contrary it allows to transform a non-surgical or non-
radiosurgical AVM in a surgical or radiosurgical one.
The other is the presurgical embolization technique
using subselective catheterization of the feeding
pedicles and synthetic particles as an embolic agent.
Basically this option reduces the flow in the nidus and
gives a temporary and partial devascularization of the
AVMs. This approach supposes two peculiar
conditions: one is the AVMs must be surgically
removable, and the other is no other therapeutic
option can be offered to the patient. As a matter of fact
particulated embo! ic agents cannot pretend neither to

definitely treat a brain AVM nor to prepare it for
radiosurgery, just because they induce a transient
effect on the nidus.

The therapeutic embolization technique isarelatively
safe and powerful tool for treatment of brain AVMs.
The results of microsurgery and the development of
radiosurgery are two factors which definitely impos4e
the sue of permanent embolic agent This is the only
way to reduce the size of an AVM in order to have
access to complementary treatment.
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Percutaneous Management of Cerebral
Arterio-Venous Malformations and
Aneurysms

M S Khangure

Department of Diagnostic Radiology,
Royal Perth Hospital

Patients with untreated AVMs have a calculated risk,
at 20 years, of haemorrhage in 45% death in 29%,
epilepsy in 19% and neurological handicap in 27%.
Although the initial risk of haemorrhage is 2-4% per
year the risk of re-haemorrhage in the second year is
closer to 8% with a 10% mortality and significant
morbidity.

Surgical resection of small and medium lesions, in
superficial locations is accomplished with acceptable
morbidity, but mortality and morbidity increases with
larger lesions and those situated in eloquent parts of
the brain or deep within the substance of the brain
parenchyma.

Percutaneous embolisation with cyanoacrylate glue
plays an important role in the overall management of
patients with cerebral AVMs. Embolisation can be
used for substantial devascularisation of a malforma-
tion prior to surgical excision, particularly when the
lesion is large. Targetted embolisation, with occlu-
sion of intra-nidus aneurysm is utilised in small
lesions with are subsequently treated by focused
radiotherapy (radiosurgery). In a small group of
patients embolisation has been the sole mode of
treatment either for palliation or total obliteration of
the lesion. In 110 patients where embolisation has
been used in the above categories at Royal Perth
Hospital 86% of patients have had a successful out-
come from the combined therapies and 14%
unsuccessful outcome. A more detailed analysis of
the results will be presented.

Intracranial aneurysms, either presenting as acute
subarachnoid haemorrhage or less commonly with a

neurological deficit from amass effect have been
managed traditionally byt surgical clipping or
occasionally parent vessel occlusion. Non-operable
aneurysms, either because of size or surgical risk
have been managed with detachable balloons and
micro-coils with some success, however the intro-
duction of a detachable micro-coil, the Guglielmi
Platinum Detachable Coil (GDC) in 1990 has made
the endo-saccular packing of the aneurysm
percutaneously safe and efficient. Worldwide over
3000 cases have been treated with this system, both in
the acute phase following subarachnoid haemorrhage
and electively. Many of these aneurysm were deemed
either non-surgical or too high a surgical risk. The
results of this treatment where the neck of the aneurysm
is less than 4 mm in size are extremely encouraging
with excellent results and outcome in over 90% of
patients. There is about a 7-10% complication rate
and a 2% mortality. At Royal Perth Hospital about40
patients have been managed with this technology
with similar results.
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Imaging of Brain Tumors

Part 1 : Intraaxial Neoplasms

Part 2 : Extraaxial Neoplasms

Erik H. L. Gaensler

Neuroradiology Section, Department of Radiology,
University of California, San Francisco

INTRODUCTION
Primary central nervous system tumors account for
nearly 10% of neoplasms detected at autopsy.
Metastatic tumors are seen in as high a 18% of
patients who die of cancer, or account for as high as
40% of intracranial tumors. Symptoms of central
nervous system tumors may range from the subtle or
non-specific, to objective motor and sensory deficits,
seizure disorders, or apoplectic events, usually
indicating tumor infarction or hemorrhage.

DIAGNOSTIC APPROACHES
Skull radiography plays no role. Angiography is
rarely employed, except in a few cases which
demonstrate findings suggestive of a vascular nidus
on CT or MR. In these cases,angiography is useful for
preoperative embolisation and / or for surgical
planning.

In recent years, MR has surpassed CT in its sensitivity
and specificity and is the least invasive technique for
the detection and characterization of CNS neopiasms.

There are a variety of approaches to the analysis of
CNS neoplasms. One method is to categorize
according to location, supra vs. infratentorial. In an
adult, approximately 70% of neoplasms are
supratentorial and 30% infratentorial. In children the
reverse is true. Lesions may also be analyzed on the
basis of whether they are intraaxial (within the brain
substance) or extraaxial (outside the brain substance).
Most intraaxial tumors are malignant, and most

extraaxial tumors are benign. Tumors may also be
classified on the basis of whether they are malignant,
benign, or congenital (lipoma, epidermoid, dermoid).

GENERAL FEATURES OF TUMORS
CNS neoplasms are characterized by mass effect
which may mold the brain and adjacent cranial vault
as in the case of relatively slow growing, usually
benign, extraaxial lesions, or may cause a dis-
placement/shift of structures which can occur from
both extra/intraaxial lesions. This mass effect may
result in hemiation which may be either subfalcine or
tentorial. Supratentorial masses may cause a down-
ward herniation, and infratentorial masses upward
tentorial herniation. Tentorial herniation results in
pressure on the mid-brain with secondary effects on
eye movement, and on respiratory function. Tentorial
herniation may alsocause compression of the posterior
cerebral arteries between the mid-brain and the
tentorium resulting in either unilateral or bilateral
hemianopsia. Herniation of the cerebellar tonsils is
seen both in supra and infratentorial masses; while
rarely detected on CT, it is routinely identified on the
sagittal MR image.

Hydrocephalus
Mass lesions may result in ventricular obstruction.
Dilatation limited to the lateral ventricles is seen most
commonly in colloid cysts at the foramen of Monroe.
Unilateral ventricular dilatation may be seen in
gliomas, at the foramen of Monroe, or a mass in the
atrium resulting in dilatation of the temporal horn, the
so-called "trapped" temporal horn. Dilatation of the
lateral and third ventricles most commonly is seen
with either benign aqueductal stenosis, or lesions of
the tectal plate which are usually low grade gliomas.
The major differential diagnostic consideration in a
lesion obstructing the aqueduct is between benign
aqueductal stenosis and a neoplasm. The most sensitive
studies for achieving that distinction is the sagittal
MR scan. Lesions obstructing the fourth ventricle
will also cause third and lateral ventricular dilatation.
Considerations here include ependymomas and
medulloblastomas in children and choroid plexus
papillomas in adults. Communicating hydrocephalus
(obstruction beyond the fourth ventricle) may also be
encountered as a secondary effect of cisternal spread
of neoplasms.
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Edema
Edema is usually associated with intraaxial tumors.
Usually the more malignant the neoplasm, the greater
the edematous reaction. The major exception, is the
edema sometimes seen with extraaxial meningiomas,
most often in the frontal region. The pathologic basis
for edema associated with meningiomas is not known.
Edema associated with a meningioma may be an
adjunctive sign of a malignant meningioma. Most
often however the lesion is benign; the edema is
simply an indicator of a more difficult surgical
resection.

Edema associated with brain tumors represents fluid
that has seeped through the incompetent tight junctions
of capillaries associated with neovascularity seen in
tumor growth. The term vasogenic edema is applied
to fluid that leaks through these incompetent tight
junctions. On CT scans edema appears as an area of
relatively low attenuation values compared to normal
brain. Attenuation values of edema may be similar to
or lower than that of the neoplasm inciting the edema-
tous reaction. On MR, edema will appear as an area of
relatively low signal intensity on Tl weighted im-
ages, while the tumor nidus exhibits a lower signal
intensity than surrounding edema. On proton density
weighted images, the edema exhibits a relatively high
signal compared to adjacent brain and usually, butnot
always is of higher signal intensity than the tumor
nidus due to the high water content. On T2 weighted
images edema and tumor exhibit high signal of similar
intensity. Edema does not enhance with contrast, and
is confined to white matter, including the subarcuate
fibers adjacent to the cortical gray matter. The basal
ganglia are spared. Edema usually does not extend
across the very compact fibres of the corpus callo-
sum, as compared with aggressive gliomas which
will cross the corpus callosum.

Attenuation and/or Intensity value
The most common attenuation characteristics of tu-
mors are described above under the heading of edema.
Tumors, especially those which grow slowly are
occasionally calcified. In this instance, the lesion has
high attenuation on CT, and particularly low
attenuation on MR on both Tl and T2 weighted
images. In general, CT is more sensitive than MR in
the detection of calcification. The observation of
calcification is more useful in characterizing a tumor

as relatively slow growing rather than in lesion
detection.The most common intra-axial calcified
neoplasms are astrocytoma and oligodendroglioma.
Common extra-axial calcified lesions include
meningioma and craniopharyngioma. In the presence
of rim type calcification, aneurysm should be a strong
consideration, and an angiogram should be
recommended.

Hemorrhage into a tumor is not uncommon, and may
be detected as a chronic, or acute event. Acute
intratumoral hemorrhage which may be apoplectic in
nature is seen most commonly in metastatic lesions
such as breast and lung on the basis of their frequency,
and kidney, thyroid, carcinoid, choriocarcinoma, and
melanoma on the basis of the cytoarchiteclure. Large
primary glioblastomas may occasionally undergo
hemorrhagic transformation. Hemorrhage may also
occur spontaneously in a meningioma or
medulloblastoma. Hemorrhage will appear as an area
of high attenuation on CT when acute. If subacute it
may be overlooked on CT due the fact that the
attenuation value is similar to tumor tissue. On MR,
acute hemorrhage is iso, or low signal on Tl weighted
images, and very low signal intensity on T2 weighted
images, especially on high field (1.5 Tesla)units.
Subacute hemorrhage which is not easily detected or
characterized on CT will appear as high signal on
both Tl and T2 weighted images on MR. Occasionally
hemorrhage into a tumor bed may be confused with a
benign intraparenchymal hemorrhage. In general,
hemorrhage which has occurred in the tumor bed
clears less rapidly than a benign hemorrhage, and
there is failure to form a complete hemosiderin ring or
capsule which is a relatively unique feature of benign
intraparenchymal hemorrhage. Hemorrhage in a tumor
bed tends to have a more heterogenous appearance
than does benign hemorrhage.

Fat which is seen most commonly in congenital
tumors such as lipoma and teratoma appears as very
low attenuation on CT and is fairly characteristic. On
MR it has high signal intensity on Tl weighted
images, and very low signal intensity on T2 weighted
images in contrast to subacute blood which is high
signal intensity on Tl and T2 weighted images. If
there is doubt in making a distinction, a fat suppressed
image is highly specific.
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Contrast Enhancement
One of the characteristics of brain injury is loss of the
integrity of the normal blood brain barrier such that
the lesion becomes permeable to contrast agents. The
loss of the blood brain barrier represents the loss of
the tight junctions seen in the ischemic cell
membranes or in immature vascular membranes
associated with neovascularity. Blood brain barrier
permeability changes can be seen in neoplasms,
ischemia/infarction, infection, or trauma.

Contrast enhancement per se is specific only for a
blood brain barrier defect, and not for a panic ular type
of pathologic entity. In general, although not
uniformly, the more malignant the grade of an intra-
axial neoplasm, the more likely it is to enhance, and
the more intensely it is likely to enhance. There are
important exceptions, as for example the juvenile
pilocytic astrocytoma. In thecaseof extraaxial lesions,
which are most frequently benign, there is also intense
enhancement as is the case with lesions such as
meningioma or neurinoma.

Intra-axial supratentorial tumors:

Tumors of glial origin
Gliomas are the most common hemispheric tumor in
adults,accounting for 70-95% of primary tumors. In
children, they typically occur infratentorially. All
gliomas infiltrate to varying degrees. They are usually
histologically classified from grade I-IV. Grades I
and II are low grade astrocytomas. Grade III, anaplastic
astrocytoma, and grade IV glioblastoma multiforme.
Typically low grade lesions often undergo differen-
tiation into a higher grade. The degree of contrast
enhancementoften parallels the degreeof malignancy.

Low grade supratentorial astrocytomas account for
20-30% of all intracranial gliomas. Peak incidence is
in the fourth and fifth decades. These lesions are
typically slow growing and histologically benign.
They may have poorly defined borders and infiltrate
the cerebral white matter, basal ganglia and cortex.
On CT they are low attenuation, and on MR they are
characterized by long Tl and long T2 relaxation
times. Edema may range from moderate to absent and
calcium may be present Contrast enhancement is

uncommon, both on MR and CT, but occasionally
moderate heterogeneous enhancement may be seen
often limited to only a portion of the tumor. It is
commonly difficult to distinguish between tumor and
surrounding edema. Differential diagnosis should
include infarction, edema, contusion, and focal
demyelination. History and lesion evolution are
important features to be considered.

Anaplastic astrocytomas account for a little over 10%
of intracranial neoplasms. They are typically lobar in
location. Vasogenic edema is frequent; cystic change
and/or calcification are relatively rare. Signal
characteristics on CT/MR are similar to those of low
grade astrocytomas. Enhancement is a more common
phenomena occurring in 60-80% of anaplastic
astrocytomas. Necrosis is relatively unusual.

Glioblastomas account for nearly 50% of intracranial
tumors. They differ from the low grade/anaplastic
astrocytomas by their multilobulated appearance
frequently associated with areas of necrosis and a
moderate to marked amount of vasogenic edema. The
vasogenic edema is frequently intermixed with
infiltrating tumor cells. Glioblastomas frequently
infiltrate throughout the cerebral white matter and
internal capsule with relatively sparing of the basal
ganglia and grey matter. Corpus callosum involve-
ment is common. Glioblastomas, almost without
exception, will enhance with contrast.

Oligodendrogliomas account for 5-7% of hemi-
spheric neoplasms. These tumors have a predilection
for the frontal lobes and tend to involve both grey and
white matter. Calcification is seen in as high as 90%
of cases on CT, and less commonly on MR. Calcifi-
cation pattern is coarse and nodular. Cystic areas and
areas of necrosis may be present. Intra tumoral
hemorrhage is not unusual. Oligodendrogliomas when
not densely calcified commonly exhibit enhance-
ment with contrast.

Ependymomas are derived from ependymal cells
and represent approximately 6% of all intracranial
tumors. They usually, occur adjacent to, or within, the
ventricles. Sixty percent are found in the posterior
fossa and are seen most frequently in children and
young adults. Ependymomas which occur
supratentorially frequently have large intraventri-
cular components and may obstruct the foramen of
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Monro/third ventricle. They frequently cross the
ventricular wall. Contrast enhancement is usually
present. Subependymal spread of tumor is not
uncommon. Calcification may occur in the
supratentorial ependymomas, but is more common in
posterior fossa ependymomas where it is seen in as
high as 50% of cases.

Subependymomas are a less common lesion which
is usually well marginated and occur along the lateral
margins of the fourth ventricle/anterior horns, most
commonly in adults.

Subependymal giant cell astrocytomas, usually
evolve from malignant degeneration of hamartomas
associated with tuberous sclerosis. Many hamartomas
enhance on MR scans and the issue of when a
hamartoma becomes a giant cell astrocytoma has
become a more difficult issue.

Choroid plexus papillomaare highly vascular benign
tumors of the choroid plexus which occurs in children
and young adults. Choroid plexus contains modified
ependymal cells, and therefore its tumors can be
considered "glial". In children, they are frequently
seen in the atrium and lateral ventricle and in young
adults in the fourth ventricle. These lesions usually
have a frond-like quality with occasional areas of
calcification best appreciated on CT. As in other
ventricular lesions, they are characterized by little or
no shift, but rather simple ventricular expansion.
Choroid plexus papillomas take up contrast avidly,
and are frequently associated with hydrocephalus
either due to CSF overproduction or obstruction.

Midline Tumors

Colloid cysts account for 2% of glial tumors. They
are almost always located in the anterior portion of
the third ventricle, causing intermittent or complete
obstruction of the foramen of Monroe. These cysts
contain colloid-like material which may range in
character from thin CSF like to thick viscous,
occasionally inspissated material. On CT, colloid
cysts may range from low to high density, and on MR
from low to high signal on both T1/T2 weighted
images. They are best characterized by location and
morphology. Typically these lesions range from 3-20
mm in diameter. They may or may not enhance with
contrast material.

Craniopharyngiontas represent 3-4% of intracra-
nial tumors. The peak incidence is in children and
adolescents, but may be seen throughout the adult

years. These lesions develop from a remnant of
Rathke's pouch. Patients usually present with either
visual symptoms due to compression of the chiasm or
endocrine dysfunction associated with compression
of the pituitary stalk. Craniopharyngiomas are almost
always suprasellar in location, but on occasion may
be entirely within the third ventricle or within the
sella. These will be discussed elsewhere in this meet-
ing, in the sessions on the sellar region

Pineal region tumors were once collectively referred
to as pinealomas. Although generically acceptable, it
is histologically incorrect. They are best classified
into three major groups summarized as follows:

Tumors of germ cell origin including
germinoma and teratoma.
(Germ cell tumors will be discussed elsewhere
in this meeting.)
Pineal cell tumors including pinealcytoma and
pinealblastoma
Other tumors i.e. glioma,
meningioma,neuroepithelial cysts

Germinomas are by far the most common accounting
for over 50% of pineal region masses. They are seen
almost exclusively in males. They may also occur in
the suprasellar region in which case there is no gender
preference. Germinomas are frequently high density
on CT and are calcified in 30 - 50% of cases. Most
pineal region solid tumors enhance. The sagittal Tl-
weighted MR image is uniquely sensitive to demon-
strating these lesions which may be overlooked on
axial images. Patients with pineal tumors have been
carried as benign aqueductal stenosis on the basis of
an axial CT scan.

It is frequently difficult to differentiate among the
various histologic tumor types in the pineal region
with theexception of teratomas which not infrequently
will have associated calcification and collections of
fat or lipid material. Pineal region tumors should be
distinguished from benign pineal cysts which are
present in as high as 20% of patients. They are usually
only 2-3 mm in diameter, and have signal intensity
identical to CSF. They are readily recognized on a
sagittal Tl-weighted MR scans. Pineal cysts may,
however, be as great as 20 mm in diameter and have
a thin enhancing rim following gadolinium injection.
The well circumscribed nature of these lesions
indicates a benign nature. The rare cystic pineal
region tumor will usually have a tumor nodule or a
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greater degree of enhancement associated with it.
Patients with pineal region tumors frequently present
with paresis of upward gaze or Parinaud' s syndrome.
They may also present with hydrocephalus, secondary
to aqueductal obstruction associated with compres-
sion of the collicular plate.

Miscellaneous Tumors
Primary Intracerebral Lymphoma has increased
in incidence with the increased prevalence of
immunocompromised individuals such as transplant
patients and patients with acquired immune deficiency
syndrome. Exclusive of these two groups, in recent
years there has also been a 2 to 3 fold increase in the
general incidence of lymphoma. Primary intracerebral
lymphoma currently accounts for 1 -2% of primary
intracranial tumors. Peak incidence in patients who
are not immunocompromised is in the fifth and sixth
decades. The prognosis is in general poor. On CT, the
majority of lympbomas are either iso or hyperdense
in comparison to the surrounding brain, and take up a
moderate amount of contrast. They tend to be central
in location, either occupying the basal ganglia and/or
commonly the corpus callosum. They may also appear
as periventricular enhancing lesions. On MR, the
lesions may again be isointense or high intensity on
Tl-weighted images. On T2-weighted images, they
do not have as high a signal as other primary tumors,
and on heavily T2-weighted images, they may exhibit
a relatively short T2. This appears to be exclusive of
hemorrhagic events, and may reflect free radicals
within the tumor and/or a high nuclear/cytoplasmic
ratio. Enhancement with gadolinium may beconfluent
and/or spotty.

Primitive Neuroectodermal Tumors (PNET) is a
term which lumps together masses arising from
multipotential neuroepithelial cells, which tend to be
relatively undifferentiated, and behave similarly.
Some argue that the tumors in this class, which
include medulloblastoma, primary cerebral neuro-
blastoma, and pineoblastoma, should be treated
separately. Medulloblastomas constitute 15-25% of
CNS tumors in children, and usually present as mid-
line posterior fossa masses, although 25% occur in
the lateral cerebellum. Medulloblastomas are
hyperdense on CT, and enhance vigorously. CSF
dissemination is common.

Hemangiob^astomas represent only 1-2% of CNS
tumors. 60% are cystic.typically with an enhancing
mural nodule, and 85 % present in the cerebellum. 10-

20 % are associated with Von Hippel-Lindau (VHL)
syndrome, and 45% of VHL patients will develop
hemangioblastoma.

Extraaxial tumors
Colloidcysts.craniopharyngiomas,and pineal region
tumors are discussed under midline lesions. Choroid
plexus papillomas are discussed under intraventri-
cular lesions. Although a number of meningiomas are
found in the ventricle, the great majority are outside
the ventricular system, and will be discussed below.

Meningiomas account for 15% of all adult brain
tumors. Tumor incidence peaks in the fourth through
the sixth decades . Women are affected twice as
frequently as men. There is a 3-4% incidence in the
pediatric population. Meningiomas occur wherever
arachnoid cells are found. Over 50% occur over the
convexity and parafalcine regions. Basal meningiomas
in the subfrontal, sphenoidal wing area, and suprasellar
region region account for 40%. Less common sites
include the foramen magnum, the tentorial notch, and
the ventricles. Meningiomas are in general well
marginated lesions which characteristically, similar
to other extra-axial lesions, displace rather than invade
brain tissue. The density and signal characteristics of
meningiomas are quite variable. On CT they may be
isodense or not infrequently high density due to the
presence of calcification. They almost always abut a
dural surface and may insite an osteoblastic reaction
in the adjacent bone, or may invade the adjacent bone.
On the basis of imaging it is not possible to distinguish
between reactive hyperostosis versus frank invasion.
Characteristically, meningiomas cause expansion of
the CSF spaces between the inner table and the brain
and buckle as opposed to invading gray-white matter.
Meningiomas may incite an edematous reaction in
adjacent brain in as high as 30% of cases. The
mechanism remains unclear. Meningiomas
demonstrate intense enhancement due to their vascu-
larity rather than due to a defect in blood-brain barrier
since these lesions lie outside the blood-brain barrier.
Meningiomas may have an associated CSF-filled
cyst Rarely, meningiomas may be present as either
intratumoral or subarachnoid hemorrhage On MR,
meningiomas are frequently isointense to brain on
Tl-weighted images, and may be isointense to gray
matter on T2-weighted imaged. On T2-weighted
images, that may also be low intensity if calcified, or
high intensity, if they have a high water content. The
latter is seen more frequently in larger tumors. Small
meningiomas may be overlooked on MR without the
benefit of gadolinium DTPA following which,
meningiomas exhibit intense enhancement
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Additional findings associated with, and characte-
ristic of meningiomas including extension and or
seeding along the adjacent dura. On gadolinium
enhanced MR scans, a "tail" of contrast enhancement
is quite common. In the great majority of cases, but
not all, this represents engorged vessels and connec-
tive tissue rather than tumor extension or dysplastic
meninges. Meningiomas in the region of the planum
may insight expansion of the adjacent sinuses or so-
called "pneumosinus dilatans". Meningiomas should
be imaged in two planes, especially those that occur
in the region of the tentorium to determine how much
tumor lies on each sideof the tentorium. Dura! invasion
either of the tentorium or the falx is quite character-
istic of meningiomas and a useful differential feature,
especially when attempting to distinguish between
meningioma and a primary ormetastatic lesion which
may abut a dura! surface.

Nerve Sheath Tumors include schwannomas (aka
neuroma - schwannoma is a more precise term as the
tumor is composed of schwann cells) and
neurofibromas, and are associated with the cranial
nerves. The classic appearance of an enhancing
cerebello-pontine angle mass with extension into an
expanded internal auditory canal is diagnostic of an
acoustic schwannoma. Typically these present in
older patients complaining of unilateral deafness.
Bilateral acoustic neuromas are diagnostic of
Neurofibromatosis Type II.

Epidermoids are extraaxial tumors which account
for approximately 1% of intracranial tumors. The
most common locations include the cerebello pontine
angle, the parasellar region and the subfrontal and
interhemispheric regions.

Epidermoids are believed to result from inclusion of
epidermal ussue within the neural tube during fetal
development. They grow very slowly by the accumu-
lation of cholesterol and epithelial debris. These
lesions are unique in that they tend to have CT density
and MR signal intensity values similar to CSF. Rarely
these lesions are calcified. On CT, with proper
windowing, a cauliflower type margination is
appreciated. Contrast enhancement rarely, if ever,
occurs.

Dermoids contain dermal tissue in addition to
epidermis. They are unique, in that most contain fatty
material which if there are other contents the cyst will
show a fat fluid level. Calcification is an additional
distinguishing feature. Dermoids are almost always

located in the midline. Not infrequently rupture of
cyst content may be seen in the subarachnoid space or
ventricles demonstrating high intensity droplets on
Tl-weighted images or very low attenuation fat on
CT. The clinical manifestation of spillage of the
contents of a dermoid cyst is meningitis.

Lipomas are benign congenital midline lesions seen
most commonly in the corpus callosum. They may
also be identified in the quadrigeminal plate region,
the ambient cistern, and the region of the tuber
cinerium. Like dermoids, lipomas have high signal
on Tl-weighted images, and low signal on T2-
weighted images. On CT they exhibit low attenuation
values (-50 to -120 HU). Lipomas differ from dermoids
in that they are not cystic in nature. Large corpus
callosum lipomas, however, may occasionally exhibit
an "eggshell" calcification.

Arachnoid cysts are well characterized by MRI as
they follow CSF signal intensity on all sequences,
although occasionally they will be brighter than
surrounding free CSF on T2 WI images as they are
isolated from the dephasing effects of CSF flow. CT
with CSF enhancement (CT-myelography) with serial
delayed views can be helpful in establishing the
degree of communication between thesecysts and the
CSF. They may or may not exert mass effect, and
need to be distinguished from porencephalic changes,
which never-should show mass effect. Typical
locations include the cerebello-pontine angles and
suprasellar region.

Metastatic tumors represent 30% of intracranial
masses. Metastatic lesions may be parenchymal, dural,
or leptomeningeal. The most common primary lesions
include lung, breast, followed by melanoma, colon
and hypernephroma. Metastasis are typically found
at the cortico-medullary junction. The larger tumors
may reach the brain surface and infiltrate the
leptomeninges. Characteristic of metastatic tumors is
a di sproportionate amoun t of edema for the size of the
nidus. Contrast enhancement is variable. Density or
signal intensity characteristics are quite similar to
primary lesions. Metastatic lesions may be cystic in
nature. Metastatic melanoma, carcinoid,
hypernephroma, thyroid, and choriocarcinoma, tend
to be hemorrhagic. In terms of absolute numbers,
hemorrhagic neoplasms are most commonly seen in
patients with lung or breast metastasis.

Important in the diagnosis of metastasis, is 1) the
detection, and 2) the determination of whether there
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is one or multiple lesions considerably alters the
surgical and therapeutic approach. Double or triple
dose contrast can be useful in identifying additional
lesions. The cost/benefit of such an approach is con-
troversial. Differential considerations can be difficult
and include infectious processes such as pyogenic or
granulomatous infections, embolic infarcts, and
multiple sclerosis. History is usually the useful means
of making a differential diagnosis. If there is any
question, however,a follow-up scan may often resolve
the issue.

Leptomeningeal metastasis are not uncommon, and
are discussed in a separate presentation. MR with
gadolinium is far more sensitive in the detection of
these lesions than is CT, which commonly will over-
look leptomeningial metastasis even with the use of
contrast in part because both the adjacent calvarium
and contrast are high in x-ray attenuation. A pitfall
with gadolinium is that any inflammatory process of
the brain, acute or chronic, will also enhance. In the
post-operative patient, enhancement may persist for
months to years, in the absence of any neoplastic
disease.
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Introduction
In 1960s brain scnitigraphy was one of the major in
vivo nuclear medicine procedures, which was
frequently performed for delineation of intracranial
lesions such as tumor, infarction, hemorrhage, etc..
The lesions are demonstrated as hot areas or the
localized regions of increased accumulation of radio-
activity caused by disruption of the blood brain barrier.

Regional cerebral blood flow has been measured
using radiolabelled tracers since the introduction of
clearance principle for this purpose by Lassen and
Ingver in early 1960s.

Invention of computed tomography in 1970s
stimulated the development of tomographic imaging
in nuclear medicine as well, as it revolutionized
diagnostic radiology. Innovation of new technology
called positron emission computed tomography (PET)
and single photon emission computed tomography
(SPECT) has enabled to demonstrate regional brain
function as images.

The purpose of this presentation is to elucidate the
unique roles of PET and SPECT in assessing physio-
logical and biochemical functions of the brain.

1. Positron Emission Computed Tomography
(PET)

1) Principle and characteristics
When positrons undergo annihilation in matter
binding with electrons two 511 keV photons
are emitted to opposite directions, which can
be detected by two scintillation detectors facing
each other. The coincidence circuit enables
rejection of photons detected by one detector.

2)

After administration of a tracer labelled with a
positron emitting radionuclide such as C-ll,
N-13,0-15, or F-18, the distribution of radio-
activity in the body is imaged by m ultiple pairs
of scintillators arranged in circular form
surrounding the body. From these transverse
tomographic images information can be
gathered with respect for the function of the
organs thus imaged. A parameter of the func-
tion is caldurated pixel by pixel by the applica-
tion of a proper mathematical model, usually
derived from known biochemistry or physio-
logy of which distribution in the body is
displayed as functional images.

PET is characterized by 1) high special
resolution reaching 3mm in FWHM, 2) ob-
taining quantifiable data, 3) imaging tissue
function including regional blood flow and
metabolism and also localization of receptors.
PET is called "image of life" as the subject has
to be alive to be able to get images. As it is the
application to human body of autoradio-
graphical studies of metabolism in experi-
mental animals, PET may be called "in vivo
autoradiography". Localization and quantifi-
cation of receptors which are present in pg-ng
order in the tissue are comparable with deve-
lopment of radimmunoassay in late 1950.
Therefore, receptor imaging by PET is often
referred to as "in vivo radioassay".

Clinical application of PET for cerebral
diseases
PET has been used for the assessment of
regional cerebral blood flow (rCBF), regional
cerebral metabolic rates of oxygen (rCMRO),
glucose (rCMRGl), and regional protein
synthesis using 0-15-carbondioxide and -water,
F-18-deoxyglucose (FDG) and C-11-methio-
nine, respectively. These studies are useful for
the diagnosis and evaluation of diseases such
as cerebrovascular diseases, brain tumors,
epilepsy, dementia and psychosis. Opioid
receptor imaging is reported to be useful for
detection foci of epilepsy. Dopamine D2
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2.

1)

receptor imaging is useful for the localization
of plolactinoma and assessment of its drug
therapy. It should be further utilized for the
assessment ot drug effect and precise thera-
peutic drug monitoring.

3) Stimulation and activation studies
As rCBF parallels with rCMR in normal
subjects, 0-15 water has been used for the
stimulation and activation studies for localiza-
tion of brain function. When PET study is
performed while a subject is ears-pluged eyes
open condition, rCBF is increased in the
primary visual cortex. When the subject is
examined while he is listening to music with
eyes closed, increased blood flow is observed
in the auditory cortex while rCBF is decreased
in the visual cortex. As the activated increased
function is small, subtraction of rest images
from task images is helpful for the identifica-
tion of activated regions. For the precise local-
ization of activated brain areas PET images are
superimposed on the 3 dimensional display of
MRI of the same subject. Activation studies
are now aplied for better understanding of
higher brain function such as speech and
thinking as well as to disease such as schizo-
phrenia.

4) PET-Cyclotron facilities
Certain radionuclides such as isotopes of car-
bon, nitrogen and oxygen can be used for
labelling natural organic compounds to make
physiological tracers. These tracers are 2)
particularly suitable for the investigation of
biochemical processes of importance to the
welfare of living systems. Short half lives of 0-
15, N-13 and C-11 which range from 2-20 min.
and that of F-18 which is 110 min. make it
impossible to transfer the labelled tracers from
radiopharmaceutical plants to hospitals and
require production at the site of examinations.
A small cyclotron, therefore, is necessary to
produce those positron emitters in house.
Synthesis and labelling of tracers are per-
formed in the hot laboratories. Automated
systems which is celled chemical black box
(CBB) are developed for the frequently used

radiotracers. Heavy requirements for the PET-
cyclotron facilities in terms of manpowers and
budgets give the limits to implementing PET
studies. In Japan there are 18 PET centers at
present and additional 2-3 are under construc-
tion while about 1100 institutions practice
nuclear medicine for routine clinical purposes.
Therefore, in order to facilitate the images of
function in clinical practice it is important to
transfer the PET technology into single photon
emission computed tomography (SPECT).
S uch efforts have been vigorously made world
wide.

Single Photon Emission Computed
Tomography (SPECT)

Instrumentation
The most frequently used devices for SPECT
are scintillation cameras equipped with rotat-
ing mechanism and commuters that control
acquisition of imaging data and image proces-
sors for the reconstruction of tomographic
images. In Japan this type of SPECT system
are becoming the standard imaging device in
Nuclear Medicine, as about 900 such machines
are being used at present. There are dedicated
SPECT instruments such as ring shaped
SPECT. Of late new type SPECT that uses
three of four scintillation detectors are attract-
ing interest of nuclear physicians. As the
detectors move to be placed closer to the brain,
high resolution images can be obtained using
this type of machine.

1-123-IMPfor brain perfusion SPECT
I-123-N-isopropyl-iodo-amphetamine (IMP)
has been used for the evaluation of cerebral
perfusion, as the radiopharmaceutical reflects
distribution of cerebral blood flow. It can
demonstrate infarcted area in the brain at the
onset of the attack, if the examination is
performed at that stage. It can also delineate
decreased perfusion in the brain which is more
extended than the low density area shown by
CT. The characteristic decrease of cerebral
blood flow in the posterior part of parieto-
occipital region is demonstrated in the early
stage of Alzheimer type dementia just as it is
shown by PET rCBF images.
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3) 77-207 SPECT for the evaluation of brain
tumor
IMPSPECT when performed in patients with
brain tumor, shows focal defects in the area of
tumors in most of the cases. Tl-201 TICI is
accumulated by malignant tumors only.
Distribution pattern of Tl-201 in malignant
brain tumors appears similar to that of FDG in
the tumor and is different from conventional
Tc-99m-DTPA brain scintigraphy that reflects
the blood brain disruption. The composite
images of Tl-SPECTand IMPSPECT resemble
FDG PET images in patients with malignant
brain tumor. Non-tumor lesions such as infarc-
tion and radiation injuries where Tc-99m-
DTPA accumulates do not show Tl-uptake.
TISPECT has been also used successfully for
the assessment of the effect of treatment of
malignant brain tumors.

4) Tc-99m-HMPAO SPECT in epilepsy and
related diseases
Tc-99m-hexamethyl propylene amine oxine
(HMPAO) is the other radiopharmaceutical
being widely used for brain perfusion imag-
ing. Rapid accumulation and stable radio-
activity in the brain contrast IMP which takes
longer time to reach the plateau in the brain
and redistribute subsequently. This feature of
the HMPAO makes it suitable tor repeated
studies after task to say nothing of adequacy to
be used acute cases of cerebral infarction
because of easy availability of Tc-99m-
labelling in a hospital.

In patients with temporal epilepsy decreased
perfusion in the focus is demonstrated at inter-
ictal stated by HMPAO SPECT just as it is

shown by 0-15 or FDG PET. In case of chorea
increased radioactivity in the basal ganglia is
demonstrated. In a case of paroxysmal kinesi-
genic choreoathetosis (PKC), such features
atonic attack after exercise, HMPAO SPECTs
were performed repeatedly at rest and after
exercise. Markedly increased uptake of radio-
activity by the basal ganglia was demonstrated
during atonic attack after running. Less inten-
sive but higher than at rest accumulation of
radioactivity in the basal ganglia was seen at
state of aura.

Activation studies have been performed using
HMPAO SPECT.

5) Technology transfer from PET to SPECT
Several brain perfusion agents including
IMP.HMPA0 and ECD have been developed,
which can replace PET rCBF studies for routine
clinical purpose. Varieties of tracers for
receptor imaging using SPECT have been
developed and to be used routinely in near
future. SPECT agents for the evaluation of
metabolism of the brain is being eagerly
expected to be developed.

3. Summary and Conclusion
Parts of our experiences in the studies of brain
function by PET and SPECT are described.
The studies include those useful for routine
clinical purposes and the research for the
elucidation of higher brain function. Rapid
evolution both in instruments and radio-
pharmaceuticals in combination with efforts
by nuclear medicine specialists will further
promote the tracer technology unique to study
function of the tissues, organs and lesions.
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The application of MRI in the diagnosis of the diseases
in CNS is well established and studied after MR
invention in medicine, but the MRA is still immature
and need more developments on i t Although MRA
has rapidly changed over the past few years and now
became acommonly used way in the patients suspected
with neurologic disease, it is still a debut issue that is
MRA superior to DSA in some way or can MRA
replace the DSA in some extends? From this stand-
point, the author of this paper did some works, amd
some discussions on the indications and limitations
(non-specificity) of the MRA in CNS.

MATERIALS AND METHODS
Totally 167 cases were studied during the period of
March 1993 to July 1993. All of them were suspected
to suffer from neurologic disease

The scanner is a 1.5T superconducting GE Signa.
Beside the routine Tl , T2 and PD images obtained,
the MRA images were obtained with the two methods,
PC or TOF (2D or 3D), Gd-DTPA contrast enhance-
ments were performed in 7 cases.

RESULTS
The different kind of lesions were compared includ-
ing carotid artery stenosis and occlusion, AVM,
aneurysms, mayomayo's disease, brain tumors and
tinimus of the facial muscles, the ability of the MRA
in demonstration of the disease is various according
the type location and size of the lesion.

1. Carotid artery stenosis and occlusion: the
location of the stenosis can be shown in 2D
TOF MRA, but the severity of the narrowing
of the artery is always exaggerated in
comparison with DSA (due to the complex of
the hemodynamics inside the artery). Mean-
while the distal parts of the narrowing vessels

can be very fine or even cannot be shown in the
MRA but well detected in the conventional
MRI as high signals. This point can be helpful
in the diagnosis of the thrombosis in vertebral-
basilary artery.

AVM: General speaking, the feeding artery,
nidus and the drainage vein can be well
demonstrated in MRA, especially the nidus,
AVM with bleeding (chronic) is shown in both
the MRA (TOF) and the conventional MRI.

Aneurysms: 3D acquisition usually is
performed so that the relationship of the
aneurysm and the surrounding vessels can be
clearly shown (this is superior to DSA), the
intralumen aneurysm of the basilary artery is
usually demonstrated as narrow artery in MRA
(esp. 3D TOF), but this can be clearly shown in
the conventional MRI (the thrombus and the
aneurysm lumen can be seen).

Mayomayo's disease: MRA can demonstrate
the occlusion of the artery (usually the upper
segment of the IC A in clinoid process) and the
compensating arteries from the surface of the
cerebrum. But small tiny vessels cannot be
seen. The Mayomayo vessels can't be shown
either. MRA can be very convenient and safe
in the follow-up observations of this kind of
lesion.

Brain tumors: Big tumors can compress the
intracranial vessels severely. With the Gd-
DTPA, the tiny feeding artery and the drainage
veins can be seen on MRA, even the tumor
blood stains. So MRA is very helpful in delin-
eating the relationship of the tumor and great
vessels (e.g. the meningioma in the region of
SS A, parasellar tumors involving the carvenous
sinus).

Tinismus of the facial muscles: the small vessels
close to the VII nerve can be seen on MRA (3D
TOF), but nerve itself cannot be seen on pro-
jected images. So the source image plays a
very important roles in demonstration of the
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relationship of the vessel and nerve. In the
patient with tinismus of facial muscle, 100%
intact of the PICA or AICA with the facial
nerve can be seen on the symptomatic side, but
29% on contralateral side.

DISCUSSION

Basically there are two types of MRA techniques:
TOF and PC. Each of them has its own advantages
and disadvantages. As for the acquisition time, TOF
is shorter than PC, the signal loss is less in the
turbulence and complex flows, insensitive to the
phase shifts, but TOF can not show the slow flow and
the distal vessles, sometimes in very short TE or after
the contrast injection, more artifacts may arise. Also
the narrowing of the stenosis can be exaggerated. On
the contra, PC MRA is sensitive to all flows (slow or
fast). Small arteries and veins can be seen on PC (not
on TOF) but the acquisition time of PC is much longer
than TOF.

MRA now can be only taken as a screening method in
CNS, or as complimentary to DS A or as a follow-up
study after treatment.
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The anatomy of the sella and parasellar regions is
complex and therefore lesions in this region are
diverse. MRI with its multi-planar capability, superb
soft tissue contrast and spatial resolution, coupled
with Gadolinium enhancement displays the anatomy
of the region in great detail. On the basis of location
(intrasellar, parasellar, suprasellar or base of skull),
signal characteristics of the lesion on Tl and T2
images and the contrast enhancement pattern most
lesions can be accurately characterised. Taken in
conjunction with the patients presenting
symptomatology and age an accurate diagnosis with
a small differential can be offered in most cases.
Lesions such as intrasellar pituitary tumours,
metastatic deposits and meningioma can be differen-
tiated from each other. Parasellar meningioma can be
separated from parasellar aneurysms. Chordoma,
epidermoid, dermoid, lipoma and primary glial
tumours as well as neurogenic tumours such as
schwannomas all present fairly distinctive features.

Supra-sellar lesions such as cranio-pharyngioma,
arachnoid cyst, hypothalamic chiasmatic glioma,
hypothalamic hamartoma and pituitary stalk
granuloma can all be easily differentiated. Some
pituitary micro-adenoma (Cushings) and many macro-
adenomas are surgically resected through a trans-
sphenoidal approach. MRI defines the exact
boundaries and relationships of the lesion to the
surrounding structures and allows accurate surgical
planning. Intra-sellar and supra-sellar Rathke"s cleft
cysts, usually with high signal intensity on Tl images
need to be differentiated from haemorrhage into
intra-sellar tumours and this is usually possible with
a combination of Tl and T2 imaging as well as
gradientecho imaging. Occasionally follow up studies
are required for this differentiation to be achieved.
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Neurodegenerative disorders generally are of
insiduous onset, progress gradually (over years), and
are characterized by a preferential loss of neurons.
Two major clinical features are dementia and/or
movement disorder. Imaging studies are usually
ordered to help clarify the clinical picture or to
exclude the possibility of a treatable condition. In
general, MRI imaging shows (1) focal or generalized
atrophy, and (2) increased signal on long TR images
or decreased signal on long TR/TE (T2-weighted)
conventional spin-echo images (at l.ST), without
mass effect or abnormal enhancement.

A. Dementia
In community studies, the prevalence of
dementia increases exponentially from
approximately 1% to 20% between ages 65 to
85 years, doubling every 5 years. There are
many causes, including neurodegenerative
disorders [Alzheimer (AD), Pick's,
Huntington's (HD), Parkinson's (PD), and
Creutzfeldt-Jakob (CJD) diseases], vascular
dementia (VaD), normal pressure
hydrocephalus (NPH), tumor (typically
meningioma), and chronic subdural hematoma.
In the United States, AD and VaD account for
about 60-70% and 20-30% of dementia cases,
with a higher prevalence of VaD in Asia. MR
is valuable in excluding the possibility of tumor
or subdural hematoma as the cause of dementia,
and can support or question a diagnosis of AD
versus VaD.

For Alzheimer disease:

1. MR demonstrates generalized cerebral
atrophy and/or medial temporal lobe
atrophy. While the degree and progres-
sion of generalized atrophy are greater
than in normal aging, there is consider-

able overlap between the two groups
precluding cleardifferentiation visually.
Brain, CSF and GM (overall and
regional lobar) volume measurements
have greater sensitivity and specificity
for the diagnosis of AD, but are
cumbersome. Medial temporal lobe at-
rophy involving hippocampal forma-
tion, amydala, and entorhinal cortex,
is a more useful index. Hippocampal
(± amydala) volume measurements
(from spin-echo or 3D gradient-echo
acquisitions with oblique coronal
sections) distinguish mild and moderate
AD from normal aging in more than
85% of cases. Linear meausres, such as
"interuncal distance", are not as reliable.

There is disagreement as to whether or
not the number and/or size of white
matter hyperintense foci on T2W images
are mildly increased in AD compared to
normal elderly controls. No correlation
between the extent of white matter
hyperintensities and the severity of
dementia has been demonstrated.

One proton MR spectroscopy study
found that AD subjects had increased
myo-Inositol and decreased-N-acetyl
compared to healthy age-matched
controls. When quantitated, the
differences allowed discrimination of
AD subjects from controls. With
phosphorus spectroscopy, no signifi-
cant difference has been demonstrated
between the two groups of subjects.

Differential diagnosis
a. Vascular dementia - Dementia

may result from cortical and/or
multiple subcortical infarcts and/
or diffuse white matter ischemia.
Microangiopathy associated
with dementia [etat lacunaire;
subcortical arteriosclerotic
encephalopathy (SAE) or
Binswanger's disease] usually
results from chronic systemic
hypertension. White matter,
basal ganglia, and pontine
hyperintense foci on T2W
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Tablet
Signal intensity of white matter "lesions"

Entity Signal Intensity*
Long TR/Short TE Long TR/TE

VRS**
PVH, SCL***
Infarct

TIW

i

i

(PDW)

i _»
T

4..-».1

(T2W)

T
T
T

* Relative to uninvolved white matter
** Virchow-Robins spaces. Signal is equivalent to that ofCSF
**• Periventricular hyperintensities (PVH) and subcortical lesions (SCL), as described in Braffman

etal.

images are often seen in patients
with SAE (Table 1).

Normal pressure hydrocephalus (NPH)
- Uncommon before 60 years of age,
NPH is characterized by the clinical
triad of dementia, gait disturbance, and
urinary incontinence. The diagnosis is
confirmed by resolution of symptoms
following shunting. MR findings which
support the diagnosis of NPH are lateral
ventricular enlargement greater than
sulcal enlargement, uniform thinning
and elevation of the corpus callosum,
fourth and third ventricular enlarge-
ment (with dilatation of the optic and
infundibular recesses). White matter
changes are variable, and there is over-
lap with normal aging, AD and SAE.
CSF flow studies using cardiac-gated,
gradient-echo, mid-sagittal acquisitions
have been used to assess flow dynamics
qualitatively and quantitatively in the
aquaduct and fourth ventricle.

Pick'sdisease-Thisneurodegenerative
disease is 10-50 times less common
than AD, the patient's tend to be younger
and more often female. MR imaging is
valuable, demonstrating a focal (knife
edge) atrophy involving frontal and/or
temporal lobes, and sometimes caudate,
resulting in enlargement of frontal sulci,
sylvian fissures, and prominent frontal
horns. There is snaring of the superior

temporal gyms in addition to the parietal
and occipital lobes.

d. Creutzfeld-Jakob disease (CJD) - The
clinical presentation in cases of CJD is
variable, depending on regional brain
involvement. The disease is transmis-
sible, thought to be due to a "slow
virus", and is fatal, typically within a
year from onset of symptoms. MR
imaging usually demonstrates only
atrophy, although abnormal
hyperintense areas on long TR images
may occasionally be seen in gray matter
areas, including cortex (esp. occipital),
striatum, and thalamus, corresponding
to regions of neuronal loss, gliosis and
spongiform change (the hallmark of
CJD).

B. Movement Disorders
1. Pathophysiology - Movement is

mediated by multiple pathways:
pyramidal, extra-pyramidal and cere-
bellar. The extrapyramidal system may
be thought of as a few neural circuits or
loops that modify the control of move-
ment. The major extrapyramidal nuclei
are the striatum (caudate + putamen),
globus pallidus (GP), substantia nigra
(SN: pars compacta and parsreticulata),
subthalamic nucleus, and dentate
nucleus. Lesions of the extrpyramidal
system typically result in motor
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dysfunction manifested as (1) impaired
voluntary movement (eg. bradykinesia),
(2) abnormal muscle tone (rigidity,
dystonia), (3) involuntary movements
(resting tremor, chorea, athetosis,
ballism) and (4) abnormal postures and
postural reflexes.

Terminology
Parkinsonium=Parksinson Syndrome.
Parkinsonism refers to the constella-
tion of clinical findings that are asso-
ciated with Parkinson's disease (PD), a
neurodegenerative disorder of unknown
etiology. PD is characterized by resting
tremor, bradykinesia, rigidity, and
postural instability. Patients also
experience neurobehavioral, sensory,
autonomic and other disturbances. The
variability in clinical expression among
patients with parkinsonism has led to
the following clinical classification:

a. Primary parkinsonism =
Parkinson's disease (> 75% of
parkinsonian patients)

b. Parkinson-plus (or parkinsonism-
plus) syndromes (<15%): Progres-
sive supranuclear palsy (PSP),
striatonigral degeneration (SND),
Shy-Drager syndrome (SDS), and
olivo-pontocerebellar atrophy
(OPCA), and others. Various
combinations of SND, SDS and
OPCA have been referred to as
multiple system atrophy (MSA);
however, some authors consider
"multiple system atrophies" as
the pathological classification of
the parkinson-plus syndromes.

c. Secondary parkinsonism (10%):
Postencephalitic, vascular, toxins,
trauma, metabolic, tumor.

Parkinson's disease (PD)
a. Clinical: Onset between 50-60

years of age. The principal signs
and symptoms are those mentioned
above. Patients respond well, at
least initially, to anti-parkinsonian

medication (L-Dopa). Dementia
develops in up to 30% of PD
patients.

b. Pathogenesis: Involves the
nigrostriatal tract, with loss of
dopaminergic neurons (accom-
panied by gliosis and Lewy body
formation) in SN compacta in
particular. No neuronal loss in
striatum. Clinical manifestations
of PD become apparent after
depletion of 80% of dopamine in
the SN and striatum. Recent inves-
tigations into the pathogenesis of
PD have led to an hypothesis that
PD is a systemic disorder resulting
from abnormal energy metabolism.

c. MR imaging: See Table 2. PD is
diagnosed clinically, and imaging
studies are usually requested only
if patients (1) have lateralizing or
focal deficits (suspect infarcts), or
(2) do not respond to dopaminer-
gic therapy (suspect parkinson-plus
syndromes or secondary
parkinsonism). The imaging find-
ings are typically indistinguishable
from those of normal aging,
although there may be greater
arophy, decreased width of the pars
compacta (due to loss of neurons
and/or iron deposition) and/or
decreased signal in the putamen
(iron deposition). These latter find-
ings are more likely to be observed,
though, in patients with parkinson-
plus syndromes.

d. Proton MR spectroscopy, increased
cerebral lactate in occipital lobe
spectra of PD patients has been
reported, consistent with the
hypothesis of energy metabolism
defect. The increase is greatest in
demented patients.

4. Parkinson-plus syndromes
a. Progressive supranuclear palsy:

Parkinsonism plus vertical
supranuclear ophthalmoparesis (in-
ability to look down).
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Table 2
Movement Disorders

Disorders

1.

2.

3.
4.

5.

Parkinson's disease

Parkinson plus syndromes
a. PSP

b. SND
c. SDS
d. OPCA

Huntington's disease
Wilson's disease

Hallervorden-Spatz
disease

Focal Atrophy

-

+ midbrain

+ putamen > caudate
variable
+ pons, middle
cerebellar peduncle

cerebellum

+ putamen, caudate
+ deep WM, GM

+ GP

T2W Signal Abnormality (1.5T)

± U putamen, SN compacta

W SN compacta, putamen, superior
colliculi
ft periaqueductal GM
Ji putamen, SN compacta
± U putamen, SN compacta; ± 4 GP
ft pons (transverse fibers.raphe) to middle
cerebellar peduncles. Sparing of tegmen-
tum.
pyramidal tracts, and superior cerebellar
peduncles.
ft cerebellum (white matter, cortex)
ft or U putamen, cauda
Bilaterally symmetric:
ft or U putamen, caudate
ft thalamus, GP, dentate, pons, midbrain
(may be U)
Usually asymmetric:
ft subcortical WM, centrum semiovale
(may be U)
ft central / U peripheral GP ("eye of the
tiger")
M GP (DDx : hypothyroidism)

JJ SN compacta

Striatonigral degeneration:
Parkinsonism plus atypical
features, such as minimal or no
tremor, and predominance of
bradykinesia and rigidity. The
degree of hypointense signal in the
putamen on T2W images (at 1.5T)
correlates significantly with the
severity of rigidity.
Shy-Drager syndrome: Parkin-
sonism plus dysautonomia (eg,
orthostatic hypotension,
impotence, incontinence). Ataxia
and corticospinal tract signs, also.
MR is reported to be normal in
patients with pure autonomic

5.

failure. When SDS is associated
with SND and/or OPCA, MR find-
ings are similar to those of SND
and/or OPCA, respectively,

d. Olivopontocerebellar atrophy:
Parkinsonism plus ataxia. Upper
and lower motor neuron signs also.
Usually inherited. MR findings are
important for diagnosis since
clinical findings may overlap
considerably with other cerebellar
degenerative and non-degenerative
diseases.

Huntington's disease (HD)
a. Overview. Autosomal (chromo-

some 4) dominant inheritance.
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7.

Occurs in 4-5 persons per million.
Age at onset = 30s-40s. Clinical
triad: behavioral problems,
dementia, and chorea. As in the
case of PD, recent hypotheses
regarding pathogenesis focus on
abnormal energy metabolism.

b. MR imaging: see Table 3. Prelimi-
nary results of proton spectroscopy
show increased lactate in occipital
cortex; but not in basal ganglia, of
symptomatic individuals. Phos-
phorus spectroscopy reveals
increased levels of phospho-
monoesters and phosphodiesters.

Wilson's disease (WD)
a. Overview: Autosomal recessive

inheritance. Initial presentation as
neurological abnormalities (50%),
hepatic dysfunction (30%) or
psychiatric problesm (14%). The
diagnosis is established by bio-
chemical tests demonstrating a
deficiency of ceruloplasmin.
Copper is abnormally deposited in
various tissues, most notably in
liver, brain (lenticular nucleus) and
posterior corneal surface (Kaiser-
Fleischer ring). Age at onset = 5-
50 (peak at 8-16 years of age).
Neurologic abnormalities include
tremor, rigidity, dystonia, gait dif-
ficulty, incoordination and
dysarthria.

b. MR imaging: see Table 3.
Hypointensity on T2W images is
either due to paramagnetic effects
of copper or other agent(s) such as
iron. Hyperintense signal may be
attributed to gliosis, edema,
demyelination, and/or necrosis
with cavitation, which are known
to occur pathologically, due to
copper toxicity and/or is ischemia.

Hallervoden-Spatx disease (HSD)
a. Overview. Autosomal recessive

inheritance in half of all cases. Age
at onset = childhood/adolescence,
occasionally adulthood. Clinical

findings include parkinsonism,
dystonia, chorea, spasticity and
dementia.

b. MR imaging: see Table 3. The
hyperintense signal in the "eye of
the tiger" on T2W images is likely
due to demyelination and reactive
gliosis resulting from swelling and
disintegration of the terminal
portions of axons in the GP.

Other neurodegenerative disorders
1. Leigh's Syndrome

a. Overview: Autosomal recessive
inheritance. Age of onset=infancy
(< 2 years of age) or childhood.
Variable and nonspecific clinical
findings, including ataxia, dystonia,
visual disturbances, and limb weak-
ness. Specific mitochondrial
enzyme deficiencies, yet variable
metabolic abnormalities. Most
striking is elevated blood and CSF
lactate and pyruvate concentra-
tions.

b. MR imaging: Bilateral, relatively
symmetric signal abnormalities (1)
putamenal lesions that are
hypointense on short TR and
hyperintense on long TR images;
(2) hypointense thalami, GP and
portions of putamena on long TR/
TE images. Long TR hyperintense
lesions also likely to involve
brainstem and optic pathways
based on pathologic findings.
Proton spectroscopy has shown
elevated brain levels of lactate (in
basal ganglia with hyperintense
lesions) and alanine.

2. Mitochondrial encephalomyopathies
a. Overview: A group of multisystem

disorders with structural or func-
tional m itochondrial abnormalities,
and overlapping clinical, biochemi-
cal, pathological and imaging find-
ings. Typical clinical findings in-
clude short stature, weakness,
sensorineural hearing loss and
serum lactic acidosis. MELAS
( m i t r o c h o n d r i a l
encephalomyopathy, lactic acido-
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3.

sis, and stroke) can be clinically
differentiated from the others.

b. MR imaging: Bilaterally symmetric
or asymmetric, hyperintense
lesions on long TO images involv-
ing the basal ganglia, as well as
occpital, temporal and parietal
lobes, with the appearance of
infarcts, yet not strictly adhering to
vascular territories. In MELAS (1),
cortical blindness results from
involvement of optic radiations and
occipital cortex and (2) basal
ganglia lesions may calcify.

Acquired hepatocerebral syndromes
a. Overview: Chronic liver disease

may result in a disturbance of

consciousness (ranging from
confusion to stupor to coma), move-
ment disorder (secondary
parkinsonism), dysarthria and/or
ataxia. Neurolgoic status correlates
with serum ammonium levels.

b. MR imaging: May observe
hyperintensity on T1W images in
the HP, putamen, subthalamic and
midbrain regions, due to deposi-
tion of paramagnetic substance (eg.
manganese, iron copper), or an
astrocytic reaction. The same
regions are unremarkable on T2W
images. Similar findings have been
reported in patients undergoing
long-term total parenteral nutrition
therapy.
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MRI of Lower Cranial Nerves -Anatomy and
Pathology

M S Khangure

Department of Diagnostic Radiology,
Royal Perth Hospital

The V nerve nuclei and its connections extend from
the midbrain to the upper cervical cord. Lesions in the
brain stem can present with V nerve dysfunction. The
V nerve runs from the pons to Meckel's cave and
extra-axial lesions or lesions within this segment of
the nerve may present with trigeminal neuralgia.
From Meckel's cave to the peripheral major divisions
of the trigeminal nerve lesions may involve all three
divisions or the ophthalmic, maxillary mandibular
divisions individually. Lesions of the brain stem,
ranging from primary tumour, metastatic disease and
inflammatory processes such as multiple sclerosis
can all present with V nerve dysfunction. Syringo-
bulbia, vascular loops and AVMs of the CP angle
cistern may lead to V nerve symptomatology. Meckel' s
cave may be involved by cavernous sinus pathology
such as meningioma, aneurysm and other invasive
tumours. Skull base tumours and peri-neural spread
of tumour from primary head and neck cancers can all
involve the V nerve. Extra-cranial pathologies such
as sinusitis, osteo-myelitis and primary neurogenic
tumours need to be excluded. Imaging of the V nerve
therefore requires assessment from the upper cervical
cord, and brain stem to base of skull.

Cranial nerve VII dysfunction may be present with
lesions of the cerebral cortex, capsule, brain stem,
inner ear, middle ear and the stylo-mastoid foramen
and parotid gland. However, clinical features such as
the lack of lacrimation or hyper-acusis can often help
to localise the site of involvement. Based on this
clinical localisation detailed MRI studies can be
carried out of the relevant area to define the site of
involvement and the pathology.

Cranial nerve VIII with its two vestibular divisions
and cochlea divisions as well depicted on MRI. Patient
may present with a hearing loss and in such a case
examination needs to extend from the temporal lobes
t the IAM, particularly if the hearing loss is bilateral.
Vestibular dysfunction may be due to a brain stem
lesion or involvement of the vestibular. With the use
of Gadolinium vestibulitis can be recognised.

Cranial nerves IX, X, XI and XII have their nuclei in
the lower brain stem and leave the skull base through
well defined foramina. Pathological processes may
effect the brain stem, the adjacent subarachnoid space,
foramina or adjacent neck presenting with appro-
priate neurological dysfunction. MRI displays the
anatomy in detail and therefore allows the depiction
of the pathological process. Pathology such as brain
stem glioma, demyelination, brain stem ischaemia
can all present with lower cranial nerve dysfunction.
Metastatic lesions and primary tumours of the skull
base may be associated with lower cranial nerve
palsies and these lesions can be readily differentiated
on MRI.

The combination of accurate clinical history and
detailed appropriate MRI imagin allows accurate
characteristic of most of the pathological processes
involving the lower cranial nerves.
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Neonatal Intracranial Hemorrhage

Charles A. Gooding

University of California, San Francisco,
San Francisco, California, USA

Intracranial hemorrhage (ICH) is the most frequently
encountered neurological disturbance in neonatal
medicine. Almost exclusively, it occurs in premature
infants with birth weights less than 2,500 gm. The
incidence of ICH is approximately 45% among
premature infants of less than 35 weeks' gestation1 or
in those weighing less than 1,500 gm at birth. The
potential catastrophic nature of this entity is revealed
by the fact that ICH is the most common central
nervous system lesion found on postmortem exami-
nation of newborn infants.2 Bada et al.3 reported an
89% mortality rate for infants less than 1,000 gm and
having intraventricular hemorrhage (IVH). In another
study, IVH was the primary cause of death in one-
third of infants weighing less than 1,000 gm.* It is
quite likely that, currently, proportionally even more
infants are dying from ICH as modern medical and
surgical techniques have reduced the death rates from
other causes.5

The purpose of this presentation is to review current
concepts regarding etiology, diagnosis, prevention,
treatment, and follow-up of infants with ICH.

Etiology
Approximately 75% to 90% of ICHs originate in the
germinal matrix.6 The germinal matrix is a highly
vascular subependymal structure adjacent to the lat-
eral ventricles, in the region of the caudothalamic
groove. It is a source of spongioblasts and neuro-
blasts, which migrate peripherally to form portions of
the cerebral cortex, basal ganglia, and other forebrain
structures. The germinal matrix is most pronounced
in the fetus of 6 and 8 months' gestation, and it
decreases in size as the fetus matures. It is virtually
absent in the full-term infant.7 Therefore it is not
surpris,ng' that postmortem studies show a low
.ncidence of ICH in stillbirths and that the majority of
subependymal hemorrhages (SEHs) originate in in-
fants of between 28 to 34 weeks' gestation.

In the fetal brain, the superficial cortical veins are
poorly developed, and the highly vascular germinal
matrix drains into the great vein of Galen and its
tributaries via thin-walled terminal branches of the
thalamostriate vein. It is postulated that perinatal
hypoxia causes circulatory failure, with generalized
visceral venous congestion. Thrombosis with venous
infarction or venous hemorrhage without infarction
occurs in the terminal branches of the thalamostriate
vein within the germinal matrix.6>8 Using chromium-
50-labelled red blood cells, Tsiantos et al.9 showed
that most IVHs occur in the first 3 days of life.10

ltrasound and computed tomographic (CT) studies
have confirmed this.

Extensive experimental evidence has accumulated
attesting to the multi-factorial etiology of ICH.
Hypoxia and asphyxia seem to be specific precipitat-
ing factors. It is known that the normal newborn
maintains a constant cerebral blood flow despite
fluctuations in systemic blood pressure, a phenome-
non known as autoregulation. Studies have suggested
that asphyxia may abolish this autoregulation, i.e., the
cerebral blood flow parallels changes in systemic
blood pressure. Asphyxizcepisodes consist of a
combination of hypoxia, hypercapnia and acidosis.

Statistically linked risk factors in neonatal periven-
tricular hemorrhage include prematurity, respiratory
distress syndrome, patentductusarteriosus, mechani-
cal ventilation, hypercapnia, acidosis, and rapidcolloid
infusion. Pneumothorax has been strongly linked to
subsequent hemorrhage,11 probably through a combi-
nation of blood gas abnormality and hypertension.

The relationship of pneumothorax to the occurrence
of IVH in the premature newborn was studied by Hill,
et al.11 These investigators measured blood flow
velocity in the anterior cerebral artery by a transcuta-
neous Doppler technique.12 They found that at the
time of pneumothorax there was a marked increase in
flow velocity, especially during diastole, and that
with resolution of the pneumothorax, flow velocity
returned to normal levels over the ensuing hours. The
changes in flow velocity correlated closely with
systemic hemodynamic changes that occurred with
pneumothorax, i.e., an increase in mean systemic
blood pressure. Intraventricular hemorrhage docu-
mented by serial ultrasound scans was observed shortly
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after the pneumothorax in the nine infants studied, as
well as in six additional infants that they mention in
the addendum to their study. Their data therefore
demonstrate a marked increase in flow velocity in the
cerebral circulation at the time of pneumothorax.
This increase is important in the genesis of IVH, as
is suggested by the occurrence of IVH soon after the
cerebral hemodynamic changes occur.

The close association between pneumothorax and the
exacerbation of IVH has been reported previously.13

Lipscomb, et al.w reported that of 14 ventilated
premature infants who developed pneumothorax, 12
(86%) developed IVH. They also showed that the
presence of extra-alveolar air is a significant risk
factor for the development of IVH. These studies
raise the question of whether pneumothorax is related
to IVH in a causative manner or whether pneumotho-
rax and IVH are separate consequences of some
common event. The data presented by Hill, et al.
suggest that the relationship is a causative one and
that the pathogenetic mechanism includes an abrupt
increase in cerebral blood flow at the time of pneu-
mothorax.

Birth asphyxia or trauma producing blood loss and
hypotension may interfere with cerebral autoregula-
tion. Endotracheal tube blockage or displacement has
also been linked to hemorrhage.15 Severe degrees of
atelectasis may also be a cause.16

Meticulous care with continuous blood gas monitor-
ing may avert the often brief episodes which may not
even be clinically recognized and which can lead to
major ICH. Different insults predominate at different
postnatal ages. Perinatal management may have a
significant role in reducing the incidence and severity
of ICH. A reduced incidence of ICH is associated
with delivery by caesarean section and absence of
premature labour prior to delivery. Active resuscita-
tion with use of early respiratory support, avoidance
of the complications of artificial ventilation, and
attention to maintenance of a normal blood pressure
may be the prime factors associated with reduction in
severity of ICH.

New evidence indicates that use of pupillary dilators
during ophthalmologic examination of the newborn
may precipitate increased intracranial pressure, which
might be related to ICH.17

Head rotation to the side is known to increase intrac-
ranial pressure in the infant, and this may contribute
to neurological morbidity of newborn infants either
directly, by causing vascular distention leading to
capillary rupture and IVH, or indirectly by producing
cerebral edema and impairment of cerebral perfusion
following asphyxia or IVH.18

Hormonal neuropeptides such as B-endorphins, vaso-
pressin, and prolactin are other possible participants
in the pathogenesis of IVH.19

Diagnosis
Computed tomographic (CT) scanning and serial
ultrasound scanning of the neonate's head have
generated much information about ICH. Based on CT
scanning, a grading system for ICH has been proposed
byPapileetal.:20-21

Grade 1: Subependymal

Grade 11: Intraventricular hemorrhage with-
out ventricular dilatation

Grade 111: Intraventricular hemorrhage with
ventricular dilatation

Grade IV: Intraventricular hemorrhage with
parenchymal hemorrhage

Intraventricular hemorrhage is often a clinically silent
event. Papile et al.2© showed that 78% of the surviv-
ing infants with IVH had no clinical evidence of IVH.
Furthermore, 20% of the infants without IVH had
clinical signs suggestive of IVH. The analysis of the
cerebrospinal fluid for protein and red blood cells was
not helpful in determining which of the infants had
IVH.

Shankaran, et al.22 developed a classification of ICH
based on the ultrasonographic appearance of the
hemorrhage. They performed real-time ultrasonic
examinations on admission and every 3 days during
the first 3 weeks of life in neonates less than 1,500 gm
and when clinically indicated in other neonates. The
real-time sector scan was obtained through the ante-
rior fontanelle using a 3.5- or 5.0-MHz transducer.
Hemorrhages were sonographically classified as:

Mild: Hemorrhage confined to the subependymal
periventricular region or accompanied by a
small amount of blood in the normal-sized
lateral ventricle.

296



Moderate: Intermediate amount of blood in enlarged
lateral ventricle.

Severe: Hemorrhage filling the entire lateral ventri-
cle forming a cast, or intracerebral extension
of the hemorrhage, or both.

Fleischer, et al.23 demonstrated a close relationship
between the severity of the ICH and the development
of progressive ventricular dilation. Eighty percent of
premature infants with minor bleeds (SEH or SEH/
small IVH) did not develop significant ventricular
dilatation, whereas all infants with IVH or intrapar-
enchymal hemorrhage, or both, developed moderate
to severe dilatation.

Levene, et al.24 used ultrasound to study 146 infants
of 34 weeks' gestation or less to diagnose the presence
of IVH. They found IVH in 52 (36%) of these 146
infants and in 32 (50%) of the 64 infants of 30 weeks'
gestation or less. The first incident of IVH was before
72 hours in 32 (78%) of 41 infants studied early. In
this study, clinical factors that significantly corre-
lated with the development of IVH were outborn as
opposed to inborn, administration of sodium bicar-
bonate, hypothermia, intermittent positive pressure
ventilation, continuous positive airway pressure,
hypercapnia, severe acidosis, and respiratory distress
syndrome. The latter was not the most important
factor. The ultrasound diagnosis agreed with the
necropsy findings in 90% of infants.

Partridge, et al.25 believe, from a pragmatic stand-
point, that the optimal timing for the ultrasonic diag-
nosis of ICH is days 4 to 7, with follow-up at day 14.
They believe that the most efficient time for ultra-
sound to diagnose ventricular dilatation is day 14,
with follow-up at 3 months.

A comparison of ultrasound and CT findings has been
reported by a number of investigators. Edwards, et
al.26 found that in all 17 cases compared, there was no
disagreement between ultrasound and CT on ven-
tricular size. The advantages of ultrasound incl ude no
ionizing radiation, less expense than CT, and capa-
bility of being performed in the isolette in the nursery,
thereby minimizing the risk to the infant of hypoxia
and hypothermia.

Bejar, et al.27 found that ultrasound was more sensi-
tive in diagnosing small IVH/SEH and organized
clots than were CT studies. Intraventricular hemor-

rhage/subependymal hemorrhage were found in 90%
of 113 infants of 34 weeks' gestation. The disagree-
ments between ultrasound and CT studies done in the
first week of life were only in cases of small
hemorrhages.

Norman showed that CT visualization of blood
depends on the hemoglobin concentration.2" A hemo-
globin concentration of 7 to 8 gm/100 ml has the same
attenuation value as the brain and therefore appears
isodense with the rest of the brain tissue. Bejar, et
al.27 demonstrated that ultrasound could detect fluid
blood (cerebrospinal fluid hematocrit 2%), whereas
CT studies did not. Furthermore, in an autopsy study,
Bejar, etal. showed that an occipital horn with bloody
cerebrospinal fluid (hematrocrit 0.5%) was isodense
in the simultaneous ultrasound study. Borders, et al29

foundthat in vitro blood free of microbubbles could
produce echoes with a hematocrit as low as 0.02%.
The lesser sensitivity of CT studies could partially
explain why Papile, et al.20 found a lower incidenc of
these hemorrhages (45% to 50%). Furthermore, in
their studies with CT, the first scans were performed
several days after birth. The hemoglobin concentra-
tions of the hemorrhage could have been modified by
the reticuloendothelial (glial) cells which rapidly
organize the clot and by an increase in the water
content of the hemorrhagic area. These changes would
reduce the concentration of hemoglobin and further
decrease the possibility that a hemorrhage could be
detected by CT studies.

Very recently, nuclear magnetic resonance (NMR)
spectroscopy30 and NMR imaging31 have been
advocated as ICH investigational tools by London's
University Hospital and Hammersmith Hospital
teams. Brain damage in newborn infants in the inten-
sive care nursery commonly results from cerebral
hemorrhage or ischemia leading to infarction.
Hemorrhages are easy to detect with ultrasound or
CT, but neither technique reliably identifies ischemic
iesions until loss of brain substance has occurred.

Phosphorus-31 NMR can be used to measure nonin-
vasively the relative concentration of mobile phos-
phorus compounds involved in energy metabolism in
living animals. In rabbits having cerebral ischemia
experimentally produced at University College
Hospital, a phosphorus-31 spectrum seemed consis-
tent in the experimental animals. Phosphocreatine
concentration fell faster, but in unison with that of
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ATP, and the concentration of inorganic phosphate
rose. Intracellular pH fell. Following reperfusion, the
values returned to normal..30

At Hammersmith Hospital, NMR brain scans were
performed in 16 infants, of whom 14 had IVH.
Ultrasound provided more information than NMR on
size and position of hemorrhage as well as degree of
ventricular dilatation. Nuclear magnetic resonance
appears most useful in assessing degrees of myelini-
zation and detecting periventricular edema in acute
hydrocephalus and following acute perinatal
asphyxia."

Prevention and Treatment
Aside from the obvious improvement in general
obstetrical and neonatal nursing care, several excit-
ing specific new regimens have been proposed to
minimize the incidence of ICH. Controversy and
contradictory evidence surround some of the newer
proposals, particularly the use of phenobarbital.

Indomethacin, which inhibits prostaglandin
synthetase, has been demonstrated to prevent cere-
bral microvascular permeability changes evoked the
acute onset of hypertension or asphyxia. Newborn
beagle pups were given hemorrhagic hypotension
followed by volume expansion to produce IVH. Nine
percent of pups receiving indomethacin had IVH,
compared with 80% of those who received saline.32

Ethamsylate is a synthetic, water-sol uble, nonsteroidal
drug which has been used clinically to reduce capil-
lary bleeding in ear surgery, buccal surgery, after
prostatectomy, and in menorrhagia. It has no known
toxic effects. It increases platelet adhesiveness. It was
used in a double-blind study of 70 infants. Periven-
tricular hemorrhage developed in 9/.35 infants on
ethamsylate and 18/35 who were on placebo."

Follow-up
Outcome data are not yet fully developed since most
of the identified affected children are still quite young.
Surviving infants with grade I and 11 lesions had
normal CT scans at 3 weeks. The finding of promi-
nence of the interhemispheric fissure in 83% of these
infants on CT exam at 6 months may indicate some
degree of cerebral atrophy. Extensive IVH (grade 111
and IV) was associated with progressive ventricular
dilatation.20

Twenty-six of 35 surviving neonates had post-
hemorrhagic hydrocephalus, and 11 infants required
shunt insertion.11 The survival rate of infants with
hemorrhage and the incidence of post-hemorrhagic
hydrocephalus correlated with the severity of the
hemorrhage. The highest mortality rate was seen in
the group with ventricular cases, and all infants with
ventricular cases developed hydrocephalus. The nfants
with ICH had a high percentage of neurological
deficits. All surviving neonates with ICH developed
porencephaly, probably as a result of liquefaction ne-
crosis of intracerebral hematoma. Sonographically
this process is seen as a dense echogenic area which
over the course of 2 to 6 weeks appears mottled. Later
this affected area becomes anechoic and communi-
cates with the ventricle, forming a porencephalic
dilatation of the ventricle. The incidence of post-
hemorrhagic hydrocephalus in this study is greater
than that reported in other studies, possibly because
these sonographic studies were done every 3 days, as
opposed to CT studies done at intervals of 7 to 14
days.

The post-hemorrhagic ventriculomegaly is probably
secondary to an obi iterative arachnoiditis in the
posterior fossa, which impairs the flow of cerebro-
spinal fluid either out of the fourth ventricle or through
the tentorial notch. Ventricular dilatation does not
always progress; surgical decompression of the
ventricles, therefore, should be reserved for those
infants having progressive dilatation. Hydrocephalus
per se did not influence prognosis. These findings are
similar to those of Krishnamoorthy, et al.34 who found
that the abnormal ventricular size on follow-up
examination did correlate with the severity of the
hemorrhage and appears to persist. Forty-seven
percent with moderate IVH and 90% with severe IVH
continued to have abnormal ventricular size in follow-
up. However, abnormal ventricular size was notal ways
associated with poor neurological outcome.

One hundred nine surviving infants were followed
until they were about 18 months old. Major or minor
developmental or neurological sequelae developed in
5 (8%) of 62 infants with normal ultrasound scans,
and 2 (8%) of 25 infants with uncomplicated periven-
tricular hemorrhage. In contrast, 15 (71%) of 21
infants who had ventriculomegaly were abnormal on
follow-up.35
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Summary
Intracranial hemorrhage in neonatal premature infants
is a potentially catastrophic compl ication that is m uch
more common than previously thought. It is readily
amenable to diagnosis by noninvasive ultrasound
exam. Multifactorial causes have been proposed to
explain its occurrence, and several specific prophy-
lactic and therapeutic regimens are predicated upon
these proposals.
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PRI - PAEDIATRIC RADIOLOGY

Transfontanellar Ultrasonography

Albert Lam

University of Sydney, Australia

Instrumentation
Realtime sector scanner with transducer frequency 5
to lOmHz for global intracranial and transcranial
Doppler studies, small, light weight transducer with
contact that fits the anterior fontanelle, frame rate at
least 30 fps
Linear array for near field structures e.g., meninges
and cerebral cortex

Sterilisation:
Clean with iodine, allow to dry and wiped with
alcohol
Clean gel
Transducer covered by sterile housing when used for
intra-operative procedures

Scan techniques:
1. Mobile patient- feeding during study
2. Infant in isolette-

Not intubated- change head position
Intubated- tilting transducer

Limitations:
1. Anterior fontanelle closed at about 18 months,

premature closure in craniosynostosis.
2. Dressing or drip site
3. Excessive hair, avoid by combing along the

sutures

SCANNING PLANES:

A. Coronal and modified coronal views:
Acoustic gel applied to anterior fontanelle
Comb hair if too much hair

Transducer appl ied to anterior fontanel le parallel
to coronal sutures
TGC set after frequency of transducer chosen
Field of view chosen to display the brain to the
maximum size without losing information
Correct orientation and symmetry
Angle the transducer from anterior to posterior
and take freeze frame hard copies.

Views includes:
1. Frontal lobe
2. Frontal horns
3. 3rd ventricle
4. Brain stem
5. 4 th ventricle
6. Lateral ventricles & trigone
7. Supraventricular white mailer

B. Sagittal views
Applied transducer in the anterior fontancllc
along the sagittal suture
Views:
Mid sagittal section- 3rd & 4th ventricles
4 freeze frame hard copies on each side:
Correct orientation of lateral ventricle (right
frontal horn points to R)

1. Along the lateral aspect of corpus callosum to
show the sulcal pattern

2. Along the lateral ventricle- slightly anticlock
wise

3. Pcrivcntricular while matter
4. Sylvian fissure

Common errors
1. Incomplete study- Posterior fossa structures,

superficial anatomy and periventricular white
matter not included

2. Technical errors
Asymmetry in coronal views
Disalignment in sagittal section
Mis-label led coronal and sagittal sections

Advantages of neurosonography
1. Mobile
2. Non-invasive
3. Cost effective
4. Multiplanar display

Limitations of neurosonography
1. Limited by anatomical acoustic windows
2. Operator dependent

Value of neurosonography
1. Diagnosis of lesion
2. Type and site of lesion
3. Timing of lesion
4. Nature of evol ution
5. Response to treatment.
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INDICATIONS

1. INTRACRANIAL INJURIES:
Prematurity
BinhTrauma
Infections- antenatal and post-natal

2. CONGENITAL MALFORMATIONS:
Midline defects

IMmorphism
Macrocephaly and microcephaly

3. MASS LESIONS:
Neoplasm and A-V malformations

INTRACRANIAL INJURIES IN NEONATES

1. PREMATURITY:
GMH, IVH, cerebellar haemorrhages
Leucomalacia and peri ventricular haemorrhagic
infarcts

2. BIRTH TRAUMA:
Cerebral haematoma and infarcts
Subdural and subarachnoid haemorrhages

3. INFECHONS:
Antenatal- toxoplasmosis, cytomegalovirus,
rubella.
Post natal- meningitis, meningoencephalilis,
ventriculitis

Common brain injuries in preterm infants
1. Germinal matrix haemorrhages (GMH)
2. Intraventricular haemorrhage (IVH)
3. Periventricular leucomalacia (PVL)
4. Periventricular haemorrhagic infarction (PHI)

Germinal Matrix Haemorrhages (GMH)
Sonography:
Grade 1 - echogenic mass in the caudate nucleus /
thalamostriate notch.
Grade 2 - occlusion of frontal horn.
Sequelae:
No major morbidity
Grade 1 - resolves in 1 month, clinically normal.
Grade 2 - form Subcpendymal cyst, may persist for
months
intracerebral extension with porenccphaly ormation.

Intraventricular haemorrhage (IVH)
Sonography:
Grade 1 - difficult to diagnose
Direct- echogenic ventricles, thickened ependymal
lining, CSF/blood levels
Indirect- bulky, irregular choroid plexus extending
into the occipital horns superior anterior choroid
plexus fails to taper
Grade 2 - ventriculomegaly

Complication of post-IVH hydrocephdus:
Incidence: 70% of IVH
Transient - 1/3; secondary to ependymitis, resolved
from 2 days to 2 weeks.
Permanent-2/3:1/3 with mild ventriculomegaly and
motor delay 1/3 with obstructive hydrocephalus
requiring shunting

Grading of intracranial haemorrhages
A. Papiles/ Berntein:
1. Isolated GMH
2. GMH.Choroid plexus haemorrhage(CPH), IVH.
3. IVH with ventnculomegaly.
4. Intracerebral haemorrhage.

B. RAHC:
Germinal matrix haemorrhage:
Grade 1 -isolated; Grade 2-occlude frontal horn

IVH: Grade 1- normal ventricle; Grade 2- ventricu-
lomegaly
Intraparenchymal haemorrhage (ICH)- extent and
location

Cerebellar haemorrhages
Types: Intra-axial- germinal matrix; cortical; Extra-
axial- subarachnoid or subdural..
Sonography:
Echogenic cerebellar mass; sagittal sinus thrombosis
to be excluded with Doppler or MRI.

Periventricular leucomalacia (PVL)
Sonogmphy:
Only 28% detected in vivo;
Stages of evolutions:
Periventricular hyperechogenicity- for 2-3 weeks
Cystic transformations of white matter- 3 to 4 weeks
White matter atrophy and cysts disappeared- 1 to 3
months
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Periventricular haemorrhagic infarction (PHI)
Sonography:
Acute: Unilateral or asymmetrically bilateral, globular
or triangular lesion radiating from the external angles
of the lateral ventricle.
Extensive: from frorital to parieto-occipital
Localised: only one lobe involved
Chronic: Porencephaly and hydroccphalus

Antenatal intmclanial haemorrhages:
1. MATERNAL CONDITIONS-

Systemic disorder: Severe anaemia, anoxia,
posteclamptic toxaemia
Trauma: direct or shock
Coagulopathies: anticoagulants, idiopathic
thrombocytopaenia

2. FOETAL CONDITIONS:
Multiple pregnancies with monozygotic twin
demise
Cerebral arterial occulsions: emboli from placenta
or foetal virus
Coagulopathies: isoimmune thrombocytopaenia,
inherited clotting factor deficiency

3. COMPLICATION OFPLACENTA OR CORD-
Placenta abruptioa or true knot

4. IDIOPATHIC

Sonographic features of extradural haematoma
1. Biconvex mass, echogenicity varies with age of

haematoma
2. Adjacent to inner table of skull with sutural

diastasis
3. Mass effect with compression of ipsilateral lat-

eral ventricle and midline shift

Sonographic features of subdural haematoma
1. Concentric mass over cerebral hemisphere
2. Medial displacement of Sylvian fissure
3. Midline displacement
4. Compression of lateral ventricle
5. Effacement of ipsilateral sulcal pattern
6. Ipsilateral sutural diastasis
7. Associated trauma: cerebral oedema, S AH, IVH,

ICH.

INTRACRANIAL INFECTION

ANTENA TAL:
Pathogen: Cytomegalovirus, toxoplasma gondii,

rubella, herpes simplex. All except herpes simplex
are caused by transplacental passage

Pathology: Encephalitis, meningitis or ventriculitis
with necrotising inflammatory process leads to
hydrocephalus, cerebral calcifications, hydranen-
cephaly, porencephaly, microcephaly and migralional
disorders.

Sonograpby:
Nonspecific; changes and distribution varies with
pathogen, timing of insult and severity.
Dystrophic calcification- CMV, toxoplasmosis,
rubella, herpes type 2
Ventriculomegaly- obstructive or atrophic, may co-
exist
Thalamostriate vasculopathy- mineralised or hypcr-
cellular medium size arterial wall
Cystic degenerations- periventricular or parenchymal
Ventricular echoes, band or separation; subepen-
dymal cyst
Migrational disorder: polymicrogyria, heterotopic
gray matter

POSTNA TAL:

Pathogens:
Neonatal- Group-B streptococcus, E. coli
Infants: Haemophilus influenzae, streptococcus
pneumoniae, Nisseria meningitis

Pathology:
Bacteria see the choroid plexus, spread through the
ventricular system to infect the subarachnoid spaces
and meninges, cortical vein and cerebritis

Sonography:
Thickened, echogenic sulci and leptomeninges in the
first week; nonspecific to organisms

Complications:
Minimal ventriculomegaly - 1 week
Infarction from cortical vein phlebitis- in 1-2 weeks.
Multicystic encephalomalacia- 1-3 weeks
Subdural effusion or empyema- > 2 weeks, mainly in
young infants (2-3 m) with H. influenzae meningitis
Cerebral abscess ( Citrobaccter diversus, Proteus
mirabilis, Serratia marcescens, Candida albicans)
from cerebritis and infarcts. occur in > 3 week;
irregular echogenic capsule with hypoechoic central
core
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Ventriculitis — 65-90% of neonatal meningiiis;seen
> 3 weeks, thickened hyperechoic ependyma, intra-
ventricular membranes, CSF-pus fluid levels move
with head movements, bulky choroid plexus; compli-
cated with septation and compartmentalisation of
ventricles.
Atrophy- Mild ventriculomegaly with microcephaly;
late

INFANTILE:

Tuberculous meningitis - 87 cases, age 4-26 m;
95% stage 2 or 3; 16% mortality.

Sonography:
Obstructive hydrocephalus (97%) with hyperechoic
periventricular transependymal oedema, mainly in
frontal region
Infarcts (6.6%) with a mainly hypoechoic complex
mass with sulcal effacement and compression of
lateral ventricle
Abscess (2.2%), subcortical and basal ganglia; thick,
irregular hyperechoic wall and a complex echogenic
centre
Tuberculoma (2.2%) subcortical, echogenic calcifi-
cation with posterior shadowing Encephalomalacia
(1%)
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Challenges and Limits of Ultrasonography in
the Evaluation of a Child's Kidneys and
Urinary Tract

Ulrich V Willi

University Children's Hospital, Zurich,
Switzerland

Ultrasonography (US) is the most versatile imaging
tool in the hands of a versatile examiner. Given the
latter prerequisite, US lends itself to be challenged for
diagnosis of numerous abnormal conditions of a
child's kidneys and urinary tract Pushing the limits
of the tool or of one's own ability and expertise, will

render the limits obvious to anybody who is self-
critical. Also, part of the expertise is the awareness of
multiple pitfalls. Using US in conjunction with the
other imaging modalities (mainly X-ray and scinti-
graphy, occasionally CT and MR) will enhance its
efficacy. Therefore, the experienced pediatric radi-
ologist has the privilege to make the best use of US in
the evaluation of a child's kidneys and urinary tract.

Common indications for US of a child's kidneys and
urinary tract are listed in table 1. Table 2 indicates
useful ultrasonographic criteria for detection of
pathology of a child's kidneys and urinary tract
Table 3 shows the limits of diagnostic US or specifi-
cally with respect to the kidneys and urinary tract in
the child.

Table 1
Common indications for US in the evaluation of a child's kidneys and urinary tract

- Abnormal fetal US regarding kidneys and/or urinary tract

- Known abnormality of the kidneys and/or urinary tract from any postnatal evaluation

- Infection of the urinary tract

- Presence or suspicion of an abdominal/pelvic mass

- Blunt abdominal trauma

- Follow-up evaluation afer surgery to the urinary tract

Table 2
Useful diagnostic criteria in US of a child's kidneys and/or urinary tract

- Renal size (relative; absolute)

- Renal parenchymal thickness

- Cortico-medullary differentiation

- Echogenicity of renal parenchyma and fluid in the collecting system

- Thickness of renal pelvic and/or urctcral cndothclium (urothelium)

- Morphology and dynamics of ureter

- Bladder size : Capacity; residual volume

- Bladder wall: Thickness; echo characteristics
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Table 3
Limiting factors in diagnostic US of a child's kidneys and/or urinary tract with regard

to accuracy and specificity

Renal function
Renal parenchmal disease
Renal ectopy
Horseshoe kidney
Degree of obstructive uropathy
Vesicourctcric reflux
Complex uropalhy
Urolithiasis
Urethral abnormality

Commonly, one refers to RENAL SIZE by simple
measurement of renal length. Combining the assess-
ment of RENAL PARENCHYMAL THICKNESS
and measurement of renal length may improve the
estimation of renal size. In comparing the two kidneys,
an unusual discrepancy of size may indicate loss of
parenchyma for the smaller, or swelling for the larger
kidney. Local or general compensatory hypertrophy
may be present, mainly in a solitary kidney. In
obstructive uropathy, a relative large involved kidney
and rather preserved thickness and normal echoquality
of its parenchyma is suggestive of preserved thick-
ness and normal echo quality of its parenchyma is
suggestive of preserved (i.e. adequate) function, as
commonly seen in younger children. Nevertheless, a
functional study of renal function remains indispen-
sable. Detection of local as well as general loss of
renal parenchyma from earlier infection is notoriously
difficult and often missed.

CORTICO-MEDULLARY DIFFERENTIATION
(CMD) is more accentuated in the newborn and
young infant CMD is abnormally enhanced with
increased cortical echogenicity, e.g. in glomerular
disease. The kidney then may be normal in size or
enlarged. This finding is not specific. Diminution or
reversal of CMD usually indicates renal disease; the
latter often some form of medullary calcinosis.

Increased RENAL PARENCHYMAL ECHO-
GENICITY may indicate dysplasia, especially in a
small kidney with (severe) vesico-ureteric reflux or
obstruction. Such diyplasia is common in an obstruc-
tive upper pole of a duplicated system with or without
associated ureterocele. Conversely, the lower pole of
a duplex system may be hypeerechogenic from
dysplasia due to severe reflux. Increased ECHO-

GENICITY OF URINE within the urinary tract may
suggest pyoureteronephrosis in the clinical setting of
urosepsis.

THICKENING OFTHE UROTHELIUM of the renal
pelvis and/or ureter may be due to inflammatory
changes or to redundancy after previous distension
from severe reflux. It may not be possible to distinguish
between thickening of the urothelium or the under-
lying musuclar part of thedraining system,i.e.between
inflammatory, redundant or hypertrophic changes.
Musuclar work-hypertrophy is seen in severe reflux
as well as in (primary) obstructive megaureter with
preserved dynam ics. In a severely obstructed primary
megauretcr, there may be decompensation with loss
of urctcral dynamics, gross distension of the draining
system and a thin walled ureter. Thickening of the
urolhclium has recently been shown in acute rejection
of transplanted kidneys.

US is the method of choice to asess BLADDER
CAPACITY and post voiding RESIDUAL
BLADDER VOLUME. Also, aadequate US allows
differentiation between mucosa and muscular part of
the BLADDER WALL. As in the upper urinary tract,
redundancy of bladder mucosa from previous over-
distension of the bladder should not be mistaken for
mucosal inflammation. On the other hand, mucosal
thickening may persist for weeks and months after
cystitis. In established voiding dysfunction, mucosa
and muscular part of the bladder fail to show their
normal distinction since threre is often chronic
inflammation associated with muscular hypertrophy.
Overfilling of the bladder as well as too much acoustic
gain may prevent adequate evaluation of the bladder
wall and cause improper conditions for evaluation of
pelvic structures such as inner female genital ia or free
fluid etc.
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As outlined above, there are morphological criteria
one might use to make assumptions about RENAL
FUNCTION in some cases. However, this must be
done with caution. Renal function cannot be assessed
properly by US and additional functional tests are
mandatory (i.e. scintigraphy; i.v. urography).

RENAL PARENCHYMAL DISEASE can be
detected by US in a large group of patients on thebasis
of increased renal size and echogenicity due to various
forms of glomerulopathy, nephrosis, infiltrative or
systemic disease. But these findings remain non-
specific for most of the pathological conditions, unless
they are correlated with data from laboratory tests or
biopsy.

RENAL ECTOPY with or without crossed fusion is
difficult to diagnose accurately by US. A HORSE-
SHOE KIDNEY is frequently missed as such by US
and a "normal renal anatomy" is misdiagnosed in-
stead. With careful attention to the longest possible
extension and course of the renal ax is (rather from the
flank and with the child supine), one might suspect
this diagnosis.

While US is very sensitive in the detection of various
degreesof "hydroureteronephrosis", numerous factor
may interfere with the accurancy of diagnosing an
"abnormality" on the basis of morphological and
even dynamic ultrasonographic criteria. The
"inadequate" or "immature" hydration of the new-
born during the first days of life is a well known factor
leading to underestimation of the DEGREE OF
OBSTRUCTIVE UROPATHY. Since the distens-

ibility of the upper urinary tract may vary considera-
bly in a child, a full bladder may lead to the erroneous
diagnosis of some "obstructive uropathy" by US.
VESICO-URETERIC REFLUX is another dynamic
and often capricious phenomenon easily missed by
US, as are di verticula of the bladder. Intrarenal reflux
has not been demonstrated by US solar. A COMPLEX
UROPATHY (i.e. obstruction associated with reflux)
commonly remains undifferentiated by US.

US has a limited diagnostic sensitivity for
UROLITHIASIS in the upper urinary tract. Although
some general renal hyperechogenicity may be
observed occasionally, there is no consistentcorrelate
by US to the prolonged urographic nephrogram in
acute postrenal obstruction without hydronephrosis.

Morphological assessment of the URETHRA is lim-
ited with respect to conventional two-dimensional
US. Approaches from the perineum in both sexes,
from the penis in boys and transvaginally in girls may
yield abnormal morphological information in se-
lected cases.

It must be emphasized that, with all its versatility and
popularity, US is used to its great advantage in com-
bination with the other imaging modalities, mainly
conventional radiology (especially voiding -
cystourelhrography) and/or scintigraphy. This applies
especially tochildren who areevaluatedforanatomical
and/or functional abnormality of their kidneys and
urinary tract. An overwhelming number of these
patients today have a history of abnormal fetal US.
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Sonography in Urinary Tract Infection

Albert Lam

University of Sydney, Australia

UTI IN CHILDREN
Commonest urinary tract disease
Second most common infection next to respiratory
tract
Important cause of morbidity- sequelae of prevent-
able hypertension and end-stage kidney

OBJECTIVE OF EARLY DIAGNOSIS OF UTI
1. Preventionofdestruclionandsubsequentscarring

of renal parenchyma- Early diagnosis of under-
lying anatomical abnormality

2. Prevention of reflux ncphropathy

AIM OF IMAGING IN UTI
1. To detect vesico-ureteric reflux ( MCU, RNC)
2. Surgically correctable obstructive lesion (US)
3. Renal parenchymal disease (DMSA, US)

FACTORS DETERMINING CHOICE OF
IMAGING MODALITY
1. CLINICAL PRESENTAT10N-

Age of presentation and family history
Severity of illness
Response to chemotherapy

2. LOCAL FACILITY AND EXPERTISE

ADVANTAGE OF SONOGRAPHY
1. Non-invasive
2. Cost-effective
3. Result immediate
4. Multiplanar imaging
5. Independent of renal function
6. Mobile service

TECHNIQUE:
1. Well hydrated; bladder empty
2. Supine- sector scanning or linear; Prone with gel

block
3. Both transverse and coronal sections

Bladder: pre- and post void
4. Doppler to d/d renal pelvis, ureter from normal

vessels

NORMAL SONOGRAPHIC FEATURES IN
NEONATAL KIDNEYS:
1. Echogenicity of renal cortex equal to liver and

spleen
2. Medullary pyramids are hypoechoic and

prominent in size
3. Renal sinus not as echogenic
4. Change to adult pattern in 2-3 months, 100% by

6 months

OBSTRUCTIVE UT LESIONS PREDISPOSING
TO UTI
1. Pelvic-ureteric junction obstruction
2. Urinary tract calculus
3. Vesico-ureteric obstruction
4. Obstructive single system ureterocoele
5. Obstructed renal duplication with ectopic

ureterocoele or ureteric insertion
6. Posterior urethral valve

EFFECT OF ACUTE INFECTION ON THE
URINARY TRACT
1. Acute pyelonephritis: generalised or focal

(lobar nephronia)
2. Pyonephrosis
3. Renal abscess
4. Perirenal and retroperitoneal abscess
5. Cystitis

SONOGRAPHY OF ACUTE PYELO-
NEPHRITIS: Not absolute
1. Renal enlargement
2. Parenchymal abnormalities: Focal or general-

ised increase echogenicity with loss of cortico-
medullary differentiation

3. Pcrirenal outline indistinctbutthickened-oedema
4. Thickening of ureteric and renal pelvic wall with

oedema

COMPLICATIONS OF ACUTE PYELO-
NEPHRITIS
1. Renal abscess- difficult to d/d from lobar

nephronia in early stage
2. Perinephric abscess spherical, rimmed mass of

variable echogenicity; percutaneous drainage if
refractive to chemotherapy

3. Pyonephrosis- pus in a dilated obstructed system
forming debris/fluid level
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XANTHOGRANULOMATOUS PYELONEPH-
RITIS- - rare in children
PATHOLOGY:
Diffuse (75%) or focal destruction of renal paren-
chyma with replacement by sheets of macrophage
filled with lipid, secondary to urinary tract obstruc-
tion by calculus

SONOGRAPHY:
1. Irregular to nodular renal masses with loss of

renal architecture
2. Perinephric inflammation and masses resulting

in indistinct renal outline
3. Perinephric abscess
4. Renal calculus

CANDIDIASIS:
PATHOLOGY: Haematogenous dissemination of
fungal infection with parenchymal seeding, cortical
abscess and extension into tubules, collecting system
with formation of mycotic conglomerate

Affect premature infants or immunodeficient pa-
tients receiving chronic antimicrobial therapy

SONOGRA PHY:
Enlargement and diffuse echogenicity of renal
parenchyma
Nonshadowing echogenic mass (fungal ball) in the
dilated collecting system d/d Blood clot from fungal
ball
Lobar nephronia
Nephrotoxic antibiotics- cyclosporine
Acute tubular necrosis

SONOGRAPHY:
1. Focal thinning of cortex with increased echo-

genicity and loss of cortico-medullary differen-
tiation; caliectasis not always present; Decrease
in vascularity with Power Doppler Imaging

2. Reduced renal length at presentation or on serial
follow-up measurements

PITFALLS - especially in upper pole
Upper pole obscured in rib cage or compressed by
spleen or liver. Column of Berlin or com pound papilla;
renal hilum; Connective tissue between superior and
inferior renaculi forming a linear interface in sagittal
or coronal plane.

REFERENCES:

1. TceleRL.ShareJC: Ultrasonographyof Infants and Children.
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ASSESSMENT OF RENAL SCARRING &
REFLUX NEPHROPATHY

TECHNIQUE: Scanning in 2 or 3 planes ( Axial,
Sagittal or Coronal; Well hydrated )
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A Tale of Two Tumours
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New and important information about all aspects of
childhood cancers has been derived from molecular
biology, genetics, epidemiology, radiologic imaging,
surgery, and clinical oncology. Approximately 6,550
new cases of cancer are diagnosed annually in the
United States in children under the age of 15 years and
about 2,175 deaths occur.1 Some striking differences
are observed when one compares two of the most
common childhood abdominal tumors, neuroblastoma
and Wilms' tumor. It is worthwhile for all of those
involved in the management of children having these
lesions to understand and appreciate these di f ferences.

Neuroblastoma
Neuroblastoma was first described by Virchow in
18642 and represent one of several tumors that oiginate
in neural crest cells, occurring in those cells that give
rise to the sympathetic nervous system.3 Ncuro-
blastoma has been called one of the most biologically
remarkable tumors of childhood because it some-
times undergoes spontaneous or induced maturation
to benign ganglioneuroma and sometimes it sponta-
neously regresses. In no other tumor is age such an
important factor in prognosis with significantly belter
survival rates among infants younger than one year of
age.

The incidence of neuroblastoma in the United States"
is 9.6 per million white children per year and 7.0 per
million black children per year. It is the most com mon
extracranial solid tumor of childhood and comprises
up to 50% of malignancies among infants.5 The
incidence of neuroblastoma is very low in certain
sites. For example, in parts of Africa where Burkilt's
Iymphoma comprises 50% of malignancies of child-
hood, neuroblastoma is rarely seen.6

Another interesting aspect of neuroblastoma is that in
infants younger than 3 months dying of nonmalignant
causes, microscopic nodules of neuroblasts have been

found in the adrenal gland in 1 of 259 to 1 of 39
cases.78 This "neuroblastoma in situ" is histologically
indistinguishable from neuroblastoma. Perhaps this
is a form of neuroblastoma that regresses or, alter-
natively, it represents a normal embryonic stage of
adrenal development unrelated to neuroblastoma.
Genetic predisposition is a possibility in neuroblas-
toma since it is, known to have occurred in siblings
and identical twins.910

Ncuroblastoma occurs with increased frequency in
patients with neurofibromatosis, the Beckwith-Wie-
demann syndrome, nisidiroblastosis, and fetal hy-
dantoin syndrome.1114 Some patients with neuro-
blastoma present w ith a syndrome of ccrcbcllar ataxia
with opsoclonus. Others may present with severe
diarrhea or a syndrome of hypertension, tachycardia,
and flushing.

Genetic analysis of ncuroblastoma tumor tissue has
resulted in recent identi fication of four characteristics
of certain neuroblastomas: 1) loss of heterozygosity
(LOH) for the short arm of chromosome 1, amplifica-
tion of the N-myc proto-oncogene, hyperdiploidy or
near triploidy, and defects in expression of nerve
growth factor receptor. Hypcrdiploidy is associated
with lower stage of disease and a favorable outcome.
LOH and N-myc amplification are more common in
advanced disease.1516 Abnormally high levels of
calecholamine metabolites are found in the urine in
85-90% of patients with neuroblastoma.17 In Japan,
mass screening of the urine for abnormal catecho-
amine excretion in six month old children has demon-
strated that this might be a good survey technique18

Ncuronspccif ic enolase (NSE) is elevated in the serum
of 95% of patients with widespread neuroblastoma,
but in patients with localized disease, it is rarely
elevated.19 NSE is not specific for neuroblastoma and
it can be found in normal children and in those with
other tumors. Ferrilin is elevated in approximately
40-50% of patients with advanced stages of neuro-
lastoma, but it is rarely elevated in patients with
localized disease.20

By light microscopy, neuroblastoma may be difficult
to differentiate from lymphoma, Ewing's Sarcoma,
rhabdomyosarcoma, and primitive neuroectodermal
tumors. Electron microscopy and immunodiagnosis
helps to distinguish neuroblastoma from other lesions.
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Neuroblastoma can originate anywhere along the
sympathetic nervous system chain. The mostcommon
site of primary tumor is within the abdomen, either in
an adrenal gland (40%) or in a paraspinal ganglion
(25%). Other sites are paraspinal areas of the thorax21

(15%), the neck (5%) and the pelvis (5%). Primary
cerebral neuroblastoma may occur.22 Presenting signs
and symptoms depend on the location of the primary
lesion and the site of metastases. Neuroblastoma
metastases most commonly to bones and to the liver,
but there are reports of unusual sites of metastases,
such as the lungs.2324

The diagnosis of neuroblastoma can usually be
supported on the basis of history and physical
examination. Screening of infants for elevated levels
of homovanillic acid (HVA) and vanillylmandclic
(VM A) has been shown to uncover unsuspected cases
of neuroblastoma.25 Diagnostic imaging studies that
are helpful include plain films, scintigraphy, ultra-
sound, and computed tomography or magnetic
esonance imaging to define the location and extent
of the primary tumor and to detect the spread to other
organs such as liver, lymph nodes, or bone.212627

Approximately 75% of neuroblastomas will have
calcification evident on CT exam of the primary
tumor.2*-31 MRI is helpful in delineating intraspinal
extension of neuroblastoma without the need of
instilling contrast media in the subarachnoid space.
Bone marrow aspirate, MIBG (1311=metaiodo-

benzylguanidine) scanning, and 99m Tc technietium
scanning also are useful in staging the disease.32

The two staging systems used in neuroblastoma are
the one prepared by Evans and colleagues and the one
proposed by the Pediatric Oncology Group.

The therapy of neuroblastoma depends upon the stage
of the disease and the age of the child and consists of
surgery, radiation therapy and chemotherapy. Total
excision of localized disease with sampling of drain-
ing lymph nodes is desirable, neuroblastoma is
considered to be a radiosensitive and chemotherapy
sensitive tumor. The treatment of choice is dependent
upon the stage of the disease and the age of the child.
Those patients with neuroblastoma prior to one year
of age have an excellent prognosis. Even infants with
advanced disease have a better prognosis than their
older counterparts.33

The majority of patients in POG Stage A have Evans
Stage I or II disease and surgical resection will result
in cure in over 90% of these patients. Approximately
40% of POG Stage B pateints have Evans Stage II
disease and 60% have Evans Stage III disease. If
incomplete gross resection is accompaniedatdiagnosis
with chemotherapy, the majority of these tumors will
regress. Radiation therapy may be indicated in those
that don't respond to chemotherapy. For POG Stage
C and D patients, chemotherapy is the primary

Table 1
Evans Staging System for Neuroblastoma

Stage I Tumor confined to the organ or structure of origin.

Stage II Tumor extending in continuity beyond the organ or structure of origin but not crossing the
midline. Regional lymph nodes on the homolateral side may be involved.

Stage III Tumors extending in continuity beyond the midline. Regional lymph nodes bilaterally may
be involved.

Stage IV Remote disease involving bone, parenchymatous organs, soft tissues or distant lymph node
groups, or bone marrow.

Stage IV-S Patients who would otherwise be Stage I or II but who have remote disease confined to one
or more of the following sites: liver, skin, or bone marrow (without evidence of bone meta-
stases).
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Table 2
Pediatric Oncology Group (POG) Staging for Neuroblastoma

Stage A Complete gross excision of primary tumor, margins histologically negative or positive. Intra-
cavitary lymph nodes not intimately adhered to and removed with resected tumor are histo-
logically free of tumor. If primary is in abdomen (including pelvis), liver is histologically
free of tumor.

Stage B Incomplete gross resection of primary. Lymph nodes and liver histologically free of tumor
as in Stage A.

Stage C Complete or incomplete gross resection of primary. Intracavitary nodes histologically posi-
tive for tumor. Liver histologically free of tumor.

Stage D Disseminated disease beyond intracavitary nodes (i.e., bone marrow, bone, liver, skin or
lymph nodes beyond cavity containing primary tumor).

modality of treatment. The therapeutic approach to
infants with Evans Stage IV disease is controversial.
Available data indicates that patients with regional
lymph node metastases (POG Stage C disease) have
a prognosis that is not much different from those with
more widely disseminated disease. Children with
POG Stage D or Evans Stage IV disease are the
largest group of patients with neuroblasioma. They
also are the group least responsive to curative treat-
ment. Although new chemotherapeutic agents have
become available, the ultimate outcome has not
markedly changed.

Thus, the majority of children with neuroblastoma
present with disseminated disease and are older than
one year of age and the therapy and results are far
from satisfactory.

Wilms' Tumor
This malignant tumor of the kidney in childhood was
first identified as a neoplasm in 1814 by Ranee34 and
was definitely discussed by Wilms in 1899.33

Synonyms for this tumor are nephroblastoma and
renal embryoma.

The incidence of Wilms' tumor is 7 per million
children under 16 years of age per year.36 There is
relatively little geographic variance in the incidence
of this tumor although the rates are slightly lower in
Japan and slightly higher in Scandinavia than in the

United States, the United Kingdom, and western
Europe. The frequency of Wilms' tumor may be
slightly higher among females37 in the United States,
although worldwide the sex ratio is 1:1. The distribu-
tion of age at diagnosis peaks at 2 to 3 years.

Wilms' tumor has a strong association with certain
congenital anomalies such as aniridia, hemihyper-
trophy, cryplorchidism, and hypospadias. Wilms'
tumor occurs with increased incidence in patients
with ncurofibromatosis, Bcckwilh-Wiedemann.Drash
and Pcrlman syndromes.38"40

Molecular bioiogy studies have shown that most
atients with Wilms'tumor are karyotypically normal,
but those with congenital aniridia have a deletion at
llpl 3 locus. Approximately 10% of National Wilms'
Tumor Study cases have one or more family members
with the disease.37 The fraction of Wilms' tumor
cases that may be hereditary is about 15-20%. Insulin-
like growth factor 11 may be important in the palho-
genesis of Wilms' tumor.

Wilms' tumor is thought to be derived from primitive
metanephric blastema, but these neoplasms may
contain tissue not found in the normal metanephros.
Most Wilms' tumors are unicentric, but they may
arise multifocally in the kidney. About 7% are
multicentric unilateral tumors and about 5% are
bilateral.37 The histological appearance is diverse and
may include blastemal, epithelial, and stromal cells.
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If anaplastic changes are present, the relapse and the
mortality rate is 55% and 47% respectively. In a
cohort of patients without anaplasia, the relapse rate
was 14% and the mortality rate was 5%. Not to be
confused with Wilms' tumor are clear cell sarcoma of
the kidney, rhabdoid tumor of the kidney, and renal
cell carcinoma. Nephroblastomatosis is thought to be
a precursor lesion to Wilms' tumor/1 These are
usually manifested as small microscopic clusters of
blastemal cells, tubules, or stomal cells generally
situated at the periphery of the renal lobe. Emerging
protocols for patients with nephroblastomatosis have
been published by White et al.42 Congenital meso-
blastic nephroma is a distinctive renal neoplasm of
infancy that is curable by nephrectomy alone.

Wilms' tumor spreads into intrarenal blood vessels
and lymphatics and may metastasize to liver, lungs,
or regional lymph nodes. The tumor may penetrate
the renal capsule.

The clinical presentation of Wilms' lumor is usually
as an asymptomatic abdominal mass. Hypertension is
present in about 25% of cases and has been attributed
to increase in renin activity.

The radiological evaluation of patients suspected of
having Wilms'tumor formerly consisted of excretory
urography and chest tomography. The modern exam
consists of chestfilmsand ultrasound of the abdomen.
Computed tomography and MRI are valuable in the
initial assessment, but are not always warranted for
follow up exams.43

The opinion of the National Wilms' Tumor Study
Group was that computed tomography of the chest
was too sensitive as a method of assessing the existence
of pulmonary metastases. Several children in this
multi-institutional study were found to have lung
nodules on CT, but when the nodules were resected
and examined micropalhologically, often the nodules
contained no viable tumor, but rather necrotic debris,
atelectasis, or scar. Sometimes, the nodules
represented benign entities such as granulomas to-
tally unrelated to the Wilms' Tumor. Therefore, the
recommendation was put forth that chest films were
preferable to chest CT for follow up exams for detec-
tion of Wilms' tumor.4445

An abdominal roentgenogram of the child that has
Wilms' tumor may demonstrate the mass altering the

contour of the kidney or displacing bowel. Calcifica-
tion is evident radiologically in approximately 9% of
Wilms' tumors. Intravenous pyelography, seldom
used now, could demonstrate the distortion of the
calyces by an intrarenal mass.

Ultrasound examination is excellent for demonstra-
tion of the sharply demarcated large mass which is of
slightly greater echogenicity than the liver.46 The
renal masses appear predominantly solid, although
areas of cystic necrosis and hemorrhage may be
found in the mass. It is important to scan the inferior
vena cava in the axial and longitudinal plane to assess
the patency and exclude tumor thrombus. Real time
ultrasound evaluation of caval dynamics should show
narrowing of the caval lumen with inspiration. The
absence of this finding suggests caval occlusion.
Wilms' tumor extends into the IVC in approximately
6% of cases and may be clinically occult in 50%A1

Computed tomography of Wilms' tumor shows a
well demarcated mass with a low attenuation co-
efficient compared to the adjacent renal parenchyma
on contrast enhanced scans.48 Focal low attenuation
within the mass is characteristic of necrosis. Tumor
extension into adjacent perirenal fat and adenopathy
or hepatic or pulmonary metastases may also be
detected with CT. CT visualization of inferior vena
cava thrombosis requires imaging during the admini-
stration of a bolus of iodinated contrast medium. The
finding of low attenuation in the IVC suggests tumor
thrombus.

Magnetic resonance imaging of Wilms' tumor
demonstrates prolongation of Tl and T2 relaxation
times. A predominantly low signal is seen on Tl
weighted images and an increased signal is apparent
on T2 weighted images. Inhomogeneity of the tumor
signal on MRI exam is a common finding. As with
CT, the extent of the disease and the involvement of
Iymphnodes and other organs such as the liver are
well seen on MRI.49" Angiography is seldom used in
the modern evaluation of the child with Wilms'
tumor.

Tremendous success has been accomplished in the
treatment of Wilms' tumor. The cure rate has gone
from less than 10% in 1920 to more than 90% of
patients being cured in 1993.46" Surgical removal is
the therapy of choice for mostcases of Wilms' tumor.
If the tumor is exceptionally large, or if there are
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metastases to the lungs, radiation therapy to the
radiosensitive primary site and to the lungs is
successful. Chemotherapy can substitute for radia-
tion therapy in achieving local control and thereby
avoid possible complications.34 Stage I and 11 patients
with favorable histology do not require postoperative
irradiation. Actinomycin-D, vincristine, and
Adriamycin have been used with success.53

In the Third National Wilms' Tumor Study56, 1439
patients were randomized according to stage (I to IV)
and as to whether the histology of the tumor was
favorable or unfavorable. The fouryearpost-nephrcc-
tomy survival for low risk patients was 96.5% for 607
patients in Stage 1,92% for 278 patients in Stage 11,
and 86.9% for 275 patients in Stage HI. All of these
patients had favourable histology. The four year
survival for 279 high risk patients (any Stage IV and
all unfavourable histology) was 73%.

In summary, modern advances in diagnostic imaging
of multimodality therapy have resulted in spectacular
survival rates with Wilms' tumor, even in those
children who have metastatic disease. On the other
hand, the success with children who present with
advanced neuroblastoma remains bleak. Perhaps
advances in molecular biology will lead to clinical
application in the not too distant future and the
prospects for improved survival will be realized.
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Due to their normal large size at birth, the adrenal s are
then easy to visualize by ultrasonography (US). There
is rapid decrease of size over the first month of life.
Evaluation of adrenal abnormality in a child is best
initiated by US, often in combination with a plain
radiography of the abdomen for the appreciation of
abnormal calcification, mass effect and gas pattern.
Classical abnormalities looked for in the child are
neuroblastoma and adrenal hemorrhage. In neoplas-
tic as well as in infectious pathology, CT and MR are
useful supplementary imaging tools. For evaluation
of spinal involvement in neuroblastoma, MR is
commonly used. In endocrinologically active dis-
ease, scintigraphy is suggested. Numerous abnor-
mal morphological as well as functional conditions
are associated with corresponding findings at imag-
ing. Absence of adrenal glands is rare. Severe hypol-
plasia occurs in structural abnormality of the
hypothalamic-pituitary axis with disturbed ACTH
production or stimulation and, thus, undcrdevclop-
ment of adrenal glands. Fusion of the adrenals (ie.
horseshoe adrenals) is associated with asplenia syn-
drome (and other). In congenial adrenal hyperplasia,
enlargement of the adrenals may be difficult to show.
Of all infections affecting the adrenals, tuberculosis
seems to be the most common, abscess formation
occurs. Meningococcemia may lead to a hyperacute
Waterhouse-Friedrichsen Syndrome with adrenal
hemorrhage and necrosis of the glands. Acute
involvement may be due to cytomegaly, herpes and
other viral agents. Opportunistic infections are
observed more frequently in recent years. Adrenal
hemorrhage is seen mostly in newborns in associa-
tion with perinatal asphyxia and/or trauma and in
bacterial septicaemia. Hemorrhage may be restricted
to a segment of the gland. Even in gross hemorrhage,
rapid regression of adrenal size due to resorption of

blood and calcification due to necrosis is typical. Yet
trauma to the abdomen may cause adrenal hemorrhage
also in older children. Benign hemorrhagic adreno-
cortical macrocysts have been described in Beck-
with-Wiedemann syndrome.

The most common adrenal neoplasia in infants and
young children, ie. neuroblastoma, originates in a
majority from the adrenal medulla. The staging into
IV stages ccording to Evans is commonly practiced.
Extraadrenal sites are the sympathetic ganglia along
the entire spine. The most common metastatic site is
the skeleton, mainly the long bones, pelvis and skull.
Variable stages of malignancy occur with the benign
ganglioneuroma at the end of he spectrum. The primi-
tive neuroectodermal tumor (PNET), more common
in the central nervous system, may be a differential
diagnosis, mainly in the sacral area. Phaechromo-
cytoma is another differential, yet uncommon in
children. An adrenal adenoma may be found in Conn
syndrome or multiple endocrine neoplasias (MEN),
both genetic disorders. Primary adrenocortical
hyperplasia and, more commonly in a child below 7
years of age, an adenoma or carcinoma of the adrenal
gland may cause Cushing syndrome.
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Introduction
Accurate plain film interpretation of congenital heart
disease is possible if one develops a systematic method
of analysis and utilizes out current knowledge of
embryology, pathophysiology, and clinical cardio-
vascular radiology. Objective radiographic observa-
tions should be made before correlation with clinical
information is performed to avoid the introduction of
bias. The final diagnosis represents the synthesis of
objective observations with clinical correlation.

Assessment technique consists of analyzing the
position of abdominal viscera, bony thoracic detail
(including the manubrium), ascertaining the position
and calibre of the aortic arch, evaluating the pulmo-
nary vascularity, and determining the size and shape
of the heart.

General Principles of Assessment
Abdominal situs: Determination of the position of
the liver and stomach represents one of the first major
observations one would make in analyzing the chest
roentgenograms of a child suspected of having
congenital heart disease. If the liver is midline as
opposed to being in its normal right upper quadrant
position, there is likelihood that one is dealing with
the polysplenia or asplenia syndrome. These
syndromes havecharacteristic congenital heart defects
associated with them. The liver should be assessed
not only for its position but also for its size, and
although there is considerable variation in normal
size, the observation that the liver is enlarged, for
example, that it occupies much of the right upper
quadrant and extends down to the iliac crest and
across the midline, may corroborate one's later
impression that there is congestive failure. Similarly,
the presence or absence of the spleen in the left upper
quadrant should be documented, and if it is not
visualized, asplenia syndrome becomes suspect.

Bony thorax. The bony thorax has to be evaluated in
terms of its symmetry. If it is too small on one side,
one might infer that the ipsilateral lung is hypoplastic,
and this may be associated with interruption of the
pulmonary arteries or other pulmonary vascular
abnormalities, such as truncus arteriosus or anoma-
lous pulmonary venous return. The ribs should be
carefully scanned, individually, looking for evidence
of surgical intervention such as periostea! new bone
formation or alteration in contour. Careful examina-
tion of the inferior surfaces of the ribs in an attempt to
detect notching from collateral vessel enlargement
should be done on both sides of the thorax, routinely.

Sternum: The sternal ossification centers should be
examined to see if the manubrium has a double ossi-
fication center, one cephalad one caudad. Although
this finding may be seen occasionally in normal
children, its presence is frequently noted in children
with Down's syndrome. With congenital heart dis-
ease, one often notes accelerated sternal maturation
with premature fusion at the suture sites.

Aorta: The aorta should becvalua ted for size, position
and contour. If the aorta is small in the face of
increased pulmonary vascularity, one might suspect
an intracardiac left to right shunt. A large aorta in the
presence of increased pulmonary vascularity often
indicates an extracardiac left to right shunt, such as a
patent ductus artcriosus or aorticopulmonary window.
A large aorta in the face of normal pulmonary vascu-
larity may indicate a left-sided obstructive lesion
such as aortic stenosis. The position of the aortic arch
is also evaluated. A right-sided aortic arch is seen in
about 25% of patients with tetralogy of Fallot and
35% of patients with truncus arteriosus, but since
tetralogy of Fallot is much more common than truncus
artiosus, cyanotic children with right-sided aortic
arch most frequently will have tetralogy of Fallot.
There are two main types of right-sided aortic arch.
They are right-sided aortic arch with mirror image
branching, in which case about 95% of the children
will have congenilal heart disease, and 90% of those
children with congenital heart disease will have
tetralogy of Fallot. The next most common lesion, in
the remaining 10%, would be truncus arteriosus. The
second type of right-sided aortic arch is that which is
associated with an aberrant left subclavian artery.
About 12% of these patients have congenital heart
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disease, and, again, tetralogy of Fallot is the most
common lesion. The two types of right-sided aortic
arch are distinguished radiologically by the fact that
in the aberrant left subclavian artery form there is a
posterior indentation on the barium-filled esophagus.
The contour of the lateral margin of the descending
aorta is evaluated for breaks in continuity as occurs in
coarctation.

Pulmonary vascularity: In evaluating pulmonary
vascularity, it is important to note whether it is normal,
increased, or decreased. If it is increased, is it increased
in an active manner or a passive manner? In active
increase, the vessels are very well-defined and clearly
marginated. In passive congestion, the stigmata of
failure such as pleural effusion, Kerlcy "B" lines,
central congestion, redistribution of flow and ill-
defined vessels walls are noted. Attempts have been
made to quantify pulmonary vascularity as seen on a
chest radiograph on an absolute basis. For example,
Leinbach1 has measured the calibre of proximal,
intermediate and peripheral pulmonary vessels and
has related this to age. Absolute determination of
vessel size in children is not very useful, because
there is too large a range of normal size and, further-
more, a small error of measurement, for example of
only 1 mm, in assessing a tertiary vessel, which
measures 4mm in diameter, means one is 25% away
from the correct size! Relative measurements have
proven to be more satisfactory. WojtowicZ2 tomo-
graphically showed therelationshipbetween bronchial
diameter and adjacent vessel diameter. The ratio
between these structures is fairly constant. To gener-
alize, there is roughly a 1:1 relationship in diameter,
i.e., the size of the vessel closely parallels the size of
the adjacent bronchi. This same relationship may be
seen without tomography. Coussement and Good-
ing3 have shown that the right descending pulmonary
artery and the trachea have the same growth curves,
approximately the same diameter, and are easily
measured on standard chest roentgenograpms. They
demonstrated that if the right descending pulmonary
artery diameter is less than the trachea diameter, it is
very unlikely that there is a left to right shunt. This is
true even in those instances where the shunt is small
(i.e. less than a 2:1 pulmonary to systemic flow ratio,
normal pulmonary artery pressure, and normal pul-
monary vascular resistance).

Passive congestion in children is similar to adults.
The radiographic .signs of passive congestion in
children are redistribution of pulmonary blood flow,

Keley "B" lines, pleural effusions, central congestion
and peribronchial edematous cuffing.

Heart: In evaluating heart size and shape, two funda-
mental points should be remembered: (1) Diastolic
overloading produces dilation of the chamber, such
as is seen in aortic insufficiency, and (2) Systolic
overloading produces hypertrophy of the chamber,
often without appreciable cardiac dilatation, such as
is seen with aortic stenosis or pulmonary stenosis. On
the frontal chest radiograph, if the right side is
predominant, the apex is elevated. If the left side is
predominant, the apex points inferiorly.

Actively increased pulmonary vascularity: In
acyanotic children, lesions that present with increased
pulmonary vascularity are atrial septal defects, par-
tial anomalous pulmonary venous return, ventricular
septal defects, patent ductus arteriosus, aortico-
pulmonary window and endocardial cushion defects.

Atrial septal defect (ASD) is characterized by pure
right-sided enlargement giving the heart a horizontal
axis. The left ventricle crosses the inferior vena cava,
well above the diaphragm on the lateral view, indicat-
ing that the left ventricle is not enlarged. The right
ventricle is in contact with the sternum for more than
one-third of the sternal length. In ASD, because of the
pure right-sided enlargement, the superior vena cava
is not seen nearly as frequently as in normal children
or in children in whom there is a ventricular septal
defect. Therefore, in children with actively increased
pulmonary vascularity, if the superior vena cava is
not evident, it is a point in favor of the lesion being an
atrial septal defect. The aorta is small or normal in
size in children with ASD.

The appearance of partial anomalous pulmonary
venous return is the same as that seen in atrial septal
defect. In rare cases, the abnormal veins may be
detected draining inordinately high into the superior
vena cava or inordinately low into the inferior vena
cava.

Ventricular septal defect (VSD) exhibits left atrial
and ventricular enlargement, with posterior displace-
mentof the barium-filled esophagus. The leftventricle
crosses the inferior vena cava close to the diaphragm
or below the diaphragm dome. Right ventricular
enlargement occurs when pulmonary hypertension
supervenes. When pulmonary hypertension does
supervent, the left atrium decreases in size.
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Patent ductus arteriosus (PDA) and aorticopulmon-
ary window look identical on frontal projection. They
are characterized by pure left-sided enlargement. The
aorta is often large. Cardiac catheterization is gener-
ally necessary to distinguish these two as clinically
they often are identical. Right-sided enlargement
may supervene if pulmonary hypertension occurs.

Endocardia] cushion defect is a common lesion in
infants who have Down's syndrome. These children
have left ventricular and right atrial enlargement and
a small calibre aorta becauseof the intracardiac shunt.
When one notes that the left ventricle and the right
atrium are large and, therefore, one suspects endo-
cardial cushion defect, one should pay careful atten-
tion to the bony thorax, looking for other stigmata of
Down's syndrome. These stigmata include a bifid
manubrial ossification center, eleven pairs of ribs,
and increased height to the vertebral bodies.

Cyanotic children who have actively increased
pulmonary vascularity most likely have total
anomaous pulmonary venous return, truncus artcrio-
sus, transposition of the great vessels, or double-
outlet right ventricle.

Total anomalous pulmonary venous return (TAP VR)
has three different types. Type 1, the supracardiac
type, is characterized by a widened mediastinum
producing the so-called "snowman" appearance. In
this situation the pulmonary venous return enters the
vertical vein which forms the left-sided superior
mediastinal margin, and then the flow goes trans-
versely to the right superior mediaslinal margin. Type
11TAPVR is to the coronary sinus. In this situation,
the configurations that of right-sided overloading and
the appearance is very much like that of an atrial
septal defect. In Type 111 TAPVR the pulmonary
venous return drains below the diaphragm into the
portal system. These children characteristically have
a rather small-sized heart and have the appearance of
passive congestion.

Truncus arteiosus may be of four types. In Type 1, the
common stem of pulmonary arteries arises from the
ascending portion of the trunk. In Type 11, the two
pulmonary arteries arise from the ascending trunk
posteriorly but close together. In Type 111, the
pulmonary arteries arise from the side of the ascend-
ing portion of the trunk. In Type IV, the pulmonary
vessels originate from the descending aorta. The
radiologic characteristics of truncus arteriosus include

cardiomegaly with left ventricular predominance, a
concave pulmonary artery segment, increased
pulmonary vascularity that is often asymmetrical
(greater flow to one lung then to the other). The aortic
arch is right side in one third of the cases and often
goes inordinately high.

Transposition of the great vessels is one of the most
common causes of cyanotic congenital heart disease
in thenewbom. Classically, these children have narrow
mediastinum for two reasons: (1 ) The thymus
atrophies because of severe stress and (2) There is
sagittal superimposition of ascending and descend-
ing aorta and the pulmonary artery. The pulmonary
vascularity is increased, not because they have trans-
position, but becauseof the associated shunt, whether
it be the atrial, ventricular, or aortic level. The heart
has a characteristic egg-shaped appearance with the
broad base of the egg being the right atrium.

Double-outlet right ventricle looks like a ventricular
septal defect on plain film.

Normal pulmonary vascularity: Children that have
normal pulmonary vascularity and present with a
murmur indicating congenital heart disease most
typically have cither aortic stenosis, coarctation of
the aorta, or pulmonary stenosis.

In aortic stenosis, one encounters a pressure overload
rather than a volume overload; therefore, there is little
cardiomegaly. The left atrium may be enlarged. One
sees poslstenotic dilatation of the aorta and a normal
main pulmonary artery segment.

Coarctation of the aorta is similar to aortic stenosis in
that there is pressure overload rather than volume
overload and thus little cardiomegaly. Left ventricle
and left atrium may be enlarged. The pathognomonic
features of coarclalion include a break in thecontinuity
of the lateral margin of the descending aorta, rib
notching because of collateral flow through inter-
costal arteries and, finally dilated internal mammary
arteries which may be seen on die lateral view be-
neath the sternum as a serpiginous soft-tissue density.

Pulmonary stenosis is characterized by right-sided
predominance, poststenotic dilatation of the
pulmonary artery, normal pulmonary vascularity and
a normal aorta.

Diminished pulmonary vascularity: Lesions that
are most commonly encountered in cyanotic children
with diminished pulmonary vascularity include
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tetralogy of Fallot, pulmonary atresia, tricuspid atresia,
Ebstein's malformation, and truncus arteriosus Type
IV.

Tetralogy of Fallot is characterized by pure right
ventricular hypertrophy which gives the heart a
transverse axis with an upturned cardiac apex.
Pulmonary artery segment is concave. Right-sided
aortic arch is present in about 25% of the cases. There
may be pulmonary vascular disparity with greater
flow to one lung, or the other.

In pulmonary atresia, one encounters a globular heart
with a narrow mediastinum. Electrocardiogram (EKG)
demonstrates right axis deviation. In contradistinc-
tion, in tricuspid atresia, although radiographically
the appearance is similar to pulmonary atresia with a
narrow mediastinum and globular heart, the EKG
demonstrates left axis deviation. Ebstein's mal-
formation consists of atrialization of a portion of the
right ventricle because of partial displacement of the
tricuspid valve. The tremendously enlarged right
atrium occurs because of the tricuspid insufficiency.
These children have a heart which appears very
globular and has been likened to a watcrbag sitting on
a hard surface. Pulmonary vascularity is decreased
because of a right-to- left shunt across the atrial septum.

In truncus arteriosus Type IV, there is a concave
pulmonary artery segment, asymmetrical pulmonary
vascularity often with diminished vascularity because
the vessels coming from the descending aorta are
small in calibre. Right-sided aortic arch in one-third
of the cases may be the clue to the diagnosis.

Surgical procedures that augment pulmonary
vascularity: In assessing congenital heart disease,
the radiologist must be familiar with currently
employed surgical procedures used to augment or
alter pulmonary vascularity. The Blalock-Taussig
procedure is anastomosis of the left or right sub-
clavian artery to the corresponding subclavian artery
to the corresponding pulmonary artery. The Rashking
procedure is a balloon atrial septostomy; in this
instance a balloon catheter is advanced into the left
atrium and the balloon inflated and thecathctcr rapidly
withdrawn across the atrial septum leaching the
septum. The Blalock-Hanlon procedure consists of a
thoracotomy with an atrial septectomy. The Water-
son procedure is anastomosis of the ascending aorta
to the right pulmonary artery. The Potts procedure is
anastomosis of the descending aorta to the left

pulmonary artery. A Glenn procedure consists of
anastomosis of the superior vena cava to the right
pulmonary artery in an end-to-side manner. The
Mustard procedure is definitive correction of trans-
position of the great vessels and consists of the forma-
tion of a baffle in the right atrium so that venous blood
is directed to the left ventricle, enabling its passage to
the lungs to be oxygenated, and similarly, oxygenated
blood returning from the lungs is directed by the
baffle into the right ventricle so that it may go to the
aorta.

Tremendous cardiomegaly: An infant with
tremendous cardiomegaly should be analyzed from
the standpoint of those lesions that are amenable to
definitive therapy and those for which palliative
therapy only is available at this time. Under the
category of the amenable to therapy we include
coarctation of the aorta in infancy and, therefore,
when encountering tremendous cardiomegaly one of
the first questions we ask clinicians is, "Are peri-
pheral pulses palpable?" An anomalous left coronary
artery may produce tremendous cardiomegaly and in
this instance there may be ischemic changes on EKG.
Peripheral arteriovenous fistula when present intrac-
ranially or in the liver may produce a cephalic of
hepatic bruit. Metabolic abnormalities such as hypo-
glycemia or hypocalcemia may produce tremendous
cardiomegaly and may be corrected cl inically. Lesions
characterized by tremendous cardiomegaly where
supportive therapy only is available at this time are
found in children with myocarditis (usually Coxsackie
B virus), hypoplastic left heart syndrome, endocar-
dial fibroelastosis, and glycogen storage disease.

Passive congestion: Children with evident passive
congestion generally have either total anamolous
pulmonary venous return below the diaphragm (nor-
mal size heart with congestive heart failure), mitral
stenosis, cortriatriatum and more rarely, a heart tumor
such as a myxoma; or rhabdomyoscarcoma, or
endomyocardia! disease affecting the left side of the
heart.

Asplenia and polysplenia syndrome: Children who
have asplenia and polysyndromes often have a
horizontal liver. If a horizontal liver is identified,
there are a number of specific features to be carefully
scrutinized. The following table is a synopsis of the
changes seen in the asplenia and polysplenia
syndromes.
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Table I
Changes seen in asplenia and polysplenia syndromes

Cardiac

Pulmonary

Abdominal

Asplenia

Corrected transposition of great
vessels with ventricular septal
defect of single ventricle

Pulmonary atresia or stenosis

Common atrium

Bilateral superior vena cava

Total anomalous pulmonary
venous connection

Malposition

Three lobes in each lung

Bilateral epiartcrial bronchi

Heterotaxy
Complete Situs invcrsus

Partial
Horizontal liver
Malrolalion of bowel
Duodenum common mesentery

Polysplenia

Continuity of inferior vena cavaa
with azygos or hemizygos
vein

Anomalous pulmonary venous
connection to venous atrium

Atrial septal defect or common
atrium

Ventricular septal defect

Bilateral superior vena cava

Malposition

Two lobes in each lung

Bilateral hyparterial bronchi

Heterotaxy
Complete Situs inversus

Partial
Horizontal liver
Malrotation of bowel
Absent gallbladder
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Sagittal plane scanning is particularly suitable for
anatomical display of structures located in the midl ine
or lying along the longitudinal axis of the body. This
is exemplified by the application of cranial ultra-
sonography in studying the ventricular system and
related structures in the neonate, or magnetic resonance
imaging (MRI) in studying the pineal gland and the
spine. It is envisaged that MRI will eventually take
care of most, if not all, sagittal imaging in view of ils
non-ionizing irradiation nature, high contrast
resolution and flexibility of mulliplanar imaging.

However, computed tomography (CT) has its merits
of ready accessibility and very fast scanning capa-
bility. This is especially applicable to structures that
may shift in position with respiration in the neonates
who breathe fast and will not cooperate with breath-
holding. The modern CT scanner with a large gantry
can accommodate the small body of the neonate
positioned with his long axis lying along the plane of
the equipment gantry for direct sagittal imaging. In
this aspect, the ul traf ast scanner obviously has its pros
of a larger gantry and much faster scanning, but the
conventional CT scanners normally suffice. Thin
direct sagittal CT sections are obtained with appro-
priate field of view focussed over the region of
interest. The required number of slices and the thick-
ness of section depend on the structures under inves-
tigation. For studies on structures outside the pelvis,
the baby's body can often be slightly bent to exclude
the genital organs from the scanning planes. The
resolution of direct sagittal scanning is much better
than sagittal reformation from aset of axial scans. The
lecture reviews our experience with imaging-surgical
correlation over a period of ten years, for direct sag-
ittal CT using a General Electric 9800 Quick system.

Direct sagittal CT is useful in studying the major
airways and the air-filled esophagus. In esophageal
atresia, the technique consistently demonstrates the
extent of the patent esophageal segments by its air
contrast, the location and length of the atretic portion,
and for the detection of tracheo-esophageal fistula. It
visualizes the H-typc tracheo-esophageal fistula with-
out the need to administer positive contrast. It is a
good preoperalive evaluation of cases of esophageal
atresia, with morphologic depiction of the abnor-
mality, and assessment of the length of the atretic
segment for decision on the feasibility and timing of
primary anastomosis. The technique has also been
used to demonstrate other pathologies like lingual
thyroid, laryngeal cyst, subgloltic hemangioma and
tracheal stenosis.

Anorcctal anomalies have been studied by direct
sagittal CT. The presence of air in the anoreclum
permits ready identification of the level of imperf-
orale anus. It has reasonably high sensitivity in divid-
ing the cases into high, intermediate or low types of
atresia. Detection of fistula is less sensitive, but there
is high specificity.

The method is also useful in the assessment of the
longitudinal extent of midline masses. Examples
include the imaging of dermoid cyst, enccphalocele
or meningoccle. Demonstration of the degree of
intrapelvic encroachment and its relation to intra-
pelvic organs in sacrococcygeal teratoma is a finding
with profound prognostic significance, and is readily
assessed by a few direct sagittal scans.

In conclusion, direct sagittal CT is a very useful
investigation for the evaluation of specific disorders
in the neonate.
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Introduction
Abdominal pain, although highly non-specific, is the
most frequent symptom leading to abdominal/GI
investigation by imaging. In many instances, no
anatomical abnormality can be demonstrated. Often,
there is some underlying functional and/or psycho-
logical disturbance. If pain is present in conjunction
with fever, loss of weight and/or appetite, functional
abnormality of an abdominal organ system, systemic
disease, abnormality at palpation, severe illness and
abnormal laboratory data, then some structural ab-
normality is much more likely to be found. Clinical
context, characteristics of pain and the possibility of
a surgical condition must be considered. In a majority
of acute abdominal pain, some kind of obstruction of
the gastrointestinal tract (i.e. molility disturbance of
the bowel) is likely. Common acute abdominal
conditions are: GI obstruction in the newborn, midgut
volvulus, pyloris stenosis, intussusception, incarcer-
ated inguinal hernia, appendicitis, and other inflam-
matory malformative, tumerous or posttraumatic
abdominal lesions intrinsic or extrinsic to the GI-
tract, as well as functional causes of GI obstruction.

GI obstruction in the newborn:
A plain radiograph of the abdomen or babygram may
suggest the diagnosis. With the clinical suspicion of
obstruction (possibly associated with polyhydram-
nios) and too little air in the Gl-tract, proximal
obstruction is likely; in the presence of biliuos
vomiting, obstruction is assumed distal to the papilla
of Vater. With too much air in the Gl-tract, more
distal obstruction is possible; but there may also be
too much air entering the Gl-tract as in trachco-
esophageal fistula. Extensive distension of the Gl-
tract may be due to numerous causes, i.e. true anatom ic
lesion such as distal atresia (ileum, or colon) or
volvulus, or functional abnormality as in meconium

ilus, Hirschsprung disease and other. Nccrolizing en-
terocolitis may cause functional obstruction of the
Gl-tract with the complication of air in the intestinal
wall and portal system or free intrapcritoneal air from
bowel perforation. Intrauierine bowel perforation in
meconium ileus commonly results in peritoneal cal-
cifications., Ultrasonography (US) may show evi-
dence of midgut volvulus ("whirl pool" sign), annular
pancreas, tumor or some other lesion intrinsic or
extrinsic to the Gl-lract. A contrast enema may
demonstrate abnormal rotation of the colon.

Malrotation may present with volvulus at any time
in life, often in the newborn, occasionally occurring
in the fetus. The shorter the root of the mesentery, the
more likely a volvulus occurs. Also, Ladd bands are
commonly associated with abnormal rotation of the
intestinal tract.

Pyloric stensois commonly presents at 4 to 6 weeks
of life, but may be seen between 3 weeks and 3
months. Clinically, progressively projectile non-bil-
ious vomiting develops over days. Inadequate weight
gain or loss of weight is characteristic. US is usually
diagnostic.

Intussussception occurs in over 90% between 2
months and 2 years of life, often proceeded by some
viral upper respiratory tract infection. Contamination
of the Gl-tract with hypertrophy of its lymphoid
tissue and hyperpcristalsis is a common pathogenetic
assumption. Colicky pain is the usual first presenting
symptom; bloody slools arc seen later in the course.
Early attempts to hydrostatic or pneumatic reduction
(6 lo 12 hours of onset) have a high success rate.
Fluoroscopic monitoring is recommended. Reduc-
tion under US control is practised successfully by
some. Inolderchildren, some focal anatomical lesion
should be excluded (i.e. intestinal duplication cyst,
Meckel diverticulum, lymphoma, intestinal wall
haematoma, etc.)

Incarcerated inguinal hernia is common in boys
between 4 days and 4 months of life. The diagnosis is
usually clinical. A plain radiograph of the abdomen
with the child supine may suggest the diagnosis.
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Appendicitis:
Its clinical suspicion commonly leads to laparotomy.
However, in up to 30% thediagnosis is not verified at
surgery, yet delay of diagnosis with perforation is
frequent. The plain radiograph may demonstrate
lumbar scoliosis from guarding ("bon"), an appendi-
colith ("stone"), bowel motility disturbance ("gas")
and a mass from abscess formation ("mass"). An
experienced ultrasonographer is able to demonstrate
the abnormal appendix in a majority of instances.
Lower lobe pneumonia, mainly on the left side, may
be a clinical pitfall simulating appendicitis.

Hirschsprung disease typically presents in the
newborn, sometimes in infancy at termination of
breast feeding. Classical contrast enema in lateral
position demonstrates the "transitional" rectal /one,
i.e. transition from the distal narrow colon ic segment
of aganglionosis or hypoganglionosis to the widened
part proximal to it. Contrast filling only of the distal
colonic part will usually suffice. If the colon fails to
clear spontaneously, a late film is recommended.

Abdominal abnormalities outside the Gl-tract may
lead to acute abdominal pain. The genitourinary tract
is the most important organ system to consider.
Obstruction at the urclcro-pelvic junction commonly
leads to flank pain. Infection/inflammation, mal-
formation, tumor and posttraumalic or metabolic
conditions extrinsic to the Gl-tract should be looked
for.
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PATHOLOGY: Bowel obstruction caused by
invagination of a portion of intestine into itself.

TYPES:
1. Primary or idiopathic: usually ileo-colic
2. Secondary with a lead point (2-8%): ileo-ileal,

ileo- ileo-colic, ileo-colic, colo-colic.

INCIDENCE:
Commonest acute abdomen for under 1 year of age.
AGE: > 40% in 3-9 months,; 60-65% under 1 year, 3/
4 under 2 yr.
2:1 male predominance.
7% recurrence in 10 days to 6 months.

LEAD POINTS IN SECONDARY INTUSSUS-
CEPTION:
SMALL INTESTINE: Polyps (Peutz-Jcgher's
syndrome); Meckel's diverticulum; small entero-
genous cyst; ectopic pancreas; lymphoma, Henoch-
Schonlein purpura.
LARGE INTESTINE: Henoch-Schonlein purpura,
inverted appendiceal stump.

SYMPTOMS:
1. Colicky abdominal pain 85%.
2. Vomiting 80%
3. Abdominal mass 65%
4. Blood per rectum 60%.
5. Diarrhoea 7%.

PATHOPHYSIOLOGY:
Invaginalion of intestine loops on itself > compres-
sion of mesenteric vessels in between the bowel loops
> create a vicious cycle of venous stasis and oedema
> tissue pressure in severe oedema higher than arte-
rial pressure > ischaemia of the outer layer of
intussusceptum > gangrene starting from the distal
end and spread prpximately > perforation and general
peritonitis.

A). PRIMARY INTUSSUSCEPTION

TRANSVERSE SECTIONS:
Rim of hypoechoic oedematous outer layer of
intussusceptum against-
Fluid-filled lumen forming TARGET sign
Compressed mucosa- DOUGHNUT sign

1.
2.

B)

SAGITTAL SECTIONS:
Layers of hypoechoic oedematous outer intussus-
ceptum forming 'SANDWICH' or 'PSEU-
DOKIDNEY' signs.

SECONDARY INTUSSUSCEPTION WITH
LEAD POINTS
Complex mass in the centre of intussusceptum in
both transverse and sagittal sections
Lymphoma- lobulated hypoechoic mass or polyp
Inverted Meckel or appendiceal stump- > 4 layers
of intussusceptum; bilobulated mass in the centre
of intussusception

FEATURES OF GANGRENOUS INTUSSUS-
CEPTION:
1. PERITONITIS: Loculated interloop fluid or

significant amount of free fluid in pelvis or
peritoneum.
ILEUS OFSMALL INTESTINE: Wall thickened
and lumen filled with fluid, absent peristalsis.
ISCHAEMIA OF INTUSSUSCEPTUM: No
blood flow in mesenteric vessels with colour
Dopplcr.

2.

3.

TREATMENT:
1. EXTRINSIC PRESSURE ENEMA REDUC-

TION by barium (height < 1 m.) or air (pressure
< 120mmHg.).

2. SURGICAL REDUCTION indicated in failed
pressure reduction; free air in abdomen by radio-
graph; sonographic features of gangrenous
intussusception, or +ve pathological lead points.

INDICATIONS FOR SONOGRAPHY IN
INTUSSUSCEPTION:
1. Diagnosis in atypical cases.
2. Features of gangrenous intussusception-

contraindication for pressure reduction.
3. Confirmation of complete reduction in equivocal

cases.
4. Monitoring and confirmation of hydrostatic

reduction if radiographic facility is not available
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DIFFERENTIAL DIAGNOSIS

1. NEUTROPENIC ENTEROCOLITIS
(TYPHLITIS)

PATHOLOGY- Fulminant necrotising
enlerocolilis in ilio-caecal region occurred in
neutropenic patients with leukaemia or
lymphoma. Early treatment necessary for
survival.

ULTRASOUND- Tender, doughnut-shape mass
in right iliac fossa, hypoechoic fluid-filled lumen
surrounded by echogenic, thickened mucosa,
submucosa and hypoechoic rim of serosa.

2. CROHN'S DISEASE:

PATHOLOGY: Transmural inflammation
involving the inner 3 layers initially followed by
outer 2 layers.
SONOGRAPHY: Bowel wall thickness >4mm;
the 5-layers of bowel wall no longer definable
replaced by amorphous hypoechoic ihickened
wall relatively aperistaltic.
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INTRODUCTION
Appendicitis remains one of ihc most common acute
abdominal disorders in the human being. Although
appendicitis can be diagnosed with confidence basd
on history, physical examinations and laboratory data
in most instances, there is still a high rate of uncertain
diagnosis (30%), and a negative laparoomy rate of
20% is still considered acceptable.1 There has been
specific conventional radiological techniques until
the introduction of high-resolution computed
tomography (CT) and sonography (US) in the
evaluation of acute appendicitis and its complica-
tions. Some recent reports have stressed the emcrge-
ing role and high sensitivity of high resolution ultra-
sound in the diagnosis of acutre appendicitis by
graded compression method.28 The overall sensitiv-
ity, specificity and accuracy in our experience were
84.6%, 97.6% and 92.4%, respectively9. US is of
greatest value either when it definitively confirms
appendicitis in patients with equivocal or atypical
clinical findings or when it excludes appendicitis by
diagnosing on alternative condition clinically
mimicking appendicitis.910 The knowledge and
technique of US in the evaluation of patients suspected
to have acute appendicitis is important for physicians
who are involved in the imaging of acute abdomen.

INSTRUMENTATION AND TECHNIQUE

Instrumentation
The scanner must provide good spatial and contrast
resolution. The commonly used transducers are 5.0

- 7 5MHz probes. A 10-MHz probe may be used in
young children, but generally not suitable for adult. A
linear or curvilinear (convex) probe is preferred. A
sector probe although can offer acceptable image
quality, has some disadvantages such as relatively
poor resolution in far field.

Technique
More attention should be paid in the region of maxi-
mal tenderness that the patients themselves had pointed
out. Routinely, the ultrasonographic scanning is started
with a transverse scan for the ascending colon by
identifying the gas-containing bowel in the right-
most flank region, sagittal scans of the whole ascend-
ing colon are performed down to the region of cecum.
The haustra of ascending colon can be easily visual-
ized as a chain of air pockets. The cccum is the lowest
air pocket located superficially to the right iliac
muscle. The diseased appendix typically presents as
a noncompressiblc blind tube" with a fluid-filled
lumen and a reproducible US appearance. It is usually
located medial or inferomedial to the cecum, usually
on the right psoas muscle and sometimes extends
medially tocross the iliac vessclsand reach the pelvic
fossa. If a diseased appendix can not be demonstrated,
a rapid survey using a 3.5 or 5.0 MHz transducer
should be done for the right kidney, hepalobiliary
system, right psoas muscle and retroperitoneum and
pelvic organs (especially fallopian tubes and ovaries
in women). If noabnormal ultrasonic finding correlate
with the patient's symptoms efforts of searching for
mesenteric lumphadenopahy or other bowel wall
pathologies should also be made. The US criteria for
diagnosing appendicitis are based on the descriptions
of Puylaert, Jeffrey et al, and Abu-Yourself ct al,
including visualization of a noncompressible appen-
dix regardless of mural thickness of diameter and
visualization of the appendix with hypoechoic wall
greater than 2mm.5 8

THE NORMAL APPENDIX
The normal appendix can be readily identified with
CT in obese patients4. However in routine HRUS
examination, it is not wasy to demonstrate a normal
appendix with confidence. In our experience, the
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normal appendix can be only demonstrated in 7%
(10/138) of patients'. The appendix, like the other
alimentary tract, is composed of four layers from
inner to outer, namely, mucosa, submucosa,
muscularis propria, and serosa. A normal appendix
on US is a blind loop with an outer diameter not larger
than 7mm (usually < 5mm), its outer hypoechoic rim
is less than 2mm, representing the muscle layer. The
submucosa is a thin echogenic layer. Both the lumen
and the mucosa are hypoechoic the interface between
these two is usually not well defined by HRUS. The
diameter lo the outer margin of the mucosa is usually
less than 3mm. Besides, negative "tenderness on
graded compression with the US probe" is also an
important reference.

ACUTE APPENDICITIS
In the early acutely inflamed appendix, there is usually
scanty neutrophilic exudation throughout the mucosa,
submucosa, and muscularis. When the disease
progresses, the neutrophilic exudation through the
wall is more advanced, with numerous
polymorphonuclear leukocytes within the muscu-
laris and layered fibrinopurulent reaction over the
serosa. As the inflammatory process worsens, there is
abscess formation within the wall, along with ulcera-
tions and foci of suppurative necrosis in the mucosa.
Because the serosa is usually heavily layered with
fibrinosuppuraiive exudale at this stage, the term
"acute suppurative appendicitis" is applied". During
the disease process of acute inflammation, the sever-
ity of inflammatory reaction, neutrophilic exudation,
and edema or abscess formation varies and the US
appearances of acute appendicitis may be different.
However, there are some common US findings: (1) a
tubular structure with a blind end in the right lower
quadrant of abdomen, the medial aspect of the tube
usually connects to the cecum and the other (blind)
end usually runs inferolaterally away from cecum;
the diameter of the tube near the blind end is usually
larger than that near the cecum. (2) The inflamed
appendix appears sausage-shaped outl ine in long ax is
and target pattern in short axis, the outer diameter is
usally greater than 7mm. The hypoechoic wall
(muscularis propria) is usually greater than 2mm if
visible, and the outer d iametcr of the inflamed m ucosa
are greater than 3-5mm. (3) Noncomprcssibility of
the lesion-with tenderness during graded compres-

sion to the overlying abdominal wall. (4) Reproduci-
bility of the lesion on US examination. (5) Echogenic
"appendicoliths" might be present in the lumen of a
diseased appendix58

If the acute inflamed appendix is associated with
rupture, the abovementioned typical US findings
may not be well demonstrated, and sometimes only
localized fluid collection in the right lower abdomen
or pelvic floor can be seen, representing localized
abscess or inflammatory exudate secondary to local-
ized peritonitis. Rarely, the appendix may be located
in the midlineorperiumbilical region.oreven with its
tip in the left abdomen; these may cause difficulty for
a correct preparative diagnosis. Most of the time, the
lumen of an inflamed appendix is filled with exudate,
but sometimes, it may be filled with gas. Some
patients may have palpable mass in the right lower
abdomen. In a review of 2621 patients with acute
appendicitis, Bradley and Isaacs noticed that 2% of
patients are asssociated with this situation, indicating
phlegmon formation11. HRUS may show a poorly
defined, irregularly outlined hypoechoic area,
surrounded by blurred hyperechoic zone, represent-
ing nonliquified tissue necrosis (containing small
pockets of pus) with inflammatory reaction in the
surrounding fat and/or mesentery. An appendiceal
abscess isa well-dcfineddirty fluid space. Thecontour
is usually irregular. Appendicoliths, noted in about
one fourth to a half of patients, may present as a
hypercchoic nodule (usually 0.5 -1.2cm in size) with
acoustic shadows.1113

DIFFERENTIAL DIAGNOSIS
1. Other Appendiceal Pathologies

(a) Appendiceal tumor; especially mucocele
or mucinous cystadenocarcinoma, occa-
sionally necrotic adenocarcinoma

(b) Crohn's disease of appendix
(c) Intussusception of appendix

2. Diseases of the terminal ileum
(a) Yersinia enterocolitis
(b) Campylobacter ileocolitis
(c) Conn's disease

3. Typhlitis

4. Right side colonic diverticulilis
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5. Right fallopian tube endometriosis

6. Other conditions: dilated ovarian vein, enlarged
mesenteric lymph nodes, right side lubo-ovarian
abscess.

CONCLUSION
With recent advent of HRUS, the diagnostic accuracy
of acute appendicitis has been significantly imrpoved.
This obviate some unnecessary laparotomy.7811 US is
highly recommended asaconfirmatory test in patients
with suspected acute appendicitis (or its complica-
tions) and equivocal clinical findings. Patients with
positive US findings and clinical or laboratory find-
ings suggestive of appendicitis should undergo
laparotomy. A non-diagnostic US examination in a
patient with exquisite tenderness and severe abdomi-
nal guarding cannot rule out the possibility of acute
appendicitis and the surgical decision must rely on
the clinical examination. Patient with low clinical
suspicion and negative US examination should be
followed until symptoms resolve.
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Pancreatic Imaging by CT and MRI
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CT has remained the primary modality in evaluating
diseases of the pancreas. More recently, studies are
being performed evaluating the role of spiral CT
techniques, including 3D imaging in the staging of
pancreatic carcinoma. Magnetic resonance imaging
(MRI) of the pancreas, including contrast enhance-
ment with gadolinium DTPA as well as other agents
such as Mn-DPDP have shown some promise in
preliminary trials. A variety of imaging sequences
including fat saturation have also been valuablein the
detection of small pancreatic lesions. In this presen-
tation, discussion will be limited to the role of CT/
MRI in evaluating pancreatic neoplasms.

Pancreatic Carcinoma
CT is extremely sensitive in detecting pancreatic
carcinoma. CT findings in pancreatic carcinoma
include the presence of a focal mass in a majority of
the patients. Diffuse enlargement is unusually seen in
pancreatic carcinoma. In a large percentage of cases,
the masses have low attenuation areas on contrast-
enhanced scans. Pancreatic duct dilatation can be
seen and is usually accompanied by parenchymal
atrophy. Most commonly, local extension is posterior
to the gland and often grows along perivascular
planes, encasing or occluding major mesenteric
vessels. Whereas periarterial encasement and the
presence of a mass are more likely to be seen in
pancreatic adenocarcinoma, this finding occasion-
ally can be seen in pancreatitis.

A multicenter study shows that CT and MR are
equally accurate in the diagnosis and staging of
pancreatic carcinoma. However, with the use of fat
suppressed gadolinium DTPA-enhanced imaging,
smaller lesions may be better visualized with MRI
than with CT. Furthermore, Mn-DPDP, a vitamin B6
derivative, also has been used to image the pancreas.

Its precise role in evaluation of the pancreas remains
to be clarified.

Distinction between chronic pancreatitis and
pancreatic carcinoma may pose a problem which is
not easily resolved with any imaging method since
the two entities have many histologic similarities.

Cystic Pancreatic Tumours
Cystic pancreatic tumors are rare, accounting for less
than one percent of pancreatic tumors. The ones
which will be discussed in this presentation include
serous cystadenoma/adenocarcinoma, mucinous
tumors, and solid and cystic papillary epithelial neo-
plasm.
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There are many kinds of cystic lesions of the pancreas
including cysts, cystic neoplasms and their
differential diseases on imaging. Among these
diseases pseudocysts and cystic neoplasms are the
most important to CT diagnosis because of high
frequency and possibility of correct diagnosis based
on CT. First of all cystic neoplasm is represented and
the other lesions are discussed for potential differen-
tial diseases.

1. Cystic neoplasm
Cystic neoplasms of the pancreas are divided
into serous cystadenoma (s. microcy stic adenoma,
glycogen-rich cystadenoma) and mucinous cystic
neoplasm including mucinous cystadenoma (s.
macrocystic adenoma) and cystadeno-carcinoma.

These two entities show different gross appear-
ance and are able to be distinguished each other.
It is clinically important that mucinous cystic
neoplasm is overtly or potentially malignant
while serous cystadenoma is always benign.
This is the reason why we should distinguish
these two entities and are able to do in typical
cases so far as we are familiar with gross
appearance of specimens and their images.

a. Serous cystadenoma
Serous cystadenoma is characterized by a
large number of tiny and/or small cysts and
hvpervascularstroma. In typical cases serous
cystadenoma is located in the head of aged
woman and appears as well-defined, multi-
nodular mass of inhomogeneous hypo-
density. After contrast enhancement, solid
portions show prominent enhancement and
mass becomes honeycombed or spongy
appearance. Contrast enhancement is very

important in this disease. S unburst calcifica-
tion in the central scar is well known but is
actually rare findings while spotty calcifica-
tions are often noted.

There are wide variation in size and number
of cysts as well as volume of solid portion.
When sizes of cysts are very tiny, serous
cystadenoma looks like a solid tumor on cut
surface of gross specimen and shows almost
homogeneous enhancement like islet cell
tumor. When sizes of cysts are large and
number of cyst is small, it appears as multi-
locular mass disguising a mucinous cystic
neoplasm.

b. Mucinous cystic neoplasm
Mucinous cystic neoplasm of the pancreas is
multilocular or unilocular. In typical case a
round, well-defined mass associated with
septa, mural projection and/or locally thick-
ened wall is noted in the tail of middle-aged
woman. Contrast enhancement clarifies the
presence of septa, mural projection and/or
thickened wall. However, these structures
are usually pointed out on precontrast CT
retrospectively. When mass is multilocular,
densities of individual cystic portion may
disclose different densities. MR imaging is
more sensitive to demonstrate different in-
tensities of individual cysts and ultrasound
is superior to detect septa clearly. Spotty
calcification is less frequently noted in
mucinous cystic neoplasm than in serous
cystadenoma. Communication of cystic
lesion with the pancreatic duct is often
demonstrated when enough pressure is given
on endoscopic pctrograde pancreatography
(ERP) or cystography is performed.

Differential diagnosis of mucionous cys-
tadenoma from adenocarcinoma should be
histopathological. However, a large amount
of solid portion suggests more likeliness of
malignancy and apparent invasion means
the diagnosis of cystadenocarcinoma.
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Recently a new subentity, "ductectatic"
mucinous cystadenoma and cystad-
enocarcinoma of the pancreas has been
advocated from Japan. This entity is charac-
terized with grape brunch or pear-shaped
dilatation of the pancreatic branch duct
(usually in the uncinate process) covered by
atypical epithelium which is histopatholo-
goically same as that of mucinous cystic
neoplasm and excretes mucin. On CT and
ultrasound round or multinodular cyst is
represented in the uncinate process and ERP
makes a definite diagnosis opacifying this
cystic mass.

Pseydocyst
Pseudosyts of the pancreas are indcued by leak-
age of pancreatic juice, and causing diseases
include pancreatitis, trauma, abdominal surgery
and pancreatic cancer.

Pseudocysts usually occur in, along or near the
pancreas, but can occur far away from the pan-
creas. Appearance of pseydocysts is round or
ovoid cystic mass with smooth, thin wall in most
cases. However, in the process of pseudocyst
formation or even after establishment pseudo-
cyst can look like multilocular cyst or unilocular
cyst with mural projection and/or localized thick-
ened wall. Concomitantly, the pancreas often
shows findings of chronic or acute pancreatitis
such as calcified stone, dilatation of main
pancreatic duct, diffuse or localized swelling of
the pancreas, hazyness of pancreatic contour.
Some pseudocysts may mimic mucinous cystic
neoplasm on imaging and, vice versa, some
mucinous cystic neoplasms appear as simple or
pseudocysL History of abdominal pains and/or
abnormal biochemical examination consistent
with acute pancreatitis are also important clues
to the correct diagnosis.

True cyst
True cyst is pathologically diagnosed by the
presence of nontumoral epithelial lining and is a
nonspecific round cyst lacking association of
pancreatitis on imaging. When pancreatic cyst
occurs as one of the signs of systemic findings.
These entities include polycystic disease (many
cysts in the kidney, and liver, rarely in the ovary
and spleen), and von Hippel Lindau disease

(hemangioblastoma of cerebellum, or spinal cord,
pheochromocytoma and renal cell cancer).
Secondary cyst induced by pancreatic cancer is a
pitfall of cystic lesion of the pancreas. This cyst
is histopathologically a retention or psedocyst
and always occurs at the up stream of pancreatic
cancer. Reversely speaking, when a cyst or cysts
are noted in the pancreas, one should carefully
observe the downsteam to seek findings suggest-
ing carcinoma.

4. Miscellaneous
a. Solid and papilary epithelial neoplasm

This rare tumor occurs in young women,
and is characterised by well-defined solid
tumor associated with central cystic zone
which was induced by recurrent hemorrhage.

Image appearance is different case by case
according to amount and shape of cystic
portion.

b. Cystic islet cell tumor
Islet cell tumor may have large area of
degeneration and appears as cystic lesion.

c. Mucin-hypersecreting cancer
Excessive secretion of mucin (by cancer,
adenoma or even hyperplasia) results in
prom inent dilatation of main pancreatic duct
due to impaction at the orifice of papilla
Vater. ERP reveals a prominently dilated
pancreatic duct associated with filling defect
of mucin and endoscopically mucin is noted
at the enlarged orifice of papilla Vater. On
cross section imaging dilated pancreatic duct
looks like a cystic structure occasionally as-
sociated with solid portion.

d. Extrapancreatic cystic lesion
When mass lesions become large, it is
difficult to determine original organ on
imaging. Therefore, any cystic lesion
originating from the juxtapancreatic organ
can mimic cystic lesion of the pancreas.

Modern imaging procedures make a correct
diagnosis in many cystic lesions of the
pancreas. However, in critical cases imag-
ing-guided biopsy is available and useful.
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Pancreatitis - Imaging & Intervention
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Acute pancreatitis is a reversible acute inflammatory
disease of the pancreas with spectrum varying from
mild oedematous pancreatitis to a severe and often
fatal haemorrhagic and necrotic form. Chronic
pancreatitis on the other hand is a continuing inflam-
matory process characterised by irreversible fibrosis
and destruction of cxocrine tissue and in some cases
loss of endocrine function.

Imaging in pancreatitis is aimed at establishing the
diagnosis, determining underlying etiology, assess-
ing the severity of the disease by detecting complica-
tions and lastly providing a safe access route for
various diagnostic and therapeutic interventional pro-
cedures. Radiological evaluation of acute pancreatitis
usually begins with plain x-rays of abdomen and
chest followed by ultrasound and CT. Xray s of abdo-
men rarely reveal specific findings but are important
to rule out other abdominal catastrophies like acute
intestinal obstruction or perforation which may
mimick pancreatitis clinically. The commonest find-
ings include ileus which may be generalised or
localised to duodenum or transverse colon. Presence
of calcification in the pancreatic region in a patient
with acute symptoms suggests underlying chronic
pancreatitis. Extra luminal gas may be seen in cases
of pancreatic abscess, infected pseudocyst or intesti-
nal fistula. Chest x-ray may reveal basal atelectasis or
pleural effusion.

Barium studies are only occasionally performed in
patients presenting with mass abdomen orG. I. bleed.
Barium meal may reveal thickened folds, fundal
varices, displacement and mass impression. The
duodenum may reveal widened loop and mass effect,
spiculation of mucosa and irritability. In the colon
one may see spasm, stricture or fistula formation,
characteristically located at the splenic flexure. These

changes are due to the chronic inflammatory reaction
caused by spread of pancreatic enzymes along the
mesenteric attachments.

Ultrasonography may reveal normal pancreas upto
48 hrs, after an acute attack. Diffusely enlarged and
hypoechoic pancreas is characteristic of acute
pancreatitis but it is seen in only l/3rd of cases.
Presence of calcific foci and pancreatic ductal dilata-
tion suggests underlying chronic pancreatitis. Focal
intra pancreatic mass may be due to acute fluid
collection, pancreatic abscess, pancreatic haemorrhage
or psedo aneurysm. Further differentiation of these
conditions usually requires CT. The other limitations
of ultrasound are its inability to diagnose pancreatic
necrosis and to adequately evaluate extrapancreatic
spread. Overall sensitivity of US in diagnosis of acute
pancreatitis is 76% and specificity is 89%.

Computed tomography (CT) has proved to be the
single most sensitive imaging modality for diagnostic
evaluation of suspected pancreatitis. While ultra-
sound is ideal for early cases, CT is the technique of
choice in patients with severe pancreatitis who fail to
respond to medical treatment or in whom complica-
tions such as pancreatic necrosis infection or
haemorrhage are suspected. CT may be entirely
normal in mild cases, but in moderate and severe
cases, changes in pancreatic size, contour and density
are accurately depicted. Haemorrhage appears as
hyperdense areas on plain CT whereas unenhanced
areas of pancreatic parenchyma on Dynamic/Bolus
contrast enhanced CT indicate pancreatic necrosis.
Presence of pancreatic necrosis has important bear-
ing on the ultimate outcome of pancreatitis and CT
has proved very useful for its detection with reported
accuracy of 77-85%. Pancreatic necrosis is graded as
mild when it involves 30% (score 2), moderate when
31-50% (score 4) and severe when 50% of pancreas
shows evidence of necrosis (score 6). To assess the
severity of disease Balthazar has categorized CT
changes into 5 grades and assigned them scores,
Grade A (score 0) is normal pancreas, B (score 1)
when there is diffuse or focal enlargement of pancreas
with no peri pancreatic spread, grade C (score 3)
when there is one intra/extra pancreatic fluid collec-
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tions and grade D (score 4) when more than two fluid
collections are present. CT severity index, calculated
by combining scores of pancreatic necrosis and CT
grading has been found to be useful as an early
predictive indicator of mortality and morbidity.

CT depicits accurately the extent of peripancreatic
spread of inflammation as well as helps in detection
of other complications such as abscess, pseudocyst,
bile duct stricture, splenic vein occlusion,
pseudoaneurysms formation due to arterial erosions
etc. Abscess complicates pancreatitis in 3-20% of
patients and is the major cause of mortality. Presence
of air bubbles in ill defined poorly marginated fluid
collection of variable density at CT is diagnostic of
pancreatic abscess but is seen in only 22% of cases.
Imaging guided aspiration is mandatory in the rest for
a definitive diagnosis. Acute fluid collections are
seen in about 50% of cases and lack any definite wall.
Presence of fat islands in pancreatic oedema help in
differentiating this from acute fluid collection.

Imaging in Chronic Pancreatitis
Presence of focal or diffuse pancreatic calcification
on plain xrays is hall mark of chronic pancreatitis. On
US pancreas may show enlargement but is more
commonly atrophied showing altered echotexture.
Both US and CT can detect pancreatic duct dilatation,
ductal calculi, pseudocysts and biliary obstruction
butCT is superior to ultrasound in detection of small
calcification, evaluation of focal pancreatic mass and
diagnosis of vascular complications such as venous
involvement or pseudoaneurysms. ERCP remains
the gold standard to study the ductal anatomy for
diagnosis as well as prior to surgery. CT is comple-
mentary to ERCP for studying pancreatic paren-
chymal changes in early cases, when ERCP may be
normal or equivocal. There may be poor correlation
between severity of morpholoigcal changes delected
by imaging and pancreatic dysfunction, biochemical
parameters are therefore essential for proper evalua-
tion.

RoleofMRI
Potential of MRi has not been fully evaluated. Limited
ability to detect calcification, bowel artefacts and
high cost have been limiting factors. Recent work

suggests it may be superior to CT in differentiating
chronic pancreatitis from carcinoma.

Interventions in Pancreatitis
Imaging guided interventions have revolutionized
management of pancreatitis and helped in reducing
morbidity and mortality. The various procedures
performed for complications of pancreatitis include
diagnostic needle aspiration, percutaneous catheter
drainage of pseudocysts, infected fluid collections
and abscesses, stent placement and angioembolization
for treatment of bleeding pseudoaneurysms.
Diagnostic aspiration is best performed under CT
guidance to avoid transgression of bowel and
con tarn ination of sample. Presence of infection i n the
pseudocyst or necrosis demands an urgent drainage
and needle aspiratoin is thus critical diagnostic step in
the management.

Pancreatic pseudocysts larger than 5 cms, persisting
for 6 weeks, or those complicated with infection/
haemorrhage require intervention. Percutaneous
catheter drainage (PCD) now is believed to be the first
line method to treat symptomatic pesudocysts by
most authors with success rates varying between 70-
90%. Complications with PCD of pseudocysts have
been reported in 18%, major complications being
seen in 8.6% cases, compared to surgery where
mortality rates of 5-18% are reported. PCD usually
fails in patients having pseudocysts that communi-
cates with pancreatic duct. These patients may be
successfully managed by percutaneous transgastric
orendoscopicstentplacement. Percutaneous drainage
of pancreatic abscesses has not met with the same
success as PCD is other intraabdominal abscesses due
to the presence of multiple, usually multilocular
collections often containing debris and solid material
not easily drainable through the catheter. PCD how-
ever may have a temporizing effect is critically ill
patients thereby improving their condition for sur-
gery.

In patients presenting with biliary complications of
pancreatitis such as CBD strictures, percutaneous or
endoscopic biliary decompression can be success-
fully employed for external or internal drainage
followed by sphincterotomy orstent placement. Simi-
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larly transcatheter embolization can be successfully
employed to treat haemorrhage caused by rupture of
pseudoaneurysm in complicated pancreatitis.
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Aim:
To determine if the size of the pancreatic head and
body are reliable indicators of the presence of a
primary pancreatic neoplasm.

Materials and Methods:
A retrospective review of 125 patients whom had had
CT scanning of the pancreas and a fine needle biopsy
of the pancreas was performed.

Results:
Seventy nine patients had a final diagnosis of primary
pancreatic adenocarcinoma. In all of these patients
there was either a focal area of decreased density
within the pancreas or secondary signs including
dilatation of the pancreatic or common bile duct,
atrophy of the distal pancreas or nodal or liver
metastases.

There was marked overlap between the sizes of the
pancreatic heads and bodies between the patients
with a final diagnosis of a primary pancreatic neo-
plasm, those with other conditions e.g. pancreatitis,
and a group of normals, such that size alone cannot be
used as a reliable indicator as to the presence of a
primary pancreatic neoplasm.

Conclusion:
Size critera cannot be used to assess the presence of
a primary pancreatic neoplasm. However, the
presence of other CT Findings are very sensitive as
positive predictors of a primary pancreatic
adenocarcinoma.
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Disorders of the Vertebral End Plate
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The vertebral end plate is composed of a central
cartilaginous plate with a rim of bone. The subchon-
dral bone trabeculae are more closely concentrated
than within the body of the vertebra. The collagen of
the intervertebral disc is continuous with that of the
end plate and is inserted directly into the bony rim
(Sharpey's fibres). Intervertebral disc nutrition is
dependent on passage of fluids through the end plate
from the vascular plexus in the subchondral bone.
There is therefore an important inter-relationship
between disc and end plate, which is also shown by a
higher proteoglycan content in the disc with thicker
bony end plates.

The most common disorder of the end plate is the
Schmorl's node, which is well seen on MRI. This is
not considered to be of clinical significance on its
own but there is evidence that it affects the chemical
strcuture of the disc. More extensive disruption of the
end plate is seen in ScheuermanrT's disease where
vertebral changes and disc degeneration are com-
bined. More substantial focal end plate collapse may
be seen after trauma or in cases of osteoporosis. Both
may be associated with symptoms of back pain al-
though occurring in different age groups. Destruction
of the end plate will occur in infection. Early changes
are demonstrated on MRI, with increased signal on
T2 weighted images. Similar features may be seen in
Dihlmann type 2 changes in ankylosing spondylilis,
which may also enhance following gadolinium in-
jectins. Central end plate erosion may be present in
this condition also.

Finally, degeneration of the disc may have a direct
effect on the end plate. Acute changes seen after
chemonucleolysis have shown low signal on Tl
weighted images and increased signal on T2. There is
no evidence of increased signal in the disc which
helps differentiate thesechanges from infection. These
changes may relate to chemical breakdown products
from the degenerate disc. In more longstanding cases
of disc degeneration, the end plate shows increased
signal on both Tl and T2, consistent with fat deposi-
tion. Finally, severe degeneration, with sclerosis of
the subchondral bone, is demonstrated as low signal
on both sequences.

The dynamic importance of the end plate has been
demonstrated in flow studies on MRI and with posi-
tion emission tomography and further development,
will provide more insight into the process of disc
degeneration.
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Central and Foramina! Stenosis of the Lumbar
Spine
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Spinal stenosis is defined as an abnormal narrowing
of the central canal, in tervertebral nerve root foram i na,
or lateral recesses. It can be secondary to congenital
or acquired disorders. Since the advent of CT and MR
imaging, the diagnosis and assessment of spinal
stenosis have been facilitated3101314 Because
concomitant disc disease can often mimic signs and
symptoms of spinal stenosis, the role of CT and MR
imaging in preoperative evaluation has enabled direct
visualization of all abnormal elements and can deter-
mine which patients have associated disc disease. It is
the overlap of clinical expression of spinal stenosis
with that of disc herniation and vascular exclusive
disease that makes the radiologic evaluation impor-
tant because the latter can usually define the patho-
logy responsible for the patient's complaints.

CLINICAL PRESENTATION
Spinal stenosis can manifest as a myriad of signs and
symptoms resulting from compression of nerve roots
in the central canal, the intervertebral neural foramen,
the lateral recess of the central spinal canal, or any
combination of these elements. Of course, the
symptoms largely depend on which nerve root and
which levels are involved as well as the severity of
this involvement.

There is a great deal of overlap of pain pathways from
different levels in the spine. Generally this explains
the similarity of symptoms among the various disease
processes. The intervertebral disc, the posterior
longitudinal ligament, the anterior longitudinal liga-
ment, the vertebral bodies, and the dura mater, in
addition to the thecal sac and spinal nerve roots, have
been implicated in the origin of pain impulses in the
spine. These .structures are innervated in part by the
sinuvertebral nerve, which arises from the spinal
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nerve just distal to the dorsal root ganglion and
supplies the spinal level of origin and at least one
adjacent level. The intervertebral facet joints, also a
potential spinal origin of pain impulses, receive their
innervation from the posterior primary ramus at their
own level and from the level above. The posterior
primary ramus from the first three lumbar segments,
in addition to supplying the facet joints, also supplies
cutaneous innervation to the lower back, which is a
potential source for referred pain.

The classic presentation of patients with central lumbar
spinal canal stenosis includes low back pain, most
commonly involving the L-5 and S-l level; sciatic
nerve syndrome (sciatica), in which symptoms are
often bilateral neurogenic claudicalion (usually inter-
mittent); pain with hyperextension of the back but not
with flexion (e.g. can ride a bicycle or walk uphill
without pain); and the absence of pain when lying
down or sitting, but the presence of pain on standing.
The typical patient tends to be male and in the fourth
decade at the onset of symptoms. Such central canal
stenosis below the level of the conus medullaris can
produce symptoms of cauda equina or single-root
compression.

ANATOMY
Anatomically the central spinal canal is formed by the
vertebral bodies and intervertebral disc anteriorly, the
laminae and spinous processes posteriorly, and the
articular pedicles laterally. The central lumbosacral
canal varies in shape from the cephalad to the caudad
extent. Normally it is circular in cross section in the
upper portion of the lumbar spine and more triangular
at the lower regions. In fact, several investigators
have noted that 10% to 20% of the normal population
has a three-leaf clover, or trefoil, appearance to the
central canal at the L-5 level.

Before CT and MR imaging, plain films were used to
diagnose spinal stenosis by measuring the sagittal
diameter of the central canal. Subsequently CT made
these measurements more easily obtainable and accu-
rate. Several sets of measurements of normal
anteroposterior, transverse, and cross-sectional area
of the lumbar spinal canal have been published. The
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routine use of these measurements, however, is not
recommended. Broad normal anatomic variation
makes these measurements difficult to apply mean-
ingfully in many cases. Moreover, simply measuring
the bony canal fails to consider the size of the thecal
sac and how it relates to the bony canal13 Seemingly
diminutive bony measurements often are seen with
no clinical manifestation of spinal stenosis because
the thecal sac and nerve roots are proportionately
small. Conversely, a normal or even large bony canal
occasionally may exist in a patient with typical
symptoms of spinal stenosis because of a combina-
tion of disproportionately large thecal sac, nerve
roots, and support structures, relationship between
the bony canal and its contents carefu 11 y. The presence
or absence of adjacent epidural fat in areas of suspected
spinal stenosis is extremely helpful in deciding if
clinically significant stenosis is present. Epidural fat
at the level of the pedicle and lamina should normally
be noted unless prior surgery has been performed
resulting in epidural fibrosis and obliteration of this
epidural:lipomatous tissue. Distortion of the thecal
sac from a typically round to a horizontally flattened,
oblong shape is the best indicator of relative narrow-
ing of the central canal.

IMAGING TECHNIQUES
Standard lumbar spine CT and MR imaging protocols
should encompass the lower lumbar spine, at least
L3-4 to L5-S1, with contiguous axial images. Axial
images angled through each disc space with gaps in
between the disc levels are not sufficient, as the
facets, ligamentum flavum, and lateral recesses would
not be imaged.

With MR imaging, both Tl- and T2- weighted
sequences are recommended. For example, sagittal
Tl- and T2-weighted sequences are also routinely
employed with MR imaging. A surface coil using a
relatively small field of view should be applied.
Various technical methods of reducing artifacts, such
as motion, can be employed with differing results
depending on the magnet manufacturer's recommen-
dations.

With CT scanning, it is not necessary to use sagittally
reformatted images routinely, although many believe
that image reformation through the foramen is help-
ful. Typically CT myelography in this setting does

not add additional information over plain CT and is
therefore not recommended. With CT, both soft tissue
and bone windows should be used for interpreting the
study.

CENTRAL CANAL STENOSIS
Traditionally central stenosis of the spinal canal has
been divided into two types: (1) congenital/develop-
mental and (2) acquired. The congenital/develop-
mental type can be further complicated by having
superimposed acquired disease. In addition, most of
the borderline congenital types do not become clini-
cally manifest until an acquired process occurs.
Congenital/developmental stenosis includes idio-
pathic as well as developmental and specific heredi-
tary subgroups. In congenital spinal stenosis, one or
several segmental levels of the lumbar spinal canal
are affected. The central canal is narrowed in its
sagittal dimension because of the short, stocky pedicles
and thickened laminae and inferior facet processes.
The lateral recesses and neural foramina canals may
be narrowed by hypertrophic superior facet processes.
In severe examples, a contracted trilobed (trefoil)
configuration may result. Hypertrophy of the posterior
bony elements tends to be symmetric early in deve-
lopmental stenosis. Clinical presentation, however, is
usually delayed until middle age, when the supcrim-
position of early, and often unimpressive, degenera-
tive changes on the already developmentally stenolic
canal causes symptomatic compression of neural
tissue.

Achondroplasia, an autosomal dominant disorder of
cnchondral bone formation, is the prototype of
hereditary congenital spinal stenosis. Earlyclosureof
the cartilaginous ncurocentral synchondrosis coupled
with the formation of short, broad pedicles and
thickened laminae results in a generally small central
canal with decreased sagittal and inlerpedicular
dimensions and often a trefoil configuration. The
sagittal and inlerpedicular diameters decrease pro-
gressively, descending into the lower lumbar region,
the opposite of the normal configuration. A gibbous
deformity may develop in ihe thoracolumbar region
as a result of the pronounced kyphosis. Patients with
this deformity are prone to the development of early
degenerative changes that add to the degree of central
canal stenosis. Hypochondroplasia, a related
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condition, and Morquio's mucopolysaccharidosis are
other congenital disorders typically associated with
spinal stenosis.

Acquired spinal stenosis includes the categories of
spondylosis degenerative joint disease, trauma, post-
operative changes, and spondylolisthesis. Less
common acquired types of central canal stenosis
include calcification of the posterior longitudinal
ligament and Paget's disease. Intraspinal sy no vial
cysts have also been reported to cause spinal stenosis.2

They are invariably associated with degenerative
facets and are essentially ganglion cysts that arise
from the facets. They have a characteristic CT and
MR imaging appearance. Degenerative disease with
bony over- growth into the central canal is the most
common cause of acquired spinal stenosis and occurs
more often in the middle-aged and elderly, affecting
most frequently the L4-5 and L5-S1 levels.
Degenerative changes may encompass marked loss
of disc height, approximation and sclerosis of verte-
bral end plates, osteophy te formation with narrowing
of the central canal, and upward and anterior
subluxation of the superior facets, thereby narrowing
the lateral recesses and neural foramina..

Hypertrophy of the ligamentum flavum is a mis-
nomer - it does not hypertrophy but merely buckles
inward, becoming redundant as the facets and disc
degenerate and lose height.8 In the setting of facet and
disc disease, the ligamentum flavum can press
ventrally into the thecal sac and cause or contribute to
the same signs and symptoms as that of bony
encroachment.

IATROGENIC STENOSIS
Following spinal surgery, spinal stenosis can result
from regional bony, soft tissue or introduced foreign
material within the canal. After spinal fusion, over-
growth or extension of the fusion mass may constrict
the spinal canal. Accelerated degenerative changes of
adjacent intervertebral discs and related structures
may be stimulated at levels above and below fusion.
Epidural or arachnoidal scarring following
laminectomy can compromise the central canal, the
lateral recesses, and thecal contents. Similarly, a
post-operative epidural hematoma can result in acute
spinal stenosis. Finally, as a result of prolonged

corticosteroid therapy, epidural lipomatosis can result
with symptomatic multisegment compression of the
thecal sac.12

POST-TRAUMATIC STENOSIS

Following traumatic fracture of the spine, bone frag-
ments of the vertebral body can be displaced into the
spinal canal, resulting in compression of thecal sac or
nerve roots. Exuberant heterotopic bone formation
around the fracture site may futher compromise the
spinal fluid canal. Finally, biomechanical instability
subsequent to trauma may lead to accelerated
degenerative changes along with stenotic change of
the central spinal canal.

NEURAL FORAMINAL STENOSIS
Narrowing of the neural foramen at any level can
cause nerve root symptoms. This may be secondary to
actual developmental or acquired bony narrowing
from encroachment on the neural foramen because of
an extruded disc fragment, or from fibrosis as a result
of postoperative changes.

The intervertebral or neural foramen has the shape of
an inverted teardrop in the sagittal plane. The superior
and inferior borders are formed by the pedicles,
whereas the anterior wall is formed by the posterior
portion of the vertebral body and the disc. The poste-
rior wall or roof is compsed of the pars interarticularis
and the superior articular process of the facet joint.
The nerve typically exist directly beneath the pedicle.

When evaluating the neuroforamen with CT, bone
windows should be used as well as soft tissue windows
to assess for foraminal encroachment by herniated
disc material. If using CT, sagittal reformations can
be helpful in many cases. The degree of severity of
narrowing may be classified as mild, moderate, or
severe. Because the nerve root takes up only a small
portion of the superior recess of the neural foramen,
even severe foraminal stenosis can be present in
some instances without clinical symptoms. Narrow-
ing in the inferior recess of the foremen is less likely
to cause clinical symptoms than encroachment on the
superior recess because of the location of the nerve
root.

Postoperative fibrosis can encroach on a neural fora-
men or constrict an existing nerve root and cause
symptoms that are indistinguisable from other causes
of foraminal stenosis, such as bony or intervertebral
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disc encroachment. Using CT, obliteration of epidural
fat in the neural foramen is noted by the presence of
a soft tissue density that is slightly greater than that of
the thecal sac but less dense than that of disc material.
CT is not as reliable as using MR imaging coupled
with gadolinium. With administration of intravenous
gadolinium, typically scar tissue generally enhances
and disc material does not, thus allowing for reliable
differentiation of the two.

A fracture through the pars interarticularis with
subsequent slippage forward of the superior portion
(spondylolisthesis) can occasionally compress the
exiting nerve root.9 CT can demonstrate the
spondylolisthesis, but the pars defect and subsequent
anterior displacement arc often in the same plane as
the transaxial images and therefore can be over-
looked. At the midvertebral body level, the central
canal should have an uninterrupted bony ring formed
by the lamina. If the bony ring is broken, a pars break
(spondylolysis) can be diagnosed.5 It has been re-
ported that spondylolysis is difficult to identify on
MR images4; however, spondylolisthesis is easily
identified on sagittal MR images.

A pitfall that mimics an extruded fragment with
neural foraminal stenosis is a conjoined nerve root
that is usually represented by two nerve roots arising
and running together in the lateral recess.7 This causes
an evagination of one side of the thecal sac in
comparison with the opposite side and may even
obliterate the epidural fat. A conjoined root can be
distinguished from a disc fragment on CT by noting
the uniformity of density of the soft tissue mass
(conjoined nerve root) and the thecal sac. An extruded
disc fragment is more dense than the contents of a
normal thecal sac. With MR imaging, the signal
intensity of a conjoined root is identical to that of the
thecal sac. The absence of relevant clinical signs
should arouse suspicion that a possible mass within a
neural canal may actually represent a conjoined nerve
root.

FACET JOINT DISEASE
Degenerative joint disease involving the articular
facets has been reported to be a source of back pain
and sciatica that may be indistinguishable from that
of disc disease.611 CT readily visualizes the facet
joints and can distinguish facet arthropalhy from disc
disease, thereby assisting in the differentiation of
which of these might be causing the patient's symp-

toms. Of course, it is not unusual to have a combina-
tion of disc disease and facet disease at any single
level. Enlargement or hypertrophy of an articular
process can be graded as mild, moderate, and severe
with the understanding that mild to moderate facet
joint disease may be asymptomatic. Hypertrophy of
the superior articular facet causes encroachment on
the lateral recess, whereas hypertrophy of the inferior
articular facet causes central canal stenosis.

Pathologically the findings of degenerative changes
of the intervertebral facets are similar to degenerative
changes in any other synovial-lined joint, with the
formation of subchondral cysts,sclerosis,osteophylcs,
bony hypertrophy, and joint space narrowing. Bone
windows should be used to evaluate the facets on CT.
With MR imaging, Tl-weighted and proton density
sequences are superior to T2-weighted sequences for
bony structures.

LATERAL RECESS DISEASE
Clinically it can be difficult to diagnose lateral recess
stenosis on clinical grounds alone. Typically leg pain
and paresthesias are brought on by standing and
walking. The pain in lateral recess stenosis is usually
relcivcd by squatting or sitting, whereas that of a
herniated lumbar disc is generally made worse by
sitting. The lateral recess has also been referred to as
the nerve root canal or tunnel. It is bordered by the
posierolateral surface of the vertebral body and ad
jacent intcrvertcbral disc anteriorly, posteriorly by
the superior articular facet, and laterally by the pedicle.
The nerve lies adjacent to the thecal sac in this recess
and tends toexit the central canal immediately beneath
the pedicle. The most narrow part of the lateral recess
is at the superior portion of each pedicle because of
the anterior slanting of the superior articular facet.
Hypertrophy of the superior articular facet is more
likely to cause nerve root compression at the superior
border of the pedicle.

SUMMARY
Spinal stenosis has many causes and a variety of
radiographic appearances. The clinical presentation
can vary greatly in part because there may be
concomitant disc disease. CTand MR imaging may
help differentiate the various types of spinal stenosis
and can be invaluable in preopcrative surgical
planning.
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Imaging of Cervical Spine injuries

Iain W McCall

The Robert Jones & Agnes Orthopaedic and
District Hospital, NHS Trust, Oswestry,
Shropshire, UK

Despite recent advances in imaging, the plain film
remains the initial investigation in most cases of
cervical injury. The interpretation of the films is
assisted by a knowledge of the mechanism of injury
although high velocity accidents may result in a
complex of forces. Assessment of the resulting damage
may also be assisted by the three column concept.

Hyperflexion injuries are the most common causing
compression of the vertebra anteriorly and resulting
in posterior soft tissue disruption. Vertebral compres-
sion fractures will usually b e demonstrable on plain
films but CT with lateral reconstruction or magnetic
resonance scans may be required to make the d iagnosis.
Posterior soft tissue disruption may, however, be
difficult to diagnosse and failure to do so may result
in neurological complications and late onset defor-
mity. Flexion and extension lateral views are invalu-
able but spasm must be relieved to avoid inaccurate
results. However, if doubt remains, magnetic, reso-
nance will demonstrate the disruption of the posterior
ligaments and facet capsule.

Flexion rotation injuries can usually be evaluated
satisfactorily on plain films, with the addition of
oblique views but CT may be of value, especially in
demonstrating pedicular or laminar fractures. Mag-
netic resonance will not usually be required to assess
the bone lesion. Compression fractures are often best
demonstrated on CT, especially if involving Cl or
vertical fractures in the sagittal plane and especially
if involvement of all three columns has occurred.

Hyperextension injuries often produce little change
on the plain films although soft tissues swelling
anterior to the spine and compression fractures of the

facets should be carefully excluded. Odotoid fractures,
however, are usually diagnosed on plain films.
Magnetic resonance has proved valuable in these
lesions, demonstrating rupture of the anterior
longitudinal ligament and avulsion fractures of the
vertebral end plates. CT, with lateral reconstructions,
will show the odontoid fracture satisfactorily. In
milder hyperextension lesions of whiplash type
accidents, no abnormalities will be seen but in severe
cases, especially with radicular signs, disc prolapses
will be demonstrable on MR.

Assessment of neurological damage requires mag-
netic resonance. Early demonstration of haemorrhage
in the cord will gradually revert to cystic resorption
and myelomalacia and the process can be monitored.
The imaging in the early stages may provide the
ability to predict degrees of recovery but further long
term evaluation of this is required. The demonstration
of deterioration of cord damage and syrinx formation
with MR is, however, vital to the care of spinal
injuries.
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Myelopathy

Brian C Bowen
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USA

Clinically, the term myelopathy refers to spinal cord
dysfunction, regardless of the etiology. Functionally,
the spinal cord can be viewed as both a continuous
conduit for the propagation of central neural
conduction in a caudal (motor) and cranial (sensory)
direction, with appropriate synapses at motor neural
units, and as a segmented structure (segmental
organization of the dorsal rootlet entry, neuronal cell
bodies in the gray matter, ventral root outflow).
Interruption of any or all of these functions causes a
"myelopathic" state, resulting in a variety of neuro-
logical findings, most commonly motor and/or
sensory loss. From an anatomical and imaging stand-
point, the causes of myelopathy are categorized
extramedullary or intramedullary abnormalities.
Myelopathy may be either acute or chronic, and each
requires a different set of differential possibilities.

MR is the best method of imaging patients with
myelopathy, and with rare exceptions MR is the only
imaging study required to evaluate the spine and
spinal cord in these patients. The routine MR
examination incorporates standard or fast spin-echo
spin-density and T2-weighted (T2W) images. Tl-
weighted (T1W) images without and often with
intravenous gadolinium, as well as technical features
such as multi-level surface coils (phased array
designs), motion suppression, presaturation bands,
and gating. Less commonly employed are flow
sensitized sequences for fluid flow (CSF/cystic
cavities), magnetization transfer contrast (MTC), and
long (TR/long TE inversion recovery with fluid
signal attenuation (FLAIR). FLAIR imaging allows
the mulling of the high signal of CSF even when
long TR/long TE sequences are used and high signal
abnormalities within areas of the cord near its surface
will not be masked by the signal from the surround-
ing CSF. Flow-sensitized utilize a multi-frame (8-
16 frames) gradient-echo cine method to detect
uniform or disordered flow (including turbulence).

yielding either qualitative images or quantitative
(phase contrast) measures of fluid motion. This
method can be hepful in distinguishing cystic versus
non-cystic masses and in detecting blockage of CSF
flow within the spnal canal.

Extramedullary causes of myelopathy
The major extramedullary causes of myelopathy are
those which produce cord compression: disc
herniation/spondylosis; extradural metastatic
disease/myeloma/primary bone tumor, trauma with
vertebral fracture/disc herniation/hematoma.
primary extramedullary intradural tumors including
neurinoma/meningioma as well as metastatic seed-
ing of tumor along the cord surface, and abscess.

Disc herniation/spondylosis with cord compression
can lead to a myelopathy, sometimes manifested on
MR as a high signal abnormality on spin-density
and T2W images. It is our experience that even after
the offending disc or bone is removed, the high signal
abnormality remains, indicating an irreversible
pathological change in the cord, ie these changes
are not edema. Despite this, clinical improvement
frequently occurs even in the face of the persistent
high signal in the cord, suggesting that more is
occurring than can be simply inferred by an MR scan.

Metastatic lesions to the extradural space (bone
usually) present frequently as an acute myelopathy
and require urgent imaging. Even if the clinical
examination indicates only a single level of involve-
ment, the entire spine should be imaged because of
frequent silent metastases to other spinal levels.
While the level of clinical concern is evaluated with
a surface coil,the rest of the spine can be screened
for lesions with the body coil (survey with T1W
images). The use of a phased array coil permits
imaging of 2 to 3 spinal regions with same detail as
a dedicated surface coil.

Extramedullary intraspinal tumors are well
characterized by MR and are best defined following
gadolinium injection. Long-standing intradural
extramedullary masses such as neurofibromas or
meningiomas which have caused cord compression
over a long period of time can be associated with
syrinx cavities within the cord. This is readily
apparent with MR and the cysts may require surgical
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decompression at the time of primary tumor removal.
Syrinx formation within the cord is far more common
with intra-than extra-dural lesions. Focal areas of
softened cord (microcystic myelomalacia) become
macrocystic under the influence of abnormally
directed CSF pulse waves. With time, dissection of
the cyst to levels above and below the area primarily
affected by the mass occurs Thus, even with an
extramedullary intradural tumor, a progressive
myelopathy may develop.

Trauma to the cord nearly always results in a
myelopathy to some degree (complete or incomplete).
Different considerations guide the imaging of the
acute versus the previously injured spinal cord. In
the acutely ijnured cord, information over and above
that offered by plain films and CT scanning can be
obtained. This information includes detection of
intramedullary hemorrhagic contusion, cord edema,
exramedullary hematoma. and compression of the
cord by disc material or bone fragments. For surgical
management, the MRI is crucial in determining the
presence of disc or bone fragments which indent the
subarachnoid space or spinal cord. Gradient-echo
MR imaging is particularly sensitive to change
consistent with hemorrhage.

Epidural abscess most frequently occurs as a sequela
of disc space infection with osteomyelitis. Cord com-
pression, and hence myelopathy. may occur. It is cru-
cial to remember that the abscess may spread supe-
riorly and inferiorly for many levels away from the
primary focus of infection. For this reason, imaging
with a relatively wide field-of-view is advantageous.
Post-gadolinium T1W images are also important to
identify abscess for pre-operative planning. Infections
are usually due to blood borne pathogens found in
immunosuppressed patients or in drug addicts, while
occasionally infection is observed as a complication
of spine surgery.

Intramedullary causes of myelopathy
Among the more common intramedullary causes of
myelopathy are inflammatory disorders ("transverse
myelitis" resulting from viral infection or post-viral
immunologic reaction, and multiple sclerosis),
infarction hemorrhage of the cord from various in-
sults, trauma to the cord, intramedullary tumors, and
toxic metabolic disorders.

Myelitis usually has an abrupt onset and frequently
is present in a cord which shows no enlargement

and minimalto no enhancement. There are excep-
tions to this and any one of the etiologies of "trans-
verse myelitis" particularly those with an acute/
severe onset an show cord swelling and patachv
enhancement, resembling cord tumor. With multiple
sclerosis, usually short segments of the spinal cord
are involved, and frequently there are concomitant
white matter lesions in the brain.We have noticed
that when enhancement of the cord in MS occurs it
is typically in a relatively small area of cord compared
to the total length of cord involved and that posterior
enhancement, within the dorsal columns, will be
present. Clinically, approximately 10% of patients
with MS first present with symptoms referable to
the spinal cord, so that it is advisable to scan the
brains of patients with suspicious cord lesions to rule
out silent MS plaques in the brain. Since the spinal
cord can be the only site of abnormality, it may be
advisable to not rush to surgery and instead obtain a
two or three month follow-up MR. This is particu-
larly true when one can be certain that the high signal
abnormality and/or gadolinium enhancement is
occurring in the periphery of the cord where there
are ascending and descending while mailer tracls.
An unusual variant of MS termed Dcvic's syndrome
shows abnormalities of the spinal cord and the optic
nerves. Pathologically, this is a nccroti/ing
myelopathy and on imaging, a change in the
appearance of the cord over a short period of time is
classic. Focai inflammation of the cord in the ab-
sence of other finding consistent with multiple scle-
rosis is best considered a "transverse myelitis", usu-
ally seen as a limited area of signal abnormality in
the cord. Resolution both clinically and radiologi-
cally occurs in 50% of cases, with those severely
affected initially least likely to return to a normal
neurological state. While the etiology oflcn goes
undetermined, the cause is considered to be a viral
infection or post-viral (cross-reaction of antibodies
to neural ttisue) inflammation

Cord infarction mosl commonly affects the ante-
rior two-thirds of the cord, which is supplied by the
single midline anterior spinalartery (ASA). Thus.
motor function and pain/temperature sensation arc
affected more prominantly than proprioccption/
tactile sensation. Embolism to the AS A.complication
of arotic aneurysm surgery, complication of
angiography. and trauma all can result in an arterial
infarct. Venous infarction, although less common,
is seen, particularly in older patients who present
with a progressive myelopathy (usually paraparcsis).
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Proposed etiologies are chronic venous hypertension
secondary to dural AV fistula, or thrombophlebitis
involving the veins within the cord and on its surface.
This subacute necrotizing myelopathy has been
termed the Foix^Alajouanine syndrome. Myelopathy
associated with intramedullary vascular malforma-
tions occurs because they either hemorrhage into the
cord substance or "steal" blood supply from viable
spinal cord tissue.

The MR findings in cases of intrinsic cord trauma
have been divided into five categories ranging from
the most severe to the least severe damage: severed
cord, hemorrhage plus edema, hemorrhage only,
edema only, and normal cord. In the acute phase of
injury, MR signal abnormality within the cord
frequently extends both above and below the level
of direct injury. These findings may result from meta-
bolic or vascular changes in the cord. In the sub-
acute phase, persistent changes may represent areas
of Wallerian degeneration. Careful post-mortem
histological evaluaton of cord injuries has shown
such degeneration of the myelin-axon units along
the lateral cortical spinal tracts below injury levels
and similar degeneration along the dorsal columns,
above injury levels. These white matter tract changes
evolve over time (months). Reversing or halting such
degeneration has important implications in acute and
chronic patient care. In partial/incomplete signal
cord syndromes, such as central cord syndrome,
recent pathological and radiological studies indicate
that the traditionally held view of central gray
hemorrhage with extension to the medial white
matter tracts in central cord syndrome may be
incorrect.Not only is there a lack of hemorrhage on
MR but histological evaluation indicates the presence
predominately of an injury to the myelin-axon unit
with virtually no abnormalities of the central gray
matter (ic no substantial loss of or hemorrhage within
the neuron pool centrally). The probable mechanism
of injury is primarily a forceful compression of
corticospinal tracts bilaterally. The explanation of
the hands and upper extremities being more severely
affected than the lower extrcmitis in the central cord
syndrome presumably relates to the greater number
of myelinated tracts required for hand function. In
the previously injured cord, areas of abnormal MR
signal intensity demonstrate hypointensity on Tl W
and hypcrintensity on T2W images, unless there has
been a significant hemorrhage, in which case
hemosiderin and/or methcmoglobin effects are seen. I
t is also important for the radiologist to distinguish

between those changes which are a normal conse-
quence of such injuries (ie static abnormalities) and
those changes which indicate a progressive (and
possibly deteriorating) condition within the cord.
Four factors should be kept in mind w hen looking at
these MR scans: (1) length of the abnormality: (2)
the definition of borders of the abnormality: (3) the
presence of fluid flow within the lesion if a cyst is
suspected, and (4) signal intensity within the
lesion.Basically, a myelomalacic (ie grossly
noncystic) cord will show an irregularly hypointense
area with ill-defined borders on the Tl W image. This
is most frequently a small-to-moderate sized area
directly adjacent to the area of spine injury but may
extend away from the area of original cord injury.
The conversion over time of a myelomalacic cord to
one containing a well-defined cyst has been
documened. Post-traumatic intramedullary cysts, on
the other hand, will show a well-defined border and
a homogenous low signal intensity, equivalent to CSF.
on the T1W images. If these cysts are sufficiently
large, they will demonstrate flow voids which arc
particularly noticeable on cine MR studies because
of disordered flow and the hyperdynamic state of
fluid within the cyst. The distinction between small
cyst (less than 1 cm) and myelomalacia is of no clini-
cal consequence because even if it were determined
that a cyst was present, it would be too small to shunt.
It is important to carefully analyze all MR data in
order to avoid mistaking a "pseudo" posttraumatic
cyst for a true expanding cord cyst. Comparing the
signal intensity of the abnormal area in the cord with
adjacent CSF is important. In this regard, the spin-
density image is useful since myelomalacia appears
bright while cord cyst is approximately isointense
to CSF.

Intramedullary tumors (gliomas, ependymomas.
hemangioblastomas. intramedullary metastascs)
have similar MR features (hypointense on Tl W and
hyperintensc on T2W images), however, some
characteristics may be helpful in distinguishing one
from another. Ependymomas. as opposed to
astrocytomas, are frequently more well-defined, tend
to have an increased frequency of cystic components,
and may show areas of prior hemorrhage
Astrocytomas infiltrate more diffusely and
hemorrhage within them is less common.
Hemangioblastomas frequently show large cystic
components, demonstrate a strikingly hyperintense
nodule with gadolinium, and are associated with
serpiginous vascular structures (flow void) in the sub-
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arachnoid space which can usually be seen with MR.
Cysts within the cord in patients with cord neoplasm
may represent tumor cavitation or cyst (usually
central) or may be seen at a distance from the neo-
plasm and not be part of the tumor mass, per se.
This latter situation is termed benign cystic dilation
of the central canal and is now recognized as an
occasional feature of cord tumor. It is important to
recognize that such cysts extend beyond actual tumor
borders.

In summary, myelopathy may be caused by a wide
range of inflammatory, neoplastic, toxic and vascular
lesions. MR is ideally suited to establish the proper
diagnosis without the need for further diagnostic
imaging studies.
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Urography 1995 It necessitates the use of radiation and contrast me-
dium.

Sven Dorph

Department of Radiology,
Herlev University Hospital, Copenhagen, Denmark

The role of urography in the diagnosis of diseases of
the kidney and urinary tract has decreased markedly
over the past 20 years because of the advent of
ultrasound, computed tomography and nuclear medi-
cine.

It seems justified to ask, whether urography still has
a role in 1995?

To answer this, it is necessary to appreciate both the
strengths and the weaknesses of the technique.

Strengths of urography
• It gives a rapid overview of the whole urinary tract
from kidneys to bladder.

• It shows the detailed anatomy of the urinary tract
especially the calyces, pelvis and ureter, but also

the renal parenchyma and bladder.

• It both demonstrates and accurately localizes calci-
fications in the urinary tract.

Weaknesses of urography
• To produce a diagnostic result it is dependent on a
functioning kidney with perfusion, glomcrular

filtration and tubular concentration. Where renal
function is diminished, anatomical information

is limited and usually delayed.

• It provides no assessment of glomerular filtration
rate.

• It provides little information on renal parenchymal
structure and cannot characterize masses as cystic or
solid.

• It does not show the whole renal contour and may
miss masses arising from the anterior or posterior

kidney. It does not demonstrate the pcrincphric
space.

UROGRAPHIC TECHNIQUE
Modern urographic technique has reached a high
degree of refinementand safety. However, it requires
the radiologist's constant and active participation to
maintain quality. There should be only principal
routine guidelines for urography, since the urogram
should be tailored to answer the pertinent clinical
questions for any given patient.

Preparation:
Patients scheduled for non-emergency urography
should undergo bowel preparation. Dehydration is
unnessary with available contrast media and
particularly old patients and patients with reduced
kidney function should be well hydrated prior to
urography.

Contrast medium:
Tri-ionated, high osmolar, ionic media are still used
to some extent, but the change to the more expensive,
low osmolar, non-ionic media is rapid, and in most
countries these media are no longer reserved for
patients with increased risk of adverse reactions.
These include patients with a history of asthma, a
strong history of allergy.previousreactionstocontrast
medium, cardiac disease, impaired renal function,
myeloma or diabetes mellitus. Choice of contrast
medium has no major impact on the quality of the
urogram.

Theoptimum contrast medium dose in adult patients
with normal kidney function is 300 mg I/kg body
weight.

Rapid bolus injection is preferred to obtain a good
nephrogram.

Exposure factors:
A kilovoltage of 65-70, use of Bucky diaphragm and
a medium speed screen/film combination are recom-
mended for both preliminary films and urograms. A
40 degree arc movement of 1 sec. duration provides
suitable tomographic cuts.

Films sequence:
Plain films (coned on upper and lower urinary tract
with suitable overlap) are dispensable for orientation
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prior to contrast medium and should be supplemented
with tomographic cuts and oblique views to localize
calcifications as needed. After contrast medium there
should be no standard film sequence, but individual
tailoring. Nephrograms with no overlying calyceal
contrast can be obtained during the first 2 minutes. A
delay in calyceal appearance caused by obstruction is
often appreciated on at 5 minute film. If there is no
obstruction or other contraindications, abdominal
compression is commended and the pelvicalyccal
system is well delineated a 15 minutes. A full length
view immediately after release of compression will
often demonstrate both ureters throughout most of
their course before normal peristalsis is regained.

Optimum bladder filling isrcachedat25- 30 minutes,
but may be delayed with a low osmolar medium. The
bladder and ureters can be further studied on post void
films. Tomographic cuts are used routinely during the
examination by some but more selectively others.
They are particularly helpful to detect small renal
masses in patients with hematuria, to detect renal lac-
erations following trauma and to demonstrate the
pelvicalyceal systems, when they are obscured by
overlying gas.

DIAGNOSES WHICH NECESSITATE URO-
GRAPHY

Differential diagnosis of renal disease:
Only urography shows detailed calyccal anatomy and
the overlying parenchyma sufficiently well to make
the following diagnoses:

A. Calyceal/papillary abnormality without focal
parenchymal loss, e.g. papillary necrosis,
medullary sponge kidney, TB, mcgacalyccs,
parapelvic cyst.

B. Calyceal/papillary abnormality with focal
parenchymal loss, e.g. focal reflux ncphro-
pathy, calculus disease.

C. Calyceal/papillary abnormality with diffuse
parenchymal loss, e.g. obstructive ncphro-
pathy, diffuse reflux nephropalhy.

D. Focal parenchymal scarring without calyccal/
papillary abnormality,e.g. renal infarct, trauma.

Calculus disease:
Plain films can identify calcifications in the line of the
urinary tract and can differentiate renal and ex trarcnal

calcification. Urography is necessary to localize renal
calcification - to the parenchyma, papilla, calyx or
pelvis - and to show detailed pelvi-calyceal anatomy,
which is important when extracorporeal shock wave
lithotripsy or percutaneous extraction is planned.
Urography is the best method to localize calculi
within the ureter and can show these even when the
ureter is not dilated.

Obstruction:
Urography is the most important first line investiga-
tion in suspected obstruction. It is particularly
important in suspected acute obstruction when the
combination of the altered pattern of contrast medium
excretion and subtle anatomical changes enable the
diagnosis to be made. It is also helpful in many
patients with chronic obstruction.

Furosemide urography is helpful when pelviure-
tcric junction obstruction is suspected. The greater
anatomical detail which urography providescompared
to ultrasound enables it to identify many of the ultra-
sound false positives which arise when ultrasound is
used to screen for obstruction.

Subtle mucosal abnormalities:
Early transitional cell carcinoma of the pel vicalyceal
system and ureter appears as slight mucosal irregular-
ity or a small inlraluminal mass. Other less common
mucosal abnormalities also generally require uro-
graphy for early diagnosis, e.g. fungal infection,
schistosomiasis, lcukoplakia.

Congenital anomalies:
The superior anlomical information provided by
urography is essential to demonstrate fully many
congenital anomalies, e.g. urctcric anatomy in duplex
kidney, fusion and rotation anomalies.

CLINICAL PRESENTATIONS FOR WHICH
UROGRAPHY IS INDICATED

Hematuria:
Only urography can demonstrate early transitional
cell carcinoma, can evaluate calculus disease fully
and show papillary necrosis. It will also demonstrate
(but not characterize) renal masses and show changes
of tuberculosis and infarction.

Unexplained persistent proteinuria:
When protcinuria is not caused by nephritis or
ncphrolic syndrome and is persistant, urography
should be performed to delect reflux ncphropalhy,
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Misdiagnosis of Renal Cell Carcinoma

W S C Hare

Department of Radiology,
The University of Melbourne, Australia

Failure to diagnose the presence of cancer or
performing nephrectomy when cancer has been
diagnosed incorrectly are all too frequent causes for
litigation. Radical nephrectomy is the desirable treat-
ment for renal cell carcinoma (RCC), and this places
greater responsibility with the radiologist foraccuraic
diagnosis. Also, diagnostic responsibility has in-
creased with the knowledge that small renal cancers,
less than 3 cms across, may be curable. Thus, it is
important for radiologists to realise the sources of
possibel diagnostic error. As a basis it is essential to
have strict CT and US criteria for RCC and simple
cyst.

RCC: "A mass containing no fat but some-
times calcified. Prccontrast the mass is,
in part or wholly, less dense than renal
parenchyms. Following contrast hctcro-
geneousenhancementisdemonstratcd."

Simple Cyst: "A rounded unilocular mass with an
imperceptible wall on CT or US. The
cyst fluid is hypoechoic with density
less than 25 Hounsficld units.
Sonogrpahic through transmission with
posterior wall enhancement is clearly
demonstrated."

False Negative Diagnosis i.e. cancer is present but
misdiagnosed.

i. The normal urogram in hematuria. In patients
with red cells in the urine consistent with direct
bleeding into the urinary tract, the intravenous
urogram is the time honoured and valuable first
approach in diagnosis. However, the IVU is
unreliable in excluding bladder tumours and also
small space lesions in the kidney. Such patients
should be further investigated with cystoscopy

and CT of the kidneys, which is currently the
most sensitive method for detecting small masses.

ii. Disregarding small space lesions displayed on
CT or ultrasound. Often detected incidentally
during studies directed elsewhere such lesions
arc frequently dismissed as small cysts on
nsufficient evidence. These so called incidenta-
lomas" require detailed examination when first
detected if there is any suggestion that the mass
is solid. Thin section CT should be performed to
provide accurate density measurement and to
overcome the frcquentproblem with small lesions
of volume averaging. Dynamic scanning may be
required to detect enhancement. Any small solid
lesions less than 3 cms requires monitoring to
assess growth if not explored.

iii. Calling a cystic carcinoma a simple cyst. The
demonstration of a wall to a cyst should be an
indication for renal exploration. Simple cysts do
not have a perceptible wall on CTor ultrasound.
Renal puncture is of no help as cystic carcinomas
frequently contain straw coloured fluid. Histo-
logy of the wall at the time of operation is
required.

iv. Atypical density pattern causing misdiagnosis.
Occasionally a carcinoma may be isodense with
the renal tissue and enhance homogeneously
suggesting a pseudotumour. In such cases a
DMSA radionuclide study will show failure of
uptake if a cancer. With indeterminate masses,
not meeting the criteria of RCC or cyst, the
radiolgoist should warn clinicians and surgeons.
In some cases exploratory surgery may be
indicated.

False Positive Diagnosis i.e. renal carcinoma iagnosed
but not present.

i. Mass in adjacent tissue. Careful assessment
should determine whether a lump is within the
kidney or not. However, errors have been seen,
particularly in respect to the adrenals and also a
case in which an accessory splenic lobe was
thought to be in the upper pole of the left kidney.

ii. Cancer mimicked by other solide lesions. The
CT criteria for diagnosing RCC may be met by a
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range of other mass lesions, some neoplastic.
Angiomyolipomata may be disclosed by the
presence of fat but this may be small in amount
and can be confused with distorted fat within the
renal sinus. A measurement of less than -70
Hounsfield units is required top differentiate fat
from products of necrosis. Despite efforts to find
specific features for oncocytomata the overlap
iwth RCC is such that radical nephrectomy is
sometimes performed for such lesions. Whilst
the malignant potential of oncocytoma has not
been fully determined such a happenign may not
constitute a serious error. These tumours are
frequently quite large and may have a central
scar and a peripherally disposed blood supply.
The presence of a large renal mass with fcaturs of
renal cancer, but without appropriate clinical
symptoms should raise the suspicion of alternate
diagnoses and favour exploration rather than
radical nephrectomy. Xanthogranulomatous
pyelonephritis may mimic cancer. Usually calculi
are presemt and the extent of renal damage often
warrants nephrectomy. Isolated renal metastascs
are uncommon. A second primary renal tumour
is more common in those with previous extra-
renal cancer. If a metastasis is suspected,
percutaneous biopsy may prove helpful and the
same can be said for lymphoma.

iii. Cystic lesions mimicking renal cancer. On CT a
cyst containing dense fluid may be difficult to
assess, and differentiation from a haemorrhagic
cystic RCC may not be possible. If, on ultra-
sound, such a lesion fits all of the criteria of a
simple cyst then it is reasonable to monitor the
cyst conservatively. Septa are unusual findings
in simple cysls but do occur. Any suggestion of
solid tissueat the junction points of the sepia with
the cyst wall, or if the septa arc widcrthan 1 mm,
and if any enhancement of tissue occurs then
exploration should be recommended. The same
can be said of calcification within cyst walls,
although some recommend that a fine line of
calcification is acceptable if all other simple cyst
criteria are met. Multicystic ncphroma is usually
a chance finding and in middleaged women. The
lack of relevant symptoms and the appearance
which sugests long standing is usually sufficient
for the radiologist to suggest exploration. In
particular, thick walled cystic areas with heavy
calcification and a clear demarcation from the

remaining kidney tissue sets the lesion aside
from the usual appearance of renal cancer.

i v. Parapel vie lesions mimicking cancer. Parapelvic
cysts are usually readily diagnosed. Occasion-
ally a solid appearing focal lesion may be seen
within the renal sinus fat suggesting the possi-
bility of renal cell carcinoma or localised transi-
tional cell tumour. Such a mass may appear
hyperechoic on ultrasound and of soft tissue
capacity on CT. It is important to realise that
local fibrous changes within renal sinus fat may
give this appearance of a focal mass lesion.

Conclusion

In order lo minimise errors in renal carcinoma diag-
nosis a number of point can be made.

1. It is essential to have strict criteria on US and CT
for diagnosing simple cyst and renal cell cancer.

ii. A negative IVU in patients with true hematuria
should be followed by cy stoscopy and, if negative,
renal CT

iii. It is essential to determine whether an abnormal
mass lies within the kidney or closely adjacent.

iv. Wtih mass lesions less than 3 cms in diameter
found incidentally, it is essential to determine the
cystic or solid nature of the lesion and to explore
or monitor for growth the solid lesions.

v. Radical nephrcctomy should be reserved for
those lesions meeting the CT criteria for RCC
wilh appropriate clinical findings.

vi. Indeterminate masses not fully meeting the
criteria of RCC or simple cyst, require further
discussion with theclinician.Exploratory surgery
may be indicated for further assessment.
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Some Developmental Calyceal
Abnormalities seen in Adults

WSC Hare

Department of Radiology,
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Experience with the many kidney imaging modalities
now available has provided us with a better under-
standing of the final stages of development of the
adult kidney and a better understanding of some
subtle findings. The adult kidney results from a com ing
together of the branching mesoncphric (Woffian)
duct and the embryonic kidney tissue (mciancphros).
By a process of dichotomous branching of the
ampullary end of the duct, the pelvis, calyces and
renal tubules are formed, and it seems that this
developing duct system influences the final form of
the kidney parenchyma. The number of major and
minor calyces and details of parcnchymal architec-
ture vary between individual adults.

A. Renunculi
The commonest pclvicalyccal pattern in adults
shows two major calyces of varying size
suggesting incomplete development when
compared with those individuals who have minor
calyces arising directly from thepclvis. Recently,
using ultrasound, Dalla Palma described find-
ings suggesting that the final stage of maturity
results from the fusion of two renal parcnchymal
elements or renunculi. The upper renunculus
forms the upper pole of the kidney and extends
downwards behind the upper pole of the lower
renunculus which forms the lower half of the
kidney. A variable line of division may be seen
in the upper anterior aspect of the kidney consis-
tent with incomplete fusion of the two rcnunculi
and this should not be mistaken for a parcn-
chymal scar. The usual arrangement of renal
artery branching is also consistent with the two
renunculus concept. The postcriordi vision of the
renal artery normally passes behind the ureter to
supply the upper pole and a variable ex tent of the
posterior aspect of the kidney whilst the anterior
division, consistent with spplying the lower

rcnunculus, passes anterior to the pelvis supply-
ing the anterior aspect of the lower portion of the
kidney and the lower pole. In bifid systems or
those with two well defined major calyces, a
mass of cortical tissue can be expected to lie
anterosuperiorly in the kidney at the junction
zone of the renunculi and is a well recognised
cause of pseudotumour.

B. Developmental anomalies of the Calyces and
Medullary Pyramids with Normal Ureter
A wide range of calyccal anomalies may be seen
in adultswithanormalpclvisand ureter and most
are readily diagnosed on urography.

i. Anomalies of number
a. Unipapillary. Many associated

nomalies, all collecting ducts drain to
the one papilla.

b. Plycalycosis. Rare. Seen in cow and
seals.

ii. Anomalies of size
a. Microcalyccs. May be liny but normal

in shape. Often show infundibular
narrowings.

b. Mcgacalyccs. Non-obstructive.
Hypoplasia of medullary pyramid with
calyccal dilatation. Usually unilateral
and left sided. Males much more
common.

iii. Anomalies of position and form
a. Ectopic papilla. Enters pelvis or

infundibulum of a calyx. Opaque halo
around the papillary filling defect due
to contrast in the formix.

b. Pelvicalyceal divcrliculum. Arise from
fornix, infundibulum or pelvis. Usually
in upper third of kidney.

iv. Anomalisc of the collecting ducts
a. Medullary sponge kidney.

C. Developmental Anomalies of Calyces and
Medullary Pyramids with Funcitonal
Obstruction of the Ureter
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a. Primary obstructive mcgaurctcr
b. Pelviurctcric junction obstruction

Primary obstructive megaurclcr is considered
secondary loanadynamic ureteric segment close
to the bladder and accounts for 20% of neonatal
hydronephrosis. In childhood, it can proceed to
back pressure atrophy of the kidney. When first
detected in adults, urography usually demonstrate
a unilateral abnormality more often affecting the
leftside. A dilated lower third of the ureter is seen
with very little dilatation of the upper ureter.
Many of these patients have dilated calyces,
shallow papillary impressions and a reduced
width of renal parenchyma compared with the
normal conlralalcral side. The nature of ihcsc
kidney changes has caused debate as to whether
they arc the result of ongoing or whether they ar
due to altered development and mcgacalycosis
secondary to the lower urctcric abnormality. A
literature search has shown no evidence in adults
of these kidney chancs being progressive on
follow-up studies, and in those cases in which a
Whitaker test has been performed, the majority
have shown no evidence of urctcric obstruction.
The kidney changes are those of mcgacalycosis
and further support for them being development
is the association in some cases of medullary
sponge kidney. Patients detected in adult life
with primary obstructive mcgaurctcr and narrow
kidney parenchyma should be monitored and not
diagnosed as having progressive urctcric
obstruction.

Similarly, in patients presenting with mild degrees
of pelviurctcric junction obstruction, the renal
parenchymal width may be reduced compared
with the normal kidney, suggesting back pressure
atrophy. In many such cases the calyces arc not
significantly dilated and papillary impressions
are evident. Recently it has been suggested that
these findings may be those of mcgacalycosis
induced by a minor degree of pclviurclcric
junction obstruction rather than a measure of the
degree of bcack pressure atrophy existing.
Certainly, caution is necessary is assessing
parenchymal damage and the degree of obstruc-
tion in such cases.
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Imaging of Acute Renal Infection
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Acute bacterial pyelonephritis is denned as a clinical
syndrome of loin pain, tenderness and pyrexia
accompanied by laboratory findings of leukocytosis,
pyuria, bactcriuria, and a positive urine culture. Most
cases of acute pyelonephritis originate in the lower
urinary tract and then ascend to the kidney, often by
vesicoureteral reflux. Pathologically, bacteria
infection of the kidney leads to acute inflammation of
both the renal pelvis and parenchyma. The typical
distribution of the parenchymal component is along
one or more medullary rays. Grossly and micro-
scopically there is sharp demarcation between
involved and adjacent noninvolved portions of
parenchyma. At the peak of inflammation, tubules arc
packed with leukocytes and casts that may cause
focal intrarenal obstruction. Simultaneously there is
intense vasoconstriction of arteries and artcriolcs in
the inflamed regions.

Severe interstitial inflammation often causes swelling
of the involved parenchyma. If left untreated or
inadequately treated, renal infection will lead to tissue
breakdown and formation of microabscesses that
eventually coalesce into one or more larger abscesses.
Perinephric abscess usually results from rupture of a
renal abscess or infected hydroncphrosis through the
capsule.

Most patients with acute pyelonephritis do not require
any radiographic examination. However, imaging
studies are often requested to exclude the possibility
of a renal or pcrirenal abscess in patients who have
persistent symptoms in spite of antibiotic treatment.

Intravenous urography is normal in approximately
75% of adult patients with typical, uncomplicated

acute pyelonephritis. Sonography is the best screen-
ing test for urinary tract dilatation but inconsistently
shows focal abnormalities in patients with abscess.
Renal scintigraphy with DMSA cannot distinguish
between localized interstitial inflammation and
abscess. Although few cases of acute renal infection
have been studied with MR, the development of
breath-holdings imaging sequences and intravenous
paramagnetic contrast agents (e.g., Gd-DTPA) will
increase the use of MR in this area in the future. At the
present time, CT is the most frequently used imaging
modality in patients with suspected complications
from acute renal infection.

Computed Tomography

A spectrum of CT findings have been described in
acute renal infection. These changes include: (1)
alteration of renal contour, (2) alteration of normal
parenchymal attenuation, (3) alteration of contrast
medium enhancement and excretion, and (4) peri-
nephric abnormalities. These abnormalities are best
detected on contrast-enhanced CT studies.

In acute, uncomplicated pyelonephritis, the most
common CT pattern i8 that of wedge-shaped zones of
lower attenuation seen only on post-contrast scans.
Since these areas correspond to a group of lobules or
an entire renal lobe, they have very straight borders,
radiate from the collecting system to the renal capsule,
and generally are the widest at the periphery of the
kidney. On the initial post-contrast scans, the affected
areas enhance to a lesser degree than the adjacent
normal parenchyma. Delayed scanning, up to six
hours after intravenous contrast, may reveal dense
enhancement in these previously low-density wedge-
shaped zones. This phenomenon can be explained by
the eventual filling of tubules that are partially
obstructed by surrounding interstitial infl-mmntory
edema — a focal, delayed obstructive nephrogram
pattern. On occasion, narrow parallel bands of alter-
nating density may be seen within these low density,
wedge-shaped delayed perfilsing zones. These bands
(or striations) are most probably a function of slow
tubular urine flow secondary to the increased inter-
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stitial pressure of diffuse edema and the relatively
stagnant capillary blood flow that is partly due to the
associated vasospasm. In most cases, a mild to
moderate perinephric reaction is present. They appear
as indistinctness of the renal contour, thickening of
renal fascia, edematous perinephric fat, and pcri-
nephric connective tissue septa.

Although acute pyelonephritis usually causes
enlargement ofthe entire kidney, it may, on occasion,
result in a focal mass or masses. Acute focal bacterial
nephritis or AFBN has been used to describe the
early, more edematous or solid phase of focal renal
infection. On CT, it appears as an area of low
attenuation, usually 20-40 H less dense than the
normal renal parenchyma. It has irregular bounda-
ries, a rounded contour and an inhomogencous
appearance. Single or multiple lower density areas
may exist within the mass, consistent with lique-
faction. In spite of the liquefied areas within the focal
mass(es), antibiotics alone can lead to total resolu-
tion.

The CT features of an uncommon form of acute focal
bacterial nephritis, hemorrhagic acute focal bacterial
nephritis, may include focal wedge-shaped areas of
increased attenuation of noncontrast images. These
areas are thought to be due to different stages of
hemorrhage caused by infection and venous conges-
tion.

Whereas acute pyelonephritis can be adequately
treated with antibiotics alone, resulting in complete
resolution in most instances, it may, on rare occasion,
progress into the abscess cavity, and these frequently
require percutaneous or surgical drainage. On
precontrast CT scans, abscesses are solitary or
multiple, round, well-marginatcd low-attenuation
masses. Renal abscesses may project beyond the
normal contour of the kidney or be totally intrarcnal
in location.

neoplasm. In addition, other entities such as segmen-
tal renal infarction, mctastases, trauma, lymphoma
and renal vein thrombosis may exhibit changes simi-
lar to those of acute renal infection on CT studies.
However, careful correlation of clinical and labora-
tory findings with changes seen on imaging studies
almost always lead to a correct diagnosis.
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They have a thick, slightly irregular wall that may
enhance after contrast administration. No central
contrast enhancement is seen. Gas may be present in
a small percentage of renal abscesses. In the absence
of gas bubbles, an abscess may mimic anccrolic renal
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Radionuclodes in Nephrology and Urology
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Singapore General Hospital, Singapore

Imaging of renal and urological disorders is best done
using anatomical tests such as intravenous urography
(IVU), Xray computed tomography (Xray CT) and
ultrasound, which enable good visualisation of the
structure of the kidney. However the function of the
kidney is best studied with physiological tests using
radionuclides; among these functions are

i) glomerular filtration (GFR using technetium-
99m DTP A),

ii) clearance studies which indicate tubular func-
tion and give an idea of effective renal plasma
flow (ERPF),

iii) study of cortical funct~on using tcchnclium-
99m DMSA and

iv) study of obstruction of kidneys in the excre-
tory system using technetium-99m DTPA or
MAG3. The newer radiopharmaceutical
technetium-99m mercapto acetyl triglycine
(Mag3) enables both renal plasma flow studies
and GFR studies.

In the early days of renal radionuclidc study called
renography, probes were placed over the kidneys and
chest to record a variation of radioactivity with time
over the regions of the kidneys. The subsequent
studies however, use a gamma camera and lechnc-
tium-99m DTPA which is more readily availabic than
iodine-131 orthoiodohippurate. With the injection of
an adequate bolus of technetium-99m DTPA one can
note the arrival of tracer to the kidney (pcrfusion), the
uptake and subsequent excretion, which can produce
a kidney curve after background subtraction and is
called a renogram. A renogram has a sleep first part
of the curve which is rising, lasting about 20 to 30
seconds, and continues to rise for another few minutes

to a peak, and in the third phase there is a decline in
the curve which indicates excretion of tracer. The
normal time for the curve to peak is about 4 minutes.
With the use of technetium-99m DTPAone can study
the relative function of both kidneys, the paren-
chymal transit time of the tracer, and with the use of
a diuretic such as frusemide i.v. either 15 minutes
before the injection of tracer or 15 minutes after the
injection of tracer, presence or absence of outflow
obstruction can be noted. With the use of this tracer
one can also do radionuclide micturating cystogram
or MCU (directly or indirectly) and also study renal
function change as a result of treatment by lithotripsy.
Renovascular disorders can also be studied using
bolus injection of tracer.

Renogram - Technetium-99m DTPA/MAG3
- note arrival (perfusion), uptake and excretion
- parenchymal transit time (of tracer)
- relative function
- Rcnovascular Hypertension (RVH)
- diuretic rcnogram/F-15 in PUJ
- VUR-Radionuclidc MCU (direct/indirect)
- prc and post lithotripsy

Causes of unilaterally reduced perfusion are as
follows: -

Unilaterally reduced perfusion
- Renal Artery Stenosis
- Renal Vein thrombosis
- Parenchyma! renal disease
- Obstruction of Collecting System
- Hilar vessels compression
- Perirenal abscess, haematoma
- Ptosis of kidney

Renal artery stenosis
- decreased uptake due to decreased flow and

function.
- delayed transit and excretion.
- use rapid sequence Tc-99m DTPA imaging and

dcconvolulion analysis of transit times.
- ACE inhibition renography.
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ACE Inhibition
- Block Angiotension II formation by inhibiling

angiotensin converting enzyme (use captopril or
enalapril).

- Profound hypotensive response is suggestive of
RVH.

- ACE inhibition to enhance discrepancy in N/AN
ratio of uptake and excretion.

In renovascular hypertension (RVH) radionuclidc
studies such as renogram done after adm ini stration of
ACE inhibitor, and in conjunction with an angio-
graphic study which is lim i ted to patients with posi ti vc
renogram radionuclide study, can correctly identify
up to 95% of patients with significant renal artery
stenosis. The sensitivity and specificity of captopril
renoscintigraphy in identifying or excluding renal
artery stenosis is in the order of 91 to 94%. Further-
more the predictive value for angioplasty or surgery
in patients with renal artery stenosis is about 95%.
Studies show that when GFR decreases following the
administration of captopril or when there is prolonged
mean parenchyma transit time (MPTT) the patient's
response to surgical treatment is usually good. The
useoftechnetium-99m Mag 3 is advantageous because
of high extraction by kidney even in presence of
reduced function thus producing good quality of
images.

Obstructive nephropathy
An obstructive process in the renal outflow system
can be assessed using renal radionuclidc studies cither
by a forced diuresis for example with lasix, or by
noting the alteration in transit indices. Fruscmidc
diuresis generally is unreliable when renal function is
poorsince there must be sufficientnumbcrofnephrons
to produce a diuresis. The capacity and compl iancc of
the pelvis also affect the response. A normal response
is a fall in the time activity curve, while a rising curve
would indicate obstructive uropathy. Some would
advocate giving the lasix 15 minutes before the start
of the renogram study to note whether incomplete
obstruction can beovercomc by a fully filled pelvis of
the kidney.

Renal Transplants
With current use of anti-rejection drugs like
Cyclosporin, renal transplant rejection is less common.
A radionuclide perfusion scan can be done soon after
the surgfery to check renal perfusion, if patient has no
urinary output. We have used Tc-99m (tin) colloid
uptake in transplant kidney to note ex tentof rejection,
wh ile other centres use a renal perfusion index to note
if acute tubular necrosis (ATN) or rejection is more
likely.

Radionuclidcs arc also used in staging prosmtic, renal
and bladder tumours particularly prostate cancer, by
doing whole body bone scanc using tcchnetium-99m
DPD. Bone mctastases that are painful, particularly
from prostate cancer, have been adequately treated
with good response using Strontium-89 and Samar-
ium-153.
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Radiology of the Lower Urinary Tract

Sven Dorph

Department of Radiology.
Herlev University Hospital, Copenhagen, Denmark

Imaging modalities

The lower urinary tract includes the bladder, the
urethra and the prostate gland. They arc imaged
primarily by conventional X-ray (often with contrast
medium) and ultrasound (US) (transabdominal,
transrectal-, transurethral-).

Computed tomography (CT) is indicated in case of
major pelvic trauma involving the lower urinary tract
and both CT and magnetic resonance imaging (MRI)
may be useful in tumour staging. Nuclear medical
studies are used primarily to establish whetherdiscase
in the lower urinary tract injures kidney function.
Arteriography of the bladder is very rarely indicated,
mostly in combination with intcrvcniional proce-
dures (embolizalion).

Normal anatomy

The normal bladder holds 200 - 500 ml urine and
should preferably be full for visualization. The wall
thickness decreases from 2 cm - 2 mm during
expansion. It is important to remember the close
relation between the prostate and the bladder base and
posterior urethra in men and between the urethra and
the anterior vaginal wall in women. The urethra can
be studied by micturition cystography and by US and
in men by retrogradecontrastmedium injection using
af Foley catheter or a melal cannula with obturator
and a compression device. The female urethra is more
difficult to study by direct contrast medium injection.
A double balloon catheter system is the most widely
used.

Pathology

Diverticula arc congenital or aquired. Large divcr-
ticula may cause compression of the bladder and

dislocation of neighbour organs. The smooth inner
surface contrasts to the more irregular bladder surface.
25% of diverticula contain stones and tumour occurs
in 3%. USistheprimaryexamination.Theneckofthe
diverticulum should be localized in order not to
mistake it for a perivesical fluid collection. Uro-
graphy and CT demonstrate the contrast filled diver-
ticulum but urography may miss anterior and baso-
posterior diverticula.

Urethral diverticula are much more common in
women than in men. Large diverticula may lift the
bladder base. Some diverticula are difficult to fill by
antegrade or retrograde contrast application and are
best demonstrated by US during micturition.

Urachal remnants can be seen in every degree from
a slight tapering of the upper anterior bladder wall to
a fistula to the umbilicus. Tumour may occur. CT (or
US) are best to demonstrate urachal tumours, which
may contain calcil-icalions.

By i.v. urography a so-called "tear-drop" bladder
may be demonstrated. It is due to extravesical
compression. US, CTand MRI may reveal and partly
differentiate the underlying process which may be
hematoma, abscess, urinoma, tumour, Iymphoma,
hypcrirophic ileopsoas muscle, fibrosis, vena caval
occlusion or lipomatosis.

Simple cystitis is rarely detectable by any imaging
modalities while severecystitis may cause wall edema
detectable by US, CT or MRI. I.v. urography rarely
demonstrates mucosal affection, unless the bladder
wall contains air as in emphvsematous cystitis.
Chronic cvstitis may result in contraction of the
bladder. Bilharrzia often causes calcifications of the
bladder wall, while tuberculous calcifications are
more frequent in the neighbouring seminal vesicles.

Stones in the bladder often arise from passed renal
calculi. Most stones will leave the bladder by normal
m icturition, but in case of urinary retention and infec-
tion, they may remain and act as nidus for further
growth. Most bladder calculi are radiopaque, but
particularly uric acid stones may be radiolucent and
therefore best demonstrable by US.
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Urinary retention is best demonstrated andquaniificd
by US or nuclear medical cystography. It is seen in
neurogenic bladder disturbances, prosiatic enlarge-
ment and in other causes of urethral obstruction.

Trauma to the pelvis can result in rupture of the
bladder and the male urethra. Rupture is best dagnoscd
and staged by cystourethrography. However, in multi-
traumatized patients, CT is important to demonstrate
pelvic bone and the perivesical space.

Bladder herniation can be demonstrated by US or
simple cystography. Kolpocystourethrography for
female genital descent has been widely used as
guide for operative treatment, but is now considered
less important.

Patients with artificial urethralsphinctersarccvalu-
ated by conventional radiography to exclude kinking
or leakage of the tubings or reservoir. The system
contains contrast for this purpose.

Urethral stenosis is almost exclusively seen in men.
Strictures in adult men arc always aquircd (trauma,
infection). They are best demonstrated by retrograde
urethrography.

Functional stenosis in the bladder neck (bladder
neck dyssynergia) is typically seen in patients below
the prostatic age and is best demonstrated by m icturi-
tion cystography in combination with urodynamic
studies.

Bladder tumours are urothclial in 90%. Benign nco-
plastic lesions make up less than 5% of all primary
bladder tumours and include Iymphangioma, he-
mangioma.neurofibromaand muscular tumours (lcio-
and rhabdomyomas). US is the primary modality in
bladder neoplasms. Abdominal or transrectal US will
demonstrate the local expansion and protrusion into
the lumen and may reveal tumour in divcrticula.
However, US makes no contribution to the staging of
the disease. Transurethral US, performed during
custoscopy, seems able to demonstrate submucosal
and muscular invasion. Abdominal US seems capable
of replacing cystoscopy for control of recurrency in
patients with non invasive bladder tumours.

I.v. urography is only used to exclude synchronous
urothelial tumour in the upper tract, which reported 1 y
occurs in 4%.

CT is used to demonstrate extra vesical extension of
bladder tumours, while MRI seems able to evaluate
the degree of wall invasion.

Cystectomy is indicated incascof muscular invasion
of a urothelial tumour. Former urinary diversions,
such as ureterosigmoideostomy or Bricker bladder
have been replaced by new techniques for bladder
substitution, using detubularized bowel segments,
which secure continence and prevent reflux. Imaging
by cystography is directed against capacity, leakage,
stenosis, stone formation and reflux.

The prostate

Detailed imaging of the prostate became possible in
the 1980s with the advent of transrectal US. This
changed the zonal concept of the prostate and made it
possible to detect focal lesions. As in the testis,
malignant tumours are typically hypoechoic. How-
ever, transrectal biopsy is needed to obtain a safe
diagnosis of malignancy. Screening programs using
transrcctal US have been initiated in some American
centres. They may turn out to be useful in the light of
recent advances in MRI of the prostate using rectal
coils. Rectal MRI, because of its high soft tissue
contrast, is capable of assessing the spread of prostatic
cancer into adjacent structures, particularly the scm inal
vesicles, and even to detect capsular invasion. This
has been the basis for radical prostatectomy of non-
invasive prostatic cancer.

Intervention

Intcrvcntional radiologic technique in the lower
urinary tract include biopsy of tumours and puncture
and drainage of fluid collections, guided by US or CT.

Selective embolization of the arterial supply to the
bladder may be indicated in intractable bleeding from
the bladder mucosa, caused by inoperable tumour or
irradiation.

Urethral strictures and prostatic urethral obstruc-
tion have been treated with balloon dilatation with
variable results.

Finally various endoprosthetic devices, some even
self expandable, have been developed during recent
years to treat urcthral obstruction.

References
Amis liS.NcwhouscJII. Hsscnlialsof Uroradiology. Lilllc Brown
and company, Koslon, 1991.

Brabaric ZL. Principles of Genitourinary Radiology. ITiieme
Medical Publishers. New York, 1991.

Dunnick NR. Textbook of Uroradiology. Williams & Wilkins,
Baltimore, 1991.

Rifkin MD. Diagnostic Imaging of the lower urinary tract. Raven
l'rcss. New York, 1985.

366



UN2 - URORADIOLOGY

Doppler And CDI in Male impotency
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Duplex sonography of the penis was first introduced
by Lue and his colleagues in 1985. The basic principle
of Doppler sonography of the penis entails injection
of a vasodilator drug within the corpora cavernosa of
the penis. This in turn causes venous engorgement
which results in erection, under normal circum-
stances. Satisfactory erection is dependent upon
several other factors viz: psychosomatic, endocrine,
metabolic and neurologic. All these factors arc
excluded in a patient with impotence before under-
taking vascular studies of penis. An abnormal arterial
orvenous response results in vasculogcnic impotence.
Color flow imaging outli ncs and analyses these fac tors
adequately enabling the clinician to undertake the
necessary treatment.

The penis is composed of two corpora cavcrnosa and
a solitary corpus spongiosum. The two cavernosa arc
erectile structures of the penis. The three corpora are
enveloped within the tunica albuginea. These corpora
have sinusoidal spaces which distend with blood
during erection.

The study begins with real time evaluation of the soft
tissues of the penis. Evidence of calcification if any
eg. Peyronie's disease is noted. The two corpora
cavernosal arteries are then interrogated and if easily
possible, a baseline spectral wave form is studied.
The diameter of the vessel is also noted. However,
this is not possible in all cases, though identification
is made much easier with the use of Color flow
studies.

A vasoactive drug such a Papaverinc or Proswg-
landin-El is then injected within one of the corpus
cavernosum. The dose of papaverine (drug of choice
at our institution) varies between 40-60 mgms. It is
not necessary to inject in both corpora cavernosa
since the drug easily diffuses to the opposite side

through vascular communications. It is important to
inject the drug into the dorsal 2/3rd of the proximal
portion of the penile shaft. This is to prevent the drug
from entering into the corpous spongiosum.

The cavernosal arteries are then interrogated from 2-
30minutesat 5- lOminutes interval. The peaksyslolic
and end diastolic velocities in the corpora cavernosal
arteries are recorded. The diameters of these arteries
are also measured. As mentioned earlier, it is often
difficult to measure vascular diameter in the
preinjection flaccid stale, though the ability to dilate
is an important factor to be noted and an increase in
diameter of 75% in the vessel indicates good response.
Normally the peak systolic velocity of 25 cm/scc or
abovcis said to have moderate to good response.
Velocities above 30 cm/sec indicate excellent
response. If the peak systolic velocity remains below
25 cm/sec it indicates inadequate arterial response
which in turn results in inadequate erection. Assess-
ment of good response includes both- adequate rise
in peak systolic velocity and a diameter increase by
75V/o. Diffuse small vessel disease is indicated if
there is good response to peak systolic velocity but
poor arterial dilatation eg. Diabetes.

Normally, thercisan incrcasein diastolic and systolic
velocities immediately after injection. As there is
progressive venocclusion the sinusoids become maxi-
mally distended and intracavernosal pressure rises.
At a later stage, the vascular resistance increases
further and diastolic flow reduces or even reverses. If
the end diastolic velocity remains high throughout
the examination (over 5 cm/scc), especially when
there is adequate arterial response, it indicates
venogenic impotence. This happens if the
vcnocclusive mechanism is at fault.

In conclusion Penile Doppler Sonography (PDS) has
now become the method for evaluation of erectile
dysfunction. The tension of being in a hospital
atmosphere does make a patient anxious and almost
always there is some psychologic overlap. This needs
to be corrected and the examination carried out in
pleasant surroundings. Adequate care must be taken
not to inject the drug into the corpus spongiosum.
Priapism must be dealt with as an emergency.
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Trauma is most common in young male adults and is
the most common cause of death in the young age
group. 10% of severe injury seen in the emergency
suite involve the GU system. Gross hematuria is the
main symptom but may be missing when there is
complete transsection of the ureter or urethra.
Consequently radiologic work up should be initialed
on clinical suspicion also when there is no hematuria.

An increasing acceptance of conservative treatment
of some types of kidney and lower tract trauma
combined with improved confidence in the informa-
tion provided by modern imaging forms the basis of
new management concepts.

Radiologic work up should be rapid and rational to
save time and money. Since the kidney and lower
tract are rarely injured at the same time, imaging can
often be limited to the most severely injured region.

Trauma to the kidney

Urologists divide renal injury into 3 main categories.

1. minor, consisting of contusion and small
lacerations of the renal parenchyma with no
capsular or collection system disruption. They
are the most common, 85%.

2. major lacerations or renal fractures with tear of
capsule and/or collecting system, 10%.

3. catastrophic, shattered kidney, multiple severe
renal tears, complete tear of collecting system
and/or injury to the renal.pedicle, 5%.

The mechanism of injury is divided into blunt and
penetrating trauma. Blunt irauma is the most frequent,
and although the kidneys lye well protected by ribs,
muscle and fat, the kidneys can be severely damaged.
Penetrating irauma is most often caused by knives
and bullets and can introduce infection in extra-
vasated blood or urine. It is important to look for other
injuries in the abdomen (spleen, liver, pancreas,
duodenum).

Imaging of kidney trauma
CT, preferably with spiral technique, is the best
imaging modality for studying kidney trauma if it is
immediately available since it gives information of
all aspects of a renal trauma including location and
extend of intrarenal hematomas, renal tears, contrast
extravasation into parenchyma or perinephric space,
infarcts, subcapsular or perinephric hematomas and
their possible growth. Also kidney function can be
roughly assessed on post-contrast scans. While a
moth-eaten appearance of the renal parenchyma
indicates renal cortical spasm, a pure cortical rim of
contrast uptake is an alarming indication of renal
arterial occlusion.
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CT furthermore offers the advantage of allowing the
diagnosis of any associated non-renal abdominal
injuries.

When CT is not immediately available excretory
urography is the preferred imaging modality when
concomitant non-renal abdominal trauma is not
suspected. A perfect intravenous urogram cannot be
expected in the acute patient with abdominal trauma
because of adynamic ileus, intravenous drip infusions
initiated and lack of bowel preparation. However ihc
presence of bilateral nonobstruclcd function is
sufficient in the emergency situation, when CT and
angiography can be held in reserve in case of
complications. A completely normal urogram
indicates minor or no renal injury.

One should look for rib fractures, blurring of psoas
margins, lumbar scoliosis directed towards the non-
injured side, delayed and/or decreased or absent
contrast excretion, contrast exavasalion, striated
nephrogram, filling defects in the collecting system
and perirenal masses indicating subcapsularorpcrin-
ephric hematoma.

Ultrasound can detect renal parcnchymal injury and
perirenal or subcapsular hematomas, but does not
show function and is therefore not used in the
emergency situation but may be helpful in the follow-
up of conseNatively treated trauma-patients.

Nuclear medical studies arc sensitive indicators of
functional disturbances, butdo not show morphology
and are rarely immediately available at evenings and
nights.

Retrograde pyelography can demonstrate rupture
of ureterorcalyceal system butare no longer necessary
in the light of other available modalities.

Angiography is the most accurate method to study
vascular injury in the emergency situation. It should
be reserved forsuspected renal pedicle injury or when
therapeutic embolisation of bleeding is indicated. In
die non-acute situation it is necessary for the diagnosis
and management of traumatic a.v. fistula which is
mainly a complication to penetrating trauma.

Management of renal trauma

The unstable patient and the patient with suspected
renal pedicle injury should be operated immediately.
Clinically stable patients with blunt trauma and only
minor renal injury should not be operated. Between
these extremes is a large spectrum of severe renal
injuries caused by blunt trauma. The tendency during
the last decades has been to observe these patients and
treat them conservatively unless uncontrollable
complications occur. This attitude has also included
patients wiih penetrating trauma when prophylactic
antibiotic therapy is initiated at once. There are no
large controlled studies available to confirm the clini-
cal impression that this conservative attitude causes
less complications and saves more kidneys.

Delayed complications

During the first months delayed bleeding, fistula
formation, extravasation and infection may occur.

After one month complications include urinomas,
hydroncphrosis, infected hematomas, a.v. fistula,
pcrircnal and renal calcifications and hypertension
caused by incapsulated kidneys (Page-kidneys).

Trauma to the lower urinary tract

Trauma to the bladder and urethra can be external and
iatrogenic. External trauma, which will only be con-
sidered here, can be due to a blunt trauma to the lower
abdomen and to pelvic fracture or penetrating injury.

Trauma to urinary bladder

This is a relatively uncommon injury and will almost
exclusively occur when the bladder is full, while an
empty bladder has little risk of injury. The symptoms
arc unspecific? When there is associated pelvic frac-
ture the pain associated with the bladder injury will be
obscured. Voiding does not exclude bladder rupture
since it may still act as reservoir. Gross hematuria is
seen in virtually all cases. If there is only microscopic
hematuria there is probably no significant injury.

A thorough knowledge of some important features of
pelvic anatomy is necessary to understand the various
radiological pictures of bladder trauma: the dome of
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the bladder is covered by peritoneum. The extend of
the peritoneal reflexions will decide whether a rup-
ture becomes extra- or intraperitoneal. In the male the
bladder rests on Ihe prostate. Below the prostate is the
superior fascia of the urogenilal diaphragm which
prevents extravasation to escape from the pelvis. The
inferior fascia of the urogenilal diaphragm prevents
extravasation to the perineum.

Radiologk diagnosis

The diagnosis of the bladder is made almost exclu-
sively by radiography. Static cystography is the
method to diagnose bladder laceration and is helpful
in categorizing the lesion.

CT is often the first examination i pelvic trauma, but
may miss small bladder ruptures.

Angiography is only indicated when a transcatheier
occlusion of severe pelvic bleeding is considered.

The cystogram by urethral catheterization should be
done only when urethral injury can be excluded, since
catheterization in urethral rupture is coniraindicaicd.

A total of 200 to 400 cc of dilute contrast is slowly
infused and films in a-p, lateral and oblique projec-
tions taken. A post drainage film should always finish
the examination and may reveal extravasation hidden
by contrast in about 10% of bladder ruptures.

Ethiology of blunt bladder injury

Blunt trauma is most often due to car accidents with
seatbell and steering wheel as direct contact objects.
Rarer are falling objects and direct blows. In pelvic
fractures caused by blunt trauma bladder lesion is
seen in 10% while 80% af patients with bladder
rupture from blunt trauma have pelvic fracture.

Categorization

Bladder lesions are divided into five categories.

i. Contusion is an incomplete tear of the wall.
There is hematuria but cystography is normal.
The diagnosis is made by exclusion and no
specific therapy is required. The frequency is

unknown. It may be the commonest form of
bladder injury.

ii. Type 11 is intraperitoneal rupture accounting
for 30%. The tear is located to the bladder
dome, which is the weakest part of the wall.
Contrast medium is seen around bowel loops
at cystography.

iii. Type 111 is interstitial unjury, describing the
dissecting rupture without com- plete perfora-
tion resulting in blauder wall irregularity and/
or asymmetry. It is rare (few %).

iv. Type IV is extraperitoneal rupture accounting
for about 60% of diagnosed bladder injury.
Both blunt trauma and penetration of bony
fragments can cause this lesion. In the simple
type IV lesion the extravasation is confined to
the perivesical space while in the complete
form there is rupture of the superior and/or
inferior pelvic fascia resulting in extravasa-
tion to the retroperitoneum, the anterior
abdominal wall or the perineum.

v. ypc V is combined extra- and intraperitoneal
rupture seen in less than 5%.

External penetrating bladder injury is rare in Western
Europe. It is caused by bullets and knives.

Treatment

Bladder perforation should be closed operatively
while type I and type 111 injuries can be treated
conservatively. Patients with external penetrating
pelvic injury should be explored operatively because
of the high incidence of injury to bowel, other viscera
and vessels.

Urethral injury

Ethiology

Urethral injuries may involve the anterior or posterior
urethra or both. Many urelhral lesions are iatrogenic
caused by instrumentation or operation. They are not
considered here.
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Theanterior urethral traumatic lesions are often caused
by straddle injury. Posterior urethral injuries arc
usually caused by crush injury (car accidents). Female
urethral injury by blunt trauma is extremely rare. 10%
af males with pelvic fractures have urethral injuries.

Symptomatology

Inability to void is the classical direct sign of urcthral
injury but it is also observed in bladddcr rupture.
Gross hematuria is unusual but blood at the mcaius
may be seen. In anterior injury swelling and dis-
coloration of the penis, scrotum and perineum is
usual. When the prostate is shcrcd from its neighbour-
ing structures it may be non palpable on digiuil rectal
examination.

Radiologic diagnosis
The retrograde urethrogram under fluoroscopic
guidance is mandatory in urcihral injury. When
urethral iniurv is susPccted. the urethra should be
visualised before a catheter is placed in the bladder in
order to prevent a conversion of an incomplete to a
complete urethral rupture.

CT, ultrasound and MR imaging arc rarely helpful
unless concomitant pelvic lesions need
further evaluation.

Classification

The classification by Me Calllum from 1977 is based
on urethrography describing 3 types of urcthral injury
above the bulbous urethra.

Type I is streching of the posterior urethra because of
disruption of the prostatic moorings. A hcinaioma
elevates the bladder. There is no disruption of ihe
urethra.

Type II is rupture above the urogenital diaphragm.
Extravasation occurs into the extrapcritoncal space.

Type 111 is disrupted membranous urethra but the
lesion also involves the proximal bulbus urethra and
the urogenital diaphragm. There will be exavasation
both above and below the urogenital diaphragm.

Type 11 lesions arc rare, in fact in some materials non
existing.

Incomplete ruptures are frequent and this emphasizes
the importance of not cathctcrizing a suspected urcthral
injury.

Goldman 1990 has proposed a new classification of
urcthral injury involving also anterior types so that
type I is pure anterior injury, i.e. below the urogenital
diaphragm. Type 11 is pure posterior contusion, both
theold type I and 11 while type 111 is combined anterior
and posterior (the old type 111). However what is
important is to classify the posterior injuries includ-
ing the area just below the urogenital diaphragm.

Treatment

Some urologists have preferred to do immediate
exploration in case of urclhral disruption with
evacuation of hcmaloma and realignment of the urethra
with a catheter. However it is technically difficultand
the incidence of stricture is closed to 100%. Also the
risk of incontinence and impotence arc reportedly
high (30-60%). Therefore the trend during recent
years has been a more conservative attitude with
suprapubiccalhctcrization,secondary,dclayedrepair
when the hematoma is gone and the pelvic fracture
stable, usually after 4-6 months. This procedure has
brought at marked reduction in the rate of impotence
and recurrent stricture compared with immediate
repair. Incontinence rales as low and 2% impotence
10% and recurrent stricture 5% have been reported.

However a careful radiologic demonstration of the
extend of the lesion by urcthrography and suprapubic
cystograsphy is essential for planning of the repair.

Female urethral injury

The female urethra is very rarely injured. This is
explained by its shortness and free mobility. It is often
associated with multiple pelvic fracture and vaginal
laceration. Complications arc stricture, incontinence
and urclhro-vaginal fislulac.
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The use of renal allografl transplantation in the treat-
ment of chronic renal failure is nowwell established.

Improvements in organ matching, surgical technique,
and immunosuppressive medication have led to a
steady increase in graft survival, which is currently
reported to be about 90% at 1 year with live-related
donors and 80% using cadaveric kidneys.

Nephrologic complications

Nephrologic complications include rejection, acute
tubular necrosis (ATN), and immunosuppressivc
therapy toxicity.

Episodes or rejection occur in about 50% of cadaveric
allografls, mainly within the first months after opera-
tion, and represent the chief cause of failing allografl
function.

Acute tubular necrosis may occur as a result of the
ischemic damage to the kidney graft during the total
transplantation procedure. Approximately 30-50%
of cadaveric grafts do not show immediate function
due to ischemic damage. Most of these grafts will
begin functioning in 1 of 2 weeks.

Cyclosporine, which is now almost universally used
as an effective immunosupprcssive agent, has
nephrotoxic effects which may add to the frequency
of deiayed onset of function and dysfunction at later
stages.

Urologic complications

Urologic complications include extravasation, pcri-
renal fluid collections, obstruction, and vascular
complications. The overall incidence is now 10% or
less. It is paramountlhat these conditions be diagnosed
promptly and differentiated from other forms of fail-
ing graft function.

Urinary leakage usually occurs during the first 4
weeks after surgery, most commonly at the ureter-
neocystostomy. The chief symptom is decreased
urinary output, usually accompanied by obstruction.
In the absence of treatment mortality is high.

Perirenal fluid collections include hematomas, uri-
nomas, Iymphoceles and abscesses.

Small asymPtomatic hematomas are often demon-
strated by ultrasonography in the early postoperative
period. Larger hematomas will cause a palpable mass,
fever, and obstruction.

Urinomas are the result of urinary leakage, which
may no longer be ongoing at the time of
diagnosis.

Abscesses may also present with fever and septice-
mia. They may be derived from urinomas or
hematomas.

Lymphocele is the most common significant
posttransplant fluid collection (2% - 20%). It is usually
a late complication, often appearing after one or
several episodes of graft rejection. Lymphoceles often
present with decreasing kidney function associated
with compression symptoms.

Ureteral obstruction may result from compression
by fluid collections, ureteral stones or clots, and
stricture. Stricture formation is the most common.
The principal site is the ureterovesical junction (UVJ).
The technique of ureteroneocystostomy is the most
common cause.

Cascular complications
Stenosis of the graft artery causing hypertension or
graft failure is reported in 1% - 25% of cases.

Renin analyses are generally less reliable indicators
of significant stenosis in graft kidneys than in native
kidneys.

Imaging of the Renal allograft

Imaging procedures are useful to identify the potential
cause of graft failure. Nuclear medical studies and
ultrasonography represent the standard imaging
procedures used -for the routine monitoring of the
graft, but conventional radiography, computed

372



tomography (CT), and magnetic resonance imaging
(MRI) may be useful to clarify specific problems.
Furthermore, it is possible to handle many urologic
complications by interventional procedures using
imaging technique.

Radionuclide imaging
Radionuclide studies have assumed a dominant role
in control of renal transplants. They have the advan-
tage of being noninvasive and can be repeated
frequently. The most commonly used examinations
are radionuclear angiography, which is a pcrfusion
study, and renography, which is essentially a func-
tional study. Deterioration in pcrfusion/funciion as
judged from the radionuclidc examinations may
precede biochemical manifestations by 24 - 48 h. A
single isolated radionuclide study is of little value
except in the presence of specific conditions such as
vascular thrombosis and urinary leakage.

Ultrasonography
Ultrasonography (US) is harmless, noninvasivc, fast
and cheap. The renal transplant is especially well
suited for US investigation due to its position in the
pelvis. Today US used routinely in most centers for
postoperative follow-up. It is useful in the manage-
ment of perirenal collections and hydroncphrosis and
for the monitoring of graft size, relative cchogenicily
of intrarenal structures, and intrarcnal vascular resis-
tance.

The US investigation of the renal transplant should be
carried out in a standardized manner, and the follow-
ing noted: graft size, cortical thickness, intrarcnal
parcnchymal structures and the presence of pcrirenal
fluid collections and hydroncphrosis. The first scan
should be performed within a few days after surgery
to establish a baseline against which later scanscan be
compared.

Rapid increase in size in associated with acute
rejection. If the kidney is smaller than expected, this
may be the result of chronic disease or graft arterial
stenosis.

During rejection episodes, changes in the inlrarcnal
parenchymal structures may be seen: increase in the
corticomedullary relative echogenicity, enlarged
pyramids, and decrease in sinus echoes.

In ATN the graft usually shows no sonographic
abnormalities. Little is known about sonographic
features in cylosporine nephrotoxicity. One larger
series indicates difficulty in differentiating this

complication from acute rejection.

In conclusion, US parcnchymal changes are best
demonstrated by repeated scanning. They may be of
some help in differentiating the various causes og
graft dysfunction.

Among urologic complications, urinary leak is
best demonstrated by scintigraphic or radiographic
methods, ultrasound is extremely useful in the diag-
nosis and the management of perirenal fluid collec-
tions and hydronephrosis.

Normally, fluid collections will appear hypocchoic.
Ultrasound is sensitive but not very specific in the
diagnosis of such collections. Often however, ultra-
sonically guided aspiration is performed for diagnos-
tic and/or therapeutic purposes.

A dilated renal pelvis and calyces are readily dem-
onstrated by US. As with native kidneys, the presence
of dilatation docs not necessarily indicate obstruc-
tion. Also significant obstruction can be present with-
out dilatation. US is especially well suited for the
follow up of a suspected obstruction. The US Dop-
pler siqnal reflects the velocity of flowing blood.
During rejection periods, the vascular resistance
increases and the diastolic flow is diminished and
sometimes even reversed.

A vascular stenosis may be detected by a high veloc-
ity jet, followed by distal turbulence. Apart from this,
the colour Dopplcr al lows a qualitative assessment of
the overall vascularization of the transplant. Colour
Dopplcr as a quantativc tool still remains to be dem-
onstrated.

Conventional radiography

Urography was the standard imaging procedure
during the early days of transplantation. Its role has
been taken over by ultrasound scanning. Urography
can be a useful supplement in equivocal ultrasound
findings, especially when obstruction or urinary leak
is suspected. Itcan be very precise in localizing these
conditions.

Cystography is a simple procedure to demonstrate
urinary leakage involving the bladder wall. In the
early days of transplantation, angiography was used
extensively to detect early vascular complications
and especially to diagnose acute rejection. Angio-
graphy for the last-mentioned purpose has been
completely replaced by nuclear medical tests. The
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major indication for angiography is now suspicion of
renovascular hypertension. Digital subtraction angi-
ography (DSA) is a good choice. Arteriovenous
fistula, which are oflen a result of graft biopsy and
may cause severe hypertension, arc also readily
diagnosed by DSA.

Computed tomography: CT may be useful to solve
specific problems and can serve as an alternative
when ultrasound is equivocal or fails to provide a
diagnosis.

The nonenhanced CT scan can readily demonstrate
pelvic anatomy and the size and shape of the graft. An
edematousaraft undergoing acute rejection is typically
low attenuating, while the density may be increased
in some cases of chronic rejection. Noncnhanccd.CT
is a reliable and specific method of diagnosing fresh
hematoma or abscess containing air, while other fluid
collections can be readily seen but not differentiated.
A dilated renal pelvis and calyceal system is easily
seen on CT, but, as with ultrasound, the functional
significance may be difficult to evaluate. Also, it is
important to be aware that significant obstruction can
occasionally be missed by both methods.

Magnetic resonance imaging (MRI)
MRI of renal allografts is still limited. Reports avail-
able indicate that MRI may be useful in the evaluation
of both graft parenchyma! disease and urologic
complications.

In clinical reports on MRI of the failing graft the most
consistent finding has been loss of corticomedullary
contrast in the graft

Caliectasis can be recognized as dilated collecting
structures filled with urine in contrast to surrounding
renal parenchyma and sinus fat, and even a dilated
ureter may be seen to the level of the obstruction on
coronal images. Multiplanar imaging may be useful
in the assessment of renal transplant vascular patency.

Nephrostomy drainage may, in many instances, lead
to closureof the leak within 3 - 8 weeks, thus obviating
the need for surgical intervention. Ultrasonically
guided aspiration of perirenal fluid collections will
provide the differential diagnosis and may be the only
therapy needed if the patient is stable and the urine
output is unimpaired.

Ureteral obstruction should be relieved when
diagnosed. Following 1 or 2 days of percutaneous
nephrostomy drainage, balloon dilatation has sufficed
to replace surgical correction in many cases of ureteral
stricture. The procedure should be followed by
introducing a ureteral stent to be left in place for 6 -
8 weeks. Alternatively, the ureter could be drained
internally with double pigtail endoprosthetic stent.
Surgical correction of a renal arterial stenosis in a
transplant patient with reanastomosis carries a
relatively high risk of graft loss. Increasing evidence
favours the use of percutaneous transluminal
angioplasty (PTA) as an alternative therapeutic
approach comparing favorably with vascular surgery.
The rate of technically successful dilatation Wittl
clinical improvement ranges from 45% to 100% and
very few complications have been encountered.
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Interventional radiology
Percutaneous radiologic technique has proven of
value in a number of surgical complications in the 6.
kidney transplant recipient. Surgical intervention on
renal transplant may be very difficult because of
abundant fibrous tissue around the allografl. Some 7

results of definitive percutaneous therapy arc
comparable or superior to those of surgery.

8.

Results of surgical repair of urinary leakage were
poor until the procedure was combined with surgical
nephrostomy drainage. This observation led' to the
use of percutaneous ncphrostomy in urinary graft
leakage.
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Ultrasound Evaluation of Renal Transplant •
Current Status
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Powerful immuno-suppressi ve therapy and advanced
surgical techniques have greatly helped patients with
chronic renal failure in leading a good life. Renal
transplant is the treatment of choice for end stage
renal disease. Of all the investigations sonography
plays a major role in monitoring and follow ups of
transplant patients from very early post operative
period. At our institution a baseline study for the size,
volume and echotexture of the transplanted kidney is
undertaken, soon after the transplant procedure, to
pick up complications if any at an early stage.

As far as most surgical complications are concerned
for eg. fluid collections, obstruction ctc.j ultrasound
is the gold standard. It is helpful in evaluating patients
with renal dysfunction. Almost all procedures such as
biopsies, fluid aspirations and nephrostom ies arc best
performed under ultrasound guidance. Color flow
imaging has considerably cut down procedures such
as angiography and nuclear scans. Color flow imag-
ing is also useful in a variety of vascular complica-
tions like renal artery occlusion, AV fistula etc. With
its limitations, it is also of help in the diagnosis of
rejections and follow ups of patients. The role of
intra-operative Colour Doppler ultrasound to confirm
vascular patency is gaining wide spread acceptance.

It is necessary for the sonologist to be acquainted with
the surgical procedure in his or her institution. This
enables the sonologist to evaluate the post operative
renal transplants well. Because of its superficial loca-
tion the anatomy of a transplanted kidney is better
identified than the native kidney. There is no signi f ican t
difference in the anatomy of the transplanted kidney
from that of the native kidney. A mild seperation of
the central echocomplex is often a normal finding. At
our institution we routinely perform Color flow studies

in all patients. Color flow imaging is preferred to
Duplex Doppler studies since it helps in identifying
the entire renal vasculalurc to the smallest intra renal
vessels. Vascular complications are belter identified,
helping the clinician to institute necessary therapy.

Inspite of all the advances in medicine and surgery
patients are susceptible to many complications.
Surgical and medical complications often overlap
and this is where sonography plays an important role.
The com monestcompl ication observed is the presence
of peri transplant fluid collection, such as Iymphocoele,
urinoma, hacmatoma etc. In patients with urinary
leak , diversion procedures such as nephrostomy or
stcnting gives time for self healing rather than resort-
ing to surgical procedures. Obstruction is another
complication which can be diagnosed and treated
with the help of ultrasonography. It is normal to sec
mild dilatation of the renal pelvis in a transplanted
kidney. In the early post operative period blood clots
can cause transicntobstruction. Post operative urctcric
oedema is another cause of immediate post operative
obstructive symptoms. This usually subsides over a
period of time. Ishaemic necrosis needs to be attended
to especially in patients with neouretero-cystostomies.
Antcgrade pyclographics under ultrasound guidance
are undertaken when the site or cause of obstruction
is not definitely known.

Anuria in an early post transplant period requires
urgent ultrasoundcvaluation. After rulingout surgical
and vascularcomplications one is left with the possible
diagnoses of rejection, acute tubular necrosis or
cyclosporinc toxicity. In order to understand the
sonographic signs of rejection, knowing the histo-
logic changes in a

transplanted kidney helps us considerably. There are
several well documented ultrasound findings of
rejection. However similar findings can often be seen
in other medical complications. Initially Doppler
studies were thought to be diagnostic (high RI) but
once again this has not been very useful. Decrease in
diasiolic flow and increase in indices are features
suggestive of rejection. An RI of greater than
considered to be abnormal. Color fl~w imaging is
also useful in follow up patients on antirejeclion
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treatment Reappearance of diastolic flow is often
identified in patients who respond to t reatment.

There is considerable overlap of Doppler findings in
different pathologies for eg. reversal of diastolic flow
is seen in renal vein thrombosis. In general, reversal
of diastolic flow though not specific, indicates poor
prognosis. It is advisable to correlate Color flow
findings with the other clinical parameters and not
discard doppler as "Not useful" for detecting rejec-
tion.

The commonest vascular complication is renal artery
stenosis in patients with post transplant deteriorating
renal function. Color flow imaging is very useful to
localise the site of stenosis. Acceleration time in the
intrarenal arteries has become a useful parameter in
the diagnosis of renal artery stenosis. Renal vein
thrombosis though rare is a known complication.
Seen in very early post operative period this can be
identified well on Color flow imaging. Post biopsy
arterio venous fistulae are easily diagnosed on Color
flow imaging. This enables the clinician to embolise
the involved vessel.

FNAC is a relatively easy procedure that is usually
done under ultrasound guidance. At our institution
there have been hardly any complications of note.

In summary, sonography plays a vital role in diagno-
sis of complications following renal transplants. The
advent of Color flow imaging has simplified th is even
further especially for detecting vascular complica-
tions.
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The Role of Nuclear Medicine in Renal
Transplants

V Ralph McCready
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Renal transplantation is now a routine procedure in
most countries. The techniques are so successful that
patients in severe renal failure who would previously
have died or had a diffiult life can now have a
transplant and live a near normal existence. Over 80%
of well matched grafts remain functioning after five
years. However as in any other medical situation
there are complications which can arise and which
can be diagnosed or where assistance in diagnosis can
be made with radionuclidc techniques.

The success of renal transplantation relates to the use
of living related donors and especially human
lymphocyte antigen identical invidiuals.

The complications which may arise post opcralivcly
include:

a)
b)

c)
d)

ischaemic damage to the donor kidney,
immunology where there may be rejection
either acutely or chronic,
drug toxicity,

surgical due to bleeding, infection, urine leaks,
arterial stenosis.

The radiopharmaccuticals which may be used in
renography evaluate different aspects of renal func-
tion. They are all excreted through the glomcrulus but
show different degrees of tubular excretion and
absorption. There is also variable protein binding of

the radiopharmaccuiical reducing the availability of
the substance for filtration. While 1123 hippuran may
be the radiopharmaceutical of choice having the best
filtration and glomcrulus excretion most studies are
performed with DTPA or MAG3 labelled with Tc99m.
The radionuclidc has the ideal characteristics for use
with gamma cameras. The activities injected using
Tc99m give improved statistics in the computer
analysis.

Rcnography gives information on the pcrfusion,renal
function and excretion from the kidney into the ureter
and on to the bladder. It is normal to carry out a fast
dynamic study during the injection to demonstrate
renal pcrfusion. Some form of index is used locompare
the pcrfusion in the aorta with the kidney. Sequential
studies can show how the Delusion chancs with time
decreasing pcrfusion. The renal function is shown by
the ralcof increase in thccurvcfollowingthcpcrfusion
phase. The area under this section of the curve is a
meausre of the function and a reflection of the transit
time. A variety of techniques arc available to measure
renal transit. It is important to separate the cortex
Irom the pelvis to obtain a true measure of renal
parcnchymal function. The use of the transit time can
separate abnormal renal function from obstruction
uropalhy. In the latter case the analogue images arc
useful to indicate the position of an obstruction as
well as any urine leaks. Analysis of the pcrfusion data
can assist inthcdiffcrcniialdiagnosisof acute rejection
and acute tubular necrosis however such analysis is
complicated by the effects of drugs used to suppress
the immunological response.

Finally radioisolopc studies can be valuable in
estimating overall renal function using in vivo or in
vitro methods. They also valuable in locating post-
operative infection or rejection using techniques such
as In III labelled while cells or lymphocytes.
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Colour Doppler Imaging of Liver
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Queen Mary Hospital, Hong Kong

Colour Doppler Imaging (CDI) and its "derivative" -
Power Doppler, are the most recent technological
developments in diagnostic sonography. It merges
gray-scale image and motion detection processing to
produce an image that depicts soft tissue in gray scale
and blood flow in colour. The use of CDI enhances
information content, saves examination time, allows
betterobservation of vascular structures and facililates
spectral analysis. It is an useful adjunct in diagnostic
sonographic evaluation.

As colour Doppler equipments are more widely
available, the scope of CDI has much extended appli-
cation. In the abdomen, liver is one of the target organ
where Doppler ultrasound and CDI are most useful.
The liver has unique circulatory dynamics and each
of the major hepatic vasculature possesses an unique
Doppler signature. This feature is utilised to distinguish
between the hepatic vein hepatic artery, the portal
vein and their branches.

The main application of CDI in liver includes Budd-
Chiari syndrome, hepatic venous and arterial
abnormality, portal hypertension, hepatic trans-
plantation, hepatic tumors, and post- percutaneous
intcrventional vascular procedures. The ability to
assess the flow direction and velocity information
provides CDI a great advantage in imaging condi-
tions like portal hypertension, where dynamic flow
information is essential for clinical management. In
assessing hepatic tumor, the flow distribution within
the tumor and analysis of Doppler spectral patterns
are helpful in the differential diagnosis of hepatic
tumors in collaboration with the gray scale sono-
graphic findings.

The Power Doppler utilises amplitude instead of
frequency shift which is being used in CDI. With the
introduction of Power Doppler ultrasound, the short-
comings associated with CDI like angle dependence,
aliasing or low gain setting requirement from back-
ground noise, are alleviated. In some cases, Power

Doppler as a new imaging mode has enhanced the
usefulness of CDI. The Power Doppler introduction
since 1991 has further improved the sensitivity and
the scope of application in CDI assessment of liver
problem.
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Carotid Ultrasound
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Carotid ultrasound, both duplex and color, is used to
characterize:

A. Atherosclerotic plaque.
B. To grade stenosis.
C. To evaluate the causes of transient ischcmic

attack.
D. To assess the clinical finding of a neck bruit.
E. To evaluate preoperatively the carotid arteries

prior to other vascular surgery.
F. As an intraoperative monitor.
G. As a follow-up for evidence of progression of

carotid disease.
H. As a fol low-up of patients who have had carotid

surgery.

When duplex Doppler or color Dopplcr are used in
the detection of carotid vascular disease, the exam-
iner looks for plaque and its character, assesses the
degree of stenosis from the velocity profiles, calculates
the various ratios and comes up with a diagnosis.1

The technique is to place the patient supine with the
neck rotated away from the side to be examined. Both
longitudinal and transverse images are obtained with
either a 5 or 7.5 MHz transducer. The sites of routine
investigation are the proximal, mid, and distal common
carotid artery, the bulb, then the proximal, mid and
distal internal carotid artery, followed by the proximal,
mid, and distal external carotid artery.

The vertebral arteries are examined proximally and in
the mid portion. Spectral analysis is achieved at each
of these sites, in addition to any site of stenosis and
pre- and post-stenosis.

Since the primary evaluation is based on spectral
analysis and each brand of instrumentation varies as
to the velocities generated, the laboratory must
establish values for the laboratory compared to
angiography to validate the data obtained.

Classic duplex carotid sonography used in the
diagnosis of focal stenosis of greater than 50%, has a
sensitivity in the 90th pcrcentile.

While duplex localization of the carotids, with spectral
analysis, is both a sensitive and accurate tool, color
Doppler has advantages in the speed of localization
and the visual depiction of vessel narrowing, reversal
of flow, high speed jets, and turbulent eddy currents2

The lighter colors represent higher velocity. Flow
reversals are depicted as blue when the normal forward
continuous flow in the carotid is red. Flow separation
is a normal phenomenon at the carotid bulb with the
higher shear forces of flow more medial at the bifur-
cation and the slower, more turbulent flow, lateral.
This reversal of flow in the bulbous portion of the
carotid is an important sign of normality. When
atherosclerotic deposits occur they tend to occur in
these areas first, before significant stenosis has
occurred. Color Doppler can obscure plaque so both
color and non-color images should be obtained.

The hypothesis regarding atherosclerotic deposition
in the vessel walls is thought to occur as a result of_an
injury to the vascular endothelium whether toxic,
viral, or some other etiology. A fatty streak is then laid
down and from that a fibrous plaque evolves. By
sonography this is a smooth and homogeneous eleva-
tion of the carotid wall that may or may not be
calcified. When intraplaque hemorrhage intervenes,
which is felt to be a dynamic event, both hypoechoic
and hypcrechoic areas appear within the plaque by
sonography with or without calcification.3 Some of
these plaques will rupture and ulcerate.

The plaque laid down may be smooth or rough,
ulcerated or calcified. Dense fibrous tissue tends to
cause homogeneous deposition and intraplaque
hemorrhage causes heterogeneous plaques.4-5 Ultra-
sound is not particularly effective in the detection of
ulcerated plaques.6 For instance, a tiny branch of the
external carotid artery can erroneously be interpreted
as a small ulcer.

Sonography is quite effective in defining flow channel
narrowing and depicting beyond that narrowing tur-
bulence of flow. These focal narrowings can be quite
narrow and color offers the advantage of being able to
visually detect where a focal abnormality may reside
which can be missed with the duplex Doppler tech-
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nique, if careful scanning is not carried out through-
out the vessel length.7

While the severity of carotid stenosis is assessed by
velocity parameters and the B-mode image, carotid
ultrasonography is technician dependent.810 Detec-
tion of a critical high grade stenosis versus the
diagnosis of carotid occlusion can sometimes be
problematic.

As the atherosclerotic vessel narrows, the peak systolic
velocity within it rises until it reaches a point beyond
which no further elevation can occur and the velocity
drops precipitously in the critical stage of near occlu-
sive disease. At the same time that the peak systolic
velocity drops, the diastolic flow rises and ihiselevated
diastolic flow is an ancillary sign that critical disease
exists."42 When a plaque of a 70%-80% cross-sectional
area occurs, it causes decreased pressure and flow
distally. Near occlusive disease may exhibit marked
dampening of a weak signal.

Since the diagnosis of severe and critical disease of
the carotid artery is primarily based on velocity para-
meters, some pitfalls in diagnosis exist. There may be
a falsely low peak systolic velocity when angles of
insonation greater than 60° are used in calculating
flow, when there is suboptimal visualization, when
there are serial stenoses, and when there are multiple
stenoses in the carotid artery. As well, ipsilateral
stenosis of the carotid artery may shunt flow to the
contra lateral side with spuriously increased
velocities.13

The normal carotid ultrasound examination should
include the common carotid artery from its origin
proximally to the most distal portions of the internal
and external carotid that can be visualized.1415 The
examination should be carried out in both longitudi-
nal and transverse planes. Velocities in the proximal,
mid, and distal common carotid arteries should be
obtained in both systole and diastole from the longi-
tudinal image.16 Velocities obtained in the proximal
internal carotid artery, distal internal carotid artery,
proximal external carotid artery, distal ex ternal carotid
artery, and in the vertebral artery are the rule. Ratios
of the internal carotid artery to that in the common
carotid artery are taken in both systole and diastole.
Some find the ratio of systole to diastole helpful. In
some cases, the ratio of the right to the left common
carotid peak systolic velocity is obtained.

The external carotid artery is typically a high resis-
tance waveform with diastolic flow that falls nearly to
zero, while the internal carotid artery has a waveform
that is low resistance with a significant diastolic
component. The common carotid artery falls some
place in between.

5 to 10 MHz transducers are used for carotid imaging,
preferably with linear array transducers where the
near field is better defined than with sector trans-
ducers.

In developing velocity profiles in the carotid artery,
an accurate velocity measurement is crucial.dependent
upon an accurate angle, an accurate sample volume,
and an adequate signal to noise ratio.

Falsely high peak systolic velocities may occur when
a larger than actual angle of insonation obtained or
when the vessel is tortuous. Velocities in the carotid
are dependent upon cardiac output, vessel size, vessel
elasticity, peripheral resistance, and disease in the
ipsilateral or contralateral side.

Examination of thecarotid arteries by ultrasound may
reveal no significant disease in a patient who has had
a cerebral infarction. Some of these patients may have
had emboli from ulcerated plaque in the aortic arch
which cannot be detected by conventional sono-
graphy.17

Carotid lesions that are severe with a greater than
70% diameter reduction are associated with an
increased risk of ipsilateral stroke. Recent studies
suggest in these situations that stroke can be prevented
with carotid endarterectomy.18"21 The indications for
carotid endarterectomy are hemispheric transient
ischem ic attacks, amaurosis fugax and a severe carotid
stenosis of 71 % or greater, or a large ulcerated plaque.
In equivocal situations, carotid endarterectomy is
done in those with a completed stroke, those with
transient ischemic attacks with moderate stenosis, or
in patients who are asymptomatic with significant
carotid stenosis. Patients who have had an endar-
terectomy have usually a patulous carotid artery on
sonography at the operative site and these patients
may develop a restenosis within the first year or so in
10%-15%. Endarterectomy however carries a
considerable risk as 7.5% may develop a stroke or die
within the first thirty days. In a study in Lancet in
1991,2.8% of those with endarterectomy had a stroke
over the next three years versus 16.8% in controls.
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Total occlusion of the internal carotid artery is asso-
ciated with:

1. Row in the common carotid artery that in
diastole is minimal or zero.

2. Increased contralateral common carotid artery
flow.

3. Reversal of flow at the occlusion site.
4. A thud heard at the occlusion site.

With color Doppler since the normal flow in the
common carotid artery is continuous throughout both
in systole and diastole, the patient with an internal
artery occlusion has flow in the common carotid
artery that is red in systole and black (no now) in
diastole.

In common carotid artery occlusion, the external
carotid artery, if patent, reverses to fill the internal
carotid artery.

Patients who have high grade carotid stenosis may
have aliasing at velocities where the Dopplcr shifts
above the Nyquist limit, which is one-half the pulse
repetition frequency. High velocity flow requires
high peak repetition frequency for detection and
when aliasing occurs it can be combated by increas-
ing the Doppler angle, by decreasing the frequency of
the transducer, both of which decrease Dopplcr shift,
or by increasing the pulse repetition frequency by
reducing the depth from the skin to the vessel that the
sound must travel.

Certain pitfalls ex ist in the diagnosis of carotid d iscase
by sonography.22 It is important to be alert to the
possibility of proximal common carotid artery stenosis,
which may dampen the velocities of distal stenoses.
Also, low velocity may occur either from a large
diameter vessel or from a high outflow resistance.

A velocity of less than 40 cm per second in the
absence of diastole in the carotid artery makes one
suspect, when it occurs unilaterally, a distal obstruc-
tion or, when bilaterally, a proximal stenosis.

A tardus parvus waveform that is one of low velocity
and delayed systolic peak suggests prox imal obstruc-
tion.23

Aortic valvular disease will cause a bisferious pulse,
that is, a two-peaked systolic pulse, with a diastolic
component below baseline.24 This may invalidate

velocities in a stenosis. Diastolic flow reversal tends
to occur in aortic regurgitation.

Severe bradycardia, with increased stroke volume,
will increase velocities in a stenosis. Hypertension
may also cause higher velocities in a stenosis, while
low cardiac output may lower velocities in a stenotic
area. Hyperthyroidism can elevate peak systolic
velocities.25 When there is left ventricular outflow
obstruction and severe cardiac failure, there may be
slowing of systolic rise time; a tardus parvus wave-
form develops. A lengthened systolic rise time and a
low velocity (tardus parvus) also result from a signifi-
cant carotid stenosis.

Occasionally, there may be a failure to detect internal
carotid artery occlusion because of misinterpretation
of multiple external carotid artery branches. With
severe to critical disease in the internal carotid artery,
the external carotid artery may take on the charac-
teristics of the internal carotid waveform.

An unusual disease noted by sonography is a carotid
cavernous fistula. This causes high volume in the
ipsilateral internal carotid artery withelevateddiastolic
flow. Huge vessels develop in the orbit with retro-
grade flow and AV shunting.

Carotid dissection may occur from inflammatory,
degenerative, traumatic, or spontaneous causes and
may produce systolic flow reversals below baseline
during various phases of the cardiac cycle, as well as
distinct linear elevation of an intima-media separated
from the rest of the vessel wall26"28

Carotid body tumors present as masses in the carotid
notch and may have increased vascularity by color
flow Doppler.29

Carotid fibrodysplasia produces irregular intimal
thickening the full length of the artery, which can be
treated with dilatations. Takayasu's arteritis produces
a diffuse wall thickening of the carotid artery.30

Metallic foreign bodies in the soft tissues from prior
surgery may produce with color Doppler focal reversal
of flow in the carotid artery from a mirror image
artifact.31 Carotid duplication artifacts may also occur
with color Doppler.32

The carotid artery may be invaded by a head and neck
tumor, usually squamous cell carcinoma, which is
associated with an extremely poor prognosis. That
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invasion can be detected with sonography with a
sensitivity of 75% and a specificity of 100%." Carotid
wall invasion is characterized by the definition of a
mass adjacent to the carotid and a loss of the normal
brightcarotid wall interface with astepoff and invasion
of the tumor within the actual carotid lumen.

The vertebral artery is also usually examined at the
time of carotid sonography.** The vertebral artery is
subject to hypoplasia, stenosis, dissection, occlusion,
tortuosity, and occasionally is involved in vascular
anastomoses.

The flow in the vertebral artery may be normal; ilmay
be absent; it may be asymmetric; it may have high
velocity flow indicating stensois.35 There may be
alternating flow indicating partial subclavian steal, or
the vertebral flow may be entirely reversed indicating
complete stenosis of the proximal subclavian artery,
which preferentially occurs on the left.36

References

1. Gooding G AW. Cervical, cercbrovascular, and peripheral
vascular ultrasound. Current OpinRadiol 1992;11:61-68.

2. CarroUBA.Carolidsonography.Radiology 1991;178:3O3-
313.

3. Bluth El, Kay D, Merriu CRB, el al. Sonographic charac-
terization of carotid plaque: detectionofhemorrhage.
AmJRoentgenoll986; 146:1061 -1065.

4. Lusby RJ, Ferrell LD, Ehrenfield WK, et al. Carolid
plaque hemorrhage: its role in production of cerebral is-
chemia. Arch Surg 1982;117:1479-1488.

5. Reilly LM, Lusby RJ, Hughes L, el al. Carotid plaque
histology using real- time ultrasonography: clinical and
therapeutic implications. Am J Surg 1983;146:188-193.

6. O'Leary DH, Holcn J, Ricotta JJ, el al. Carotid bifurcation
disease: prediction of ulceration with B-mode ultrasound.
Radiology 1987; 162:523-525.

7. Londrey GL, Spadone DP, Hodgson KJ, et al. Does color-
flow imaging improve the accuracy of duplex carolid
evaluation? J Vase Surg 1991; 13:659-662.

8. Hunink MGM, Polak JF, Barlan MM, O'Leary DH.
Detection and quantification of carotid artery stenosis:
efficacy of various Doppler velocity parameters. Am J
Roentgenol 1993;16Q:619-625.

9. Polale JF, Bajakian RL, O'Leary DH, el al. Detection of
internal carotid artery stenosis: comparison of MR angi-
ography, color Dopplcr sonography, and arteriography.
Radiology I992;182:35-4O.

10. Polak JF, Dobkin GR, O'Leary DH, et al. Internal carotid
artery stenosis: accuracy and reproducibility of color-
Doppler-assisted duplex imaging. Radiology
1989; 173:793-798.

11. Bluth El, Stavros AT, Marich K-7 V, et al. Carotid duplex
sonography: a mullicenter recommendation for standard-
ized imaging and Doppler criteria. Radiographics
1988;8:487-S06.

12. Robinson ML, Sacks D, Perlmutter GS, Marinelli DL.
Diagnostic criteria for carotid duplex sonography. Am J
Roentgenol 1988;161:1O45-1O49.

13. Beckett WW Jr, Davis PC, Hoffman JC. Duplex Doppler
sonography of the carotid artery: false-positive results in
an artery contralateral to an artery with marked stenosis.
Am J Neuro Radiol 1990-.11:1O49-1O53.

14. Zierler RE, Kohler TR, Slrandness DE. Duplex scanning
of normal or minimally disease- carotid arteries: correla-
tion with aneriography and clinical outcome. Vase Surg
1990; 12:447-455.

15. Zwiebel WJ. Duplex sonography of the cerebral arteries:
efficacy, limitations, and indications. Am J Roentgenol
1992-.158-.29-36.

16. Zwiebel WJ. Spectrum analysis in carolid sonography.
Ultrasound Med Biol 1987;13:623-636.

17. Amarenco P, Duyckaerts C, Tzourio C, Henin D, Bousser
MG, Hauw JJ. The prevalence of ulcerated plaques in the
aortic arch in patients with stroke. N Eng J Med
1992;326:221-6.

18. Bamett HJM, Haines SJ. Carotid endartereclomy for
asymptomatic carolid stenosis. Editorial. New Eng J Med
1993;328:276-278.

19. MRC European Carolid Surgery Trial (ECST): Interim
results for symptomatic patients with severe (70%-99%)
or with mild (0%-29%) carotid stenosis (UK Medical
Research Council). Lancet 1991;33:1235-1244.

20. North American Symptomatic Carotid Endarterectomy
Trial Collaborators. Beneficial effect of carolid endar-
lerectomy in symptomatic patients with high -grade carotid
stenosis. N Eng J Med 1991 ;325:446-453.

21. Hobson RW, Weiss DG, Fields WS. et al. Efficacy of
carotid endartereclomy for asymptomatic carolid sten-
osis. New Eng J Med 1993;328:221-227.

22. JacobsNM,GrantEG,SchellingerD,etal. Duplex carolid
sonography. criteria for stenosis, accuracy, and pitfalls.
Radiology 1985; 164:386-391.

23. Kolval PS. Doppler waveform parvus and lardus: a sign of
proximal flow obstruction. J Ultrasound Med 1989; 8 :
435-400.

383



24. Kallman CE, Gosink BB, Gardner DJ. Carotid duplex
sonography: bisferious pulse contour in patients with
aortic valvular disease. Am J Roentgenol 1991; 157:403 -
407.

25. Wu CC, Tomg JK. The peak systolic velocity of the
common carotid artery and superior thyroid artery as an
indicator of thyroid function. Kao-Hsiung I Hsueh Ko
HsuehTs«Chihl991;7:492-8.

26. Bluth El, Shyn PB, Sullivan MA, et al. Doppler color flow
imaging of carotid artery dissection. J Ultrasound Mcd
1989;8:149-53.

27. Gollub MJ, Friedwald JP, Hartigan M. Iatrogenic dissec-
tion of the common carotid artery: diagnosis by dynamic
image and color flow Doppler ultrasonography. J Clinical
Ultrasound 1991;19:250-253.

28. Kotval PS, Babu SC, Fakhry J, et al. Role of the intimal
flap in arterial dissection: sonographic demonstration.
Am J Roentgenol 1988;150:l 181-1182.

29. Sleinke W, Hennerici M, Aulich A. Doppler color flow
imaging of carotid body tumors. Stroke 1989; 20: 1574-
1577.

30. Bond JR, Charboneau J-7 V, Stanson AW. Takayasu 's ar-
teritis: carotid duplex sonographic appearance, including
color Doppler imaging. J Ultrasound Med 1990;9:625-
629.

31. Gooding GAW, Saloner D, Eisert W, Nagarkar S. Color
Doppler artifact from metallic carotid clamp. J Ultrasound
Med 1991:10:691-4.

32. Middleton WD, Melson GL. The carotid ghost: a color
Dopplerultrasound duplication artifact. J Ultrasound Mcd
1990;9:487-493.

33. Gooding GAW, Langman AW, Dillon WP, et al. Malig-
nant carotid artery invasion: sonographic detection.
Radiology 1989;171 :435-438.

34. Bluth El, Merrill CRB, Sullivan MA, et al. Usefulness of
duplex ultrasound in evaluating vertebra] arteries. J Ultra-
sound Med 1989; 8 : 229-235. .

35. TrattnigS,Schwaighofer B, Hubsch P, ct al. Color-coded
Doppler sonography of vertebral arteries. J Ultrasound
Med 1991 ; 10:221-226.

36. Kotval PS, Babu SC, Shah PM. Doppler diagnosis of
partial vertebral/subclavian steals convertible to full steals
with physiologic maneuvers. J Ultrasound Mcd 1990; 9:2
07-213.

Additional references:

Faught WE, Matlos MA, van Bemmelen PS, el al. Color-flow
duplex scanning of carotid arteries: new velocity criteria based on
receiver operator characteristic analysis for threshold stenoses
used in the symptomatic and asymptomatic carotid trials. J Vase
Surgl994; 19:818-828.

Moore WS. Carotid endartereclomy for prevention of stroke.
Western J Med 1993; 159 : 37- 43.

Branas CC, Weingarten MS, Czeredarcz.uk M, el al. Examination
of carotid arlelies with quantitative color Doppler. J Ultrasound
Med 1994; 13 : 121-127.

Howard G, Chambless LE, Baker VVH, et al. A multicenter
validation study of doppler ultrasound versus angiography. J
Stroke Cerebrovasc Dis 1991; 1 : 166-173.

Fox AJ. How tomeasure carotid stenosis. Radiology 1993; 186:316-
318.

1'olak JF. Noninvasive carotid evaluation: Carpe Diem. Radiology
1993; 186:329-331.

Masaryk TJ, Obuchowski NA. Noninvasive carotid imaging:
Caveat Emptor. Radiology 1993; 186 : 325-331.

Polak JF, Kalina P, Donaldson MC, et al. Carotid endartereclomy:
Preoperalive evaluation of candidates with combined doppler
sonography and MR angiography. Work in progress. Radiology
1993; 186:333-338.

Huston J HI, Lewis BD, Wiebers DO, et 1. Carotid artery: Prospective
blinded comparison of two dimensional time-of-flighl MR
angiography with conventional angiography and duple US.
Radiology 1993; 186 : 339-344.

384



US1 - ULTRASOUND

Colour Doppler Imaging in Children

Albert Lam

University of Sydney, Australia

Value of Doppler Imaging:
1. Presence of flow
2. Direction of flow
3. Spectral pattern of flow

Applications of Colour Doppler:
1. Abdomen
2. Scrotal
3. Intracranial
4. Soft tissue: vascular birthmarks, tumours.

Advantage of Colour Doppler Imaging
1. Rapid determination of presence and direction of

flow
2. Identification of thrombus
3. Demonstration of flow in small vessels
4. Feasible in uncooperative and mobile infants.

CD in Paediatric Abdomen
Liver and Spleen - Portal hypertension; AVM;
tumours; Liver transplantation
Great Vessels - Congenital anomalies; Obstructive
lesions by thrombus and tumour; Placement of cathe-
ters.
Renal - Arterial injuries; Acute venous thrombosis;
Renal transplantation.
GIT - Gut ischaemia or necrosis, e.g. late intussus-
ception.
Tumours - Diagnosis and follow-up after treatment.

Values of CD in Portal Hypertension
Level of Obstruction - hepatic, pre- and suprahepatic.
Presence of collaterals
Portal systemic surgical shunts.

Level of Obstruction in Portal Hypertension
1. Pre-hepatic - Acute or chronic; complete or

partial
2. Hepatic - Chronic liver disease
3. Suprahepatic - Budd-Chiari syndrome

Extrahepatic Portal Venous Thormbosis
Type - acute or chornic
Extent - Partial or complete
Causes - Intra-abdominal sepsis; Umbilican infec-

tions; Coagulopathy.

Acute Portal venous Thrombosis
Complete -
Dilated echogenic portal vein, no flow with Doppler;
Ascites and thickened bowel wall.
Partial-
Intraluminal linear echogenic mass;
Decreased flow with Doppler with loss of respiratory
biphasic pattern.

Chronic Portal Venous Thrombosis
Complete - Echogenic band in the portis with no flow
signal
Partial - Cavernous transformation with flow in the
serpiginous recancalised vessels.

Ultrasound or Collaterals in Portal Hypertension
1. Thickening of lesser omentum (> aorta) in longi-

tudinal section and gastric wall.
2. Perisplenic collaterals in extra-hepatic portal

venous thrombsis
3. Perisplenic and gallballder (Sappey) veins
4. Triphasic systemic flow in dilated collaterals
5. Dilatation of recipient systemic vein

Portal Systemic Surgical Shunts
Type - side to side: portocaval; end to end:
Splenorenal
Ultrasound
Pre-operative assessments - vessel patency and size;
direction of flow.
Post-operative assessments - Direct visualisation of
shunt; dilated, turbulent flow in recipient vein; forward
direction of flow and change of steady to triphastic
flow pattern in donor vein; change of hepatopetal to
hepatofugal flow in portal v.

Liver transplantation - CD vital for paediatric
patients
Pre-operative assessments
Liver - size, intrinsic hepatic lesion
Portal vein - patency, size, direction of flow, presence
of pre-duodenal vein & collaterals
IVC - patency, evidence of interruption
Spleen -size, accessory spleen, perisplenic collateral
&flow
Renal - surgical conditions to be corrected before
surgery.

Post-Operative Assessments -
Liver - intrinsic and perihepatic lesions, size and
echogenicity status of bile duct & stent
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Hepatic vessels - patency and flow in hepatic artery,
veins, portal vein and IVC,
Spleen - size and infarcls.

GIT Colour Doppler:
For gut ischaemic necrosis in intussusception
10/15 cases with absence of peritonitis are reducible

with enema
5/15 cases with peritonitis required surgery
3/15 with absence of blood flow with Doppler has

gut necrosis

Doppler of tumour vascularity
Type-High systolic shift (7-15 kHz), High diastolic
shift,resemble AVM. High frequency Dopplcr signal
(> 2.5 KHz) in 27/35 malignancies. Signal disappeared
during successful chemotherapy in neuroblastoma
None of the 14 benign tumours show high frequency
Doppler shift.

Doppler of Abdominal Great Vessels
Obstruction of Aorta & IVC - Occlusion with throm-
bosis, tumour invasion or compression, status of
residual flow.

Scrotal Mass
1. Testicular Torsion - absence of central testicular

arterial and venous flow, capsular flow may be
present

2. Small intratesticular iso-echoic tumour
3. Varicocele

Doppler Imaging of Urinary Tract
1. Patency and presence of flow

Arterial injury in trauma; renal venous throm-
bosis

2. Quantitative spectral study - Renal transplanta-
tion; haemolytic uraemic syndrome; obstructive
hydronephrosis

3. Power Doppler Study: for focal ischaemic lesion
or pyelonephritis

Cerebral CDI
Technique:
Lateral fontanelle-halfway between outer canihus of
eye and external auditory meatus
For MCA and ACA
Anterior fontanelle-
For ACA, Internal carotid and basilar arteries, Vein
of Galen, sagittal sinus
Flow pattern affected by systemic conditions,
especially cardiac

Vascularity of space-occupying lesion e.g. Vein of
Galen aneurysm
Thrombosis of superior sagittal sinus.

Vascular Birthmarks:
Management:
Conservative with haemangioma; surgical if vascular
malformation become symptomatic

Imaging modalities:
1. Sonography wu'h colour Doppler imaging -

imaging modality of choice for initial assess-
ment and follow-up study

2. Radiography - for trophic skeletal chanes and
soft tissue calcifications

3. CT
4. MRI - indicated if lesion extensive
5. Angiography - indiated if embolisation is con-

templated.

Haemangioma:
Commonest tumour in infancy; 10-12% while infant
< 1 year; 30% in preterm
Onset: 70-80% in 1-4 weeks of life; female x 3,80%
solitary;
Rapid growth in neonatal period; Site: head & neck,
trunk and limbs

Nature History:
1. Proliferative Phase -

Early - Endothclial cell proliferation leading to
syncytial cell mass, little vascular lumen
Late - Capillary size lumen within lobules of
syncytial cell; large septal feeding and draining
vessels

2. Involuting Phase:
Early - Vascular channels diminish in size and
number; deposition of pcrivascular, inter- and
intralobular fibrofatty tissues
Later: Dilatation of interlobular vessels simulate
a venous malformation; thin wall vessels
resemble normal capillary.

Vascular Malformations
Type:
1. Capillary malformation and telangicctasia
2. Arterial and venous malformations
3. Lymphatic malformation
4. Arterio-venous malformation
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Soft Tissue Tumours
1. Fibrous - Fibromatosis, fibrosarcoma
2. Fibrohistiocytic Tumours
3. Adipose: Lipoma, lipoblastoma, liposarcoma
4. Muscle: Smooth - letomyoma, lieomyosarcoma

Striated - Rhadomyoma, rhadomyosarcoma
5. Nervous - Neurinoma; neurofibroma; neuro-

fibrosarcoma.
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US2-ULTRASOUND

Ultrasound Artefacts

C. Metreweli

Depl of Diagnostic Radiology and Organ Imaging
Prince of Wales Hospital, Skatin, Hong Kong

"All Ultrasound is Artefact"

Prof Robert Steiner 1975.

One could argue that all images produced by diagnostic
imaging systems are artefacts but in medicine the
word artefact is used more narrowly todenoie aberrant
representations of the morphology being studied
resulting from characteristics of the technique used.
There is often confusion between what constitutes an
artefact and a pitfall and also a misconception that
artefacts are all bad.

Both artefacts and pitfalls can lead to misdiagnosis.
The difference is that a diagnostic pitfall is a misinter-
pretation of a faithfillly represented image of the
subject being studied, whereas an unrecognized
artefact may lead to a reasonable (but incorrect) inter-
pretation of the misrepresented image.

Artefacts may not always be a bad thing. Not only will
recognition prevent incorrect interpretation but it also
yields diagnostic^Iy useful information. Therefore
artefacts can be extremely useful.

It is true that Ultrasound seems have more obvious
artefacts than other imaging systems therefore a
confident understanding of Ultrasound artefacts is
essential. Here the literature is perhaps less clear and
helpful and confusing. The reason for this is that the
nomenclature and classifications often used are them -
selves confusing. In classifying ultrasound artefacts
one can either do so by their physical basis or their
appearance.

This has lead to classifications which arc hybrid
mosaics of physics and appearance.

Furthermore an appearance may be produced by a
combination of different physical properties. For
instance the edge shadows cast by a cyst are due to

reflection, absorbtion attenuation, and refraction, and
echoes within acoustic shadows are the result of
many different mechanisms.

In an attempt to clarify this issue I have tried to
separate the two major categories. Even so some of
the term s come up in both lists because the descriptive
term is unique to the physical basis.

I have avoided often misused and confilsing terms
such as "Ring down" artefact.

Physical basis for artefact
• Reflection

Scatter
Reverberation
Resonance
Comet tail
Mirror artefact
Attenuation and shadow
Enhancement

Refraction
• Interference patterns
• Absorbtion

Attenuation
Shadow

Noise
• Misregistration

Beam width effect
Side lobes and grating lobes

Appearance of Artefact
Additional lines parallel to the transducer face.
Splitting/doubling/twinning of structures.
Anechoic shadows.
Echoic shadows.
Echogenic areas behind a structure (Enhancement
and comet tails).
Hyperechogenic patterned bands.
Structures anatomically misplaced.
Noise.

These lists are combined in table form to illustrate
how the same appearance can result from different
physicial artefacts and the same physical basis be
involved in several appearance.
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Reverberation V
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Refraction
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Echoic
shadows

<

V

>/

Echogenic
tails

V
V

V

Patterned
Bands

Structures
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V

V

Noise

V

V

V

These will be illustrated in the leature.

In general noise is a nuisance, obscuring detail, mak-
ing cysts appear solid and causing loss of low level
information when noise suppression techniques are
used.

Artefacts that cause additional lines, doubling twin-
ning, and anatomical misplacement of structures are
also a nuisance and may lead to misdiagnosis if not
recognized.

However shadows and echogenic "tails" often tell us
something about the structure of the region causing
them for instance shadows behind calcification, comet
tails behind cholesterol concretions, enhancement
behind cysts, resonance/interference patterns behind
gas bubbles. This is a form of "tissue characterisa-
tion" and is "useful artefact",
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U S 2 - ULTRASOUND

Sonography of Renal Vascular Disease

Yi-Hong Chou

Department of Radiology,
Veterans General Hospital,
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Renal vascular diseases can be arterial, venous, or
lymphatic abnormalities. The most common ones are
arterial pathologies. Arterial diseases include arterio-
sclerosis, benign or malignant nephrosclerosis, renal
arterial stenosis (RAS)jenal ischemia or infarction,
renal artery aneurysm (RAA), arteriovenous
communication or fistula (AVF),renal artery dis-
secting aneurysm or renal artery dissection(RAD),
and vasculitis. Venous abnormalities include
congenital anomaly (especially occurred in the left
renal vein) thrombosis, venous aneurysm or varix, etc
the most common lymphatic abnormality is chyuria.
Renal arterial or venous diseases may result in mor-
phological or functional changes in the kidneys, how-
ever, some may have no noticeable sequelae and can
not be detected by any imaging modality. Tradi-
tional, diagnosis of renal vascular pathologies is
mainly based on angiography, particularly renal
arteriography or venography, and only rarely
lymphangiography. The recent advent of cross-
sectional imaging modalities such as computed
tomography(CT),ultrasonography(US),andmagnetic
resonance imaging (MRI), however, can also provide
the information related to the vessel itself or the
secondary changes in morphology and function of the
affected kidney. In this article, we reviewed the
noninvasive imaging methods in the diagnosis of
renal vascular disease with emphasis on ultrasono-
graphy.

Renal Araterial Diseases
1. Renal Artery Stenosis (RAS)

The prevalence of RAS may be less than 5% of
all cases of hypertension (Hcji, 1967). However
in different groups of selected patients, it may
range from 6% to 37% (Correa, 1962; Burbank,
1963). The most common cause of RAS is
atherosclerosis (157/209, 75% followed by
fibromuscular dysplasia (45/209, 22%) and

Takayasu disease or extrinsic compression of the
renal artery (7/209, 3%) (Stanley, 1975).

Rapid-sequence intravenous urography (RS-
IVU) is a commonly used method to check the
morphological and functional changes secondary
to RAS. Nephrograms at 1 minute, 2 minutes,
and 3 minutes after intravenous contrast injection
are taken, followed by a routine IVU examina-
tion. The characteristic features of an ischemic
kidney secondary to RAS are smaller size, delay
in the appearance and ultimathyperconcentration
of contrast. Occasionally, notching of the ureter
due to collateral vessels or a defect in the renal
outline due to infarct are seen. At best these
changes are only detectable in approximately
80% of patients with unilateral RAS (Bookstein,
1972). Segtnental and bilateral stenosis frequently
escape detection. Diagnosis of RAS is still a
challenge to the newly developed noninvasive
imaging techniques. These include color Doppler
ultrasound (CDU), CT angiography (CTA) in
spiral or helical CT, and magnetic resonance
angiography (MRA). CDU is the least cost but
the most technique-dependent. CDU is useful for
searching renal vessels and visual inspection of
possible stenotic segment, spectral Doppler is an
indispensable adjunct to determine the hemo-
dynamics in the vessles. An usually higher flow
velocity (e.g. > 100 cm/sec) is highly suggestive
of stenosis, the renal artery/aorta ratio has also
been recommended for determining the presence
of RAS. A rising time of greater than 0.05 sec is
also a sensitive index for a stenosis more than
50%, with a sensitivity of 96%, specificity 94%,
and positive predictive values 94% (Plainfosse,
1993). The maximum-intensity projection (MIP)
method in CTA is a better method for the diagnosis
of RAS then the shaded surface display (SSD)
methods (sensitivity 92% vs 59%, specificity
83% vs 82%). Presence of poststenotic dilatation
has a specificity of 86%, and an abnormal neph-
rogram may have a specificity of 98% (Rubin,
1993). In Strontzer's report, MRA (3D time-of-
flight method) had a higher accuracy than CDU
(accuracy: 96% vs 93%, sensitivity 94% vs 86%
specificity 97% vs 95%) (193). Any of the afore-
mentioned methods may have common
difficulties as the following: (1) RAS occurred in
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the distal segment, (2) RAS in the accessory or
polar artery, (3) Stenosis secondary to intimal
dissection. RAS in transplanted kidneys can be
effectively diagnosed using noinvasive
techniques, however, false positive may be
encountered in arterial loop near anastosis
(Mainardi, 1991).

2. Renal Artery Atherosclerosis
US may demonstrate calcified vessels however,
luminal narrowing cannot be depicted directly,
particularly beyond the distal segment and
images. The delineation of lumen in thcclacificd
vessel may be demonstrated by MIP method on
CTA.

3. Nephrosclerosis
Long-standing hypertension may result in
obstructive and degenerati vechanges in the renal
vasculature, particularly noticeable in older
patients. Both benign and malignant ncphro-
sclerosis cause bilaterally small kidneys with
regular contour. US may demonstrate the
morphological changes of decreased renal size,
enlarged renal sinus (due to increased fat
deposition), and mild thinning of parenchyma.
CDU can depict decreased renal perfusion and
slightly increased resistivity index in the renal
artery and its branches. These findings are
indistinguishable from other chronic renal
parenchyma! disease. Malignant nephrosclerosis
results in decreased renal function and
occasionally cortical scars from small in fare Ls or
parenchymal hemorrhage which may be better
delineated by contrast-enhanced CT scan.

4. Renal Ischemia and Infarct
CTscan with contrast injection is the best way to
detect renal ischemia and infarction (Schild,
1992). The nonperfused renal parenchyma
remains hypodense in comparison with the normal
tissue. The perfusion defects are typically
triangular or wedge-shaped in small infarcts. A
zone of cortical tissue may be perfused through
capsular artery and remains hyperdense, the so-
called cortical rim sign, particularly seen in a
large infarct. Thickening of well-enhanced renal
fascia may be related to collateral vessels
developed in relatively chronic disease process.
Colorand spectral Doppler ultrasound may reveal
hemodynamic changes occurred in the region of
infarct. With occlusion of the supplying artery to
the disease area, significantly decreased or no

color flow signals can be demonstrated in the
infarct region. Sometimes, presence of flow
signals with reversed flow direction may be due
to collateral supply from capsular vessels. In
main renal artery occlusion, CDU can depict the
lesion site without difficulty. CDU and spectral
Doppler are helpful in differentiating an arterial
thrombosis from a venous thrombosis or acute
tubular necrosis, in the latter two conditions,
arterial flow can still be detected and a high
resistance arterial waveform can be identified in
pulsed Doppler study. Amplitude ultrasonic
angiography, a more recently developed Doppler
technique, has also been tried in the evaluation of
renal perfusion, and was found useful in the
detection of renal infarct or ischemia, particularly
effective in renal transplants (Chou, 1994).

5. Renal Artery Aneurysm (RAA) and Renal
Arteriovenous Fistula (AVF)
An RAA, if larger than 1 cm, can be demon-
strated by CDU, CT, or probably MR without
significant difficulty. CDU and CT can also
detect aneurysmal type AVF (Chou, 1989,1993).
CDU shows persistent in tensive color flow signals
in the region with AVF, may be associated with
regional thrill artifact. Spectral Doppler study
reveals high-pitched pulsatile low-resistance
turbulent flow in the lesion site and the drainage
vein may have pulsatile flow representing
aneriolization of the vein.

Venous Disease
1. Renal Vein Thrombosis

Renal vein thrombosis can be unilateral or
bilateral.acuteorchronicandofvaryingseverity.
The most common cause is renal tumor (renal
cell carcinoma and transitional cell carcinoma in
adult, Wilms'tumor in children, orrarely sarcoma
or angiomyolipoma); the others include hyper-
coagulable states, sickle-cell anemia, collagen
vasculardisease, amyloidosis, multiple myeloma,
inflammatory process, pregnancy and in the
postpartum period. In small children, renal vein
thrombosis may be caused by sepsis, dehydra-
tion, traumatic delivery, umbilical vein catheteri-
zation, diabetes in the mother, and cytomega-
lovirus infection. The thrombus results in hypo-
pcrfusion of the tissue and subsequent hypoxia
and tissue damage. The resulting increased-
intrarenal pressure causes further decrease of
renal perfusion and increased arterial resistance.
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Doppler ultrasound can demonstrate loss of
venous flow in the renal vein, as well as in-
creased resistivity index in the renal artery and its
branches. A thrombus presenting as a cord-like
hypoechoic structure inside the dilated renal
vein may be seen on US imaging. In patients with
tumor thrombus, the tumour in an enlarged kid-
ney is usually well demonstrated, and venous or
arterial flow inside the thrombus may sometimes
be identified. Small renal size is almost always
evident in chronic thrombosis. Curvilinear
calcification in renal parenchuma or calcified
thrombi in the course of renal vein and/or in fcrior
vena cava may be occasionally seen. Contrast
enhanced CT may show entirely or occasionally
partially occluded venous lumen. The
parenchyma, especially the medulla is poorly
perfused and stasis of contrast in the corticomc-
dullary junction with delayed excretion of contrast
is noted (Schild, 1992).

2. Other Veinous Pathologies
Renal vein aneurysm or varix is best demon-
strated by CT scan. CDU, although theoretically
can depict varix, has not been reported to
demonstrate this sort of venous pathologies,
congenital venous collar or rclroaoriic left renal
vein are occasionally seen on routine US
examination. The so-called nutcracker pheno-
menon, due to significant extrinsic compression
by superior mesenteric artery and aorta, is not
uncommonly noted in skinny patient. Its clinical
significance is undetermined.

Conclusion
US and CDU, in conjunction with spectral Dopplcr,
allow accurate diagnosis of a variety of renal vascular
pathologies. However, for small lesions (such as
small AVF, RAA, or minimal RAS) and many
systemic diseases affecting renal vessels (e.g. lupus
erythematosisorpolyarteritisnodosa), US has limiicd
utility. Conventional anigrography or digital
subtraction angiography is still indispensable in these
pathologies.
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US2 - ULRASOUND

Ultrasound of the Biliary System

C. Metreweli

Dept. ofDiganostic Radiology and Organ Imaging
Prince of Wales Hospital, Shatin, Hong Kong

Ultrasound is the primary investigation of the biliary
system because of its unsurpassed sensitivity for
gallstones both in the extraheptic and the intrahepatic
biliary tree and the establishment of the presence of
obstructive causes for jaundice.

As these are well known in this summary I would like
to concentrate on some of the differentials that must
be considered when various parts of the biliary tree
show abnormality. In general similar pathologies
produce similar changes throughout the biliary tree
but these are modified by anatomical structural
differences in the intrahepatic biliary tree, common
bile duct (including the common hepatic duct) and
gallbladder.

Dilation
Dilation of the biliary tree usually indicates obstruc-
tion downstream from the dilation.

In the gallbladder this is most commonly an impacted
stone in the neck, in the CBD: impacted stone or
tumour and in the liver tumour or inflammatory
strictures ("oriental cholangitis"). Inspissated bile
pigment concretions ("calculi") are often found with
the latter but they are secondary to the presence of the
stricture.

But when parts of the biliary tree are found to be
dilated other conditions must be considered:

Intraheptic bile duct dilation
Apart from obstruction these may be due to Caroli's
disease, or type IV cholcdochal cysts. Structures that
may be confused with dilated intrahepatic bile ducts
are multiple cysts and arteriovenous malformations.
The latter being one of the rare cases where Colour
Flow Imaging could be useful. In general I have not
found it necessary to use Colour Flow to distinguish
bile ducts from arteries.

In infants with biliary atresia the lymphatics may
dilate and be mistaken for bile ducts.

Biliary dilation is often seen as a "double barrel"
(shotgun) sign with a bile duct of similar size to the
portal vein. One must not be caught out by only a
single large vessel in the portal triad. This could be a
massively dilated bile duct that has squashed the
portal vein out of sight. The distinguishing feature is
that the dilated biliary tree shows tortuousity and the
portal system is smooth and straight.

Obstructive jaundice without dilated ducts
Patients may present with obvious painless,
jaundice.biochemial evidence of biliary obstruction
(especially a raised alkaline phosphatase) but no duct
dilation. In such situations consider:

Drug Induced Cholestasis
Sclerosing Cholangitis (thick walled ducts and CBD)
AIDS related Cholangitis (irregularly thickened walls)
Intermittent obstruction by small bile duct stones (the
gallbladder may be pristine clear)
Dilated ducts obscurred by tumour or blood clot

The indeterminately dilated CBD
Another problem that often arises is the CBD that
looks bigger than it ought to be and therefore raises
the possibility of being obstructed.

Unfortunately measurements don't help. For West-
erners the lumen is said to be about 5 mm diameter
and add another 1 mm for each decade over 50. My
impression is that for Chinese one can add another 2
mm on top of that and still be within normal limits. In
addition I have no doubt that after cholecystectomy
(or "autocholecystectomy" - when there is a chroni-
cal ly non-functioning chronic cholecystitis) the CBD
also dilates to take up some of the storage function of
the defunct gallbladder. How can one decide whether
a "big CBD" is an obstructed CBD? The following
three features help: The intrahepatic ducts are not
dilated; there is no obvious obstructing lesion; the
diameter of the CBD varies along its length and be-
tween the AP and TS planes.

Similar rules apply to the "Big" gallbladder. If it
appears flaccid it is just a normal Big gallbladder. If
it is tense it is probably abnormal.

Wall Thickening
Uniform wall thickening usually indicates some form
of cholangitis. Pyogenic cholangitis being common
in the gallbladder and CBD but these changes are less
easily appreciated in the intrahepatic bile ducts
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whereas these are more likely to show the effects of
sclerosing cholangitis.

Irregular thickening is a feature of choiangiocarcino-
mas and AIDs related cholangitis.

Gallbladder wall thickening has a further factor wh ich
is obstruction of the lymphatic drainage of the gall-
bladder itself. This is not only part of acute infective
cholangitis butalso any condition affecting the lymph
nodes in the region, particularly the (usually) solitary
cystic duct node. If this is enlarged by viral infections
such as hepatitis A or HIV virus, or reactive in
malignancy or involved by malignancy or tb then the
gallbladder becomes lymphocdematous and the wall
massively thickened with a fluid like ancchoic ring
filled with linear stracks of connective tissue. The
appearances are identical to the gallbladder wall
thickening of hypoalbuminaemia.

Acute Cholescystitis
It is worth adding a few words on the appearance of
acute cholecystitis here. As in any other vessel of the
body, the presence of stagnation and or calculus pre-
disposes to infection. Hence the importance of gall-
stones both as a nidus for infection and an obstruct ng
agent causing stagnation. Various conditions cause
an inhibition of emptying of the gallbladder and
hence the stagnation which is the necessary precondi-
tion for cholecystitis (major surgery, trauma, burns,
hyperalimentation, diabetes mellitus and any severe
illness).

Early infection will be associated only with a large
tense gallbladder and or the presence of stones and
ultrasound in the early stage can appear to be normal.
But the disease progresses fairly quickly so in any
negative "? Acute cholecystitis" case a 24 and or 48
hour follow up is mandatory. For those will good
Colour Flow Imaging hyperaemia is an early
diagnostic feature worth looking for.

Later other signs will become obvious: the gall-
bladder wall thickening and filling of the lumen with
echogenic debris that represents bile salts and pus.

Further progress of the infection may result in
perforation with bile peritonitis which initially will
not be sealed off; with interstitial necrosis and forma-
tion, and with secondary haemorrhage.

At this stage the appearances may well be bizarre and
misleading. The important things to note are that
there is no single appearance of "Acute cholecystitis"
and the very early and very late appearances can be
misleading.

Missed Gallstones
Ultrasound has a remarkably high sensitivity for gall-
stones which is not necessarily a good thing as the
majority of stones that are found are silent and un-
likely to either cause trouble or be the cause of the
symptoms with which the patient presents.

In the latter case blaming the gallstones may cause
other serious conditions to be overlooked.

At the other end of the diagnostic problem spectrum
is the small number of cases in which stones are
missed or overlooked. The reasons for this are

1. Purely technique. Patient not turned to put the
gallbladder/or stone into a more favourable
viewing position.

2. Very small stones/gravel layered on the bottom
and mistaken for the dependent wall surface.

3. Stones in the phrygian cap.

4. Small stones in the cystic duct or CBD.

5. The chronically diseased shrunken gallbladder
("peas ina pod"appearance) where the presence
of a gallbladder full of either many small or
one large stone is not appreciated.

6. Stones in one of a gallbladder duplication.

Appreciation of these difficulties should help raise
the sensitivity for significant gall stones.

Gallbladder Carcinoma
Finally we will deal with Gallbladder Ca. This is a
problematic diagnosis because often it is very aggres-
si ve and too advanced by the time it is diagnosed and
the early stage may be subtle. Not all carcinomas are
polypoidal, in fact the majority of polyps will be
benign. Thedif ficult varieties are thefocal thickening
type mimicking adenomyosis, and the circumferen-
tial thickening type mimicking cholangiu's.

The other di fficult type is the carcinoma marked by an
acute cholecystitis. The presence of enlarged local
lymph nodes should always suggest carcinoma. Acute
and chronic cholecystitis are rarely accompanied by
obvious lymphadenopalhy.
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U S 2 - ULTRASOUND

Right Upper Quadrant Ultrasound in
Emergency Radiology

Gretchen A W Gooding

Department of Radiology, University of California,
San Franciso

Abstract
Ultrasound is a key component of emergency radiol-
ogy when symptoms are referable to the right upper
quadrant. This survey of applications touches upon
what diagnostic conclusions can be made effectively
and expeditiously by sonography.

Key words: right, upper, quadrant, emergency,
radiology, ultrasound.

Introduction
The right upper quadrant is a common area of inves-
tigation for those radiologists involved in acute care.
From a sonographic point of view, the liver, right
kidney, right adrenal, the head of the pancreas, the
gallbladder, the right supra diaphragmatic area, and
the stomach, duodenum, and right and transverse
colon are all areas of interest.

Materials and Methods
Ultrasound of the right upper quadrant is usually
performed with 2.25 to 5 MHz curvilinear or sector
transducers in both sagittal and transverse views. The
patient is scanned: (1) supine, (2) in a left lateral
decubitus position, and, if necessary, (3) upright, and
(4) after drinking water (to outline the pancreas).

If an abdominal wall interrogation is contemplated,
e.g., for suspected hernia or superficial masses or
foreign bodies, a linear transducer with high resolu-
tion of 7 to 10 MHz is preferred.

Vascularity of the organs or masses is assessed with
color Doppler and flow patterns characterized as to:
(1) arterial or venous origin, (2) velocity, (3) turbu-
lence, and (4) high orlow resistant flow.

The Bowel
The antrum of the stomach is a commonly visualized
normal structure seen by sonography as an oval

structure on transverse scan that has a hyperechoic
center (the mucosa) and a hypoechoic outer rim, the
wall. Thickening of this antrum may be a clue to
gastritis, peptic ulcer disease, or infiltration from
inflammation or neoplasm. Rarely, a giant ulcer is
noted by ultrasound as a localized fluid collection.

The duodenum is commonly appreciated by sono-
graphy. Fluid taken by mouth flows to the duodenum
and tends to outline the head of the pancreas. Rarely,
a duplication cyst of the duodenum will mimic a
pseudocyst of the pancreas.

Intussusception can be recognized by the use of
abdominal sonography, and hydrostatic reduction
under ultrasound guidance has gained credence in
some quarters. The typical intussusceptum presents
as a rounded structure with a hyperechoic center and
a rim of low level echoes or concentric rings on
transverse examination, resembling a pseudo kidney
on longitudinal scan.1

Intussusception has an appearance on ultrasound of a
mass within a mass. While barium or air are usually
used with fluoroscopy for reduction, water reduction
under ultrasound guidance is also a possibility for
successful treatment. The technique requires 500 to
1,000 cc of normal tap water given via a Foley
catheter, the balloon dilated at the rectum and the
water colum initially raised 3.5 feet, extending up to
5.75 feet1 until the intussusception has been relieved
and water has passed through the iliocecal valve.

Hypertrophic py loric stenosis, a disease predominantly
of male infants, produces an elongated, thickened
py loric wall of 4 mm or greater recognized by ultra-
sound with impressive accuracy (92%).2

Other masses of bowel that can be defined by ultra-
sound include cancer of the cecum or neoplasm in
other areas of the bowel, inflammatory masses such
as ameboma of the cecum, and infiltrative disease of
the bowel wall. Diverticulitis presents with a focally
thickened, often tender bowel, usually in the left
lower quadrant.

While fistulae are not seen with ultrasound, air bubbles
from the colovesical fistula can occasionally be seen
in the bladder on close observation and fluid collec-
tions from localized bowel perforations are occasion-
ally noted by sonography.
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The bowel may herniate through the anterior perito-
neal reflection and produce symptoms. Ultrasound
diagnosis requires a near Held high resolution linear
transducer to detect a break in the peritoneal reflec-
tion which normally produces, by sonography, a
hyperechoic, well defined continuous line.

Appendicitis
Appendicitis tends to occur in the right lowerquadrant,
but when the cecum is in the right upper quadrant the
inflamed appendix can be identified as an enlarged
noncompressible tube greater than 6 mm in diameter
with a hypoechoic center and a thickened wall.34 An
appendicolith with acoustic shadow is highly sugges-
tive of acute appendicitis.

In children and adults, a linear array transducer of 5
MHz to 7.6 MHz is used with graded compression for
the sonographic diagnosis of acute appendicitis with
a sensitivity of about 89%5 and a specificity of 92%-
98%.67 In one study of 92 children with retrocecal
appendix, a 92.6% sensitivity for detection was
obtained with ultrasound.

When appendicitis has progressed to perforation8

graded compression sonograms are associated with
loculated pericecal fluid, prom inentpericecal fat and
loss of the submucosal layers of the appendix. These
findings have a sensitivity of 86% when these signs
are used in combination but a low specificity of only
60%.

In children suspected of appendicitis, mescntcric
adenitis, ileitis, intussusception, and Crohn's disease
are some mimickers. A noncompressible appendix
with a maximum outer diameter greater than 6 mm
indicates appendicitis.9

A rare appendiceal mucocele has been reported
presenting as an adnexal mass.10" Mucocelcs can
cause pseudomyxoma peritonei or intussusception in
adults.

Omental infarction has been described by its ultra-
sound appearance as an oval focal hypcrcchoic area
of noncompressible fat12 adjacent to the right colon.
Omental infiltration by neoplasm tends to produce a
bulky amorphous soft tissue mass, the classic omen-
tal cake, while adenopathy in the porta, the peripan-
creatic area and periaortic area may be discrete or,
particularly with lymphoma, either discrete or bulky.

Adenopathy is usually hypoechoic, so dramatically
so in some instances of posterior wall enhancement as
to suggest fluid.

Patients with ascites usually have thickened bowel
loops which usually float and when air-filled, obscure
ultrasound visualization of the pancreas and aorta.
When the bowel is matted down in the ascitic fluid,
malignancy should be considered. Peritoneal implants
from metastases produce non-shadowing soft tissue
masses along the peritoneal reflections by ultrasound.

Septated ascites sugests infection, hemorrhage, or
prior surgery with adhesions.

Gallbladder
The normal gallbladder can be large or small with a
smooth, thin wall. Duodenum may indent the medial
wall of the gallbladder which is best seen with the
patient in a left lateral decubitus position. The best
acoustic window may be between the ribs in the
axillary line or with a transducer placed subcostally
angled toward the axilla just to the right of midline.

The gallbladder should be identified in its entirety
from the fundus to the junction of the common
hepatic duct and cystic duct. The cystic duct may or
may not be seen. Gallstones usually cast acoustic
shadows. If they do not, increasing the transducer
frequency and rescanning may demonstrate such
shadows. Change of position, upright or opposite
oblique, may be required to document stones, if no
shadow is obtained from a suspected gallstone, a
gallbladder polyp or other mass cannot be excluded.

Cholesterosis in the gallbladder wall" and adeno-
myomatosis14 are other pathologic entities of the
gallbladder suggested by ultrasound.

Hispanic Americans are at increased risk for gall-
stones, as are women on oral contraceptives15 and of
those with abdominal aortic aneurysm, 50% have
gallstones.16

Echo producing densities within the gallbladder lumen
that shadow and move are stones.17 Other sources of
echoes are tumefaclive sludge (without acoustic
shadow), air blood, parasites, cholecystosis and neo-
plasia. Cholesterol crystal aggregates can produce
echo-producing comet tail artifacts in the gallballdcr
wall.
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Gallbladder tenderness suggests cholecystitis. Small
amounts of adjacent fluid suggest acute cholecystitis,
but one must be certain that this fluid is not just a
component of ascites which fluid does not have the
same connotation of acute inflammation. Also, fluid
seen adjacent to the gallbladder should be interro-
gated by color Doppler for vascularity because gall-
bladder varices can mimic free fluid near the gall-
bladder on occasion, and in some patients increased
vascularity seen on color Dopplcr can be a compo-
nent of acute cholecystitis.

Gallbladder wall thickening is not specific for chole-
cystitis, occurring in cholesterolosis, hepatitis, low
albumen states and neoplasia. Gallbladder cancer
which usually is associated with gallstones can be a
subtle diagnosis by ultrasound,18 presenting with
eccentric wall thickening with or without gallstones
and bile duct dilatation or gallbladder cancer may
present as an actual mass filling the gallbladder
lumen. Gallbladder wall thickening with tenderness
detected by ultrasound raises the question of inflam-
mation but biliary duct obstruction requires a func-
tional study such as a HIDA nuclear scan to verify
biliary obstruction. Rupture of the gallbladder is
usually associated with an adjacent poorly defined
inflammatory mass.

Sludge causes either paniculate echoes that usually
layer and move slowly on change of position, or
sludge may coalesce in non-shadowing discrete mass
of intermediate echogenicity. In some, sludge may be
a precursor of gallstones."

Post cholecystectomy, fluid in the gallbladder opera-
tive site raises the question of infection although
seroma and hematoma have a similar appearance.

With adenomyosis, the gallbladder wall thickens
diffusely, segmentally, or focally and crypts may
have echogenic material with comet-tail artifacts
from imbedded cholesterol crystals. Occasionally a
layer of floating gallstones can be appreciated in the
gallbladder. Gallbladder torsion is a rare occurrence20

as is gallbladder volvulus.21

Emphysematous cholecystitis22-23 may show sono-
graphic signs of both intraluminal or intramural gas.
Gas within the gallbladder causes a layear of hypcr-
echogenicitiy with distal reverberation. Within the
gallbladder wall, gas may produce a gallbladder wall
of increased echoes throughout, or, focally increased

echogenciityofasegmentofwall with reverberations
or shadows from air.

In gangrenous cholecystitis24 Murphy's sign, i.e. focal
tenderness over the gallbladder with pressure from
the transducer, may be present in a minority.

Sonographic signs are pericholecystic fluid, gallblad-
der wall thickening and a dilated gallbladder.

Gallbladder perforation is associated with perichole-
cystic fluid, free peritoneal fluid, gallstones with
shadows, and an echo poor gallbladder wall.25

Following trauma, acalculous cholecystitis may
appear by ultrasound with gallbladder wall thicken-
ing, pericholeangitic fluid or wall edema, intramural
gas, and sloughing of mucosa.26

Fine needle aspiration of the gallbladder under ultra-
sound guidance can confirm both infection27 or carci-
noma,18 and has been used to confirm cholesterol
stones versus pigment stones by biliary analysis.28

Cholesterol crystals in the gallbladder lumen29 can
produce comet-tail artifacts, as can gas in gallstones•"

Biliary Ducts
Cholangitis may increase the echogenicity of the
biliary ductal system, as can hepatitis. The walls may
be smooth or irregular. Occasionaly with AIDS, the
ducts may enlarge from cholestasis and a periportal
hypoechoic area may be present circunferentially
about the ducts, a process that is related to an
oppotrunistic inflection such as cytomegalovirus or
cryptosporidiosis. With cholangitis, intrahepatic bile
duct dilatation may be proximal only or diffusely
present throughtout the ducts or focal in one area of
the liver. Ascariasis and clonorchiasis from raw fresh
water fish and other parasites can occasionally be
seen in bile ducts and can produce cholangitis with
thickened walls. Ascariasis tends to produce a train
track appearance within the echogenic walls of the
bile duct.

Choledocholilhiasis is a condition wherein discrete
stones with the acoustic shadows are within the
biliary ducts, but sludge may fill the extra hepatic
ducts as well with low level echoes that do not
shadow by ultrasound.The causes of bile duct dilata-
tion cannot always be detected by sono-
graphy.Strictures, biliary and ampullary carcinoma,
rare benign tumors, and even foreign bodies can be
sources of biliary dilatation.
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A choledochal cyst presents with a large cystic mass
in the porta hepatis," that connects to the biliary
system and is separate from the gallbladder. Bile
ducts may be dilated in this condition which occurs in
both children and adults." These patients are at
increased risk for biliary malignancy.

Cholangiocarcinoma presents typically as a mass at
the confluence of the hepatic ducts with bile duct
dilatation.34

Caroli's disease produces diffuce and focal dilatation
of the bile ducts.

Pneumobilia, air in the biliary ducts, causes scattered
acoustic shadows in the intrahepalic ducts in contrast
to metallic clips which produce focal comcl-tail
reverberation artifacts.

Stents
Stems placed for bile ducts obstruction, for porto-
systemic shunting, and for renal decompression can
be recognized with ultrasound by their characteristic
configuration, as can IVC filters. Stents are highly
reflective parallel walled structures.

Liver
The liver is usually homogenous with well defined
portal and hepatic veins. The hepatic artery can also
be regularly identified in the portal triad.

Liver transplant patients are at risk for vascular occlu-
sion and sonographic confirmation of patent hepatic
artery, portal vein, and hepatic veins is an important
contribution. Vascular signals of venous damping
can suggest acute rejection.33

With congestive heart failure and tricuspid insuffi-
ciency the hepatic veins markedly enlarge and
accentuated artrial pulsation may be transmitted across
the liver to chane the low amplitude signal of the
portal vein to a pulsatile one.

With cirrhosis and fatty infiltration, the echogenicity
of th liver becomes increased with or without
heterogeneity. When fatty infiltration of the liver is
intense, the liver develops a hyperechoic appearance;
focal areas of normal liver may prevail as hypoechoic
geometric shaped areas typically near the gallbladder
and porta hepatis. The increased collagenation of the
liver from cirrhosis and fatly infiltration produces
attenuation of the ultrasound acoustic beam from the

mid to distal zones posteriorly. The caudate lobe
often enlarges in cirrhosis as does the spleen. As liver
damage progresses, the liver shrinks. A portal vein,
1.3 cm in diameer or greater, suggests portal hyper-
tension. Portal hypertension may result in reversal of
portal venous flow. The paraumbilical vein may re-
canalize and can be traced from the left portal vein to
the umbilicus, usually associated with hepatopetal
flow in other areas of the liver.3* With portal vein
thrombosis, cavernous transformation which occurs
in abut 19%, produces multiple vascuar channels that
have a venous signal, particularly prominent at the
porta hepatis. When cavernous transformation is
suggested, duplex Doppler or color Doppler are
essential in order to differentiate this condition from
biliary ductal obstruction which may have a similar
appearance, on B -mode, but bile ducts are not vascular
on Doppler examination.

Thrombosis of the portal vein may be related to tumor
invasion or to hypercoagulable states and infections
such as appendicitis.37 Portal thrombus should be
interrogated for a vascularity because thrombus that
is a result of tumor invasion may have a vascular
signal while thrombus from entities such as a hyper-
coagulable state will not.

Hepatic venous flow has the same character of flow
as the IVC, that is, flow with transmission of atrial
contractions, hepatic veins enlarge with congestive
heart failure and tricuspid insufficiency.38 Hepatic
vein or inferior vena cava webs may produce dilatation
of these vessels as well. With external or internal
compression, e.g. from adjacentneoplasm, the hepatic
waveform will dampen. Isoechoic hepatoma
unrecognised by ultrasound can be suggested by a
dampened hepatic vein waveform.

With Budd-Chiari veno occlusive disease, the liver
enlarge and trends to compress the hepatic veins
which become difficult to identify. Frank thrombus
may occur focally in the hepatic veins. With partial
thrombosis reversals of flow and irregularity of the
hepatic veins may develop, associated with systemic
collatcrlizalion identified in the periphery.

Liver neoplasm can be focal or diffuse, hypoechoic,
isoechoic, hyperechoic, or a combination of echo
patterns. A hemangioma tends to be a small hypere-
choic homogeneous liver mass with no identifiable
vascularity becuase of flow so slow that is difficult to
detect with sonography. Hepatoma has a sensitivity
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of detection of about 90% by ultrasound. Dampened
hepatic vein waveforms may be a clue to mass effect
even when a mass cannot be seen by ultrasound.

Liver abscesses may be focal or diffuse and of various
echogenicities. When AIDS patients present with
multiple liver lesions, both neoplasia, including
lymphoma, and infection have to be considered and
biopsy is indicated.

Subcapsular fluid in the liver may result from hemor-
rhage secondary to blind pleural fluid aspiration with
inadvertent damage to the liver.

Vascular interrogation of liver lesions39 is under
investigation to help in noninvasive diffcrcntialion of
various masses. Hemangiomas tend to be relatively
avascular, as are metastases and regenerating nod-
ules. Cholangiocarcinoma and hepatoma when larger
than 3 cms tend to be vascular but overlap exists in all
these entities.

Kidney
The right kidney is about 10 cm long with a central
hyperechoic area where the blood vessels and col lcct-
ing systems lie. The cortical renal echoes are less echo
producing than those of the liver parenchyma or are
isoechoic with the liver. Increased cortical ccho-
genicity suggests medical renal disease of a non-
specific nature.

Kidneys 13 cm or longer may be abnormal either
from such diseases as diabetic nephropathy or
infiltration, infection, neoplasm, or polycystic disease.

Small shrunken kidneys suggest end stage renal
disease. A unilateral small kidney raises the question
of renal artery stenosis. Renal artery stenosis will
produce a tardus parvus wavefrom within the vascu-
lature of the kidney.4041 Ultrasound interroration of
the main renal arteries for renal artery stenosis may be
difficult because the renal arteries can be multiple and
partially obscured by overlying bowel gas. A renal
artery should have a low resistance waveform and a
peak systolic velocity below 125 cm/sec. Also, the
ratio of the renal artery peak systolic velocity to that
of the aorta should be less than 3.5.

Extension of pancreatitis may involve the kidney
with pseudocyst or even focal pyelonephritis42 Hy-
dronephrosis from appearance of renal pelvicali-
ceal dilatation. However, recent work suggests that

an elevated resistive index, one that is .7 or greater, is
evidence with 92% sensitivity for obstruction of the
urinary collecting system,43 recognizing that renal
artery stenosis and external compression are also
causes of elevated resistive index. With severe
dilatation, the ureter should be followed when possible
and the bladder examined for stones, tumor and wall
thickening.42 A ruptured calyx can produce a urinoma
around the kidney. Retroperitoneal fluid surrounding
the kidney can also develop from a perforated ulcer.

Renal transplant patients should be examined for
adjacent fluid collections, such as a lymphocclc and
hcmaloma, false ancurysms and vascular rejection. A
resistive index that approaches one suggests vascular
rejection, but a high index also occurs in such entities
as hydronephrosis or an adjacent compressing mass.
The resistive index is a measure of the peak systolic
velocity minus the end diaslolic velocity divided by
the peak systolic velocity.

Hcmorrhagic renal cysts may present as ci thcr complex
or solid masses by ultrasound while renal neoplasms
arc typically hypocchoic with the most common
exception being the hypcrechoic angiomyolipoma.
Pathologic material is always required fora definitive
diagnosis because there arc exceptions to every typical
sonographic presentation.

Parapclvic renal cysts should always be interrogatd
with Doppler to detect the unusual renal artery
ancurysm.

An upper pole renal fluid collection may be an
obstructed duplication. Renal abscess isa focal, usually
hypocchoic or ancchoic mass. Focal pyelonephritis is
usually demonstrated sonographically by an area of
decreased echoes compared to the adjacent cortex.
Inflammation of the kidney may not necessarily
produce increased vascularity. Xanthogranuloma
pyelonephritis tends to produce a bizarre appearing
kidney, an often enlarlged kidney with masses, both
fluid and solid, and calcifications. Tuberculosis of the
kidney causes the renal contour to be deformed,
shrunken, and tabulated.

Pcrincphric abscess is easy to miss by ultrasound if
the process extends along the psoas into the pelvis,
because overlying bowel gas typically obscures the
area.

An absent right kidney requires a sonographic search
in the pelvis for an aberrant position of the kidney.in
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Crossed fused ectopia may also be a cause of an
absent kidney in the flank. A rare neurofibroma or
sarcoma may present as a mass posterior to the kidney
in the area of the psoas muscle.

Calculi in the kidney can be in cortex or collecting
system. Both cortical and vascular calcifications, if
large enough, can cast an acoustic shadow. When
renal calculi are suspected, the distal ureter and bladder
should also be examined for calculi.

Fluid-fluid levels in teh renal collecting system or
bladder suggest hemorrhage or infection. Candida
albicans infection and hemorrhage are common
sources of layering fluid in the bladder.

Following nephrectomy for cancer, local recurrent
disease will present as an amorphous hypocchoic
mass in the renal bed.

Renal vein thrombosis produces an enlarged kidney
acutely and, with color Dopplcr, actual thrombus and
collaterals maybe detected.

Infarcts produce focal hypcrechoic defects along the
cortical wall of the kidney, not to be confused with
normal junctional cortical hypcrechoic fusions from
fetal lobulations.

Pancreas
Acute pancreatitis produces an enlarged hypocchoic
pancreas.

Chronic pancreatitis results in a spectrum of findings
which include dilated irregular pancrealitic duct,
pancreatic calcifications, pancreatic atrophy,44 as well
as focal hypoechoic mass, portal vein obstruction,
and pseudocyst. Infected pseudocysls of the pancreas
tend to have some internal echoes.45 Bile ducts may be
dilated from stricture secondary tochronic pancreatitis.

With mediaslinal extension, pancreatic pscudocysLs
will dissect up through the csophagcal or aortic hia-
tus. Fluid may accumulate in the upper recess of the
lesser sac, outlining in fluid the caudate lobe of the
liver along the fissure of the ligamentum venosum.

Pseudocysts in the head of the pancreas can be
confused with duplication cysts of the duodenum46

and with splanchnic aneurysms47 49 whose rupture
can result in masive bleeding. Splanchnic pscudo-
aneurysms develop in 10% of those with chronic

pancreatitis as a direct result of the inflammatory
process.

The typical pancreatic cancer is hypoechoic. Rarely,
a biliary cystadenoma or cystoadenoma carcinoma
may present with a uni or multilocular cystic mass by
ultrasound50 with or without nodularity. In the
pancreas, cyst adenoma and cystoadenocarcinoma
are also rare and may produce a smaller appearance.
If the neoplasm is microcystic, the mass can appear
solid by sonography.31

Adrenal
The normal adrenal is well defined in neonaies by
ultrasound. Adrenal enlargement can be recognized
as either cystic or solid by sonography. Adrenal
metastases are frequently recognized by sonography
as solid masses, not uncommonly bilateral, which
develop cystic areas of hemorrhage or necrosis.
Adrenal hemorrhage, more common on the right,
produces an anechoic supra adrenal mass and, over
time, calcifications may develop.

Bilateral adrenal cystic masses should raise the
question of pheochromocytoma; these cystic
variations occur in 10% and are bilateral in 10%.

Chest
Patients can present with upper abdominal pain from
thoracic disease. It is not uncommon to recognize a
pleural effusion by sonography when examining the
liver, as well as consolidation of the lung, empyema
and eventration of the diaphragm. Fine needle aspira-
tions of pleural fluid occasionally result in subcapsular
hematoma of the liver, which produces a hypoechoic
confined fluid encapsulating the liver.

Conclusion
In well trained, experienced hands, ultrasound has a
wide range of applicability in the assessment of right
upper quadrant symptomatology.
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US3-ULTRASOUND

US of the Pancreas

C. Metre weli

Dept. of Diagnostic Radiology and Organ Imaging,
Prince of Wales Hospital, Shatin, Hong Kong

The Normal Pancreas
The normal pancreas varies in echotexture and size,
depending on age, sex and race.

In the adult there are three varieties of normal
appearance:

1. The parenchyma may be homogeneously
echopoor in relation to surrounding fibrofaily
retroperitoneal connective tissue with the
pancreatic duct standing out as a bright "tram line"
against the dark parenchyma.

2. The parenchyma is divided into small lobules
betwen 2 to 4 mm diameter each surrounded by
an echogenic ring of connective tissue. The
parenchyma is predominantly cchopoor with an
echogenic pancreatic duct. This state is some-
times termed lipomatosis of the pancreas.

3. The parenchyma is homogeneously echogenic
and may even be difficult to distinguish from
surrounding connective tissue. The duct appears
as a single dark line which is the lumen. The
bright walls are indistinguishable from the
surrounding echogenic parenchyma. The lobu-
lated "lipomatous" appearance will be similarly
obscured. Often the bright pancreas can only be
identified by its position relative to the coeliac
axis, SMA and splenic vein.

Types 1 and 2 are normally found in paediatric and
young adult age groups.

Type 3 is usual in older subjects. In western popula-
tions the pancreas becomes bright as a result of fibro-
fatty changes in males between 20 and 30 and in
females between 30 and 40. In the east these changes
are some 10 years later. Obese patients tend to have
these changes earlier in their respective populations.
The uncinate process is sometimes the last to change,
and remains echopoor. It must not be mistaken for
pathology.

The type 3 pancreas is also found in cystic fibrosis in
children, alcoholics, chronic pancreatitis and in some
diabetics conversely an enlarged type 1 pancreas may
indicate mild pancreatitis in an elderly patient.

The pancreas is generally larger in children and
young females. In particular the tail of the pancreas
may be strikingly enlarged and should not be mis-
taken for a tumour.

The measurements of the AP diameter of the body
anterior to the aorta relative to the aorta should be not
more than x 1.5 in children and usually less than the
aortic diameter in adults. IN THE SUPINE
POSITION. In the erect position the pancreatic body
is often much thicker.

From the foregoing it becomes obvious that an aware-
ness of the expected normal appearances of the
pancreas are necessary in order to appreciate the
possible changes of diffuse pancreatic disorders; such
as cystic fibrosis, hyperamylasaemic pancreatitis,
and chronic pancreatitis. And that discrete disorders,
such as tumours, are more likely to be visible in the
type 3 pancreas than in 1 or 2.

Visualization of the pancreas with ultrasound may be
precluded by obesity and bowel content. Usually the
pancreas is best visualized in the erect standing (not
sitting) position. The tail may require filling of the
stomach with fluid to act as an acoustic window.

The major clinical problems for diagnostic imaging
of the pancreas are pancreatic carcinoma, pancreatitis
and location of functioning pancreatic adenomas.

Pancreatic Carcinoma
There are several different varieties of pancreatic
malignancy but the commonest (90%) is ductal
adenocarcinoma. Other malignancies are character-
ised by presence of mucin containing cysts, calcifica-
tions, or hypervascularity however one could argue
that these histological differentions are academic as
the diagnostic imager'sduty is to identify the presence
of a pancreatic tumour, and distinguish this from
chronic pancreatitis, and to assess possible tumours
foroperability. Generally when a pancreatic mass is
obviously pancreatic carcinoma the less likely it is to
be operable with the exception of small tumours of
the pancreatic head that happen to obstruct the common
bile duct.
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Inoperability is indicated by the presence of hepatic
and lyrnphnode metastases, invasion of surrounding
organs such as stomach and duodenum, arteries, and
veins, often with formation of multiple tortuous
collaterals.

Tumours that are equivocal require biopsy to dis-
tinguish malignancy from chronic pancreatitis. How-
ever the sensitivity of histology of even core biopsy
is not 100%. A high index of suspicion with a histo-
logy report of "chronic pancreatitis" in a potentially
operable tumour should indicate a repeat biopsy
attempt.

Carcinoma of the pancreas is increasing and as the
treatment has such limited success (5% 5 year survival)
the possibility of screening for early carcinoma might
be considered.

My personal experience of many thousands of
abdominal scans has been that although I have
serendipitously discovered a significant number
ofsilent" cancers of the bowel, kidney, urinary
bladder, liver and ovary I have never yet caught an
early cancer of the pancreas. This leads me to believe
that ultrasound screening for Ca pancreas is unlikely
to be cost effective.

Pancreatitis
a) Hyperamylasaemic pancreatitis

Knowledge of the normal appearances outlined
above are essential in comprehanding changes
that occur in the pancreas caused by mild
pancreatitis. There may be a slight increase in
size and an increase in cchogenicity. As you
should instantly realise the interpretation of
increase size and brightness depends very much
on what you would expect to find for that partic u-
lar age, sex, race patient.

In practical terms, if there are no gross changes,
or small gallstones, CBD stones, CBD ascariasis
that require treatment, then the management of
hyperamylasaemic pancreatitis can be conserva-
tive and expectant.

b) Acute Haemorrhagic Pancreatitis(AHP)
The premonitory signs of AHP is significant
enlargement and hypoechogenicily which may
be focal or general with abnormal fluid collec-
tions, which may later develop into pseudocysts
and abscesses.

Severely affected patients often have a marked ileus,
very gassy intestines and a tender abdomen preclud-
ing adequate visualization of the pancreas itself.

Generally one can see at least part of the retroperi-
toneum and the presence of fluid in unusual locations
(eg, the scrotum, lesser sac) and in mutiple locations,
especially if both perirenal and pararenal, is strongly
suggestive of AHP.

Any patient presenting with abdominal pain, shock
and fluid collections in unusual places should be
suspected of having severe pancreatitis. The fluid
should be aspirated and some tested for the presence
of amylase. This persists after amylase has cleared
from the circulation and may reveal the diagnosis
even when the usual blood tests are negative.

Interventional US can be used for guided drainage of
subsequent pseudocysts and abscesses. CT if avail-
able is the best confirmatory investigation.

Functioning Pancreatic Tumours
These are usually slow growing and well defined,
even the metastases. The problematic ones are the
small functioning adenomas exemplified by the
insalinoma.

Usually the clinical history and laboratory examina-
tions have established the diagnosis and the radio-
logists duty is simply to identify the site of the
tumour. Unfortunately this is often difficult. Routine
transabdominal ultrasound has a poor sensitivity,
endoscopic ultrasound can improve on this because
of closer proximity to the pancreas, but may not
access the entire pancreas.

Inlraoperative ultrasound is the preferred technique
but even here is not totally reliable.

As these tumours are often very vascular the role of
ultrasound contrast agents may have useful potential
in the future.
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Ultrasound of Diffuse and Discrete
Abnormalities of the Liver
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Dept. of Diagnostic Radiology and Organ Imaging
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Introduction
The commonest reason for investigation of the liver
is to look for discrete lesions - metastases, hepato-
cellular carcinomas, and abscesses. Although there
are well described characteristic features of each
there is a wide range of possible appearances. Not
infrequently these onverlap with the also wide range
of appearance of commonly found benign lesions
such as cavernous haemangiomas and cysts and other
less common and rare benign and malignant lesions
such as focal nodular hypcrplasia, adenomas,
haemangiosarcomas. Furthermore diffuse paren-
chymal abnormalities may look misleadingly discrete
as is the case in focal fatty change and sparing or
become nodular as in latecirrhosis where the nodules
are difficult to distinguish from discrete tumours or
the general nodularity masks discrete tumours which
are truly present.

Ultrasound, CTand MRI are all sensitive in detecting
abnormalities in the liver butall have similar problems
in histological specificity in the grey (overlapping)
zones of imaging appearance.

However ultrasound is alsoexcellentatguidingnccdle
biopsy so the combination of diagnostic and intcr-
ventional ultrasound can lead to the correct diagnosis
in virtually all cases.

Ultrasound should also be utilized in the diagnosis of
early cirrhosis where it is very sensitive.

The Normal Liver
The normal liver has a relatively hypoechoic course
but not lacy echotexture with the portal veins stand-
ing out clear of the parenchymaand the vessel lumens
echo poor. There is good through transmission so the
diaphragm is clearly seen as are the deeper parts of the
liver. The left inferior edge is sharp and the surface
smooth.

Fatty Change
Hepatocytes absorbs dietary fat in the form of micelles
(microscopic droplets) from the portal vein and
cholesterol rich chylomicron remnants from the
systemic circulation. This is then metabolised into
very low density lipoproteins which eventually are
the major source of cholesterol and triglycerides for
the other tissues of the body. These are transported by
the vascular system to the rest of the body.

If this process is interfered with fat globules accumu-
late in the hepatocyte and clusters of such fat laden
cells then become highly reflective of ultrasound so
the fatty liver becomes moee echogenic (brighter) as
there are more and finer echoes returning from the
parenchyma. As the degree of fatty collection increases
the sound attenuation increases so the deeper liver
structures are less well seen, the brightness of the
returning echoes approaches and swamps that of the
vessels, and increased scatter obscures the usually
clear lumens of hepatic and portal veins.

The fatty collection may result from gross oversupply
of dietary fat so Ihe hepatocytes cannot cope. This is
seen most dramatically with parcnteral feeding with
lipids. Or from intcrfcrance with the inlracellular
metabolism so the insoluble fat cannot be converted
to soluble fatty acids. This could be the result of
poisons such as alcohol, drugs such steroids, or chronic
viral hepatitis.

The overlap between the fatty liver of "good living"
and that of disease states is great so ultrasound is
sensitive but not specific for true abnormality .although
the more severe changes are likely to be more
suspicious.

CT and MRI are less sensitive but therefore perhaps
more specific because they only pick up the more
severely affected livers.

Focal Fatty Change
Although the liver parenchyma appears to be homo-
geneous, di f ferent segments of the liver have different
vascular supplies and venous drainages so the haemo-
dynamics of the liver cause variations in the meta-
bolic milieu. Toxins and nutrients flow in from the
portal vein. In the right and quadrate the blood has to
traverse a longer intraparenchymal path than in the
left and caudate lobes therefore extraction of both
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toxins and nutrients is likely to be more efficient.
Fresh oxygenated blood arrives by the hepatic artery.
The longer intraparenchymal path on the right side
makes the left side favoured in its oxygen supply. The
caudate lobe and posterior segments of the right lobe
have a better venous drainage by virtue of the short
hepatic veins.

It is therefore not surprising that these differences in
blood supply at the segmental and subsegmental level
can precipitate the development of fatty liver in the
less well perfused areas.

When the predominant background parenchyma in
normal focal fatty areas are termed "focal fatty
change". When the background parenchyma is fatly
focal normal areas are termed "focal fatty sparing".
These are usually of no diagnostic value but of great
diagnostic hinderance because they cause confusion
with mass lesions.

Because US is very sensitive to fatty change the
problems in ultrasound are often those of focal fatty
sparing. In comparison: because fatly change has to
be much more severe for CT to identify it there are
problems with both focal fatty change and sparing.

Focal fatty sparing
Lobar - usually sparing the left lobe
Segmental - sparing most segments except ihe

anterior segment of the right lobe

Sebsegmental
Deep - These lesions are the most troublesome as
they can be mistaken for lesions such as metastascs.
The larger ones maintain the characteristics of FFS:
hypoechoic on a bright fatty background, pyramidal
in shape and related to vessel along one edge or in the
centre and without any mass effect. These features
may be difficult to distinguish in areas less than 2 cm
size.

Superficial - A band of hypocchoic sparing is
occasionally seen on the inferior surface of ihe left
lobe.

Themost common site isjuxtacholeystic where it will
be found in at least half of all fatty livers and should
not be mistaken for a metastasis, abscess, or
pericholecystic fluid.

Cirrhosis
Cirrhosis is very common especially secondary to
chronic hepatitis B infection in SE Asia but is poorly
described in the literature as usually only the late
stage is described.

CT and MRI are relatively insensitive to the early
stages of cirrhosis and US is the imaging modality of
choice.

It is important to understand that there are three major
phases in the development of cirrhosis. An early non
specific phase, a middle subclinical phase and a late
clinically obvious phase characterised by crisis
management of ascites, haematemesis from varices
and liver failure.

Early non specific phase of hepatitis B associated
cirrhosis.

Essentially the appearances are those of a fatty liver
and few of these patients will show cirrhotic changes
on biopsy. Other causes of fatty liver may look the
same but the identification of persons at risk of
developing cirrhosis in the future requires laboratory
testing. Usually Hep. B serology is positive and liver
isoenzyme tests (e.g. ALT) are abnormal.

In the subclinical phase the patient may be very well,
1 iver f imction tests normal and only a suspicious Hep.
B serology.

The liver loses its fattiness so the echogenicity returns
to normal amplitudes but the parenchyma! pattern
now becomes lacy, the left lower liver edge blunted,
the surface may show tabulations. The internal vessels
irregularity and the liver shows stiffness (lack of
indentation by cardiac pulsation) CT will be normal.

These patients are important to identity in order to
ensure their life style does not accelerate the damage
and because they arc at risk and should be kept under
surveillance for hcpatocellular carcinoma.

In the final clinical stage the patient will have cutane-
ous stigmata and a small liver, raised bilirubin and
low serum albumin. US will reveal a small liver.
Relative shrinkage of the right lobe compared with
the left is more suggestive of alcoholic cirrhosis.
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In addition there will be signs of portal hypertension:
collaterals and splenomegaly, hypoalbuminaemia:
ascites, thickened gall bladder wall, gastric oedema
and small bowel oedema.

Lobulation.irregularityofsurfacecontour and vessels
as noted before. In this stage it is too late to affect the
developmentof cirrhosis and the clinician is restricted
to crisis management of complications of haemate-
mesis, ascites and liver failure.

Masses
The imaging diagnosis of hepatic masses is limited by
the same factors that constrain radiology in all other
parts of the body namely resolution, contrast between
the abnormal and the surrounding liver tissue, and
differentiation of histological type. However each
organ produces its own particular set of problems in
relation to these constraints and this determines the
solutions that are used to try to overcome them.

This presentation is concerned with dealing with the
general principles, and current and immediately fore-
seeable solutions. Diagnostic imaging is undergoing
such rapid changes that the actual details are likely to
differ.

Resolution
The spatial resolution is grossly dependent on the
thickness of the Ultrasound beam width.

US has an inherently faster frame rate and narrow
beam width compared with CT and MR I but has the
disadvantage of occasional inability to see the whole
liver especially in small cirrhotic livers, obese subjects,
and elderly subjects with narrow intercostal windows.

Some of these problems are overcome by the use of
intraoperative ultrasound which regularly shows more
lesions than VS and CT have demonstrated transcuta-
neously. Direct contact with the liver and useofhighcr
frequency is obviously superior, but depth penetra-
tion and access may be the limitations as in the
transcutaneous approach.

Contrast between the abnormal and surrounding
Liver
Inherent contrast between tissues is excellent for US.
With contrastenhancement (injected contrastagents)
available in future the situation will further improve.

To date deliberate enhancement of tumours has only
really been achieved by the use of intrarterial lipiodol.
This washes out of various lesions of the liver more
slowly than healthy areas leaving abnormal area
highlighted and visible on US. These still need biopsy
however as not all the lesions that show up with this
technique are malignant tumours.

Intravenous contrast enhancement is not yet
commercially available for ultrasound but when this
does become available it will be a powerful tool
especially when looking at isoechoic tumours and
small tumours. The use of colour doppler for
displacement of vessels around small isoechoic
tumours and demonstration of tumour vascularity
undoubtedly extends the usefulness of US but still not
powerful enough to help in all situations, especially
the problem of: small hepatoma vs regenerating
cirrhotic nodule.

Differentiation of histological type
It is unreasonable and hazardous to demand histo-
logical proof on all abnormal tissues and masses of
the liver. Very often it is possible to be categorical
with regard to cysts, parasitic cysts, cavernous
haemangiomas, abscesses, areas of fatty change,
hamartomas, many metastases and most hepatomas.
Especially if all clinical and laboratory data are incor-
porated. These are well described in the literature.
However only when it is not possible to be confident
one should biopsy.

Ultrasound is the quicker and most flexible technique
although centres without. It US expertise have to
resort to CT. MRI guided biopsy must be reserved for
le sions that only show on MRI or centres that wish to
be excessively and unnecessarily expensive!

Conclusion
Ultrasound is an excellent primary tool for investiga-
tion of virtually all problems of the liver.
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Scrotal Ultrasonography
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Abstract
Sonography of the scrotal sac is a highly effective,
noninvasive method to detect pathology of the sper-
matic cord, epididymis, testis and the scrotal wall.

Color Doppler, by defining vascularity, increases in
some cases the sensitivity of detection of scrotal
abnormality.

As a noninvasive highly effective screen, ultrasound
excels when applied to the delineation of pathology
of the scrotum whether in the cord, the epididymis,
the testis, or the scrotal sac wall.13

Indications
The indications for the study include the palpation of
a mass and the need to define where it arises in the
scrotal sac, the question of testicular torsion, the
extent of scrotal trauma, the possibility of testicular
malignancy, the examination of the cryptorchid testis
and follow-up after orchipexy, the detection of possible
hemiaor varicocele, the search for the cause of scrotal
swelling, the differentiation of epididymo-orchilis
from abscess, and/or the confirmation of testicular
atrophy

Technologic Considerations
The accuracy of scroial ultrasound is high. High
resolution linear array transducers arc ideal, 7-10
MHz in frequency, for a near field of view. For
patients with large hydroceles, a lower frequency
may be required. Generous use of gel provides appro-
priate contact. Comparison of the grey scale image of
both testicles is essential since some malignancies,
particularly seminoma, may produce a dramatic loss
of echogenicity in an otherwise normal appearing
matrix, which may not be appreciated without refer-
ence to the other side. Also, both testicles need to be
compared for vascular flow, which flow should be
symmetric. Color Doppler and duplex imaging of the
vascularity are essential components of a routine

examination.4 If a subtle varicocele or a hernia is
suspected, scans in a upright position may elicit the
abnormality not noted in the supine position.

Technique of Examination
The patient lies supine with the penis tucked under a
sheet out of the field of view. The scans are done in
transverse and longitudinal plane and include the
testis, the epididymis, and the spermatic cord. The
procedure is painless and noninvasive.

The Anatomy
The paired testicles descend in embryonic life from
the level of the kidneys and adrenal in the relro-
pcritoneum down into the scrotal sac. In adults, the
tesles are about 4-5 cm long and 1.7-2.5 cm. in ante-
rior-posterior dimension,5 encapsulated by a thick
fibrous sheath, the tunica albuginea, and then covered
by a thin lining, the tunica vaginalis visceral is which
also invests the epididymis. The opposite wall of the
scroial sac tunica lining is called the tunica vaginalis
pariclalis. The testis which is attached to the scrotal
wall in one area is homogeneously hypercchoic, bathed
in a small amount of serosal fluid. The mediastinum
testes is a bright hyperechoic reflector within the
substance of the testis, longitudinally oriented in a
parasagittal scan. The rete testis near the junction of
the testis and epididymis may on occasion demon-
strate dilated cystic areas. The interslitium of the lesu's
contains Leydig cells, responsible for the majority of
androgen production and Sertoli cells which produces
estrogen. The gubernaculum tcstis is a linear fibrous
attachment that connects the inferior teslis to the
scrotal wall.

Architecturally, the testis is subdivided into lobules of
seminiferous tubules that empty into the mediastinum
teslis, which is an invagination of tunica albuginea
that acts as a conduit for the vascular supply and the
produced sperm. The veins and arteries have a radial
pattern in the parenchyma of the testis. The veins form
a papiniform plexus that eventually form a testicular-
vein that empties into the inferior vena cava on the
right and into the left renal vein on the left. The
arteries of the teslis are the capsular artery, the
centripetal arteries which have recurrent ram i branches,
and the inlratesticular transmcdiaslinal arteries, that
occur in about 50%*. Testicular artery flow is
symmetric and is typical of organ flow, that is, low
resistance velocity profiles with elevated diastolic
flow.
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The Epididymis and Spermatic Cord
The head of the epididymis is a triangular shaped
body immediately adjacent to the testis and similar in
echogenicity. The body of the epididymis is a thin,
elongated structure along the dorsal-lateral margin of
the testis. The tail of the epididymis is a convoluted
structure inferior to the testis.

The spermatic cord runs in an oblique course from the
internal inguinal ring to the scrota! sac. It contains the
vas deferens, testicular, cremasteric, and deferential
arteries, nerves, lymphatics, and the pampiniform
plexus of veins.

The cord is examined by ultrasound with a linear
array transducer, along its oblique course in the
inguinal canal in both longitudinal and transverse
scan.

The Pathology of the Epididymis
The most common finding in the epididymis are little
circumscribed cysts within the substance of the
epididymis. These occur in about 40% of normal
men.7 Predominantly in the head, with an occasional
occurrence in the body or tail of the cpididymis, these
cysts are of noclinical consequence and contain clear
fluid. When the epididymal head is not idenli fied, but
instead, a large oval often septatcd mass has taken its
place, the most likely diagnosis is spermaiocele. The
spermatocele fluid iscreamy, filled with sperm, since
it represents obstruction of the efferent duciules.

Neoplasms of the epididymis are predominantly
benign. When malignancies do occur, they tend to be
aggressive sarcomas with a poor prognosis. The most
common neoplasm of the epididymis is the benign
adenomatoid tumor. Other neoplasms include leio-
myoma, cholesteotoma and papillary cyst adenoma,
which occurs in Von Hippel Lindau disease. These
masses are usually well circumscribed and hypochoic
or isoechoic with the testis.

When a solid mass is identified in the epididymis by
ultrasound, one entity in the differential that needs to
be considered if the patient has had a vascctomy or an
interruption of the vas defcrens from trauma is a
sperm granuloma, which can mimic the appearance
of a neoplasm.

Infection
Acute epididymitis produces thickening of the scrotal
skin beyond the normal 4-8 mm, enlargement of the

epididymis, and marked increased vascularity by
color Doppler." Epididymitis, originating from a
host of different possible agents, is commonly retro-
grade and the first area of enlargement may be the
epididymal tail. These infections may progress to
include the testes, which become heterogeneous and
alsoexhibit markedly increased vascularity. Progres-
sion to abscess may produce a frank fluid collection
within the swollen organ involved, whether testis or
epididymis. Orchitis, such as mumps orchitis, and
epididymitis may each occur separate from the other,
but orchitis is commonly a secondary extension of
epididymitis. Of concern is the propensity for testicu-
lar malignancy to present in a small percentage of
cases as epididymo-orchius. When that possibility is
raised, the patient needs to be treated aggressively for
the infection and rescanned in 10 to 14 days to
determine whether the echo texture of the testis has
returned to normal.

Prior infection or hemorrhage can cause thickening of
the tunica investing the scrotal sac and encapsulating
the tesu's and epididymis.

Color Flow Abnormalities
Absence of color flow, assuming correct instrument
settings, suggests testicular torsion or infarction
particularly when the opposite side has normal flow.
Increased vascularity of the epididymis suggests
epididymitis and increased vascularity of the testis is
seen with orchitis. Increased scrotal wall flow is a
characteristic of late torsion, which condition mani-
fests no flow within the affected testicle itself. Scrotal
wall hyperemia also occurs in detorsion which will
have increased flow in the epididymis, the testis, and
the scrotal wall. Neoplastic flow is variable.

Calcifications
Chronic infection and granulomatous infection is
often associated with calcifications. Prior trauma
may be another cause of calcifications. These may be
in the epididymis, the testis, or the tunica lining the
scrotal sac.

A single large calcification in the testis may be an
indication of a burnt out germ cell tumor10 and case
reporus have identified active malignantdisease in the
mediastinum in some of these cases.

Another calcified lesion is the scrotal calculus, usu-
ally seen dependency in the fluid of hydroceles. They
are mo veable and sim i lar to gallstones in their acoustic
characteristics.
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Some tumors may calcify in the testis: One such
lesion is the large cell Sertoli tumor, which may be
bilateral. Other bilateral tumors, but not necessarily
calcified ones, are lymphoma, leukemia, mctaslascs,
and adrenal rest tumors.

Microlithiasis, that is, multiple tiny calcifications
throughout the testis has a high association (40% in
some series) with malignancy, so as a precaution
these patients need continued ultrasound follow-
up.1113

Congenital Abnormalities
Appendices of the testis and epididymis arc lilllc
projections of soft tissue from the organs that arc
embrologic remnants of the Mullerian and Wolffian
ducts. They become of importance when they become
twisted with torsion, producing enlargement by
sonography and acute pain, findings that must be
differentiated from testicular torsion.

When the testis migrates in embrologic life from the
retroperitoneum it begins at the level of the kidney
and adrenal, to finally rest in the scrotal sac. Adrenal
rest tumors of the scrotum are, in one hypothesis, a
result of faulty migration of adrenal tissue with the
lestis.

Cryptorchidism has an incidence of about 1% in
children older than one year.2 The treatment is orchio-
pexy. Undescended testes, which may occur as a
result of testosterone deficiency, are associated with
a markedly increased risk of testicular cancer, 9-40
times normal in different series,1415 a risk that can be
reduced with early surgical correction. The normal
testis is also at increased risk for the development of
malignancy, with scminoma the most likely type.

Sonography is not of value in the search for abdominal
undescended testes, but has utility in the depiction of
the undescended testis in the inguinal canal, which is
the most common site for arrested descent. Identifica-
tion of the mediastinum testis is of some help in
differentiating testis from lymph nodes in the cord
area.

Abnormalities of the Spermatic Cord
The spermatic cord is not well delineated normally
from the adjacent soft tissues. With color Dopplcr, a
few pixels of flow are seen within it as it courses
obliquely in the inguinal canal.

Loculatcd hydroceles can occur in the cord. Hernia is
also a common finding which can be exaggerated
with a cough, hese hernias can range in size from a
tiny fluid-filled tag of peritoneum caught in the canal
to large components of small and/or large bowel and/
or omentum. An incarcerated hernia will be fixed and
immobile. Peristalsis can be demonstrated in hernias
of bowel that are not incarcerated.

Another entity found in the cord is the hematoma,
whether post surgical, post laparascopic surgery, or
post direct trauma. These may be unsuspected if no
visual bruising is apparent. The sonographic appear-
ance is typical, a rounded avascular mass of mullisep-
tatcd compartments. Upon follow-up, the mass shrinks
in size over time.

With infection of the epididymis, the cord may become
involved with edema and increased vascularity.

The spermatic cord is surrounded by fatty tissues.
Lipoma is the most common tumor of the cord,
producing an oval hypoechoic circumscribed mass.16

Carcinomas are rare; the unusual malignancy is a
sarcoma.

Varicocele occurs in about 8% of normal men. Of
these, about 35% will have problems with infertility.
The mechanism of infertility is thought to be related
to focal elevated body temperature in the scrotal sac
caused by the increased venous flow, which can
progress to diminished spermatogenesis and testi-
cular atrophy. The propensity for dilated veins of the
pampiniform plexus is related to the perpendicular
emptying of the left spermatic vein into the left renal
vein. On the right, varicoceles are much less frequent,
perhaps because the testicular veins empty directly
into the vena cava. One concern with the finding of
varicocele is that a small percentage of these patients
will have a renal or adrenal tumor on the left which is
obstructing venous flow.

Patients with possible varicoccles arc examined at
rest and after a Valsalva maneuver. Varicocele ex-
pands upon increased abdominal pressure and the
pampiniform plexusof veins expands in a serpiginous
network greater than 3 mm in anterior-posterior
diameter. With color Doppler, flow is readily
appreciated and reflux identified. When large, the
varicocele may surround the lestis and even appear to
be in the periphery of the testicular parenchyma.
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Testicular Atrophy
Varicocele is but one of many causes of testicular
atrophy .Trauma, infarction, venous occlusion, torsion,
myotonic dystrophy, and Klinefelter syndrome are
but a few of the entities associated with a small
shrunken teslis. A rarer atrophic pattern occurs with
a type of seminiferous tubular atrophy which causes
a diffuse heterogeneity of the testis that has to be
distinguished from malignancy.

Testicular Cysts
Just as cysts occur in the epididymis, they occur in
about 8% in the testis and are benign.17 They are
anechoic, discrete, single or multiple, range in size
from a few millimeters to several centimeters.18

Whether the largecysts are associated with infertility
is not known. Small cysts may appear near the medi-
astinum. When they are in periphery of the testis, they
are probably tunica cysts.

Cysts also occur in the most superior testis near the
epididymis and these are probably related to cystic
dilatation of the rete testis.19 A rare lesion is cystic
dysplasia, a cluster of tiny cysts in the testis in a focal
area.20

Testicular Neoplasia
Testicular malignancy is an abnormality of the tcstis
that predominantly affects the young adult. The lesions
are usually hypoechoic, may be homogeneous or
heterogeneous, unifocal or multifocal, discrete or ill
defined. The larger the tumor, the more apt it is to
become necrotic centrally; 95% of these malignan-
cies are germinal. These germinal neoplasms include
seminoma, embryonal cell tumors, teratocarcinom as,
choriocarcinomas and mixed lesions. Seminoma is
the most common, which has two peaks of incidence,
one in young adulthood and another in late middle
age.

The non-germinal cell testicular tumors which arc a
small percent (about 3%) of the whole include stromal
neoplasms, e.g., Leydig cell and Sertoli cell neo-
plasms, hematopoetic or lymphatic neoplasms, e.g.,
the leukemias and the lymphomas, mctastascs, and
the less frequent benign epidcrmoid tumors, dcrmoids,
and teratomas. Epidermoid tumors have a character-
istic thick hyperechoic surrounding wall by sono-
graphy.

Metastases and lymphoma arc predom inatcly in older
men, but with the advent of AIDS, lymphoma of the

testicle is now a consideration in the younger age
group.

Adrenal rest tumors and Leydig cell tumors may both
present with a hypoechoic mass in the testis. If an
active hormone secretor, Leydig cell tumors may
produce virilizing signs. (Sertoli tumors can produce
estrogenic effects.) Patients with adrenal rests have
elevated adrenocorticotropic hormone and in child-
hood, congenital adrenal hyperplasia, which condi-
tion in adults is usually associated with 21-hydrox-
ylase deficiency. Adrenal rest tumors, which may be
bilateral, do not need to be surgically removed. Leydig
cell tumors require orchiectomy. Both tumors have
many similar pathologic findings, although Shawker
mentions that Leydig cell tumors have the crystal-
loids of Reinke, which characteristically separates
the two.21 A definitive differentiation can be made by
venous sampling of the testicular veins. The veins
draining adrenal rest tumors have elevated levels of
cortisol, while the Leydig cell tumors do not.

In children, of the malignant tumors, yolk sac tumors,
leukemia, and teratoma predominate.

Color flow depiction in neoplasms of the testis is not
specific and cannot be used to differentiate benign
processes from malignant ones. Larger lesions tend to
be more vascular than smaller ones.

The bilateral testicular neoplasms to consider are
lymphoma, leukemia, adrenal rest tumors, the calci-
fied large cell Sertoli cell variant tumors, and meta-
stases. Metastatic disease to the testis tends tooriginate
from genitourinary sources such as the kidney, bladder,
and prostate, but a multitude of other sources have
been reported.

Testicular Torsion
Testicular torsion, a disease most common in adoles-
cents, but not rare in adults, is a cause, if untreated
early in the disease course, of testicular infarction.
Endocarditis, trauma, vasculitis, venous thrombosis,
and incarcerated inguinal hernia are other causes of
tcsticular infarction. An infarcted testis is often
enlarged acutely and develops marked inhomogeneity
over time.

Testicular torsion has an increased association by a
factor of 10 with cryptorchidism and polyorchidism.22
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Infantile torsion is usually extravaginal while adults
are more often apt to have an intravaginal torsion
wherein the tunica attachment is high producing a
more mobile vascular pedicle.3

In thediagnosis of testicular torsion onsetof symptoms
is sudden but the B-mode image will remain relatively
normal in the first six hours. Surgical correction is
crucial in the first few hours for the best prognosis.
Fortunately, color Doppler of the testis produces in
torsion an acute lossg of testicular flow, when
compared to the opposite side.2325 As the condition
persists, the testis enlarges and inhomogcncity is a
direct result of ischemia. If detorsion should occur,
hyperemia results and both the testis and epididymis
on the involved side may become hypervascular, a
situation also seen with epididymo-orchitis. With
chronic torsion, the testis involved continues to have
undetectable flow, but the scrotal wall becomes
markedly hyperemic with increased vascular flow
surrounding the avascular torsion. Problems in accu-
racy develop when a partial torsion exists with partial
interruption of flow.

Rarely a vasculitis, e.g. periartcritis nodosa, or hem-
orrhage from Henoch-Schonlein purpura may mimic
torsion sonographically.26

Hydrocele
The diagnosis of hydrocele is usually an uncompli-
cated one clinically. Sonography is used to determine
whether the testis is normal or not, since the hydrocele
precludes an adequate palpation of the tcstis.

Hydroceles are collections of fluid between the tuni ca
vaginalis parietalis and the tunica vaginalis visccr-
alis. When uncomplicated, hydroceles contain
anechoic fluid. Theories abound as to why they form
and include a pressure imbalance or obstructed
lymphatics. Filariasis is one proven etiology. Hydro-
celes become septated with hemorrhage and infec-
tion. A bloody hydrocele is called a hematoccle, and
usually hasadistinctpaltern of heterogeneity through-
out. Hydroceles commonly are associated with scrotal
calculi. When the processus vaginalis fails to close,
peritoneal fluid will fill the scrotal sac and rare cases
of meconium peritonitis can affect the scrotal sac.

Scrotal Wall
The scrotal wall may thicken from obesity,
hemorrhage, infection, and as a reaction to local
radiation therapy. The tunica vaginalis as a derivative

of the peritoneum may specifically thicken from
hemorrhage or infection within a hydrocele or can
develop malignancy, specifically a mesotheslioma.

Testicular Trauma
Disruption of the testes is associated with hematocele
and a heterogeneous ill-defined testicular parenchyma.
In a series of 30 patients with suspected testicular
rupture reported by Jeffrey et al, sonography detected
12 cases of rupture accurately with one false
positive.27 A normal scrotal sonogram can be relied
upon to indicate no significant scrotal trauma, but
inhomogeneity can indicate hemorrhage, infarction,
or rupture. Chronic hematoma of the testis produces
a bizarre thick walled, multiseptated mass that must
be distinguished from neoplasm.

Reference
1. RifkinMD, Kurtz AB,PastoME,Goldberg BB. Diagnos-

ticcapabililies of hi gh-resoluti on scrotal ultrasonography:
prospective evaluation. J Ultrasound Med, 1985; 4 :13-9.

2. Dudiak CM, Venia LA, Olson MC, Posniak HV, Salomon
CG. Ultrasound of the scrotum. In: Critical Reviews in
Diagnostic Imaging. Wang Y (ed.), CRC Press, Boca
Raton, Florida, pp. 369-406, -lol. 33,1992.

3. Mack LA, Winter TC. Scrotal ultrasound. In: Ultrasound
Categorical Course Syllabus, Chapt 26. Wilson SR,
Charboneau JW, Leopold GR (eds), American Roentgen
Ray Society, San Francisco, California, pp. 205-216,1993.

4. Horstman WG, Middleton WD, Melson GL. Color Doppler
US of the scrotum Radiographics 1991,11:941-957.

5. Staudt J. Testis. In: Endocrine Imaging, Textbook and
Atlas, Chapt 9. Higgins CE2., Auffermann W (eds),
Thieme Medical Publishers, New York, pp. 246-247,
1994.

6. Middlelon WD, Bell MW. Analysis of intratesticular
arterial anatomy with emphasis on transmediastinal
arteries. Radiology 1993,189:157-160.

7. Leung ML, Gooding G AW, Williams RD. High-resolution
sonography of scrotal contents in asymptomatic subjects.
Am J Roentgenol 1984.143:161-164.

8. Rails PW, Jensen MC, Lee KP, et al. Color Doppler
sonography in acute epididymitis and orchilis. J Clin
Ultrasound 1990,18:383-386.

9. Horstman WG, Middlelon WD, Melson GL. Scrotal
inflammatory disease: color Doppler US findings. Radio-
logy 1991; 179:55-59.

10. Shawker TH, Javadpour N, O'Leary T, Shapiro E, Krudy
AG. Ultrasonographic detection of'bumed-out" primary

412



lesticular germ cell tumors in clinically normal lestes. J
Ultrasound Med 1983;2:477-479.

11. Janzen DL, Malhicson JR, Marsh IL, et al. Testicular
mircrolilhiasis: sonographic and clinical features. Am J
Roentgenol 1992; 158:1057-1060.

12. Backus ML.Mack LA, King BFJr, el al.Testicularmicro-
lithiasis: imaging appearances and pathologic com I anon
(»bstr). Radiology 1992;185(P):-38.

13. Patel MD, Olcott EW, Kerschmann RL, CaUen PW,
Gooding GAW. Sonographically detected testicular
microlithiasis and testicular carcinoma. J Ultrasound Mcd
1993;21:447-452.

14. Neumann F, Graf KJ. Endocrinology. In: Endocrine
Imaging, Textbook and Atlas, Chapt 9. Higgins CH,
Auffermann W (eds), Thieme Medical Publishers, New
York, pp. 247-253,1994.

15. Vassallo P, Spiteri-Grech I. Indications and diagnostic
value of lesticular sonography. In: Endocrine Imaging,
Textbook and Aüas, Chapt 9. Higgins CB, Auffermann W
(eds), Thieme Medical Publishers, New York, pp. 253-
266,1994.

16. Gooding GAW. Sonography of the spermatic cord. Am J
Roentgenol 1988,151:721-724.

17. Gooding GAW, Leonhardt W, Slein R. Teslicular cysts:
US findings. Radiology 1987-143:537-538.

18. Hamm B, Fobbe F, Loy V. Teslicular cysts: differentia-
tion wilh US andclinical findings. Radiologyl988; 168:19-
23.

19. Brown DL, Benson CB, Doherty FJ, el al. Cy stictesticular
mass caused by dilated rele testis: sonographic findings in
31 cases. Am J Roentgenol 1992;] 58:1257-1259.

20. Cho CS, Kosek J. Cystic dysplasia of the testis: sonogra-
phic and pathologic findings. Radiology 1985; 156:777-
778.

21. ShawkerTH, Doppman JL, Choyke PL, el al. Intratesticu-
lar masses associated with abnormally functioning adre-
nal glands. J Clin Ultrasound 1992;20:51-58.

22. Haynes BE, Bessen HA, Haynes VE. The diagnosis of
teslicular torsion. JAMA 1983;249:2522-2527.

23. Middleton WD, Seigel BA, Melson GL, Yates CK, Andri-
ole GL. Acute scrolal disorders: propective comparison of
color Doppler US and testicular scintigraphy. Am J
Roenlgenol 1990;177:177-181.

24. Bu rk DD, Markey BJ, Burkhard TK, Balsara ZN, Haluszka
MM. Suspected lesticular torsion and ischemia: evalu-
ation wilh color Doppler sonography. Radiology
1990; 175:815-821.

25. Lemer RM, Mervorach RA, Hulbert WC, Rabinowilz R.
Color Doppler US in the evalution of acute scrotal disease.
Radiology 1990; 176 : 355-358.

26. Huisman TK, Collins WT Jr, Voulgarakis GR. Poly-
arterilis nodosa masquerading as a primary teslicular
neoplasm : a case report and review of the literature. J Urol
1990; 144: 1236-1238.

27. Jeffrey RB, Laing FC, Hricak H, McAninch JW. Sono-
graphy of leslicular trauma. Am J Roentgenol 1983; 141
: 993-995.

413



US3 - ULTRASOUND

US of Prostate and Bladder

C. Metreweli

Dept. of Diagnostic Radiology and Organ Imaging,
Prince of Wales Hospital, Shatin, Hong Kong

Prostate
Diagnosis of prostatic disease is in a stale of confusion
and uncertainty.

Benign Prostatic Hypertrophy (BPH) and prostatic
carcinoma are common and cause a large number of
cases of morbidity and mortality. Traditional meth-
ods of digital rectal examination (DRE), IVU' s, MCU'
s have been limited. Even the usefulness of CT is
limited to cases in which there is exlracapsular and
pelvic spread of carcinoma. With the advent of
Transrectal Ultrasound ,(TRUS) TRUS guided biopsy,
Prostatic Specific Antigen (PSA) and MRI with
endorectal coils, the potential fordiagnosis of prostatic
carcinoma has been enhanced.

However the true role of these techniques has not yet
been established. This is being further complicated
by rapid advances in US and MRI technology so the
quality of images has improved dramatically in the
last few years making visualization easier and the
already publishedliteratureoutof date andless reliable.

Imaging is of increasing important because of funda-
mental changes in the treatment of prostatic cancer
with a greater tendency to '" Watchfull Waiting" and
more limited prostatectomy to preserve continence
and potency.

Fortunately in this presention I do not have to deal
with MRI, nevertheless the radiologist dealing with
prostatic imaging has become rather like a juggler
having to take into account the findings of the DRE,
thePSA.EstimatedProstateSpecific Antigen (EPS A),
TRUS, TRUS plus Colour Flow Imaging and the
need for biopsy.

The limitations of DRE are well known but to ignore
the surgeon's findings when evaluating the US is
equivalent to the surgeon ignoring the radiologists'
report. It must always help to guide the radiologist
and raise any index of suspicion.

PSA is a usefill screening test but is affected by age,
by size of prostate, presence of BPH, effect of any
anti-BPH hormonal therapy being taken by the patient.

PSA is also raised by several pathological conditions
such as prostatis, and infarction. As is usually the case
tests with high sensitivity will have low specificity.

The usefillness of PS A may be improved by calculat-
ing the expected PSA for the size of prostate found
(HxWxL). If the estimated PSA approximates the

10
true reading this adds weight to the possibility that the
raised PSA is unlikely to be caused by a cancer.
Conversely a PS A/EPS A ratio in excess of 1.5 should
be considered suspicious.

On the TRUS there are several features which suggest
the presence of malignancy.

1. The presence of a hypoechoic lesion in the
peripheral zone.

2. Stiffness of this areacompared with surrounding
prostate.

3. Hypervascularity on Colour Flow Imaging.

4. Signs of local invasion are confirmatory
Capsular Breach
Extracapsular spread
Involvement of bladder wall
Dilated ureters
Enlarged seminal vesicles
Thickening of the neurovascular bundle

Any suspicious area should be biopsied.

The role of TRUS in prostatic Ca is complementary
to and must be taken in conjunction with DRE and
PSA.

The first procedure that the radiologist should perform
is to estimate the volume of the prostate in order to
derive the EPSA. The search for any peripheral
hypoechoic lesions to biopsy and any signs of local
invasion as this will affect subsequent management.

In the absence of positive signs but highly suspicious
EPSA a repeat PSAand TRUS should be done after
one month of antibiotic therapy. Any infective prosta-
titis would show signs of settling in this time. If not
then a four quadrant TRUS guided biopsy should be
performed.
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Benign Prostatic Hypertrophy (RPH)
As BPH is common and the size of the prostate is not
related to symptoms ultrasound is redundant for the
diagnosis of BPH. Ultrasound is usefill in estimating
volume which helps in correcting PSA esti mation and
in monitoring volume changes secondary to treat-
ment

There is a very wide variation of appearance of BPH
which is a disadvantage because it masks and makes
the detection of prostatic cancer within the central
gland very difficult.

The Urinary Bladder
In this presentation I shall deal with only one topic:

Thickening of the urinary bladder wall
Urinary bladder wall thickness is extremely difficult
to quantify because it varies with the degree of
distension of the bladder, with age and with any
underlying pathology.

The assessment of bladder wall thickness is therefore
somewhat subjective depending partly on the
experienced eye but there are helpfill clues to the
presence of increased bladder wall thickness.

1. It is usually not possible to distinguish the
mucosa, muscular is and serosa because they
tend to be isoechoic with currently available
equipment. Separation of the echogenic mucosal
interface from thatof the serosa indicates possible
thickening.

2. With the exception of the trigonal area the bladder
wall is generally of relatively uniform thickness
all round. Comparison of the thickening in
different regions of the bladder should identify
abnormal areas.

3. The mucosal surface of thickened wall is often
irregular rather than smooth.

4. The generally thick walled bladder is incapable
of complete emptying. Therefore after voiding
there will be a significant residual volume of
urine and the signs 1-3 above may be accentuated.

Bladder wall thickening can be categorised into three
types concentric, eccentric/posterior and focal.

Concentric thickening is the resultof cystitis, either
bacterial, schistosomal, chemical (cyclophosphamide)
or irradiation.

The oedema can produce striking onion skin layering
and mucosal cobblestoning.

Often mild thickening is seen in supposedly treated
urinary tract infection in children. Despite the presence
of a bacteriologically "Sterile" urine and abscence of
symptoms this indicates a persistent mucosal inflam-
mation that will flare up again. This is a common
cause of so called recurrent infections.

Eccentric Posterior (Peritrigonal) thickening
occurs in early outflow tract obstruction whether this
is due to physical cause such as posterior urethral
valve or a functional cause such as neurogenic bladder,
both result in muscle hypertrophy.

It is often found in children with relatively immature
("unstable") bladders with recurrent UTIs.

In chronic severe obstruction the hypertrophy extends
along the lateral and fundal walls anteriorly. The
degree of trabeculation and diverticula formation is
usually more striking by this stage. Focal thickening
should always be considered as carcinoma of the
bladder unless proven otherwise.

There are benign mimics of bladder carcinoma:
Blood clot,
Protruding prostatic nodule
Localized cystitis
Ureteric reimplant prolapse
Urachal remnant.

There may be a problem with large invasive tumours
from bowel or cervix when it may not be possible to
identify the organ of origin.

Most carcinomas of bladder become covered with
concretions which gives them an echogenic easily
visible surface. Some however do not do attract
concretions and remains echopoor. Awareness of this
pitfall should help avoid missing these tumurs.

Bladder carcinoma is often multifocal, so other tu-
mours should be sought.

Ultrasound is reasonably reliable in staging bladder
tumours being able to identify full thickness invasion,
and pelvic lymphadenopathy. Unfortunately the ear-
lier stages of partial wall invasion are not reliably
identified even with endoscopic techniques where
concretions shadow the tumour base.
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Ultrasound in O & G - An Overview

S Raman

Dept of Obstetrics & Gynaecology,
University Hospital, Kuala Lumpur

With vast improvements in technology the capa-
bilities and resolution of machines has taken a new
dimension allowing more detailed visualization. The
advances are in the development of probes with
higher megahertz (which gives better resolution) and
3D ultrasound. Digital storage of pictures in either
floppy disks or CD ROM's has enabled better quality
images to be stored.

Obstetrics
Structural anomalies can now be detected with case
and even minor abnormalities can be detected. The
current interest is in the detection of fetal heart
anomalies (fetal echo cardiography) which has tradi-
tionally had a poor pick up rate and is one of the
commoner major anomaly in the fetus.

Besides this flow studies using doppler has reached
new heights with the advent of colour coding allow-
ing minute vessels to be insonatcd. On the maternal
side the uterine can be studied whilst on the fetal side
the umbilican cord, descending aorta, middle cere-
bral and renal artery have be studied in great detail.

The main of this is to pick up fetal compromise at an
early stage. So far the information obtained is found
to be useful along with other fetal monitoring para-
meters as a predictor of fetal outcome but by itself it
has limited value.

New work is being done to screen the uterine artery to
predict fetal compromise and preliminary results arc
encouraging. Venous flowpattcrnsarcgaining interest
particularly in hydropic babies and the duclus venosum
and IVC flow patterns are the vessels being studied.
Colour flow mapping is useful in studying the fetal
heart.

Recently power doppler has been introduced and its
value in studying placental flow is being looked at.
Ultrasound topography has also been introduced
recently and appears useful in looking at blood vessels
in detail. Its role at looking at the fetus and placenta

is not yet established. Transvaginal scanning has an
established role in the diagnosis of placenta praevia.

Ultrasound guided invasive procedures for diagnosis
and therapy are now routinely carried out in most
departments. The use of various colours to enhance
these invasive procedures is a relatively new techno-
logy available on some of the machines.

3D ultrasound is now in vogue and it current applica-
tions in Obstetrics in being studied. The two main
areas identified are for the diagnosis of fetal abnor-
mality and in the assessment of fetal growth includ-
ing fetal weight estimation.

Gynaecology
Transvaginal sonograpy (TVS) isa boon to the gynae-
cologist. It is useful for early pregnancy problems and
most structures can be visualised a week earlier than
the transabdominal route. Visualization of early fetal
development e.g. physiological omphalocele has led
to this technique being called sonoembryology. Fetal
anomalies can also be detected in the first trimester
eg. anencephaly, cardiac defects, etc. The detection
of some of these anomalies is aided by the use of
colour flow mapping.

The diagnosis of ec topic pregnancy has been enhanced
by TVS and together with colour doppler the sensitiv-
ity is improved.

The big role of TVS is in infertility where follicle
tracking can be done by ultrasound. The endomet-
rium can also be monitored.

The most recent use of TVS is the role of detecting
ovarian malignancies. Together with CA 125 and RI
of the blood flow in thecyst the diagnosis of carcinoma
can be made in about 50 - 80% of cases. Although
costly and not cost effective it has become one of the
best screening methods available for ovarian
carcinoma.

Interventional ultrasound is commonly used in
gynaecology particularly ovum retrieval in infertil-
ity. It can also be used in the treatment of ectopic
pregnancy and in the drainage of pelvic abscesses.

It can be seen tha there is an ever expanding role for
ultrasound in O & G and there will be more uss
discovered in the near future.
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Thyroid And Parathyroid

Mukund S Joshi

Tata Memorial Hospital, Bombay, India

The advent of high frequency transducers with
excellent anatomic details has made a significant
impact in examining superficial structures with good
details. Better understanding of thyroid abnormali-
ties is now possible with these newer machines. Color
flow imaging has added significant information in
characterising a thyroid nodule. The use of sonography
for guiding fine needle aspiration biopsy of a thyroid
nodule is certainly a major advantage.

The most common presentation of a thyroid disease is
apalpablenodule.solitary or multiple. While majority
of thyroid nodules are benign , the rate of thyroid
malignancy is hardly about 0.005%. The role of a
sonologist is to confirm the clinical suspicion of a
thyroid nodule. Very often when only one nodule is
palpable, ultrasound studies enable you to pick up
several other nodules with/without degeneration.
Presence of associated enlarged cervical lymph nodes
helps in distinguishing between benign and malignant
thyroid disease. Most thyroid nodules arc not true
neoplasms and are called colloid or adenomatous
nodules. Benign follicular adenoma is a true neo-
plasm of thyroid gland. Its echotexture is however
indistinguishable from a colloid nodule.

Solbiati et al have evaluated thyroid pathologies
extensively. The criteria suggested by these workers
are as follows:

1.
2.
3
4.
5.
6.

Int ernal consistency
Echogenic ity
Marginati on
Calcification
Peripheral halo
Multinodularity.

nodule that is hyperechoic is almost always benign.
Most thyroid malignancies are hypoechoic. It is often
difficult to distinguish between a hypoechoic benign
nodule from a malignant lesion. Benign thyroid
nodules have sharp, well defined margins while
malignant lesions tend to have irregular, poorly defined
margins. Peripheral or "egg shell" calcification is a
reliable feature of a ben ign nodule. Scattered echogenic
foci of calcification within the substance of a thyroid
nodule which are fine and punctate suggest papillary
cancer as a very likely diagnosis. If the internal
calcifications are multiple, large and coarse, then the
nodule is more likely to be benign. Peripheral halo,
which at one time was thought to be the hall mark of
a benign thyroid nodule is also seen in about 15% of
thyroid malignant nodules. Color flow studies have
shown that the halo is caused by vessels located
around the periphery of the nodule. A complete halo
is more likely to indicate a benign nodule whereas a
thick, incomplete halo is more suggestive of malig-
nancy. In patients with a clinically solitary nodule,
the sonographic detection of additional nodules is not
a reliable sign for the exclusion of malignancy.

There are three indications for performing FNAC of
a thyroid nodule under ultrasound guidance. These
arc:

1.
2.
3.
4.

A suspicious nodule
Presence of a nodule in a high risk patient
Failed FNAC under direct palpation
Aspiration of a large cystic nodule causing
symptoms.

A thyroid nodule which has a significant cystic com-
ponent is invariably benign. Benign thyroid nodules
can be both viz: hypoechoic or hyperechoic. A solid

For most non palpable nodules that are incidentally
detected on sonography, the goal should be to avoid
extensive and costly evaluations. The patient should
be recommended follow up sonographic studies.
FNAC, isotope studies or surgical excision is rarely
advised, unless there is a strong suspicion of the
lesion being malignant.

Diffuse thyroiddiseaseischaracterised by generalised
thyroid enlargement. Recognition of diffuse thyroid
enlargement on sonography is facilitated by noting
the thickness of the isthmus. Normally, the isthmus is
just about a few mm thick. With diffuse thyroid
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enlargement the isthmus may be 1 cm or more thick.
The most common type of thyroiditis is Hashimoto's
thyroiditis. It presents as a painless, diffuse enlarge-
ment of the thyroid gland in a young or middle aged
woman, often associated with hypothyroidism. The
typical sonographic appearances are diffuse glandular
enlargement with a homogeneous but coarsened
parenchymal echotexture that is generally more
hypoechoic than a normal thyroid gland. No normal
parenchyma can be identified. Grave's disease is a
common diffuse abnormality of the thyroid gland that
is usually characterised by thyrotoxicosis. On Color
flow imaging increased vascularity of the thyroid
gland presents as "thyroid inferno", Sonography also
plays a major role in the diagnosis of diffuse thyroid
disease. It is useful in patients with asymmetrical
enlargement to distinguish between ihyroidilis and
multinodular goitre.

The problem which arises time and again is the
incidentally detected non palpable nodule. What
should be the approach to such a lesion ? It is here that
one has to judiciously apply all his knowledge before
subjecting the patient to any further evaluation in
order to avoid unnecessary expenditure.

Normal parathyroids are hardly ever seen on routine
real time sonography. Parathyroid adenoma is the
commonest pathology that isencountered with. It
usually presents as a well defined predominantly
echopoor, oval or cylindrical solid mass. They are
located posterior to the thyroid gland in close prox im ity
of the middle and lower third of the gland. They can
be well identified due to their echopoor nature in
comparison to the bright echogenicity of the thyroid.

An intrathyroid e~topic thyroid adenoma can not be
distinguished from an echopoor thyroid nodule. The
other locations of ectopic parathyroids that cannot be
well seen on sonography are mediastinal, retrotracheal
and carotid sheath.

Colo- flow studies have not been of significant help
in evaluating parathyroid adenomas. Sonographically
guided FNAC is gaining widespread acceptance in
characterising parathyroid glands. Chemical ablation
of parathyroid adenomas by ethanol injection has
been suc.cessfull, in patients of hyperparathyroidism.
The results of this procedure are now well establ ished.
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US of Lymphnodes and Abnormal
Lymphadenopathy

C. Metreweli

Dept of Diagnostic Radiology and Organ Imaging
Prince of Wales Hospital, Shatin, Hong Kong

To most clinicians and many radiologists lymph
nodes are amorphous bean-shaped conglomerations
of lymphoid tissue randomly distributed around the
vascular system of the body that may enlarge in
response to infection or invasion by malignancy. The
nodes are of different sizes in different areas of the
bodyandabnormality is usually defined by an increase
of size above the expected. Other imaging signs that
have been described as indicating abnormality of
adult lymph nodes include:

1. An increase of the short axis to long axis ratio
("plump nodes"), (ultrasound).

2. Confl uence of nodes.
3. Areas of central necrosis.
4. Peripheral rim enchancement (on CT).
5. Irregularity of shape.
6. Poor definition of outline.
7. Hypoechogenicity (ultrasound).

Lymphadenopathy is an important feature of a large
number of serious diseases. Sometimes it is the only
sign. It is extremely important to be able to identify
the normal appearances to assist us to identify the
abnormal, and ultrasound has proved to be a very
revealing tool in studying normal lymph nodes.

Firstly I will describe normal echographic appear-
ances in children, secondly the regional and age
variations and thirdly identification of pathological
changes.

Normal echographic appearances
Contrary to popular misconception, not all nodes are
bean shaped. Most of the normal nodes seen in
children in the upper neck, and hepatic portal regions
are discoid or irregular (triangular or polygonal) in
shape.

The internal structure of the nodes show distinctive
zones of echogenicity. Generally the peripheral parts

of the node are hypoechoic and the central relatively
more hyperechoic, similar to the echoamplitude of
normal liver.

The microscopic structure of a lymph node shows
relatively densely packed lymphoid in the periphery
or cortex of a node which is also the site for develop-
ment germinal follicles, and radiating channels of
lymph flowing past cords of lymphoid tissue to the
major efferent lymphatic in the central medullary
area.

Regional variation
In an adult nodes vary in size in different areas of the
body so the upper limits of normal transverse diameter
have been taken to be 6 mm in the neck, 12 mm in the
mediastium and 15 mm in the abdomen.

In the child nodes are not only not "proportionally
smaller", but the regional variation is reversed. The
largest nodes are found in the neck.

In the first year of life it is not unusual to find a
jugulodigastric node measuring 25 x 15 mm.

An average size of about 15 x 10 is to be expected
which increases slightly in the first decade. Salivary
glands in children always show the presence of
intrasalivary lymph nodes: round hypoechoic masses,
sometimes showing a linear vascular hilum. They
tend to be more frequent in and around the posterior
inferior angle and characteristically a "sentinel node"
is often seen next to Stensen's duct in the anterior
parotid. In contrast, appearance of these nodes in the
adult is only seen in disease slates: especially infectious
mononucleosis and lymphoma.

Cervical nodes often show cortical predominance.

In the abdomen mesenteric nodes are rarely greater
than 5 mm short axis diameter, and the porta hepatis
normal nodes rarely exceed 10x7 mm but are often
confluent and although they commonly show
medullary predominance (echogenicity similar to the
adjacent liver) hypoechoic nodes are still relatively
frequent and should not be considered to be patho-
logical (as they would be in the adult).

Inguinal and axillary nodes. The nodes in this region
contain largeamounts of echogenicperihilar fat. This
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is not a "degenerative age change" as it is seen in
children as well as adults. These nodes normally do
not exceed a 6 mm short axis diameter. The cortex is
represented by a thin hypoechoic "C" shaped rim
around the echogenic fat. The open end of the C
pointing in the direction of efferent vessel.

It is known that tightly packed homogeneous tissues
are generally hypoechoic and heterogeneous tissues,
especially with many tissue/liquid interfaces are
hyperechoic. It is therefore possible to conjecture that
ultrasound is revealing the two components the cortical
and medullary lymphoid and allowing us to read the
echographic appearance of the lymph node as its
functional state. A node with a predominantly
hypoechoic appearance is likely to be one meeting
and responding to new immunological changes. A
node which shows a predominant medullary pattern
would be responding to a chronic immunological
challenge.

Certainly this interpretation would fit the changes
seen in the nodes in a normal children and adults.

If one accepts this explanation other interesting
observations emerge for instance -notallnodcsinthe
same group respond identically so it is possible to sec
a cortical predominant node next to a medullary
predominant. Appreciation of this fact will not cause
anxieties regarding possible disease of the hypoechoic
node in a child - whereas that would be a reasonable
supposition in an adult.

Similarly a node with mixed echogenicity or hetero-
geneity in a child, often accompanied by enlarge-
ment, is also normal but would not so in the adult.

The basic explanation is simple. In the "immuno-
logically mature" adult the nodes are settled into a
quiescent medullary pattern. When they become
reactive they enlarge and change to a hypoechoic
cortical pattern. The child is not immunologically
experienced meeting many new infective and im-
mune challenge every day so in the child the normal
node is a reactive node.

Therefore a child's lymph nodes must not be judged
by adult standards: enlargement, hypoechogenicity
heterogeneity, confluence, discoid or plump shape
are normal.

The Hilum
Another normal feature which has been described is
a hilum. Unfortunately there is confusion in the
literature between the structures that constitute the
hilum. The vascular bundle, fatty perihilar fat and
bright medullary centres have all been included in the
term "hilum". This term should be restricted to the
echogenic lines representing the vascular structure of
hilum. Thre is marked regional variation of perihar fat
and age and pathological variation of medullary tissue.

Colour Flow Imaging of Nodes
All nodes show evidence of vascular flow at least at
the hilum, more active nodes often have several
cortical vessels showing and very reactive normal
nodes will have a florid basket of vessels demon-
strated by colour flow. Abnormal nodes will have
distorted flow patterns.

To date doppler wave forms have not added any
further differentiation of normality from abnormal-
ity.

Pathological nodes
Abnormal nodes show a combination of one or more
of the following features:

Enlargement
Allowing for expected dimensions of that site and age
of the subject
Plumpness/rounded nodes
The short axis is more than half the long axis.
Heterogeneity of echo texture
Hypochoic regions may be enlarged lymphoid,
lymphnodes metastases, or liquefactive necrosis.
Hyperechoic regions (other than perihilar fat) could
be coagulative necrosis, or if shadowing areas of
calcification
Homogeneity but extreme hypoechogenicity or
hyperechogenicity
Irregularity of contour
Surrounding (hyperechoic) oedema
Hypervascularity
Relative to expected normal vasculatiry
Malting and confluence of nodes
Increased number of nodes.

Note that in children there is a much greater overlap
of normal and abnormal so many of these features
have to be more carefully evaluated.
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Advances In MRA Of The Neck, Brain
And Spine

Brian C. Bowen, M.D., Ph.D.

Neuroradiology section,
University of Miami School of Medicine,
Miami, USA.

Background
MR angiography represents a collection of
techniques that image flowing blood noninvasively.
For the most part, these techniques employ
gradient-recalled echo pulse sequences with short
repetition time (TR < 50 ms). These techniques
have been categorized as time-of-flight (TOF) or
phase contrast (PC), using either two-dimensional
(2D) or 3D Fourier transformation (FT) for image
reconstruction. While the TOF and PC methods
each have advantages and disadvantages, the TOF
method is easier to implement and requires only a
single acquisition. A technique which retains the
high spatial rsolution of 3D TOF, yet has reduced
saturation efects on flowing blood like 2D TOF,
is the multiple overlapping thin (e.g. < 15mm) slab
acquisition (MOTSA) technique. For both 2D and
3D TOF techniques, "presaturation" is used to
eliminate unwanted vessels. 3D acquisitions are
implemented with magnetization transfer
suppression to lower background signal.

When a volume of tissue is imaged by either the
3D TOF (or 3D PC) or sequential 2D TOF
technique, the acquired images that comprise the
3D data set are called "source" images.
"Angiogram-like" images displaying vessel
continuity over the volume are subsequently
produced by post-processing of the multiple source
images using the maximum (pixel) intensity
projection (MIP) method or other ray tracing
algorithms.

Clinical Applications: brain and neck
Aneurysms-Conventional angiography is the
accepted procedure for the evaluation of patients
with acute subarachnoid hemorrhage and suspected
aneurysm. MR angiography is advocated as a
screening procedure. Using single slab 3D TOF
MR angiography, aneurysms ranging in size from

3 - 4 7 mm diameter have been detected with a
sensitivity of 86% when MR angiograms, source
images, and conventional spin echo images were
evaluated. The 3D PC method has been reported
to be superior to TOF method in detecting giant
aneurysms.

AVM-Retrospective and prospective studies have
demonstrated the ability of TOF or PC MR
angiography to depict the morphologic components
of AVMs- major feeding arteries, size and location
of nidus, draining veins. The ability of PC MR
angiography to preferentially demonstrate feeding
arteries versus draining veins based on velocity
differences, and to dtermine blood flow velocities,
has also been shown. However, neither TOP or PC
MR angiography provides the temporal or spatial
resolution, or selectivity, of conventional
angiography which is necessary to provide proper
treatment of AVMs. Spin echo MR is adequate for
staging of an AVM by some criteria, since it
demonstrates nidus size and location and the
pattern of venous drainage (central versus
peripheral) nearly as well as TOF MR angiography
does. Preliminary reports suggest that MR
angiography can improve noninvasive screening for
intracranial dural AV fistulas.

Venous angiomas - The characteristic findings for
venous angiomas are usually well shown on post-
gadolinium Tl weighted spin echo images, and MR
angiography adds only improved spatial resolution
and display of vessel continuity. Intravenous
gadolinium and the use of multiple overlapping thin
slabs improve detection on MR angiography.

Venous occlusion - For suspected dural venous
sinus occlusion resulting from thrombosis or tumor
invasion, PC MR angiography or sequential 2D
TOF MR angiography, combined with convention
spin echo imaging, has been recommended.
Projection "venograms" produced from 2D TOF
source images, with arterial presaturation have
reliably demonstrated the larger normal cerebral
vein and dural sinuses, as well as venous
thrombosis and collateral venous drainage. To
establish the diagnosis of venous thrombosis, lack
of visualization of a vein or sinus on MR
venogram must be accompanied by identification
of the clot on conventional spin echo images at
the location of the suspected occlusion.
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Arterial Occlusive Disease - Because the
intracranial arteries are relatively small and
tortuous, TOF studies utilize the 3D technique with
a high resolution image matrix (512). Typically, a
single 3D slab with axial orientation (with or
without a superiorly located saturation band) is
positioned at the level of the circle of Willis, and
for increased coverage (e.g. posterior fossa or distal
cerebral artery branches) overlapping slabs are
acquired. The visibility of small distal cerebral
artery branches can be improved by using a
variable flip angle pulse sequence, MOTSA
technique, or by repeating the standard acquisition
following intravenous gadolinium injection. To
determine flow direction in the circle of Willis 2D
or 3D has proven useful.

The role of MR angiography in the evaluation of
carotid occlusive disease is evolving. This role has
been influenced by the results of the North
American Symptomatic Carotid Endarterectomy
Trials (NASCET). The idea of using noninvasive
imaging modalities, duplex ultrasonography (US)
and MR angiography, to measure stenosis at the
carotid bifurcation, and determine surgical
candidates on this basis, has become more
attractive. The results of clinical investigations
comparing bright blood, sequential 2D TOF MIP
angiograms to conventional angiograms to
conventional angiograms indicate that MR
angiography tends to overestimate the degree of
stenosis at the carotid bifurcation, but that a normal
or near normal 2D TOF study can effectively
exclude the possibility of high grade carotid
stenosis (> 70%). Several studies suggest that MR
angiography, especially with a combined 2D and
3D TOF approach, is better than US in determining
the presence or absence of occlusion. Recently, it
has been recommended that stenosis determined
from multiplanar reformatted images rather than
MIP images.

Since MR angiography has high sensitivity and
high negative predictive value for carotid
bifurcation stenosis, it is recommended as a
screening examination to identify patients with
normal vessels or mild narrowing, who can be
spared conventional angiography. While MR
angiography alone cannot currently replace
conventional angiography for pre-operative
evaluation of symptomatic patients, there is
controversy as to whether Doppler US and MR
angiography can. In our institution, symptomatic
patients who have a high risk of developing
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complications from catheter angiography have
undergone carotid endarterectomy when both
Doppler US and MR angiography show > 70%
carotid bifurcation stenosis.

Other applications of MR angiography in the neck
include noninvasive detection of carotid or
vertebral artery dissection and evaluation of
patients with vertebral-basilar insufficiency.

Clinical Applications: spine
Normal vascular anatomy - Intradural vessels
approximately lmm in size are demonstrated on
post-gadolinium, but not on pre-gadolinium
acquisitions. These vessels are primarily the
anterior and posterior median veins on the cord
surface and the great medullary veins draining to
the epidural plexus.

AVM - Numerous enlarged, convoluted vessels on
the cord surface are detected, and correspond to
engorged veins of the coronal venous plexus. For
dural fistula, the draining medullary vein which is
enlarged and tortuous, is detected allowing
prediction of the level of the fistula, thus
facilitating subsequent catheter angiography.

Vascular tumors - Hemangioblasloma,
meningioma, and paraganglioma can have
associated enlarged intradural vessels, which aid
in diagnosis when detected. For lumbar tumors
intradural MR angiography shows these vessels to
be enlarged veins draining into the coronal venous
plexus on the surface of the conus medullaris.

MR angiography pulse sequences
Typical values of the scan parameters currently
used for bright blood MR angiography are as
follows: (1) Brain/Neck 3D TOF (single or multiple
slabs) - TR 40 - 50 ms; TE 5 - 7 ms; NEX 1; flip
angle 20"; slice thickness 0.7 - 0.8 mm; field-of-
view FOV 17 - 20 cm; image matrix "256 x 256"
(phase encodes {"variable") x frequency encodes).
(2) Neck 2D TOF - TR 40 - 50 ms; TE 8 - 9 ms;
NEX 1; flip angle 45 - 55", 60 - 100 slices, each
1.5 mm thick; FOV 15-20 cm; image matrix "128
- 256" x 256. This sequence is also used for
evaluation of intracranial dural venous sinuses and
large veins. (3) Spine (single slab) - same as (1)
except coronal or sagittal slab orientation, TE = 8
- 10 msec, pre-/post-gadolinium.
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Abdominal Vascular Disease:
MRI vs Spiral CT

Lee C. Chiu, Md. FACR

St. Joseph Medical Center,
Burbank, California, USA.

Clinical applications of Mr Angiography (MRA)
have been focused mainly on the head and neck,
and its applications to the abdomen are still
somewhat limited. MRA has shown definite clinical
use in the portal venous system. Methods have
been developed for noninvasive assessment of the
portal venous, renal, aortic, and blood flow to the
different organs of the body using a variety of
techniques.

(A) MR angiogram pulse sequences:
1) 2D time of flight (2D TOF)
2) 3D time of night (3D TOF)
3) 2D phase contrast (2D PC)
4) 3D phase contrast (3D PC)
5) 2D PC cine mode
6) 2D or 3D PC flow study

CT angiography (CTA) is a new and developing
application of spiral CT. The ability to acquire
continuous data sets rapidly makes it possible to
examine the vascularity under certain pathologic
condition. The aorta, celiac trunk and renal arteries
can now be imaged quite accurately.

(B) Spiral scanning methods:
1) Routine spiral CT: single bolus IV contrast

injection with breath-holding.

2) Biphasic (or triple phase) contrast
enhancement: after routine spiral scanning
single bolus contrast, repeat second scanning
with different rate and volume of bolus IV
injection.

Clinical applications of MRA and set scanning:

1) Evaluation of abdominal aorta including
atherosclerotic disease, aneurysm, dissection
and aortic graft.

MY9700737

2) Evaluation of renal artery stenosis, aneurysm
and renal vein thrombosis.

3) The portal venous system circulation and flow
velocity and volume measurement.

4) CT arterial portography.

5) Evaluation of neoplastic conditions and
inflammatory processes.

MRA versus spiral CTA: Clinical advantages and
disadvantages of both modalities will be discussed
and presented.
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Ultrasound Of Deep Venous Thrombosis

Gretchen A.W. Gooding, M.D.

Department of Radiology
University of California in San Francisco,
San Francisco, USA.

The veins of the lower extremity are deep and
superficial, connected by perforators. The deep
veins in the lower limb are the common femoral,
the deep femoral, the superficial femoral, the
popliteal, the posterior tibial, the anterior tibial, and
the peroneal. The veins of the calf are paired.

The clinical diagnosis of deep venous thrombosis
is inaccurate. Patients may present silently with no
symptoms, with pulmonary embolus or with local
symptoms.

Technique
Real-time compression sonography is the study of
choice.1"7.

The technique for venous examination is to use a
linear array transducer with the highest frequency
to gain the greatest depth.8 The vein is examined
every few centimeters along its course: (1) for its
ability to completely compress upon transducer
pressure; (2) for the presence of a phasic Doppler
signal on spectral analysis; (3) that augments with
a squeeze of more distal veins. The patient is
supine for the femoral and prone or lateral for the
popliteal examination. When calf veins are
examined, the patient is either upright with the legs
dangled over the side of the bed or if bedridden,
the patient, supine, is tilted toward the feet to fill
the peripheral veins by gravity.

Color offers an advantage in being able to detect
small veins, to identify the veins of the calf and
to see the visual effects of gravity, augmentation,
compression and Valsalva.9

Those At Risk
Patients are at high risk for thromboembolism who
have sustained major trauma, have had orthopedic
procedures of the lower extremity,10 have had
extensive pelvic surgery for cancer, have a prior
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history of thromboembolism, have extreme obesity
or are at prolonged bedrest. Patients who have
ultrasound-guided compression of femoral artery
pseudoaneurysms may be at risk for deep venous
thrombosis from that compression."

The risk for thromboembolism in a young, healthy
person with minor surgery is about 2%, with the
risk of fatal pulmonary embolus in .002%. On the
other hand, major surgery in high risk patients is
associated with venous thromboembolism in 40%
to 70% with fatal pulmonary embolus in 1% to
5%.

If ventilation perfusion lung scans performed to
detect pulmonary embolism are read as low
probability, a negative sonogram of the lower leg
veins requires further follow-up.12

Sonographic Findings
The normal iliac vein is just lateral to the bladder.
It compresses, it augments, it collapses with
Valsalva and these is a venous Doppler signal
detectable. The occluded iliac vein does not
compress nor does it augment. There is no Doppler
signal and one may see a clot, although that is not
essential. One of the most important characteristics
of the veins is that they have respiratory
rhythmicity. The absence of phasicity suggests
proximal obstruction.

The normal common femoral vein (CFV) will
respond to a Valsalva maneuver with a greater than
50% increase in AP diameter.13 The normal
femoral vein is about 1 cm., it compresses, it
augments, it changes with respiration and there is
a detectable venous Doppler signal. The occluded
femoral vein is enlarged at rest, does not compress,
does not augment, does not change with Valsalva,
there is no Doppler signal, and a clot may be seen
in the vein. A common place for a clot to form is
at the entrance of the greater saphenous vein into
the common femoral vein.

An abnormal Valsalva maneuver of the common
femoral vein will be present with congestive
failure, ascites, pelvic tumor, pelvic hematoma,
lymphocele, or iliac vein thrombosis.

Congestive failure causes exaggerated pulsation of
the peripheral veins with flow both above and
below baseline on spectral analysis.



The superficial femoral vein (SEV) is a deep vein
and extends the length of the thigh. It should be
compressed every few centimeters with the
transducer in a transverse position to the level of
the popliteal vein. At the distal thigh, the abductor
canal is the area most difficult to assess the
superficial femoral vein by compression.

The profunda femoris vein is posterior to the SFA
and seen on only a few centimeters as it empties
into the CFA.

The normal popliteal vein is anterior to the artery
with the patient prone, it compresses, it augments,
and there is a venous Doppler signal.
Augmentation, that is squeezing the extremity
below the level of the transducer placement, may
reveal a vein that was not previously apparent. An
occluded popliteal vein will be englarged. One may
see a clot. The occluded vein does not compress
nor does it not augment. There is no Doppler signal
with venous occlusion.

The examination for deep venous thrombosis
usually ceases at the level of the bifurcation in the
proximal calf. The calf veins are dual, two
posterior tibial, 2 anterior tibial, and 2 proximal
veins. Normally, because these veins are so small
and not associated with pulmonary emboli unless
the clot propagates proximally, the calf veins are
not examined by ultrasound unless a focal mass
or area of concern is identified. The examination
is time consuming and often incomplete. The
patient sits with feet dangling over the bedside. The
study begins at the ankle and proceeds proximally.
The post tibial veins begin at the posterior medial
ankle. The peroneal veins at the lateral ankle, and
the anterior tibial veins proceed from the anterior
foot to lie between the tibia and fibula.

Most fatal pulmonary emboli arise from the ilio-
femoral system. Many internists do not treat
thromboembolic disease unless there is involvement
of the femoral popliteal system, not the calf veins.
Minor calf thrombi are not dangerous unless they
ascend. Small pulmonary emboli may arise in the
calf, but isolated calf deep venous thrombosis
(DVT) is not associated with fatal pulmonary
emboli, unless propagation occurs. Twenty-two
percent of calf thrombi will extend into the more
proximal larger veins, but propagation invariably
occurs before embolization.14

Deep venous thrombosis may occur in the upper

extremity, e.g., in subclavian, axillary or brachial
veins, but with much less frequency than in the
lower legs and can, on occasion, cause pulmonary
embolism.15

Subclavian Vessels
By sonography, the subclavian artery and vein are
easily identified. Just below the clavicle, they run
in a longitudinal fashion when scanned in the
standard transverse manner. The artery is
distinguished from the vein by typically triphasic
arterial waveform.16

The subclavian vein has a distinct respiratory
rhythmicity.17 With a sniff maneuver, the
subclavian vein collapses in an instantaneous
manner and then immediately resume its normal
configuration. With a Valsalva maneuver, it
expands slightly. Examination of the subclavian
vein can be used to assess the patency of the
superior vena cava. When the superior vena cava
obstructs, both subclavian veins enlarge and do not
respond to respiratory maneuvers.18 With partial
superior vena caval obstruction, the response is
slow and diminished. With a unilateral subclavian
vein thrombosis, the affected side has an enlarged
subclavian vein that does not respond to respiratory
maneuvers, often has visible thrombus and, in
addition, collateral flow may be apparent. On the
opposite side, the subclavian vein responds
normally to respiration and a sniff maneuver.

The great majority of patients with thoracic outlet
syndrome whether caused by cervical ribs, tumor,
trauma, anomalus first ribs, or muscular
hypertrophy have symptoms on the basis of nerve
compression. About 5% of patients are
symptomatic because of vascular compression
either of the subclavian artery or vein.

Hyperabduction of the arm can cause, in some
normal patients, significant diminution of flow in
both the subclavian artery and vein as documented
by vascular sonography. The mechanism is thought
to be narrowing of the costoclavicular space.

When patients symptomatic for thoracic outlet
syndrome are scanned supine at rest with
hyperabduction, the sensitivity of detection of
vascular compromise in the veins is 92% and the
specificity is 95%.19 Occluding thrombus results in
no signal, compression of the vein causes loss of
respiratory variation. With arterial stenosis, velocity
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increases dramatically. color Doppler and reversed (red not blue).

Ultrasound may be used to detect the needle path
during subclavian vein puncture and to detect post
puncture complications of extravascular fluid or
thrombosis.20'21 Subclavian aneurysms occur as a
result of post stenotic compression secondary to
the thoracic outlet syndrome and are rarely
atherosclerotic.

Other Sonographic Findings
The object of ultrasound is to diagnose deep
venous thrombosis early and treat it to prevent
pulmonary emboli.22 The treatment lasts from six
weeks to three months.

Chronic deep venous thrombosis is associated with
irregular veins, incompetent valves, collateral veins,
and an inability to detect veins. When making a
decision about acute versus chronic, focal
expansion of the involved vein suggests acute
disease.23 The inability to visualize any vein
suggests chronic disease.

Partial deep venous thrombosis will result in some
venous flow, a depressed augmentation, absent
phasicity, a depressed Valsalva, a partial response
to compression, and irregular veins. With deep
venous thrombosis there is a decrease in the
abnormal findings with time,24 with either
dissolution with treatment or organization with re-
canalization, collaterals and reduced venous
resistance. Over time, the venous obstruction tends
to subside and valve incompetence tends to
increase.

The iliofemoral deep venous thrombosis is most
apt to cause varicose veins. Varicose veins develop
from deep venous thrombosis because of the
destruction of the valves. Using ultrasound, one can
examine for varicose veins by looking for reflux
in the thigh, calf and ankle. Incompetent venous
valves can be demonstrated by an augmentation
maneuver proximal to the transducer that will
produce anaugmented Doppler signal at the more
distal transducer.25'26 Intact valves will not allow
for an augmentation response proximal to the
transducer to transmit a signal distally.

To examine for valve incompetence, the patient
stands and performs a Valsalva maneuver. Usually,
venous flow ceases with a Valsalva maneuver. -,
With incompetent veins, flow is well seen with
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Caveats
A single documented report of pulmonary
embolism has been reported during compression
of the superficial femoral vein, which was
noncompressible.27

Dual superficial femoral veins do occur.28 When
one is occluded, ultrasound may fail to detect that
possibility.

An augmentation response will be absent with deep
venous thrombosis and dampened with partial
thrombus. However, small thrombi in the calf or
the more proximal deep system may not affect
augmentation. Also, care must be taken not to
confuse a large collateral for the deep vein.
Collateals will compress and augment normally. To
avoid this pitfall, always look for an adjacent artery
to the deep vein.
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A brief history of tomography and CT
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Institute of Cancer Research and Royal Marsden
Hospital, Downs Road, Sutton, Surrey,
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Introduction
Today, in 1995, we live at a time when medical
imaging is well established and encompasses many
different modalities, each capable of giving unique
anatomical and/or functional information. Several of
these modalities, including magnetic resonance
imaging, nuclear medicine, ultrasound and x-radio-
logy can generate tomographic data in three-dimen-
sions. Medical imaging has found a role in most
branches of diagnostic medicine and is also the
provider of images which form the basis of three-
dimensional radiation therapy. It is hard to believe
that, not more than forty years ago, planar x-radio-
graphs were just about all the diagnostic radiologist
had to rely on.

Almost as soon as the x-ray was discovered it was
realised that planar radiographs, being two-dimen-
sional projections of three-dimensional structures,
showed the organs and structures of interest shadowed
by over- and under-lying structure, thus reducing
their diagnostic efficacy. Classical tomography was
an attempt to overcome this difficulty and was first
suggested as early as 1914. The first part of this
review paints a brief picture of the development of
classical tomography.

The first practical, clinical, routine computed
tomography (CT) was unveiled in 1971 and rapidly
became established. CT has been described as the
greatest diagnostic discovery since x-rays themselves
in 1895. The story of CT follows, together with a
consideration of historical antecedents.

In this brief review I have tried to include as much
pictorial information as possible keeping the text to a
minimum. A very detailed account, together with a
vast bibliography, may be found in my book: "From
the Watching of Shadows: The Origins of Radio-
logical Tomography" (1990 : Bristol, UK : IOP
Publishing ISBN 0-85274-305-X)

Classical tomography
The early days of tomography are characterised by a
phenomenon which in today'sclimate of international
scientific communication and electronic information
transfer would be quite impossible. At least ten people
independently invented tomography over the period
1921 to 1934 with absolutely no idea that the others
were working towards the same goals. When they did
find out about each other's work, the sparks flew as
they vied for acclaim. Thereafter there was more
international awareness but the second World War
still led to a lack of cooperation and communication.
In particular, work in the Far East was unknown in the
West and presumably vice-versa.

A Frenchman Andre Edmond Marie Bocage patented
the concepts of tomography in 1921. These described
how by simultaneously moving the x-ray source and
detector in a ynchronised motion, ablurred tomogram
resulted. He never built equipment but the Dutchman
Bernard Zeidses des Plantes did, writing up the work
in a doctoral thesis in 1934 and some papers a year or
two earlier. He had also begun his work in 1921.
Zeidses des Plantes, bom in 1902, lived until 1993
and provided personal comment to me on these early
developments when I prepared my book of the history.

Two other Frenchman, Felix Portes and Maurice
Chausse also patented tomography in 1921 and made
workshop drawings of how to implement it. A German
engineer Ernst Pohl patented apparatus in 1927. The
French Canadian Bartelink patented in 1931 and the
GermanGustave Grossmannpatented in 1934. Gross-
mann built the first commercial equipment via his
company Siemens-Reiniger-Veifa GmbH and the
"Grossmann tomograph" became the most widely-
used, if expensive, equipment in the late 193O's. A
surviving example is in the London Science Museum.
Meanwhile, in Italy, Alessandro Vallebonapublished
the tomography concept in 1931 and built apparatus.

The principles of operation of all these devices, those
proposed and those constructed, was essentially the
same although there were important distinguishing
features concerning the orbits of motion, speed of
motion etc. It is interesting to note that none of these
pioneers would have called himself (and they were all
men) a physicist. The first Tomography was performed
in the US in 1937 by Robert Andrews), disputed by

429



Jean Kieffer, who claimed independent invention in
the US in 1929. Tomography reached the UK in 1937
when Edward wing Twining constructed apparatus.
William Watson patented axial transverse tomography
in the UK in 1937 and become an important inventor
of improved designs throughout the next few decades
to the 1960s. During the War many field radiologists
improvised equipment from systems of axles and
levers, bringing tomography to the field of battle.

Tomography grew to be important and all the major
manufacturers had equipment for sale. Specialist
equipment for curved plane dental tomography was
invented. Along came layer fluoroscopy and multiple
plane tomography. Tomograms constructed with the
patient horizontal were used to plan radiotherapy.
Diagnostic tomography was complemented by
stereoscopy. Takahashi performed pioneering work
in Japan and had just published his enormous atlas of
tomographic sections when CT eclipsed this giant
achievement.

So why claim 1914 was the origin of tomography?
Well, the Polish Radiologist Karol Mayer used the
principle of movement to sharpen detail closest to the
detector and blur structures further away, and though
he never claimed invention, with hindsight it was
realised his idea of differential motion was funda-
mental to tomography.

Computed Tomography
The first commercially available x-ray CT scanner
was designed and built by the EMI Company and was
developed in collaboration with the UK Department
of Health and London's Atkinson Morley Hospital.
In recognition of this outstanding achievement Sir
Godfrey Hounsfield received a 1979 Nobel Prize
along with Allan Cormack who had demonstrated the
principles on the bench as early as 1956.

CT has recently had its 21st anniversary and is still
developing, with spiral CT newest on the scene. A
UK commemorative stamp highlighted the achieve-
ment

Looking backwards in lime from 1971 it is possible,
with the wisdom of hindsight, to record a number of
developments which worked towards clinical CTbut
which did not achieve practical clinical utility. The
Japanese radiologist Shinji Takahashi created

sinograms in the 1940s from which he made crude
section images. Gabriel Frank patented a method of
creating (slightly blurred) CT images in 1940. In
1960 William Oldendorf demonstrated the principles
in some historic experiments in which he translated
rotating samples between a source and detector. A
medical CT scanner was rcputely constructed in Kiev
in 1957. In the US, David Kuhl and Roy Edwards
made a CT image in 1965 by replacing one of the
detectors in their Mark-2 scanner with a radiation
source but took the work no further. Allan Cormack
had built a laboratory scanner as early as 1956 but
there was little interest from companies he approached.
Many others worked on the mathematics of recon-
struction from projections, the earliest theory attrib-
uted to Radon in 1917 although even this is disputed.

It is very rare in science that an invention or discovery
comes "out of the blue". CT was no exception. The
concept of reconstructing a cross section from
projection data was understood in many fields of
physics long before medical CT became a practical
possibility. There was not exactly a race to achieve it
Instead a number of experimental arrangements were
constructed which "nearly achieved CT", many of
which, after the event, can be cited as relevant to its
history. The work towards the first EMI scanner was
conducted in secret, mindful of the great rewards
success would bring. The team developing it certainly
knew some of the history of earlier attempts but
uniquely solved the practical problems to bring the
device to commercial reality. This monumental
achievement was unveiled at the 1972 British Institute
of Radiology Congress in London, UK in April.

Conclusion
Classical tomography is now little more than an
interesting historical artefact, the practice being almost
abandoned. CT has taken its place. CT has made
faster progress because of the availability and speed
of modern computers, because of improved digital
detectors and because of the sheer weight of effort
invested by commercial manufacturing companies.
In contrast classical tomography was the brainchild
of a few lone pioneers, unsupported by industry and
from an earlier less technological age.
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Application of EDXRF in the Study of Body
Composition

D A Bradley

Asia Lab (M) Sdn Bhd, Cher as, Kuala Lumpur,
Malaysia

Energy Dispersive x-ray fluorescence (EDXRF) is
rapidly becoming established as a powerful tool in the
study ofbody composition. Particular fociof attention
are the monitoring of heavy metal exposure, eilher in
the living environment or occupalionally, biological
processs, organ dysfunction and the efficacy of thera-
peutic regimes including chclation. The relative
simplicity of the facilities which are required have
allowed increasing interest to be shown in the deve-
lopment of portable in-vivo systems. This talk will
attempt to review some of the important develop-
ments which have occurred. Efforts to enhance the
ratioofmeasurementsensitivity to radiation dose will
be highlighted. Examples will include monitoring of
occupational Pb exposure and possibilities for the
monitoring of iron overload which sometimes occurs
in association with the treatment of lhalassaemia.
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Advance Cardiovascular Imaging by Digital
Cardiac Angiogram System

Norhayati Binti Mohd Nor

Department of Radiology, National Heart Institute,
Kuala Lumpur, Malaysia

Aim
To obtain detailed information on images of Cardio-
vascular Intervenlional Studies to assist in the diag-
noiss and Intervenlional Cardiovascular Therapy.

Materials and Methods
Bi plane and Single plane Cardiac Angiogram Sys-
tems. Image processing by computer. Digital Sub-
traction during cine acquisition. Post procedure Cine
Film processing for record. Laser Image record of
selected images.

Results
Accurate placement of intervenlional intravascular
equipment. Accurate measurement for size ofchosen
intravascular equipment. Clear evidence of recorded
studies and therapy by images on TV monitor.

Conclusion
High technology equipment proved to proved safety,
quality, high productivity leading to professional
excellence.
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Radiography of the Neonates in the Special
Care Nurseries

Rachel Barbara Sta Maria

Department of Diagnostic Imaging,
Paetiiatnc Institute, Kuala Lumpur. Malaysia

This paper is aimed at discuss the importance of
specially trained hands for neonate radiography. Our
experience showed that quality of radiography has
improved trremendously when they arc performed
by specially trained radiographers in this field.

Awareness is created by giving lectures to qualified
personnel and student radiographers. Good mutual
understanding among the staff and doctors make
work easier and less tiresome in three wards (SCN)
wehre the average patient examined is about 55 per
day.

Services rendered, equipment used, examinations
done and techniques used will be discussed.
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Imaging in Angiography

C Kanaga

School of Radiography, Hospital Kuala Lumpur,
Malaysia

Aim
To determine the imaging modality of choice for se-
lected angiographic procedures.

Results
DSA was the imaging modalily of choice for most
angiographic and intervenlional procedures only in
specific cases was the conventional method used.

Conclusion
Instance playback facilities and lime were the main
factors contributing to the choice of DSA whereas
superior spatial resolution was advantages to conven-
tional angiograpic method.
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Personal Experience in Magnetic Resonance
Imagin gof the Brain

Tan nee Lau Piak Ham

Diagnostic Imaging Department,
Hospital Kuala Lumpur, Kuala Lumpur, Malaysia

In this age and time Magnetic Resonance Imaging is
the modality of choice for imaging of the Central
Nervous System and the Musculo-Skeletal System.

Hospital Kuala Lumpur has a 0.3 T superconductive
MRI Scanner for 2 years. In 1994 itself, 1435 MRI
examinations were performed, outof which 557 were
for brain scans, 498 for the spinal column and the
remainder were mainly for the musculo-skeletal
system.

MR Imaging of the brain is the preferred imaging
technique. In MRI there is good demonstration of
white and gray matter differentiation. It is a good
technique for detection and evaluation of cranial
abnormalities and brain lesions. G adolinium contrast
enhancement may be necessary to assess the exact
extention and pathology of the tumour.

Optimal pulse sequences should be chosen to demon-
strate the various pathological processes of the brain.

A routine MRI of the brain consists of

1. Axial SE TlW and T2W pulse sequence

2. Additional sequence of

(i) Saggital images to evaluate lesions in the
brain stem and posterior fossa

(ii) Coronal images to evaluate lesions in the
temporal lobes and carvenous sinus

The radiographer's role in MRI is to use the correct
parameters to obtain images of diagnostic value, so as
to enable the radiologist to give a precise and correct
diagnosis.

MRI has displaced but not entirely replaced the role of
C.T. Scan in imaging of the CNS. C.T. still plays a
better role for recent head injury patients who are
restless. For detection of fractures and calcifications,
C.T. is still the preferred imaging modality.

With further development in faster MRI scanning
lime and better application software, the role of MRI
may be greatly increased.
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Principles of Magnetic Resonance Imaging

Perry Sprawls
USA

What Do You See in an MRI?

RF Signal Intensity
The conventional MR image is a display of radio-
frequency (RF) signals produced by the tissue. Bright-
ness in an image is an indication of RF signal intensity.
Therefore, bright areas are designated as areas of high
signal intensity.

Magnetized Tissue
During the imaginB process the tissue is temporarily
magnetized when the patient is placed in the magnet.
It is the magnetization within the tissue which produces
the RF signal. Therefore, a bright area in an image
(high signal intensity) indicates a higher level of
tissue magnetization than regions w hi~:h are not so
bright. Contrast in the image is producecd by
conditions which affect the level of tissue magncti za-
tion.

Mgnetic Nuclei (Protons)
The magnetization of the tissue is produced by
magnetic nuclei which are within the tissue. When the
patient is placed in the magnetic field many of the
magnetic nuclei align with the field and this produces
the overall magnetization. Although there are many
chemical elements which have magnetic nuclei only
the chemical element hydrogen has a sufficne
concentration to be useful for imaging. The nucleus
of the hydrogen atom is a single proton. Therefore,
conventional MR imaging visualizes only hydrogen
(protons).

Tissue Characteristics
One of the advantages of MRI is its ability to produce
image contrast from several different tissue
characteristics. There are three principle characte-
ristics which are useful sources of contrast.

Each imaging procedure is set-up to produce contrast
from only one of the characteristics. It is usually not
desirable to mix contrast from two characteristics in
a single image. MR images are designated by the
tissue characteristic which is the predominant source
of contrast.

Proton Density
The concentration or density of protons (hydrogen) is
one source of contrast. Tissue which has a high proton
density (hydrogen concentration) will become more
highly magnetized, produce a more intense RF signal,
and appear brighter in an image than tissue with lower
proton densities.

Tl (Longitudinal Relaxation Time)
The characteristic, Tl , is the time that a specific tissue
requires to recover its longitudinal magnetization
after being disturbed by a pulse of RF energy. This
recovery process is known as magnetic relaxation.

An image in which Tl is the predominant source of
contrast is designated as a "Tl weighted image".

72 (Transverse Relaxation Time)
The characteristic, T2, is also a relaxation time. It is
the time that a tissue requires to eliminate the trans-
verse magnetization.

Flow
MRI has the ability to produce images of flowing
blood. The contrast between the blood and surround-
ing tissue is produced by the movement or flow of the
blood. This process will be described in more detail in
a later section.

Artifacts
Unfortunately, we often see things in an MR image
which are not characteristics of the tissue. They are
artifacts. MR is susceptible to the formation of a
variety of artifacts. Most are produced by motion
during the imaging process. MR systems use a variety
of artifact suppression techniques to improvethe image
quality.

The Magnetic Fluid
The strong magnetic field is the environment in
which the magnetic resonance process and the forma-
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tion of the image occurs. The magnetic field has
several characteristics which we will now consider.

Strength
The strength of a magnetic field is expressed in the
unit tesla (T). It is determined by the design of the
magnet. Most clinical imaging is performed with
field strengths in the range of 0.5T to 1.5T.

Direction
At any point within a magnetic field it has a specific
direction. In the typical superconducting magnet the
direction of the field is parallel to the long axis of (he
patient's body.

Homogeneity/Gradients
When a magnetic field is in the "resting" state it is
homogeneous and has the same strength at all points
within the patient's body. However, during the imag-
ing process this homogeneity wiU be disturbed by
turning on gradients. A gradient is just a variation in
field strength along a specific direction. The function
of the gradients will be described later.

Magnet Types
There are three basic magnet types:

Superconducting
Resistive
Permanent

Most clinical imaging systems use superconducting
magnets. They are capable of producing stronger
fields than the other two types.

Magentk Resonance
When tissue is placed in a magnetic field it takes on
a resonant characteristic.

Resonance is a condition which tunes the tissue to a
specific radiofrequency In principle, the tissue
becomes a tuned radio receiver and transmitter. The
MR imaging process involves two-way communica-
tion between the equipment and the tissue.

Concept
Thele are three factors which determine the resonant
frequency

Resonant (Larmor) Frequency

Isotope
Hydrogen (protons) have a characteristic resonant
frequency which is different from other isotopes.
This is a frequency of 42.58 MHz\T.

MoleculAr Structure (Chemical Shift)
The resonant frequency of protons will be slightly
affected by the size and structure of the molecule
con taining the hydrogen. This is known as the chemical
shift in frequency. This is the basis of MR spectros-
copy and a potential source of one type of artifact in
MRI.

Field Strength
The resonant frequency of protons is directly propor-
tional to the strength of the magnetic field in which
they are located. Therefore, we can tune the resonance
to different frequencies by changing the strength of
the magnetic field. We will show how this is used in
the imaging process later.

Radio Frequency Pulses
During the image acquisition process, pulses of RF
energy are transmitted to the patient's body. Certain
characteristics of the imaging process are controlled
by changing the sequence of these pulses as described
later.

Radio Frequency Signals
RF signals are produced by the tissue in response to
the RF pulses which it has received. These are the
signals which are collected and displayed as the MR
image.

Tissue Magnetization and Visualization
As we have already learned MRI visualizes specific
magnetic characteristics of tissue. We will now
observe these characteristics in more detail and see
how they produce image contrast

Concept
Tissue becomes magnetized when the patient is placed
in the magnetic field.

Magnetization Vector
The magnetization vector is an arrow used to show
the direction and level of magnetization.
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Longitudinal Magnetization
When the tissue is magnetized in the same direction
as the magnetic field it is called longitudinal
magnetization. Longitudinal magnetization is always
in one of two possible conditions.

Growing
Just after the patient is placed in the magnet or after
the magnetization has been disturbed by a RF pulse
the magnetization is increasing or growing. This
growth process is known as longitudinal magnetic
relaxation. The rate of growth i. determined by the
tissue characteristics, Tl .

Stable (Mature)
After a short period of time (about 1 second for most
tissues) the longitudinal magnetization will reach a
maximum and stable value. This maximum value is
determined by the proton density of the tissue.

Transverse Magnetization
The direction of tissue magnetization can be flipped
from the longitudinal to the transverse direction by
applying a pulse of RF energy. This is done periodi-
cally during the imaging process.

Decaying
Transverse magnetizaOion is an unstable condition
which decays very rapidly (within 0.1 sec for most
tissues). The rate of decay is determined by the T2
characteristics of the tissue.

Magentk Relaxation
Two types of imaBe contrast, Tl and T2, are created
during the relaxation process.

Longitudinal (Growth)
Tl contrast is produced during the growth of the
longitudinal magnetization.

Tl Growth Rate
Tl is the time required for the longitudinal magneti-
zation to grow to 63% of its maximum value.

Molecular Sfze
The size of the molecule containing the hydrogen is
the primary factor which determines the Tl value. The
general relationship is:

small (H20) - long Tl

large (fat)- short Tl

Most normal tissues have characteristic Tl values
which depend on their composition and water content
Many pathologic conditions wiU change the Tl values.
This is a source of contrast which can make pathology
visible in an image.

Tl Contrast
In a Tl image most of the contrast is produced by the
difference in Tl values among tissues. The general
rehtionship is:

tissues with short Tl values wiU be bright (high
intensity)

tissues with longTl values willbedark (low intensity)

Transverse Decay
T2 image contrast is produced during the decay of the
transverse magnetization.

T2 (Decay Rate)

The transverse magnetization rate depends on:

Tissue Characteristics (T2)

Field Inhomogeneities (T2*)

T2 Contrast

In a T2 image contrast is produced by the difference
in T2 values. The general relationship is:

tissues (or fluids) with long T2 values will be bright
(high intensities)
tissue with short T2 values will be dark (low intensity)
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Quality Control Procedures in
Mammography

Perry Sprawls
USA

Introduction
High-quality mammograms are required to detect
breast cancer in the early stages when therapeutic
procedures will be the most successful. This high
level of quality requires a team of dedicated
professionals which include the physichn, radio-
grapher, and the medical physicist.

The functions performed by the meciical physicist to
enhance mammographic image quality include:

1. Evaluation of equipment performance.

2. Evaluate image quality.

3. Consult on image quality problems.

4. Provide image quality instruction to other
medical professionals.

The American College of Radiology (ACR) with the
support of the American Cancer Society has deve-
loped a mammography quality control program. This
program is a guide to the quality control procedures
which are required for the accreditation and govcrn-
mentcertification of clinical mammography facilities.

The manual (Ref 1) provides detailed instructions and
guidelines for the functions to be performed by the
radiologist, radiographer, and medical physicist. The
manual includes data collection and report forms to
be used by the medical physicist and radiographer.

This presentation will review the quality control
procedures generally performed by the medical
physicist and radiographer as outlined in the manual.
It is recommended that the equipment evaluation be
performed by the physicist on an annual basis. It is
approprhte to perform some of these tests when

image quality problems are suspected or after changes
have been made in the equipment.

Mammographic Unit Assembly Evaluation
This consists of an inspection and evaluation of the
mechanical operation of the equipment This is to
ensure that the equipment is mechanically safe and
reliable to use.

Collimator Assessment
The purpose of this test is to ensure that the radiation
field does not significantly extend beyond the area of
the image receptor.

The test consists of marking the boundaries of the
lightlocalizer Held and chest-wall position with coins
and comparing to the actual area exposed by the x-ray
beam.

Focal Spot Size Measurement
Ei ther one of two methods can be used to measure the
size of the focal spot. The slit camera or the star
pattern.

The slit camera method gives the actual physical size
of a focal spot which can be compared to the indicated
nominal size after taking into consideration the
appropriate tolerance limits.

The star pattern is much easier to use. The size
determined by this method is the equivalent blur size
which is more directly related to image quality.

Most mammography machines have a small focal
spot with a nominal size of approximately 0.1 mm.
This requires a 0.5 degree star pattern for best test
performance.

KV Accuracy Reproducibility
The purpose of this evaluation i? ' j ensure that the
actual KV is within plus or minus - •#> of the indicated
KV and that it is reproducible from one exposure to
another. This test requires a KV meter with an accuracy
of plus or minus 1 kV within the mammography range
and has a precision of 0.5 kV.

HVL Measurement
The HVL is measured:in the conventional manner
using a set of 0.1 mm thick aluminum attenuators.
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The HVL value is affected by both the KV and the
filtration. The primary purpose of this test is to deter-
mine if the equipment contains appropriate filtration.
It is recommended that the HVL be within the follow-
ing limits:

HML(mmAl)>kVp/100

HVL (mm Al) < kVp / 100 + 0.1

A low HVL would indicate inadequate filtration and
the potential of excessive patient exposure. A high
HVL would indicate excessive filtration which could
degrade contrast sensitivity.

Automatic Exposure Control Evaluation
The purpose of this test is to determine if the auto-
matic exposure control (AEC) will provide a constant
image density at dfflerent KV values and breast
thicknesses.

The test is performed by making repeated images of
a phantom. The phantom thickness and KV is varied
to simulate the conditions encountered in clinical
practice.

The film density of any image in this test should not
vary by more than 0.3 density units from the average.

Uniformity of SCreen Speed
The purpose of this test is to ensure that the sensithity
(speed) of the cassettes used within a clinical facility
is the same value. This is to minimize exposure error.

The test is performed by exposing each receptor
(cassette) under the same conditions through a
phantom and then comparing the film density values.

The difference between the Inaximum and minimum
densities should not exceed 0.3.

Breast Entrance Exposure and Average Glandular
Dose
The first step is to determine the specific exposure
techniques (KV and MAS) used from the established
technique charts for manual operation or by using a
phantom for AEC operation.

The second step is to measure the entrance exposure
with an ionization chamber that is accurate to within

plus or minus 1 % over the HVL range from 0.2 to 0.5
mmAl.

The third step is to calculate the average glandular
dose using published tables on the following page.

Image Quality Evaluation
This test is performed by imaging a mammography
phantom and then evaluating the image according to
guidelines provided with the specific phantom.

Artifact Evaluation
The purpose of this test is to detect artifacts which
might be produced by the x-ray equipment, film
processor, or the receptor.

Images are made using a uniform sheet of Phantom
material which is free from defects.

Artifacts which are produced by the film processor
can usually be identified by exposing two films and
then passing them through the processor with one
rotated at right angles to the other.

Evaluation of the On-site Quality Control Program
A valuable function of the medical physicist is to
periodically review and provide consultation to the
quality control activities performed by the radio-
grapher or quality control technologist. This consists
of the following recommended activities:

DAII Y:

WEEKLY:

MONTHY:

QUARTERLY:

SEMIANNUALLY:

Darkroom Cleanliness
ProcessorQualityControl

Screen Cleanliness
Viewboxes and Viewing
Conditons

Phantom Images
Visual Checklist

Repeat Analysis
Analysis of Fixer

Retention in Film

Darkroom Fog
Screen-Film Contact
Compression
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Quality Assurance in Radiation Therapy

N Suntharalingam

Department of Radiation Oncology
Thomas Jefferson University, Philadelphia
Pennsylvania, USA

total radiotherapy program will be presented.
Emphasis will be placed on reviewing typical accept-
able QA programs for modern day linear accelera-
tors, simulators and CT based treatment planning and
dose calculation computer systems. The roles and
responsibilities of the radiation oncology medical
physicist in implementing a successful QA program
will also be outlined.

Modern day radiation therapy practices worldwide
have seen the impact of high technology resulting in
the use of more sophisticated computer augmented
treatment delivery systems, treatment planning
procedures and multiple imaging modalities; The
process of radiotherapeutic management of a cancer
patient, usualy can be subdivided into the following
steps:

• Diagnostic information gathering
• Target volume and normal tissue definition
• Planning of Treatment radiation dose distribu-

tion calculation
Treatment simulation

• Treatment delivery
• Treatment verification

Quality assurance programs need to be comprehen-
sive, even when only addressing the phsyical and
technical aspects, and should consider carefully each
and every step. The planning and delivery of radiation
treatments in an accurate and consistent manner require
the careful attention of many team players. The
physician, physicist, dosimetrist, technologist
(radiographer) together with other para-medical
members of the treatment team, should or each
teatment facility, assemble together a written QA
program. The program should provide the organiza-
tional structure, identify areas of responsibilities,
document processes and procedures and allow
adequate resources to assure a high standard of patient
care.

This review course will emphasize the physical aspects
of Quality Assurance within the framework of a more
comprehensive QA program for the radiation treat-
ment management of the cancer patient. The
procedures and tools used in assessing, at some
recommended frequency, each component of the
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Radiation Protection and Quality Assurance
in Diagnostic Radiology:
The Malaysian Experience

Wang Hwee Beng, Pirunthavany Muthuvelu

Radiation Health and Safety Unit,
Engineering Division, Ministry of Health,
Kuala Lumpur, Malaysia

The objective of the Malaysian Ministry of Health's
Quality Assurance Programme it to ensure that the
patient, family and community obtain the optimum
achievable benefit from the services within the re-
sources available. In this programme various
performance indicators were established to monitor
the services provided by the Ministry of Health in
term of management, patient care, resources utiliza-
tion and patient satisfaction. This paper presents the
development, implementation, monitoring activities
and results of the indicator "Percentage of X-ray
Films Rejected" for diagnostic radiology. The
programme was first launched in 1987 in the 16
General Hospitals and was extended to 103 hospitals
throughout the country in 1992. Meanwhile reject
analysis and quality control activities such as kV,
mAs, sensitometry and image quality tests were
incorporated a sa continuous quality imrpovement
programme. The average film rejection rates for the
years 1987, 1990 and 1993 are 5.86%, 3.68% and
3.34% respectively, 83% of the rejected films are
found to be due to human (operator) errors. Patient
factor and equipment faults are the other major causes.
There is a significant improvement in the perform-
ance of the equipments after the implementation of
the QA programme e.g. in 1993, 84% of the kV
measurements in 67 hospitls are within the ±5% limit
as compared to 5.44% in 1982.
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Quality Control Programme for the Sopha
Medical

Khoo Boo Huat, Yeap Soon Hong

Nuclear Medicine Division, Department of Medicine
University Hospital, Kuala Lumpur

MY9700745

Results and Conclusion
With this routine quality control programme, images
of high quality are often obtained and the doctos have
more confidence in the accuracy of the images
obtained. This programme should form an integral
part of the SPECT performance.

Aim
To star and to implement the Quality Control Pro-
gramme for the Sopha Medical gamma camera at the
Nuclear Meidcine Division, University Hospital

Materials & Methods
Because the SPECT camera involves the rotalion of
the camera detector around the patient and the subse-
quent reconstruction of the acquired data by the
computer, SPECT camera is more sensitive to any
imperfection in the various components of the SPECT
system. As such, a Quality Control Programme is
necessary. Since the acquisition of the Sopha Medical
gamma camera in late 1989, the quality control
programme has been started and implemented in
stages as more and more test tools and phantoms arc
acquired over the years. Among the many quality
control tests proposed by other users, the following
tests re found to be very useful and practical:

1. Testof intrinsic flood-field uniformity on a daily
basis

2. Acquisition of uniformity correction matrices
for the commonly used radionuclidesona weekly
basis

3. Gantry and Centre of Rotation calibration on a
weekly basis

4. Test of extrinsic flood-field unformity quarterly
5. Test of Centre of Rotation quarterly
6. Test of tomographic uniformity quarterly
7. Test of tomographic spatial resolution quarterly.
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Recent Advances in Patient Dosimetry

Kwan-Hoong Ng

Department of Radiology, University of Malaya,
Kuala Lumpur, Malaysia

Diagnostic x-rays represent by far the largest man-
made source of public exposure to ionising radiation.
While the medical benefits from an x-ray examina-
tion far outweigh the risk of the individual, medical
personnel have an obligation to keep exposures as
low as possible. Evidence from recent UK National
Radiological Protection Board (NRPB) national
surveys have indicated a significant potential for dose
reduction and a need for more widespread evaluation
of patient doses. In the UK it has been estimated that
by judicious application of dose reduction methods
the annual collective dose to the population from
medical x-ray examinations could be reduced by
almost one half without detriment to patient care.
Measurement of dose provides an appropriate way of
monitoring performance in the radiology departments.
More detailed assessment of potential radiation risk
to patients requires knowledge of organ doses and
these can be estimated using data derived experimen-
tally or theoretically. Patient doses in conventional
radiography, fluoroscopy, mammography and com-
puted tomography and methods for dose reduction
will be reviewed. A comparison of reference dose
levels and protocols from the UK, USA and IAEA
indictate that there is a need for more extensive
patient dosimetry. Malaysian efforts towards evalua-
tions of patient doses and implementation of dose
reduction methods are currently underway.
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Country Report: Malaysia

Mohd Reza bin Hahsim

Department of Diagnostic Imaging,
Hospital Kuala Lumpur, Kuala Lumpur

This report recapitulated the early days of x-rays in
Malaysia since it was first introduced on 3rd February
1896 in Taiping, Perak.

ItrecoUects the pioneers of x-ray work in thiscountry.
It offers a flashback of radiological and radiographical
services in the sixties and the seventies.

It looks at the advances and progress of radiation and
imaging science and technology through the eighties
and nineties.
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Quality of Life During Radiotherapy

Prof Kearsley

University of New South Wales,
Sydney, Australia

A consecutive cohort of 149 patients with symptom-
atic incurable malignancies was treated with radio-
therapy (XRT) and their quality of life assessed using
both the Rotterdam Symptom Check List (RSCL)
and the Functional Living Index-Cancer (FLIC).
Approximately forty percent (40%) of patients were
female and sixty percent (60%) male. The median age
group of patient ws 61-70 years, ranging from one
patient under 30 years of age to 8 patients who were
over 80 years of age. There were 32% of patients with
lung cancer, 22% with prostate, 18% with breast and
2% with ovarian cancer. Nine percent (5 %) of patients
had lymphoma and 16% had miscellaneous cancers.
Patients were randomly assigned to two groups, with
one group being given the RSCL and the standard
FLIC scale (50 patients), and the other group being
given the RSCL and a modified version of the FLIC
scale (90 patients). Quality of Life (QOL) was as-
sessed just prior to XRT (Tl), at the final XRT
fraction (T2) and 6 weeks following completion of
XRT (T3). Changes in RSCL items showed that lack
of sexual interest, lack of energy, tiredness, lack of
appetite and constipation were constantly reported as
being very troublesome symptoms. Using the FLIC
items, when QOL at T3 was compared with QOL at
Tl using paired t-tests, the only change in QOL
occurred in relation to Family Hardship. No other l-
test value was statistically significant. When the
Modified FLIC scale was used, however, several
significant chances in scores were detected.
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MY9700749
RT1 - NASOPHARYNGEAL CARCINOMA

Role of Combined Radiotherapy and Surgery
for NPC

Jonathan Sham,

Department of Radiotherapy and Oncology,
Queen Mary Hospital,
The University of Hong Kong, Hong Kong

Standard treatment of nasopharyngeal carcinoma
remains external irradiation. Other treatments includ-
ing chemotherapy and surgery are used as adjuncts or
are reserved for special situations. Exernal irradiation
has the advantage of giving high and uniform dose to
a relatively large volume that include the primary
tumor, the metastatic lymph nodes and potential sites
of involvements. Marginal miss of part of the tumor
was probably one important cause of failure of treat-
ment before the advent of cross-sectional imaging
technique of CT and MR. The main cause now of
failure of radiotherapy is more likely to be resistance
of tumor, either result of intrinsic resistance, bulky
tumor requiring higher dose, or technical difficulties
of encompassing the tumor. The strategic location of
nasopharynx in close proximity to the radiosensitive
organs add to the difficult of delivering adequate dose
of radiation to the tumor. Means to increase locoregi-
nal tumor control, such as brachythcrapy and 3D
conformal therapy, would be useful. Surgery has the
advantage of complementing radiotherapy, where
relative radioresistance and tolerance of the adjacent
normal tissues are in question. It is useful in the
salvage treatment of residual and recurrent
locoregional disease, such as radical neck dissection
for neck node disease, maxillary swing for disease in
nasopharynx. Surgery is useful in gaining access to
the nasopharynx for brachylherapy. Surgery is also
useful in the management of complications of radio-
therapy, such as those of the ears and temporal lobes,
but these are better prevented than treated. Lastly, one
should not lose sight of the role of chemotherapy in
the treatment of occult distance metastases, which are
present at the time of diagnosis, especially of the
advanced cases.

448



RT2 - HEAD AND NECK CANCER

Oral Cavity Cancer - Current Management
& Treatment

Vijay Khanijow

Department of Olorhinolaryngology,
University Malaya, Kuala Lumpur, Malaysia

Head and Neck Cancer represents the third most
common cancer treated at the Institute of Radio-
therapy and Oncology, Kuala Lumpur. Unique
amongst its various site, oral cavity cancer is most
interesting from its aertiological origin and racial
predilection as related to the socio-cultural habit of
betel-nut chewing.

Despite the awareness of betel-nut chewing and its
association with carcinogenesis, the incidence has
not reduced and presentation of such tumours is in the
advanced stage. Various factors that influence the
presentation and progress of such tumours will be
discussed.

Management of this cancer is very challenging.
Advancements in imaging techniques, development
of microvascular free flaps and reconstruction
procedures together with better understanding of
tumour biology and lymphatic spread haas lead to a
better devised, combined mutidisciplinary approach
to this complex and debilitating problem. However,
inspite of a combined team approach, 3 year and 5
year results remain dismal. Possible solutions and
modifications will be discussed.
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Radiotherapy of Brain Metastases

Jonathan Sham

Department of Radiotherapy and Oncology,
Queen Mary Hospital,
The University of Hong Kong, Hong Kong

Brain metastases develops in 20 - 25% of all cancer
patients. The most common sites of primary tumors
are lung and gastrointestinal tract in male, breast,
lung and gasrointeslinal tract in female, although
melanoma and sarcoma give rise to brain mctasiases
in a high percentage of patients. Brain mctastascs
cause symptoms and signs by direct infiltration of
brain tissue, obstruction of CSF flow, development of
brain edema, and alternation in cerebrovascular regu-
lation. Despite adequate treatcment, brain mctastascs
is the direct or contributory cause of death in more
than half of patients. Good performance status at
treatment, solitary lesion, and good response to treat-
ment are the good prognosis factors. The treatment
goals are preservation of neurological functions and
duration of survival. The treatment options include
radiotherapy, surgery, and supportive care including
use of steroid and anticonvulsants. Supportive treat-
ment is required for all patients. For patients with
multiple brain metastatic lesions, whole brain iradia-
tion is indicated, short fractionation of 30 Gy/2 weeks
appears to be as good as long fractionation of 50 Gy
/4 weeks. There were some reports casting doubt on
the effect of shorter fractionations. For patients with
solitary metastases, surgical excision followed by
whole brain irradiation gives better results in terms of
local control and survival than radiotherapy alone.
The use of gamma knife and stereotac tic radiotherapy
for patients with solitary or small number of mcta-
stases, as well as for patients with recurrent mcta-
stases is also promising.
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A brief review of the physics of conformal
radiotherapy: beam shaping, intensity
modulation and optimisation

Steve Webb

Institute of Cancer Research and Royal Marsden
Hospital, Sutton, Surrey, United Kingdom "

Invited Review:For Proceedings of the 7th AOCR,
Kuala Lumpur

Abstract
Radiotherapy has traditionally been delivered with
rectangular coplanar photon fields with some or no
geometrical-field shaping with cast blocks. This leads
to irradiating more tissue than the planning target
volume and may compromise the protection of organs
at risk if they juxtapose the planning target volume,
leading to unwanted normal tissue complications.

This situation can be considerably improved upon if
the beam is shaped to the beam's- eye-view of the
target and radiation is delivered from a number of
non- coplanar orientations. The multilcaf collimator
(MLC) enables such shaping to be performed. This
review includes a survey of early attempts to shape
the field in this way for both diagnostic and therapeutic
beams. Other exotic but fairly impractical historical
beam-shaping methods are mentioned. The desirable
features of multileaf collimators are reviewed and
examples of "one-off MLCs are given as well as
MLCs available commercially.

The question of how to orient the MLC relative to the
target is discussed and the options for positioning ihc
leaves relative to the external contour of the target arc
presented.

Methods for collimating the small radiation fields
required for stereotactic radiotherapy include the
gamma knife and multiple-arc therapy based on the
use of a linear accelerator. Recently special-purpose
moving collimators have been engineered to avoid
the restriction to circular fields.

As well as shaping the beam geometry the beam
intensity can be tailored. By shaping a set of ID fields,
a 2D dose distribution with a concave outline can be
achieved. By shaping the intensity of a set of 2D
fields, a 3D does volume with concavities can be
arranged. Planning such fields relies on inverse
methods. Potential arrangements for delivering sich
fields are mentioned.

By designing optimally oriented fields, geometrically
shaped to the projection of the planning target volume,
with or without intensity modulation, depending on
the requirements, a high-dose volume, tightly wrapped
around the planning target volume, may be achieved,
simultaneously shielding the organs-at-risk from un-
wanted primary irradiation, a situation known as
conformal radiotherapy. 3D conformal therapy
requires automated or semi-automated treatment
planning incorporating optimisation of beam orienta-
tions and beam weights. In general it is not possible to
find these by trial and error and solutions of the
inverse problem are sought.

Conformal radiotherapy
Conformal radiotherapy is the name given to
techniques which aim to shape the high-dose volume
to the planning target volume with as much sparing as
possible of adjacent normal tissues. The aim is to
maximise the tumour control probability with as-
low-as-possible normal tissue complication
probability (Webb 1993a).

The design of conformal radiotherapy relies on the
availability of mullimodality three-dimensional
medical imaging (Webb 1988) and four techniques:
x-ray computed tomography (CT), magnetic
resonance imaging (MRI), single photon emission
computed tomography (SPECT) and positron
emission tomography (PET) can all be harnessed to
this task. From such images the planning target volume
(PTV), comprising the gross tumour volume (GTV),
margins of spread and a safety margin may be defined
as well as the organs at risk (OAR). The addition of
the margins of spread of disease to theGTV constructs
the clinical target volume (CTV). Further adding the
safety margin creates the PTV (ICRU 1993).

451



The revolution in tomographic medical imaging in
the last twenty years, beginning with x-ray CT in
1972 (Webb 1990c), has contributed enormously to
the improvementof the physical basisof radiotherapy.
There are however some attendant issues. The PTV
may not be outlined the same from complementary
modalities, one of which shows anatomical informa-
tion and the other functional information (Gademann
et al 1993, Rampling et al 1993, Levy et al 1994,
Rosenman et al 1994, Wong et al 1994). Also since
patients are not static objects the consideration of the
effects of internal organ movements is a vital concern
in planning and delivering therapy (Beard et al 1993,
Melianetal 1993,Formanetal 1993, Baiter etal 1993
a, b, Pickett etat 1993, Ten Haken el al 1994, Turner
et al 1994, Roach et al 1994, Leibcl ct al 1994,
Lawrence 1994).

The beam's-eye-view
For each orientation of the treatment gantry, the beam
(or field) should be shaped to the projected area of the
target volume, known as the beam's-eye-view.
(Goitein etal 1983). If the treatment machine has only
orthogonal pairs of lead jaws, rectangular fields so
shaped will irradiate tissues outside the target volume.
Conventionally this is overcome by placing lead
blocks in the field to shield organs at risk. However
this is time consuming both in block fabrication and
placement It involves radiographers lifting heavy
blocks and may lead to some gantry and couch
orientationsbeingforbidden because collisions might
occur. It limits radiotherapy to use of a few field
orientations. Many 3D treatment planning systems
enable the blocks to be designed from the computer-
generated beam's-eye-view .

Historical geometric beam-shaping
A heroic historical attempt to shape the Held without
the use of lead blocks was synchronous shielding
(Proimos 1960, 1961, 1963, 1969; Proimos et al
1966). As the treatment head assumed different
rotational orientations, a pair of lead cylinders
suspended by gravity defined a different field a-
perture at each orientation. This aperture was tailored
to the projected area of the target. By using different
cylinders for different longitudinal body slices it was
possible to shape an arbitrarily- complex high-dose
volume. Synchronous shielding, performed simul-

taneously, likewise achieved an arbitrarily-complex
shielded volume. Essentially the organs at risk were
kept in the shadow of the synchronous absorber at all
orientations. However such methods were compli-
cated and not widely pursued.

Multileaf collimators for various applications
As early as 1959 a patent for a multileaf collimator
(MLC) to be attached to a therapy machine was
published (Gscheidlen 1959). This comprised sets of
movable blocks (or leaves) orthogonally disposed
which could collimatc an irregular beamshape Most
modem MLCs have leaves which move in only one
direction and the principle of orthogonal pairs docs
not seem to have been developed further. The leaves
were moved manually until they gripped a template
of the desired shape. This principle has been contin-
ued with modern manual MLCs.

Historically MLCs have been used since the early
part of the century to collimate diagnostic beams
(Robinsohn 1906).

However the concept of the modern MLC for therapy
machines was embodied in the patent by Brahme
(1985/7) which described all the required features of
such a device. These features include double-focus-
ing, automatic leaf setting, stepped leaf edges to
reduce interleaf penetration, narrow leaves and a
method for verifying the field shape. The ideas in this
patent were adopted in the Scanditronix commercial
product. Essentially each pair of leaves defines a strip
of radiation which is matched to the projected area of
the target in a thin slice of the patient

Several centres have constructed their own MLCs
(Aokictal 1987, Bauer etal 1991, Biggs etal 1991,
Ishigaki ct al 1988,1990a,b, Kobayashi et al 1989,
Mantel ct al 1984, Uchiyama ct al 1986, 1990.
Umcgaki etal 1970). All these have been reviewed by
Webb (1993a). The DKFZ in Heidelberg has, for
example, manufactured both a manual and automatic
MLC with leaves projecting to the isocentre width of
7mm (Boesecke et al 1988). Recently two "midi-
sizc" MLCs have been engineered, one manual and
the other automatic with 27 pairs of leaves, double
focused to 5mm leaf width at isocentre and used for
fractionated stereotactic head and neck irradiation. A
"micro-size" MLC with 40 non-focused leaves
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projecting to a width of just 1.7 mm at isocentre has
also been engineered for stereotactic linac-based
radiotherapy (Schlegel et al 1992).

Five Companies: Scanditronix, Mitsubishi, Philips,
Varian and General Electric each market a MLC with
different specifications. (Toshiba used to market an
MLC as early as 1971.) The ability of the leaves to
over-run the midline is engineered so as to allow
flexible conformal irradiation. Studies to evaluate the
performance of MLCs are very important (Galvin ci
al 1993, LoSassoetal 1993, Powlisetal 1993,Shen-
tall et al 1993a,b, Briot et al 1994, Jordan and Wil-
liams 1994, Shih et al 1994). Individual hospitals
have developed their own interfaces for controlling
the MLC and detennining the leaf positions from the
planning computer (Hounsell et al 1992, Crockford et
al). Studies have shown that the MLC can be an
effective block replacement (Fernandez et al 1993,
1994a,b) and also save time (Helyer and Heisig 1994,
Helyeretall994).

How to place the leaves
The question arises of how the MLC should be
oriented relative to the projected area of the target and
Brahme (1988b) has given the solution that the MLC
should be placed such that the leaves should be in the
direction in which the volume presents its smallest
cross section. This minimises the unwanted irradia-
tion of small volumes arising from the finite projected
area of each leaf.

Zhu et al (1992) have classified the ways in which the
leaves may be placed:

1. The leading corners of the leaves are tangent to
the field edge. No leaves project into the field.
Zhu et al (1992) call this "exterior field block-
ing"; the entire target volume is thus exposed but
this may irradiate too much adjacent normal
tissue.

2. The trailing corners of the leaves are tangent to
the field edge. Zhu et al (1992) call this "interior
field blocking"; No normal tissue is exposed to
the target dose but since the leaves project into
the field, some target locations may be under-
dosed.

3. The edge of the field bisects the ends of the
leaves. Zhu et al (1992) call this "leaf centre
insertion"; the 50% contour wanders in and out
of the field.

4. The edge of the field is set so the leaves partly
protrude into the field. Zhu et al (1992) call this
"variable insertion" and this guarantees that the
50% isodose contour will undulate up to and out-
side the field margin.

Webb (1993b) has shown how by varying the margin
between the leaf tips and the contour of die PTV the
tumour control probability can change. It was con-
cluded that if the leaves construct a 45' step, then the
line bisecting the leaf faces should be offset some
7mm or so from the contour of the planning target
volume in order that no part of the PTV be included
in the sinusoidal penumbra.

Shaping the beam intensity
Switching subject from beam geometry shaping to
beam intensity shaping, many authors have shown
that if a number of beams, whose intensity profiles are
shaped rather than uniform, are combined, this can
lead to arbitrarily- shaped high-dose volumes in which
there may be concavities in the surface defining the
volume. By combining multiple intensity-shaped ID
profiles, 2D concave-outline areas may be achieved
(Bortfcld et al 1990, Brahme 1988a, Holmes and
Mackie 1992, Mageras and Mohan 1992, Mohan et al
1992, Webb 1989, 1990a,b, 1991c). By combining
multiple intensity-shaped 2D profiles, 3D concave-
outline volumes may be achieved (Webb 1991a,b,
1992a,b,Boyeretall991).

Practically, ID modulated fields could be delivered
by scanning a pair of leaves with different velocity
profiles. The profiles would be different for each
orientation of the gantry (Convery and Rosenbloom
1992, Stein et al 1994a,b, Svensson et al 1994a,b,
Spirou and Chui 1994). Repeating this procedure for
different slices (by controlling each pair of leaves in
a mullileaf collimator this way) would achieve 2D
modulated fields giving 3D conformal distributions.

Three groups, in Heidelberg, Stockholm and New
York (latterreferences), deduced independendy, that:
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(i) when the spatial gradient of the fluence profile
is positive, the leading leaf should move at
maximum speed and the modulation be
provided by the trailing leaf;

(ii) when the spatial gradient of the fluencc profile
is negative, the trailing leaf should move at
maximum speed and the modulation be
provided by the leading leaf. These groups
have studied the effect of leaf penumbra and
transmission, finite maximum velocity and
acceleration as well as other constraints which
detemine the velocity profiles.

Simple intensity-modulated beams could also be
achieved by using a MLC to deliver multiple static
fields at the same gantry and couch orientation
(Bortfeldetal 1994a) but at least in 1995 this is not yet
widely possible although it has been done for some
test irradiations (Bortfeld et al 1994b,c, Boyer ct al
1994). Mageras et al (1992) have described one
system which has been designed to deliver multiple
geometrically-shaped fields, possibly intensity
modulated, with completely automatic computer
control of all the accelerator movements as well as the
collimation. The implementation is for a Scanditroni x
MM50 Medical Microtron.

Recently Mackie et al (1992,1994a) have proposed
"Tomotherapy". A dynamic collimator comprises a
number of short leaves at right angles to a slit aperture
and these can be driven very rapidly under computer
control so as to have variable dwell time in the slit
aperture. This constructs a ID intensity profile. The
dynamic collimator rotates azimulhally and at the
same time the patient translates. The motion is like
that of a spiral CT scanner. This has not been
constructed but is a serious proposal. The same concept
has been independently and simultaneously proposed
by Carol (1992,1994a,b), Carol and Targovnik (1994)
and Carol et al (1993) who have actually manu-
factured equipment (which they call the MIMiC)
which fits into the blocking tray of a conventional
accelerator and in which the leaves are moved clcc-
tropneumatically under computer control.

The requirement for imaging and verification
Medical imaging "drives" conformal radiotherapy

(see section 1). In Japan, some workers have even
engineered CT facilities in the treatment room so that
the patient may be swivelled between the imaging
and the treatment machine without leaving the couch
thus preserving position (Nakagawaetal 1987). Else-
where 3D datasets from different imaging modalities
are registered and combined to aid planning (Kessler
etal I991,Gademannetal 1993,RampIingetal 1993,
Levy et al 1994, Rosenman et al 1994, Wong et al
1994).

Conformal radiotherapy with geometrically-shaped
fields and possibly non- coplanar beams demands
electronic portal imaging (EPI) for verifying the
position of the patient at the lime of treatment. A
number of EPI systems have been developed cither as
"one-offs" or commercially (see reviews by Boyer et
al 1992 and Webb 1993a).

EPI images must be correlated with either simulator
images or with digitally reconstructed radiographs to
ensure the delivered field matches the planned field.

Beam shaping for stereotactic radiotherapy
S tcreotactic radiotherapy and radiosurgery have been
carried out with the special purpose Gamma Knife for
many years (Lckscll 1971). Recently the exciting
possibility of performing these on a linear accelerator
hasbecn engineered in several centres. Special circular
collimators are used to shape the field (Winston and
Lutz 1988). These can be as small as 5mm in diameter.
Leavitt et al (1991) have engineered a set of four
independent block collimators into the circular colli-
mator for more precise field shaping.

Treatment plan optimisation
The aim of radiotherapy of local disease is to achieve
a high dose to the planning target volume, simul-
taneously keeping the dose to organs at risk as low as
possible. When it is intended to usea small number of
rectangular fields with or without wedges and block-
ing, the treatment planning technique is to try a
number of different beam weightings, compute the
dose distribution, evaluate the plan and then repeat
the task until satisfied that the plan meets prescribed
criteria. This is known as forward treatment planning.
It is the "traditional method" and is still in widespread
use. It might be called "human optimisation" but in
fact the resulting plan has no more status than
"acceptable".
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As we move towards an era of increased automation
and precision in 3D radiotherapy, a number of desirable
treatment options will increasingly be called upon,
including:

(i) the use of a larger number of fields;

(ii) the use of non-coplanar fields;

(iii) the use of fields shaped to the BE V of the PTV
by a multileaf collimator (MLC);

(iv) the introduction of intensity-modulated beams
(IMBs) via:

(iv:i) multiple exposures with different static MLC
settings;

(iv:ii) dynamic sweeping of MLC leaves;

(iv.iti) apparatus for Tomolhcrapy;

(iv:iv) electronically-steered time-modulated pencil
beams.

As these technologies become increasingly more
common it becomes quite impossible to create treat-
ment plans by forward treatment planning because:

(i) there are just too many possibilities to explore
and not enough human lime to do this task;

(ii) there is little chance of arriving at the optimum
treatment plan by irial-and-crror;

(iii) if an acceptable plan could be found, there is no
guarantee it is the best, nor any criteria to spec-
ify its precision in relation to an optimum plan.

For this reason the treatment planning process has to
be radically changed to solve the problem "given a
prescription of desired outcomes, compute the best
beam arrangement" . Stated this way the problem is
solved by inverse treatmentplanning(Brahmcl994a,c,
Mackie et al 1994b). The task has to be solved by a
computer with human guidance rather than by human
experience alone.

Brahme (1994b) has emphasised however that the
concept of an "optimum plan" is possibly a misnomer
since it only has meaning when the optimisation
criteria are specified. For example, from a purely
practical viewpoint, an optimum treatment could be
that with very few fields which can be executed
quickly. An optimum plan for a given machine may
not necessarily be the optimum if one could replace
that machine with a different (3ne, perhaps with
different energy. However when physicists speak of
optimisation what they generally mean is a method to
achieve the best outcome for the patient in terms of
predicted tumour control and few complications and
often these are reflected in the goal to obtain the best
3D dose distribution.

Inverse treatment planning was first discussed by
Brahme in the early 1980s. Since then several groups
of workers have developed inverse treatment planning
tools. They fall into two broad classes:

(i) Analytic techniques. These involve decon-
volving a dose-kernel from a desired dose
distribution to obtain the distribution of photon
fluence and forward projecting this fluence
with attenuation factors to create profiles of
beam intensity. Because of the formal similar-
ity with x-ray slice imaging, these methods
have sometimes been called inverse computed
tomography. The first tools were for 2D plan-
ning, later extended to 3D.

(ii) Iterative techniques. Both linear-programming
algorithms (Simplex) and the Cimmino
algorithm have been exploited together with
simulated annealing.

Some optimisation toolscombineamixtureofanalytic
and iterative-refinement stages. In particular nega-
tive beamweights, created by analytic inversions,
have to be removed in some way.

Optimisation i9 a huge field and this is a skeleton
overview. For a fuller review see Webb 1993a and
Brahme (1992).

The chain of events leading to high-quality con for-
mal radiotherapy
In summary whilst this review has concentrated on
beam shaping, both in geometry and in intensity and
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associated planning issues, it must be emphasised
that conformal radiotherapy involves many stages in
a chain and for the chain to remain strong all its
elements must be equally strong and receive equal
attention in research and development
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Present Role and Future Role of Palliative
Care

J H Kearsley

University of New South Wales, Sydney, Australia

This lecture will review the current practice of
palliative care in Western society and will outline
various palliative care service delivery models.

The fundamental characteristics of current palliative
care practice are that it is

Patient centre
The comfort of the patient is the primary concern.
Every attempt is made to allow (he patient a max im um
measure of control at this important time when every
ordinary component of control-strength, clarity of
mind, serenity of emotion is deteriorating.

Family centred
The patient is seen as an integral part of a larger unit,
the network of family and friends. They are sharing
the pain, the anticipation of separation, the anger of
"why me?" and "why now?" the bewilderment of
facing death.

Holistic
Care attends to the physical, emotion and spiritual
needs of the patient and family.

Continuous
Palliative care aims to attend to patient and family
needs through the experience of dying, wherever the
care is delivered and right through into the bereave-
ment period.

Co-ordinated
There are many individuals and agencies providing
care for the terminally ill. They include general prac-
titioners, specialist doctors, district nurses, domiciliary
services, hospitals and nursing homes, self help groups,
clergy, charitable organisations, families and friends.
A palliative care program aims to bring their valuable
services into a co-ordinated network of care.

Teamwork
Because so many persons can be important in helping
the dying patient, it is important that each recognises
his/her role and the functions appropriate to the
others.

Regular review
The situation of a dying patient may change quickly
and a regimen providing comfort today may be inad-
equate tomorrow. Assessment of comfort and of
therapy should be carried out often and regularly.

Several challenges for palliative care in the future wil
then be highlighted, including

• The emerging role of domiciliary palliative care
• A closer understanding of the quality of life concept
• Spirituality and spiritual pain
• Interface with oncology practice
• Euthanasia
• The challenge of psycho-social research
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Rehabilitation in Cancer Management

Gerard Lim Chin Chye

Institute of Radiotherapy and Oncology
Hospital Kuala Lumpur, Kuala Lumpur

The importance of rehabilitation in the management
of cancer is often overlooked and underestimated.
Although attention is given towards eradication or
control of the malignancy, the quality of life of the
patient should be looked into as well. The physical,
pyschological and social effects which the patient and
his family suffer are caused either directly by the
cancer or indirectly through the complications of the
cancer or the morbidity of treatment.

This paper discusses the importance of multi-
disciplinary effort in the rehabilitation of the cancer
patient, with particular emphasis on the feasibility of
such efforts with the available resources. The health
professionals and careers have to be sensitive and
alert to the various needs of the cancer patient. Grati -
fying results can be more easily achieved throgh a
concerted team efforts which involves open commu-
nication, cooperation and coordination between the
team members. There is a great need for the develop-
ment and expansion of cancer rehabilitation
programmes in this region.
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Role of Adequate Loco-Regional Control of
Nasopharyngeal Carcinoma on the
Development of Distant Metastases

Jonathan Sham, Dora Kwong

Department of Radiotherapy and Oncology,
Queen Mary Hospital,
The University of Hong Kong, Hong Kong

1301 patients with nasopharyngeal carcinoma (NPC)
treated between 1976-1989 were analysed. None of
these patients had received adjuvant chemotherapy.
The effect of different prognostic factors, including T
stage, N stage, age, sex, and loco-regional control, on
distant metastases free survival was analyzed. Patients
with loco-regional relapse had significantly higher
distant metastases rate than patients whose loco-
regional disease remain under control (time-adjusted
distant metastases rate at 5 years were 40.7% and
29.4% respectively, p=0.0012). using period analysis
the effect of loco-regional control on distant metasta-
ses was significant in the first 2 years from diagnosis.
Multivariate analysis using Cox regression model
also confirmed loco-regional control as an independ-
ent and stronger prognostic factor on distant metasia-
ses (p = 0.0001, regression coeeficients = 3.32) than
T stage (p = 0.0006, regression coefficients = 1.22)
and N stage (p = 0.0001, regression coefficients =
1.49). Thus, even though NPC is associated with a
high incidence of distant dissemination, efforts to
improve loco-regional control would be as important
as attempts to control subclinical distant mctastases
using adjuvant chemotherapy.
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Radiochemotherapy on Nasopharyngeal
Cancer (NPC)

R Susworo*, A H Reksodiputro, A Widjanarko* *, A
Roezin***

*Department ofRadioogy, **Department of Internal
Medicine, ***Department ofENT,
Faculty of Medicine, University of Indonesia

Aim
To evaluated the role and toxicity of combination of
radiation and chemotherapy on NPC.

Materials and Methods:
NPC patients included in this study arc stage T3-4
with any N, MO and any T with N2-3 and MO. All
patients mut have normal liver and kidney function.
No any kind of treatments have been given before.
Two combinations of radiation is radiochcmoihcrapy
were evaluated on this study. The first combination is
radiotherapy and MMC and 5-FU given simul-
taneously. This was a collaborative study involving 5
radiotherapy centres in Indonesia. One hundred and
four patients met the criteria, and were randomly
divided into 2 arms. The other study was a compara-
tive study between radiotherapy alone patients and
those who received chemotherapy prior to radio-
therapy. The chemotherapy regimens wcrccpirubicin
andcisplatinum.Thissludyinvolving5 treated patients
and S patients who underwent radiation only as control
group.

Results:
Radiotherapy and MMC - 5FU study revealed a non
significant toxic local and systemic effects between
the two arms. The same goes for local response and
recurrent disease. Upper digestive problems were ihc
most prominent toxic effect seen on patients who
received epirubicin and cisplatinum. Radiation could
be started 3 weeks after completion of adm inistration
of 3 chemotherapy cycles as planned. This prelimi-
nary study showed a promising result in decreasing
local recurrence and distant mclastascs.
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Role of Chemotherapy in the Management of
Nasopharyngeal Carcinoma: An overview

PrasadU

Department ofOtorhinolaryngology,
Faculty of Medicine. University of Malaya
Kuala Lumpur, Malaysia

Introduction
Nasopharyngeal carcinoma (NPC) affects most
commonly theethnicChineseoriginating from South-
ern China followed by local ethnic groups from
Southeast Asian Countries and the Maghrebian
population from North African countries. In Malaysia
the age adjusted incidence among the Chinese male in
the age group of 40-49 was noted to be as high
as 40.1 per 100,000 peryear (Prasad & Rampal,
1992).While it originates from a small recess (Fossa
of Rosenmuller) in the lateral wall of the naso-
pharynx (Prasad, 1979) it has strong potential to
spread to the regional neck nodes and dissiminate
svstemicallv. Bv the time the diagnosis is confirmed
almost 60-70% of patients reach the advanced stages
of the disease (U1CC 3&4), which has great tendency
for distant metastasis (DM) and are known for poor
prognosis.

Radiotherapy
NPC is a highly radiosensitive tumour as such radio-
therapy (RT) has remained the main modality of its
treatment which has been quite efficient in
controlling loco-regional disease if the tumour burden
is relatively low. However, ithas become very obvious
that with RT alone local failures in case of high T or
high N have been in the range of 20-40% and distant
failure as high as 70%. 5 year disease free survival
(DFS) has been disappointing (15-35%) and overall
survival (OS) much to be desired from 20-40%. It has
been reported that up to 70% of NPC patients with
UICC. N3 nodal disease would die of DM within two
years of first symptom (Armand et al, 1988). 5 year
survival of such patients is below 20% primarily
because of DM in 80% of those dead (Bachouchi et al,

1990). As such control of DM is very essential in such
cases if the survival is to be improved.

Chemotherapy-Radiotherapy Combination
Fortunately, NPC tumour cells are also
chemosensitive and chemotherapy (CT) alone with
the use of potent cytotoxic dugs has been able to bring
about complete response(CR) in about 66%of patients
with high T and.'or high N (Bachouchi et al 1990).
Combination of CT and RT becomes an obvious
choice for managing advanced NPC. Traditionally
CT is given prior to tha full course of RT, as
neoadjuvant and there has been several reports of
considerably improved CR to the extent of 80%
(Cvitkovic et al 1989) for such patients. None the less
there existed a controversy whether neo-adjuvant CT
was able to impart improved DFS or OS as compared
to RT alone, particularly after reports from few
institutional studies (Kraiphibul et al 1991) were non-
supportive. In order to address this issue a multicentre
randomised phase 111 trial was conducted by an Inter-
national Nasopharynx Cancer Study Group (inclusive
of my centre) with headquater at Institut Gustave
Roussy, France, in a well planned and efficient
manner. This recently concluded trial (Cvitkovic
1994) has clearly shown that for advanced NPC the
DFS was significantly better (at 3 vears 47.1% vrs
30.5%; Logrank Test P < 0.02) for the neo-adjuvant
CT group using 3 cycles of chemo drugs, (combina-
tion of Bleomycin (B) 15mgm IV push (dl) followed
by 12mgmls,qmld c.i.v. x 5 days (dl-5), Epirubicin
(E) 70mgmlsqm slow iv. bolus (dl) and Cisplatinum
(C) lOOmgm/sqm (dl) every 3 weeks), followed
within 2-3 weeks by RT (70Gy.2Gy/day; 5 days/
week; 7 weeks) as compared to the RT (same sched-
ule) alone. In order to further improve the survival a
fresh randomised mutlicentre trial has already been
designed and initiated by the same group wherein the
same BEC regime followed by standard RT is being
tested against the same combination of BEC followed
by RT but with concommittant oral hydroxurea 1-
1.5G Capsule 21/2 hours before each fraction of RT.

CT-Pre RT vrs Post-RT
While the effect of neo-adjuvant CT for advanced
NPC seems to be encouraging there appears possibility
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of further improving the survival if CT is given post
RT. Survival pattern of 17 such patients seems to be
indicative of the same. On analysing my own data on
52 UICC stage 4 Mo NPC, of whom 17 had received
chemo post RT (Group A) and 35 Pre RT (Group B)
the median survival for Group A was noted to be 26
months as compared to 17 months for the Group B.
On comparing the 3 years survival rates for the two
groups of patients (Logrank test) the chi-square value
was significant to the extent P = < 0.025.13(37.1%)
out of 35 in Group B died with average no. of days
lived for those dead being 459.5 or 15.3 months,
while in the Group A only 2(11.7%) out of 17 died
and the average no. of days lived for them was 1314
or 43.8 months, which was again statistically signifi-
cant (P= < 0.05)

NPC with DM
It was yet more fascinating to observe (Prasad et al.
1994) that even for NPC with DM, the group N° = 13)
who receive CT post RT had significantly better (P =
0.05) 3 year survival ratio (46% vrs 9%) as against the
group (N* = 11) who had CT pre RT.

Conclusions
In view of the above observations it is clear that for
advanced NPC (UICC stage IV) the treatment of
choice is combination of RT and CT. While neo-
adjuvant CT ie. CT pre RT is well accepted from of
therapy, I feel that the survival rates could be further
improved if CT is given within 3-4 weeks post-RT.
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Surgical Management of Early Breast
Cancer
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THe management of early breast cancer (care inoma-
in-situ, infiltrating tumor less than 4 cm in the breast
with or without ipsilateral axillary node involvement)
is multidisciplinary, that is surgery and adjuvant
therapy.

The surgical options that are available to the patient
are wideexcision with axillary clearance or sampling;
quadranectomy with axiliary clearance or sampling;
and modified radical mastectomy (total mastectomy
with axillary clearance).

The results of the above procedures complications,
recurrence rate and survival will be discussed in my
paper. In addition, the management of DCIS/LCIS
will also be discussed, though, we do not see many
cases of very early breast cancer in Malaysia as we do
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Role of Brachytherapy in Nasopharyngeal
Carcinoma
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Standard treatment of nasopharyngeal carcinoma
remains external irradiation which has the advantage
of giving high and uniform dose to a relatively large
volume that include the primary tumor, the melastalic
lymph nodes and the potential sites of direct exten-
sion. This, however, also suffers from the drawback
of inevitably irradiating the adjacent normal tissues,
and hence give rise to side effects. BrachyTherapy,
on the other hand, has the advantages of giving irra-
diation to a limited area, sparing the adjacent normal
tissues due to the rapid dose fall off by the inverse
square law. There are also other advantages of
brachytherapy, including continuous slow dose rat
irradiation thus sparing late reacting normal tissues,
and short overall treatment lime thus minimising the
counteracting effect of tumor proliferation. There is
recent renaissance of interest in brachytherapy with
after loading technique which protect the staff from
radiation exposure.

The role of brachytherapy in the management of
primary tumor and regional lymph nodes, as booster
dose after external irradiation, or in the management
of persistent and recurrent disease, will be discussed.
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AIDS Related Neoplasms
Management Approach
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Hospital Kuala Lumpur, Malaysia

The Acquired Immunodeficiency Syndrome (AIDS)
is associated with several malignancies. Kaposi's
sarcoma, lymphoma, and cervical carcinoma have a
markedly increased prevalence in AIDS. In addition
squamous cell carcinoma of the mouth and anus arc
seen relatively frequently.

This syndrome was first described in 1981 among
young homosexuals and immunocompriscd men pre-
senting with pneumocystic carinii pneumonia and
Kaposi's sarcoma. The cause was subsequently at-
tributed to the human immunodeficiency virus in
1983. The virus is transmitted by sexual intercourse,
blood transfusions, sharing of contaminated needles
and in utero from mother to child. In the West it is
primarily a disease among homosexuals inira venous
drug abusers, and in haemophiliacs who have been
transfused with infected blood or blood products.
However, the incidence is rising among hctcroscx uals
with multiple sexual partners.

Infection with HIV cases immunosupprcssion and
predisposes the individual to opportunitic infections
and malignancies after several years. The manage-
ment of malignancies in these patients is difficult but
challenging. The use of chemotherapy, radiotherapy
and immunotherapy are the main modalities of treat-
ment. Treatment must be individualized according
to patients general condition and wishes. AIDS patients
are often debilitated and have frequent episodes of
acute opportunistic infections which may interfere
with the cancer management.

Management approach of common malignancies
associated with AIDS will be discussed.
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Radioiodine in the Management of Thyroid
Cancer

Jayendran Dharmaratnam
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The discovery of 131 I as a non-invasive method of
removing thyroid tissue, led to its first use in a patient
with ThyroidCarcinoma in August 1946 at the Barnard
Hospital in StLouis.USA. Sunsequently, this modality
of treatment has come to be accepted as a standard
form of therapy for most well-differentiated Thyroid
cancers. As a possible spin-off of the excellent res ul ts
achieved with radionudides, researchers to date have
developed ideas in the management of other solid
tumours using antibody targelted radiotherapy, the
radionuclide most often toyed with being radioiodine.

However there still exists some nihilism with respect
to the bnefit of radioiodine in a cancer of such good
prognosis. This is all the more so as the well
differentiated Thyroid Carcinoma is of an indolent
nature and an analysis of the multiple treatment
programmes which require long follow-up is thus
hampered. The controversy extends to the point where
surgeons and/or pathologists are unable to resolve the
issue of the optimum form of surgery until the
malignant potential of these carcinomas can be
quantitated.

If therefore becomes acceptable that some categories
of well differntiated cancers be treated by complete
surgical excision alone where the results are excellent.
The degree of improvement that may be obtained
from radiotherapy may appear unjustifiable in view
of the sequelae associated with beam therapy amd
long-term hazards induced by radioiodine. However,
there exists definitive roles for radioiodine wherever
it is indicated i.e. in the ablation of thyroid remnants
following definitive surgery and in the treatment of
recurrent or metastatic thyroid cancer.

A review of the growing body of data suggests a
decreased risk of recurrence and death where
radioiodine ablataion was undertaken for thyroid
remnants. The acceptance of this review only leads to
the controversry regarding the administered activi-
ties of 1311 required for successful ablation and the

dosimetric system used. Residual thyroid tissue will
preferentially take up the radionuclide as compared
with the metastases. Therefore patients with residual
cervical thyroid tissue must first have this tissue
ablated surgically or with 131 I before effective
tumouricidal dose of radioiodine can be utilized.

Well differentiated carcinomas of thyroid in general
include the papillary cancer, the well differentiated
follicular Cancers and a mixed group of Papillary-
Follicular cancers. The poorly differentiated follicular
cancers including the Hurthle cell carcinoma ae very
radioresistant and very little may be achieved beyond
maximal surgery. In patients with unresectable or
inoperable primaries, radioiodine does not seem to
appreciably affect the rate of tumour regression or to
prolong survival. A combination or radioiodine and
external radiation therapy seems to afford the best
results.

The sensitivicly of 131 I for therapy as well as
detec tin of distant mctastases, is determined by several
factors including age of patient, degree of uptake of
the radionuclidc by tumour, location of metastases
and amount of residual thyroid in the neck. Complete
resolution of radioiodine-concentrating metastases
occurred in about 65% of patients with nodal
metastases, 45% of patients with pulmonary
metastases and 7% of patients with skeletal metastases.
It has also been demonstrated that curability of a
metastatic focus depended on size of the deposit
which leads us to conclude that successful outcome of
recurrent or metastatic Thyroid Cancer is dependent
upon early diagnosis and treatment.

The following issues will hence, have to be consid-
ered in the managementof well differentiated thyroid
cancer with radioiodine.

What patients are suitable for radioiodine treatment?
What is the recommended activity of radioiodine that
may be considered optimum for ablation and what
dosimetry is suggested? What possible complica-
tions may arise from thsi form of treatment and what
safety measures become mandatory? Does 1311 have
a significant role in the diagnosis and longterm fol-
low-up of patients with well-differentiated thyroid
cancer?
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Concurrent Taxol And Radiotherapy For
Advanced Non-Small Cell Lung Cancer
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Soderberg and L Leone

Clinical Oncology Group of Brown.
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A new anlicancer agent Taxol appears to potentiate
the effects of radiation in viiro. A Phase I study of
concurrent taxol and radiation therapy has been per-
formed in patients with advanced non-small cell lung
cancer. The major goals of this study were to deter-
mine the maximum-tolerated dose (MTD) of weekly
taxol administered in the outpatient scting with daily
radiation therapy to the chest in previously untreated
lung cancer patients and to identify toxicities of the
taxol-radiation combination. Taxol was administered
as a 3-hour IV infusion, repeated every week for 6
weeks. The starting dose of taxol was 10 mg/m2.
Doses were escalated at 10 mg/m2 increments in
successive cohorts of 3 new patients if tolerated.
Unacceptable toxicity was defined as agradc 3 non-
hematologic toxicity excluding causes and vomiting
and grade4 hematologic toxicity according toCALGB
expanded common toxicity criteria. Radiation was

given to the chest Gy), followed by a boost to
tumor (20Gy). Twenty-five patients were entered
into this study through seven dose escalations (from
10 mg/m2/week to 70 gm.m2/weck for 6 weeks).
Severe esophagitis (grade 3 or 4) occurred in all 3
patients at 70 mg/m2, two of six patients at 60 mg/m2

and one of three at 50 mg/m2. One of 25 patients
developed a hypersensitivity reaction. One of 25
patients developed Grade 3 neutropenia. We con-
clude that esophagitis is the principle dose-limiting
toxicity of the weekly taxol and thoracic radiation in
the outpatient setting. A phase II trial using radiation
and taxol with the MTD of 60 mg/mVweckly is
underway.
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Death is known to have occurred in 41.9% of the
patients in the whole group. The average survival
time for the patients who have died was 5.6 years.
Crude survival time ranged from 1 to 112 months.
Out of the 189 patients who experienced a recurrence,
43.4% were local recurrences only, 15.9% had local
recurrences associated with distant metastases while
the liver was involved in 32.2%.

Colorectal cancer is among the four most common
solid cancers in Malaysia. Chemotherapy for
colorectal cancer thus represents one of the common
procedures carried out in an oncology centre.

Out of a total of 322 patients analysed in the Institute
of Radiotherapy and Oncology, Hospital Kuala
Lumpur from 1986 to 1994, patients with tumours
involving the rectum or rectosigmoid colon made up
the largest group (62.1%). Dukes' C and dissemi-
nated disease together comprised 51.2% of the popu-
lation. Only 19.2% were well differentiated in grade.
The median age was 55.3 years with a range from 13
years to 87 years.

Chemotherapy was given in 224 patients (69.6%) out
of whom 123 patients received it in the palliative
setting, 100 patients in the adjuvant setting while the
treatment intent was not ascertainable in one. The
most common regime used was 5-Fluorouracil (5-
FU) alone (62.9%), while 5-FU was also used in
combination with levamisole or leucovorin factor or
other ranges. The oral route was most frequently used
(47.7%), followed by intravenous bolus injection and
intravenous infusion. The intended dose intensity
ranged from 4.08g/year to 216g/year. The number of
cycles varied between 1 and 52, with a mean of 7.3
cycles. The duration of cheomotherapy varied between
1 and 41 months. The mean delay of commencement
of palliative chemotherapy after primary surgery was
12.5 months while it was 7.7. months for adjuvant
chemotherapy. The toxicity profile of chemotherapy
was acceptable. The commonest reason for stopping
chemotherapy was progressive disease (29.5%) while
toxicity of treatment accounted for only 2.7%. Eight
patients had palliative chemotherapy without preced-
ing definitive surgery. Crude survival in this group
ranged from 1 to 52 months.
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