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ULTRASONOGRAPHY OF THE LIVER

INTRODUCTION

Although the very first attempt to use ultrasound for diagnostic purpose in medicine may be
traced back to 1940's, the modern ultrasound imaging has only been started in 1963 by G. Kossoff,
who developed the idea of grayscale ultrasonography together with the automatic waterbath
scanner, Octoson, to examine pelvic and other abdominal organs.

The signal processing, logarithmic compression of incoming backscattered echo signals,
greatly improved image quality and thus facilitated the use of ultrasound imaging in clinical
diagnostic purposes. The bistable, black and white ultrasound equipments used in 60's, and even
sophisticated B-mode contact scanners had been completely replaceed by the real-time B-mode
equipments, and, then the technique started to be used widely in medical imaging in clinical and
radiology departments. These rather drastic changes took place since the introduction of the
phased array technique infroduced by Somer in 1967 and later the linear array method introduced
by Bom in 1970.
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The linear array transducer, an electronically driven array of small transducers, produced
cross-sectional images of organs placed under the scanhead. This method has revolutionized the
practice of ultrasonography because of its simplicity and easy maneuverability to produce clear
and easily recognizable sonograms.

The equipment showed rapid progress almost at every three years intervals and harsh
competition among manufacturers has created numerous diagnostic instruments of moderate price
range and with markedly improved performance.

The methods of advanced signal processing widely applied in modern real-time equipments,
the transmission of wide-band ultrasound, dynamic focusing and dynamic frequency imaging, have
led to the production of superb sonographic images and thus resulted in a wide-spread use of
the diagnostic ultrasound in almost every clinical discipline. Further more as the word 'computed
sonography' implies, the extensive application of computer methodology has created even the new
diagnostic application of ultrasound, 'ultrasono-angiography' using further sophisticated technique
of digitization and computerization.

Because of the fact that these research and development took place within a relatively short
period of time, another serious problem had been created, the persistence of obsolete sonogaphic
equipments used in the past dacade. The use of out-dated equipments in certain institutions could
not be criticized because of various reasons such as lack of proper education of ultrasonography
in medical schools, insufficient recognition on the use of ultrasound in medical imaging and
probably financial reasons to purchase the high-end equipment that could be a considerable
economical burden to certain clinical departments. The lack of proper communication in regard
to the advancing front of medical imaging equipments will be another reason for these phenomena.
The non uniformity in propagation of newer diagnostic methodology could be particularly
troublesome in certain countries where serious lack of financial resources limit the purchase of
modern expensive instruments.

It goes without saying that the quality and efficacy of ultrasonic imaging are, in general,
intimately related to the expertise of examining personnel involved and at the same time to the
quality of the imaging equipment used.

In planning the cooperative research on the imaging of the liver in Asian countries, the need
of the comparative studies on the equipments had been debated. As a result, it was advocated
that the assessment on the performance status of ultrasound and nuclear medicine equipments
used in daily practice should be checked by the use of an adequate phantom so that the
standardization of the imaging equipments could be made.

An appropriate phantom as described in the chapter of equipment standardization by Dr.
Bergmann of Vienna University has been selected and distributed to the institutions taking part
in the Coordinated Research Programme (CRP).

ANATOMY OF LIVER

The Liver is localized in the epigastrium, with varying degrees of extension into the left
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diaphragm, and ventral and lateral boundary is the thorax. The size, position, and shape are subject
to large physiological variations depending on age, sex, body position, and constitutional changes.

The shape and surface of the liver are largely determined by their placement in relation to
the surrounding organs and tissues, their peritoneal attachments as well as by the parenchymal
fissures and the structures of the porta hepatis.

Most of the liver is intraperitoneal. Excluded is the fixed part, the connctive tissue fusion region
located dorsocranially between the diaphragm and the convex liver surface.

The liver is comprised of two lobes, the right and left lobes. In the right hepatic lobe, anterior
and posterior segments are distinguished. The left hepatic lobe is divided into a lateral and medial
segments.

The anatomical quadrate lobe corresponds to the caudal part of the left lobe, medial segment.
The caudate lobe has a rounded papillary process anteriorly towards the porta hepatis and a thin
hepatic bridge, the caudate process to the right towards the main right hepatic lobe.

The porta is arranged approximately transversely and contains three sets of vessels. The
largest is the portal vein, which divides into the right and left branches at the porta just before
entering into the liver substance. The portal vein lumen usually measures about 10 mm. Anterior
to the portal vein lie the hepatic artery medially and the biliary system laterally.

The hepatic circulation has the dual arterial blood supply through the portal vein and the hepatic
artery. The anatomic key structures are the portal triad: portal vein, hepatic artery and bile duct,
all of which are at first in the hepatoduodenal ligament, then branching in the porta hepatis and
also in the segmental and subsegmental planes.

The portal veins typically branch widely away from the hilum, interlobarly and intrasegmentally,
while the hepatic veins are spread out from the inferior vena cava, interlobarly and intersegmentally.
Both vascular systems intersect like interlocking fingers.

EXAMINATION TECHNIQUE

The liver lies primarily in an inaccesible, high subcostal position. By asking to take deep
abdominal inspiration, caudal repositioning can be achieved, and access will be facilitated. A careful
subcostal compression of the abdominal wall using the ultrasound transducer also improves image
representation characteristics through a displacement of the superimposed intestinal structures
as well as optimization of the beam angle and distance to the organ.

Application Technique

The reliable sonographic scan is intimately related to an evaluation of the whole liver
parenchyma as completely as possible. Several imaging access and application techniques may
be used during examination.

(1) Subcostal Diagonal
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(2) Subcostal longitudinal, or sagittal

(3) Transverse

(4) Right intercostal lateral

The selection of scan planes depends on the availability of acoustic windows, the port whereby
ultrasound beam could be passed without interference by intraabdominal gas containing viscera.

The general, objectives are to record representative scans from above mentioned scan
directions. If no pathology is identified during ultrasound scanning, these 4 to 6 images are
satisfactory for the ultrasound imaging, If abnormal findings, such as the cysts, masses or other
structures were imaged, thorough recordings are requested to identify their 3D constructions, at
least from two sections like vertical intersection, so that an adequate interpretation could be made.

Methodological Limitations

Despite the remarkable picture quality of current ultrasound equipments a number of limitations i
ought to be considered in the examination of the liver. These are

(1) Coupling difficulties

(2) Sonographic blind areas

(3) High ultrasound absorption

(4) Reflection due to abdominal gas

In regards to application, sector scanner or convex array scanners are easier to use because
of the smaller footprint.

SONOANATOMY AND NORMAL ECHO PATTERN:

Sagittal ultrasound sections near the midline show the left lobe as a triangular structure, with
the diaphragm and the heart superiorly. The caudate lobe may be visualised posteriorly overlying
the inferior vena cava or when it is prominent, the aorta as well.

Section further to right shows the major part of the right lobe of the liver bounded superiorly
by the strongly reflecting diaphragm, with the right kidney posteriorly. The gallbladder may appear
in this region. Often a fine reflective line can be identified linking the right portal vein with the
neck of the gallbladder. This represents the fissure separating the quadrate lobe anteriorly from
the right lobe. Inferiorly, the gas-containing bowel gives strong echoes with shadowing.

Transverse sections show the right lobe of the liver in close contact with the diaphragm.

The liver parenchyma is seen as a uniform, sponge-like texture of low-level gray. Passing
through it are the blood vessels which are seen as branching tubular structures that can be traced
towards the porta or the inferior vena cava. Identification of these two groups is facilitated by the
fact that portal vein branches are usually surrounded by reflective tissues, whereas hepatic vein
tributaries are not and appear as simple tubular echo defects.



14 • Ultrasound and Radionuclide Images of Liver

ABNORMAL FINDINGS

Assessment of hepatomegaly

In general, total volume of the liver is closely related to body weight, and its shape is very
variable. Assessment of hepatomegaly by ultrasound is often difficult. The longitudinal scanning
on the right midclavicular line usually gives the measure of the presence of hepatomegaly.
Likewise, scanning at the right intercostal space also gives useful information on the size of the
liver.

Focal Liver Diseases

Scanning on the longitudinal, diagonal, intercostal and transverse planes are all useful in
detecting the presence or absence of focal lesions of the liver.

Solitary or multiple cysts can be Identified by rounded masses with anechoic spaces. Echo
levels of the cystic mass has to be carefully observed to differentiate benign cysts of various
etiologies, i.e. simple, infectious, parasitic, traumatic or malignant.

Pneumobilia and cholelithiasis could be readily identified by the characteristic echo pattern.

Solid masses detected by ultrasound have to be differentiated accordingly. Descriptions are
necessary concerning the number, size, shape and echo pattern characteristics including contours,
echo texture, acoustic attenuation or enhancement, presence or absence of target sign, halo and
calcification of the masses.

Benign haemangiomas are often easily differentiated by the echo pattern characteristics,
however, hepatocellular carcinoma and metastatic deposits may be fairly difficult, especially when
the size is small. The most difficult are the rare tumors of benign nature, focal nodular hyperplasia,
regenerative nodules and tuberculomas, which often require US-guided biopsy as well.

Diffuse Diseases

Two distinct patterns of diffuse disease with uniform alteration of liver reflectivity can be
identified. In the bright liver pattern, the overall echo levels are increased. Brightness may be
diffuse and attenuating the ultrasound transmission, however, it qould be an inhomogenous pattern.
Liver kidney contrast may be very apparent in which bright liver is accompanied by dark pattern
of the kidney. The cause is supposed to be attenuation and scattering of ultrasound energy by
precipitated fat globules in the hepatic parenchyma.

Liver fibrosis accompanying chronic hepatitis is often difficult to differentiate from the echo
levels. Patients' history and liver function profiles have to be carefully analyzed and in difficult
cases, US-guided biopsy is necessary.

Liver cirrhosis caused by viral infections have to be checked for the presence or absence of
mass lesions. Liver size and splenomegaly are important keys to the final diagnosis, nevertheless,
tissue biopsy specimen is necessary to differentiate cirrhosis from other causes.



Ultraspnography of the liver* 15

Other rare metabolic diseases have to be analyzed carefully for 1^e:'differential diagnosis.

In summary, ultrasonography is a useful measure to identify the presence of pathologic
changes in the liver. The information obtained is mostly of morphological nature, though some
additional findings could be obtained by careful analysis of the sonographic features. Examination
is quick, non-invasive and findings are fairly reproducible and even very small lesions could be
identified.

Combined use of the ultrasound imaging with other modalities such as the radio isotope
scanning, X ray, CT or MRI will be very helpful in identifying and characterising the lesions in
the liver.

REFERENCES

Focal liver diseases:

Hepatocellular carcinoma

Hepatocellular carcinoma (HCC) most commonly produces a focal mass lesion which is initially
hypoechoip but becomes more echogenic with increasing size. Texture pattern characteristically
produces mosaic appearance and is often accompanied by posterior echo enhancement. In some
cases, the tumour infiltrates widely through the liver substances, giving rise to an irregular pattern,
Invasion of veins, hepatic and portal, is common. The incidence of intra-and extrahepatic
dissemination is high in HCC with diffuse infiltration.

Metastatic carcinoma

Metastatic tumours are more common than primary hepatocellular carcinoma. The common
appearance is that of multiple focal lesions of altered reflectivity. The margins are poorly defined.
The echoes are less intense than those of non-tumour parenchyma, but many are strongly
reflective especially those deposits from Gl tract and urogenital tumours. Other patterns, bull's
eye or target lesion, are characteristic in metastatic tumours. Fluid-filled deposits and calcified
tumours also appear in ovarian or pancreatic malignancy as well as in metastases arising from
colorectal cancer.

Non-Hodgkin lymphoma

Lymphoma can infiltrate the liver parenchyma in a diffuse manner. Size usually increases.
Formation of solid masses can also occur in the liver parenchyma and differentiation is difficult
from other causes of metastatic deposits.

Presence of splenomegaly is another important finding suggesting malignant lymphoma.

Haemangioma

One of the most frequent benign masses found is haemangioma. Two types, cavernous and
capillary may occur. The former is characterized by the irregular bordered hypoechoic mass with
posterior echo enhancement and the latter is characterized by echogenic masses. The masses
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will remain unchanged for over months of follow-up. Angiography may not be revealing. MRI gives
rather clear cut differentiation of T2 weighted images by increased contrast.

Pyogenic abscess

Ultrasound is very useful in detecting liver abscess due to bacterial infection and parasitic
infestation. The abscess is initially demonstrated as an ill-defined solid mass lesion with decreased
echogenicity. As pus accumulates, shaggy walled capsules encircle more or less echopoor cystic
lesions. Gas may be formed in the cystic mass. Appearance of cysts are usually identical both
in pyogenic and amoebic abscesses. Therapeutic drainage with a catheter is useful for resolution
of cystic changes.

Benign tumour other than Haemangioma and abscess

Solid-cyst differentiation is most useful in the diagnosis of cystic masses of polycystic disease
in which single or multiple cysts surrounded by thin, round walls accompany definite posterior echo
enhancement. Cysts usually contain liquid with no echoes, however, US guided aspiration
sometimes causes bizarre strands by haemorrhages. Liver trauma sometimes causes formation
of cystic mass with some echoes within the cystic mass.

Hydatid disease (Echinococcus granulosus) can produce a cystic lesion that is quite
indistinguishable from simple cyst. However, when daughter cysts bud from the wall, irregularity
become apparent. These irregularities should be looked for if the patient comes from sheep raising
farms. The cyst can grow into considerable size exhibiting characteristic 'Cartwheel appearance'.

A more aggressive disease is caused by infestation of E. multilocularis transmitted from foxes
or dogs. It is endemic in Eastern Europe, Russia, Japan and Australia. Parasitic buds are small
and multiple showing patchy appearance throughout the liver. Cyst formation can occur but not
very frequently.

Diffuse liver diseases

Liver cirrhosis

Cirrhosis usually exhibits higher echoes due to the presence of fibrous tissue in combination
with accompanying fatty changes. There is often distinct enlargement of the caudate lobe, which
is easily assessed by the sagittal scanning. In advanced stage, the size of the liver shrinks
accompanied by splenomegaly and ascites. The secondary portal hypertension may ensue but
the differentiation between primary and secondary portal hypertension is by no means easy by
ultrasound. Careful search for the portal vein width and presence or absence of thrombi in portal
circulation has to be sought.

Chronic hepatitis

Chronic hepatitis is also characterized by increased parenchymal echoes due to
fibrosis. Shape and size nlay not be very different from normal, hence the diagnosis is relatively
difficult.
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Fatty liver

The diabetics, alcoholics and patients suffering from overweight frequently reveal bright liver
pattern changes due to massive infiltration of the parenchyma by fat. Because of increased
attenuation due to fat accumulation, the liver tends to show hyperechogenicity at its very surface.
Scattering of ultrasound causes formation of bright liver pattern. No discrete masses are detected,
however, inhomogeneity of parenchymal echogenicity occurs in metabolic precipitation of fat.


