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INTRODUCTION

One of the tasks of the radiologist is to recognize, by means of imaging procedures, anatomic structures
described in textbooks or specific papers. When new modalities are developed they may assist in
shedding light on anatomical and functional problems, as well as visualizing anatomic structures of the
human body. X-ray computed tomography (CT) is one such new modality.

CT has proved extremely valuable in visualizing the normal and abnormal retroperitoneum
(378) since it displays the anatomy well in a tomographic cross-sectional mode. Recently direct coronal
(193. 208, 352, 353) and sagittal planes have been added (354, 355). The fact that the retroperitoneal
renal fascial planes can be readily visualized allows the differentiation of intra- from retroperitoneal
processes.

Since 1979 the striking CT appearances of the renal' fasciae have aroused our interest. We wanted to
investigate the importance of the renal fascia, originally described by Gerota in 1895 (112) and therefore
commonly referred to as Gerota's fascia.

The peculiar reaction pattern of the renal fascia, i.e. thickening of the fascia (generalized, localized or
on which side the fascia is blurred) is therefore the subject of this study. Most authors describe specific
disease processes and only mention reactions of Gerota's fascia in a secondary manner. In contrast, this
study will place the renal fascia as the central entity and the different etiological conditions affecting it in
secondary light.

Since with modern third and fourth generation CT machines, structures as delicate as the renal fascia
can be depicted, the following questions arise:

1. What is the true anatomy of Gerota's fascia as seen in CT-images? Current literature as well as
textbooks display a variety of theories, some conflicting. Is there a single correct version of the anatomy
apart from anatomical variations?

2. What is the role of Gerota's fascia in modifying the passage of retroperitoneal fluid such as
hemorrhage, urinary extravasation and inflammation? Does the renal fascia also react in intraperitoneal
fluid?

3. How does the renal fascia react in malignancies? Is there different behaviour between inflamma-
tion and malignancy?

4. Is it influenced by lymphadenopathy?
5. Does the thickness of the renal fascia change after treatment?

Chapter 1 describes the patient material studied, some aspects of CT techniques and patient handling.
Chapter 2 describes the anatomy of the renal fascia based upon reports derived from the literature

and is followed by our CT observations in more than 5000 abdominal CT examinations. In short it is an
anatomical CT atlas.

Chapters 3, 4 and 5 deal with reactions of the fascial structures in different pathological conditions
caused by major disease entities. The patients were scanned for these diseases, of which anatomical
topographical appearances and spread are described in the general considerations, followed by CT
findings and illustrative cases, combined with abstracted experience from other workers.

The aim of these chapters is to provide a descriptive clinical pathological CT atlas of a range of
conditions involving retroperitoneum and neighbouring organs and structures (excluding the pelvic part
of the retroperitoneum).



XIV

The value of the fascial planes as specific landmarks and the additional information their reactions
may give about extension of retroperitoneal inflammatory or neoplastic condition and pathway of fluids,
will be discussed and summarized. These results are based on more than 400 proven cases with
retroperitoneal pathology.



1. CASE MATERIAL AND METHODS

I.I. Case material

Since January 1979 more than 5000 patients sus-
pected of having intraabdominal pathology were
studied by CT in our institution (University Hos-
pital Utrecht). Of these, about 50% were referred
by the oncologists.

We selected all cases with retroperitoneal
pathology: 141 with lymph node disease, 91 pan-
creatic disease, adrenal-, renal-, peri/pararenal
disease (malignancy: 77, inflammation: 12,
hemorrhage and extravasation: 22); 31 other re-
troperitoneal tumors, 14 had pathology in the
midline originating from aorta or caval vein. 61
Patients with ascitic fluid were also selected.

We looked not only in this selected group but
on every abdominal CT scan for the occurrence of
thickening of the renal fascial planes and their
anatomic arrangements. In 100 consecutive pa-
tients without retroperitoneal pathology the visi-
bility of the fascial planes on CT was reviewed.

1.2. CT techniques

Since January 1979 we have used a Philips Tomos-
can 300 (and occasionally also the 310 type) for
abdominal scanning. These are third generation or
rotate-only type scanners with a scan time of 4.2
sec. and a patient aperture of 56 cm.

In CT scanning of the abdomen a 32 cm field of
view diameter is generally used and in cases of
localized pathology or organ scanning a field of
view of 24 cm (or 16 cm) with a slice thickness of 9
mm, 6 mm and 3 mm. The patients have been
scanned in a supine position without tilting the
gantry.

In selected cases, especially when pathology
was visible on the transverse scans, direct coronal
scans were also taken and occasionally direct
sagittal scans. In direct coronal scanning the pa-
tient slides into the cone shaped patient aperture

or makes use of a bicycle-type apparatus allowing
slice incrementation with an accuracy of 1 mm
(352, 353) (figure 1-1). In direct sagittal scanning
the patient sits inside the aperture with one leg on
each side of it. Due to the limited diameter of the
patient aperture the upper abdomen is somewhat
twisted (figure 1-2) (354) The term saggital is also
used on parasaggital sections.

The tube voltage was 120 kV with a tube current
ranging from 150 to 440 raA depending on focal
spot size, slice thickness and desired radiation
dose. The skin dose in the patient was in a slice of
12 mm, with 250 mA and a scan time of 4.2 sec.
1.8 rad i.e. 18 mGy. In geometrical enlargement
used in target scanning the skin dose was 4 rad i.e.
40 mGy with a slice thickness of 9 mm and 350
mA. These measurements were made with the
help of a 30 cm water phantom (389). The integral
absorbed dose in CT usually is lower than with
comparable roentgenographic procedures because
the total volume of tissue irradiated is smaller
(202, 338). Scatter radiation in CT scanning is
in comparison with conventional radiography
mimized because of the highly collimated X-ray
beam.

The resolving power of the Tomoscan 300 ex-
pressed as the cutoff frequency of the modulation
transfer function is 5.5. line pairs per cm with a
field of view of 32 cm or in terms of resolvable
hole size about 1-1.25 mm (383).

1.3. Patient preparation and contrast enhance-
ment

An advantage of abdominal CT-scanning is that it
is not organ specific and displays the retroperi-
toneal space including kidneys as well as the
abdominal cavity. Rigorous attention should be
paid to patient preparation. To eliminate pseudo-
tumors due to unfilled bowel loops, or reversely to
prevent considering tumor as unfilled bowel



TOMOSCAN 300

Figure /-/. Principle of direct coronal CT-scanning. Patient sits on a bicycle-like seat (courtesy: Frans W. Zonneveld M.Sc.
Philips Medical Systems).

101=2,

Figure 1-2. Principle of direct saggital CT-scanning (courtesy: Frans W. Zonneveld M.Sc. Philips Medical Systems).



loops, every patient should undergo the same
bowel filling preparation regime. When it was not
an emergency CT scan all patients were prepared
according to the 2-day protocol (299, 351, 355).
On the day prior to the examination 200 ml of a
tasteless 4% solution of meglumine ioxitalamate
(Télébrix® 30, Guerbet) are taken with each meal.
No special diet or bowel cleansing is needed. The
patient is requested to drink 500-800 ml of the
same solution about 40 minutes before the ex-
amination. This latter dose will outline the small
bowel loops (greyish) and the former will concen-
trate in the colon (white). Bowel filling is acceler-
ated by means of intravenous injection of 2 micro-
g of Sincalide, a synthetic octapeptide of cholecys-
tikinin (Kinevac®, Squibb). It should be dissolved
in 60 ml of saline and slowly injected to prevent
nausea and vomiting. After 60 minutes the effects
of this drug will have subsided. In an emergency
CT scan the preparation starts only one hour be-
fore the examination.

The patient should not eat shortly before the
examination to prevent the presence of pseudotu-
mors in the stomach.

Total hypotonia of the bowel provides optimal
delineation of the mucosal pattern and bowel wall
thickness without appearance of pseudo-thicken-

ing caused by its contractions (fig. 1-3 to 1-4).
This is achieved by intramuscular administration
of 20 mg of butylscopolaminebromide (Busco-
pan®, Boehringer Ingelheim) and 1 mg of gluca-
gon. Moreover this regime prevents untimely
emptying of bowel and bladder. This hypotonia
lasts for about one hour.

By infusing 250 ml of a water soluble contrast
medium (150 mg iodine/ml, containing 37.5 g of
iodine) in a dorsal foot vein, the caval vein and
other great vessels are outlined, and so are the
pelvicalyceal system and ureters. Yet this amount
does not cause an unacceptable density in the
bladder. Due to stratification of contrast (289)
when using the pedal infusion technique a throm-
bus in the femoral or caval vein may be mimicked
(21. 119, 272) (figure 1-5). When in doubt this
pitfall can be avoided by using a bolus injection of
50 ml of contrast medium (22 g iodine) in a cubital
vein and/or combining the injection with rapid
sequence scanning (6-12 slices in 60-90 seconds).
It facilitates differentiation between vessels,
metastases and lymph node involvement, the
study of early nephrogram and enhancement of
renal tumors or other processes and the demon-
stration of real thrombi in veins.



l -3c l - 3 d

Figure 1 -.la. Hvpolonia delineates a normal small intestine pattern (greyish feather}" folds, arrows). The colon is white with an
instrinsic tumor (T) in ascending colon (AC). PH. pancreatic head: TC: transverse colon.

Figure /-. '/>. Thickened wall (arrows) of descending part of duodenum due to Zollinger-Ellison syndrome.
Figure I-Jc. d. In enteritis regionalis (Crohn's disease) a real thickened howcl wall is visible due to hypotonia (arrows). F:

local intraperitoneal fluid: UB: urinary bladder; UT: uterus.



I-4a

Differentiation of unfilled bowel loops from musses and contrast enhancement 1—4b

Figure I—4a. After left sided nephromectomy pancreatic tail, colon and small intestine may fill the renal fossa. Bowel
preparation should he optimal to prevent considering unfilled bowel loops as tumor. Colon is white (arrows) and hypolonic small
intestine greyish (arrow heads). DU: duodenum; PH: pancreatic head: RK: right Kidney; SP: spleen.

Figure I-4b. Different patient with testicular tumor who was considered to have no retroperitoneal pathology on a CT
examination without howel preparation. After optimal filling of bowel loops by oral iodinated contrast and intravenous contrast
enhancement this CT study reveals nodular metastasis (M) apart identifiable from vena cava (VC). aorta (AO) and small
intestines (SI). Normal sized lymph nodes (N) are filled with lymphangiographic contrast. UR: ureter. Arrow heads point to
enhanced mesenteric vessel.

l-5a l-5b

Stratification in pedal infusion technique

Figure I-5a. Due to stratification in pedal infusion contrast technique the left half of vena cava (arrow) is white and right half
shows a lucent center. This is not a thrombus hut a flow phenomenon. Note motion artifacts. No hypotonia was used.

Figure l-5b. The vena cava demonstrates a ring enhancement (arrow) due to stratification in pedal infusion technique. After
bolus injection in a cubital vein the vena cava was patent.



2. REVIEW OF THE LITERATURE-ANATOMIC CONSIDERATIONS

2.1. Introduction

The ietroperitoneum is the fat-filled compartment
which is bordered anteriorly by the parietal peri-
toneum and posteriorly by the transversal fascia.
It extends from the diaphragm superiorly to the
level of the pelvic viscera inferiorly. On transverse
sections it usually has a C-shape with the convex-
ity in the midline projecting anteriorly. This shape
is the result of the relationship of the ahdominal
walls to one another as they enclose the lordotic
curvature of the lumbar spine. The retroperi-
toneum contains except fat a small number of
organs. The true embryonic organs included in the
retroperitoneum are the adrenal gland, kidneys,
ureters and gonads. Several other abdominal vis-
cera are partially in the retroperitoneum. They are
closely associated with the posterior abdominal
wall and are partly covered by the peritoneum.
They are neither suspended in the abdominal cav-
ity, nor are they completely within the retroperi-
toneum. These structures include the aorta, in-
ferior vena cava and their branches, pancreas,
portions of the duodenum and colon, and many
lymphnodes and nerves, particular those of the
lumbar symphatic trunk as well as the roots of the
presacral nerves. In the pelvis the structures which
are considered to be included in the retroperi-
toneal space are those between the peritoneum
and the pelvic floor and levator ani muscles. The
structures in this compartment enclose the blad-
der, prostate, seminal vesicles, uterus, and the
extraperitoneal parts of the rectum.

The term extraperitoneum is probably more
precise than the term retroperitoneum, since fre-
quently retroperitoneal organs and structures are
located more ventral than intraperitoneal organs,
such as spleen and posterior liver. Even some of
the intraperitoneal recesses such as the hepatore-
nal or splenorenal recess or the rectovesical pouch
usually extend posteriorly to the level of such deep
retroperitoneal organs as the kidneys, urinary

bladder or uterus (175). On occasion large pos-
terior intraperitoneal masses may simulate re-
troperitoneal processes.

2.2. History

Review of the literature shows that the term fascia
is used so widely that in this broad meaning it
should be considered no more than a collection of
connective tissue, easily depictable by the unaided
eye (128) and usually in close contact with an
organ (60).

With few exceptions fasciae could not be identi-
fied radiographically prior to the use of CT scan-
ners. They were considered as anatomic structures
seen only at dissection either during surgery or at
autopsy. On occasions when pathological process-
es thickened the fasciae, for instance the one
around the kidney or if sufficient fat was present
on both sides the fascia could be identified on
conventional radiography (19, 31, 372).

The clinical importance of the fasciae was rec-
ognized at the the end of the last century and
resulted in close topographic anatomic studies of
these structures, as well as the relationship to sur-
rounding organs such as the kidney. The names of
many of the anatomists who studied these fasciae
around the kidney became associated with them:
Toldt (344), Gerota (112), Vecchi (357), Southam
(328), Vogt (360), Congdon and Edson (61), Mar-
tin (226), Tobin (342, 343) and Bauman (23).

Of particular interest to us is the work or the
anatomists Congdon and Edson (61) whose trac-
ings of the renal fascial planes on cross sections
(fig. 2-1, 2-2) has been very useful in understand-
ing and comparing the transverse sections which
we now are able to obtain with CT scanning. The
importance of the retroperitoneal fascial planes to
the radiologists and the understanding of the ex-
tension of disease processes was recognized and
published by authors such as Mitchell (254) and



Figure 2-1. Diagrams of the relations of the various renal fasciae on the right side at different levels. The renal fasciae (AC
P C LC) are designated by bold lines. The broken line represents delicate sheets of the anterior fascia (to be discussed in chapter
2.4.5.) (Redrawn from Congdon and Edson (61)). See for list of abbreviations figure 2-2.

Meyers and Whalen et al (244). To most clinicians
and radiologists, because of the difficulty in
visualizing and understanding, the retroperi-
toneum was considered merely as a diffuse or
amorphous space located between the posterior
peritoneum and the posterior abdominal wall
which on occasion harboured disease (8, 332).

Today with the precise visualization of this area
by CT scanning, the anatomy and the faseial bor-
ders of the different spaces within the retroperi-
toneum can h° uefined far more exactly. Around
i'ne kidneys anatomically, the retroperitoneum has
been divided into three compartments:
1. the anterior pararenal space
2. the perirenal or perinephric space
3. the posterior pararenal space
This is demonstrated in a transverse (figure 2-3).
coronal (figure 2-4) and sagittal plane (figure

2-5). The extent of these spaces will be discussed
and illustrated in chapter 2.3.

2.3. Compartments of the retroperitoneum

2.3.1. Anatomy of anterior pararenal space and
CT identification

The anterior pararenal space is located between
the posterior parietal peritoneum and the anterior
renal fascia of Gerota. This space contains the
second through fourth portions of the duodenum,
pancreas, the vertical colon segments (ascending
and descending colon), the mesenteric arteries,
veins, lymphatics and adipose tissue.
While the hepatic and splenic arteries are located
within the anterior pararenal compartment the tail



LCD'

Figure 2-2. Tracings of a series of transverse sections of the left side of the retroperitoneal space (redrawn from Congdon and
Edson (61)). AC: ascending colon; AG: anterior renal fascia (of Gerota): D: diaphragm: DC: descending colon: DLÏ: duodenum:
LA: left adrenal; LC: lateroconal fascia: LCD: left crus of diaphraem: LK: left kidney: PG posterior renal fascia (of Gerota): PP:
parietal peritoneum: PH: pancreatic head; PS: psoas muscle: OL: quadnmis lumhorum muscle: RK: right kidney; RL: right lobe
of liver: ST: stomach; UR: ureter: VC: vena cava.
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PG TF
2-3a

2-3b

t aw/ii T .-il/. Diagram ol the three reiroperitoneal spaces. I' anteiinrpararcnal spaLv: D: perireual space: .̂ : posterior parareiial space.
Hie amerinr renal fascia (AG I in from nf the great u-ssels is indicated «iih a frtoken line. 1 his is due In Ihc fact thai it is nol. alnuvs
picsenl. I hi-* a^pecl will he discussed in chapter 2.4.7.

Figure 2-3b. Normal patient at somewhat lower level as in the diaaram in a. The uncinate process of p.increatic head (PH) is
visible at this level of the renal pelvis. The anterior renal fascia (black arrows), the posterior renal fascia (black-white arrows) and
the lateroconal fascia (open arrows) can he seen. Sec for list of abbreviations fig. 2 -4 .
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Coronal anatomy of the rctroperiioneum til level of kidneys

Figure 2-4u. Schematic anatomic drawing. Compare with the direct coronal CT section in b. G: Gerota's fascia.
Figure 2~fb. This CT section demonstrates the perirenal space (2) and posterior pararenal space (3). The renal fascia of Gerota

is indicated by black-white arrows. The perirenal space has the form of an inverted cone with its inferior border directed to the
psoas muscle (PS). Note: patient was scanned because of urinary bladder mass (M). AC: ascending colon: AG: anterior renal
fascia (of Gerola): AO: aorta: DC: descending colon; DU: duodenum: FC: fibrous capsule of kidney: IL: iliacus muscle; LA: left
adrenal; LC: lateroconal fascia; LK: left kidney; PG: posterior renal fascia (of Gerota): PP: parietal peritoneum; PS: psoas
muscle: RA: right adrenal: RCD: right crus of diaphragm: RK: right kidney; UB: urinary bladder; UR: ureter.

of the pancreas actually is intraperitoneal. It
emerges from the splenorenal ligament within the
splenic hilus.

The anterior renal fascia is thin but is believed
(see 2.4.2.) to be reinforced by a layer of connec-
tive tissue near the ascending and descending co-
lon (fascia of Toldt). Because these reinforced seg-
ments do not involve the entire anterior renal
fascia, the term fascia of Toldt should not be con-
fused with that of the anterior renal fascia. Selec-
tive opacification of the anterior pararenal space
in cadaver studies (244) demonstrated that gener-
ally its axis is vertical. Fluid collections within this
space medially overlap the lateral borders of the
psoas muscle and approach the midline. Fluid col-
lections localized purely to the anterior pararenal
space do not obliterate the psoas outline. The
lateral flank stripe remains preserved since the
flow of the fluid is restricted by the lateroconal

fascia. Renal outline remains demarcated because
the anterior pararenal space has no anatomical
relation to the kidney itself. This anatomic rela-
tion, confirming Meyers' et al. studies (244) is
seen in a CT examination of a patient with fluid in
the left anterior pararenal space (figure 2-6a.. b.).

On the right communication may be established
across reflections of the coronary ligament to the
bare area of the liver. This area is so called be-
cause it is devoid of peritcneal covering. Thus the
anterior pararenal space opens superiorly into the
subdiaphragmatic portions of the upper abdomen
(figure 2-6c). Preferential flow of fluid within the
space is downwards towards the iliac fossa. Fluid
collection in this space may displace the kidney
laterally and superiorly.

The anterior pararenal space may communicate
with the posterior pararenal space caudal to the
cone formed by the perirenal space. This situation
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Sagiluil atuiKtniv of the relroperiloHeum

Figure 2-5u. Sagittal section of anatomie specimen through the lelt kidney (LK). All lat has heen removed. The fasciae are
nicely demonstrated and shown so that the anterior (AG) and posterior (PG) renal fascia fuse superiorly and join the diaphragm
(D). Inferiorly. in this specimen. they appear fused. However in others il has been shown that they may interiorly remain open,
thus forming a potential channel. The occasional open inferior end of Gerota's fasciae will he discussed later (chapter 2.4.11.).
Below the level of the kidney, sigmoid colon (SGC) and parietal peritoneum (PP) are reflected upwards and forwards
(Reproduced from Soulham A.H.: The fixation of the kidney. Quarterly Journal of Medicine, vol Id. 283-307. 1423 by permission
of Oxford University Press).

Figure 2-.1l>. Schematic anatomic diagram of left sagittal part of the retroperitoneum (alter Gerota). D: diaphragm: IX":
descending colon: FC: fibrous capsule: IL: iliacus muscle: LA: left adrenal: LU: lung; PA: pancreas: PL: pleural space: PP:
parietal peritoneum; TC: transverse colon: TF: transversal fascia.
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Figure 2-5c. Direct sagittal CT section shows a thickened posterior renal fascia (white arrows) behind left kidney (LK). Note:
the patient was scanned because of abscesses (M) around the bladder (UB): PS: psoas muscle: R: rib; SC: sacrum: SP: spleen: SY:
symphysis: RE: rectum. 2: perirenal space.

Figure 2-5<l. Direct sagittal CT section in patient with pancreatitis. White arrows point to thickened anterior renal fascia. The
cone of the perirenal space (2) is visible between psoas muscle (PS) and spleen (SP).

where the two spaces communicate primarily
occurs when large amounts of fluids are present
(i.e. pancreatitis, chapter 3.3.2.2.). Fluid and gas
collections generally remain on the side of origin,
however, communication across the midline may
occur. The latter is most commonly seen in pan-
creatic disease probably because the pancreas it-
self crosses the midline and also possibly because
the pancreas liberates pancreatic enzymes which
permit free dissemination (244) (figure 2-6d.).

2.3.2. Anatomy of the perirenal space and CT
identification

The perirenal space is bordered anteriorly and
posteriorly by the renal fascia and contains the
kidney, adrenal, proximal excretory system and
capsular vessels, supplying the perirenal fat and
lying loosely in this mostly abundantly present fat.
Viewed from the front or lateral the perirenal
space had the shape of an inverted cone or "cul de
sac' (figure 2-4. 2-5). It tapers inferiorly. In the
transverse plane it curves in an elliptical manner.
Superiorly the anterior and posterior layers of the

renal fascia unite to form the suspensory ligament
which attaches to the diaphragm (figure 2-5).
This space is surrounded by fascia and opens only
in the lower end where it communicates with the
retroperitoneal tissue. Some different opinions as
to the medial border of the perirenal space will be
discussed in chapter 2.4.9., as well as the inferior
border which will be discussed in chapter 2.4.11.

Post-mortem radiological studies done with in-
jection of barium (244, 254, 247) showed the true
disposition of the fascial boundaries. These ex-
periments demonstrated that we are dealing with a
spacious vertical conelike space which inferiorly is
convex, its border overlapping the iliac crest.
Medially it overrides the lower segment of the
psoas muscle. This configuration has been con-
firmed by direct coronal and sagittal CT scans
(figure 2-4. 2-5, 2-7). When fluid is present in
this space it tends to localize in the dependent
portions which are located posteriorly behind the
lower pole of the kidney. With sufficient fluid the
kidney may become displaced anteriorly, medially
or superiorly.

The amount of fat contained in this space varies
from individual to individual. Sappey (311) and
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Fluid in anterior pararcnal space

Figure 2~6a. Transverse scan at level of kidneys. Fluid (F) in left part of anterior pararcnal space (arrows). Left perirenal fat (2)
and properitoneal flank fat (posterior pararenal space: 3) is not contaminated. Descending colon (DC) is elevated.

Figure 2~6b. Direct coronal CT section reveals the anterior pararenal fluid collection (F) with its vertical axis. Due to the
tendency to cross the midline there is medial extension in the caudal portions. Outlines of psoas muscle (PS) are preserved (black
arrows). Flank fat (3) is not infiltrated. Descending colon is not visible since it has been displaced ventrally.

Figure 2-6c. Pancreatic pseudocysts (C) in left anterior pararcnal space. Note the cranial extent to the subdiaphrugmatic space.
Black-white arrow points to the diaphragm and small arrows to left renal fascia under the spleen (SP).

Figure 2-f>d. Different patient with fluid in anterior pararenal space (I) (airbubbles are due to percutaneous drainage of this
pancreatic abscess). Communication across the midline is demonstrated (arrows). A: ascitcs: DC: descending colon; DU:
duodenum; LK: left kidney: RL: right lobe of liver: SMA: superior mesemeric artery.
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CT anaiomv of perirenal spaces filled with fluid

Figure 2-7a. A 16 years old girl with large collections of perirenal fluid (2) in a transverse plane. The left kidney (LK) is
elevated and compressed. The right kidney (RK) is surrounded by fluid in distended perirenal spaces.

Figure 2- 7b. A direct coronal CT section demonstrates that the perirenal cones (2) are both closed. The left one is extending
more inferiorly.

Figure 2-7c, d. Direct sagittal sections of right perirenal space (2) in c and left perirenal space (2) in d. Note the close relation
to the psoas muscle (PS).

Von Bergman (362), found no fat in the fetus and
felt that deposition of fat does not occur until the
tenth year of life. Gerota (112), Southam (328)
and Mitchell (254) however were able to demon-
strate the presence of fat in neonates, as well as in
children of 1 or 2 years of age.
Southam (328) identified fat in neonates particu-
larly at the medial and lateral aspects of the kid-
ney. The fat was abundant at the level of the hilum
and smaller amounts were deposited on the pos-
terior aspect of the lower pole.

The amounts of perirenal fat increase up to
adult life but then seems to decrease with age

(139, 328). Southam (328) found proportionately
more fat in females than in males. Skerlij (324)
described a 'Gestaltwandel', i.e. redistribution of
subcutaneous fat in females over thirty with fat
deposits accumulating around internal organs.

The perirenal fat as described by Gerota (112),
is most abundant posteriorly and slightly to the
lateral of the lower pole of the kidney. If the
amounts of fat are scarce, they will form a delicate
membrane-like surface parallel to the kidney cap-
sule (342). The great variations in amount of pe-
rirenal fat are demonstrated in three individuals
depicted in figure 2-8.
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Variations in presence of abdominal fat

Figure 2-üa. Girl of 12 years old. Almost no extra- and intraabdominal fat, only some perirenal fat at renal hilum and
posterolateral (arrows).

Figure 2-8b. Direct coronal CT section of patient a., showing only some fat (arrows) between kidney, liver (RL) and spleen
(SP).

Figure 2-tic. Man of 62 years old with abundant intra- and exlraabdominal fat. The normal posterior renal fasciae (arrows) are
clearly visible.

Figure 2-Hd. Female of 53 years old with abundant extraabdominal fat but without visceral fat. There are no renal fasciae
visible, only some retroperitoneal fat (arrows).

Connections between the renal fascia and the
renal capsule by numerous interlacing connective
tissues or fibrous strands have been shown by
Gerota (112) and Southam (328). The connecting
strands are stronger near the lower pole (328);
however this was disputed by Tobin (342) who felt
that the strongest connections are near the upper
pole. These strands appear to derive from the

retroperitoneal tissue and were probably present
prior to the deposition of the fat.

The fibrous capsule of the kidney is adherent to
it. It consists of two layers. The outer (tunica
fibrosa) is composed of interlacing bundles of
dense connective tissue that merges with the septa
of the perirenal fat. The inner (stratum fibrovascu-
lare) consists of richly vascularized connective
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tissue which is continuous with the renal stroma, a
network of vessels, elastic fibers and occasional
bundles of smooth muscles and nerves. This layer
is only present in human kidneys (140). The cap-
sule acts as a protective barrier to trauma and
prevents the spread of infection to the kidney.
There is constant exchange of fluid on the kidney
surface. This may be of considerable clinical and
physiological importance. The fluid lubricates the
kidney surface and allows for the constant finding
of planes of cleavage between the capsule and the
kidney (300).

The posterior renal fascia of Gerota, frequently
called fascia retrorenalis of Zuckerkandl (391), is
easier to identify and isolate for the anatomist
than the anterior renal fascia. The latter is thin-
ner, delicate and more elusive, possibly due to the
fact that it is more or less firmly attached to the
underlying peritoneum (254, 339).

Southam (328) reported that the lateral fusion
of the two fascial layers was always very firm, but
Mitchell (254) who injected fluid in the perirenal
space, showed that it escaped most easily on the
lateral side as inferomedially adjacent to the ure-
ter. The same study showed that fluid escaping
from the perirenal space spread downwards into
the retroperitoneum entering the pelvis (paravesi-
cal, pararectal spaces). As the amount of fluid
increases and its pressure rises, some of the fluid
may extend to the contralateral side. When it
occurs, it will be at the level of the lumbosacral
region, infrequently above the level of the renal
hilum. If the pressure is sufficiently high to cause
rupture this will occur in the hilar region, general-
ly involving the anterior layer of the renal fascia
which is attached to the peritoneum. There is thus
a potential for fluid to enter the peritoneal cavity,
though in the clinical situations this is unusual.

The adrenal glands are said to be within the
perirenal fascial cone. However Congdon and
Edson (61) doubted if the perirenal cone is com-
plete around the adrenals. When they injected air
into the perirenal fat they usually could not guide
it to the level of the adrenal. The anterior renal
fascia reached that level on the right side in only
12% of their specimen. On the left side the adre-
nal was more consistently covered by the renal
fascia and in 76% of the patients the fascia ex-
tended over the suprarenal gland. This finding

would suggest a greater succes in presacral
pneumography on the left. However this has not
been reported in the literature (202, 242). Mitchell
(253, 254) and Meyers et al (244) based on barium
preparation studies, showed that the anterior and
posterior renal fascia layers are linked with each
other and connect to the diaphragmatic fascia
above the kidney and the adrenals. At an early
stage of the experiment when the injected press-
ure is still low, the space surrounding the adrenals
becomes filled, proving that the adrenal is lying
within the perirenal fascial envelope. Adrenal
hemorrhage results in blood entering the perirenal
space and this has been demonstrated by CT scans
(345).

Sappey (311), Knight (179), Von Bergmann
(362). Billington (32), Vecchi (357), Stromberg
(335), and Tobin (342) stated that there is a thin
layer of fascia (the anterior renal fascia or one leaf
of it) between the kidney and adrenal gland.
Southam (328) described the strong fibrous
strands between the adrenal and the kidney.
Mitchell (254) mentioned that in most studied
cases a thin perforate septum existed. This septum
was really continuous. Gcrota (112), Merklin and
Michels (241) as well as Congdon and Edson (61)
failed to describe such a septum and described
only the fat and occasionally small fibrous sheets
to be present. Speculation as to why the adrenal
gland remains in its normal position in ptotic kid-
ney exists. One explanation is that because of its
cranial location it is less susceptible to displace-
ment in the erect position and that even a partial
septum located beneath it could provide reason-
able support. Good anchorage may also be avail-
able from the shorter vessels and nerves (254).
Testut (339) described a dense fibrous tissue layer
which fixes the adrenal to the diaphragm.
Clinical experiences showed that when simple
nephrectomy is performed, it is easy to separate
the kidney from the adrenal. In many instances
the surgeon does not even see the adrenal during
this procedure. This suggests that the two organs
may be in separate compartments although a clear
demarcation has not been proven (10).

The original study by Gerota (112) dealt with
the study of the mechanical fixation of the kidney.
The kidney is held in position through the attach-
ments of the renal fascia to diaphragm, vertebrae
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CT anatomy of posterior pararenal space

Figure 2-9a. The left posterior pararenal space (3, arrows) is filled with contrast and air-huhhles after percutaneous abscess
drainage (in pancreatitic abscess). The left kidney (LK) is medially and ventrally displaced. Descending colon (DC) is elevated.
On the right side the renal fascial planes are markedly thickened (arrowheads).
Perirenal fat (2) is not contaminated. The right posterior pararenal space (3) is partly visible. A: ascites: M: pancreatic
inflammatory mass in mesentery of small bowel.

Figure 2-9h. Direct coronal CT section behind the level of left kidney. Catheters are placed in left posterior pararenal space
(3). Medially the fluid collection in the posterior pararenal space parallels (arrows) the psoas muscle (PS). Flank fat on the left
side is not visible. RK: right kidney; OL: quadratus lumborum muscle.

Figure 2-9c. More ventral direct coronal CT section through left kidney (LK). Perirenal fat (2) is not contaminated. The lateral
silhouette of distal psoas muscle is obscured (arrows).

Figure 2-9d. Different patient with lipoma (L) which displaces the transversal abdominal muscle (black arrows). The
transversal fascia is visible at the place of the lipoma (white arrows).
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and dorsal musculature and the renal pedicle as
well as by the effect of the intraabdominal press-
ure on the renal fossa. Gerota showed that if the
peritoneum adjacent to the organs was removed
the fixation of the kidneys was not materially
affected, thus indicating that these attachments
were merely accessory. He concluded that the ma-
jor fixation was due to the presence of the anterior
and posterior renal fascia and the fibrous strands
between the perirenal fascia and the tunica fibrosa
of the kidney. Congdon and Edson (61) felt that
the renal fascia's prime function was to resist
caudal movement of the kidney and did not parti-
cularly support the renal weight.
Baumann (23) felt that the posterior renal fascia
had no significant functions supporting the kid-
ney. However this opinion was contradicted by
Congdon and Edson (61) who stated that the pos-
terior renal fascia through its connection with the
quadratus lumborum, inferior phrenic and psoas
fascia may pass to the skeleton much of the ten-
sion set in the cone by renal movements. Lesser
effects on the cones were exhibited by the lateral
connections of the renal fascia to the peritoneum
as well as connections of the anterior renal fascia
to the posterior surfaces of pancreas and duode-
num. The perirenal fat adapts to the shape of the
kidney within the fascia and moves with respira-
tion. It appears to protect the organ from sudden
changes and pressure, but is probably not of great
importance in supporting the kidney (328).
As the amount of perirenal fat decreases, the
mobility of the kidney increases. The kidney then
usually moves downwards (nephroptosis) since
the fascia layers are not fused at the lower pole.
Fixation of the kidneys may be impaired if the
strands between renal fascia and renal capsule are
poorly developed (328). Volkow and Delitzin
(361) felt that excessive mobility of the kidney
may result from anatomical deficiencies in the re-
nal fossae, i.e. that these are smaller than normal
and dilated at their lower end. Mathé (228) felt
that usually the right kidney was more frequently
affected than the left one and that this was at least
partly because the right renal fossa is shallower
than the left one and wider at its lower end.

Southam (328) found in his material that the
right fossa was in most cases more spatious than
the left one. Another reason for this is that the left

anterior renal fascia is stronger than the right one
and that this is based on embryologie reasons (fas-
cia of Toldt) (112).

Volkow and Delitzin (361) as well as Southam
(328) describe a clear difference in the shape of
the renal fossa of males and females. This may
explain why nephroptosis is more frequent in
females. In males the renal fossae were distinctly
pear-shaped narrowing down inferiorly, while in
females they were relatively narrow cranially and
broadened out to form a cylinder shape caudally.

Another mechanical function of the anterior re-
nal fascia (61) is to support the venous system
which drains some of the perirenal and pararenal
fat. These veins converge as they pass caudally
toward the apex and form two or three channels a
few millimeters in diameter. On occasion they
may be larger. At the caudal end they tend to
enter the perirenal fat and leave the cone through
the apex. They terminated in the internal spermat-
ic and iliolumbar veins.

2.3.3. The anatomy of posterior pararenal space
and CT identification

The posterior pararenal space which is symmetri-
cal to both sides extends between the posterior
renal fascia and transversal fascia and contains no
organs within it. It is filled with fat. blood vessels
and lymphatics. Interlacing fibrous strands may be
present (254, 328, 342). The compartment con-
tinues laterally as the properitoneal flank fat. This
is often visible on the plain film of the abdomen as
the so-called 'fatty flank stripe'. Superiorly it
forms a thin subdiaphragmatic layer of extraperi-
toneal fat which is located lateral to the medial
cms of the diaphragm and medial to the posterior
aspect of the spleen, along the adrenal but does
not extend subdiaphragmatically so far cranially as
the level of intraperitoneal cavities (247). Through
the retrocrural space potentially communication
to the extrapleural space of the thorax may exist
(34, 247).

Selective opacification of the posterior para-
renal space in cadaver studies (244, 254) demon-
strated that the axis is inferior and lateral. Medial-
ly it is limited by the psoas muscle and hence
parallels its course. When fluid is present in this



SI

DMG
2-10a 2-10b

Formation of fascia of Toldt

Figure 2-10a. at level of mesogastrium and b. at level of mesocolon. The three separate layers of the fascia of Toldt (T) are
marked. The primitive portions of the dorsal mesogastrium in a. and mesocolon in b. fuse with the primitive perirenal parietal
peritoneum.
AC: ascending colon; AO: aorta; DC: descending colon; DMG: dorsal mesogaslrium; GSL: gastrosplenic ligament; LK: left
kidney; LL: left lobe of liver; LMC; left mesocolon; LO: lesser omentum; LS: lesser sac; MT: mesentery of small intestine: PP:
parietal peritoneum; RK: right kidney; RMC: right mesocolon; SI: small interstine; SP: spleen: ST: stomach: VC: vena cava.
(Modified after Mitchell (254)).

space it may obliterate the psoas margin on con-
ventional radiograph. We were able on transverse
(figure 2-9a) and coronal (figure 2-9b., c.) CT
scans in patients to confirm these findings of
Mitchell (254) and Meyers et al (244) and illus-
trate the extent as well as location of this space. If
sufficient fluid is present it may displace the lower
pole of the kidney anteriorly and laterally as well
as upwards and may communicate on the right
side with the bare area of the liver (figure 2-
22d.).
Potentially the two posterior pararenal spaces are
in communication only via the properitoneal fat of
the anterior abdominal wall beneath the transver-
sal fascia. However such a communication seems
unlikely in a clinical situation. The posterior and
anterior pararenal spaces have anatomic continui-
ty with each other as well as with the pelvic ex-
traperitoneal tissue in the region of the iliac fossa.

The transversal fascia is a layer of dense collage-
nous-elastic connective tissue and is immediately
adjacent to the transverse abdominal muscle as
well as the quadratus lumborum and psoas (figure
2-9d). It is distinct from the fascia of these mus-
cles and attaches to the body of the lumbar verte-

brae. Fusion of the transversal fascia and the fas-
cia of the psoas may be formed at the lateral
border of the psoas muscle (337).

The transversal fascia continues caudally and
joins with the parietal layer of the endopelvic fas-
cia. The endopelvic fascia is the internal sheeting
fascia of the pelvis. The parietal layers cover the
pelvic muscles (levator ani, coccygeus, intrapelvic
portions of the obturator internus and piriform
muscles). The visceral layer covers the urinary
bladder, lower third of the ureters, vagina and
rectum. Cranially the fascia is continuous with the
endothoracic fascia of the chest.

2.4. Arrangements of the renal fascia

2.4.1. Introduction

The pertinent embryological and histological fea-
tures of the renal fascia are discussed in chapter
2.4.2. and 2.4.3. Opinions do not agree as to the
exact arrangements of the renal fascia. Netter
(263) in his studies felt that no single correct ver-
sion of the anatomy exists and this opinion was



shared by Martin (226) who felt that all descrip-
tions of the renal fascia are in a sense correct
though incomplete.

It seems that every imaginable arrangement of
the various layers of the renal fascia has been
described. Apart from the fact that just as other
parts of the body the fascia! planes show variations
in anatomy, the lack of consensus is most probably
attributable to various methods of investigation
employed by the different authors. Dissection and
fixation in cadavers can produce various artificial
cleavage planes or layers of extension (345), while
injected gas will diffuse through weak fascial bar-
riers, which liquids may not penetrate (10). CT
should be considered as another way of investigat-
ing these fascial planes (chapter 2.4.4.).

2.4.2. Embryology of the renal fascia

There is no clear agreement as to the embryology
of the retroperitoneum. Vogt (360) found that the
anterior renal fascia related with the primary
parietal peritoneum while the posterior renal fas-
cia related to the lamina propria of the parietal
peritoneum or, according to others (203). is
formed by the transversal fascia. Tobin (342, 343)
felt that the renal fasciae originated from local
condensation of retroperitoneal tissue and de-
veloped only when a kidney was present. In his
opinion the normal ascent of a kidney is necessary
for the formation of the perirenal fascial planes.
Baumann (23) added that a mechanical impulse
was needed for the development of the renal fas-
cia, particularly the posterior leaf.

In the absence of the kidney the fascial layers do
not form and in the area of the missing kidney
only fat and connective tissue can be found (24,
342). If a ureter is partially developed the fasciae
will be poorly developed and end cephalad at the
same level as the ureter (24). The fasciae will be
present in patients with ptotic kidney but with true
ectopia they are missing (249).

As the fascial planes develop a fusion between
the mesentery, the peritoneum and the anterior
renal fascia occurs. The dorsal mesogastrium and
the primitive mesocolon adhere to the posterior
abdominal wall and in this way reinforce the struc-
ture of the anterior renal fasciae (at the fetal age
of 4 months. Baumann (23)) (figure 2-10). This

fascial plane named after Toldt (339) consists of
three fused layers, i.e. the two layers of former
mesentery and the primitive perirenal parietal
peritoneum. The term fascia of Toldt is reserved
for that part of the anterior renal fascia which
relates to the colon. On the left it covers the
middle and lower pole of the kidney and on the
right only the low part of the kidney. On this side
the primitive mesocolon behaves in a similar
fashion, but because the colon is lower on the left
side a smaller part of the mesocolon relates to the
kidney. No remnants of the dorsal mesogastrium
relate to the right kidney.

Southam (328) confirmed that the anterior renal
fascia on the left is thicker and better developed.
This embryonic structure (fascia of Toldt) is of
little meaning in the adult and anatomically usual-
ly cannot be identified (339).

2.4.3. Histology of the renal fascia

2.4.3.1. Review of the literature. The renal fascia
is a condensed sheet of connective tissue contain-
ing dense to intermediate collagenous-elastic
fibres (61). It therefore has the characteristics of
connective tissue.

In the body, connective tissues have several
functions. They are structural and act as barriers
to spread of pathological processes. Many ele-
ments found in connective tissue are also present
in the circulating blood and lymph and it is said
that a dynamic equilibrium exists between the
connective tissue and these body fluids.

The connective tissue is formed from the follow-
ing three components: cells, fibers and matrix.

The fibrous elements consist of three types of
fibre, namely collagen, reticulin and elastin.

The fibers are orientated in an orderly manner
in the relationship between one cell and another
just forming sheets which develop into the fasciae
or aponeuroses, or when bundled into thicker
volumes, form ligaments and tendons.

Connective tissue has few blood vessels, but a
rich net of lymphatic vessels is found in most con-
nective tissues (128).

The histological description of the renal fascia is
scanty. Copies of microphotographs from an arti-
cle by Southam (328) show the histology of the
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Histology of the rt'tiat fascia and fibrous slrcmds

Figure 2-lla. Microphotograph showing the renal fascia (arrows) mainly consisting of dense fibres intermingled with few-
vessels.

Figure 2-lib. Microphotograph shoqing one of the fine connective tissue strands (arrow) passing from the fibrous capsule (FC)
of the kidney through perirenal fat (PRF) to renal fascia (arrow heads). RT: renal lunulus of kidney.
(Reproduced from Southam A.H.. The fixation of the kidney. Quarterly Journal of Medicine. Vol. 16. 283-3(17. 1923 by-
permission of Oxford University Press).

renal fascia (figure 2-1 la.. b.). This fascia is com-
posed of strands of fibrous tissue mixed with few
blood and lymph vessels and connected by fibrous
strands to the fibrous capsule of the kidney.

Thickening of the renal fascia will be found in
pathological processes such as hyperemia, edema,
fibrosis, extensive tumor infiltration or inflamma-
tion. However in the literature such processes
have been rarely demonstrated.

2.4.3.2. Original studies. We were able to ex-
amine the renal fascia in a 20 years old female.
The right retroperitoneal space was removed "en
bloc'. Because of its posterior location subtle pre-
paration requires a significant manipulation re-
sulting in some damage. In this rather obese
female perirenal fat was sparse. It is demonstrated
in figure 2-12, which is a photograph of the gross
specimen following fixation.

Microscopically we found no difference in the
thickness between the anterior and posterior renal
fascia. On high power magnification the fibrous

structures surrounded the lymph- and bloodves-
sels, (figure 2-13). Fibrous strands, as described
by Gerota (112) and Southam (328), were clearly
visible permeating the perirenal fat, but were less
clearly apparent in the pararenal fat. Because the
transversal fascia was not included in the specimen
the relationship between these structures and the
transversal fascia was not visualized.

2.4.4. Identification by CT of the renal fascia

2.4.4.1 Limitations of CT technique. Technical
improvement in the CT-scanners such as direct
magnifications allows for visualization of the renal
fascia in many instances on transverse scans and
occasionally on direct coronal and sagittal cuts.
When one sees a curvilinear structure on several
CT slices conforming with one of the anatomical
concepts it is labeled the renal fascia. We may not
have the same evidence as the anatomist can give
in the dissecting room since we are dealing with a



2-12
Figure 2-12. View of gross specimen of transverse cul right kidney with spread out fascia of Gerota (G). stripped off fibrous

capsule (FG). tabulated perirenal fat (PRF) and fibrous strands (FS).

living patient. The fascia is not always identified
and may be confused with vessels, such as the
inferior phrenic artery, mesenteric and splenic
vessels, renal veins, perirenal vessels or the peri-
toneum (figure 2- 14. 2-15). The fascia is particu-
larly difficult to identify in emaciated fat-depleted
adults or in young patients who have a thick renal
parenchyma (figure 2-8). Sometimes only the
laterodorsal parts around the lower pole of the
kidney, an area which is enriched with fat. may be
identified.

The reason for nonvisualization of the renal
fascia may be caused by the lack of contrast re-
solution, i.e. the lack of interface between the
renal fascia and kidney or other surrounding struc-
tures with a different density. The resolution pow-
er of the scanner does not depend only on spatial
resolution but also on the object contrast, also
called density resolution. Because generally the
density of the renal fascia is similar to soft tissue it

is necessary, in order to identify it and separate it
from surrounding tissues, to interface fat between
the fascia and the kidney. In patients where this
interface lacks, it will be difficult, if not impossi-
ble, to identify the fascia. For the same reason the
fibrous capsule of the kidney, and the transversal
fascia which are closely adherent to the kidney
and the transverse abdominal muscle respectively,
are generally not visualized by CT.

Any thin structures must have minimal depth in
order to be visualized on CT. Because the CT
slices are finite and display an average attenuation
coefficient of the entire volume the thin layer
which is not deep enough will be averaged out and
consequently not displayed as structure. For this
reason it is rare that trie entire renal fascia will be
shown, because the thickness of the tissue de-
pends on its orientation in the plane of the section.
This is also called partial volume effect and repre-
sents an apparent reduction in contrast tor struc-
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2-13b

Hisiologic suidv of' n'tuil fascia

Figure 2~l3a. "l"his microphotoiiraph (magnification 2'* x ) demonstrates the renat fascia (bic arrows) and the fibrous strands
(small arrouM ;is ihcy permeate the perirenal lilt (PRFl and arc connected to renal fascia ami fibrous capsule o\ the kidne\ (nol
visible on this slice). Piirarcnal tiit (PAF) demonstrates less clearly librnus strands.

f'~it>nrt' J-]Jh. Microphotoaraph (magnificati<in HM) x) oJ ihc renal lascia (arrows) shows condensaiion <>) fibrous tissue, and
some elastine surrounding bloodvessels (B) and few lymphvessels. AKo fibrous strands (open arrows) contain bloodvessels.



tures that are only partially contained within the
CT section of thickness. This is also a reason why
on CT the renal fascia may appear incomplete. In
order to indentify an interruption of the anterior
renal fascia as surgical, the perirenal space will
have to contain intraperitoneal structures like
small intestines (figure 2-16).

Parienty et al. (276) reported on studies in 100
consecutive CT scans in patients without renal and
pararenal pathology. Posterior or anterior renal
fascia was seen on at least one CT slice on both
sides in 54% of the patients. They failed to show
the anterior right renal fascia in 38% and both
anterior left and right in 9%. All four fascial
leaves (anterior and posterior, left and right) were
absent in 8%. Age distribution of these patients
was not mentioned in this study. These findings
were compared in our study of 100 consecutive
scans without renal, perirenal and pararenal dis-
ease and similar results were obtained. In our
study at least one CT cut demonstrated normal
anterior and posterior renal fascia on both sides in
56% of the patients. CT failed to show the right
anterior renal fascia in 10%, the left in 2%, both
anterior renal fasciae in 17%, one or both pos-
terior renal fasciae in 4% and all four fascial
leaves in 11%. See age distribution table 2-1.

Patients over the age of 40 years seemed to have

accumulated more peri- and pararenal fat. We
found no significant difference in the thickness of
the anterior from the posterior renal fascia, a fact
described by many anatomists. When both renal
fasciae were seen, usually in obese patients, the
anterior renal fascia appeared more 'incomplete'
or "interrupted" than the posterior renal fascia.

To adequately study the anatomy of the renal
fascia, we had to resort to using thickened renal
fasciae due to pathological processes. In these pa-
tients these structures were clearly visible.

2.4.4.2. When is the renal fascia called normal on
CT. The normal renal fascia is a fine, thin, curvi-
linear line of increased attenuation against the
background of the retroperitoneal perirenal and
pararenal fat. Whenever the renal fascia becomes
too prominent or appears unusually clear one
must assume that it is thickened. Nicholson (266)
attempted to measure the fascial thickness in pa-
tients viewing the fascial planes with a 5 x magni-
fication. The normal thickness of the fascial planes
is 1-2 mm. Fascia that is focally thickened or
greater than 2-3 mm in width is usually abnormal.

Accurate measurements remain difficult for
several reasons. It is difficult to position the elec-
tronic caliper accurately especially since the edge
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Table 2 - 1 . Visibility of the renal fascial planes in 100 consecutive patients without retroperitoneal pathology (with age
distribution).



2-14c 2-14d
Pitfalls ,n the appearance of the renal fascia - capsular vessels

Figure 2-14a. Direct coronal CT section demonstrates a renal cell limior IM) in right upper pole with visible right thickened
renal fascia (white arrows). Curvilinear structures at lower pole are capsular vessels (arrow heads). Diflcrentiation from renal
fascia may he difficult on occasion.

Figure 2~l4h. Selective angiogram of right renal artery demonstrates prominent capsular vessels (arrows| (parasilie arterial
supply to renal tumor (M)). Compare with CT scan in a.

Figure2-Nc. More dorsal direct coronal CT section demonstrates the renal luscia enne (amnvs| around the right kidney ( RK).
This is not the capsular vessel demonstrated in h.

Figure 2~14d. Transverse CT scan through hilum of right kidney reveals both. Bin arrow points (o prominent capsular vessel
and small arrows to posterior renal fascia.



2-15c 2-15d
Structures mimicking the renal fascia

Figure 2-15a. Arrows point to inferior phrenic artery originating from aorta (AO) just underneath theleluiiaphraj:malic pillar
(arrow head). This structure should not he confused with most cranial part of anterior renal fascia.

Figure 2-15b. Splenic vein (SV) should not confuse the viewer because of its typical course under ihe pancreatic tail (PT). LA:
left adrenal: LK: lelt kidney.

Figure 2- 15c. Arrow indicates not the anterior renal fascia hul a mescnieric artery originating from SMA (superior mesenteric
artery).

Figure 2-I5J. White arrows point lo anterior renal fascia at left side. Open arrowheads designate a parallel slightly irregular
linear structure which is a mesenteric vessel. DC: descending colon: SI: small intestine.

of the fascia is ill-defined. In addition in the edge

there is volume averaging taking place, thus de-

pending on window setting the fascia may appear

unusual thin (182). With some experience it is

generally easy by visual inspection to identify an

abnormal fascia and appreciate thickening.

Occasionally fasciae scanned in oblique view

may appear thickened. However usually this is not

a problem unless the fascia is abnormal. Demon-

stration of the tip of the spleen or liver may sug-

gest a thickened fascia due to partial volume effect

when only a small rim of parenchyma is included



(figure 2-17a., b.). Similar problems may arise at
the termination of the posterior renal fascia and
the quadratus lumborum muscle (figure 2-17c).
Differential diagnosis with other structures such as
vessels has been discussed in chapter 2.4.4.1.

2.4.4.3. Vascularity of renal fascia: bolus techni-
que. Histologically the renal fascia demonstrates
moderate vascularity (figure 2-11, 2-13). There-
fore after bolus injection of contrast medium dur-
ing nephrotomography the fascia may appear
clearer than without the injection of contrast (227,
367).

Parienty et al. (276) failed to appreciate any
changes in the density of the renal fascia compar-
ing studies done with and without intravenous in-
jection of iodinated contrast material in CT ex-
aminations. They concluded that there was no
evidence that the thickening or the visibility of the
renal fascia relates to hypervascularization. Sub-
ramanyam et al. (333) reported a case of a patient
with xanthogranulomatous pyelonephritis in
whom hyperemia of the renal fascia was observed
during intravenous contrast enhanced scans. In
our experience with many patients in whom rapid
sequence bolus contrast medium was injected no
thickening of the renal fascia after the injection
was observed. Only in rare instances usually when
perirenal collaterals were present did the renal
fascia appear thicker after contrast injection,
though it is not a real thickening. This was espe-
cially the case in renal cell carcinomas (figure 2-
18a., b.).

2.4.5. Cranial extent of anterior renal fascia

Anatomy. There is great variation in the cranial
extent of the anterior layer of the renal fascia (61).
The highest extent on the left reaches a cleft
bounded by the abdominal oesophagus and the
peritoneal bare area of the stomach anteriorly and
the left crus of the diaphragm posteriorly (figure
2-19). This finding is by no means reliable, some-
times the fascia reaches only to the anterior sur-
face of the suprarenal gland. On the right side the
anterior renal fascia is said, according to Vogt
(360) to terminate more consistently at the level
where the transverse mesocolon attaches to the

dorsal wall or in the absence of such mesentery
where the colon fuses to the abdominal wall (the
level is approximately at the mid-height of the
right kidney). Zuckerkandl (391) and Baumann
(23) found based on microscopic studies, no
anterior fascia cranial to the level of the fascia of
Toldt. Others (112, 216, 311, 328, 357) stated that
the leaves of the anterior and posterior renal fas-
cia meet cranially in such a manner as to enclose
the upper poles of both kidneys. Congdon and
Edson (61) could not confirm this findings and
stated: 'to effect such an enclosure one must have
recourse to large stretches of peritoneum as well
as inferior phrenic fascia and this would not con-
stitute a renal fascial enclosure'. In more than one
half of their cases on the right side they found only
tracings of a delicate sheet of fascia overlying the
upper pole of the kidney. It was usually separated
from the peritoneum by a scarcely more than mic-
roscopic layer of fatty tissue (figure 2-20a.) and
might at surgery have been considered as part of
the peritoneum.

In most preparations of Congdon and Edson
which lacked this delicate layer, the anterior renal
fascia was limited cranially by the line of attach-
ment to the mesocolon (figure 2-19). In only
three of the 74 patients studied did the renal fascia
include the suprarenal glands.

Gerota (112) felt that the anterior renal fascia
was closely related to the peritoneum and
attached to the tunica fibrosa of the kidney by
loose connective tissue. This connection was spe-
cially apparent near the upper pole. Southam
(328) noted that whenever the anterior renal fas-
cia came into close relationship to the peritoneum
the two blended together, but could be dissected
from one another (figure 2-20b.). Near the upper
pole of the right anterior renal fascia it blends with
the right inferior coronary ligament at the level of
the bare area of the liver forming a reinforcement
of the peritoneum to the hepatorenal ligament,
thus forming the frontal boundary of the hepa-
torenal recess, or right posterior subhepatic space
(Morison's pouch) (174) (see chapter 3.4.).

Only when fused with the intervening connec-
tive tissue of adjacent viscera such as colon,
duodenum and pancreas the anterior renal fascia
becomes clearly visible as separate entity behind
the parietal peritoneum (254).
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2-17c
Pseudothickening of renal fascia due to neighbouring organs

Figure 2-l7a., b. Posterior renal fascia (black-white arrows) seems thickened due to partial volume effect with in a. liver rim
and in b. distal part of spleen (small arrows).

Figure 2-17c. Asymmetrical quadratic lumhorum muscle (QI-) (black arrow) should not be considered as locally thickened
posterior renal fascia which is normal (black-white arrow).



2-18a

2-18b

Pseudothickening of renal fascia afier bolus injection

Figure 2-lHa. Left renal cell carcinoma (M) with medial extension (big black arrow). Posterior renal fascia is designated by
black-white arrow and prominent vessels (serpentinous or pointlike structures, arrow heads). N: enlarged lymphnodes.

Figure 2-lHb. Same patient as in c. After intravenous bolus injection of iodinatcd contrast the posterior renal fascia
(black-white arrow) seems more thickened but this was due to perircnal venous collateral circulation lying against the renal fascia.
Left renal vein (LRV) is infiltrated in the hilum (black arrow).

Identification by CT. In patients with adequate
amounts of fat on occasion the left anterior renal
fascia may be visualized on cranial abdominal sec-
tions. Usually the location is in front of the left
adrenal gland (figure 2-21a.). This is not the case
on the right side. On the right side the fascia is
occasionally visible at lower levels under the sur-

face of the liver (figure 2-21b.).
In sections taken at the level between liver and

the duodenum, because of increased amount of fat
in this region the fascia becomes more often visi-
ble (figure 2-2lc , d.). This disagrees with Vogt's
studies (360) that the right anterior renal fascia
does not extend higher than the attachment of the



2-19
Figure 2-19. Congdon and Edson"s frontal anatomical view of renal fascial planes. Both kidneys, pancreas and duodenum were

removed. The posterior renal fasciae (PG) are visible through an artifical window in anterior renal fasciae (AG). The right
posterior renal fascia extends more craniallv than «he right anterior renal fascia. AP: apex of perirenal cone: LC: lateroconal
fascia: PCG: paracolic gutter; PS: psoas muscle (Reproduced and adapted from Congdon and Edson: the cone of the renal fascia
in the adult white male. Anat. Rec. 8(1. 289-305. plate I. 1941 with permission of the editor).

PG

2-20a 2-20b
Figure 2-20a. Delicate layer of anterior right renal fascia (AG) separated from peritoneum by a very thin layer of fat.
Figure 2-20h. Transverse section through right kidney of an adult male at level of hilum. Parietal peritoneum (PP) is separated

from the anterior renal fascia (AG). AO: aorta; LC: lateroconal fascia: PG: posterior renal fascia: RK: right kidney; RL: right
lobe of liver; VB: vertebral body. 1: anterior pararenal space, 2: perirenal space. 3: posterior pararenal space (reproduced and
adapted from Southam A.H. The fixation of the kidney. Quarterly Journal of Medicine. Vol. 16. 283-3(17, 1923 by permission of
Oxford University Press).



2-21a

2-21b

Cranial extent of anterior renal fascia

Figure 2-2la. A thickened anterior renal fascia (due to pancreatitis) is visible in Iron! of left adrenal (LA) (arrow) extending
from left crus of diaphragm (LCD) between left kidney (LK) and spleen (SP).

Figure 2-21 b. A patient with a structure judged as right anterior renal fascia (arrows) under surface of right liver (Rl.) but not
visible between liver and caval vein (VC).



2-21c

RL

2-21d

Figure 2-21c, d. In these two patients the anterior renal fascia is visible between right liver (RI.) and duodenum (DU) but not
between duodenum and right adrenal (RA). AO: aorta; LA: left adrenal; PH: pancreatic head; SMA; superior mesenteric artery;
ST: stomach; VC; vena cava.



34

2-22c 2-22d

Discrimination anterior renal fascia - peritoneum

Figure2-22a., h. Where fluid is present in Morison's pouch on the right side and splenorenal recess on the left (black arrows),
is the anterior renal fascia not disccrnable from peritoneum (white arrows). It is only possible where anterior pararenal fat (I) is
present in b. (black-white arrows). The posterior renal fasciae are thickened in b. (arrow-heads) in this case of pancreatitis. FHC":
hepatic flexure of colon; LS: lesser sac: M: pancreatic mass.

figure 2-22c. Pancreatic abscess in anterior pararenal space (1). The right part of this space does not extend laterally as far as
the left one at this level. Its lateral boundary is discernahle (small white arrows) from subhepatic ascitic fluid (A). On the left side
the lateral boundary is indicated by small white arrows. The lateroconal fascia (big black arrow) is also surrounded by fluid in the
posterior pararenal space (3).

Figure 2-22d. Different pancreatitis patient with fluid in the right part of anterior pararenal space (1) under the surface of the
liver (small black arrows) extending more laterally. On a higher section no anterior pararenal space was visible under the liver.
Big black arrow points to the lateroconal fascia surrounded also by posterior pararenal fluid (3). AO: aorta: DC: descending
colon; DU: duodenum; PB: pancreatic body: PH: pancreatic head: PT: pancreatic tail: VC: vena cava.



2-22e 2-22f

Figure 2-22c. f. Same patient as in figure 2-22d. When going caudally. the peritoneum under the liver (small hlack arrows)
becomes more separated from the anterior renal fascia due to fluid in anterior pararenal space (I). However the lateroconal fascia
(bin hlack arrow) is surrounded by fluid, this structure is still definable (courtesy Jos van Engelshoven M.D.. St. Annadal
Hospital. Maastricht).

H II

2-23a 2-23b

Adrenal and fascial planes

Figure 2-23a. A fascial structure (arrowheads) is visible between left adrenal (LA) and left kidney. It seems a continuation of
the anterior renal fascia (arrows). LDP: left diaphragmatic pillar; PB: pancreatic body.

Figure 2-23h. After trauma the left kidney was removed. The left adrenal is visible with its own fat (big arrow). Small arrows
indicate non-contrast filled bowel loops in the renal fossa.



2-24c 2-24d

Latcroconal fascia

Figure 2-24a. Normal fascial planes. Small white arrows point to anterior renal fascia, white arrowheads to posterior renal
fascia and black-white arrows to lateroconal fascia continuing in parietal peritoneum. AC: ascending colon: DC: descending
colon.

Figure 2~24b. Thickening right posterior renal fascia (arrows). Ascending colon (AC) is pressed against latcroconal fascia
which is not visible therefore. Right kidney (RK) is enlarged. There are enlarged lymphnodes (N) around aorla (AO). VC: vena
cava.

Figure 2-24c. Pancreatic fluid (F) in anterior pararenal space with blurring of lateroconal fascia (black-white arrows).
Figure 2-24d. Pancreatic fluid in posterior pararenal space (3) accentuating posterior renal fascia (arrowheads) and lateroconal

fascia (small arrows). LK: left kidney. M: mesenterial mass. 2: perirenal space.

transverse colon. When fluid such as ascites is
present in Morison's pouch, which is the posterior
subhepatic space, or in the splenorenal recess, no
discrimination between the posterior parietal peri-
toneum or the anterior renal fascia is possible.

The anterior renal fascia is only potentially visi-
ble when pararenal fat or fluid are present (figure
2-22a.. b.). In the infrequent situation that right

anterior pararenal fluid collection is present, fluid
may distend this space and separate the anterior
renal fascia from the peritoneum. The right ante-
rior pararenal space does not extend laterally as
far as the left one at the level of the liver at cranial
sections (figure 2-22c). but extends more lateral-
ly and becomes more spacious when ranging more
caudally (figure 2-22d.. e., f.).
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2-25c 2-25d

iMit'rut t'xtt'M left renal fasciae

Figure 2-25ci. In a patient with pancreatic tumor (M) the left anterior renal fascia is clearly visible (arrowheads|. Black-white
arrow points to fusion of anterior and posterior renal lasciae under the spleen (SP) with ascitic fluid (A) in splcnorenal recess and
lateral from liver, spleen and duodenum (DUI. Right anterior pararenal fat 11) is visible with anterior renal fascia (white arrow )
Left kidney demonstrates a cyst (C). AO: aorta; GI5: gallbladder: SMA: superior mesenterie artery; SV: splenic vein: S I :
stomach.

Figure 2-2?h. Patient with suhcapsular hematoma (Hi of left kidney. The left anterior renal fascia (black arrows) is free from
spleen and fuses with posterior renal fascia underneath spleen (SPl (thick black arrow).

Figure 2-2?c. Fusion of left anterior renal fascia (white arrows) to spleen medially f black-white arrow).
Figure 2-25tl. After splenectomy Ihe left anterior renal fascia (black-white arrow ) is clearly \isihle (('A: ealeilication).



At the level of the vertical colon segments both
parts of the anterior pararenal space appear sym-
metrical.

Figure 2-23a. demonstrates a fascial plane be-
tween the left adrenal and left kidney which seems
a continuation of the leaf of the anterior renal
fascia. This may suggest the existence of a fascial
plane between the adrenal and the kidney. It con-
firms the opinions of the many authors who claim
a thin layer of fascia present between kidney and
adrenal. CT identification of such a fascial plane is
rare, usually only fat can be identified between the
kidney and the adrenal, though sometimes one
has the impression that the periadrenal fat is in its
own compartment (figure 2-23b.).

2.4.6. Lateral extent of both renal fasciae.

Anatomy. Congdon and Edson (61) stated that the
lateral borders of the anterior renal fascia are as
follows (figure 2-1 . 2-2): cranial to the colon is
the posterior peritoneal fossa space which con-
tains the right lobe of the liver on the right side
(hepatorenal recess or subhepatic space) and the
spleen on the left side. The anterior and posterior
renal fascia fuse to the peritoneum, usually com-
bined for a short distance along a common line.
The left anterior renal fascia at its highest extent
fuses with the peritoneum where it reflects ante-
riorly up to the left wall of the lesser sac. As one
follows the lateral borders of the renal fascia more
distally both on the left and right side the anterior
renal fascia lies behind the ascending or descend-
ing colon, on the right and left sides of the body
respectively. The borders of the renal fasciae
bilaterally fuse along a line into the lateroconai
fascia. The name lateroconai fascia is coined by
Congdon and Edson (61) because of its location
lateral to the perirenal space. This is also called
the cone of the renal fascia since it tapers inferior-
ly. This fascia increases progressively in length as
it ranges distally. The lateroconai fascia traverses
laterally in a transverse plane as it relates to the
posterolateral surface of the colon and fuses with
the lateral parietal peritoneum which lines the
paracolic gutter, i.e. the longitudinal space be-
tween vertical colon segment and the parietal peri-
toneum (see chapter 3.4.). Some of the prepara-

tions in Congdon and Edson's study did not show
a lateroconai fascia. Here the anterior and pos-
terior renal fascia were fused with the lateral peri-
toneum along a common line or occasionally along
two separate lines.

The diagrams of Netter (263), Marx (227) ynd
Hollinshead (155) show no lateroconai fascia
along the kidney below the level of liver and
spleen. Netter mentioned in his text instead that
the lateral renal fascia after joining laterally to the
kidney, extends and blends with retroperitoneal
tissue. These figures suggest a free communication
lateral from the perirenal cone between the ante-
rior and posterior pararenal space.

Southam (328) did not describe a lateroconai
fascia per se but stated that the anterior and pos-
terior renal fascia join at the outer border of the
kidney forming a well-marked band, which passes
out behind the peritoneum to join the transversal
fascia (thus no relation with the peritoneum).

Identification by CT. At the level of the ascending
and descending colon the lateral fusion of both
renal fasciae can be confirmed by CT. The plane
of fusion is along a line which serves as the origin
for the lateroconai fascia. The lateroconai fascia
has a variable length as seen on CT and is best
visible on transverse cuts (figure 2-24a.) but may
be seen less clearly when the colon is pressed
against the lateroconai fascia (figure 2-24b.).

It continues gradually to the parietal peri-
toneum. The lateroconai fascia becomes accentu-
ated when fluid accumulates in the anterior para-
renal space (figure 2-24c). The same applies to
fluid present in the posterior pararenal space (fig-
ure 2-24d.). However when fluid is present in
both unilateral pararenal spaces the lateroconai
fascia will not be well seen because it is sur-
rounded on all sides by fluid (figure 2-22c, d., e.,
f.). Fusion of the anterior and posterior renal fas-
cia without the lateroconai fascia, may be visible
on CT at the level just below the liver or spleen,
(figure 2-25a., b.). On slightly more cranial sec-
tions the anterior renal fascia is incompletely seen
around the medial aspect of the spleen, but ter-
minates at the medial border of the spleen fusing
with the peritoneum thus forming the splenorenal
recess (figure 2-25c). Post splenectomy the
anterior renal fascia most likely combined with the
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2-26a

2-26b

Medial extent of both renal fascine t.study uf Mitchell. 1950)

Figure 2-2f>a. The right pcrirenal space (2) and left posterior pantrenal (3) space have been injected in a slill horn infant with
barium. The two layers of the renal fascia (arrows) bleiul with the connective tissue around the sreat vessels (AO: aorta ami VC:
vena cava). No distinct layers of fascia either anterior or posterior of the great vessels can be distinguished.

Figure2-2f>h. The same specimen as in the previous figure at lower level. The perirenal space \2) is very spacious and the two
layers of the renal fascia (arrows) merge into the connective tissue surrounding the greal vessels. Note the medial termination ol
the posterior pararenal space (3) (arrowhead) at the quadratus lumhorum ( 0 1 ) muscle.

Reproduced and adapted from Mitchell G.A.G.: '
and editor.

'he renal fascia. Br. J. Surg. 37: 2?7-2«i. |V5(l with permission of the author
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peritoneum may become clearly visible on CT
(figure 2-25d.).

2.4.7. Medial extent of anterior renal fascia and its
relation to the contralateral fascia.

Anatomy. The medial extent of the anterior renal
fascia and its relationship to the contralateral one
are the most disputed features of the fasciae in the
renal area.

Sappey (311), Zuckerkandl (391), Gerota (112)
all claimed that continuity of the anterior renal
fascia from left to right exists. However Porrier
(280) disputed this finding and Southam (328)
agreed with him. They were unable to document
an extension across the midline. In their studies
the fascial material could be traced as far medial at
the pancreas and to the root of the mesentery but
disappeared at that level in other elements of con-
nective tissue.

Mitchell (254) felt that continuity of the anterior
renal fascia could only be demonstrated by artifi-
cial cleavages. His injection experiments sup-
ported the view that the two anterior layers are
discontinuous In his studies the fascial plane
attached to bodies of the lumbar vertebra or inter-
vertebral disks a short distance in front of the
attachments of the posterior layer of the renal
fascia (253). In later studies he contended that the
two anterior renal fasciae blended medially into
connective tissue surrounding the great vessels in
the root of the mesentery and behind the pancreas
and duodenum (figure 2-26) (254).

Toldt (344) claimed that the left and right ante-
rior renal fasciae were continuous with a fascia or
connective tissue which related to the posterior
surface of the pancreas and duodenum. Congdon
and Edson (61) described that, when well-de-
veloped, the medial border of the anterior layer of
the renal fascia presented a cranio-caudal series of
four dissimilar compartments:
1. The most cranial division of the medial border

of the anterior layer is more often found on the
left side than on the right, probably because of
the lower right cranial extent of the fascia. It
usually blended with the areolar tissue adjacent
to the midline.

2. The next portion was on the right side most

frequently in continuity with connective tissue
layers on the posterior surface of the third part
of the duodenum, in few it was also related to
the lateral and anterior surface of the duode-
num. On the left it always related to the post-
erior surface of the body of the pancreas but
occasionally reached to the posterior surface of
the descending duodenum.

3. The next segment, the least consistent one,
extended on the right cranially to the duode-
num and on the left to the caudal border of the
pancreas or duodenum. As it approached the
midline it passed anterior to the vena cava and
the aorta. On occasions it failed to reach the
level of the ureter.

4. The most caudal segment of the medial border
on either side was in most instances firmly
fused to the psoas fascia and posterolaterally to
the ureter. In most cases it was possible to split
the fascia of the psoas fascia. When this done,
Congdon and Edson found that it was in con-
tinuity with an unfused medial part usually
passing anterior to the ureter. However at
times the fascia did not reach the ureter while
in others the ureter was embedded in it. This
part of the fascia was usually very thin and
might have easily been missed during surgical
dissection. Usually the medium border reached
2'/: cm from the midline. In a few midsagitta]
dissections the fascia was traceable to that level
and therefore may have continued into the con-
tralateral side.

Martin (226) claimed that on the basis of anato-
mical cadaver studies, the fascia could be traced
from the anterior aspect of one kidney across the
midline to the anterior aspect of the other. The
fascia was thin, lay in front of the aorta and its
continuity across the midline could be traced su-
periorly only to the level of the origin of the super-
ior mesenteric artery. Above this level the anter-
ior layers of fascia turned forward and merged
with a mass of connective tissue surrounding the
origins of the celiac axis and superior mesenteric
nervous plexi.

Identification by CT. On the most cranial sections
fusion of the anterior renal fascia to the di-
aphragm may be visible (figure 2-21a.). On the
right the anterior renal fascia is commonly fused
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2-27c 2-27d

Medial extent of anterior renal fasciae

Figure 2-27u. Left anterior renal fascia is designated by white arrows and terminates or fuses clorsai to splenie vein (SV) and
pancrcatitic fluid (F). Arrow heads point to frontal boundary of >i .lerior pararenal space (1). SMA: superior mesenterie artery. 2:
perirenal space.

Figure 2-27b. Another patient with pancreatitis. Black arrows point to anterior renal fascia which spans the midline behind
SMA at level of left renal vein (LRV). Black-white arrows designate left and right anterior renal fascia and arrowheads posterior
renal fascia.

Figure 2-27c. Infiltrate (M) in gallbladder carcinoma (GB). The continuation of both anterior renal fasciae is clearly visible in
the midlinc (arrows) at the level of the renal hilum. Note a special fascia) sheet hetween anterior renal fascia and psoas muscle
(PS) at the left side is present (arrowheads), see chapter 2.4.9.

Figure 2-27J. A patient with thickened fasciae after left hcmicolectomy. The continuation in the midline of anterior renal
fasciae is visible (white arrows) at the level of the renal hilum. The left part of anterior pararenal space (I) is empty (except fat).
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2-28c 2-2M
Medial extent of anterior renal fascia

Figure 2-2Sa. Patient with metastatic lymph node disease (black N: mesenterial lymph nodes, white N: paraaortie lymph
nodes) and ascites (A). The renal fasciae are thickened and anterior renal fasciae (black arrows) are continuous at the level where
left renal vein (LRV) crosses over the aorta (AO) and drains into eaval vein (VC). Led anterior pararenal fat (1) is easily
identifiable. Note: obstructed right kidney.

Figure 2~2fib. Renal cell tumor (M) of right kidney with perirenal extension and thickened right anterior renal fascia
(black-white arrows) in from of great vessels but no continuation to the left side. The right renal fascia is also visible under surface
of liver (white arrows). Capsular vessels (arrowheads) are present.

Figure 2~2Sc. Metastatic lymph node disease (N) in bladder carcinoma with thickened anterior renal fasciae (black arrows),
close to the psoas muscle (PS). In front of the aorta (white arrow) no clear continuation of the anterior renal fascia. Note:
hydroureter at left side (UR: ureter).

Figure 2-2Kd. Left anterior renal fascia fuses with psoas muscle (PS) below level of kidneys. DC: descending colon: IL: iliacus
muscle.



2-29c 2-29d

Posterior renal fascia anti posterior pararenul space

Figure 2-2Va. Black-white arrows point to anterior renal fascia around lelt adrenal (I. A). Arrowheads designate posterior renal
fascia meeting the anterior renal fascia at place of curved arrow.

Figure 2-2Vb. Air collection in posterior pararenal space (3) after surgery. Note its extension (arrow) between aorta (AOl.erus
of diaphragm (arrowhead) and left adrenal (LA). Air bubbles are also visible around spleen (SI') in Hank fat. the continuation of
posterior pararenal space.

Figure 2-29c. Phlegmonous infiltration ol anterior pararenal space (1, arrows) with extension in left posterior pararenal space
(3). The perirenal fat (2) is not contaminated. I.DP: left diaphragmatic pillar.

Figure 2-2Vd. Fluid in left perirenal space (2) with thickened anterior renal fascia (arrowheadsl. fibrous strands (open arrows)
and diaphragmatic pillars (closed arrows). The posterior renal fascia is not disccrnahle from diaphragmatic pillars.
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2-30c 2-30d
Medial extent of posterior renal fascia

Figure 2-iOa. Posterior pararenal fluid (3) on the right side at bare area of liver. The posterior renal fascia is thickened and its
very cranial course behind the right kidney (RK) extending to the diaphragmatic pillar is visible (arrows).

Figure 2-30b. Different patient. Section at level of left renal vein (LRV). The left posterior renal fascia terminates at the
middle aspect of the psoas muscle (PS). N: enlarged lymph nodes.

Figure 2-JI0c. Different case with thickened left renal fascial planes in lymph node disease (N). Left renal pelvis (LRP) is
obstructed. The posterior renal fascia (black-white arrows) terminates very medially on the psoas muscle (PS).

Figure 2-30d. Thickened renal fascial planes at right side. The right posterior renal fascia (white arrow) terminates at level of
apex of perirenal cone (2) at medial side of psoas muscle (small black arrow). The right anterior renal fascia (black arrow)
continues in front of ureter (UR) to great vessels.

with the posterior surface of the duodenum and
pancreatic head with no demonstrable medial con-
tinuation to the left and also on the left the anter-
ior renal fascia fuses, dorsal to the splenic vein or
dorsal pancreas (figure 2-27a.). The anterior re-
nal fasciae therefore are not always separable
from the pancreatic tissue. On occasions, especial-

ly when thickened, the continuation of both anter-
ior renal fasciae across the aorta behind the pan-
creas may be identified. This is usually at the level
where the left renal vein crosses the aorta or on a
slightly lower level (figure 2-27b., c . d., 2-28a.).
If the anterior renal fascia is not thickened this
continuity is far more difficult to appreciate.
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A differential diagnostic problem may be mis-
taking the posterior parietal peritoneum for renal
fascia as it continues across the midline posterior-
ly. The posterior boundary of the greater peri-
toneal cavity crosses the midline below the level of
the root of the mesentery and confusion with the
anterior renal fasciae seems therefore unlikely.

On sections below the renal hilum termination
of the anterior renal fascia is in connective tissue
which surrounds the great vessels (figure 2-28b.,
c.) and on lower cuts below the level of the kid-
neys the anterior renal fascia may fuse with the
anterior face of the psoas muscle (figure 2-28d.).
The relation with the ureter is described in chapter
2.4.10.

2.4.8. Cranial and medial extension of posterior
retail fascia.

Anatomy. The cranial extent of the posterior renal
fascia as described by Congdon and Edson (61) is
about the same level bilaterally. The average cran-
ial extension was opposite the upper half of the
L2 vertebral body. The highest extension was
found at the level of the body of T12 and the
lowest between L3 and L4. Baumann (23) found
the most cranial extent to be at the level of the
diaphragm. Most authors when dealing with this
point mentioned that the posterior renal fascia is
fixed to the diaphragm after fusing with the anter-
ior renal fascia.

It is generally agreed that the posterior renal
fascia does not communicate with its contralateral
counterpart. Zuckerkandl (391) and Charpy (49)
originally claimed that the posterior renal fascia
ended at the medial aspect of the kidney fusing
with the tunica fibrosa. However, Congdon and
Edson (61) described the medial border in the
caudal part fusing with the fascia surrounding the
lateral aspect of the psoas muscle. Occasionally it
also fuses with the psoas fascia on the anterior
aspect of the muscle, or may terminate postero-
laterally fusing with the anterior face of the quad-
ratus lumborum muscle. As one proceeds cranial-
ly the medial line of fusion of the posterior renal
fascia gradually withdraws laterally on the psoas
fascia until the posterior border of the muscle is
reached. It then passes onto the quadratus lum-
borum fascia for a short distance. Frequently the

line of fusion passes further from the quadratus
lumborum fascia to join with the inferior phrenic
fascia in the vicinity of the lateral lumbo-costal
arch. Their decriptions are visualized in the trans-
verse diagrams of figures 2-1 and 2-2 and in a
frontal plane in figure 2-19.

Identification by CT. Identification by CT of the
medial extension of the posterior renal fascia is
strongly dependent on the level of scanning. Only
rarely is a cranial fusion between anterior and
posterior renal fascia seen on CT (figure 2-29a.).

The posterior renal space seems to extend very
cranially. This has been demonstrated in clinical
situations by the presence of gas or fluid collec-
tions in this space (figure 2-29b., a ) . Based on
transverse CT scans the medial extent of the pos-
terior renal fascia seems to be, in most cases much
less cranially than the anterior renal fascia or
more probably is not distinguishable from the
diaphragmatic pillars. Cranial abdominal sections
of patients with fluid present in the perirenal space
demonstrate thickened diaphragmatic pillars with-
out visible pararenal fat (figure 2-29d.). This is
probably caused by compression of posterior para-
renal fat by the fluid collection.

At the level of the renal hilum the posterior
renal fascia terminates at the mid portion of the
psoas muscle as demonstrated also in the anatomic
cuts of Southam (figure 2-20) and Martin (figure
2-33b.). After fusing to the psoas muscles the
posterior renal fascia gradually withdraws from
that muscle towards the quadratus lumborum.

This relation of the posterior renal fascia at the
lower pole of the kidney is the most frequent one
observed. These relationships have clinical im-
plications as related to the perirenal fat and psoas
muscles in perirenal and renal pathology (chapter
3.3.3.). The posterior renal fascia is on lower cuts
again fusing with the psoas muscle (figure 3 -
30d.).

Only on high sections to the level of the renal
hilum and below the level of the apex of the pe-
rirenal cone, will there be a close relationship
between the posterior pararenal fluid collections
and the psoas muscles. Figure 3-31 demonstrates
our vision of the fascial planes in a transverse
plane. The left side was chosen because it was
better and clearer visualized. Our CT study dis-
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PG
LC 2-32

2-31

Figure 2-3la., lo f. Our vision of the fascial planes in a transverse plane at different levels.
Figure 2-32. Relations of posterior renal fascia to psoas muscle and quadratus lumborum muscle in a sagittal plane.

AO: aorta; AG: anterior renal fascia; DC: descending colon; DS: deeper stratum; FC: fibrous capsule; IL: iliacus muscle; LA:
left adrenal; LC: lateroconal fascia; LDP: left diaphragmatic pillar; LK: left kidney; LRP: left renal pelvis; PG: posterior renal
fascia; PP: parietal peritoneum; PS: psoas muscle; TF: transversal fascia; OL: quadratus lumborum muscle. 1: anterior pararenal
space. 2: perirenal space. 3: posterior pararenal space.

agrees only with the most cranial sections of Cong-
don and Edson's anatomical studies (figure 1-1,
1-2). Figure 3-32 demonstrates schematically the
relations of the posterior renal fascia to the psoas
and quadratus lumborum muscle in a sagittal
plane.

2.4.9. Medial fusion of anterior and posterior ipsi-
lateral renal fascia

Anatomy. According to Southam (323) the layers
of the renal fascia join at the inner border of the
kidney but they do not fuse. Knight (179), Poirier

(280) and Tobin (337) claim that the layers of the
renal fascia approximate each other in the adult at
the hilum of the kidney and become adherent to
the renal pelvis and vessels. In their original de-
scription Gerota (112), Zuckerkandl (391) and
Sappey (311) claimed that there is bilateral con-
tinuity of the perirenal compartment deep to the
anterior renal fascia, but the injection experi-
ments with barium combined with X-ray studies
by Mitchell (253, 254) and Meyers et al. (244)
have shown that the two perirenal spaces have no
actual or potential direct communication. In pe-
rirenal air insufflation, however, the air may
spread to the opposite renal space in approximate-
ly 10 per cent of the cases (317), but it is felt (343)
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AG turned
medially

2-33a

2-33b

Deeper stratum

Figure2-33a. Frontal anatomic view of left kidney (redrawn after Martin (226)). The anterior renal fascia has heen incised and
turned medially. The renal vessels (LRA: left renal artery and LRV: left renal vein) can he seen piercing a deeper stratum (DS) of
the fascia. AO: aorta; SF: sinus fat in the hilum; VC: vena cava.

Figure 2-33b. Transverse section at the level of the hilum of the right kidney from Martin A.C. (J. Anat. 77: 101-KB. 1942).
The posterior renal fascia (PG) splits at the medial border of the kidney. One stratum (deeper stratum) passes into the hilum of
the kidney (arrows) and the other stratum passes forward and medially to blend with the fascia at the anterior edge of the psoas
muscle (PS) (curved arrow). AG: anterior renal fascia (not discernahle from peritoneum). (Reproduced and adapted with
permission of Cambridge University Press).
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LRV
LRA

2-33c

2-33d
Figure 2-33c. Anatomie drawing at level of renal hilum demonstrating the position of 'deeper stratum' (DS). AG: anterior

renal fascia; AO: aorta; LC; lateroconal fascia: LK: left kidney; LRA: left renal artery; LRP: left renal pelvis; LRV: left renal
vein; PG: posterior renal fascia; PP: parietal peritoneum.

Figure 2-33d. 'Deeper stratum' is demonstrated on CT (black-white arrow). Anterior renal fascia is indicated by white arrows,
and the posterior one by black-white arrowheads.

2-34b
2-34a

'Deeper stratum'

Figure 2-34a. This case demonstrates a medial fascial plane pierced by left renal vein (LRV). Black-white arrow points to
posterior renal fascia which is apart identifiable from the psoas muscle. Black-white arrowhead designales less clearly visible
anterior renal fascia. AO; aorta; QL: quadratus lumborum muscle; VC: vena cava.

Figure 2-34b. Hemorrhage in perirenal cone (H). Note its rounded medial border (black-white arrow), terminating at renal
hilum vessels (white arrow). C: renal cyst; LK: left kidney.
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2-35a
2-35b

Capsular vessels

Figure 2-35a. A capsular vessel (black-white arrow) is originating from a renal hilum vessel (black arrow).
Figure 2-35b. Selective angiographie CT study (venous phase) demonstrates an opacified capsular vessel medially at level of

renal vein (LRV). Note left kidney demonstrated a mass (M). SP: spleen.

that air may pass intact fascial planes. Mitchell
(254) and Poirier (280) mention that to surgeons it
is a well known fact that spread of collections of
blood, pus or extravasated urine from one pe-
rirenal space to the opposite side exists, though
this occurs only rarely. This can be explained by
the fact that the anterior renal fascia does not
always continue from left to right and may termin-
ate in the connective tissue surrounding the root
of the mesentery or the great vessels (124, 253,
254, 280, 328) (figure 2-26).

Martin (226) had a different explanation. He
felt that the anterior fascia does extend across the
midline but found an additional structure separat-
ing the anterior layer of the renal fascia and turn-
ing medially, the so-called 'deeper stratum', split-
ting from the superficial fascia of the anterior and
posterior renal fascia, but connecting those two
fasciae around the medial border of the kidney
(figure 2-33a. ,b. ,c) .

This deeper stratum is pierced by the renal ves-
sels and ureter and is attached anteriorly to the
front of the renal pedicle and posteriorly to the
posterior aspect of the renal pelvis.

Identification by CT. At the hilum level in some
cases it was possible to define a fascia connecting

the posterior ipsilateral renal fascia to hilar vessels
(figure 2-33d, 2-34a).

These fusions must be differentiated from fi-
brous strands (which are the same connective tis-
sue structures as the renal fascia) and especially
capsular vessels connecting the main renal artery
or vein (figure 2-35a., b.). In cases of perirenal
fluid (figure 2-34b.) the boundary of the fluid at
the medial side of the hilum has a rounded con-
figuration. The medial aspect of perirenal cone
was explained by Mitchell (254) to be due to
blending of the renal fasciae with connective tissue
in the midline but the CT appearance is to our
opinion more that of a fascial boundary. Extra-
vasation of a renal vessel medial from this fascial
structure may demonstrate a more medial extent
of contrast. See chapter 3.2 (figure 3-13d.).

Somogyi et al. (326) described a case of extra-
vasation of fluid in a fractured kidney. The fluid
crossed over to the opposite perirenal site anterior
to the great vessels. This was demonstrated by
CT. At surgery the anterior renal fascia was found
intact, covering the accumulation of blood and
urine and the dissection of fluid across the midline
was confirmed. These findings may support Gero-
ta's (112), Zuckerkandl's (391) and Sappey's (311)
theory claiming bilateral continuity of the perire-



nal compartment; however in trauma, fascial
planes such as the 'deeper stratum' may be
violated and that may also explain this unique
finding which has not been confirmed by other
reports in literature.

2.4.10. The location of the ureter

Anatomy. Early descriptions stated that the ureter
was perforating the anterior renal fascia. Hinman
(153) felt that the anterior renal fascia continued
along the ureter all the way to the bladder. Cong-
don and Edson (61) did not find a single case in
which the ureter was felt to pierce the fascia.
Instead the anterior layer passed anterior and
attached to the ureter as a thin lamina. In the
distal part of the perirenal cone the anterior layer
fused with the psoas fascia and then separated
from it extending medially to cross in front of th"
ureters (figure 2-1, 2-2). Occasionally the fascia
did not reach the level of the ureters, in others the
ureter was found embedded within it.

Pathological processes may be expected to be
more frequent at the point where the ureter
emerges from the cone. A frequently observed
kink in the ureter was considered to be at that
location (386). If fluid is present in the perirenal
space the ureter may become obstructed at the
level of the apex of the renal fascial cone, where
the layers of the fascia blend with the periureteral
connective tissue (82). This is especially true in the
presence of urinomas (248). Other causes for fluid
collection such as abscesses on the right side of the
anterior pararenai space (in children due to ex-
traperi'toneal extension of appendicitis and in
adults in diseases such as perforated carcinoma,
diverticulitis or Crohn's disease) may produce
sufficient pressure on the right ureter at the point
where it emerges from the cone of the renal fascia
to cause obstruction.
Typically this will be found at the level of L5 or L5
-SI (244).

Identification by CT. On CT examinations it
appears as if the ureter at no time perforates the
anterior renal fascia. The anterior renal fascia al-
ways passes anterior to the ureter. This is es-
pecially in the proximal ureter which is not yet
lying anterior to the psoas muscle. At that level

there is sufficient perirenal fat to identify the
structures. When the ureter lies over the psoas,
the crossing of the anterior renal fascia over the
ureter is less apparent, unless the fascia is thick-
ened by a pathological process.

Figure 2-36 shows a series of cuts from a pa-
tient reaching from just below the renal hilum to
pelvic rim. The left anterior renal fascia is thick-
ened. The positions of the ureter and its relation
to the psoas muscle and to the anterior renal fascia
correspond to dissection studies conducted by
Congdon and Edson (61).

2.4.11. Apex of the perirenal cone and distal ter-
mination of renal fascia

Anatomy. Zuckerkandl (391), Sappey (311). Gero-
ta (112), Gosset (124), Southam (328), Baumann
(23) and many others in their description stated
that the two layers of the renal fascia do not fuse
caudal to the kidney but rather form a funnel.
Vecchi (357) had strong evidence for fusion below
in the earlier developmental stages. He showed
this in preparations in which he injected gelatin
into the perirenal fat. Congdon and Edson (61)
found in their material complete closure at the
apex of the cone in forty-five on fifty patients.
Martin (226) and Mitchell (254) in their studies,
using injection studies, mentioned that the pe-
rirenal cone is weakly fused inferiorly. In Meyer's
preparations (244) he was able to demonstrate the
inferiorly convex border of the perirenal form and
the barium did not escape readily around the ure-
ter or into the retroperitoneal space. However the
inferior border of the cone should be considered
as a potential outlet. It allows fluid to escape
provided the pressure is sufficiently high. Con-
versely gas may enter the perirenal space through
that same opening. The latter will primarily occur
during presacral pneumography or when the rec-
tum perforates (247). The entrance of gas into the
perirenal space is easier than the descend of fluid
through it. This potential outlet of the perirenal
envelope may seal off following inflammation.
However unlike inflammation hematomas in the
perirenal space do not cause sealing of the space
(3).

Congdon and Edson (61) in their study showed
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2-36c 2-36d

Locution of ureter: no perforation of anterior renal fascia

The relation of ureters (big white arrows) is demonstrated in relation to pso.i» muscle (PS) and anterior renal fascia (small white
arrows). The left one is thickened in lymphomatous disease (N) (non-Hodgkin lymphoma). Arrowheads point to posterior renal
fascia.

Figure 2-.1f>a. Below level of renal hilum. Anterior renal fascia lies in from of ureter, which lies lateral from psoas muscle.
Figure 2-.16b. Below level of kidneys. Anterior renal fascia is located still in front of ureter which lies upon the psoas muscle.
Figure 2-.16c. Anterior renal fascia fuses with psoas muscle lateral from ureters. Black arrowheads: iliac veins, black arrows:

iliac arteries with calcifications.
Figure 2-36il. Ureters medially from psoas muscles. Ai left side apex of perirenal cone is visible (white arrows). II: iliacus

muscle.

that the apical part of the cone relates to and fits
into the narrow space which is bounded by the
psoas muscle, quadratus lumborum muscle and
colon. The most variable position of these three
limiting organs was that of the ascending or de-
scending colon and the shape of the apex seems to
be strikingly affected by its location. The appear-
ance of the apices in cross sections varied from

rounded triangles to blade-like forms with greatest
diameter in the frontal plane (figure 2-37). The
average cranial-caudal extent of the subrenal seg-
ment of the fascia was found to be 44 mm with a
range from 4 to 107 mm. The average cranial-
caudal position of the tip was 18 mm below the top
of the iliac crest. According to Gray (128) the
cone of the renal fascia ends approximately 8 cm



2-37a

2-37b

2-37c 2-37d

Apex of perirenal cone

Figure 2-37a., b. Different types of shape of apex of the perirena! eone alter Congdon and Edsnn (hi), a. triangubr form, b.
lilade-like form (greatest diameter in a frontal plane), c. slit-like form (rare type). Thepsoas(PS) lascia does not form a third sid:.

Figure 2-37d. Coronal section redrawn after Congdon and Edson (61) demonstrating the anterior renal fascia (AG. stippled)
and the apex of the perircnal cone. Arrow points to distal extent of anterior renal fascia. AC: ascending colon; AD: aorta: D:
diaphragm: DC: descending colon: LC: latcroconal fascia: PB: pancreatic body: PS: psoas muscle; RK: right kidney: UR: ureter:
VC: vena cava.

beneath the lower pole of the kidney. When the
cone terminates beneath the lower pole of the
kidney, the anterior layer is gradually lost in the
retroperitoneal tissue of the iliac fossa while the
posterior layer blends into the fascia over the
iliacus muscle.

According to Tobin (342) the tissue surrounding
the ureter and spermatic or ovarian vessels was a
caudal continuation of the renal fascia or may be
merely a part of retroperitoneal tissue. The latter
depends on the obesity of the subject. In cases
with well developed perirenal fat the anterior and
posterior layers of the renal fascia formed cover-

ings for the ureter and spermatic vessels. With
lesser amounts of fat the coverings appeared to be
merely of collagenous elastic components of re-
troperitoneal tissues. Tobin (342) stated that the
renal fascia should be considered as part of the
retroperitoneal tissue and is therefore varying
with the kind of tissue.

Identification by CT. At levels caudal to the kid-
ney, in many cases the inferior end of the periren-
al cone, also called the apex, is visible on CT scans
(figure 2-38a.). When the anterior and posterior
rena! fascia joii., the aperture on the transverse



2-38c

Apex or distal end of pcrirenal cone

Figure 2-38a. Anterior (arrows) and posterior renal fascia (arrowheads) form a triangular pcrirenal cone (2) al lof: side.
Figure 2-38b. Another patient with more hlade-like form of apex of perirenal cone (hiack-wliite arrows) in urinary extravasa-

tion (F). Big white arrow points to ureter and small white arrows lo iliac vessels.
Figure 2-.Wc. At fusion of anterior and posterior renal fascia only one fascial plane is visible. No clear aperture.
Figure 2-38d. Direct coronal section. Black-while arrows point to distal terminalion of (thickened) anterior renal fascia.

Compare with fig. 2-37d.

scan seems small and may be invisible or on occa-
sion only one fascial plane is demonstrated (figure
2-38b..c).

This may explain why anatomists like Mitchell
(254) and Martin (226) mentioned weak fusion
and Gerola (112). Vecchi (357) and Congdon and
Edson (61) described closure. The different
shapes of the apex of the cone which were de-
scribed by Congdon and Edson (figure 2-37b.. c .

d.) are also demonstrable with CT. both in normal
and especially in pathological situations, but seem
to have no significant importance.

Sometimes the distal termination of a thickened
anterior renal fascia may also be visible on coronal
sections below the level of the kidney (figure 2-
38d.). This confirms the findings of Congdon and
Edson (figure 2-37d.).

Distal to the renal fasciae the retroperitoneal
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2-39b

2-39a

2-39c 2-39d

Fibrous strands or perirenal vessels

Figure 3-.Wu. Fibrous strands are visible especially in the left perirenal space (arrows). They may give the kidney an irregular
outline. Differentiation with capsular arteries (arrowhead) is mostly difficult. The renal fasciae were normal in this case of
pancreatic tumor (M).

Figure 2-39b. Another patient, with duodenal tumor (not shown). The structures parallel to the kidney are more likely
perirenal vessels (arrowheads). The right renal fasciae are thickened (arrows) and some of the densities in the perirenal space may
also be fibrous strands.

Figure J-.Wc: Renal metastases (+) (better visible on higher sections) ii patient with carcinomii of lung. Both renal fasciae are
thickened (arrows) with accentuated fibrous strands (big arrows).

Figure 2-.Wd. A patient with collateral perirenal venous circulation in renal cell carcinoma. After bolus injection the large
vessels (arrows) are easily recognizable in the apex of the perirenal cone ;the fascial boundaries are not visible). No difficult)' in
differentiation with fibrous strands.
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space appears on CT scans containing fat. the
great vessels, ureters and spermatic vessels but
fascial planes around these structures cannot be
identified until the level of the pelvic organs.

2.4.12. Sig tificance of fibrous strands in retroperi-
toneum: identification by CT.

Probably due to the fact that the anterior parare-
nal space contains less fat, the fibrous strands of
tfie anterior pararenal space, the ones described
by Southam (323), are difficult to visualize by CT.

In the perirenal space, especially when there is
abundance of fat, discrete fibrous strands are fre-
quently visible. These perirenal strands become
apparent in patients who hemorrhage into this
space, possibly due to the presence of blood
around them (figure 2-29d.) (see chapter 3.1.).
Also in the posterior pararenal space fibrous
strands may show this. The frequency of visualiz-
ing such perirenal fibrous strands without known
renal pathology (figure 2-39a.) is in contradiction
with Congdon and Edson's view (61). They felt
that whenever these strands are present patholo-
gical processes should be associated. They were

not totally wrong because histologically these
strands have the same features as the renal fascia.
With renal pathology, when the fascia is thickened
these strands may become more apparent since
they increase in size. Parienty et al. (276) de-
scribed such a case. They demonstrated a patient
with thickened renal fascia and excessive numbers
of dense strands in the perirenal fat. This was
probably due to a perinephritis. Figure 2-39c.
shows a case of bilateral renal metastasis and
thickened renal fascia with extensive strands.
These have to be differentiated from perirenal
vessels, which is usually possible after the injec-
tion of contrast medium (dynamic scanning or
selective angio CT) (figure 2-39d.).

In patients with renal tumors or patients with
renal vein thrombosis many collateral perirenal
veins become visible. Winfield (377) coined the
term perirenal cobwebs. Yet the presence of vas-
cularity is not necessarily an indication for renal
vein thrombosis. In patients with renal cell carci-
noma large numbers of perirenal vessels are pres-
ent, but this does not necessarily indicate tumor
involvement of the vein (chapter 4.2.).



3. GEROTA'S FASCIA AND INTRAABDOMINAL FLUID

3.1. Hemorrhage in the retroperitoneum

3.1.1. General considerations

Retroperitoneal hemorrhage may be found in
bleeding diathesis, patient on anticoagulant ther-
apy, leaking aneurysms and in disease or trauma
of the kidney or adrenal.

Among the renal causes are nephritis, neo-
plasm, renal artery aneurysm, nephrosclerosis,
hydronephrosis, polyarteritis nodosa, tuberculosis
and renal cysts.

The most frequent cause for spontaneous in-
trarenal hematoma are coagulation defects fre-
quently related to anticoagulant therapy (282).
Localized cortical infarctions of the kidney may
also produce hematomas (292, 367). If the hema-
toma is subcapsular it may be confined by the
relative rigid fibrous capsule and may not become
very large, because of the tamponade effect. In
other cases the capsule may show considerable
elasticity and the collection may approximate the
size of the kidney itself. If the degree of compres-
sion of the kidney is large enough, it produces
non-visualisation at urography and it may result in
hypertension (Page-kidney) (12, 47, 74, 103, 147,
180, 225). Pollack (282) found that spontaneous
subcapsular hematoma has been more common
than other varieties of spontaneous renal hemor-
rhage.

Hematomas may break through the renal fib-
rous capsule and extend into the perirenal space.
Cremer et al. (63) described how a spontaneous
perirenal hematoma may result from hemorrhages
from the vessels of the stratum fibrovasculare of
the renal capsule; it may heal with granulation
tissue, which by itself may cause recurrent bleed-
ings. Perirenal hematoma may attain a relatively
large size, since it is confined only by the rather
distensible renal fascia.

Though the perirenal cone may be sealed it is

not a watertight compartment and continuous
build-up of fluid within it eventually will result in
seepage into the pararenal spaces. If this occurs on
the right side and the blood accumulates in the
retrocecal region, an erroneous diagnosis of acute
appendicitis may be made (221). Communication
of the retroperitoneal hematoma with the peri-
toneal cavity rarely occurs. It has been described
in renal tumor (323) and in leaking aortic
aneurysm in 14-25% of patients (127, 199).

CT provides a rapid non-invasive way of eval-
uating patients for the presence of retroperitoneal
blood. Negative information may be just as valu-
able as positive. In patients with trauma the ab-
sence of blood may discourage unnecessary
emergency abdominal exploration (.S9). In re-
troperitoneal hemorrhage CT will define the col-
lections of blood and with a high degree of prob-
ability, evidence of renal parenchymal injury (7.
75. 89, 90, 97, 98, 106, 116. 129.'197. 262/301.
306. 310. 312).

In non-traumatic conditions CT may reveal the
cause of bleeding, especially leaking aortic
aneurysms and renal tumors such as renal cell
carcinoma (151, 258) and angiomyolipoma (35.
111, 143, 320. 347). When vascular detail is sought
angiography is needed. This is particularly impor-
tant when one suspects nephritis, polyarteritis
nodosa, nephrosclerosis, renal artery aneurysm
and small renal tumors. CT features in polyarte-
ritis nodosa have been described (284) but they
are very subtle. Similarly when renal pedicle in-
jury is suspected angiographic detail is needed. In
the latter, CT will frequently show a non-function-
ing kidney because the contrast has not reached it
or may show spotty contrast perfusion with extra-
vasation (129). However in some instances despite
all modern imaging methods the cause of bleeding
may escape detection. One should always suspect
a small renal tumor with retroperitoneal hemor-
rhage, but sometimes surgical exploration and
nephrectomy with meticulous dissection of the
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Differentiation of suhcapsular and perirenal hemorrhage in transverse views of the kidney

Figure 3-1. Perirenal hemorrhage in contrast to subcapsular blood will usually not deform the renal outline. It also extend*
along the inner margin of the renal fascia expanding the perirenal cone. AG: anterior renal fascia: FC: fibrous capsule: PG:
posterior renal fascia: PRF: perirenal fat: RK: right kidney: SF: sinus fat.

specimen will be the only way to demonstrate this
cause of bleeding (258).

3.1.2. CT findings and illustrative cases

On CT examinations freshly extravasated blood
has a higher density than in subacute or chronic
hematomas. The attenuation coefficient of whole
blood is linearly related to the hematocrit and is
determined primarily by the protein component of
the hemoglobin. Clot formation and retraction
causes greater concentration of red blood cells and
results in lower attenuation levels in chronic
hematomas (264, 267). Some hematomas display
regions of higher density surrounded by regions of
lower density, probably reflecting a non-uniform
rate of clot resolution rather than being evidence
of repeated episodes of fresh hemorrhage.
However a precise relationship between the
absorption coefficient and the age of the hemato-
ma is unreliable (187). A hematoma may on body
CT appear as a non specific soft tissue mass. On
careful examination it may appear relatively
hyperdense (381). Factors causing difficulty in
obtaining specific CT numbers to document
hemorrhage include uncertainty about the pa-
tient's hematocrit, variable attenuation measure-
ments before and after contrast injection and the
presence or absence of discrete masses to obtain a
repeatable region of interest for measurement
purposes.

The CT characteristics of retroperitoneal
hemorrhage may therefore overlap those of other
lesions, especially chronic extravasations. Ex-
travasated blood is also prone to infection. A re-
troperitoneal tumor, abscess, cyst or urine collec-
tion may all have a similar appearance. This de-
pends on the age of the hematoma but the clinical
setting and especially characteristic density altera-
tions of a retroperitoneal mass on serial CT scans
may permit a specific diagnosis of hematoma (56).
By monitoring with CT studies in the healing
phase, a decrease of the absorption coefficient o:
the hematoma may occur due to liquefaction anc
dissolution of clotted blood and eventually a dis
appearance of the blood collections with again i
normal anatomy. Less frequently a hematomi
may exist for years, may calcify or show fibroti
organization. This can be demonstrated on C
(16,219).

Subepithelial hemorrhage in the renal pelvis o
ureter will appear on CT as thickening of the wa
without discrete retroperitoneal hematoma (251]

When the hematoma is intrarenal it may appe*
as as mass (380) causing displacement of the co
lecting system (figure 3-3).

When subcapsular fluid collections are due t
hemorrhage the fluid is confined to the immedial
extrarenal area causing compression upon the n
nal parenchyma and flattening of normal ren
contour (figure 3-1, 4. 5) (246). The capsule
elevated and therefore visible with CT. Yet the
are no perirenal reactions and no thickening of tl



renal fascia (219, 220) (figure 3-4). The mass is
separated from Gerota's fascia by fat. A thickened
renal fascia indicates seepage of blood into the
perirenal space (figure 3-3). This occurred in 3 of
the 6 patients with subcapsular hematoma and in
severe renal infarct.

Perirenal hemorrhage was seen most frequently
in renal disease, bleeding diathesis, following re-
nal biopsy or blunt renal trauma. The perirenal
space is filled with fat and this might explain why
discrete disease without large fluid collections will
first thicken the fascia and fibrous strands without
necessarily filling the space (figure 3-5 to 3-8).
The extent to which a compartment may fill de-
pends on the degree of displacement of fat. In
perirenal hemorrhage, the hematoma infiltrates
the perirenal fat and produces a streaked or bub-
bled appearance of fat simulating retroperitoneal
gas (265, 310). The reason for that phenomenon is
thickening and accentuation of the fibrous strands
between the renal capsule and the fascia. In pe-
rirenal fluid the place of junction of anterior and
posterior renal fascia forming the lateroconal fas-
cia is accentuated by fluid penetrating these fas-
ciae. The inverse effect may occur in anterior pa-
rarenal space fluid and in ascites (see figure 3-2).

High pressure perirenal collections may mimic a
subcapsular collection without a compression
effect on the renal parenchyma (296) but the
associated presence of a thickened renal fascia
may be used as a clue for differential diagnosis. In
perirenal hemorrhage the contour of the renal
parenchyma is not changed, except in trauma or
concomitant subcapsular hematoma or if coexis-
tent renal disease is present. The cone of the renal
fascia is distended with large collections and the
renal fascia is displaced from the renal parenchy-
ma over a much larger distance than the area of
the perirenal collections. The renal fascia is also
thickened on its inside and limits the perirenal
hematoma sharply. In large hematomas the fib-
rous strands are less clearly demonstrated, yet still
detectable (figure 3-7). Unlike inflammatory
effusions, in hematomas the perirenal space is said
to remain open inferiorly (3). Reactions on the
outside of the posterior renal fascia indicate exten-
sion into the posterior pararenal space (figure 3 -
5d.).

Blood in the anterior pararenal space as demon-

Pallems of reactions concerning perirenal cone in asciies (A).
fluid in anterior pararenal space (I) and perirenal space (2)

Figure 3-2 A: normal anatomic relationships. B: ascites in
latcroeolic gutter. C: fluid in anterior pararenal space. D: pe-
rirenal located fluid. DC: descending colon.

strated by CT with anterior fascial thickening on
its outside may be the result of pancreatic hemor-
rhage following trauma (345). It may also be due
to hemorrhagic pancreatitis (158). Other causes
for anterior pararenal hemorrhage may be hemor-
rhage due to duodenal rupture with air-fluid levels
demonstrated (171) and intramural duodenal
(219) or paraduodenal (301) hematomas.

In the posterior pararenal space spontaneously
occurring hematomas are most frequently due to
blood dyscrasias (3, 16, 200). When associated
with trauma it is usually due to fractures of trans-
verse processes of the vertebral bodies (219, 345).
This space may either be completely filled with
fluid and if not totally filled, the posterior renal
fascia may appear thickened.

In recent ruptured aneurysms the leaks of blood
will be recognized by densities with increased
attenuation coefficient of which distribution is
mostly limited by the fascial planes. The site of the
rupture in the wall of the aneurysm may also occa-
sionally be visible (308). The distribution of blood
depends upon the anatomical level of hemor-
rhage.
Depending on the site of the bleeding source, a
left- or rightsided predominance occurs (figure 3 -
9b.). Blood may extend in the perirenal space,
posterior pararenal space, and frequently extend
directly into the psoas muscle (16, 57, 80, 306,
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3-3c 3-3d

Inirarenal hemorrhage ami renal infarct with perirenal leakage

Figure .?-.?«. Patient with leukemia and intrarenal hematomii (H, black-while arrows) in right kidney displacing the collecting
system (black arrows).

Figure 3-3b. Blood is accumulated on the inside of the renal fascia (arrows) in the perirenal space.
Figure .?-.?<•. Different patient with right renal infarct. The lower pole shows patchy enhancement in area of infarct.

Enhancement of cortex from cupsular arteries was seen on higher sections.
The renal fascia is slightly thickened on the inside (arrows) due to the presence of perirenal fluid. This fluid, probably old blood,
soaked perirenal fat and accumulated in fig. 3~3d. in Ihe ;ipex of a closed perirenal cone (arrows).

308. 358) and even in the vertebral column (53).
Fascial planes will be thickened. Clayton et al (57)
hypothesized that the aneurysms perforated the
anterior renal fascia to bleed into the perirenal
space and perforated the posterior renal fascia to
hemorrhage into the posterior pararenal space. In
our opinion fascial perforations are not necessary
to reach these spaces since the aorta lies behind

the anterior renal fascia on high sections and the
posterior renal fascia has a direct relation with the
midline structures. Moreover the perirenal space
may communicate with the posterior parareiwl
space via the open distal end of the perirenal cone.

Samuelson (307) described how hemorrhage
due to ruptured aneurysm of internal iliac artery-
may ascend to the level of the kidneys and fill both
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3-4a

Subcapsular renal hemorrhage

Figure 3-4a. Left selective renal angiogram in a girl of 16 years old reveals ancurysms (small arrows) characteristic of
polyarteritis nodosa. A subcapsular hematoma (H) at middle and lower pole is visible. Perirenal fat is displaced (black-white
arrows). The renal fascia itself is not thickened.

Figure 3-4b. A CT scan confirms this. The fibrous capsule is elevated (small white arrows) due to subcapsular hematoma (H)
and renal parenchyma of left kidney (LK) is compressed. No enhancement was used. The posterior renal fascia is not thickened
(black arrow).
After therapy the aneurysms and hematoma cleared.

perirenal spaces with blood. Clayton et al (57)
believed that hemorrhage which was contained in
the perirenal and/or posterior pararenal spaces
has a better chance of survival because of the
tamponade effect. This will only be true if the
fascial planes are barriers for further extension but
this seems unlikely because the retroperitoneal
spaces communicate with each other. The occur-

rence of a contained hemorrhage seems only a
question of degree of severity of the bleeding.

Hemorrhage resulting from translumbar aorto-
grams is usually confined to the retrocrural space
(9, 25, 55, 186). Extension into other retroperi-
toneal areas may occur. A frequent site is the
psoas muscle.

In an acute psoas hematoma the psoas muscle is



3-5c 3-5d

Subcapsular and perirenal hemorrhage

Figure 3-Sa. Spontaneous hemorrhage in renal insufficiency. Hemorrhage (H) is located beneath the capsule with partially
visible fibrous capsule (arrowheads). Perirenal hemorrhage is present indicated by thickened left renal fascia (arrows).

Figure i-5b. A lower section demonstrates this more clearly. Leaked blood (H) is visible within the thickened perirenal cone
(arrows). These hematoma cleared without therapy.

Figure i-5c. Different case. After percutaneous renal biopsy the patient became hypotensive. CT reveals an imrarcnal.
subcapsular and perirenal hemorrhage (H). The nephrogram is striated probably due to interstitial extravasation. The perirenal
cone is distended and sharply demarcated (arrowheads). GB: gall bladder filled with contrast due to extrarenal excretion of
urographic contrast.

Figure 3-5d. A slightly lower section shows a crescent shaped defect (arrow) of the renal contour representing compression
effect upon renal parenchyma of subcapsular hemorrhage. The fibrous strands in posterior pararcnal space (3) arc thickened
(arrowheads) indicating seepage of blood through the renal fascia.
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3-6a 3-6b

3-6c 3-6d

Subcapsular and perirenal hemorrhage. Pseudo-airbubbles in perirenal space

Figure ,?-6«. A spontaneous subcapsular (H) hemorrhage with compressed left kidney (LK). Nephrogram of left kidney is
white after selective renal artery bolus CT. Blood is also leaking to perirenal cone (2) but does not totally fill this space giving the
perirenal fat the misleading appearance of air-bubbles.

Figure .?-6ft. Perirenal cone is clearly visible (arrows) filled with subcapsular (H) and perirenal blood (2). No extension in front
of the great vessels.

Figure 3-6c. Apex of perirenal cone is closed (arrow). No blood in general retroperitoneum.
Figure 3-6d. Different case. Fracture of left transverse process (arrow) with swollen left psoas (PS), quadratus lumborum (OL)

and sacrospinal muscle (SPM). Also blood (F) in pcrirenal space with aspect of pseudo-airbubbles. The posterior pararenal (3) is
not contaminated.

larger and has a higher attenuation value than its
normal counterpart (figure 3-9b.). A psoas hema-
toma may have a low density center depending on
its age (figure 3-9a.), indistinguishable from abs-
cess (figure 3-44) or neoplasm (figure 4-8).

In patients with hemophilia chronic hemorrhage
into the iliopsoas muscle may appear as a pseudo-
tumor. The CT images are rather specific and
show enlarged and deformed iliopsoas muscles
with hematomas composed of thick fibrous cap-

sule filled with clots of different densities, depend-
ing on the occurrence of recent episods of hemor-
rhage as well as non-uniform clot resolution (131)
(figure 3-9c, d.). Because the fascia of the psoas
muscle is said to be strong and thick, it may act as
a barrier for extension of blood. Seepage is usually
not demonstrated in chronic hematoma but can
however occur in cases of acute hemorrhage (fig-
ure 3-9a.) and conversely in leaking aneurysm
acute hemorrhage may infiltrate the psoas muscle



3-7c 3-7d

Distension of perirenal cone with fluid in trauma

Figure 3~7a., b. Right kidney (RK) is lacerated (arrow). Distended rounded perirenal cone (arrows) almost totally tilled with
hemorrhage. Due to the presence of fibrous strands and fat a bubbly appearance is discernable. The right kidney is elevated.

Figure 3-7c. Section below the level of the kidney reveals perirenal cone (white arrows) filled with hemorrhage and/or urine.
Right ureter (black arrow) is not compressed. Pcrirenal cone demonstrates a tri-angular configuration at the superolateral side
(black-white arrow). AC: ascending colon. The same configuration is visible on d. at level of apex of perirenal cone.

relatively frequently as said before.
Preoperative diagnosis of intramural hemato-

mas of the retroperitoneal part of the duodenum
(219) or of the colon following trauma (163) or
hemophilia may be established with CT (figure
3-10) especially if the bowel loops have not been
filled with oral contrast.

3.2. Urinary extravasation in the retroperitoneum

3.2.1. General considerations

Extravasation of urine into the retroperitoneum
occurs most often secondary to vehicular trauma
or during urologic surgical interventions. The
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3-8c 3-8d

Fibrous stratul in large anil snwll periretuil hemorrhages

Figure 3-Ha. Spontaneous hemorrhage in patient with terminal renal function and (acquired) cystic kidneys. Perirenal blood is
gravitating to lateral and dor !. The fibrous strands are thickened. The perirenal cone is sharply demarcated (arrowheads).

Figure 3-Hb. Different patient with fresh perirenal blood after renal biopsy. The perirenal cone with thickened fibrous strands
is demarcated by arrowheads. The right ureter (white arrow) is not obstructed.

Figure 3~Hc. Extravasation during renal angioplasty. Only subtle accentuated perirenal threads are visible due to blood
deposits. No fascial thickening. VC: vena cava.

Figure 3-Hd. Blood leaking from aneurysm in perianeurvsmal fibrotic (M) patient accentuates left renal fasciae (arrows) and
fibrous strands (arrowheads). The left ureter was obstructed by the fibrolie perianeurysmal mass.



3-9c

Figure J-Vu. Patient with couguloputhy. There is a hemutomu (arrows) in the left psoas muscle with lucent fluid center (F). The
left renal fascia (black-while arrows) is thickened due to seepage of blood through the psoas muscle fascia. After catheter drainasc
the paresis of left leg muscles disappeared.

Figure 3-9b. Overanticoagulated patient. Fresh extravasated blood is present in perirenai space (2) and posterior pararcnal
space (3) with extension in left psoas muscle (PS) (by courtesy of P. Ruben Koehlcr. M.D.. University of Utah).

Figure 3-9c. Hemophilia B patient. Transverse CT scan reveals chronic hematomas (H) in psoas muscles causing so called
pseudotumors. The hematomas have a thick capsule filled with coagulum of different densities. Both ureters and iliac vessels are
medially displaced between psoas muscles (arrows).

Figure 3-9d. Direct coronal CT scan demonstrates more clearly how extensive the psoas muscle deformities with hematomas
(H) arc (arrows). The relation with normal proximal parts of the psoas muscles (PS) is also shown.
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3-10a 3-10b

3-10c 3-10d
lni'.:nurul ailtm Iwmaioma lying reiroperiumeally

Figure 3-Wa. High density (arrows) intramural mass involving! cccum and ascending colon representing! in hemophilia B patient
intramural hematoma. Note no bowel Tilling or bolus injection was used, therefore white area (arrows) must he fresh extravasated
blood.

higun' .1-lffh. Somewhat higher section demonstrating thickened posterior renal fascia (arrows) and anterior renal fascia
(arrowhead) around right kidney (RK). Ascending colon (AC) is distended. One week alter this examination peritonitis
developed with ascitic fluid (A) in figure 3-IOc. with thickened left renal fasciae (arrows). In the pelvis an abscess (M) with
hvperdense rim was present (figure 3-Kid.). UB: urinary bladder; RE: rectum.

types of extravasation are illustrated in figure 3 -
11. However in this chapter we will deal only with
pyelosinus or pyelointerstitial extravasation with
the resultant peripelvic and perirenal contrast-
urine extravasation.
Spontaneous extravasation of urographic contrast-
medium during routine excretory urography is
rare, occurring in less than 0.1 c/r of the studies
(62. 93).

However in cases of ureteral obstruction, usual-
ly due to calculi, with high dose urography the

incidence increases. When 70 ml of contrast
medium was used X. 1 rA of the patients exhibited
extravasation. When a bolus of 140 ml or a dose of
300 ml of 30% solution was infused 24.49f ex-
travasated. These studies were done without
abdominal compression (29). The extravasation is
mostly peripelvic in location (33, 39. 290, 297,
315). Balfe et al. (17) reported the CT findings in
peripelvic extravasation associated with ureteral
obstruction caused by uric acid stone in a patient
who also had an invasive renal pelvic tumor. Ex-



travasation associated with ureteral obstruction
secondary to tumor or blood clot is less common.
Perirenal localization is less frequent than
peripelvic. Dunnick (78) described cases caused
by obstruction due to renal tumor and explained
that the CT demonstration of the contrast medium
was possible due to a tear in the renal parenchy-
ma, in contrast to the more common peripelvic
pyelosinus extravasation. In periureteral tumor
the extravasation may be both peripelvic and pe-
rirenal (236). The barium injection studies by
Mitchell (254) indicate that when rupture occurs
in the perirenal cone, it is usually the anterior
renal fascia which gives way. The injections were
done in the region of the renal hilum. Because the

Psoas
muscle

Figure 3-1 i. Frontal view of the kidney and different types
of contrast medium extravasation (stippled)
1. pyelotubular. 2. pyclosinus, 3. pyclovenous, 4. pyelolym-
phatic. 5. pyelointerstitieel. Arrows point to Gerota's fascia.

anterior renal fascia is attached to the peritoneum
it is possible that both will tear thus giving the rare
situation of an entrance of urine into the abdomi-
nal cavity. Urine ascites may be seen more fre-
quently after distal ureter perforation.

Pyelosinus extravasation is usually a benign pro-
cess. Occasionally complications like abscess
(142), granuloma (274) or urinoma (107, 349) are
described. Especially chronic extravasation gives
rise to the formation of an urinoma (uriniferous
perirenal pseudocyst (248)).

According to Meyers (248) there are three fac-
tors needed to produce an urinoma: 1. a trans-
capsular tear of the renal parenchyma must extend
into a calyx or renal pelvis. Perforations of the
pelvis or ureter alone generally do not produce
this, 2. the injury must fail to heal or fail to be
sealed off with a blood clot before leakage of urine
in any quantity has taken place, 3. ureteral ob-
struction must be present. Most urinomas are
hematourinomas. Generally the CT findings of
urinomas are very similar to that of perirenal
hematoma or abscess.

3.2.2. CT findings and illustrative cases

CT allows separation of opacified urine from adja-
cent structures of water density, thus allowing
study of the anatomical localisation of the urine
collections (78, 89, 90, 145. 219. 255. 326). If the
extravasation is extensive enough the perirenal
fascial planes may become thickened.

In patients with renal cell tumor and coin-
cidental extravasation a thickened renal fascia
may also be caused by the tumor (figure 3-12). In
trauma variable amounts of blood extravasating
into the perirenai space may contribute to this
thickening of the fascia (figure 3-13a., b.. c ,
figure 3-14).

After trauma, CT documents continuing extra-
vasation by virtue of its opacification (figure 3 -
13a., b.). In a case of iatrogenic renal vein extra-
vasation during phlebography the extent of iodin-
ated contrast was medially around the renal ves-
sels but it dit not cross the midline (figure 3 -
13d.). This depends probably on the place of
trauma i.e. outside the fascial fusion between
anterior and posterior ipsilateral renal fascia



3-12c 3-12d

Peripelvic extravasation in rcnul cell carcinoma

Figure 3-12a. A patient with spontaneous peripelvic extravasation (arrows) during 1VU. .Ill minutes alter injection . [contrast
with displaced calyces (arrowheads) and clubbed calyces at upper pole. Also pyelolymphatie extravasation (hlack-white arrow) is
visible.

Figure 3-I2b. Subsequent CT scan reveals renal cell tumor (M) extending in the perirenal space 'arrow) with enlarged lymph
nodes (N) and peripelvic extravasation (E). LRP: left renal pelvis. The renal tumor did not obstruct (he renal pelvis. Left anterior
renal fascia is thickened (arrowheads) due to perirenal extension of the renal tumor (arrow).

Figure 3-12c. Extravasateil urine (E) in the pcrirciuil cone (arrows) medial to lower pole of left kidney (l.K) is clearly visible.
Figure 3-l2tl. Lower sections reveal extravasation (arrows) along urcler (black arrow). The renal cone demonstrates venous

capsular vessels (arrowheads) CCobweh' appearance).
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3-13a 3-13b

3-13c 3-13d

Extravasation in trauma

Figure 3-13a.. ft. Two weeks after trauma extravasation (big arrow) is still present in sulicapsular hcmaloma and urine
collection (F). The renal fasciae are also thickened (small arrows) in a. because perirenal hemorrhage was also present.

Figure 3-13c. The direct corona] CT section demonstrates the rupture in the left kidney (arrow) with subcapsular fluid (F).
Figure 3-13d. Different patient with incidental extravasation during renal vein phlehography. lodinated contrast (E) spreads

over inner surface of anterior renal fascia (arrows) and around the renal pelvis and renal vessels. Nole its medial termination. It is
..-" crushing over to the other side but the boundary is nol fasciul-likc as is seen in perirenal fluid collections.

(deeper stratum, chapter 2.4.9.).
In spontaneous extravasation in normal kidneys

occurring during urography due to rupture of a
fornix, the lymphatic drainage of the extravasated
urine outlined by contrast may be so rapid (within
5 minutes) that when subsequent CT examination
is performed no abnormality and no peri pelvic
contrast medium are identified. Though it is
generally believed (82) that ruptures of the renal

peivis occur posteriorly, an anterior wall rupture
with extravasation has been demonstrated in one
of our cases (figure 3-15). Fluid of low density
was also seen around the kidney, indicating that
extravasation occurred prior to urography. Braun
(38) also observed this with ultrasound. Urinomas
appear on CT as well-defined low (water) density
or soft tissue masses located within the perirenal
space usually inferior to the kidney, occasionally
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3-14a 3-14b

3-14c 3-14d

Perirenal extravasation after ureteral ate/uint*

Figure .'-/•/«., /;. A series of C'T examinations from proximal to eaudal of a patient with left adrenal metastasis (M) due to
carcinoma of the lung. Bilateral retrograde uretenil catheters were placed recently hecause urine output was low. Patient had lei'!
flank pain after the procedure and the left cathete. showed an abn irmal course on (he abdominal film (not shown). CT reveals
thickened anterior and posterior renal fasr'ne (blaek-wliite arrows). The lelt perirenal space is filled with material of a density
similar to that of renal parenchyma which ; centuates the fibrous slninds and are marked by thickened fasciae of Cierota. This
may be blood or extravasated non-opacified urine.

Figure .?-/•/<•.. it. During the CT examination extravasated urographic contrast (E) became visible at the inner side of the
perirenal space. The place where the extravasation occurred was not visible. There exists some seepage of blood or urine in
posterior pararenal space indicated by thickened fibrous strands in this space (black arrows I.
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3-I4h

Figure 3-Ne to h. The caudal extent of the perirenal space is visihle due to the presence ol'fluid (arrowhead*I. The perirenal
>ne seems patent interiorly because unopacified fluid (F) is visihle in the pelvic retroperi'oneum in h. helow the level of urinary
ladder in front of rectum (RE). Ureters are designated by white arrows. I'S: psoas muscle.

Fig

CO

bladd
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3-15c

Extravasation during urogr..phy

Figure 3-15a. Extravasation of urographic contrast in acute obstruction due to calculus, visible on abdominal film 5(1
minutes after contrast injection. Subsequently performed CT reveals a renal pelvic rupture of the anterior wall (black arrow) with
exlravasated contrast (E).
RRP: right renal pelvis. Black-white arrows point to thickened posterior renal fascia.

Figure 3~15b. CT demonstrates the extravasated contrast (arrow) also on higher section.
Figure 3-15c. There is also a perirenal low density fluid (F) indicating that urine was present prior to contrast injection.

Posterior renal fascia (arrow) is locally thickened.
Figure 3-15d. A direct sagittal section demonstrates the anteriorly situated extravasation (E) in front of the renal pelvis (P) and

ureter (U) (arrows). Non-opaeified urine latcrodorsal to the right kidney (RK) is not clearly distinguishable from the psoas muscle
(PS).

surrounding it and bounded by the lower reflec-

tions of the renal fascia. The urine collection may

show a uniform mass of water density (figure 3 -

16) occasionally with airfluid levels (385) or air

bubbles (3), due to operation or nephrostomy. It

may appear capsulaled and septated within a

thickened perirenal cone (16, 248) (figure 3-17).

The extravasation may not necessarily assume the

shape of the entire perirenal space due to lipolysis
of the perirenal fat and the formation of pseudo-
capsules (3, 248). Love et al (219) described an
infected urinoma with thickened Gerota's fascia as
also demonstrated in figure 3-17. However
thickening of the renal fascia may occur without
secondary infection (figure 3-16).
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3-lób

J-16a

3-16c 3-16d

Urinoma (uriniferous perirenal pseudocysl)

A 24 years old man with palpable right flank mass and mild hypertension o months after abdominal trauma.
Figure 3-16a. Transverse CT section reveals a large thickwalled perirenal fluid collection (F) with density of IX H.U. The right

non-functioning kidney (RK) is compressed. GB: gallbladder; VC: vena cava.
Figure 3-l6b. Below level of the kidney the perirenal space is still dilated by fluid, compressing caval vein (VCI and psoas

muscle (PS).
Figure 3-l6e. Direct coronal CT demonstrate: the cranio-caudal extent of the distended perirenal space which is closed on all

sides.
Figure .?-/6d. Direct sagittal CT demonst. s the extended perirenal space and compression on psoas muscle.

Note: no septations in the perirenal space, only some irregular nodules fixed to the thickened renal fascia (arrows).
On pathology the renal fascia consisted of very thick sclerotic collagenous fibrous tissue with macrophages and fibroblasts
containing iron pigment.

3.3. Acute and chronic inflammation of organs
and structures in the retroperitoneum

3.3.1. Introduction

Although inflammation may develop anywhere in

the abdomen, the retroperitoneal space frequently

may harbor a large collection of pus. This may

occur in the absence of any localizing clinical find-

ings (8, 332). CT being a useful tool in studying

the retroperitoneum is particularly suitable to out-

line such collections. Infectious diseases may in-

volve all portions of the retroperitoneum.

In this chapter we will cover the following en-

tities: Inflammation in the anterior p«.rarenal

space, renal and perirenal infections, inflamma-
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3-I7c 3-l7d

Urinoma lurinifeniiix periremil pseiiihcysll

Figure f-17a., b., e. Left sided uiinoma due tt> hlunl trauma. F: imopacilïed fluid (urine. Mond): C: extravasalcd uroiiraphic
contrast with stratification, thickened renal fasciae are indicated hy arrows. Unlike hcmnrrliiuu.' the urinoma dues nut fill the
whole perirenal space probably due to lipolysis with pscudocapsulc formation. Note relationship wiih ihe psoas muscle (PS] which
is not involved.

h'igur?.1-l7il. Amiiographic ahdominal film demonstrates extravasation of -nntnisl (El in urinoniii (same patient as in previous
C"T scans). This was evident only at the end of the angiographic examination. The lohulated aspect is caused hy lipolysis of the
urinoma (while arrows). The renal fascia is not seen. The left kidney with obstructed excretorvsvsteni (Muck arrows) is elevated.
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3-18a

Appendiceal infilimie in ascending retrocecal position

Figure 3-lXa. Infiltrate in right anterior pararenal space (1). Lateroconal and anterior pararenal fasciii are ii ickened (arrows).
Ascending colon (AC) shows bowel wall thickening.

Figure 3-IXh. Direct coronal CT demonstrates the extent of the anterior pararenal infiltrate (I) (black-white arrows |. The renal
fascia is indicated bv small arrows.

319a 3-19b

Infection m anterior pararenul space ilue to leak of intestine

Figure .?-/M«. Duodenal leak following gastric surgery. Infiltrate (M) in anterior pararenal space around dilated choledochal
duct (black arrows). White arrows p<int to anterior renal fascia of which :ontinuation in the mullmc is visible. CiB: gallbladder.

Figure 3-IVh. Lateroconal fascia (arrows) is markedly thickened in anterior pararenal space. Anterior and posterior renal
fasciae (arrowheads) are also thickened. AC: ascending colon: RK: right kidney.
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tion in the posterior pararenal space, muscular
abscesses adjacent to the retroperitoneum: ilio-
psoas muscle abscesses, inflammation of midline
structures such as infected aortic or caval vein
grafts, perianeurysmal fibrosis (inflammatory
aneurysm) and idiopathic retroperitoneal fibrosis.
The latter processes, which my not be truly in-
flammatory, are placed in this category since the
discussion fits best in this chapter.

3.3.2. Infections in the anterior pararenal space

3.3.2.1. General considerations and illustrative
cases in non-pancreatic cases. Due to the frequen-
cy of pancicatic diseases, especially pancreatic
abscesses, the anterior pararenal space is the most
common site for the spread of infection (8). This
has also been described repeatedly in the CT liter-
ature dealing with abdominal abscesses. Other
causes of inflammation in the anterior pararenal
space are less frequent. Cases which have been
described are perforated appendix in ascending
retrocecal position (278. 295) (figure 3-18). leaks
from duodenal perforations (3. 90, 117. 171), per-
foration of the colon, anastomical leaks following
resection (3) (figure 3-19) and Crohn's disease
with fistulae (156).

In most cases presented the anterior renal fas-
cial planes were thickened. In Crohn's disease this
occurs to our experience only in association with
an anterior pararenal abscess and not if CT shows
as only iinding an inflammatory bowel wall thick-
ening associated with Crohn's disease ("String
sign'. 309) (figure l -3c, d.). The diagnostic dif-
ferentiation of anterior para renal space inflamma-
tory fluid collections from those in the paracolic
gutter can be made with CT (figure 3-61a.. b.).

3.3.2.2. Pancreatic and peripancreatic fluid collec-
tions. General considerations. Acute pancreatitis
represents a spectrum of pathology that varies
from mild interstitial (edematous) pancreatitis to
fulminant pancreatic necrosis and hemorrhage
(11). Blood amylase levels often peak in the first
24 to 36 hours and may return to normal within 48
hours (45). The appearance of the pancreas in
mild acute pancreatitis may be normal or may
show enlargement either throughout the whole

gland or less frequently in a localized form (pan-
creatic head or tail but not in the body alone
(322)). This enlargement occurred in the CT series
of Siegelman (321), Mendez (240), Silverstein
(322) between one quarter and two thirds of pa-
tients. It may persist for days or weeks providing a
means of diagnosing acute pancreatitis in the
phase i! normal blood amylase values (73).

Pseudocysts may develop in only 6 days (165)
and are found in up to ten per cent of cases studied
by CT. They may also occur following pancreatic
injury and in association with neoplasm. Pancrea-
tic pseudocysts contain a high concentration of
pancreatic enzymes, possibly diluted by serum and
inflammatory debris. This fluid, if not infected,
produces u fibrinous exudate in surrounding tissue
which converts to a fibrous capsule over a period
of weeks. The term pseudocysts has also incorrect-
ly been applied to any collection of fluid in or
around the pancreas associated with pancreatitis
(321). Instead of the term pseudocyst, Siegelman
et al (321) prefer as more accurate terms pancrea-
tic and extrapancreatic fluid collections. They re-
serve the term pancreatic fluid collection for an
accumulation of fluid that does not extend beyond
the thin connective tissue layer covering the pan-
creas. Fluid that has tracked beyond he bound-
aries of the pancreas sometimes resembles classi-
cal pseudocysts or may just be seen as fluid. The
term peripancreatic fluid collection may therefore
be more appropriate.

The potential consequences of escape of pan-
creatic juice are necrosis, abscess formation, or
prolonged inflammation of the peripancreatic tis-
sues. An extensive inflammatory solid mass of
indurated pancreas and peripancreatic tissue is
termed phlegmon and develops usually after the
onset of a period of severe acute pancreatitis.
Intra- and extrapancreatic fluid collections and
abscess formation may occur superimposed on
chronic pancreatitis as demonstrated by CT (96,
150, 185). Other CT findings in clinical chronic
pancreatitis may vary from a normal pancreas to
parenchyrnal atrophy, calcifications and pancreat-
ic duct dilatation.

Meyers (245) summarized with standard imag-
ing procedures the dynamic spread of pancreatic
inflammation. This could also directly be visual-
ized with CT by a number of workers (240, 321,



Figure 3-20. Schematic drawings of spread of inflammation of the pancreas (PB). a. Sagittal section left from the midline
through left kidney (LK). b. Sagittal view in midline. c. Transverse section at level of spleen (SP). d. Transverse section at level of
descending colon (DC).
A: classical intrapancreatic pseudocyst; B: intrapancreatic fluid. Extrapancrealic fluiu may spread to: lessor sac (LS). anterior
pararenal space (1). posterior pararenal space (3). perircnal space (2). left lobe of liver (LL). spleen via splenoienal ligament
(SRL). splenorenal mediastinum (ME), mesentery of transverse colon (MCT) or small intestine (RM). peivic retroperitoneum
(PR) and psoas muscle (PS). AO: aorta; AG: anterior renal fascia; CL: caudate lobe liver: DU: duodenum. GPC: general
peritoneal cavity; GSL: gasirosplenic ligament; LCD: left crus of diaphragm; LO: lesser omentum; PG: posterior renal fascia:
RCD: right crus of diaphragm; ST; stomach, TC: transverse colon; TF: transversal fascia; W: epiploic foramen of Winslow.



322). The spread of inflammation occurs along
preferential anatomic pathways (figure 3-20) into
the anterior pararenal space, by extending below
the le\ z\ of the perirenal fascial cone to the pos-
terior pararenal space without contamination of
the intervening perirenal space, along the phreni-
cocolic or splenorenal ligaments to the spleen (85,
354) or to nore remote sites e.g. flank or down
the psoas into the pelvis.

Uncommonly fluid may also extend to the re-
trocrural space and reach the mediastinum
through the esophageal hiatus or aortic hiatus (18,
271). It may also extend into the transverse meso-
colon or dissect the leaves of the small bowel
mesentery. Extrapancreatic fluid collections may
frequently violate the peritoneum covering the
pancreas with extension of fluid into the lesser sac.
Pancreatic fluid in the lesser sac is usually limited
to this cavity out may flow to the general peri-
toneal cavity via the epiploic foramen of Winslow
or by rupturing the parirtal peritoneum. It may
extend into the space between stomach and left
lobe of the liver by distending the lesser omentum
•.no may enter the left lobe of the liver. Fluid in
the anterior pararenal space may also perforate
through the lateroconal fascia into the posterior
pararenal space.

Even when the kidney is surrounded by an in
flammatory process in the anterior and posterior
pararenal space, Gerota's fascia protects the pe-
rirenal space from involvement for a long time.
The preserved perirenal fat surrounded by parare-
nal fluid, is called on abdominal films the renal
'halo' sign (334) or renal 'corona' sign (336). The
perirenal space may become contaminated by per-
foration through Gerota's fascia, mimicking renal
disease. Several cases have been reported using
conventional imaging procedures (15, 122, 149,
224, 261) and by CT (3, 148, 219, 240).

CT does not always reflect the patient's clinical
status accurately, since clinical improvement may
occur with unchanging CT appearances (125,
322). This is especially true in phlegmonous pan-
creatitis where the CT findings may persist for
months (150). According to Silverstein et al (322)
CT examinations should only be repeated in those
patients who fc.ii to show response to medical
treatment or show downhill clinical course. CT is
ideal to guide direct puncture of a peripancreatic

abscess and to establish drainage by several
permanent catheters (170, 356).

3.3.2.3. CT findings and illustrative cases. The
main role of CT in patients with the clinical diag-
nosis of pancreatitis is not to confirm the diagnosis
but to assess complications.

The classical appearance of a pseudocyst on CT
is that of a circular or oval structure, near water
density, with a measurably thick wall (figure 3 -
21a.). However the CT appearance may be indis-
tinguishable from daughter cysts of pseudomyx-
oma peritonei (229, 268, 319) or echinococcal in-
fection (figure 3—21b.. c , d.). It is impossible to
differentiate on CT between infected and non-
infected pseudocysts since uninfected pseudocysts
may contain high density fluid due to hemorrhage
and proteinaceous debris and frequently have
irregular walls particularly in the early state (87).

If only intrapancreatic fluid is present, the
anterior fascial planes may be thickened as a reac-
tion to pancreatitis (figure 3-22) (6 of 22 patients:
see table 3-1).

In patients with large extrapancreatic fluid col-
lections relative preservation of pancreatic integri-
ty was regularly found on CT especially with the
use of intravenous contrast (178, 222, 256) (figure
3-23, 3-26a).

A CT number greater than 60 H units in the
area of the pancreatic bed is evidence for acute
pancreatic hemorrhage (158). Clinically unsus-
pected hemorrhagic pancreatitis may occur (150).

A phlegmon seen on CT as a soft tissue mass of
the surrounding peripancreatic tissues has a CT
number that is near that of water (3-24c, d.).
According to Silverstein et al. (322) it is not
associated with extrapancreatic fluid collections
because attempted needle aspiration failed to pro-
duce ar>y fluid. Another reason may be that the
fluid is too viscous and therefore hardly drainable
in this stage of evolution. Such phlegmons may
resolve spontaneously, though slowly (150). or
may develop to classical pseudocysts or abscesses
(87) (Figure 3-25). The presence of gas bubbles
will indicate abscess formation (87, 184. 281. 238,
321, 370) though in most instances abscesses may
have the appearance of simple fluid collections.
The presence of gas does not always mean infec-
tion. It may enter pseudocysts following spon-
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taneous decompression into the gastrointestinal
tract (238. 240. 346). Fistulae (4) or interventional
placed drains may also be responsible for the pres-
ence of gas in this location (figure 3-26c).

Lesser sac effusions appear as collections of wa-
ter densities separating the stomach from the pan-
creas and located anterior to the splenic flexure of
the colon (figure 3-27. 3-28. 3-29) (see chapter
3.4. for derailed CT anatomy).

The anterior pararenal space is directly pos-
terior to the lesser sac and is bounded posterior by
the anterior fascia of Gerota and lateral at the left
by the spleen (figure 3-23. 3-24. 3-26. 3-29).
Siegelman et al (321) used the combination of
five CT criteria to establish the diagnosis of a left
pararenal fluid collection: fluid collections pos-
terior to the pancreas, blurring of the lateral mar-
gin of the pancreas, fluid collections posterior to
the descending limb of the splenic flexure or de-
scending colon, spleno-renal interface obliterated,
thickening of the anterior layer of Gerota's fascia.

The appearance of the pancreas may have re-
turned to normal, but an anterior pararenal fluid
collection with fascial thickening confirms that
pancreatitis persists. Authors (1(K). 212) described
thickening of the perirenal fascia as the only
abnormality defined by any test in pancreatitis.
Dembner et al. (69) reported thickening of the
renal fascia or involvement of the pararenal spaces
by mass densities in patients with symptoms of
pancreatic disease as a help in separating in-
flammatory processes from neoplastic disease.
Thickening of the renal fasciae may however also
occur in pancreatic carcinoma as snown in the

literature (104. 166. 276. 329. 365). (figure 4-1
and sometimes acute pancreatitis and carcinor
may occur together (chapter 4.6).

Table 3- I tabulates the reactions of renal f;
cial planes in our patient material. It shows tr
especially with extrapancreatic fluid collettio
the anterior renal fascia was focaily thickened
blurred on the anterior pararenal side (which
called outside) or was generalized thickened (
called when the side of thickening could not
discriminated). If the fluid is only intrapancreat
the number with thickened fasciae decreases. T
anterior renal fascia was thickened in most f
tients on the left side and in few on both sid<
This emphazises the close juxtaposition of t
pancreas and left anterior renal fascia. Althou
drainage from the head of the pancreas would
expected to be to the right, in fact in most cases
went to the left. This was also found by Chintap;
li el al (52). An exception is shown in figu
3-25.

Nicholson (266) found in patients with pa
creatitis in 46'V fascial thickening and we had tl
same experience in 43' i. Chintupalli et al (5
reported a much higher percentage of 62' r.
comparison to their material our patients with e
larged pancreas only or with intrapancreatic flu
showed renal fascial thickening less frequentl
Repeated C'T-scans after treatment showed that
the pancreatitis cleared, the fascial planes i
turned to normal and probably the difference m
be explained by the timing of the CT examir
lions.

Violation of the let'! anterior renal fascia occi

Table 3-1
Reactions of renal fascial planes in pancreatitis (51 cases)

Number (icrola thickened derma non-lhickcncil

Fluid intrapancrciitic
extrapancreatic
both

No fluid, but pancreas:
enlarged
shrunken
normal

?2

1.1
7

2
T

5

Inside Outside General

A 2

s 5

Total II) (-(•'') 2l) 157',)



3-21c 3-21
Fluid collections in pancreatitis and differential diagnosis

Figure J-2la. A patient with inlrapnncreatic fluid ((.") in pancreatic head with no pancreatic parenchyma anterior In thi
so-called pseudocyst. Fluid in lelt anterior pararenal space (Mack arnml . Dilated pancrealie duet (small white amms l .

Figure .1-21 b. In front of left anterior renal fascia or peritoneum pscudocysi-likc lesion (arrows) which represents pseuilomv:
oma pcrilonei (i.e. mueinous implant, clue to carcinoma of ihe ovary) and mi pancreatic fluid. Left anterior renal fascia i
peritoneum is thickened (arrowheads).

Figure 3-21 c. Multiple cyM-like lesions | ( ' ) with memhranes. I "lie left anterior renal fascia is indicated hy arrows. No reactioi
around these cystic lesions. See further 3-2ld .

Figure .1-2Id. Pancreatic hody (PB) and tail (PI ) are swollen. On surucry it proved to he a pancreatitis nith cehinocoecal cyst
Jhe scplalcd appearance of the cysts may be a due pointing: to a presumptive diagnosis of echinoeoccal infection and less I
pscudocysts in pancreatitis.

red relatively frequently resulting in perirenal
fluid collections (figure 3-30. 3-31) (6 of 51 pa-
tients).

Involvement of the spleen along the splenic ves-
sels within the splenorenal ligament was visible in
4 patients (figure 3-32) and communications with
the gastrointestinal tract (stomach) hy fistula in
one patient (figure 3-33).

Involvement of the posterior pararenal space

occurred in only two patients (figure 3-25. 3 - 26
From this space inflammatory fluid had contamii
ated the psoas muscle in one case (figure 3-33c
Extrapancreatie fluid was located in lesser sac ('
(with fluid in greater peritoneal cavity in 3). ante
ior pararenal space (7). posterior pararenal spat
(2). perirenal space (6). spleen (4). mesocolic an
mesenterial fat (3).

For the size criteria of normal pancreas the fi;



3-22a 3-22b

3-22c 3-22d

lnlrupancreatic fluid collations and thickened renal fasciae in multiple directional Sanmina

Figure J-22a. Transverse C"l' scan. lntrapancrcatic Huid IF) with thickened left anterior renal fascia (arrows). The riiiht
anterior renal fascia is normal (arrowheads).

Figure J-22h. Lower section at level ol left renal vein (I.RV). Note thickened left ;iinerii>r renal fascia hlcndins; into posterior
pancreatic tissue (arrows).

Figure J-22c. Direct coronal CT section demonstrates the thickened left renal fascia (arrows).
Figure .l-22d. Direct sagittal C'T section reveals the thickened renal fascia in front of left kidney. SP: spleen.

ures of Kreel (191) were used. Six of the seven
patients with normal sized or shrunken pancreas
had calcifications.

. ? Infections in the perirenal space

3.3.3.1. CT findings and illustrative cases in infec-
tious renal disease: acute pyelonephritis, renal ab-
scess, infected renal cyst, xanthogranuloinatous

pyelonephritis, tuberculosis of the kidney, renal
echinococcosis and chronic atrophic pyelonephri-
tis. In acute pyelonephritis with gram negative
organisms, more appropriately termed acute focal
bacterial nephritis, which mostly occurs in diabetic
adults, the infection may involve the entire kidney
or part of the kidney. When part of the kidnev is
involved this focal enlargement represents a solid
inflammatory mass caused by acute bacterial in-
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3-23c 3-23d

Fluid collections in pancreatitis: anterior pararenal space and fa.seial mictinns

Figure J-2.1a. Clearly cxtrupancrcatic fluid (F) with preserved pancreatic contour (while, alter bolus injection). Anterior renal
fascia (arrows) demarcates the anterior pararenal fluid collections.

Fiaure.l-2.lh. A direct coronal cut demonslrates this fluid (F) in the anterior panuvnal space in a frontal plane. Pancreas is
designated by arrows.

Figure .l-2.1c. Pancreas is swollen with intrapancreatic fluid and thickened left anterior renal fascia converging behind the
pancreas (arrows). SV: splenic vein.

Figure 3-23<l. Pancreatic head with fluid (F). Anterior renal fascia (arrows) spans midlinc. [HI: duodenum.
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3-24b
3-24a

3-24c 3-24d

Fluid collection* in pancreatitis: anterior pararemil space with fascia! reactions

Figure 3-24a. Pancreatitis with fluid (F) accumulations with fasciul thickened planes on birth sides (arrows).
Figure 3-24b. Pancreatitic fluid (F) along pancreatic head with in addition thickened left I'aseial planes (arrows) as indication

for pancreatitis. No fa.sciul thickening on right side.
Figure 3-24<: Acute pancreatitis with inflammatory mass (M) with density of 0-5 HU in anterior pararenal space (between

small arrows). The pancreas is not recognisable after bolus injection. Anterior renal fascia is indicated by black-while arrows.
AO: aorta; SV: splenic vein.

Figure 3-24iJ. A slightly lower level demonstrating inflammatory mass (M) with very thickened anterior renal I'aseial planes
(black-white arrows). DU: duodenum: SMA: superior mesenteric artery: SP: spleen; VC: vena eava.



3-25c 3-25d

Pancreatic abscesses with fascia! reactions

Figure 3-25u. Fluid with air-bubbles is present in right posterior pararenal space (3).
Figure 3-25b. It seems if air-bubbles are present in a thickend posterior renal fascia, hut this must be air in a fluid layer on the

posterior pararenal side of the fascia (arrows).
Figure 3-25c. Also air-bubbles are present in fluid on the anterior parurcnul side (1) of the renal fascia (arrows).
Figure 3-25d. Section below the level of the kidney. Large fluid collection in posterior pararenal space (3) with air-huhbles

adjacent to psoas muscle (PS). Also inflammatory fluid in mesentery (MT). (Courtesy Jos van Engelshoven M.D.. Si. Annadal
Hospital. Maastricht).

fection without liquefaction (207, 302). In fact, it
is a precursor of an abscess. On CT before con-
trast, normal renal parenchyma! density is usually
seen, though the involved area may show a slight
decrease in density. The involved areas were al-
ways of lower density than normal parenchyma
(207. 293). Hoffman (154) described striated areas
of low density on CT scans and others like Lee
(207), Rauschkolb (293). Kuhn (196) and Wads-
worth (363) described multiple wedge-shaped de-
fects or focal areas of diminished density which

became visible only after contrast medium infu-
sions (figure 3-34a.. b.). Similar findings have
been described earlier by Davidson and Talner
(67) doing selective angiograms in these patients
and have been observed recently in intravenous
urography (26). These focal, striated and radially
oriented foci or abnormal renal parenchyma! en-
hancement probably represent non-functioning
nephrons secondary to either a vascular event or
obstruction. This phenomenon however is not
totally specific for infection but must be differenti-
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3-26a 3-26b

3-26c 3-26d

Pancreatic abscess

Figure 3-2óa. Severe pancreatitis. Extensive infiltrate in anterior pararcnal space (black-white arrows) around pancreas with
preserved contours which are identifiable after bolus contrast injection (white arrows). A: ascilic fluid.

Figure 3-2f>b. Lower section. The infiltrate has a density of 3(1-4(1 HU and an inhomogenous. soap buhhly-likc appearance.
White arrows point to anterior renal fascia. Also infiltrate in posterior pararcnal space (3) and in mesentery on lower sections.

Figure 3-26c. After drainage procedure via left posterior pararenal space (contrast in 3) air in anterior pararcnal space on both
sides. White arrows point its right-sided border.

Figure 3-2M. The abscess extended inlo mesentery of small howel (MT). Fluid is present in lefl anterior pararcnal space (1)
and posterior pararenal space (3) surrounding the laleroconal fascia (small arrows). Right renal fasciae are also thickened (big
arrows). Perirenal space is preserved (2).
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3-27b
3-27a

3-27c 3-27d

Fluid collections in lesser sac utul differential diugtuisis

Figure .'-27«. Same patient as in figure 3-2ft. Air in anterior parun
Figure }-27b. Mass in lesser sac with extension to the spleen (SP) al

stomach caused hy pscudomyxuma peritonei (carcinoiil of appendix) I
Figure i-27c. Extrapancreatic lluid in lesser sac (F). Note relation '
Figure J-27d. Lower section. Arrow points to place of left gastric ar

Pancreas with small cyst (c).

Mial space communicates with lesser sac (I.S).
>ng the short gastric arteries (arrows). Mass effect on the
ncalized in lesser sac.
with the liver (arrows).
cry dividing the lesser sac into two communicating parts.

ated from renal vein thrombosis, renal contusion,
acute tubular necrosis or metastatic disease.

Extension into the perirenal space results in a
loss of renal outline, and fascial thickening.

In the group of 10 patients of Rauschkolb et al.
(293) with pyelonephritis no extension beyond the
capsule was visible and no fascial thickening was
present. However even without perirenal exten-

sion there may be a thickening of the renal fascia
(154. 207) (figure 3-34c.) just as in other in-
flammatory processes, e.g. renal abscess, pyohv-
dronephrosis. infected renal cyst and especially in
xantogranulomatous pyelonephritis.
Renal abscesses and carbuncles arise very fre-
quently from hematogenous spread of bacteria
(181) or arc believed to be caused by direct exten-



3-28a

3-28c 3-28d

Chronic pancreatitis with extrapancreatic fluid collection in lesser sac

Figure 3-28a. Thick walled fluid collection is visible behind the stomach in lesser sac (LS) on transverse CT scan.
Figure 3-28b. Direct coronal CT reveals the relation of the pancreas (PB) (calcifications) with the lesser sac fluid collection.
Figure 3-28c. More frontal direct coronal CT section. The stomach (ST) is displaced laterally by the lesser sac fluid collection.
Figure 3-2Sd. Direct sagittal CT section demonstrates the extent behind the stomach (ST) of the lesser sac fluid collection.

sion from the renal pelvis or in combination with
diabetes, renal trauma and obstruction. CT signs
of a renal abscess on a pre-contrast scan are a soft
tissue mass of low attenuation (0-25 HU), with
either irregular margins or smooth walls depend-
ing on the pathogenesis and maturity (113) (figure
3-34d.). Abscesses originating in pre-existing re-
nal cysts usually maintain their smooth walls (17,
91), whereas those originating from primary
parenchymal infection often have irregular mar-
gins. After contrast enhancement the abnormal
area shows less enhancement than renal parenchy-
ma and may demonstrate a so-called rind sign, i.e.

a rim of peripheral enhancement, due to the
hypervascularity of dilated inflamed vessels in the
abscess wall. There may be gas present in absces-
ses or infected renal cysts either as small bubbles
or forming air-fluid levels. This is uncommon in
renal abscess and is more frequently encountered
in perirenal abscesses, especially in diabetics.
Cases of renal abscess are described usually in
association with perirenal extension (16. 237) but
others have been observed without extension and
even then a thickened renal fascia may be seen
(16). Benign renal cysts are not accompanied by
thickening of the renal fascia. However when cysts
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3-29c 3-29d

Differentiation of location of muttiloeular pancreatic fluid collections

Figure 3-29a. Pancreatitis with fluid collections (C) with thick wall in hilum of spleen (SI') ami lesser sac ( IS) behind stomach
(ST). Anterior renal fascia is thickened (arrows) on anterior pararenal siile.

Figure 3-2Vb. Cyst-like lesions (intrapancreatic fluid in pancreatic tail) in anterior pararanul space with thickened anterior renal
fascia and thickened lateroconal fascia at the side of inflammation (arrows).

Figure 3-29c. Direct coronal cut demonstrates the complex architecture of fluid collections in pancreatic lail in relation to
spleen (SP). diaphragm (black-white arrow) and bowel loops.

Figure J-JVd. On a more dorsally direct coronal scan thickening of Cierota's fascia (arrows) is clearly visible alone loft kidney
(LK).



3-30c 3-30d

Progressive' violation of Gcroui's fascia by pancreatic fluid

Figure 3-M)a. No penetration of left anterior renal fascia (arrows) by pancreatic fluid (F). The fascia seems a harrier for
extension.

Figure 3-30b. Pancreatic fluid lying against thickened anterior renal fascia (small white arrows). The irregular thickening at the
inside (black-white arrow) probably represents the beginning of penetration.

Figure 3-30c. Exlrapancreaüc Huid (F) lying against thickened anterior renal laseia (small arrows) and perirenal fluid is also
visible (black-white arrow).

Figure 3-30il. Irregular thick walled perirenal mass (M) pushing the left kidney medially and caudallv with <m the Icl'l renal
angiogram compression of the capsular vessels.
At surgery it proved to be a large perirenal pancreatic mass.
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3-31a 3-31b

3-3!c 3-3ld

Perirenal cystic i:\iriipancreatic fluid collections

Figure 3-Ma. Cystic lesions in pancreatic tail (C). hilum of spleen and perirenal a s t h rnra ). Iliis m;i> represent an incidental
renal cyst. Renal cysts and perirenal extrapancreatic fluid collections m;iy occur siniiili..ncnii^l> as shown in Iv. c , d.

Figure S-Jlh. Perirenal space containing infected eMrapancrcatic fluid collection (Ml of hisih density OH HIM with pseudo-
capsule. Incidentiil finding of renal cyst (C). PT: pancreatic tail.

Figure J-Mc. A somewhat lower section. The posterior renal fascia is visible (arrow). DC: desceiulini' colon.
Figure 3-.Hd. The extrapancreatic fluid collection compresses ihe parenchyma of ilv: left kidney (l.K I Anterior renal fascia is

indicated hv arrow.



3-J2a 3-32b

3-32c 3-32d

Intrusplenic pancreatic fluid collections

Figure 3-32(i. A pancreatic Huid collection (Fl in pancreatic tiiil ( I ' l l cxtendum in spleen (SI'I
Figure J-.Uh. Direct coronal CT section demonstrates this intnisplenic Huid (K) clearly.
Figure .1-.12c. Different patient with pseudocysts (F) extending in spleen. Note: this «as ;i case of pancreatic carcinoma

associated with the presence of pseudocvsls.
Figure 3~J2d. A patient with dorsal displaced spleen alter left nephrccioniy. ('yst-like lesions ((.') are present intra- and

extrapancreatic and within splenic capsule (F).

get infected thickening of the renal fascia may
develop, provided it is adjacent to the renal fascia
(Hi. 17). In entities such as renal echinococcosis
(115. 280) these findings will not be observed.

In xanihogranulomatons pyelonephritis a
staghorn calculus may be present as cause of ob-
struction. The CT features miiv be: absence of

contrast material excretion in the involved kidney
or area of focal involvement, discrete solid masses
(figure 3-35c) or multiple, non-enhancing round
areas within the medullary space having higher
attenuation than urine arranged in a
hydronephrotic pattern (54. 333. 363). It may be
associated with an intrarenal abscess (309). In



3-33a 3-33b

3-33c 3-33d

Rarer complications of pancreatitis: splenic abscess. I'islula. psoas ami incsenteriat fat involvement.

Figure .*-.*.?«. A pancreatic mass (M) had invaded the spleen which is nu lousier visible due to the inflammatory mass, lel t
anterior renal fascia is indicated by arrow. 2: perirenal space.

Figure.?- J.ib. This mass (abscess) was percutaneouslv drained by catheter, lodinalcd contrast «as filling the stomach (SI I by a
fistula (arrow).

Figure .1-JM: Extension of pancreatic fluid in posterior pararenal space (3) in left psoas muscle (I'S) (arrow ).
Figure J-33d. Leakage of pancreatic fluid in fat of mesentery resulting in a palpable mass (M). Mescnlerial imolvei

visible in fig. 3-26d and fig. 3-33c.
cinenl is also



3-34c 3-34d

Renal infection

Figure .'-.'•/«.. b. A patient with acute bacterial nephritis on the right side due lo Klebsiclla. Aller «intrust enhancement the
nephrogram is patchy (black-white arrows). The involved areas are of lower density. Normal renal fascia on b. (small arrows).

Figure 3-34c. Different patient with urosepsis (E. C'oli). No contrast enhancement was used. The left kidney is swollen and the
left renal fascia is slightly thickened (arrows).

Figure 3-34d. A patient with an inflammatory solid mass (M) in right kidney with compression effect upon the calyces. Alter
contrast enhancement no patchy areas of low density. Normal fascial planes. RL: rishl liver.

most cases a marked thickening of Gerota's fascia
and obliteration of perirenal fat may be visible on
CT. Intravenous contrast-enhanced scans showed
hyperemia in the renal fascia and in the inflamed
atrophic renal parenchyma surrounding the pock-
ets of xanthomatous tissue and pus filled calyces
(333).

L'T at tuberculosis of the kidney demonstrates in

case of the typical autonephreetomized "putty"
kidney, cystic areas with low attenuation (case-
ated tuberculomas) rimmed by renal parenchyma.
Cases of Hlkin (82). McClennan (232) and figure
3-35b demonstrate no fascial reactions. CT pro-
vides an elegant means for detecting renal atrophy
and cortical thinning in the entity previously
known as 'chronic tttrophicpyelonephritis' which is
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3-35c 3-35d

Other infection* of the kidney anil cortical mroph v

Figure 3-35u. Bacterial infection of atrophic kidney with air-fluid level in pelvis. The patient was scanned in prone position
therefore air is visible on this slice underneath fluid (F). Renal fasciae are thickened (arrows).

Figure 3-35h. Tuberculosis of the kidney. The left kidney is large and consists of cystic areas with enhancing rim. There exists
also a contiguous psoas abscess (M). The perirenal space demonstrates some accentuated fibrous strands (while arrows) but
normal renal fascia (black-white arrows).

Figure 3-35c. Xanthogranulomatous pyelonephritis in right kidney (RK) with thickened renal fascia, especially on perirenal
side. No contrast enhancement was used. Reactive lymph node enlargement (N) around aorta (AO).

Figure 3-3Sd. Cortical thinning opposite calyx. Fibrous capsule of the kidney is thickened at place of cortical thinning
(black-white arrow). Normal renal fat and no renal fascia thickening (small arrows).



3-36b

3-36a

3-36c 3-36d

Periratal infection

Figure ,?-.?6«. A renal ahsccss (low density mass (M) with air bubble) extending in right perirenal space and thickened posterior
renal fascia (arrows). The right psoas muscle (PS) has a close contact with the perirenal abscess and is swollen.

Figure 3-36b. The left perirenal space is filled with fluid which proved to he an abscess. The renal cone is distended. Some
perirenal fat and fibrous strands (arrows) are still visible.

Figure 3-36c. Different patient. A low density renal abscess (M) on left side shows extension into left psoas muscle (PS). The
posterior renal fascia fuses with the quadratus lumborum muscle (01.) at the lower pole of the kidney and is markedly thickened
(arrows).

Figure 3-3f>d. After percutaneous drainage the left psoas muscle and renal fascia appeared as normal with a small residual
ahsccss (F) in left kidney.
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3-37a

3-37b

Perirenal infection with violation offascial boundaries

Figure 3-37a. Abscess (M) originated in ventral right kidney (small black arrow) in a young rheumatic girl. The abscess has
perforated the right anterior renal fascia (open arrow) and has infiltrated the anterior pararenal space (large black arrows) around
duodenum (DU). RL: right lobe of liver.

Figure 3-37b. Lower section. The abscess has a lucent center (F). Note that the perirenal abscess does not gravitate but remains
at place of origin possibly due to formation of a pyogenic membrane.

a part of the reflux nephropathy concept. Barbaric
(19) found a thickened fascia visible on the IVU in
most cases in particular opposite to the paren-
chymal scars, especially when bolus nephroto-
mography was done. He explained this fascial
thickening as a possible response to perirenal ex-
tension. Thickening and hypervascularity are re-

sponses to inflammation (246) and they probably
remain as permanent sequelae even after the
primary renal infection has become quiescent and
the renal parenchyma has become scarred.

In the pathological literature Zollinger and
Putschar (388) mentioned that in chronic
pyelonephritis the capsula fibrosa of the kidney is



3-37c
Figure J-J7i: Right posterior renal fascia is thickened (arrows).
Figure J-37d. Section below level of kidneys. Both renal fasciae are thickened (arrows).

3-37d

3-38a 3-38b

Perirenal infection with violation of fascia! boundaries

Figure .1-Mia. A diahetic woman with operatively proven infiltrate dorsal to the tight kidney with extension thnnmli renal fascia
in posterior pararenal space and in transverse abdominal muscle (M).

Figure .?-.Wi. Lower cut. The renal contour is intact. The perirenal infiltrate (arrows) and infiltrated dorsal musculature (M)
are clearlv visible.
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3 " 3 9 a 3-39b
Thickened renal fascia after surgery without perirenat infection

This patient was surgically explored because of suspected perirenal abscess. No abscess was found.
Figure .^-Mh. Perirenal reactions after surgery with thickened renal fascia (arrow), adherent to kidney.
Figure ,?-.?W>. Lower cut. Coincidental cysts in both kidneys. Defect in renal parenchyma with thickened renal fascia adherent

to kidney (arrow). A lower CT demonstrated an abscess in left sacrospinal muscle (not shown).

very often thickened due to inflammation. In
addition, they observed thickening of the adipose
capsule, i.e. the perirenal fat with thickening and
proliferation of fibrous connective tissue strands.
This so-called fibroplastic thickening of the pe-
rirenal fat may therefore in our opinion be the
reason for the visibility of the renal fascia on
urography regardless whether the renal fascia is
thickened or not.

Parienty et al. (276) give a CT example of
parenchymal scar due to pyelonephritis with
opposite localized thickening of the renal fascia
with normal adjacent perirenal fat. In our patient
material a case was present with moderate thick-
ening of the fibrous capsule of the kidney at the
place of atrophy (figure 3-35d.) with normal pe-
rirenal fat and normal renal fascia. In other cases
also the renal fascial thickening was not impres-
sive.

3.3.3.2. CT findings and illustrative cases in pe-
rirenal abscess. Perirenal abscess formation is
usually secondary to a renal infection (figure 3 -
36a.). In children hematogenous spread occa-
sionally occurs to the perirenal fat from other sites
(244). The infection to this space may also occur

after surgery. In rare cases it is associated with
renal cell carcinoma. Cases have been demon-
strated by Childs (50) and Chintapalli (51). The
major impact of CT in cases of renal abscess is the
demonstration of perirenal extension (176).
Thickening of the renal fascia alone is no conclu-
sive evidence for perirenal extension. Masses, air
bubbles or displacement of surrounding structures
are needed (figure 3-36a.). Pseudo air-bubbles in
perirenal fluid are seen in figure 3-36t».

Because of gravity the infection usually localizes
within the perirenal fat and coalesces around the
dorsolateral pole of the kidney. Gas-producing
organisms may diffusely involve the perirenal
component.

Thickened and probably displaced renal fasciae
are mostly visualized on CT (figure 3-36a.. c ) . In
general the infection does not directly penetrate
Gerota's fascia. It may cause swelling of the adja-
cent psoas muscle due to oedema (figure 3-36a).
When infection is fulminating it may become very
aggressive, break through fascial boundaries and
spread to adjacent structures such <is the psoas
muscle (237. 239) (figure 3-36c). pancreas,
duodenum and colon (50). It may also spread into
the anterior pararenal space (figure 3-37) and



3-40a
3-40b

3-40c 3-40d

Infection in posterior pararenal space

This patient has been operated some months before, because of an abscess behind the liver.
Figure 3-40a. There is still an abscess (M) in bare area of liver. Arrows point to boundary of liver.
Figure.)-40b. The abscess (M) is extending to posterior pararenal space behind deformed kidney.
Figure 3-40c. Posterior renal fascia (white arrows) is very thickened. Renal parenchymal defect (arrow) probably due to

previous operation.
Figure i-4Q<i. Lower cut. Posterior renal fascia is thickened (white arrows) as is the anterior renal fascia (arrowhead). Irregular

outline of right kidney (black arrows).
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3-41c 3-41d

Inflammation in posterior parareiml .space

Figure 3-41a. Pancreatic fluid is present in both parareniil spaces (3). The left one is also filled with iodinated contrast and
air-bubbles following percutaneous drainage (A: ascites).

Figure 3-4lb. Direct coronal CT scan reveals the position of this inflammatory fluid and iodinalcd contrast and its relation
distally to the psoas muscle (PS).

Figure 3-41 c. Different patient with left sided posterior pararenul (3) abscess (M) some years after ipsilatcral empyema of
pleura. The posterior renal fascia (arrows) is thickened even at the side of the perirenal space (2).

Figure 3-41(1. The abscess has penetrated the left psoas muscle at lower level. The lei! psoas muscle is swollen with low density
mass (M) and peripheral rim. The posterior renal fascia (arrow) is slightly thickened.

Figure 3-4lc, d. by courtesy of Jos van Engelshoven M.D.. St. Annadal Hospital. Maastricht.
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3-42a

3-42b

3-42c 3_42d

Psoas abscesses

Figure 3-42a. Direct coronal CT reveals the cranial caudal extent of a psoas abscess (F. arrows) secondary to perirenal abscess
in a diabetic woman with cirrhosis of the liver.

Figure 3-42b. Multiple psoas abscesses (F) in left psoas muscle due to infected renal transplant (K).
Figure 3'—42c. After nephrectomy for pyohydronephrosis a left psoas abscess is visible (small arrows) with air-bubbles (hlaek

arrow). The left renal fasciae (black-white arrows) are thickened.
Figure 3-42d. After nephrectomy (for unknown reasons) a small abscess (M) in left rctroperitoiietim i.s visible with extension in

the psoas muscle (arrow).

may extend into the posterior pararenal space and
subcutaneous tissues (16, 219, 237, 244,246, 309),
(figure 3-38a., b.). Infection may spread down
the perirenal space into the pelvis with subsequent
extension in the posterior pararenal space. Kim
(176) demonstrated by CT a case of emphysema-
tous pyelonephritis with extension intraperi-
toneally to the lesser sac. Lautin et al. (205) pre-
sented a case of emphysematous pyelonephritis
with extension of air around the adrenal gland,
and the inferior vena cava, thus in a limited way

extending beyond the perirenal space. Emphy-
sematous pyelonephritis should not be confused
with post-operative air surrounding an operated
kidney. The same applies for post-operative fas-
cial thickening after renal surgery (figure 3-38a..
b.) and fascial thickening where the nephrostomy
catheter passes through the renal fascia without
perirenal or pararenal mass. This does not repre-
sent infection but oedema and/or fibrosis.
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3-43c 3-43d

Perforation of colonic tumor in ileopsoas muscle

Figure3-43a. A mass (M) in cecum is noted to perforate (arrows) in right iliac muscle (IL). This is more clearly visible in lower
level in fig. 3-43b.

Figure 3-43c. A few months after operation there exists a large abscess in right psoas muscle with air-hubhles extending into the
abdominal wall (arrowheads).

Figure 3-43d. At level of kidney the right posterior renal fascia (arrowheads) is thickened.

3.3.4. Infections in the posterior pararenal space

3.3.4.1. General considerations. CT findings and
illustrative cases. Fluid collections on CT between
the posterior renal fascia and the transversal fascia
due to localized infection in the posterior parare-
nal space are less frequent than anterior pararenal
and perirenal located abscesses. It may be the
primary site of infection (figure 3-40) but is most-
ly caused by spread of infection from contiguous
structures. Causes may include osteomyelitis, un-
usual retroperitoneal positions of the appendix,
infected aortic graft, psoas abscess, subcutaneous
abscess or penetration of the posterior renal fascia
in perinephritis (figure 3-38a., b.). It may also be

the result of extension of anterior pararenal
abscesses around the inferior border of the pe-
rirenal cone or, less frequently, of perforation of
the lateroconal fascia, particularly in pancreatitis
(figure 3-41a., b.). A posterior pararenal abscess
may extend into the psoas or dorsal muscles (132,
145, 200) (figure 3 -41c , d.) or bare area of liver
(figure 3-40a.).

3.3.5. Muscular abscesses adjacent to the rv-
troperitoneum: iliopsoas muscle abscesses

3.3.5.1. General considerations. Most muscular
abscesses external to the retroperitoneal fat layer
are situated in or around the iliopsoas muscle.
Infection within the psoas muscle is commonly
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3-44a
3-44b

3-44c

Iliopsoas abscess confined to the muscles (caused hy genital tuberculous infection)

Figure 3-44a. Abscesses in left psoas muscle (M) continuing on Figure 3-44b. in left iliac muscle.
Figure 3-44c. Direct coronal CT section demonstrates the extent of this abscess (arrows).
Figure 3-44(1. Direct sagittal CT section reveals the anatomical position of iliac muscle abscess (M).

3-44d

due to direct extension from contiguous structures
such as kidney, pancreas, bowel (diverticulitis,
appendiceal complications. Crohn's disease), and
spine; it is less frequently due to ascending infec-
tion from the uterus in postpartum patients, to
hematogenous spread, or following surgery.
Bilaterality is usually due to infection originating
in the midline.

3.3.5.2. CT findings and illustrative cases. Many
authors describe iliopsoas abscesses demonstrated
byCT(14. 16.43,70. 114. 132. 161. 167. 183,219.
239. 270. 291). Close attention must be paid to the

normal symmetry of this paired muscle group on
CT. The signs of an iliopsoas abscess on CT (14)
are: 1. a mass of non-enhancing low attenuation
value with possible rim of peripheral higher densi-
ty (which may enhance) and displacement of sur-
rounding structures (figure 3-4Id.. 3-42a.. 3 -
43). This sign is non-specific and may also occur in
hematoma. necrotic and cystic tumor and non-
infected inflammatory mass in pancreatitis (43): 2.
abnormal gas collections (distinct from bowel)
(figure 3-42c) : mottled appearance or air-fluid
level. This sign, if present, is the most reliable for
the existence of an abscess; 3 thickening or obli-
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3-45a 3-45b

3-45c

Infection in midliiw fallowing aortic graft surgerx

Figure 3-45(1. Infected aonic graft some months alter operation. (ias is visible (arrows | within solt-n
bifurcations of the graft ( + ). The left psoas muscle demonstrates an abscess (Ml. C"ourles\ .los van luisiclsh
Annadal Hospital. Maastricht.

Figure.l-45h. Different patient. Abscess in left psoas muscle (Ml and thickened posterior renal fascia (arrow.)
ancurysm operation. The aorta demonstrates an aortic graft ( + ).

Figure 3-45c. Aortic graft within old ancurysm sac (arrows) which was wrapped around prosthesis | + ). INoas
with thickened renal fascia (white arrows). Aortic graft is surrounded hy non-filled bowel loops.

Figure3-45il. Aortic graft has already bifurcated into two limbs (+ ). Psoas jbseess with thickened renal fasciae
The aortic graft is not infected.

3-45d

sue around the
io\en M.I).. Si.

alter abdominal

abscess is lai tier

(white arrows).

teration of fascial planes (figure 3-41d. 3-43d).
Renal fascial thickening, especially posterior,

may be anticipated in these cases due to its
anatomic relationship (figure 3 -42c , 3-43d.) but
it is mostly due to pie-existent perirenal and/or
posterior pararenal pathology. If a psoas abscess is
visible on CT. the peri- and pararenal spaces
should be searched for pathology because most

psoas abscesses are secondary to infections in
thesc: spaces. It should be noted that the perirenal
space abuts for a great distance on the psoas mus-
cle (see chapter 2.4.S.). Extension of primary
psoas abscesses from the reirofaseial compart-
ments of the psoas muscle to the retroperitoneal
spaces is unusual as demonstrated in a tuberculous
abscess in figure 3-44.
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3-46c 3-46d
Infected emal vein graft

Figure 3-4ha. One year alter surgery in a case of leiomyosarcoina of inferior caval vein ifigure 4-Mle. I a rounded low densitt
mass medial from ihe compressed caval vein (arrowl with air-lnihl'lcs is present.

Figure 3-4(>h.. <\. tl. The mass has a rim. When extending: lower on it is displacing the right psoas muscle (PSI and the right
ureter (black arrow). The right renal fasciae are thickened (while arrowsl. AO: aorta. At surgery Ihe cn\al vein graft was inleeted.

3.3.6. Infections in the midliite

3.3.6.1. General considerations and ("I' findings.
Infections in the midline are due to pathology of
the great vessels, especially aortic graft abscesses.
The presence of a soft-tissue density mass sur-
rounding the graft indicates hemorrhage or ab-
scess (80. 152. 223. 306).

The presence of gas within the soft-tissue (fig-,
ure 3-45a.) is diagnostic of abscess as shown by
Love (21l>). Haaga (134) and Soncs (327) but the
limitation of this sign is that gas introduced at
surgery may persist for up to 2 weeks (64). A
pocket of gas may also he caused by an

aortoduodenal fistula (223). Sones (327) demon-
strates in his case a thickened posterior renal fas-
cia due to posterior pararenal extension of the
inflammation, and Kam et al. (\M) demonstrate a
thickened posterior renal fascia where gas pockets
were noted within the confines of an aortic wrap-
around graft.

If the infection is not caused by gas-forming
organisms, it may manifest itself as perigraft fluid
collection without gas bubbles which resembles an
old hematoma. Needle aspiration with bacterial
culture should be performed in these eases (64).
Thickened renal fasciae may be a clue for perigraft
infection but this is a non-specific sign (figure 3 -
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3-47c 3-47d
Periam'itrvsmat fïbrnsis

Figure 3-47a. Before contrast enhancement an isudense mass surrounds a widened abdominal aorta « n h c.ilcilic.ttions in the
wall. LK: lower pole of left kidney.

Figure .1-47b. After enhancement the piiteilt lumen IL) is visihlc. ' U u r e is thrombus I I I m aortic lumen ,unl pen . ionic III.I>- »>l
fibrosis (M) . with less enhancement than intraluminal Mood. Left anterior renal hisci.i ( a r u m i is slmluh ilnekened u w as on the
precontrast scan in a.

Figure J-47c. Different case of perianeurysmal fihrosis (Ml. Stenls have heen placed in the ureters (hie , i rnm>l. I ell j n t e n o r
renal fascia is thickened (small arrows).

Figure .?-•/7</. Another h i s t o r i c a l l y proven ease of pcriancurysnwl fihrosis (Ml mound aoita with lumen ll I and thromhus
(T) . Left renal fasciae (arrowsl are thickened. ( ' : ren.il eysi.

Figure J-47»., b., d. Courtesy of M.F.O. Strieker M.D . et al. ( iemeente / i ekenhu i s . Ainhem.

45b.. c . d.). in aorlo-ili.ic jineurysim with ureteral orciiMil \ein
In infected caval vein graft the same characleris- obslrtictioii (V4) arc also called inflammatory

tics apply, (figure 3-46). aneurysms because of I he presence ol a firm.
dense mass-like layer of fibrous tissue combined
with islands of a mixed cellular infiltrate around

.?.-•?. 7. Miscellaneous group: Penaneurysmal fihro- the aorta and a varying amount of bloodvessels.
sis and idiopathic retroperitoneal fibrosis Thickened renal fasciae at the edge of these mass-

es, probably represent a reaction to activity of the
3.3.7.1. Perianeurysmat fibrosis: CTfindings and process, and were visible on ( T (fitiure 3-47) in 4
illustrative cases. Perianeurysmal fibrotic reactions of our 7 patients. We had one case of peria-
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3-48a

3-48b

3-48c 3-48d

Idiopaihic retroperitoneal fibrosis

Figure 3—Wa. A mass of soft lissuc surrounds the aorta (AO) and caval vein (V<"|. The ureters were nul obstructed and the
fascial planes were normal.

Figure 3-4Nb.. c. il. A muii of 64 years old. Left sided nephrectomy 2\ years ago lor unknown reason. Diagnosis of
retropcritoncal fibrosis was made 11 years ago. C"I' scan was performed lveau.se of abdominal complaints.

Figure J—Wh. Mass (black arrows) around right kidney in perirenul space originating right from aorta (Ml. (IB: gallbladder:
RL: right liver. Behind pancreas also a linear mass along remnant of left anterior renal fascia (white arrows). The density of the
mass is equal to adjacent muscles. O: renal cyst.

Figure 3—ttfe. Lower level. Arrow points to obstructed duodenum ( D l ) . The mass extends also in anterior pararenal space.
Figure 3-4Hii. Below the level of the kidney. Linear density along left anterior renal fascia (arrow).

Based on the history of retroperiloneal fibrosis the mass was considered as a progressive state of fibrosis. spreading along faseial
planes.

neurysmal fibrosis with leaking aneurysm in the
perirenal space causing thickened renal anterior
and posterior renal fascia with thickened fibrous
strands (figure 3-8d.).

3.3.7.2, Idiopathic retroperiloneal fibrosis. Idio-
pathic retroperitoneal fibrosis is not a definite in-

flammatory process, yet for practical reasons it is
included in this category.

Idiopathic retroperitoneal fibrosis is a plaque-
like non-capsulated but limited process. The fibro-
sis begins below the aortic bifurcation at the level
of L4-L5 as a plaque surrounding the iliac vessels.
It may spread along the spine toward the renal
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hilum and extend along the fascial planes of Gero-
ta into the anterior pararenal space surrounding
the duodenum or pancreas, it may extend into the
perirenal space, surrounding the kidney or into
the posterior pararenal space.

It may spread down along the iliac vessels and in
front of the sacrum and may involve rectum and
bladder. Less frequent locations are mediastinum,
mesentery or around the spleen. The peritoneum
appears to be an effective barrier to extension of
retroperitoneal fibrosis (201). The thickness of the
fibrosis may be 6 to 10 cm at its widest point (66).

The extent of the retroperitoneal fibrosis can be
more or less unilateral or asymmetric, but it ex-
tends laterally from the midline.

Histologically retroperitoneal fibrosis repre-
sents a thick fibroblastic proliferation accompa-
nied by fields of inflammatory cells and blood
vessels.

According to Hutch et al. (157) the disease pro-
cess is a chronic inflammation of the perirenal
fascia and of the perirenal fat. They called it pe-
rirenal fascitis. Idiopathic retroperitoneal fibrosis
appears on CT (41, 66, 83, 95, 101. 137) as a
prevertebral mass with a fairly homogenous densi-
ty equal to the adjacent muscles (30-50 HU) (fig-
ure 3-48a.) and with a tendency to envelop
rather than to displace adjacent structures such as
ureters, caval vein and iliopsoas muscles. The
stage of fibrosis and the grade of inflammation or
number of present blood vessels may account for
the variation of the CT density following contrast
bolus injection (66). This is also seen in
perianeurysmal fibrosis which is histologically
almost identical with idiopathic retroperitoneal
fibrosis (318).

Hutch (157) advanced the theory that the dis-
ease is primarily a perirenal fascitis, but only in a
few cases have thickened renal fasciae been seen
on CT (figure 3-48b., c , d.) Haaga (132) demon-
strates in a case of retroperitoneal fibrosis a thick-
ened anterior, posterior renal and lateroconal fas-
cia. Lee (209) also shows a case of extensive re-
troperitoneal fibrosis with marked bilateral fascial
thickening and accentuated fibrous strands in both
perirenal spaces.

Thickening of Geroia's fascia has also been
demonstrated in cases of periureteral fibrosis of
malignant etiology (36, 250).

3.4. Gerota's fascia and intraabdominal fluid

3.4.1. General considerations

Because of the close anatomical relationship be-
tween the peritoneal cavity and the retroperi-
toneal space a reaction of Gerota's fascia to in-
traperitoneal fluid collections may be expected.
The lateroconal fascia fuses the parietal peri-
toneum. There are also interconnecting areas be-
tween peritoneal cavity and retroperitoncum
termed by Oliphant and Berne (269) the subperi-
toneal space, consisting of peritoneal folds which
form the omcntums. ligaments and mesenteries.
Especially the posterior subhepatic space (Mori-
son's pouch), the subsplenic space, the lesser sac
and paracolic gutters have a close contact with the
renal fasciae. To discriminate fluid in peritoneal
cavity and retroperitoneum. some basic informa-
tion is necessary about locations and behaviour of
intraperitoneal fluid, especially the serous fluid
such as ascitis. If ascitic fluid is located in the
supramesocolie compartments it accumulates
when the body is in supine position, initially in the
right subhepatic space: Morison's pouch (figure
3-49) (77. 168. 243. 252. 287. 384).

This compartment was described by Morison in
1894 (259) and is the right posterior subhepatic
space (hepatorenal recess) located posterior and
lateral to the upper pole of the right kidney and is
bordered superiorly as well as inferiorly by the
right inferior coronary ligament. It communicates
with the right paracolic gutter and laterally deep
to the liver and around the margin of the right
coronary ligament with the right subphrenic
space. On more caudal cuts it extends medially
and is bounded by the second part of the duode-
num.

Small amounts of fluid in the inframesocolic
compartment tend to collect in the pelvic cul-de-
sacs (pouch of Douglas, the lateral paravesical
recesses or anterior paravesical). As the amount
of fluid increases the major flow is up to the right
paracolic gutter and the left paracolic gutter. The
left one is shallower and the cephalad extension is
limited by the phrenicocolic ligament (figure 3 -
49). As the amount of ascites further increases,
the fluid accumulates around the liver and espe-
cially in the dependent parts of the left paracolic
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RPG

Figure $-49. Frontal view nf peritoneal relationships on the posterior abdominal wall with retroperitoneal areas (stippled).
Posterior parietal peritoneum is kept white. Modified after Pcrnkopf (L'rhan <& Sehwar?enherg. ISISII). I'ossihle pathways of How
of intraperitoneal exudutes are indicated by arrows after Meyers (243). AC: attachment of peritoneal reflections of ascending!
colon; BA: hare area of the liver; DC": attachment of peritoneal reflections of descending colon: D l ' ; attachment of peritoneal
reflections of duodenum; FI.: falciform ligament: CiSL: gastrnsplcnic ligament; LCI.: left coronary ligament: l.CiA: place of left
gastric artery in peritoneal fold; LIS: left inlracolic space; LK: left kidney outline (stippled) shining through peritoneum: LPCi:
left paracolic gutter: LS lesser sac (posterior wall): i.SS: left suhplirenic space: MCS: mesoeolon of sigmoid; MP: area of
Morison's pouch (posterior subhepatic space); ()E: oesophagus; PCD: pelvic o i l de sac. PCL: phrenicolic ligament: PT:
attachment of peritoneal reflections of pancreatic tail; RC1.: right coronary ligament: RE: rectum: R1S: right inlracolic space;
RK: right kidney outline (stippled) shining through peritoneum: KM: root of mesentery of small intestine: RPCi; right paraeolie
gutter: RSS: right subphrenic space; SMS: supramesocolic space; SP: place of the spleen: I'D: urinary bladder: I"]': uterus: VC:
place of vena cava.

3-50a
RA

3-S0b

Morison '.v pouch

Figure J-.1(/a. Anatomical drawing from transverse section of gross specimen (175) demonstrates the position of posterior
suhhepatic space (hepalorcnal recess) or Morison's pouch (MP). The peritoneal recess lies posteriorly and laterally to upper pole
of right kidney (RK) and is marginatcd superiorly as well as anteriorly by inferior eoronary ligament (IC'l.l.

Figure 3-5<>b. In the supine position a sagittal view demonstrates that this recess (MP) is the most posterior part of the right
paravertebral groove. See for list of abbreviations fig. 3-51.
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PCL
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Left suhphrenic space and phrenkocalic ligament

•i.

3-5Ib

Figure 3-5la. Schematic sagittal drawing after Meyers [2-W) of left upper abdomen Id demonMrale the position of lhe
triangular phrenicocolic ligament (PCL) as a relative harrier between left subphrenic space ILSS) and paraenlic «inner (PCI.I.
AG: anterior renal fascia (broken line); BA: bare area ol' liver: ('1.: caudate lobe of liver; D: diaphragm. DC: descending colon:
GPC: general peritoneal cavity: LK: left kidney; RC'D: right cms of diaphragm; KSS: right subphrenie space: IT: pancreatic tail:
PS: psoas muscle; SP: spleen: VC: vena cava.

Figure .1-51 b. This is demonstrated in a direct sagittal CV section Phrcnieocolic ligament is indicated In white arrow and
anatomic flexure of descending colon by black-white a rm». A. ascitic lluiil.

gutter (arrows in figure 3-49). Ascitic fluid may
also be present in the lesser sac (omental bursa).
This space is near to the anterior pararenal space
and is located behind the stomach, duodenal bulb
and lesser omentum (gastrohepatic ligament). The
portal vein, common bile duct and hepatic artery
in the lesser omentum course along the margins of
the free edge of the lesser omentum. Above and
to the left of the peritoneum forming the posterior
wall, the lesser sac is reflected from the diaphragm
onto the posterior surface of the fundus of the
stomach. This reflection, called the gastrophrenic
ligament, is continuous with gastrosplenic and
splenorenal ligament. Laterally to the left, the
lesser sac is bound by the gastrosplenic in front
and the splenorenal ligament behind and post-
eriorly chiefly by the pancreas. To the right the
caudate lobe of the liver projects into the sac.
Medially the lesser sac communicates with Mori-
son's pouch through the slitlike epiploic foramen
of Winslow. This foramen is located at the inferior
end of the right border, beneath the free edge of
the lesser omentum, just above the first segment
of the duodenum. It is readily sealed off by adhe-

sions, and in adults it is more a potential than a
real communication (123).

The lesser sac itself may be divided into two
main compartments by a diagonal fold of peri-
toneum reflecting posteriorly over the left gastric
and hepatic arteries. The upper compartment is
smaller and extends on transverse sections above
the plane of the pancreas. It is located to the right
of the midline and extends to the crus of di-
aphragm at the level of the lower thoracic verte-
brae. The lower compartment is significantly lar-
ger and located to the left of the midline. Super-
iorly and to the left of the midline the lesser sac
also extends to the level slightly below the apex of
diaphragm. The caudal extent of the lower com-
partments is mostly at the level of the transverse
colon and its mesocolon. but a well-defined in-
ferior recess may persist between the anterior and
posterior layers of the greater omentuni. When
these two surfaces remain unfused the inferior
recess may reach the true pelvis. Since the lesser
sac is relatively "fixed" superiorly, posteriorly and
to the right, expansion is more possible to the left,
anteriorly and interiorly (233) (figure 3-52. 3-58.
3-59).
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3-52b 3-52c

Anatomy of lesser sac

Figure 3-S2a. Diagram of transverse section demonstrating position of lesser sac (stippled).
Figure 3-S2b. Diagram of sagittal section to the right of midlinc of lesser sac (stippled) with its superior (LSSR) and inferior

(LSIR) recess. LSfR is in most patients not present because the blades of greater onientuni (CiO) normally fuse.
Figure 3-52c. Diagram of coronal section presenting location of the two compartments of lesser sac (stippled): right lesser sat'

(RLS) and left lesser sac (LLS), divided by peritoneal fold raised by left gastric artery (LGA) and hepatic arteries (HA). The
inferior border may extend from the lower stomach to true pelvis.
AO: aorta; AG: anterior renal fascia; CL: caudate lobe of liver; DU: duodenum; GPC: general peritoneal cavity; GSI.;
gastro-splenic ligament; LK; left kidney; LL: left lobe of liver: LO: lesser omentum: MP: Morison's pouch; PU: pancreatic body;
PG: posterior renal fascia; RL: right lobe of liver; RM: root of mesentery; SP: spleen; ST: stomach; SR: splcnorenul recess: SRI.:
splenorenal ligament; T: ligament of Teres: TC: transverse colon; VC: vena cava; W: epiploic foramen of Winslow: 1: anterior
pararenal space.
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3.4.2. CT findings and illustrative cases

In fluid collections limited to the intraperitoneal
part of the abdomen on CT the retroperitoneum is
better seen than usual (44). The spread of free
intraperitoneal fluid follows gravity. The earliest
sign of ascites on CT is a 'thickening' of peritoneal
reflections due to fluid accumulating within them,
particularly in dependent parts as seen on trans-
verse CT scan (figure 3-54a., b.). They lie juxta-
posed to the right and left anterior fascia of Gero-
ta and around the distal edge of the right hepatic
lobe in Morison's pouch. Thickening of the later-
oconal fascia is a frequent finding. On occasion
the posterior renal fascia is also involved for a
short distance next to the lateroconal fascia (figure
3-53b., 3-60). Small amounts of fluid can also be
depicted in the pelvic cul-de-sacs and in perihepa-
tic and perisplenic locations or the paracolic gut-
ters (figures 3-54, 3-55, 3-56).

On upper abdominal sections the differentiation
of fluid in lower pleural and upper abdominal
cavity may sometimes be difficult because curvi-
linear configurations of the pleural and peritoneal

Table 3-2 Patients with ascitic fluid

Disease

Neoplastic
ovarian carcinoma
carcinoma of uterine cervix
carcinoma of Fallopian tube
non-Hodgkin lymphoma
pancreatic carcinoma
testicular carcinoma
prostatic carcinoma
carcinoma of stomach
carcinoma of rectum
carcinoma of colon
adenocarcinoma of unknown origin
carcinoma of breast

Inflammatory
pancreatitis
appendicitis (with intraperi-
toneal abscess)

Other
cirrhosis
trauma
congestive heart failure
renal transplant
nephrotic syndrome
unknown

Total

No. of
patients

20
1
1
2
8
1
1
3
1
2
1
2

4

1

2
2
1
1
2
5

61

Renal fascia
thickened

-
_
1
-
4
1
-
1
_
1
_
_

4

1

_
_
1
_
2
-

16

Patterns of reactions concerning perirenat cone in ascites iAU
fluid in anterior pararenat space III and pcrirenal space (2).

Figure 3-53. A: normal anatomic relationships. B: ascites in
laterocolic gutter. C: fluid in anterior pararenal space. D: pc-
rirenal located fluid. DC: descending colon.

cavities may resemble each other. Both may dis-
place the liver or spleen from the adjacent abdo-
minal wall. Dwyer (81) described the sign of the
displaced diaphragmatic crus caused by fluid accu-
mulation in the pleural recesses between the crus
and the spine (figure 3-57c). It may also be on
the right side the medial muscular portion of the
diaphragm which becomes accentuated on CT
(figure 3-57b.).

~ Teplick et al. (337) observed in pleural fluid
collections an unsharp and hazy interface and in
ascitic fluid a sharp interface with liver or spleen
(the interface sign). The hemidiaphragm itself
may be visible (5). If the amount of fluid around
the liver increases and reaches the paracolic gutter
the anterior renal fascial planes may seem thick-
ened (166) and show further separation of the
liver, spleen and colon from the properitoneal fat
along the lateral abdominal walls which is the
continuation of the posterior pararenal space (fig-
ure 3-54c, d., 3-56a., b.). This should be diffe-
rentiated from retroperitoneal fluid located in the
anterior pararenal space. A differential diagnostic
finding is that intraperitoneal fluid may partially
surround the ascending or descending colon in the
paracolic gutter but will not entirely obliterate the
retroperitoneal reflections of the colon in the
anterior pararenal space, (figures 3-53c, 3-56b.,
3-57d., 3-63a., b.).

When fluid is present, the lesser sac can be well
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3-54a 3-54b

3-54c 3-54d

Early ascili's

Figure .?-5-/«. Ascitcs due to congestive heart failure. Ascitic fluid (A) is visible around the liver and protruding the abdominal
wall (big white arrows). On left side only thickened peritoneum and lateroeonal fascia (small while arrows) along descending
colon (DC) arc seen. Thickening of the latcroeonal fascia extends in a limited way in the posterior renal fascia (black-white
arrow).

Figure 3-54b. Small amount of ascitic fluid around spleen (SP) in splenorenal recess (arrows). The left anterior renal fascia
seems therefore thickened.

Figure 3-5-k: Different patient with ascitic fluid (A) in prostalie carcinoma located in right paracolic gutter. This fluid clearly
outlines the perirenal cone (2). demonstrating the close relationship between peritoneal cavity, lateroconal and anterior renal
fascia. Due to the presence of intraperitoneal fluid the right anterior fascial plane seems apparently thickened (arrows).
Ascending colon (AC) is badly filled with oral contrast.

Figure 3-54il. A direct coronal CT section reveals the ascitic fluid (A) in right paracolic gutter and delineates the laleroconal
fascia (arrows) and perirenal cone (2).

delineated with CT and differentiated from the

anterior pararenal space (figure 3-58, 3-59). In

CT scanning of normal individuals the lesser sac is

a potential space but the peritoneal reflections on

CT are usually not directly visualized. The gas-

trosplenic ligament may occasionally be visible as

the lateral border of the lesser sac (figure 3-58a.).

It is a linear soft tissue density, outlined by fat

located in the anterior pararenal space and in-

traperitoneal fat. situated between the stomach

and the spleen (132, 162). According to Gore et al

(123) fluid within the lesser sac is not a typical

manifestation of generalized peritoneal ascites ex-

cept when caused by carcinoniatosis and disease of
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3-SSc 3-SSd

Subhepalk fluid (Morison 's pouch)

Figure 3-55a. Patient with pancreatic carcinoma (M). Most cranial cut of Morison's pouch wilh some fluid (hluck-whitv arrows)
close to right kidney (RK). Ascites (A) around liver and spleen. There is biliary obstruction.

Figure 3-5Sb. More caudal, the subhepatic space is more spacious and reaches medially (black-while arrows) to duodenum
(DU). Left anterior renal fascia is thickened (small white arrows).

Figure .1-55c. Direct sagittal cut demonstrates Morison's pouch filled with aseites fluid between liver and right kidney (RK).
GB: gallbladder; ST: stomach.

figure .1-55d. Different patient. Aseitic fluid around liver (RL). around small intestine (SI) and in paracolic guller (P('Cï). It
extends very medially towards vena cava (VC) and left renal vein (I.RV) (arrowheads). The lei') anterior renal fascia is visible
where fat is present in the anterior pararenal space (I).
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3-56a 3-56b

3-56c 3-56d

Ascilic fluid in paracolic gutter and lower parts

Figure 3-56u. Transverse section in patient with large amounts of ascitic fluid in hoih paracolic gutters.
Ascending colon (AC) is displaced medially further than descending colon (DC). The right paracolic gutter (RPG) is broader than
the left one (LPG). Bowel loops and mesentery float centrally. Arrow points to normal posterior renal fascial plane.

Figure3-56b. Lower section in different patient. Note peritoneal cavity, filled with uscitcs. is crossing ihe midlinc (arrowheads)
along root of mesentery (RM).

Figure 3-56c. Pelvic 'cul-de-sacs'. Ascitic fluid is visible around uterus (UT). in front of rectum (RE). It surrounds the broad
ligament (BL) and normal left ovary (O). Arrows point to ureters.

Figure 3-S6d. Direct sagittal view demonstrates the close relationship of peritoneal cavity fluid (A) with perirenal fat
(black-white arrows). Ascitic fluid is visible between rectum (RE) and ovary mass (M).
LK: left kidney; PS: psoas muscle: R: rib: SP: spleen: UB: urinary bladder.

neighbouring organs such as stomach or pancreas.
We had the same experience. In 11 of the 61
patients with ascitic fluid, lesser sac fluid accu-
mulation was present (carcinomatosis: 8 and pan-
creatitis: 3). In our study of ascitic fluid we also
encountered other conditions with intraperitoneal
fluid like peritoneal seeding, peritoneal mesothe-
lioma, intraperitoneal blood, abscess and
pseudomyxoma peritonei.

In malignant ascites the fluid may be intermixed
with peritoneal implants (nodular peritoneal
thickening), may be more loculated, or thickens
the mesenteric leaves, or may have the same
aspect as in non-malignant ascites (figure 3-60).
Entrapped omental fat produces a 'woven' texture
(figure 3-60d.) (257). A thickened peritoneum in
association with ascites, and involvement of the
mesentery and omentum (omental cake) may sug-
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3-57c 3-57d

Asciles versus pleural fluid

Figure 3-57a. Right loheof liver (RL) is separated by fluid (F) from abdominal wall. This may be due c 'he presence ol ascitic
fluid, pleural fluid or both. Note: sharp interface with liver.

Figure 3-57H. Pleural space opacified after injection with iodinated contrast demonstrates anterior surface of the right ems
(arrow). No displacement. It also demarcates the border with the parallel curvilinear intraperitoneal space with ascites (AI.
Retrocrural space contains retroperitoneal fat (arrowheads).

Figure 3-57c. Patient with history of splenectomy. [ntrapleural fluid (PL) is separated from the aseitic fluid I A) by diaphragm
(arrows). Perirenal fat (2) around left kidney (LK) is preserved. Left cms (arrowhead) appears displaced. Intraplcural space is
reaching distally in this case. There exists also ascitic fluid (A) around the liver. I.: lung: ST: stomach.

Figure 3-57il. Lower section as figure 3-57c. Ascitic fluid (A) around liver, in fissure of liver (black arrow) and in Morison's
pouch (MP). Enlarged lymphnodes (N) paraaortic and in mesentery in non-Hodgkin lymphoma. I: anterior pararenal fat between
anterior renal fascia (arrows) and peritoneum.
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3-58b
3-58a

3-58c 3-58d

CT anuumw of lesser sue

Figure ,1-MUi. Gastrosplenic ligament (hlack-whitc arrows) visible behind stomach (ST). Falciform ligament spreads right and
left subphrenic spaces (white arrows).

Figure J-fNh. Malignant ascites and some fluid in lesser sac (LS: black-white arrows). Anterior pararenal fat (I) is not
infiltrated. Normal left anterior renal fascia (black arrows).

Figure 3-5Ni: Fluid in lesser sac (LS) due to pancreatitis. Compressed stomach (ST). Black-white arrow points to gastrosplenic
ligament with short gastric and left gastroepiploic branches of left splenic artery. A: ascites in general peritoneal cavity around
spleen and liver. Occasionally the diaphragm (black arrow) is visible between intrapleural space and suhphrenic space. PL:
intrapleural fluid with visible medial muscular portion of diaphragm (white arrows).

Figure 3-5Hd. Lesser sac is divided by a peritoneal fold (arrow), with the left gastric artery in it. as it passes fr.im the posterior
abdominal wall to reach the lesser curvature of the stomach. The stomach (ST) is not filled with iodinated contrast. CL: caudate
lobe of liver. HA: hepatic artery; SA: splenic artery: SP: spleen: VC: vena cava. Differentiation between ascites fluid (A) and
intrapleural fluid (PL) is clear.

gest peritoneal mesothelioma (373) (figure 3 -
fild.). C'arcinomatosis may mimic these findings
but the peritoneal thickening is less severe (373).

Fresh extravasated blood has a high density (fig-
ure 3-ft2a) but older peritoneal blood collections
resemble aseites (215). The CT appearance of in-

traperitoneally located abscesses is also by no
means pathognomonic. An abscess is frequently
surrounded by pyogenic pseudo-membranes local-
ized to one part of the peritoneal cavity. The mass
may have a low density center and the periphery
may enhance following the injection of in-
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CT anatomy of lesser sac

Figure 3-59a. Fluid in lesser sac (carcinoma of ovary) hetween stomach (SI), duodenum (DU). pancreatic body (I'B) and
gastrosplenic ligament (GSL). GB: gallbladder; RL: right liver: A: ascitic fluid. A) this level it is one compartment.

Figure 3-5Vb. Level just underneath level of epiploic foramen of Winslow. Large lesser sac fluid collection in pancreatitis. A:
intraperitoneal fluid around spleen (SP) with thickened parietal peritoneum (small arrows). FHC: flexura hepatica colon: MP:
Morison's pouch; PH: pancreatic head, VC: vena cava. Black-white arrow points to lienorenal ligament. 1: anterior pararenal
space.

Figure 3-5ÜC. Direct coronal cut demonstrates extent of right (RLS) and left (LSS) compartments of the lesser sac. LSS is larger
than RLS and its inferior recess (black-white arrows) may extend between anterior and posterior leaves of greater omenhmi.
Superiorly the left part of the lesser extends to level below apex of diaphragm (black arrows). Greater omentum is compressed
between lesser sac and spleen (arrowheads). A: ascitcs around liver.

Figure 3-59d. The communication of lesser sac (LS) with posterior subhepatic space (Morison's pouch: MI') is visible, i.e.
epiploic foramen of Winslow (black arrow). MT: mesentery of small intestine.

travenous contrast medium (figure 3-61d.). The
definitive CT diagnosis can only be made if air or
air-fluid levels are present (figure 3-61a.. b.). A
necrotic tumor may on occasion be indistinguish-
able from pyogenic abscess (figure 3-62d). Haaga
(132) stated that if an inflammatory process is

present in the paracolic gutter, thickening of the
lateroconal fascia and Gcrota's fascia on the side
of the inflammation may occur. This was also
demonstrated by Hadaret al. (135), and occurred
in our patients with paracolic abscess (figure 3 -
61a.. b.) and with subphrenic abscess (figure 3 -
61c).
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3-60d

Malignant asciies

Figure 3—(>thi. Ascitic fluid caused by stomach carcinoma. Same aspect as in non-mali$:nant ascites. The thickening of ihc
peritoneum (arrow) continues for a short distance also in the posterior renal fascia (small white arrows) on both sides.

Figure 3-60b. Malignant ascites caused by adenocarcinoma of unknown primary. Thickening of peritoneum around riant liver
Icbe (RL) continues for a short distance in posterior renal fascia (small white arrows). Hlack-uhiie arrow points lo thickened left
lateroconal fascia.

Figure 3-Mk: Direct coronal cut demonstrates lateral boundaries of peritoneal caviiv with asdics fluid (AI and medial
displacement of small intestine (SI), with mesentery (MI) . Thickened lateroconal fascia (small white arrows) is visible below
spleen (SP). AC: ascending colon.

Figure 3-6(ki. Lower section as in fig. 4-9h. Asciles (A) around greater omemum (GO) with its fat hubbies (black arrows)
around transverse colon ( T O and mesentery (MI) . Due to retroperitoneal reflection of descending colon (IK') no fluid is allowed
to flow medially around it (arrowheads). Both latcroconal fasciae (black-white arrows) are thickened.

Pseudomyxoma perilonei may be confused with
ascites or malignant intraperitonea) seeding. It
occurs when muein-produeing lesions of ovary,
appendix, urachus, uterus or omphalomesenteric
duct rupture into the abdominal cavity. The di-
agnosis is suggested on CT by peritoneal scallop-
ing of the liver marging and/or ascilic septation

(319) or intraperitoneal cystic masses (22M. 2(>8)
(figure 3-621-».. c ) .

Table 3-2 lists the conditions found in patients
with ascitic fluid and reactions of renal fascia I
planes. Patients with only lesser sac fluid, in-
traperitoneal seeded tumor or pseudomvxoma
peritonei and localized abscesses without ascitic
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3-61c 3-6ld

Intraperiioneal abscess

Figure 3~(>la. Patient with history ol ialrogenic perforation ol uterine wall, l.oeali/ed right pjracolic abscess will) an -fluid level*-
along ascending colon (white-black arrows). RL: right lobe ol liver.

Figure jf~6ib. Lower level below liver. The paracolic abscess is clearly visible Iwhiie-black arrowsi. Ascending colon i A( ) is
bulging in pcrircnal space. The right renal fasciae in fig. 3-Ma. . b. are thickened (white arrowsi. Aticr percuiancou- diainanc ot
the abscess the sinogram demonstrated a fistula with ascending colon and to the vagina.

Figure3-die. A subphrenic abscess (M) with hyperdensc rim after splenecioiin and stomach swrgcrv I'lcural lluid il'l ] î  also
present. Note the close relation to the kidney. On lower sections ihc posterior renal tascu was thickened

Figure J-fi/d. A fluid colledion (F) with dense wall in front of small intestine This abscess «,i- drained 1 he 'onicnl.il cake
(arrow) next to the abscess proved to be mesothelioma pcritonei.

fluid were excluded. The anterior renal fascia
which can only be identified reliably if surrounded
on both sides with fat. was thickened in concom-
itant retroperitoneal pathology such as pancreati-
tis, pancreatic carcinoma and lymphnode disease.
Posterior renal fascia thickening was seen in peri-
tonitis (appendicitis), pancreatitis, pancreatic car-
cinoma, gastric carcinoma, ascending colon tumor
and lymph node disease, nephrotic syndrome and

congestive heart failure (figure 3-f>3). Hie pa-
tients with congestive heart failure and nephrotic
syndrome had oedema of the legs. This was also
seen in one patient with malignant ovarian carci-
noma who showed no fascial thickening. It is sug-
gested (Id) that reactional or generalized oedema
seems to extend preferentially along the renal fas-
ciae because the loose fibrous tissue of these fas-
ciae probably acts as a locus minoris resistentiac.
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3-62c J-62d

Other intmpci'itdtu'iit lesions without free fluid

Figure 3-f>2a. A high density rim (arrows) along spleen (SI') representing suheapsular hematoma.
Figure 3-f>2h. I'seudomvxoma peritonei (careinoma of the ovary) with peritoneal seallopinj; aloni; liver maijii» and eyslie

masses in pelvis (arrow) in fig. 3-fi2c
Figure3-t>2d. Intraperitoneal loeulated masses (M) with air-hulihles in metastatieeiireimmni ofovaiy. A iKvrotie lumor may he

indistinguishable from pyopenie abseesses.
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3-63a
3-63b

3-63c 3-63d

Thickened renal fasciae in usciles

Figure 3-Ma. Lymph node disease (N) in metaslatie carcinoma of Fallopian («he with iiscilii11'luid (A). The ivnal fasei.il planes
(arrows) are thickened.

Figure 3-(>4b.. c. Lymph node disease (N) in pancreatic carcinoma (nol shown on these sections) with ascilic llniil (A). The
renal fasciul phincs arc thickened (arrows). I: anterior pararcnal space. -: perirenal lal ami .V |>oMerii>r |\iraivnal space. AC":
pancreatic head (uncinatc process): PT: pancreatic tail: VC: vena cava.

Figure 3-63d. A patient with a nephrotic syndrome with ascitcs (A) and ihickencd posterior renal fasciae (arrows) prohahly
due to general oedema.



4. GEROTA'S FASCIA AND INFILTRATING MALIGNANCIES

4.1. Primary retroperitoneal tumors

4.1.1. General considerations

In primary retroperitoneal tumors such as leio-
myosarcoma, liposarcoma. fibrous histiocytoma,
fibrosarcoma, rhabdomyosarcoma, hemangiope-
ricytoma, neuroblastoma and primary malignant
teratoma, CT provides useful clinical information
regarding the presence, size, extent, and composi-
tion of the tumors, the relation to the fascial com-
partments as well as the effect of the tumors on
adjacent structures. The tumors can be localized
accurately for radiotherapy planning and CT can
be used to monitor the effect of the therapy (331).

4.1.2. CT findings and illustrative cases

There is a great variation in CT appearances. The
solid components of most of the non-lipomatous
tumors have about the same densities as muscles.
However in these mostly quite large masses, there
are areas of lower density than muscles due to
cystic degeneration. Considerable overlap in CT
appearances is present between various soft tissue
sarcomata (275).

Benign lipomas tend to be of the same density
as normal fat. A lymphangioma with high fat con-
tent can simulate a lipoma (108J. Liposarcomas
(58, 108, 194, 327, 364) may have a greater density
than normal retroperitoneal fat and a slightly
greater density than water. Occasionally they ex-
hibit a solid pattern with the same density as
neighbouring muscles. Liposarcomas usually are
inhomogenous, poorly marginated or infiltrative.
If retroperitoneal liposarcomas are arising from
perirenal fat, which was the case in 4 of our 5
cases, the renal fascia was expanded and tumor
extension was in configuration with this space (fig-
ure 4-1). In one case studied, the natural history
of a liposarcoma demonstrated a progressive in-
crease in number and volume of the solid parts

(figure 4-2).
CT will localize the compartment or location of

the tumor origin. While the tumors may be pre-
dominantly in the paraspinal or posterior parare-
nal parts of the retroperitoneum. they are found
more frequently in front of the plane of the spine
and psoas muscles.

These mostly large tumors displace adjacent
vertebrae and can mefastasize to liver and mesen-
tery. With increasing size, they may expand and
project forward, almost reaching the abdominal
wall, maintaining tissue planes between tumor and
liver or kidney. Large lesions may make it difficult
to delineate the retroperitoneal vessels and the
psoas muscle. These areas may appear to be in-
vaded by tumor, yet a surgery a cleavage plane
may be present without evidence of extension.

Examples of such retroperitoneal tumors like
malignant Schwannoma. hemangiopericytoma,
fibrosarcomas and chondrosarcoma with their
localisations are shown in figures 4-3 to 4-7.

In children neuroblastoma is a frequent occur-
ring retroperitoneal tumor. CT is particularly
helpful in pelvic neuroblastoma (177) (see for dif-
ferentiation with Wilms" tumor chapter 4.4.).

Retroperitoneal tumors may resemble primary
tumors of organs that they infiltrate or are con-
tiguous with. Conversely, primary tumors of re-
troperitoneal organs such as pancreas, adrenal
and kidney, occasionally project into the re-
troperitoneal space to such an extent that they
may resemble retroperitoneal tumors. Usually,
the bulk of such as mass will remain with the organ
of its origin (331).

A retroperitoneal sarcoma may resemble tes-
ticular tumor, lymphoma or nodal metastases (fig-
ure 4-8, 4-9. 4-10) but lymph node disease may
have a more multiJobular configuration and para-
aortic location (chapter 5).

Primary mescnchymal neoplasms of the mesen-
tery of the colon and small intestine are rare and
on CT very well distinguishable from retroperi-
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4-la
4-lb

4-lc 4-ld

Liposarcomus originating from perirenal fat

Figure 4-Iu. In the right perirenal space (2) two masses (M) denser than normal perirenal fat are present which proved to he
liposarcomas.

Figure 4-lb. Different patient with large amount of fa! in left perirenal space (2). Note the extension in the midline (arrows).
Arrowheads point to capsular vessels or more dense parts of the fat.

Figure 4-lc. Below the kidney fat is visible around a rounded density (arrow), whieh is not the ureter.
Figure 4-ld. Direct coronal CT demonstrates in one view the extent of this lipomatous tumor in the distended perirenal space

(2). It proved to he a low grade liposarcoma.

toneal space processes (27, 213. 214, 374) just like
large intraperitoneal tumors (166).

Tumors of the right liver lobe or subhepatic
tumor masses may encroach upon the kidney and
suggest on a transverse scan renal or perirenal
extension (109). A normal renal fascia is helpful in

ruling out renal extension (276) (figure 4-1 la., b.)
but in some cases of gallbladder carcinoma, hepat-
ic flexure colon tumor, or liver tumor extending in
Morison's pouch, the fascia! planes can be thick-
ened without extension to the kidney or perirenal
space (figure 4-1 lb.. c . figure 4-30d.).
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4-2a 4-2b

4-2c 4-2d

Changes in fat densities after about one \t'ar

Figure 4-2a., b. Same patient as in fig. 4-lb.. c . d. At this time denser parts in the perirenal fat are visible.
Figure 4-2c. d. A direct coronal and sagittal cut demonstrates the extended perirenal cone with normal lascial planes. PS:

psoas muscle.

4.2. Renal cell carcinoma

4.2.1. General considerations

The English language literature generally uses
Robson's staging system (1969) for renal cell carci-
noma. Another staging system is the TNM system,
as recommended by the U.I.C.C. (350). CT re-
ports on staging of the renal cell carcinoma (172,
211. 217, 218, 220, 369) use Robson's system,
since it correlates best with the anatomical in-

formation derived from CT scanning. Stage III
and IV are more precised (figure 4-12).

The perirenal fat and regional node involve-
ment is mostly easily assessed with CT but CT
cannot differentiate between metastases and be-
nign lymph node hyperplasia. In detection of main
renal vein and vena cava involvement CT and
angiography are almost equally accurate. Espe-
cially on the right side CT may not visualize a
tumor thrombus if the vein is markedly compress-
ed or displaced by large tumors. The data of Rob-
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4-3a
4-3b

4-3c 4-3d
Malignant Schwannoma

Figure 4-3a. The tumor (M) is originating from the nerve root al level of L2-L3 (arrows).
Figure 4-ib. The inhomogenous density (M. small arrows) is infiltrating right psoas muscle and displacing right kidney (RK)

and ureter (arrowhead).
Figure 4-Jc. The psoas muscle mass is increasing in volume. No renal fascial reactions.
Figure 4-id. Direct coronal CT demonstrates the full extent of the malignant Schwannoma emerging (M) through the muscular

foramen into the thigh (arrows) via the psoas muscle.

son (299), Skinner (325), Waters (366), Angervall
(13) favour radical surgical approach, i.e. removal
of the entire tumorous kidney, including perirenal
fat with fasciae and adrenal gland (perifascial
nephrectomy instead of intrafascial nephrectomy)
followed by lymph node dissection.

The surgical approach of renal carcinoma may
differ, depending on the stage. It follows that

tumor staging therefore effects the mortality
associated with the surgical procedure (325). This
may be, besides accuracy and costs (190). the most
convincing indication for performing a preopera-
tive CT-examination (217).

CT may discourage unnecessary surgery in non-
resectable tumors of stage IV.



129

4-4c 4-4d

Hemangiopericytoma

Figure 4-4a. A mass (M) originating at level of a partly destroyed 1.2 in right psoas muscle seems confined within the psoas
fascia.

Figure 4-4b, Direct coronal CT demonstrates the cranio-eaudal extent.
Figure 4-4c. A more cranial cut however demonstrates exiension beyond the right diaphragmatic pillar (arrowheads) in right

perirenal space with compression (arrows) upon right kidney (RK). Because the focus was initially on the vertebral column, no
contrast was used.

Figure 4-4d. After holus contrast injection the direct coronal CT reveals the perirenal extension and atrophic right kidney
(RK).
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4-5b
4-5a

Fibrosanomu

Figure 4-5a. At level of upper pole of left kidney (LK) the tumor (M) is situated in anterior pararenal space. Thickened
anterior renal fascia (arrows) acts as a barrier.

Figure 4-5b. The tumor mass above the kidney is larger. The tumor originated from the lateral abdominal wall (arrow).
Figure 4-5c. Direct coronal CT demonstrates the gross appearance of the fibrosarcoma (M).
Figure 4-5d. A more ventral direct coronal CT reveals the mass originated from the lalcra! abdominal wall (arrow). The extent

and precise location in anterior pararenal space are more clearly seen on transverse CT scans.

4.2.2. CT findings and illustrative cases

The importance of reactions of Gerota's fascia in
renal cell carcinoma was studied as a part of the
pre-operative staging by CT of our patients. The
typical renal cell carcinoma has a consistent,
although not characteristic appearance on CT. In
general these tumors, depending on size and the
degree of necrosis, present with variable disuni-
formity of internal content. The densities mea-

sured in non-necrotic portions have values above
20 HU and are almost always below the mean
value of the normal kidney. On rare occasions the
tumor may be isodense or actually be slightly de-
nser than normal renal parenchyma (363).

Routine bolus injection should be used especial-
ly to study renal vein and caval extension and to
study the enhancement of the tumor. Characteris-
tically a renal tumor does not enhance to the same
extent as normal parenchyma. Localized multi-
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4-6b

4-6c 4-6d
Fibrosarcomas

Figure 4-6a. Transverse CT scan reveals recurrence of u fibrosarcoma (M). originally originating from a rib. in right posterior
pararenal space with thickened posterior renal fascia (arrows) and compression upon right kidney (RK). The right flank shows the
effects of surgery.

Figure 4-6b. Direct coronal CT demonstrates the extent of the tumor.
Figure 4-6c. Another fibrosarcoma (M) originating in right anterior pararenal space below level of kidney with extension in

mesentery. Arrow points to compressed ascending colon. The fascial planes were normal.
Figure 4-6d. Different fibrosarcoma below level of kidney in general retroperitoneum with same density as psoas muscle. On

lower cuts the tumor was extending in the iliacus muscle.

locular cystic lesions may also cause problems in
differentiating from cystic carcinoma (92, 376)
such as infarct (133), metastatic carcinoma (341)
(figure 4-13), lymphoma, xanthogranulomatous
pyelonephritis (305) and the benign renal tumor:
oncocytoma (206. 382) (figure 4-14). Nonpe-
ripheral calcification with soft tissue mass extend-
ing beyond the confines of the calcium is a typical
malignant pattern (371).

The CT findings in perirenal involvement, con-
fined to Gerota's fascia, include obliteration and
blurring of the perirenal fat by strands of soft
tissue density and thickening of Gerota's fascia,
most meaningful adjacent to obvious perirenal
tumor extension (220) (figure 4-16). Causes for
false-positive perirenal extension may be orga-
nized perirenal hematoma, traumatic fat necrosis
or parasitic blood flow (serpentine or cobweb-like
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4-7c 4-7d
Chondrnsarcoma penetrating relroperitoneum

Figure 4-7a. Multicystic appearance of chondrosarcoma (M) originating from one of the lower ribs, infiltrating along
abdominal wall and the posterior pararenal space. Right kidney (RK) is displaced by tumor (arrowhead). Gerota's fascia (arrows)
is not thickened, only pushed medially.

Figure 4-7b. On lower cut the connections of the tumor with the abdominal wall (arrow) are visible.
Figure 4—7c. Direct coronal CT section demonstrates the cranial and caudal extent of the tumor (M) and its relation to the

kidney and right lobe of liver (RL).
Figure 4-7d. Direct coronal CT section more dorsally reveals the relation to the abdominal wall (M). The psoas muscle (PS) is

uninvolved.

structures (figure 4-18d., 4-19) (217, 369).
Small perirenal extension without involvement

of Gerota's fascia or obliteration of perirenal fat is
difficult to appreciate by CT (figure 4-18a.. b.,
c) . Patients with sparse retroperitoneal fat are
frequently necessarily interpreted as indetermi-
nate for perirenal extension. Another example of
the problem is the isthmus of a horseshoe kidney

where no perirenal space in the conventional
sense is definable (369).

Unless the tumor can be seen extending to
Gerota's fascia, it is uncertain if it has invaded the
perirenal space because !'>rge tumors may stretch
the renal capsule to a grc * extent, yet remain
confined within the renal capsule, i.e. remaining
stage I (220) (figure 4-15). Thickening of Gerota's
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4-8b

4-8a

4-8c 4-8d

Testicular lumor-lvmphoma

Figure 4—8a. A low-density testicular tumor (M) located at the edge ol' right psoas muscle and probably invading it.
Figure 4-Sb. Different patient with low-density localisation in right psoas muscle (M) and lymphadenopjithv (N) which proved

to be a non-Hodgkin lymphoma.
Figure 4-8c. A patient with prevertebral low density mass at level of aortic bifurcation ( + ) protruding in left psoas muscle (PS).
Figure 4-8d. A direct coronal CT section demonstrates the cranio-caudal extent ol' the tumor (M) (non-Hodgkin lymphoina).

fascia alone does not necessarily mean tumor inva-
sion of perirenal fat (172, 217). Thickening may
occur in concomitant conditions like inflamma-
tion, trauma (217) or after embolization of a renal
tumor (figure 4-17) (28. 286, 375). Childs t al
(50) demonstrated an infected hypernephroma
with air pockets, fascial thickening and extension
into the anterior pararenal space and invading the

descending colon, and Chintapalli et al (51) re-
ported a combination of infection (pyelonephritis
and perirenal abscess) and renal cell carcinoma on
CT.

In our patients with proven perirenal extension,
in 2 of 15 patients the renal fascia was not thick-
ened, but no amount of perirenal extension was
visible on CT. Only in one (stage Ilia) of 17 pa-
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4-9a 4-9b

4-9c 4-9d

Testicular tumor-metasttttic tumor

Figure 4-9a. A malignant Icstis tumor not responding to '.hcrapy. Aseites is present (A).ind .1 retroperiloncal mass (Ml in righi
posterior pararenal space. The right anterior renal fascia is thickened and the posterior renal fascia seems to act as a harrier
(arrows). No penetration of right perirenal space (2). RK: right kidney.

Figure 4-Vb. Lower section. The mass (M. arrows) extends in general relroneritoneal space underneath perircnal cone. INoas
musclc (PS) is not infiltrated.

Figure 4-9c. Direct coronal CT section demonstrates the position of the testicular tumor mass in relation to right kidney, psnas
muscle and iliacus muscle (II.).

Figure 4-9(1. A mass of metastatic lung carcinoma (M) originating from lateral abdominal wall and extending in posterior
pararenal space. It is limited by a thickened posterior renal fascia (arrow).

tients was the tumor confined to the fibrous cap-
sule; however the renal fascia was thickened.
Thickening of Gerotu's fascia seems only indica-
tive of perirenal tumor involvement if frank tumor
is present in this space.

The reason why the renal fascia reacts in pe-
rircnal extension may be tumor infiltration, de-
smoplastic reactions to the tumor, edema or fasci-

tis. Parienty el al. (27fi) mention that in one of
their patients the entire fascia was thickened,
however only a part of it was invaded by tumor
cells. Most pathology reports do nol give defini-
tive answers on this phenomenon.

If the renal vein is acutely totally obstructed the
renal fascia with perirenal strands may also be
thickened due to edema (2) but this was only
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4-10b

4-10a

4-lOc 4-10d

Metastatic lumor in relrnperiumeum

Figure 4-l()a. Metastatic lumor may resemble .sarcoma as in this case "I mclaslalic hrc;iM tumor (M) infiltrating retroperi-
toneum. contiguous l<> righl crus of diaphragm (arrow). Alrophic right kidney (RKl due to obstruction.

Figure 4-i()h. Infiltration of tumor (M) in right psoas muscle anil along aorta IAOI.
Figure 4-Kk. A similar case of metastatic disease of cervix carcinoma (M) infiltrating left psoas muscle with thickened lelt

posterior renal fascia (arrows).
Figure 4-tOd. Erosion of vertebral column (arrow).

visible in one case of Ilia.
The clue for the diagnosis of stage !Va is

penetration of a mostly thickened renal fascia (fig-
ure 4-20).

On CT it is not always clear if a tumor is lying
against an adjacent organ or really infiltrating it
(figure 4-20) in stage IV.

Due to the partial volume effect there may be a
lack of definition of' a fat plane between the right
kidney and liver suggesting extension of a tumor
from the right kidney into the liver. Direct coronal
cuts may solve this problem. From a surgical

standpoint such extension rarely occurs (234) but
is nevertheless demonstrated on CT (lft. 211).

In stage IVb extra-abdominal metastases may
nol be visible on an abdominal CT scan and the
tumors may therefore be underclassified. CT
should therefore not be the only imaging modality
used.

Table 4-1 lists a comparison between CT and
pathology reports in the examined patient mate-
rial and confirms the studies of others that CT is
highly accurate in staging of renal cell carcinoma.



4-lla 4-llb

4-lic 4-lid

Tumors in right lobe of liver

Figure 4-1 la. Large subhepatic metastasis (M) which seems to penetrate the right perircnal space.
Figure 4-llb. On a lower cut the right kidney is compressed but a normal renal fascia (arrows) excludes perirenal extension.
Figure 4-1Ic. A large liver tumor (M) encroaching upon the right kidney (RK|. Perirenal extension is suggested (hiack-white

arrows). Right renal fascia is thickened (arrows).
Figure 4-1 Id. On a lower section the right renal fascia is still thickened. There was no perirenal extension of this liver tumor.

4.2.3. Recurrence of renal cell carcinoma after
nephrectomy. CT findings and illustrative cases.

Monitoring of the postnephrectomy patient is
ideally carried out by CT (6, 30, 145). By identify-
ing remnants of the renal fascia on the CT ex-
amination it is possible to ascertain if the surgeon
has done a perifascial nephrectomy or only intra-
fascial nephrectomy (figure 4-21). Alter et al (6)
pointed out the necessity of a base-line CT scan
post-operatively. Sometimes it is difficult to dis-
tinguish retroperitoneal scarring from recurrent
tumor because post-surgical fibrosis (figure 4 -
21b.) may demonstrate slight irregularities along

the psoas muscle. The vascular pedicle after
nephrectomy (figure 4-21b.) or accessory spleen
on the left side may also simulate a mass or
abdominal node and due to unspecificity of the CT
method, concomitant diseases like renal bed infec-
tion may not be distinguishable from tumor re-
currence (figure 4-2Id.. 4-22a.. b.). lymphoma-
tous mass or metastasis. This need not to a major
problem because CT is an ideal guide for percu-
taneous biopsy, Because normal bowel (and pan-
creatic tail on the left side) occupies the vacated
renal fossa, bowel filling with oral contrast must
be optimal (figure 4-22c . d.).



AG 137

stage Ma E b UEc
4-12

stage ET a

Figure 4-12. Staging system according lo Robson et al. (299) of renal cell tumor (stippled. M) in left kidney (LK|. Perirenal
collateral veins are tubular, round or serpenlinous structures.
Stage I : The tumor is confined to the renal parenchyma and fibrous capsule in intact.

II : The tumor extends into the perircnal space, but is contained within Gerota's fascia (inclusive invasion of the adrenal).
Ilia: Involvement of the renal vein with or without caval extension.
Illb: Involvement of the regional lymphnodes.
IIIc: Combination of stage Ilia and Illb.
IVa: Adjacent organs are involved with penetration of Gerota's fascia.
IVb: Distant metustascs.

AO: aorta, AG: anterior renal fascia; DC: descending colon: LRV: left renal vein: N: lymph node: PCi: posterior renal fascia:
SMA: superior mesenteric artery; VC: vena cava.

4.3. Renal pelvis and ureter carcinoma

4.3.1. General considerations

Carcinoma of the renal pelvis and ureter consists
of 4 types:
1. transitional-cell carcinoma
2. squamous cell carcinoma
3. adenocarcinoma
4. undifferentiated carcinoma

As far as the extent of macroscopic invasion is
considered, no standard classification system is
recognized. The tumor may invade the renal cor-
tex, pelvis with ureter, renal vein, regional lymph
nodes and retroperitoneum and also manifest with
distant metastases.

Microscopically the tumors are classified as fol-
lows: Stage I: tumors limited to the uroepithelial
mucosa and lamina propria; Stage II: invasion to
but not beyond the pelvic/ureteral muscularis;

Table 4-1 Comparison between CT and pathology reports

concerning tumor stage in 32 patients

Stage according to Stage at computed tomography
pathology report I II Ilia 1Mb IIIc IVa IVb

I II

II 6 2'

Ilia 1*** 5 1 "

Illb

IIIc 1

IVa 2

IVb 1 1 1

* enlarged lymph nodes on CT were not tumor positive
•• renal vein ingrow in smaller branches was not visible but

an enlarged lymph node on CT proved lo be fibrosis
••* the right renal vein was not visible on the CT scans
One patient had small liver metastjses which were not visible
on the CTscan.
Not operated were 14 patients (staged on CT as Ilia: 2, lllr>:2.
IVa: 3. IVb: 7).
One patient of stage Illb had a bilateral renal cell tumor.
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4-13c 4-l3d

Renal cell carcinoma anil renal meltisiasis cannot he iliffcreiuiateil im C'f ulime

Figure 4-13a. Bilateral renal cell carcinoma (M). On the right side the tumor extends to renal hilum (arrow).
Figure 4-J3h. Lower cut. Only left sided renal cell carcinoma is visible. Enlarged lelt paraaortic lymph node (N).
Figure 4- 13c. Bilateral renal metastasis (M) from carcinoma of the lung. The right kidney is totally infiltrated as is the renal

hilum and there are deposits in the left kidney. Enlarged lymph node under caval vein (VC). Aorta is opacilied during
enhancement.

Figure 4-I3U. Lower cut. Lymph nodes between caval vein (VC) and aorta (AO).

Stage III: spread beyond the muscularis into the
adventitial fat or renal parenchyma; Stage IV:
distant metastasis (22). The main value of CT is
the assessment of the extraluminal extent of the
tumor and nodal involvement.

4.3.2. CT findings and illustrative cases

Precontrast scans are necessary to obtain accurate

attenuation values. A renal pelvis or ureteral car-
cinoma may be differentiated from blood clots and
non-opaque stones by using CT attenuation
values. However there may be a confusing overlap
of CT numbers of intrapelvic masses (277) (figure
4-23). Blood clots are denser than renal paren-
chyma on plain CT scans but their density is lower
than non-opaque stones and should remain un-
changed after contrast injection (277). Precontrast
attenuation values of transitional cell carcinoma
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4-14a
4-14b

SI
4-14d4-14c

Benign renal cell tumor. Extension in perirenal cone demonstrated in .* planes

Figure 4-14a. A very large renal tumor of right kidney (RK) occupying the entire perirenal space hut confined to Fibrous
capsule. There is a cystic part (c) centrally.

Figure 4-I4b. The tumor (M) is extending distallv in the perireniil cone.
Figure 4-I4c. Direct coronal CT scan reveals the extent of tumor (arrows) and displacement of lower pole of right kidney.
Figure 4-l4d, Direct sagittal CT scan shows the expanded perirenal cone Filled with tumor (arrows) and displaced small bowel

(SI. white). SA: sacrum. After surgery it proved to be a benign renal tumor (renal oncocytoma). The behaviour on ( T of a stage I
renal cell carcinoma mav be identical.

vary from 20 to 40 HU (88. 277, 283. 316). These
tumors enhance after fast bolus and high dose of'
iodinated contrast. According to Pollack et al
(283) these tumors lack appreciable enhancement
following small dosis of contrast material (10-20
ml of 60% solution) and this finding may be the
diagnostic distinction between a pelvis tumor that
invades the kidney and a small cell carcinoma that
invades the renal pelvis (figure 4-24).

With CT, Baron et al (22) noted three patterns
of transitional-cell carcinoma of upper urinary
trad: a. focal intraluminal sessile mass; b. ureteral
wall thickening with luminal narrowing and c. in-
filtrating mass. Rarely, speckles of calcification
may be seen associated with a transitional cell
carcinoma.

Only when perirenal extension of these tumors
exists, perirenal fascial thickening may be visible
(figure 4-24a.. b.).
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4-15d4-15c
Stage I renal cell carcinoma

Figure 4-l5a. Inhomogenous renal cell carcinoma (M) in right kidney dorsally. Normal posterior renal fascia (arrows).
Figure 4-15b. Direct coronal CT scan demonstrates the gross appearance in a plane the clinician is used to look at. Normal

renal fascia (arrows). No perirenal extension.
Figure 4-l5c. A renal cell tumor with cystic parts (c) due to necrosis within extended perirenal cone. The tumor is confined io

its capsule.
Figure 4-l5d. Direct coronal CT scan reveals the extended perirenal cone (arrows) with solid (M) and cystic parts (c) in lower

pole of left kidney.

4.4. Wilms' tumor (nephroblastoma)

4.4.1. CT findings and illustrative cases

intrarenal in origin and is usually large and spher-
ical with a prominent pseudocapsule (figure 4 -
25a., b.). The periphery of (he mass has usually
about the same density as the kidney itself with an

In comparison to other intrarenal masses the ana- irregularly shaped center of decreased density,
tomic CT appearance of Wilms' tumor is rather particularly after enhancement with contrast
characteristic (196). The tumor mass appears to be medium. Fat may be a portion of the tumor (279).
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4-16a 4-16b

4-16c 4-16d
Renal cell carcinoma and perirenal extension

Figure 4-!6a. Renal cell tumor (M) extending in perirenal space and left renal vein (arrow). Renal fasciae are thickened (small
arrows).

Figure 4~/6b. and c. Demonstrate perirenal vessels (large arrows) and thickened fasciul planes (small arrows).
Figure 4-/6d. Direct coronal cut in another patient demonstrates the perirenal extent (M)'of renal tumor with thickened

perirenal cone (arrows). Black-white arrow points to perirenal vessels.

Small calcifications may occur. The tumor may
displace the vena cava and aorta but also grow
into the vena cava and may cross the midline but
does not extend prevertebrally.

In our patient material no fascial thickenings
were visible. The tumors were confined to the
renal capsule. Infiltration of the renal capsule with

perirenal extension is relatively rare and a late
event, even with large tumors.

Wilms" tumor may be confused with neuroblas-
toma because it has approximately the same fre-
quency in occurring as the malignant tumor
neuroblastoma. With CT it is possible to recognize
the extrarenal origin of neuroblastoma (figure 4-
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4-17a 4-I7b

4-17d

Effect of embolizalion of renal tumor on the fascial planes

Figure 4-l7a. Before embolization. Enlarged paruuortic lymph nodes (N). capsular vessels (arrows) and renal tumor (M)
extending into the hilum. No thickened fascial planes.

Figure 4-l7b. One week after embolization with coils (arrowheads) in the renal artery capsular vessels (arrows) and fascial
planes (black-white arrows) are increased on the right side. No change in density of perirenal fat. Cias formation in renal tumor.

Figure 4-17c. Direct coronal CT section demonstrates the capsular vessels (arrows) and thickened fascial planes in a frontal
plane (black-white arrows).

Figure 4-I7d. A more dorsal coronal CT section reveals the capsular vessels (white arrows) and distal tcrniinntion of thickened
anterior renal fascia (black-white arrows).
6 months later the fascial planes were normal again.

25c, d.). The mass is irregular and only occa-
sionally round. The margins are likely to be
irregular or lobulated and only infrequently there
is a well-defined capsule.
The center of the mass may be inhomogenous on
CT, in 75 percent showing calcifications, which
are often extensive. The tumor displaces, sur-
rounds and encases vessels and prevertebral mid-
line extension is common (198).

4.5. Adrenal tumors

4.5.1. General considerations

CT is the most accurate non-invasive imaging
method for detection of adrenal lesions thai occur
in a variety of diseases affecting the adrenal
glands: adrenal cyst, myelolipoma. non-function-
ing adenoma or nodular hyperplasia. adenocarci-
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4-18a

4-18c 4-18d

Difficulties in CT staging relating to perirenal extension

Figure 4-18a. Renal cell carcinoma in lower pole of left kidney. N: enlarged lymph nodes contained no tumor.
Figure 4-18b. The mass seems to have a calcified non-penetrated capsule. No fascial thickening.
Figure 4-18c. Direct coronal CT scan demonstrates the tumor hulk. Microscopic examination however revealed perirenal

extension.
Figure 4-lHd. Another patient with stage I renal cell carcinoma (M) and collateral vessels (small white arrows) which should

not be misdiagnoscd as perirenal extension.

noma, pheochromocytoma, Cushing syndrome,
primary aldosteronism (Conn syndrome), metas-
tatic disease, adrenal hemorrhage and lymphoma
(1, 71, 118, 146, 188).

4.5.2. CT findings and illustrative cases

The presence of fat contained in the perirenal

space and extending around the adrenal permits
visualization of these glands by CT. The limited
space available for expansion of the enlarging
glands is the probable reason for the mostly ovoid
shape of adrenal tumors (121).

Adrenal cysts can be recognized by their con-
tents of waterdensity and myelolipomas by low
attenuation values (figure 4-26a.). However, if a
myelolipoma hemorrhages, it may contain suffi-
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4-19c 4-19d
Renal cell carcinoma stage Ilia

Figure 4-I9a. A renal cell tumor (M) in right kidney extending to hilum. The right renal vein is broadened by tumor thrombus
(black-white arrows). Collateral vessels (small white arrows) an; present.

Figure 4-19b. Renal cell tumor (M) with massive tumor thrombus (T) in distended caval vein. Arrows point to collateral
vessels.

Figure 4-I9c. Tumor thrombus (T) in left renal vein (arrows). The renal tumor itself was visible on lower levels.
Figure 4-19d. Phlebography of left vein gives the same information as transverse CT.

cient areas of increased attenuation (368) (figure
4-26b., c.) to make a specific diagnosis impossi-
ble. Non-functioning adenomas are usually small,
single, well-marginated, fairly homogenous in CT
density and show enhancement with administra-
tion of intravenous contrast medium (figure 4-
26d.).

Large non-functioning benign tumors are un-
common and must be suspected as adenocarcino-
ma. Lesions larger than 3 cm are considered carci-
nomas (118). Adenocarcinoma is a large irregular,
poorly defined inhomogenous density with central
necrosis (79) and often extends into the retroperi-
toneum and involves the kidney and vena cava or
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4-20a 4-20b

4-20c 4-20d

Renal cell carcinoma .stage /Va

Figure 4-20a. A large renal mass (M) which has pcnelraled left anterior renal fascia (arrow) and is adjacent to descending
colon.

Figure 4-20b. On a lower level the tumor is free from descending colon. At surgery descending colon was attached to renal
tumor but could be loosened.

Figure 4-20c. Another renai cell carcinoma (M) patient with coil in left renal artery (bliick-while arrow). The renal fascia (small
arrows) is thickened and perforated.

Figure 4-20d. Descending colon was infiltrated with tumor (arrows).
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4-21c 4-21d

Post neplireciomy

Figure 4-21a. After intrafascial nephrectomy the lel! adrenal vva.s no! removed (arrow). The right kidney demonstrates cysts
(c).

Figure 4-2Ib. At level of renal vascular pedicle arrowhead points to remnant of left renal vein and hlack arrow to left renal
artery remnant. Large black arrow denotes surgical fibrosis. small white arrows lef! posterior renal fascia and black-while arrow
left anterior renal fascia.

Figure 4-2lc. Another patient with bowel filling the vacated renal fossa (nephrectomy because of renal cell carcinoma). There
is a thickened remnant of posterior renal fascia (arrow). Patient was scanned because of fistula to skin (arrowhead) hut nci renal
bed infection was present.

Figure 4-2ld. Renal cell recurrence (M) in perirenal cone (arrows). No perifasckil nephrectomy was performed.
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4-22a 4-22b

4-22c 4-22d

Recurrence of renal cell carcinoma and emphasis on bowel filling.

Figure 4-22(i. Large recurrence of renal cell carcinoma (M) in perirenal cone (arrowsl.
Figun1 J-22b. Lower level. Spread along right anierior renal fascia ami crossing ihc miilline (arrow). Note: metastasis to left

kidney (on angiography a vascular lesion) (hlack arrows).
Figure •i-22c. Another patient. Unfilled bowel loops or recurrence of renal cell carcinoma (arrow)?
Figure 4-22d. Bowel loops are now partially filled with ioilinat"d cunlnisl. No recurrence.

develops distant metastasis (figure 4-27a.. h.).
Adrenal carcinomas are rapidly "growing lesions.

Most intraadrenal pheochromocytomas are dis-
crete, well marginated and fairly homogenous in
density. Large ones may appear cystic or in-
homogenous due to necrosis or hemorrhage. Cal-
cification may occur frequently (figure 4-27c.
d.).

CT in Cushing syndrome may show one of
several patterns. The adrenal glands may appear
normal, diffusely enlarged with smooth margins or
diffusely enlarged and associated with multiple
small cortical nodules or appear as functioning

adenoma or carcinoma. In primary aldosteronism
(Conn syndrome) the adrenals may be of normal
size, show bilateral hypcrplusiu or demonstrate an
adenoma.

Adrenal melastases (especially with carcinoma
of the lung and breast) demonstrate on CT irrogu-
hir masses in adrenal gland. Adrenal mass in pa-
tients with known malignancy is nol necessarily
metastasis. It may be a non-functioning adenoma
or nodular hypcrplasia (11X>. Evidence of bilater-
al masses however is usually consistent with the
diagnosis of metastasis ("head light sign': 390. fig-
ure 4-2Xa.. b.. c.). ii must hovvever be different!-
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4-23d

Renal pelvis filling dejects

Figure 4-23u., h. Transverse and coronal CT sections of a patieni with large filling deled (arrow) in left thick-walled renal
pelvis. The density of the intrapelvic mass was 54 HI). It proved to he a matrix stone.

Figure 4-23c. A focal intraluminal sessile mass (arrow) at lef! side uitli a diameler of 17 mm and attenuation of .'II I I I ' .
No local spread of (his transitional cell carcinoma.

Figure 4-23U. Different patient with only on one section a small inlraluminal cell carcinoma (arrows) (diameter 15 mm. density
of 40 HI).).

ated from adrenal hemorrhage or gianulomatous adrenal processes. Only in one ease of pheoehro-
disease. Rarely the only retroperitoneal site of mocytoma (figure 4-27d.) and in a case of bilaler-
lymphomatous involvement may be the adrenal al adrenal lymphoma (figure 4-2Nd.) the renal
(102, 173) (figure 4-28d.). fasciae were thickened. This was also seen in
Renal fascial thickening proved to be no feature of adrenal hemorrhage.



4-24c 4-24d

Infiltration of the kidney in renal pelvis carcinoma

Figure 4-24a. Selective angiographic t'T. The whole left kidney is infiltrated by transitional cell tumor. Enlarged lymph node
(N). Acccntualed left renal fasciae and enhanced perirenal vessels. Note: right kidney demonstrates as coincidental finding broad
cortical defects (arrows).

Figure 4-24b. Lower cut demonstrates perirenal extension (arrow).
Figure 4-24c. Different patient with filling delect in right renal pelvis (;\rows|.
Figure 4-24il. On a lower section a large inass (M) infiltrates the right kidney. It proved to he a renal carcinoma invading the

renal pelvis.

4.6. Pancreatic tumor

4.6.1. CT findings and illustrative cases

The correct diagnostic differentiation between
pancreatic tumor and pancreatitis may be difficult
to achieve solely on the basis of a CT scan. CT

identification of a pancreatic carcinoma is based
upon the demonstration of a focal mass rather
than diffuse involvement. However. Wittenberg
et al (37V) emphasize the non-focal enlargement
in pancreatic carcinoma in 27ri of patients. Mas-
ses per se are non specific, unless they involve the
b'.ioy alone (322) (figure 4-29a.). A dilated pan-
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4-25c 4-25d
WUrns' tumor and neuroblasloma

Figure 4-25a. Child of 5 years old. Encapsulated mass (M. urnnv) of different density originaling from right kidney (RKl
extending into the midline. No renal fascia visible. The renal capsule was .stretched (arrows).

Figure4-25b. Direct coronal CT scan reveals the relation of the inhomogenous capsulated muss(M) to the liver. It crosses the
midlinc (arrows). At surgery a Wilms' tumor stage I was found.

Figure 4-25c. d. Child of 3 years old. Mass(M) in midline not originating from right kidney (RKl hut adjacent Mil. Extension
between right psoas muscle and vertebral column. The margins are clear. At operation it «as a neuroblasloma.

creatie duct in a patient without clinical history of
pancreatitis, is an ominous sign for a proximal
pancreas tumor with obstruction (120) (figure 4-
29b.).

Other diagnostic criteria for carcinoma include:
ascites (may also occur in pancreatitis), sple-
nomegaly due to splenic vein occlusion and
mesenteric varices caused by obstruction of the
superior meentene vein (104).

Thickening of renal fasciae as a sign for dif-

ferentiating pancreatitis from carcinoma is not al-
ways a reliable sign as has already been mentioned
in chapter 3.4.2.3. In the patient material of 40
pancreatic carcinomas thickened renal fasciae
were visible only on the left in 7 patients (17C-r)
(figure 4-29a., b., 3()a., b.). These were patients
with ascites (3), lymphadenopathy (I), and exten-
sive tumor next to the fascial planes (3). This
percentage is higher than the 5% reported by
Ward et al. (365). Acute pancreatitis and carcino-
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4-26c 4-26d
Adrenal 'minors

Figure 4-2ba. A right sided adrenal myelolipoma (M) (with density of - III 111').
Figure 4-2hb. A large myelolipoma (Ml thiil henxirrhagcd. I'reoperativcly il was considered as adrenal carcinoma based on IIN

diameter of 13 cm and inhornugcnou.s density. (": renal cyst. The attenuation value was 411 I I I ' .
Figure 4-2(K. Direct coronal ( T reveals the tumor (M) and the depressed right kidney (KK).
Figure 4-2btl. A small non-functioning adenoma (M) (arrows). In all cases no laseial reactions. VC: \ena cava.

ma may occur in the same patient with pseudocyst
formation and thickened fascial planes (159. 210,
325) (figure 4-29c) .

The primary CT criteria of unresectability of
pancreatic carcinoma are hepatic or regional nod-
al metastases, retropancreatic extension with obli-

teration of the fat around celiac axis and superior
mcscntcric artery (235). lymphadenopathy and in-
vasion of contiguous organs like colon and sto-
mach. This may occur by extension via (he phreni-
cocolic ligament to the anatomic splenic flexure of
the colon and may involve the splenorenal and
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4-27a 4-27b

4-27c 4-27d

Adrenal 'minors'

Figure 4-27u. Large adrenal carcinoma (M. small arrows). Following enhancement collateral veins are seen in the dorsal
musculature (big arrows).

Figure 4-27h. On lower cut a thrombus in caval vein was visible (black-while arrow). Right kidney is compressed from above.
Posterior renal fascia is thickened (arrows).

Figure 4-27c. Bilateral proved pheochromoevtoma (M) The nghi tumor is solid and the left appears cysiie.
Figure 4-27tl. A large right sided pheoehromocytoma (M) with thickened right anterior renal fascia (arrow I.

gastrosplenic ligaments (269). Extension through
the renal fascia with invasion of adrenal, renal
vascular pedicle, ureter or kidney is demonstrated
by CT (104). In the series of Freeney (105) in A'7r
urinary tract involvement occurred.

If an unreseclable tumor is diagnosed. CT
should be used to confirm the diagnosis by CT

guided percutaneous biopsy and splanchnic nerve
block (40) if necessary. Other tumors like
leiomyosarcoma of inferior caval vein (4<S. .VS7)
(figure 4-30c.). large gallbladder tumor (figure
4-3IW.) duodenum tumor (see chapter 4.7.) or
hepatic flexure tumor of the colon may simulate a
pancreatic tumor on CT.



4-28c 4-28d

Adrenal metastases and lympkomaious disease

Figure 4-28a. Bilateral adrenal metastases (M) in carcinoma of lung.
Figure 4-28b. Only the right adrenal metastasis is visible on this direct coronal section.
Figure 4-28c. Another patient with multiple metastasis (M) to both adrenals, laterally reaching vena cava. Lesions are also

present in the liver. Primary was lung carcinoma. C: small renal cysts.
Figure 4-28Ü. A patient with non-Hodgkin lymphoma wilh rare occurrence of bilateral localisations in both adrenals

accompanied by fascial thickening (arrows). After cystostalic therapy the adrenals normalized just as the lascial planes.

4.7. Duodenum and ascending or descending colon
tumor

4.7.1. CT findings and illustrative cases

The duodenal bulb and a very small distal part of
the duodenum near the ligament of Treitz lie in-

traperitoneally. but the rest of the duodenum is.
as ascending and descending colon, a retropcri-
toneal structure lying in the anterior pararenal
space. The normal colon wall thickness never ex-
ceeds 3 mm on CT (99).

CT with hypotonia of the bowel may demon-
strate the primary bowel tumor and its extension.
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4-29c 4-29d

Pancreatic tumor

Figure 4-29a. A pancreatic mass (M) with obliteration of lat planes around mcscnteric vessels which are in this unenhaneed
scan not recognizable. C'T guided hiopsy revealed adenocarcinoniii. The lel'l anterior renal fascia is mildly thickeik'd hut not
penetrated.

Figure 4-2%. Large pancreatic tumor (M) in pancreatic head with dilated pancreatic duet (arrows) caused hy obstruction.
Enlarged lymph nodes in anterior pararenal space (more extensive on lower cuts).

Figure 4-29c. A pancreatic tumor in the tail of the pancreas (M) associated with a pseudoeyst (c) and accessory spleen (+) . The
tumor extends to mildly thickened left anterior renal fascia (arrows) without interface with left adrenal (l.A). However the renal
fascia was not penetrated.

Figure 4-29(1. A neurotic pancreatic tumor (M) in corpus and tail with metastases in liver. The left anterior renal fascia (arrows)
is mildlv thickened.
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4-30c 4-30d

Pancreatic tumor and differential diagnosis

Figure 4-30a. Pancreatic tumor (M) with thickened renal fascial planes (arrows). Multiple liver mclaslases and asdics (A).
Figure 4-30b. Lower section. Thickened fascial planes (arrows).
Figure 4-30c. A tumor in regio of pancreatic head, which proved to he a Iciomvosarcoma orisinatini: from caval sein.
Figure 4-Mld. A large gallbladder carcinoma (M) with different densities and thickened fascial planes on the right side (white

arrows). Pcrirenal fat is compressed but not involved by the tumor (black arrows).

These tumors produce large soft tissue masses, not
too dissimilar from a retroperitoneal sarcoma.
They may erode vertebral bodies and invade in
subcutaneous tissue (192, 230). The fascial planes,
especially the amt-rior renal fascia, may play an
important role as barrier for extension of these

tumors (figure 4-31. 4-32). Occasionally perfora-
tion of the renal fascia may occur with a resulting
perirenal abscess as documented by CT (59), Ver-
tical colon segment tumors may perforate and in-
fect the adjacent psoas and iliucus muscle sheats as
illustrated in figure 3-43 with fascial thickenings.
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4-31a 4-31 b

4-31c 4-31d

Duodenum tumor

Figure 4-ila. A large tumor around duodenum (OU) which is filled with oral contrast is limited to right anterior pararenal
space (arrows). SV: splenic vein.

Figure 4-31b. Lower section. Right anterior renal fascia is locally thickened (white arrows). The tumor extends to ascending
colon (AC) (black arrows).

Figure 4-Mc. Different patient Duodenal mass (M) with extravasation of contrast (arrow). Discrimination from the pancreas
is difficult.

Figure 4-ild. The mass is confined by the anterior renal fascia (arrows) to the anterior pararenal space.
Note: the right kidney demonstrates atrophy and the left one a cyst (c).
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4-J2a
4-32b

4-32c 4-32d

Vertical colon segment tumor

Figure 4-32a. An ascending colon tumor (M) protrudes in the lumen but not heyoml the eolonic wall. Right anterior renal
fascia (arrows) is normal. RL.' right lobe of liver.

Figure 4-i2b. Lower level. Infiltration of anterior pararenal fat (arrows). The tumor in confined to this space.
Figure 4-32c. Level below right kidney. The tumor is here again limited to the eolonic wall.
Figure 4-32d. Recurrence of ascending colon carcinoma (M) in anterior pararenal space with extension across the midline in

mesentery and in right lobe of the liver (RL). The anterior renal fasciae are visible under the surface of the liver and demarcated
in front of the great vessels. The tumor seems to extend to the great vessels in the midline (black-white arrow).



5. GEROTA'S FASCIA ASSOCIATED WITH LYMPH NODE DISEASE OF THE RETROPERI-
TONEUM

5.1. General considerations

In contrast to lymphangiography CT has the
potential for imaging all nodes within the re-
troperitoneum and pelvis, including those nodes
cephalad to the renal hilus and the lymph nodes
along the internal iliac vessels in the pelvis, as well
as lymph nodes which lie more anteriorly in rela-
tion to the organs of the intraabdominal cavity
(hilus of liver and spleen, peripancreatic and
mesentery). Enlarged lymph nodes in the re-
troperitoneum are most commonly caused by non-
Hodgkin lymphoma, Hodgkin disease, leukemia
or metastatic disease e.g. testicular tumor.

There is a high incidence of paraaortic and para-
caval node involvement in both Hodgkin lympho-
ma (in about 24% of cases) and non-Hodgkin
lymphoma (in about 48% of cases).

The tendency to exhibit bulky lymph nodes is
particularly common in non-Hodgkin lymphoma.
These nodes are found at multiple sites. In con-
trast, in Hodgkin's disease often only one or two
nodes groups are involved and the involved nodes
are often normal in size or only slightly enlarged.
Such nodes are better studied by lymphangiogra-
phy than by CT (46).

Renal involvement secondary to a retroperi-
toneal lymphoma is much more common than a
primary site of malignant lymphoma in the kid-
ney. In the postmortem series of Richmond et al.
(298) only 2.5% of cases had renal encasement by
massive retroperitoneal tumor which did not in-
vade the kidney.

Retroperitoneal lymph nodes enlarged by lym-
phoma may displace an intact kidney or invade the
perirenal space and penetrate the renal capsule
with varying amounts of parenchymal replace-
ment (68,144,298). They may also ascend around
the ureteral wall and renal pelvis into the medulla
(transsinus) (144).

In Hodgkin disease renal involvement is rare at
time of staging. However at autopsy an incidence

of 13% was found (298). In non-Hodgkin lympho-
ma the incidence of intrinsic renal disease at pres-
entation is estimated at between 1-3% (especially
in the histiologic types: diffuse histiocytic lympho-
ma and Burkitt lymphoma (46. 76)).

At autopsy the urinary truct was involved in
non-Hodgkin lymphoma in 33.5% of the cases
(298). The most common iymphomatous renal
manifestation in this post-mortem study was the
presence of multiple nodules (61%), simulating
polycystic disease.

Secondary patterns of almost equal frequency
were invasion from perirenal disease (11%). soli-
tary nodules (7%), single large lesions (6%) and
diffuse disease (6%). Bilateral involvement was
three times more common than unilateral. Hart-
man et al. (144) described the pattern of intrarenal
growth of renal lymphoma. It may be initially
interstitial and later on expansile. Perirenal exten-
sion with subsequent vascular and ureteral encase-
ment was common (20%) in renal lymphoma.
This is difficult to demonstrate without CT.
However Fritsche et al. (110) described streaki-
ness of perirenal fat in excretory urographic stud-
ies in neoplasm patients with lymphomatous dis-
ease and microscopic invasion through the pe-
rirenal fat into the renal parenchyma.

5.2. CT Findings and illustrative cases

Lymph node pathology appears on CT either as a
bulky mass or as enlarged individual lymph nodes,
recognizable as separate entities. The retroperi-
toneal nodes are primarily the paraaortic groups,
and are either located posterior to the di-
aphragmatic crura, (one seen on proximal sec-
tions) (figure 5-la.) or anterior to the crura be-
hind the pancreas. The latter are recognized on
the lower CT sections. Enlarged paraaortic lymph
nodes may frequently extend into the perirenal
space and occasionally to the psoas muscle. The
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posterior pararenal space is far less frequently in-
volved. Other involved nodes are peripancreatic,
mesenteric nodes, splenic hilar and pelvic nodes.

The tendinous wedge-shaped or lobular origins
of the diaphragmatic crura, the common iliac ves-
sels and their branches, enlarged gonadal vessels.
the inferior mesenteric vein, branches of the pan-
creaticoduodenal arcade, caval vein duplication
(figure 5-lb.), dilated azygos or hemiazygos vein,
retroperitoneal varices, psoas minor muscle and
isthmus of a horseshoe kidney (figure 5-lc.) are
some of the entities which must be considered in
the differential diagnosis of retroperitoneal ade-
nopathy.

When the contour of the aorta which is normal-
ly surrounded by fat is lost, a pathological process
in the paraaortic region is taking place. The most
common is lymph node enlargement, although
other abnormalities such as primary and metasta-
tic retroperitoneal tumor, post-therapy fibrosis.
perianeurysmal fibrosis, extra"asation or re-
troperitoneal fibrosis can all produce somewhat
similar appearances (189).

Paraaortic lymph node enlargement can also
occur without obscuring the aortic contour. The

Table 5-1

Patients with thickened renal fascia! planes in paraaortic re-
troperitoneal lymph node disease at level of kidneys and its
etiologic conditions. When the renal fascia seems thickened
only at the perirenal side, we used the term 'inside', ofherwi.sc
it was called generally thickened. In none of the cases the renal
fasciae was thickened at the pararenal side (outside).

Table 5-2

Etiologic conditions of paraaortic rctropcritoncal lymph note
disease at level of kidneys associated with normal renal fasciiil
planes.

Non-Hodgkin iymphoma
Hodgkin's disease
Testicular carcinoma
Nodal metastasis of
carcinoma of Fallopian tube
carcinoma of lung
carcinoma of stomach
pancreatic carcinoma
carcinoma of uterine cervix
carcin: ,na of urinary bladder
ovjnan carcinoma
carcinoma of colon
carcinoma of uterine corpus
prostatic carcinoma

Total number of patients

Renal fascia
thickened

20
2

10

1
1
2
2
2
3

2
1
1
1

48

inside

9

5

1
1

1
1

1

19

generalized

11
2
5

1

1
2
2
2
I
1
1

29

Non-Hodgkin lymphoma
Hodgkin's disease
Testicular carcinoma
Nodal metastases of
urinary bladder carcinoma
ovarian carcinoma
carcinoma of uterine corpus
carcinoma of uterine cervix
prostatic carcinoma
pancreatic carcinoma
carcinoma of stomach
rectum carcinoma

Chronic lymphatic leukemia
Tuberculosis

17
4

U

i

3
1
1
T

->

1
1
I
I

Extensive disease in 34 patients

Total number of patients

Extensive disease in 27 patients

reason is that some of the paraaortic node groups
lie at a sufficient distance from the aorta, so that
even when enlarged, they do not impinge upon
the aortic contour (141). Lymph nodes are also
present between inferior caval vein and aorta as
well as in laterocaval, precaval and retrocaval
locations. All enlarged lymph nodes, particularly
those associated with testicular tumor may have a
density close to water (figure 5-4c. 5-6.). These
cystic zones may be either the result of chemother-
apy or radiation therapy but may also be visible in
10% of patients who did not undergo therapy
(164). After surgical exploration of lymph nodes
lymph cysts may develop which should not be
confused with hematoma (figure 5—Id.).

Experience has shown that all measurements in
radiology serve only as guidelines. Authors have
felt that paraaortic lymph nodes greater than 1.5
cm (187) are the main CT criteria for nodal dis-
ease. Callen e' al. (42) concluded from their study
that discrete retrocrural structures larger than 6
mm in diameter represent enlarged lymph nodes.

Mesenteric nodes must be differentiated from
paraaortic nodes, because mesenteric nodal in-
volvement by Hodgkin and non-Hodgkin lympho-
ma has major implications in staging, treatment
planning and prognosis (141).

Mesenteric lymphadenopathy varies from dis-
crete small nodules in mesenteric fat to large
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5-la
5-lb

5-lc

Figure 5-la. Enlarged lymph nodes (N) behind diaphragmatic crura in rctroperiloncal space. AC): aorta.
Figure 5-1b. Duplication of inferior caval vein (arrows) lying next to aorta.
Figure S-lc. Horseshoe kidney (Isthmus (arrows) should not he confused with ademmatrn).
Figure 5-ld. Lymph cysts, after surgical lymphadenopathy. lying upon both psoas muscles.

5-Id

irregular masses (figure 5-3, 5-4). The large mas-
ses may encircle completely the superior mesen-
teric artery and vein with a small persistent collar
of perivascular fat. This is called 'sandwich' sign
(260).

Invasion of perirenal space by paraaortic lymph
nodes and penetration of the fibrous capsule with
destruction of cortex by extensive lymphomatous
disease is best evaluated by CT (figure 5-4, 5-5,
5-6). However, in cases with extensive renal and
contiguous retroperitoneal lymphoma, it is im-
possible to ascertain the location of tumor origin.
CT reports of renal lymphoma as primary site of
malignant lymphoma by hematogenous dissemi-
nation or secondarily involved by paraaortic ade-
nopathy are increasing in number (16, 46, 84, 101,

144. 160. 1%. 303). The CT appearances are re-
latively non-specific and varv from solitary
nodules, multiple nodules, infiltration (focal or
diffuse) to engulfment of the kidneys by con-
tiguous retroperitoneal disease with or without
invasion of the kidney itself. Most patients have
also retroperitoneal adenopathy. Jaffri et al. (160)
described thickening of Gerota"s fascia and small
curvilinear densities in the perirenal space in 9 of
32 kidneys in non-Hodgkin lyinphoma involving
the kidney.

Reich e', ai. (295) reported that thickening of
the retroperitoneal fascial planes is unusual in pa-
tients with minimal retroperitoneal lymph node
disease. They observed extensive thickening of
the retroperitoneal fascial planes after radiother-



5-2c 5-2d

Lymph node disease and thickened renal fasciae

Figure "i-2a. Left paraaortic non-Hodgkin lymphomu N) which ctmuiins lymphan^iouraphic contrast with extension in left
perirenal space. The left antcrini renal fascia is locally thickened (arrows).

Figure 5-2h. Bilateral symmetrical mass around I he aorta (AO) in non-1 lodukin Ivniphoma with only on left side thickening of
the anterior renal fascia (arrows).

Figure 5-2c. Lymphadenopalhy (N) due to metastatie eareinnma of the stomach. Aseilir ('IIIKI IA I on ihe rifilil siile. I hi' lefl
renal fascia is mainly thrkened at the perirenal .site (inside) (arrows) with accentuated strands.

Figure 5-2il. Lymphadenopalhy due to testieular tumor around the aoria. The lefl uietet is displaced. Only on the right side the
renal fascia is thickened (arrows).



5-3c

Lymph nude disease and thickened renal fasciae

Figure , W « . Noii-Hndfikin lymphdma will) diserelc Icl'l paraaorlic lymph node enlargement (lyinphiinj<ii)jii'iiphic contrast is
visible). There is a coexistent mesenterie lymph node mass IM). The left anterior fascia is thickened at the cdiie of the abnormal
lymph nodes (arrows).

Figure .1-Jb. Discrete paraaortic melaslalic lymph node disease (M) in carcinoma of uterine cervix. Aoria has calcium in the
wall. Note: mesenteric cyst (density of 2(1 HU). The renal fascial planes arc thickened (arrows).

Figure f-J<: Testicular tumor with mescnterie and paraiiorlie lymph nodes (N). The renal lascial planes (arrows I arc thickened.
Figure 5-.*(t. Lymph node disease in me.astatie carcinoma of Fallopian lulie in mesentery and paraaorlic (N) with .isciles. The

renal planes are thickened (arrows).
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5-4a
5-4b

5-4c 5-4d
Peneiraium uf perirenttl space

Figure5-4a. Extensive lymph node disease (N) (non-1 locitikin lyniphnma) behind pancreas around the ccliac arlcrv (("!•') and
sple.iic artery (SA) whieh are enhanced after intravenously administered contrast.
Note: extravasation of lymphangiographic contrast in liver (RI.) (arrow).

Figure 5-4h. The paraaortic lymph node mass is penetrating the left perirenal space (Muck arm» |. I he left renal lascial planes
are thickened (white arrows). Mesenteric lymph nodes are designated by M.

Figure . W e . Slightly lower section.
Figure 5-4d. Different patient with trans sinus extent ol 'non-1 lodgkin lymphoma in left kidney 1'hc anterior renal fasci.il plane

was accentuated.

apy. and in patients with active extensive re-
troperitoneal lymphoma extending into the pe-
rircnal space. The explanation for this phe-
nomenon may be dcsmoplustic reaction to the
tumor (290) or lymphatic obstruction. An argu-
ment for the latter is found in a report of De
Mayer et al. (231) who demonstrate thickened

renal fasciae in a case of pcrirenal cystic lymphun-
gioma secondary to fibrotic or infl.unnKitory ob-
struction of existing lymph channels.

The renal fascia itself contains lymph vessels
(chapter 2.4.3.) and communications exist be-
tween outei cortical trunks of lymphatics of the
kidney with the fibrous capsule and perirenal



5-5c 5-5d

Perirenal mui renal lymphimtu

Figure 5-5a. Left puraaortic lymph nodes in non-Hodgkin lyinphonia (N) aiouml the enhanced lelt renal alten (arrnu |.
Figure 5-5b. Also the enhanced left renal vein is patent. Extension of lymph noties iNl in the renal hilitm i- wsihlc
Figure 5-.V. Trans sinus extension of lymph nodes around ureter (arrow).
Figure 5-5J. Arrows point to areas ol decreased attenuation due to intrarenal Idealicm ol Iwiiphiiiii.i The renal lasciac «ete

normal.

space (65. 294). The efferent lymphatics of the
perirenal space drain the same lymph nodes which
drain the ipsilatenil kidney (195).

The primary lymphatic drainage of U-sticle, epi-
didymis. ovary, uterine corpus, fallopian tube and
colon is into lymph nodes in the vicinity of the
renal artery and vein. Other tumors may also

metastasize to the paraaorlic lymph nodes at the
level of the kidneys.

The renal fasciae became thickened only when
paraaortic lymph nodes at the level of ihe kidneys
were enlarged (figure 5-2. 5-3. 5-4). We studied
in all patients with enlarged lymph nodes at the
level of the kidneys the renal faseial planes ;ind



5-6a

5-6c

5-6b

5-6d

Extensive lymph nude disease with <y.stie elements

Figure 5-6«. Lymph nodes in teslicular tumor have a density close to that ol water on hoih sides. The lelt renal hilum is
infiltrated. The left kidney is atrophic (LP: left renal pelvis). At left side (he renal fascia (arrows) is loiM\\ thickened

Figure 5-ftb. ft months later the density of the lymph nodes has increased. No fascial thickening.
Figure 5-be. Different patient with testicular tumor. Aller holiis injection Ihe riphl renal arter\ is surrouikKI In tumor Inn

remains patent (black arrows). The left anterior renal fascia (I'laek-iihite arrow) is normal. Ihe right lascial planes are urn usi'ilc
Figure 5-bd. Lower section. The right kidney is displaced. Normal left anterior renal fascia (arrows) is \isihle.

related it to its etiologic conditions. Only ilv first
CT study of patients was taken into account.
Lymph node disease was divided in extensive
(multiple enlarged nodes or bulky masses) and
discrete disease (only several slightly enlarged
(lesser than 2.5 cm) apart identifiable lymph
nodes). Table 5-1 demonstrates that in 48 patients
the renal fasciae were th. -kened. 19 on the inside
(i.e. the perirenal space side) and in 29 general-
ized thickened. In 49 patients the renal fasciae
were normal (table 5-2). The ratio of extensive

disease in the presence of thickened rvnal fasciae
and of normal renal fasciae was 34 to 27.

Twelve patients with thickened renal fasciae
were scanned several times to monitor the effect
of treatment.

When the abnormal abdominal lymph nodes
decreased in size (with or without decreased atten-
uation values) or their size returned to normal, the
renal fasciae responded in a similar way. This was
observed in all 12 follow-up studies. If the renal
faseial planes were initially normal and became
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thickened on subsequent CT studies, it was associ-
ated with activation of the process (2 cases).

In a case of malignant testicular tumor the pa-
tient did not respond to treatment and the pro-
gressive spread of retroperitoneal tumor was
accompanied by renal fascial thickening (figure
5-6a., b.).

Radiotherapy may result in thickening of renal

fascia as demonstrated in other fascial planes like
the perirectal fascia (72, 126) but this was not
visible in our patient material. However, the kid-
neys are mostly not in the field of radiation in
lymphoma or testicular tumor ^nts. because
they are dose-limiting structures in .adiotherapy
treatment planning.



DISCUSSION OF THE RESULTS

In this section we will try to answer the questions
stipulated in the introduction.

1. What is the true anatomy of Gerota's fascia as
seen in CT-images? Current literature as well as
textbooks display a variety of theories, some con-
flicting. Is there a single correct version of the
anatomy apart from anatomical variations?

We had the same difficulties identifying the cra-
nial extent of the right anterior renal fascia as
Congdon and Edson experienced in 1941 (61).

The left anterior renal fascia extends more cra-
nially than the right one. The right anterior renal
fascia on high sections relates closely to the peri-
toneum but this is difficult if not impossible to see
on CT. These findings corroborate the disagree-
ments between anatomists. The lack of interface
may be the reason that the fascial boundary of the
right perirenal space, under the surface of the
liver, is difficult to visualize. The reason for that
may be scarcity of fat, or fusion of the anterior
renal fascia with the right inferior coronary liga-
ment and the close relationship with the posterior
parietal peritoneum. Both perirenal spaces appear
to be a closed space cranially. This is best seen
when fluid collects within it. Other fascial struc-
tures or peritoneum may contribute to this clo-
sure. The left anterior pararenal sj extends
further laterally on the higher sections than the
right one and contains more fat. The left anterior
renal fascia is therefor; more often identifiable on
CT. The left anterioi renal fascia demonstrates
under the surface of the spleen a close relation
with peritoneum. A fascial plane, demonstrated
by CT only on the left side, may be present be-
tween the adrenal and the kidney.

The lateral borders of this fascial planes, as
shown on CT, correspond to the tracings of Cong-
don and Edson (61) with the most typical feature
being the lateroconal fascia which fuses the parie-
tal peritoneum.

In the midline on CT it appears as if both anter-
ior renal fasciae fuse discretely at the level of the
superior mesenteric artery, or where the Jeft renal
vein crosses the aorta. Cranial to this level as well
as on lower sections the anterior renal fascia fuses
with connective tissue in the midline behind the
pancreas and around the great vessels. These CT-
studies may explain why various anatomists had
different views and opinions regarding the fascial
planes and their fusions. The differences and dis-
crepancies are also seen on CT.

At the level of the renal hilum. CT seems to
confirm the work of Martin (226) namely that the
anterior and posterior ipsilateral fasciae occa-
sionally fuse and blend with the hilar vessels pre-
venting communication between both perirenal
spaces across the midline.

The fascia of Toldt has not been recognized on
CT. No differences in thickness were appreciated
between anterior and posterior renal fasciae.
However the posterior renal fascia can be recog-
nized on CT more often than the anterior one.

The posterior renal fascia is difficult to diffe-
rentiate medially on higher sections from the
diaphragmatic pillars but may on occasion be-
come visible. At the level of the hilum of the
kidney it terminates at the midportion of the psoas
muscle. Further down the posterior renal fascia
withdraws towards the quadratus lumborum mus-
cle only to fuse again with the psoas muscle at a
level below the kidney. This means that there is no
fascial barrier between perirenal fat and psoas
muscle except its muscle fascia. The posterior pa-
rarenul space is in direct contact with the psoas
muscle on sections above the level of renal hilum.
Only at the level of the distal end of the perirenal
cone and lower is contact resumed again. There is
also disagreement between authors as to the fact
of the renal fasciae interiorly. Fusion may be vari-
able but in pathological states the perirenal cone is
almost always sealed off. An exception is massive
hemorrhage.
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2. What role has Gerota's fascia in modifying the
passage of retroperitonea! fluid such as hemor-
rhage, urinary extravasation and inflammation?
Does the rena! fascia also react to intraperitoneal
fluid?

Retroperitoneal spaces are not cavities nor true
spaces. They are primarily filled with fat. This
explains why disease confined to one or more
spaces does not necessarily fill it. The extent to
which a compartment appears filled will depend
on the degree of displacement of the fat by the
fluid. Fluid first infiltrates diffusely through tissue
planes and later becomes a discrete mass. It may
spread over the renal fasciae causing apparent
thickening or it may spread along the fibrous
strands especially in the perirenal tissues and form
the typical aspect of density or streaks permeating
the fat.

The strands remain visible even if the entire
space is filled with fluid. This is especially true in
hematomas. If it does not totally fill this space, a
bubbly appearance may simulate retroperitoneal
gas.

It is not only the fascia, but also the site of
thickening or blurring caused by the spread of
fluid over it, which seems to indicate in which of
tht three spaces of the retroperitoneum the fluid
originated. However, often the site or origin of
the thickening is not apparent because the renal
fascia becomes generalized thickened.

In cases of acute perirenal hemorrhage blood in
the perirenal space may occasionally seep through
the fascial planes to the posterior pararenal space.

Relatively high pressure is required for fluids
accumulated in the perirenal space to burst out
through the fascial cone.

The distribution of blood in leaking aneurysm
seems to be more the result of the anatomical
relation of the aorta to the different retroperi-
toneal compartments at that level. Because the
retroperitoneal compartments are incomplete and
communicate with each other, the spread of fluid
along the fascial planes is predictable.

No crossing of the perirenal fluid to the oppo-
site side has been observed. Alexander's state-
ment (3) that the perirenal cone remains patent in
hemorrhage seems likely in the very acute state of
hemorrhage. In one of our patients with acute

hemorrhage (with extravasation) fluid extended
inferiorly drom the perirenal space to the pelvic
area indicating that the cone has been open. It is
our impression that the apex is sealed off in
hemorrhage of subacute or chronic onset.

Lipolysis of perirenal fat caused by chronic-
urine extravasation with formation of pseudocap-
sules may explain why in urinoma the extravasa-
tion may not always outline the entire perirenal
space.

Lipolysis does not occur in every case of urino-
ma. This may depend on the fact how rapidly the
perirenal space is filled with urine. No leaking of
urine or contrast beyond the thickened renal fas-
cia was visible. Histologicalk the renal fascia in
these cases reacts with thick sclerotic collagenous
fibrous tissue formation which makes it imperme-
able to fluids.

Blood and urine spreads with gravity to lower
parts of the retroperitoneum. This may not occur
in abscesses because of the information of pyoge-
nic membranes. In infections, especially in pan-
creatitis, inflammatory secretions may spread ex-
tensively along established tissue planes resulting
in characteristic thickened renal fasciae.

It is important to realize that the retroperitoneal
compartments communicate with each other in a
foreseeable manner according to their anatomical
conditions. On occasion, for instance associated
with pancreatitis, fluid may reach to intraperi-
toneal spaces. This happens primarily along routes
related to the ligaments of the mesenteries or it
may be caused by breaks into the peritoneum
(lesser sac).

In inflammatory states such as perirenal abscess
and pancreatitis the renal fascia is frequently not
strong enough to prevent perforatioii. Especially
in multicompartmental fluid collections this know-
ledge is important when planning treatment.

In renal infection even without perirenal exten-
sion a thickening of the renal fascia may occur.
The best explanation of this phenomenon is that it
results from fluid penetration into the perirenal
space. This may explain the finding that after
embolization of renal tumors ar. increase in densi-
ty of the perirenal frit and thickening of the renal
fascia may occur. It is due to exudate and tians-
udate and does not indicate renal abscess forma-
tion.
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Primary psoas abscesses seldom cause fascial
thickening without perforation of the fascia of the
muscle itself. Perianeurysmal fibrosis may demon-
strate fascial reactions as aspecific reactions. In
idiopathic retroperitoneal fibrosis the fibrotic pro-
cesses may extend alonp. the fascial planes. Ascitic
fluid demonstrates in some areas that the anterior
renal fascia and the overlying peritoneum are in
direct contact. The anterior renal fascia may
appear thickened in patients with ascites as a re-
sult of this close association due to the presence of
fluid. Thickening of the lateroconal fascia in pa-
tients with ascites is a frequent finding. On occa-
sion the posterior renal fascia is also involved for a
short distance next to the lateroconal fascia. This
may occur without an infectious involvement of
the paracolic gutter. In infection of the general
peritoneal cavity localized near the fascial planes
both the posterior renal and anterior renal fascia
as a rule are thickened. Thickening of the pos-
terior renal fascia in ascites due to nephrotic syn-
drome and congestive heart failure may hypotheti-
cally be explained as the result of spread of edema
along the fibrous tissue of the fascial planes.

3. How does the renal fascia react in malignan-
cies? Is there different behaviour between in-
Hammation and malignancy?

If a retroperitoneal tumor originated in one of ihe
retroperitoneal compartments occasionally the re-
nal fascia reacted to contiguous tumor and seemed
to act as a barrier to extension e.g. fibrosarcoma.
liposarcoma. Renal fascia thickening in renal cell
carcinoma is mostly seen on single slices and has
particular significance just near perirenal exten-
sion of tumor. Fascial thickening, if combined
with perirenal extension can be used as an ancil-
lary finding in renal lumor staging. The ultimate
consequence of pcrirenal extension is a break
through the renal fascia. This is definable i>y CT.

In adrenal tumors (here is a limited space to fill.
In most cases no fascial planes were identifiable in
their reactions.

In pancreatic tumors the renal fascia is usually
not thickened but on occasion when associated
with necrosis, lymphadenopath) or direct contact
with the fascial planes this can happen. It occurs in
about 5-17% of cases. Penetration of the renal

fascia has been reported in the literature but was
not seen in our patient material. In the limited
experience with duodenal tumors the anterior re-
nal fascia acted as a barrier for extension and the
perirenal space <vas spared.

Vertical colon segment tumor may cross the
midline in the anterior pararenal space or perfo-
rate and infect the adjacent retroperitoneum
(iliacus and psoas muscles).

Occasionally in intraperitoneal tumors near the
renal fascial planes (subhepatic or gallbladder
tumor), thickening may occur without renal or
perirenal extension.

Although no sign is consistently correct, it
appears that in inflammation the renal fasciae will
become more extensively thickened. In the pres-
ence of a neighbouring tumor such as renal cell
carcinoma, pancreatic tumor or pn.iary retroperi-
toneal tumor, the thickening is more limited and
localized, probably because in inflammation more
fluid spreads over the renal fasciae. Likewise in
inflammatory states, the fascial planes may he
thickened due to a fascitis. Hvperemia alone does
not give fascial thickening on CT. Tumor and
inflammation may both violate the fascial bound-
aries. A fulminant infection will more frequently
spread transfascially than hemorrhage and lumor.
Especially in pancreatitis the renal fascial planes
may be transgressed. The same applies to the peri-
toneal wall of the lesser sac. On occasion we see
the same in perirenal infections. In many cases of
perirenal infection the fascia of the psoas muscle
was perforated and the process exlended into
(hese muscles.

The less frequently observed penetration of the
fascial planes in tumor is only true if the tumor
originates in one of the retroperitoneal compart-
ments. This may be explained by the slow rate of
growth or by the presence of a tumor capsule. The
tumor may push the renal fascia forward instead
of penetrating it. Desmoplastic reactions in renal
and retroperitoneal tumors are hypothesized to
occur and this may also be a possible reason for
protecting the renal fascia for being penetrated.
However, if a tumor originated in the mklline trie
retroperitoneal fascial planes offer no barrier to
ext iiMon. This should be explained by the fact
thai only the anterior renal fascia is crossing the
midline and even that not on all levels. If infection
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originates in the midline, e.g. infected aortic graft,
bilateral infection (e.g. psoas abscess) is frequent-
ly seen.

4. Is it influenced by lymphadenopathy?

As described in chapter 5 in about 50% oi ihe
cases the renal fasciae are thickened in lymph
node disease at the level of the renal hilum. If
lymph node disease was present in other retroperi-
toneal sites no fascial thickening was observed.

This fascial thickening proved to be on the pe-
rirenal side, or the fascia was generalized thick-
ened, sometimes only at the edge of the patholog-
ic lymph node mass. In active lymph node disease
this may be caused by fibrotic or desmoplastic
reactions, though a more likely explanation is ede-
ma or lymphedema.

However perirenal extension of lymph node dis-
ease may differ, fascial thickening was not clearly
dependent from the extensiveness of the lymph
node disease or its etiologic conditions. It may

also occur in patients that the fascial planes, in
symmetrical lymph node disease, are thickened
only on one side. This finding is thus of limited
value. Only when the renal fasciae are thickened
can this finding be used to follow the effect of
therapy. The renal fascia usually normalizes when
the lymph nodes demonstrate resolution.

5. Does the thickness of the renal fascia change
after treatment?

If the primary disease is treated succesfully. the
renal fascial planes in all cases become normal.
This was seen in hemorrhage, inflammation and
lymph node disease. In retroperitoneal tumor no
normalization of the fascial planes was seen if the
tumor did not respond to treatment (chemo- or
radiotherapy). Conversely if the renal fascial
planes were initially normal, thickening on a fol-
low-up study may be associated with reactivation
of the process.



SUMMARY

The modern radiologist should no longer be
considered a "shadow-gazer'. Due to this experi-
ence and the availability of multiple imaging tech-
niques he has become an anatomist in vivo, which
is demonstrated in this descriptive work.

Chapter I describes the patient material and the
way we performed our abdominal CT scans.

CT has allowed us to evaluate the anatomy in
the retroperitoneum and peritoneal cavity with a
clarity and resolution unrivaled by other techni-
ques. The renal fascial planes in normal and
pathological states can be well visualized on CT in
the living patient. The presence of three spaces in
the retroperitoneum demarcated by renal fascial
planes could be demonstrated in three dimension-
al CT scanning, particularly when fluid collections
were present. The study confirmed the injection
experiments of Mitchell (254) and Meyers et al.
(244). We tried to resolve the disputes between
the anatomists and reviewed their theories in
some detail in chapter 2. There is a great similarity
between reports of anatomists, which were de-
scribed at the end of the last century, and the Li '
findings. The tracings of Congdon and Edson (61)
are a major guideline for the interpretation of
today's images. However, in our opinion they are
not totally correct.

One of the objectives of this work was to pro-
mote the understanding of these spaces by the
radiologist and clinician when interpreting the CT
images.

The spread of free flowing intraperitoneal fluid
collections mainly responds to gravity and varia-
tions in intra-abdominal pressure, but the spread
of retroperitoneal fluid collections is impeded by
the fat in the compartments and follows the fascial
planes. The thickentü fascial planes together with
the densities or streaks of fluid soaking the re-

troperitoneal fat along the fibrous strands or the
more localized fluid collections may give rise to
confusing pictures as to which compartment is in-
volved.

The anatomy was described in detail because
anatomical considerations favour certain patterns
in the spread of retroperitoneal fluid (blood, pus.
pancreatic exudate. urine) or tumor. These find-
ings are elucidated in cl ipters .?, 4 and 5 in which
clinical pathological conditions have been pre-
sented. Abstracted experience from clinical
radiological literature is compared with our re-
sults: thickening of the renal fascia is probably
caused by a variety of mechanisms but the most
common may be the spread of thin layer of (possi-
ble inflammatory) fluid or edema that accompa-
nies the retroperitoneal processes. It is reversible
and in most cases fasciae return to normal after
treatment.

Thickened renal fascial planes should be re-
garded with suspicion by the radiologist and lead
him to search for retroperihmeal pathology be-
cause these thickened planes are usually associ-
ated with retroperitoneal pathology. Reversely in
many cases of retroperitoneal processes the fascial
planes are not thickened. Exceptionally the pos-
terior renal fascia may be thickened associated
with ascitic fluid caused by diffuse edema, general
peritonitis or peritoneal infection near the fascial
planes. Identifying thickened fascia helps in locat-
ing and correctly diagnosing a relroperitoneal pro-
cess: even the side on which blurring or thickening
occurs of the renal fascia may be. in a substantial
number of cases, a clue for the nature of patholo-
gy at a specific level and may indicate in which of
the three spaces of the retroperitoneum it had
originated. It can therefore help to tailor the re-
mainder of the diagnostic work-up.



LIST OF RKFKRIMKS

1. Abrahms HL. Sicgclman SS. Adams DF. Sanders R. 17
Finberg H. Hcssel SJ. McNeil BJ: Computed tomogra-
phy versus ultrasound of the adrenal gland: a prospective
study. Radiology 143: 121-128. 1982 IX.

2. Adler J. Greweldinger J. Hallac R. Frier S: Computed
romographic findings in a case of renal vein thrombosis 19
with nephrotic syndrome. Urol. Radiol. 3: 1X1-183. 19X1

3. Alexander ES. Colley DP. Clark RA: CT of relroperi- 20.
loneal fluid collections. Semin. Roentgenol. 16: 268-276.
1981

4. Alexander ES. Clark R A . Federle MP: Pancreatic gas:
indication of pancreatic fistula. Am. J. Roentgenol. 139:
1089-1093. 1982 21.

5. Alexander ES. Proto AV. Clark RA: CT differentiation
of subphrenic abscess and plcural effusion. Am. J Roent-
genol. 140 :47 -51 . 1983

6. Alter. AJ, Uehling. DT. Zwiebel WJ: Computed 22.
tomography of the retropcritoneum following nephrec-
tomy. Radiology 133: 663-668. 1979

7. Alter. AJ. Zimmerman. S. Kirachaiwanieh C: 2i.
Computerized tomographic assessment of relroperitoneal
hemorrhage after percutaneous renal biopsy. Arch. In- 24.
tern. Med. 40: 1323-1326. 1980

8. Altmeier WA. Alexander JW: Retroperitoneal abscess.
Arch. Surg. K3: 512-524. 1961 25.

9. Amcndola MA. Tisnado J. Fields WR. Bcachley MC.
Vines FS. Cho SR. Turner MA. Konerding KF: Evalua-
tion of retroperitoneal hemorrhage by CT before ami 26.
after translumbar aortography. Radiology 133:401-404.
1979 27.

10. Amin M. Blandford ATh. Polk HC: Renal fascia of
Gerota. Urology 7: 1-3 . 1976

11. Ammann R: Acute Pancreatitis. In: Gastroentcrology p. 2S.
1020-1940. Bockus HL ed. Saundcrs. Philadelphia 1976

12. Amparo EG and Fagan CJ: Page kidney. J Comput
Assist. Tomogr. 6: 839-841. 19X2 2v.

13. Angervall L. Wahlquisl L: Follow-up and prognosis of
renal cell carcinoma in series operated by perifascial
nephrectomy combined with adrenalectomy and re- 3d.
troperitoneal lymphadenectomy. Eur. Urol. 4: 13-17.
1978

14. Aronberg DJ. Stanley RJ. Levitt RG. Sagel SS: Evalua- 31.
tion of abdominal abscess with CT. J C'ompul. Assist.
Tomogr. 2: 384-387. 1978

15. Atkinson GO. Clements JL. Milledge RD. Weens IIS: ^2.
Pancreatic disease simulating urinary tract disease. d i n .
Radiol. 24: 185-191. 1973

16. Baert AL, Wackenheim A. Jeanmart L: Atlas of Patho- 33.
logical Computer Tomography. Vol. 2: Abdominal Com-
puter Tomography. Springer Verlag. Berlin 1980 34.

. Balfe DM. McClennan BL. Stanley RJ. Weijman PJ.
Sagel SS: Evaluation of renal masses considerated inde-
terminate on CT. Radiology 142: 421-428. 19X2
Ball JB. Clark RA: CT of mcdiastinal pancreatic fluid
collections. Comput. Radiol. 6: 295-300. 1982
Barbaric Z: Renal fascia in urinary tract disease. Radiol-
ogy 1 IS: 561-565. 1976

Bargmann W: Der Gefass- und Bindcgeucbsapparat der
Niere. In: Niere und ableilcnde Harnwegc. Kandbuch
der mikroskopischen Anatomie des Menschen 7bd. Harn
und Geschlechtsapparal. 5. Teil. pp 2I6-21N. Springer
Verlag Berlin 1978

Barnes PA. Bernardino ME. Thomas JL. Flo» phe-
nomenon mimicking thrombus, a possible pitfall of the
pedal inlusion technique J. Comput. Assist. Tomogr. 6:
304-306. 19X2
Baron RL. McClennan HI., l e e JKT. Lawson TL: Com-
puted tomography of transitional-cell carcinoma of the
renal pelvis and ureter. Radiology 144: 125-130. 1982
Baumann JA: Dcveloppcment et anatomie de la loge
rcnale chcz I'homme. Aeta Anal. I: 15-56. l')45
Benjamin JA. Tohin CE: Abnormalities ol kidneys, ure-
ters and perinephric fascia: anatomic and clinical study .1
Urol. 65: 715-731. 1951

Bergman AB. Neiman HL: CT in the detection of re-
troperitoneal hemorrhage alter translumbar aortograpln
Am. J. Roentgcnol. 131: 831-833. 1978
Berliner I.. Bosniak MA: The striated ncphrogram in
acute pyelonephritis, ('rol Radiol. 4: 41 -44 . I'WJ
Bernardino Ml:. Han S.I. Wallace S: Computed tomogra-
ph) diagnosis of mesemeric masses Am. .1. Roentücnol.
132: 33-36 . |»)7y

Bernardino Ml .ChuangVP. Wallaces. Ihom.isJI . Soo
CS: Therapeutically inlarcted tumors: ( T findings Ant
J. Roentgcnol 136. 527-530. 1'WI
Bernardino Ml:. .McClennan BL: High dose urography.
increase and relationship to spontaneous penpehie exlra-
vasation. Am. J. Rocnlgenol. 127: 373-37h. l'>7h
Bernardino Ml:. De Santos LA. Johnson DI-. Bracken
RB: Computed tomography in the etaluaiion ol posi-
nephrectomy patients. Radiology 130: 1S3-IS"1. l>)7'(
Bigongiari I.R: Plain film visualization ot (icroia's laseia
A non-specific sign of renal abnormalities. Paper 4S
Association ot I'nivcrsity Radiologists. Baltimore I''S2
Millington U Movable kidney, its etiology, pathology,
diagnosis and treatment 2nd ed. p. 6 Casscll \ Co.
London l>)21)

Honk JP. Bosch Rl. Che*is I)N: Spontaneous rupture ol
the renal pel\is Am I. Roentgenol 98: 54 -62 . 1966
Borlaza GS. Kuhns LR. Siegel RS. Rapp R. The pos-



176

Icr ior pararenal space: an escape route for retroerural

masses J. Compu l . Assist. Tomogr. 3: 47(1-473. 1979 S4

35. Bosniak M A : Angiomyol ipoma (hamartoma) of the k id-

ney: a prcoperative diagnosis is possible in virtual ly every

ease. U ro l . Radiol . 3: 135-142. 19X1 55

3d. Bosniak M A . Megihow A J . Ambos M A . Mi tn ick JS.

Lefleur RS: ( io rdon R: Computed tomography of ureter-

al obstruction. A m . J. Roentgenol. 1107-1113. 19N2 56.

37. Braedel H W . Rzehak L. Schindler E. Polsky MS.

Dohr ing W. Computertomographisehe Untersuehungen

bei Nierenverletzungen. Fortschr. Rontgenstr. 132: 4 9 - 57.

54. 1980

3S. Braun B. Marberger M . Günther R: Spontanruptur der

Nierenbeekens ohne vorherige Kontrastmittelgabe. 5S.

Fortschr. Rontgenstr. 131: 667-669. 1979

39. Braun W T : Peripelvic extravasation dur ing intravenous

urography. A m . J. Roemgenol. 9X: 4 l - 4 f i . 19Mi 59.

4(1. Buy J N . Moss A A . Singler RC: C T guided celiae plexus

and splanchnic nerve neurolysis .1. C'ompul. Assist.

Tomogr. 6: 315-319. 19X2 Ml.

41 . Hrun B. l.aursen K. Surensen I N . l .orcnlzen JF.. Kr is icn-

sen JK: ( I in retroperitoneal l ihrosis. A m I Roentgcnol h i .

137: .5.15-.\1N. 19X1

42. ( 'al ien I 'W. Korobk in M . Isherwood I: Computed tonio- 62.

graphic evaluation of the rclrocrural prcvertebral space.

A m .1 Roentgenol 129: 9( I7 -9 ] I I . 1977

43. ( 'alien I 'W: Computer tomographic evaluation of abdom- 63.

inal and pelvic abscesses. Radiology 131: 171-175. 1979

44. ( 'alien PW. Marks \ V M . Fil ly R A : Computer tomogra-

phy and ultrasonography in the evaluation ol the re- 64.

troper i toncum in patients with malignant ascites. .1 Corn-

put Assist Tomogr 3: 5SI -5S4. 1979

45. Carey. I.C: Acute and chronic pancreatitis. Surg ( ' l in

North A m 55: 3 2 5 - . W . 1975 65.

46 Castellino R A . Margl in S I . Blank N: Hodgkin disease.

the non-1 lodgkin lymphomas and the lenkemias in the

retroper i ioneum. Sem Roentgenol 15: 2XX-3OI. 19XM

47. Chamorro H A . Forbes T h W . Padknowsky ( i l ) . Wholcy 66

M K : Mul t imaging approach in the diagnosis of Page k id-

ney. A m J Roentgenol 136: 6211-621. 19X1

4K. Chaubam M A . Smith PhL. Ferris FJ . Murphy K. West- 6?

brook K. Slayden JE: I.eiomyosareoma of the inferior

vena eava: angiographic and computed tomographie f ind-

ings. Cardiovasc Intervenl Radiol 4: 2(19-214. 19X1 6X.

49. Charpy A : ("ours de splanchnologie. Organes genito-

urinares p. 22-25 . Lecons puhlices par Armand Suis.

('assan Fils. Toulouse IS'HI 69.

5(1. Childs ( i .1 . Piekelman J. Churchi l l RJ. Cassidy JE. Love

I.: Renal cell carcinoma complicalei l by pcrinephric ab-

scess and colon perforat ion. Uro l Radiol 4: 37 -39 . |»)X2 7(1.

51 . Chintapall i K. Lawson I I . . Foley W D . Berland L I . :

Perincphric abscess with renal cell carcinoma. I ' ro l

Radiol 3: 113-115. 19SI 71.

52. Chintapal l i K. l.awson T L . Foley W D . Berland L I . : Re-

nal fascial thickening in pancreatitis. J ( 'omput Assist

Tomogr 6: 9X3-9X6. 19X2 72

53. Chopl in R H . Karsteadt N . Wo l lman NT : Ruptured

abdominal aortic aneurysm simulating pyogenic vertehral

spondylit is. A m J Roentgenol 13S: 74X-75O. 19X2

Chow K C . Chiu IX': Current cases and concepts: xantho-

granulomatous pyelonephrit is. J Comput Asist Tomogr

3: 1(14-1(16. 1979

. Chuang V C . Fried A M . Chung Q C : CT evaluation of

paraaortic hemaloma fol lowing iranslumbar aortographv

Radiology. 13(1: 711-712. 1979

Cisternino SJ. Neiman H L . Malave SR j r . : Diagnosis of

retropcritoneal hemorrhage by serial computed tomogra-

phy. J Comput Assist Tomogr 3: 6X6-6SX. 1979

Clayton M J . Walsh JW. Brewer WIL ' Contained rupture

of abdominal aortic aneurysms: sonographic and C T d i -

agnosis. A m J Rocntgenol 13X: 154-156. 19S2

Cohen W N . Scidclmun F E . Bryan PJ: ( " I o l localized

adipose deposits presenting as tumor masse-.. A m I

Roentgenoi 12X: KKI7-1(111. 1977

Colley OP. Farrel J A . Clark R A : Perforated colon carci-

noma presenting as a suprarenal mass. Comp I omogr 5:

55-SN. 19S1

Congdon E D : The primary types of extra-organic gross

connective tissue structures. Ana l Rec67: 143-293. 193"

Congdon E D . Edson .IN: The cone ol renal lascia in the

adult white male. Ana l Ree XII: 2X9-313. 1941

Cooke C iM. Bartuez IP: Spontaneous extravasation ol

contrast medium during in l ra\enous urography ( ' lm Rad

25: X7-93. 1974

("romer I I . Belt/ L. Ridders K. Frohlich ( i . Smcnd I: / i n

formalen Pathogcnese des spontancn perirenalcn ll.ima-

toms. Fortschr Rontgenstr 132: 19X-2O3. 19X11

Cunat JS. Haaga JR. Rhodes R. Hekeny J. You.cl SI

Pcriaortic fluid aspiration tor recognition ol inlocled

(irai i . preliminary reporl Am I Roentgenol 139: 251-

253. 19X2

('ullino .11. Clark Rl . Fried FA. Stevens PS: Micro-

radiographic demonstration ol pyelitlymphatic backflo\\

in the porcine kidnev Am I Roentgenol 131: 5(M 5H5.

197S

nalla-Palma I.. Rocca-Rosselli S. Piwi-Mucclli RS.

Ki/alto ( i : Computed tomography in the diagnosis ol

rclropcritoncal fibrosis. I rol Radiol 3: 77 x.v 19sl

Davidson A.I. I alner I.B: I'rographic atul angiographic

abnormalities in adult-onset acute bacterial nephritis

Radiologv 1(16: 249-256. 1973

Daxis FM. Ollivciti R(i : Primary lymphosarcomatosis ol

kidneys, adrenal glands and perirenal adi|x».e tissue I

I rol 66: 11(6-114. 1951

Dembner A(>. Jalle CC. Simeone J. Walsh .1: A new

computed lomographic sign of pancreatitis Am I Roent-

genol 133: 477-474. |i)79

Donovan Ph I. Zcrhoum EA. Siegclman SS: CT ol the

psoas compartment of the retroperiloneum Semin Roent-

genol 16: 241-259. 19X1

Doppman .11.. d i l l JR. Nienhuis AW. l.arll JM. Long .1A

jr.: CT findings in Addisons disease I Comput Assist

Tomogr 6: 757-761. 19X2

Douhledav I.C. Bernardino ME: C l lïndings in the

penrectal area following radiation thorapv. I Compul

Assist lomoiir 4. 634-6.W. |9,S()



177

73. DiHisl BD. Pierce GD: Ciray-scale ultr;;sonic properties
of the normal and inflamed pancreas. Radiology 120:
653-657. 1976 93.

74. Downs RA. Hemelt Al.: Hypertension due to suhcapsu-
lar renal hematoma. J Urol SS: 22-24. 1962 94.

75. Druy EM. Ruhin BE: Computed tomograph) in the eval-
uation of abdominal trauma. J C'omput Assist Tomogr 3:
40-44. 197')

76. Dunnick NR. Reaman GH. Head CiL: Radiographic 95.
manifestations ol' Burkitt's lyphoma in American pa-
tients. Am J Roenlsenol 132: 1-6. 1979

77. Dunnick NR. Jones RB. Doppman JL. Speyer J. Meyers
CE: Inlraperitoneal contrast infusion tor assessment ol 96.
intraperitoneal Huid dynamics. Am J Roentgcnol 133:
221-223. 197')

7N. Dunnick NR. Lorn: JA. Javadpour N: I'erirenal extra- 97.
vasation of «rographic conlrasi medium demonstrated In
CT. J Comput Assist lomogr 4: 53.S-539. I9S0

79 Dunnick NR. lleaston D. Halv<irsen R. Moore AV.
Korohkin M: CT appearance ol adrenal cortical carcino- 9S.
ma. J ('onipul Assist Tomogr 6: 97S-9S2. I9S2

NO. Dus/lak EJ jr. Costello I'. Selt/er SP.. C'louse Ml:. C'l' ol
prothetic arterial grail complications. .1 C'omput Tomogr 99.
(v 95-Mil. |9S2

SI. Dwyer A: The displaced cms: a sign lor distinguishing 1110.
between pleural lluid and ascites on ( I . .1 Comput Assist
Tomogr 2; 59S-599. 197s

N2. Clkirt M: Radiology ol the urinan »\siem. Little Brown
Boston IWKI 101.

S3. Fagan ('J. l.arrieu AJ. Amparo EG: Relropcritoncal
fihrosis. ultrasound and ( T features. Am J Roenlgenol
133: 239-243. 197') j02.

N4 Falappa I'. Trodella I.. Maresca G: l.tmphomatous in-
volvement of the kidneys: ( T and I S demonstration
Diagn Imaging 49. 2Mi-2dS. 19SII 103.

S5. Farman J. Dallctnond S. Schneider M. Salomon N. Moon
S. McPhers<in H: Pancreatic pscudocyst involving the
spleen. Gastrointest Radiol 1: 339-343. 1979 KM.

Xfv Federle MP. Jeffrey RB. Crass RA. Dalsem \an V. CT of
pancreatic abscesses. Am J Rocnlgenol 13d: S79-SS2.
I9SI

S7. Federle MP: CT evaluation of nonneoplastic pancreatic
disease. In: Inierventionul radiologie techniques. Com- 105.
puled tomography and ultrasonography p. 2S9-293. Eds
Moss AA and Goldberg HI. San Francisco University of 1(16.
California I9N]

SS. Federle MP. McAninch JW. Kaiser JA. Goodman PC'. 107.
Roberts J. Mall JC: Computed tomography of urinary
calculi. Am J Roentgenol 136: 255-25N. I9NI

S9. Federle MP. Goldberg HI. Kaiser JA. Moss AA. Jeffrey ION.
RB. Mall JC: Evaluation of abdominal trauma by CT.
Radiology I3N: 637-644. 19K1

«JO. Federle MP. Kaiser JA. McAninch J W. Jeffrey RB. Mall 109.
JC: The role of CT in renal trauma. Radiology 141:
455-460. 19SI

91. Feldherg MAM. Mali WPThM: An infected renal cyst. 110.
Urol Radiol 2: 47-49. 19S0

92. Feldberg MAM. Waes van PFCiM: Multilocular cystic

renal cell carcinoma. Am J Roentgenol 13S: 953-955.
I9S2
Feldherg MAM: Extravasation of contrast medium in or
around the kidney. Diagn Imaging 51: 319-320. 19S2
Feldberg MAM. Waes van PFCiM. Haken ten GB: CT
diagnosis of perianeurysmal fihrotic reactions in aor-
toiliac aneurysm. J Comput Assist Tomogr 6: 465—171.
19X2
Feinstein RS. Baghdaysarian Gatexvood OM. Goldman
SM. Copeland B. Walsh PC. Siegelman SS: Computer-
ized tomography in the diagnosis of retropcritoneal fi-
hrosis. J Urol 126: 255-259. 19SI
Ferrucci JT jr. Wittenberg J. Black EB. Kirkpatrick RII.
Hall DA: CT in chronic pancreatitis. Radiology 130:
175-1S2. 1979

Feurerbach St. Gulona V. Reiser M. Allgayer B. Ingian-
ni Ci: Computenomographische S> mptomalologic des
Becken- und Bauchtrauma. Fortschr Rontgenstr 134:
293-296. I9S1
Fischedick AR. Muller RP. Kramps H. Cramer B: Ciim-
putertomographic rctroperitonealer Traumen. Fortschr
Rontgenstr 136: 5h-59. I9S2
Fisher JK. Normal colon wall thickness on C'l. Radiology
145: 415-41*. 19S2
Folev WD. Stewart E l . l.awson TI-. Cieeman 1.
l.oguidice J. Muhcr 1-. Cnger GF: CT. ultrasonograpln
and ERC'P in the diagnosis of pancreatic disease. A com-
parative study. Gastrointest Radiol 5: 29-35. I9S0
Forbes. W'SlC. Ishcrwood I. Fawcitt RA: CT in the eval-
uation of the solitary or unilateral non-functioning kid-
ney. J Comput Assist Tomogr 2: 3S9-394. 197s
Foster SC. Gauvin G: A man with a large suprarenal
mass. Clinical pathologic conference ed. by Me Clennan
BL. Urol Radiol 5: 5X-6I. I9S3

Frank NI. Wieeke DR: Nephrotomographic appearance
of spontaneous subcapsular hemorrhage. Radiology S9:
477-4S2. 1967
Freeney PC: Radiologie evaluation of pancreatic neo-
plasms: the impact of CT. In: Interventional radiologie
techniques: computed tomography and ultrasonography
Eds. Moss AA and Goldberg III. pp. 279-2NS. San Fran-
cisco University of California I9SI
Freeney PC. Lawson Tl.: Radiology of the pancreas p.
40S. Springer Verlag. New York. 19S2
Fretz. Ch and Haertel M: Compuieriomographie nach
Nierentrauma. Fortschr Rontgenstr 135: 653-656. 19SI
Fricdenberg RM. Moorehouse II. Gade M: Urinomas
secondary to pyelosinus backflow. Itrol Radiol 5: 23-29.
19*3

Friedman AC. Hartman DS. Sherman J. Lautin EM.
Goldman M: CT of abdominal fatty masses. Radiology
139: 415-429. I9K1
Frick MP. Feinberg SH: Deceptions in loeali/ing ex-
trahepatic right upper quadrant abdominal masses by ( T .
Am J Roentgenol 139: 501-504. 19*2
Fritzsche P. Ioomey FB. la UN: Alteration ol perirenal
fat secondary to diffuse retroperitoneal infiltration.
Radiology 131: 27-29. 1979



I7S

111. Gentry I.R. Gould UK. Alter AJ . Wcgcnke JD. Atuel l 131
O'l: Hemorrhagic angiomyolipoma: demonstration h\
CT. J Ciimpul Assist Tomogr 5: 861-865. 1981

112. Cierola D: Bcilriigc zur Kennlnis des Bclestigungsappa- 132
rates der Niere. Archives fur Anatomic und Entwick-
lungsgesehiclite. Anatomische Abteilung 265-285. IS1)?

113. (Jcrzof SG: Percutaneous drainage of renal and
pcrinephric abscess. Urol Radiol 2: 171-17'). 1981 133.

114. Gerzof SG. RohbinsAH. Birketl D H : CT in the diagno-
sis and managementol abdominalabscesses. Gastroinlcsi 13-4.
Radiol 3: 287-294. 1978

115. Gilsanz V. Lozano F. Jimenez J: Renal hydatid c\sts:
communicating with collecting system. A m J Roentgenol
135: 357-361. 19X0

l i f t . Ginsburg JC'. Fransman S1-. Singer M A . Cohanim M. 135.
Morrin PAF: Use of computerized tomography to evalu-
ate bleeding after renal biopsy Ncphnin 26: 2-10. I'M)

117. Glazer G M . Buy JN. Moss A A . Goldberg I I I . ledeile 13ft.
MP: CT detection of duodenal perforation. Am .1 Roenl-
gcnol 137: 333-336. 19N1

UN. Glazer HS. Weyman PJ. Sagcl SS. Levitt RG. MeClcn- 137.
nan Bl . : Nonfunctioning adrenal masses: incidental dis-
covery on computed tomography. Am J Roenlgcnol 139:
81-85. 1982 " 13N.

119. (ilazer CiM. fa l len PW. Parker J.I: CT diagnosis of
tumor thrombus in the inferior vena cavu: avoiding the
false-positive diagnosis. Am .1 Roentgenol 137: 1265-
1267. 1981 * 139.

12(1. Gold RP. Seaman WB: CT and the dilated pancreatic
duct: an ominous sign. Gastrointcsl Radiol ft: 35-38. 140.
1981

121. Goldman SM. Galewood O M B . Walsh PC. Dornhorsi
A . Sii'gelman SS: L~l configuration of the enlarged
adrenal gland. .1 Comput Assist Tomogr 6: 27ft-2NII, I9,S2

122. Gordon JL . Stargandter FL: Pancreatic pseudoeyst 141
'simulating' intrarenal masses. Am .1 Roentgenol 1(17:
65-68. 1969

123. Gore R M . fa l len PW. Filly RA: Lesser sac fluid in
predicting !he etiology of ascites: CT findings. Am .1 142.
Roentgenol 139: 71-74. 1982

124. Gosset A : Traite d'Anatomie t lumaine. Eds Poirier P.
f harpy A . Vol 5. fase 1. Organes Gcnito-urinaircs Mas- 143.
son & C'ie. Paris. 19(17

125. Grabbc E. Dammann I I G . I Idler M: Wert der f o m -
pulertomographie für die Prognose der akuien Pankreati- 144.
is. Fortschr Ronigenslr 13ft: 534-537. 1982

126. Grahhe E. Lierse W. Winkler R: Die Hülllaszien des
Rektums. Fortsehr Röntgenstr 136: 653-659. I9S2 145.

127. Graham A I - . Najafi H. Dye W S . Javid H. Hunter JA.
Julian O f : Ruptured abdominal aortic aneurysm. Surgi-
cal management. Arch Surg 97: 1(124-1(131. 1968 14n.

12N. Gray's Anatomy. 36th Edition. Ed by Williams PL and
Warwick R: Edinburgh. London. Melbourne and New
York. 1981 * 147.

129. Grewcldinger J. Bufalini B. Adler J: Left renal pedicle
injury diagnosed by CT. Urol Radiol 5: 55-56. 1983

130. Grossman J: A note on the radiological demonstration of 148.
the perirenal space. J Anat 88: 407-409. 1954

Guilford WB. Mint/ I 'D, Blatt Ph M. Slaah EV: f I of
hemophilie pscudolumors of the pelvis. Am J Roentgenol
135: 167-169. I9N0

. liaaga JR. Craig G. Weinslein AJ. fooperman A M :
New interventional techniques in the diagnosis and man-
agement of inflammatory disease within the abdomen.
Radiol f l i n North Am 17: 4X5-515. 1979
llaaga JR. Morrison S f : C'T appearance of renal infarct.
J C'omput Assist Tomogr 4: 246-247. 1980
Haaga JR. Baldwin N. Retch NE. Beven E. Kramer A .
Weinstein A . Havrilla Th R. Seidelman FE. Namba A H .
Parrish f M: CT detection of infected synthetic grafts:
preliminary report of a new sign. A m J Roentgcno! 131:
317-329. 1978

lladar 11 <mu Meiraz D: Thickened renal fascia - a sign of
retroperiloneal pathology. J Comput Tomogr 5: 193-
19H. 1981

Haertcl M . Tillman V. Fuchs WA: Die akule Pankrcatilis
in Computer Tomogramm. Fortschr Röntgenstr 130:
525-5311. 1979
Haertel M. Bollmann J. Vock P. Zingg E: CT und rc-
troperitoneale Fibrose (Mortals Ormondl. Fortschr
Röntgenslr 131: 5(14-507. 1979
Hagen B and Vowinckel M: Computertomographische
Dokumentation retropcrilonealer Hamaiome naeh trans-
lumbaler Angiographie. Fortschr Röntgenstr 133: 496-
501. 1980

Hamilton WJ: Ed. of Textbook of Human Anatomy p.
5fiy. Mac Millan & Co. Ltd. London 1956
Hammersen F. Slraubesand J: L'her die Slromwcse in
der Nierenkapsel von Mensen und I fund. Zuglcich ein
Beitrag zum Begriff der arteriovenosen Anastomosen.
Angioarchilektonisehe Studie an der Niere I I I . Mit-
teilung. Z Anat Entw Gesch 122: 263-282. 1961
Harell GS. Breiman RS. Glatstein EJ. Marshall \VH.
Castellino RA: Computed Tomography of ihe abdomen
in malignant lymphomas. Rad f l i n North Am 15: 391-
400. 1977

Harrow BR: Spontaneous extravasation associated with
renal colic causing a perinephrie abscess. Am J Roenl-
genol 9N: 47-53. 1966
Hartman DS. Goldman SM. Friedman AC. Davis f J.
Madewell JE. Sherman JL: Angiomyolipoma: ultrasonic-
pathologic correlation. Radiology 139: 451-458, I9SI
Hartman DS. Davis f J . Goldman SM. Friedman AC'.
Fritzschc P: Renal lymphoma: radiologic-pathologic cor-
relation of 21 cases. Radiology 144: 759-7A6. 1982
Mattery RR. Williamson B jr. Stephens D M . Sheedy PF
I I . Hartman GW: CT of renal abnormalities. Rad Clin
North Am 15: 401-408. 1977
Haltcry RR. Sheedy PF I I . Stephens D H . Heerden var
JA: C T o f the adrenal gland. Scmin Roentgenol In: 290-
30(1. I9«I
Hatlery RR, Hartman GW, Williamson B jr.: fomputc i
tomography of non-vascular causes of renal hypertcn
sion. Urol Radiol 3: 2ftl-2ft5. 1982
Havrilla TR, Reich NE. Seidelmanrt FE, Haaga JR
Computed tomography of the kidneys and retroperi



179

toneum: current status. ) Comput Tomogr 2: 227-240.
1978

149. Heekman HH, Clapp PR. Lowney B. Fuchs JE. Olsson
CA: Pancreatic pseudocyst simulating perinephric ab-
scess. Urology 5: 420-423. 1975

15(1. Hill MC. Barkin J. Isikoff MB. Silverstein W. Kahier M:
Acute pancreatitis: clinical versus CT findings. Am J
Roentgenol 139: 263-269. 1982

151. Hilton S. Bosniak MA. Megibow AJ. Ambos MA: Com-
puted tomographic demonstration of a spontaneous sub-
capsular hematoma due to a small renal cell carcinoma.
Radiology 141: 743-744. 1981

152. Hilton S. Megibow AJ. Naidich DP. Bosniak MA: Com-
puted tomography of the postoperative abdominal aorta.
Radiology 145: 403-407. 1982

153. Hinman F: The principles and practice of urology p. 246.
WB Saunders & Co. Philadelphia. 1935

154. Hoffman EP. Mindelzun RE. Anderson RU: CT in acute
pyelonephritis associated with diabetes. Radiology 135:
691-695. 1980

155. Hollinshead WH: Anatomy for surgeons. Vol 2. sec edi-
tion, p. 522-525. Harper & Row, New York 1971

156. Hiibener KH: Computertomographie des Korperstam-
mes. Thieme Verlag 1982

)57. Hutch JA. Atkinson RC, Loquvam GS: Perircnal (Gero-
la's) fascitis. J Urol 81: 76-95. 1959

158. Isikoff MB. Hill MC. Silverstein W. Barkin J: The clini-
cal significance of acute pancreatic hemorrhage. Am J
Roentgenol 136: 679-684. 1981

159. Itai Y. Moss AA. Goldberg HI: Pancreatic cysts caused
by carcinoma of ihc pancreas: a pitfall in the diagnosis of
pancreatic carcinoma. J Comput Assist Tomogr 6: 772-
776. 1982

160. Jafri SZH. Bree RL. Amendola MA. Glazcr GM.
Schwab RE. Francis IR, Borlaza G: CT of renal and
perirenal non-Hodgkin lymphoma. Am J Roentgenol
138: 1101-1105. 1982

161. Jeffrey RB. Callen PW. Federle MP: CTof psoas absces-
ses. J Comp Assist Tomogr 4: 639-641. 1980

162. Jeffrey RB, Federle MP. Goodman PC: Computed
tomography of the lesser peritoneal sac. Radiology 141:
117-122. 1981

163. Jeffrey RB. Federle MP, Stein SM. Crass RA: Intramu-
ral hematoma of the cecum following blunt trauma. J
Comput Assist Tomogr 6: 404-405. 1982

164. Jing BS. Wallace S, Zornoza J: Metastases to rctroperi-
toneal and pelvic lymph nodes: Computer! tomography
and lymphangiography. Radiol Clin North Am 20: 511-
530. 1982

165. Johnson ML and Mack LA: Ultrasonic evaluation of the
pancreas. Gastrointest Radiol 3: 257-266, 1978

166. Jolles H and Coulam CM: CT of ascites: differential
diagnosis. Am J Rocntgenol 135: 315-322, 1980

167. Jones B, Hessel SJ. Weissman BN, Birnholz JC: Psoas
abscess - fact and mimicry. Urol Radiol 2: 73-79. 1980/
1981

168. Jorulf H: Roentgen diagnosis of intraperitoncal fluid. A
physical, anatomic and clinical investigation. Acta Radiol

Suppl 343. 1975
169. Kam, J. Patel S. Ward RE: Computed tomography of

aortic and aorloiliofemoral grafts. J Comput Assist
Tomogr 6: 298-303. 1982

170. Karlson KB. Martin EC. Fankuchen El. Mattcrn RF.
Schultz RW. Casarella WJ: Percutaneous drainage of
pancreatic pseudocysts and abscesses. Radiology 142:
619-624. 1982

171. Karnaze GC. Sheedy PF II. Stephens DH. McLcod RA:
Computed tomography in duodenal rupture due to blunt
abdominal trauma. J Comput Assist Tomogr 5: 267-269.
1981

172. Karp W, Ekelund L. Olaffson G. Olsson A: Computed
tomography, angiography and ultrasound in staging of
renal carcinoma. Acta Radiol Diagn 22: 625-633. 1982

173. Karsner HT: Tumors of the adrenal. Sect VIII. fasc 29.
Atlas of Tumor Pathology. Armed Forces Institute of
Pathology. Washington DC 1950

174. Kazam E and Whalen JP: Computed tomography in
alimentary tract radiology. Abdominal Imaging Vol III.
Eds Margulis AR and Burhenne HJ. pp. 72-122. The CV
Mosby Company St. Louis 1979

175. Kazam E: CT of iniraabdominal effusions and fluid col-
lections. In: CT. ultrasound and X-ray: an integrated
approach, pp. 321-325. Eds Moss AA. Goldberg HI.
Academic Press. Inc New York. 1980

176. Kim DS, Woesner ME. Howard TF. Olson LK:
Emphysematous pyelonephritis demonstrated by com-
puted tomography. Am J Roenlgenol 132: 287-288. 1979

177. Kirks DR. Mcrtcn DF, Grossman H. Bowie JD: Di-
agnostic imaging of pediatrie abdominal masses: an over-
view. Rad Clin North Am 19: 527-545. 1981

178. Kivisaari L. Kormano M. Rantakokko V: Contrast en-
hancement of the pancreas in computed tomography. J
Comput Assist Tomogr 3: 722-726. 1979

179. Knight GD: Movable kidney and intermitting hyd-
ronephrosis. Ballicre. Tindall & Cox. London 1893

180. Koehler PR. Talner LB. Fricdenlierg MJ. Kyaw MM:
Association of subcapsular hematomas with the non-
functioning kidney. Radiology 106: 537-542. 1973

181. Koehler PR: The roentgendiagnosis of renal inflamma-
tory masse - special emphasis on angiographie changes.
Radiology 112: 257-266. 1974

182. Koehler PR, Anderson RE. Baxter B: The effect of
computed tomography viewer controls on anatomical
measurements. Radiology 130: 189-194, 1979

183. Koehler PR, Moss AA: Diagnosis of intra-abdominal and
pelvic abscesses by CT. JAMA 244: 49-52. 1980

184. Kolmannskog F. Kolbenstvedt A, Aakhus T: CT in in-
flammatory mass lesions following acute pancreatitis. J
Comput Assist Tomogr 5: 169-172. 1981

185. Kolmannskog F. Schrumpf E. Bergan A. Larsen S: Di-
agnostic value of computer tomography in chronic pan-
creatitis. Acta Radiol Diagn 22: 649-656. 1982

186. Korobkin M, Callen PW, Filly RA. Hoffer PB, Shimshal
RR, Kressel HY: Comparison of CT. US and Gallium-67
scanning in the evaluation of suspected abdominal ab-
scess. Radiology 129: 89-93. 1978



ISO

187. Korohkin M. Callcn PW. Fisch AE: CT of the pelvis and
retroperitoneum. Rad Clin North Am 17: 301-319. 1979

18S. Korobkin M. White EA. Kressel HY. Moss AA. Mon-
tagne JP: CT in the diagnosis of adrenal disease. Am J
Roentgenol 132: 231-238. 1979

189. Korohkin M: CT of the retroperitoncal vasculature and
lymphnodes. Semin Roentgenol 16: 251-267. 19KI

19(). Kothari K. Segal AJ. Spitzer RM. Peartrce RJ: Preop-
erative radiographic evaluation of hypernephroma. J
Comput Assist Tomogr 5: 702-704. 1981

191. Kreel L. Haertel M. Katz D: Computed Tomography of
the normal pancreas. J Comp Assist Tomogr I: 290-299.
1977

192. Kreel L: Great vessels and retroperitoneal space.
Alimentary tract radiology. Abdominal imaging Vol III
pp. 339-417. Eds Margulis AR and Burhenne HJ. The
CV Mosby Company St. Louis 1979

193. Kreel L. Campbell D, Guggiana P. Cooke T: Direct
coronal section CT of the retroperitoneum: normal anat-
omy without contrast. J Comp Tomogr 5: 291 -295, 1981

194. Kreel L. Bydder GM: Evaluation of retroperitoneal lipo-
sarcoma with Computed Tomography. J Comp Tomogr
5: 111-116. 1981

195. Kuhik S: Visceral lymphatic system. In: Atlas of lym-
phangiography p. 91. Eds Viamonte M jr and Rüttiman
A. Thiemc Verlag Stuttgart 1980

196. Kuhn JP and Berger PE: CT of the kidney in infancy and
childhood. Rad Clin North Am 19: 445-461, 1981

197. Kuhn JP and Berger PE: CT in evaluation of blunt
abdominal trauma in children. Rad Clin North Am 19:
503-513. 1981

198. Kuhns LR: CT of the retroperitoneum in children. Rad
Clin North Am 19: 495-501. 1981

199. Kunz R: Aneurysmata hei 35.380 Autopsien. Schweiz
Med Wochenschr IK): 142-148. 1980

20(1. Lackner K: Retroperitoneale Tumoren und Blutungen.
In: Ganzkörper Computertomographie pp. 350-358. Eds
Friedman G. Biicheler E. Thurn P. Thieme Verlag Stutt-
gart 1981

201. Lalli AF: Retroperitoneal fibrosis and inapparent ob-
structive uropathy. Radiology 122: 339-342. 1977

202. Lampmann LEH: Axial skeletal CT densitometry.
Wetenschappelijke Uitgeverij Bunge Utrecht. Thesis
1982.

203. Lang EK. Nourse M. McCallium D, Mertz JO. Wishard
WN: The diagnosis of suprarenal masses by retroperi-
toneal air studies and arteriography. J Urol 94: 220-227.
1965

204. Langman J and Woerdeman MW: Atlas of medical anat-
omy. Saunders 1978.

205. Lautin EM. Gordon PM, Friedman AC, Dornmashkin L,
Fromowitz F: Emphysematous pyelonephritis: optimal
diagnosis and treatment. Urol Radiol 1: 93-96. 1979

206. Lautin EM, Gordon PM, Friedman AC, McCormick JF.
Fromowitz FB, Goldman MJ. Sugarman LA: Radionu-
clide imaging and computed tomography in renal oncocy-
toma. Radiology 138: 185-190, 1981

207. Lee JKT. McClennan BL, Melson GL. Stanley RJ:
Acute focal nephritis: emphasis on gray scale sonography
and CT. Am J Roentgenol 135: 87-92. 1980

208. Lee JKT. Barbier JY, McClennan BL. Stanley RJ: Sup-
port device for obtaining direct coronal CT scans of the
pelvis and lower abdomen. Radiology 145: 209-210. 1982

209. Lee JKT: Retroperitoneum. In: Computed Body
Tomography pp. 257-286. Eds Lee JKT. Sagcl SS. Stan-
ley RJ. Raven Press. New York. 1983

210. Levine E: Carcinoma of the pancreas presenting as acute
pancreatitis: CT diagnosis. Gastrointest Radiol 6: 29-33.
1981

211. Levine E. Lee KR. Weigel J: Preoperative determination
of abdominal extent of renal cell carcinoma by CT.
Radiology 132: 395-398. 1979

212. Levitt RG. Biello DR. Sagel SS. Stanley RJ. Aronberg
DJ. Robinson ML. Siegcl BA: CT and 67 Ga Citrate
radionuclide imaging for evaluating suspected abdominal
abscess. Am J Roentgenol 132: 529-534. 1979

213. Levitt RG. Sagel SS. Stanley RJ: Detection of neoplastic
involvement of the mesentery and omentum by computed
tomography. Am J Roentgenol 131: 835-838. 1978

214. Levitt RG. Koehler RE. Sagel SS. Lee JKT: Metastatic
disease of the mesentery and omentum. Rad Clin North
Am 20: 501-510. 1982

215. Lewin JR and Patterson EA: CT recognition of spon-
taneous intraperitoneal hemorrhage complicating anti-
coagulant therapy. Am J Roentgcnol 134: 1271-1272.
1980

216. Lewis DD: The present conception of the perircnal fascia
and its role in the fixation of the kidney. J Am Mcd Assoc
42: 701-703. 1904

217. Love L, Churchill RJ. Reynes C. Schuster GA. Moncada
R. Berkow A: CT staging of renal carcinoma. Urol
Radiol 1: 3-10. 1979

218. Love L, Reynes CJ. Churchill R. Moncada R: Third
generation CT scanning in renal disease. Rad Clin North
Am 17: 77-90. 1979

219. Love L, Meyers M. Churchill RJ. Reynes CJ. Moncada
R, Gibson D: Computed tomography of extraperitoneal
spaces. Am J Rocntgenol 136: 781-789. 1981

220. Love L, Churchill RJ, Reynes CJ, Moncada R, Demos T:
CT of the kidney and perinephric space. Scmin Roent-
genol 16: 277-289, 1981

221. Mackenzie AR: Spontaneous subcapsular renal hemato-
ma: report of case misdiagnosed as acute appendicitis. J
Urol 84: 243-245. 1950

222. Marchal G, Baert AL, Wilms G: Intravenous pancrcati-
cography in CT. J Comput Assist Tomogr 3: Ill-Ill.
1979

223. Mark A, Moss AA, Lusby R, Kaiser JA: CT evaluation
of complications of abdominal aortic surgery. Radiology
145: 405-414. 1982

224. Marshall S, Lapp M, Schulte JW: Lesions of (he pancreas
mimicking renal disease. J Urol 93: 41-45. 1965

225. Marshall WH jr, Castellino RA: Hypertension produced
by constricting capsular renal lesions ('Page' kidney).
Radiology 101: 561-565, 1971



IS I

226. Martin CP: Anatomical notes. A note on the renal fascia. 24ft.
J Anat 77: 101-103. 1942

227. Marx WJ and Patel SK: Renal fascia: its radiographic
importance. Urology 13: 1-7. 1979 247

228. Mathé CP: Movable kidney. Surg Gyneco] Obstet 40:
605. 1925

229. Mayes GB. Chuang VP. Fisher RG: CT of pseudomvx-
oma peritonei. Am J Roentgenol 136: 807-808. 1981 248.

230. Mayes GB. Zornoza J: Computed tomography of colon
carcinoma. Am J Roentgenol 135: 43-46. 1980 249.

2?1. Mayer de P, Baert AL. Usewils R. Wijnants P. Pauw de
A: CT demonstration of pcrirenal lymphatic cysts. Urol 250.
Radiol 4: 29-31. 1982

232. Me Clennan BL. Lee JKT: Kidney. In: Computed body
tomography pp. 341-378. Eds Lee JKT, Sagel SS. Stan- 251.
ley RJ. Raven Press. New York. 1983

233. McCort JJ. Mindelzun RE: Chapter 3. pp. 20-33. In:
Abdominal Radiology, ed McCort JJ. Williams & Wil- 252.
kins. Baltimore 1981

234. Meany Th F: Computed tomography of the kidneys and 253.
adrenal glands. Syllabus Computed Tomography.
Radiological Society of North America. 197V. Course 254.
609B.

235. Megibow AJ. Bosniak MA. Ambos MA. Bcranhaum 255.
ER: Thickening of celiac axis and/or superior mcscntcric
artery: a sign of pancreatic carcinoma on computed 256.
tomography. Radiology 141: 449-453. 1981

236. Megibow AJ. Mitnick JK. Bosniak MA: The contribu-
tion of computed tomography to the evaluation of the
obstructed ureter. Urol Radiol 4: 95-104. 1982 257.

237. Mendez G jr. Isikoff MB. Morillo G: The role of CT in
the diagnosis of renal and perirenal abscesses. J Urol 122:
582-586. 1979 258.

238. Mendez G jr and Isikoff MB: Significance of intrapan-
creatic gas demonstrated by CT: a review of nine cases.
Am J Roentgenol 132: 59-62. 1979 259.

239. Mendez G jr. Isikoff MB, Hill MC: Retroperitoneal pro-
cess involving the psoas demonstrated by CT. J Comput
Assist Tomogr 4: 78-82. 1980 260.

240. Mendez G jr, Isikoff MB. Hill MC: CT of acute pan-
creatitis. Interim assessment. Am J Roentgenol 135: 463-
469. 1980

241. Merklin RJ and Michels NA: The variant renal and su- 261.
prarenal blood supply with data on the inferior phrenic,
ureteral and gonadal arteries. J Internat Coll Surg 29: 41.
1958 262.

242. Meyers MA: Disease of the adrenal glands. Radiologie
diagnosis with emphasis on the use of presacral relroperi-
toneal pneumography pp. 11-15. 20. CC Thomas.
Springfield, Illinois 1963 263.

243. Meyers MA: The spread and localization of acute in-
traperitoneal effusions. Radiology 95: 547-554. 1970

244. Meyers MA. Whalen JP. Peellc K. Berne AS: Radiologie 264.
features of extraperitoncal effusions: an anatomic
approach. Radiology 104: 249-257, 1972

245. Meyers MA and Evans JA: Effects of pancreatitis on the 265.
small bowel and colon: spread along mescnteric planes.
Am J Roentgenol 119: 151-165. 1973

Meyers MA. Whalen JP. Evans JA: Diagnosis of pcrire-
nal and suhcapsular masses: analomic-radiologic correla-
tion. Am J Roentgenol 121: 523-538. 1974

. Meyers MA: Radiologie features of the spread and loca-
lization of extraperitoneal gas and lheir relationship to its
source: an anatomical approach. Radiology 111: 17-26.
1974

Meyers MA: Uriniferous perirenal pseudocyst: new
observations. Radiology 117: 539-545. 1975
Meyers MA: Dynamic radiology of the abdomen, normal
and pathologic anatomy. Springer Verlag Neu York 1976
Mieza M. Rotstein JM. Geffen A: CT demonstration of
periureteral fibrosis of malignant etiology. J Comput
Assist Tomogr 6: 290-293. 1982

Miller V. Witten DM. Shin MS: Computed tomographic
findings in suhurothelial hemorrhage. Urol Radiol 4: 11 -
14. 1982

Mitchell GAG: The spread of acute intraperitoneal effu-
sions. Br J Surg 28: 291-313. 19411
Mitchell GAG: The spread of retroperitoneal effusions
arising in the renal regions. Br Med J 2: 1134-1136. 1939
Mitchell GAG: The renal fascia. Br J Surg 37: 257-266.
1950

Mitty HA: CT for diagnosis and management of urinary
extravasation. Am J Roentgenol 134: 497-5(11. 1980
Modder U. Friedman G. Rosenberger J: Wen der
Angio-CT fiir Stadieneinteilung. Verlaufsbeobachtung
und Therapie bei akutcr Pankreatitis. Fortschr Riint-
genstr 134: 22-27. 1981

Modder U. Fiedler V. Lorenz R: Compulertomographi-
sche Zeichen der Peritonealkarzinose. Fortschr Ront-
genstr 136: 60-63, 1981

Morcttin LB and Kumar R: Small renal carcinoma with
large retroperitoneal hemorrhage: diagnostic considera-
tions. Urol Radiol 3: 143-148. 1981
Morison R: The anatomy of the right hypochomlrium
relating especially to operation for gallstones. Br Mcd J
2: 968. 1894

Mueller PR. Ferrucci JT jr. Harbin WP. Kirkpatrick RH.
SimeoneJF. Wittenberg J: Appearance of lymphomalous
involvement of mesentery by ultrasonography and body
CT: the sandwich sign'. Radiology 134: 467-473, 1980
Naglel W, Ravera J. Herr HW: Pseudocyst of the pan-
creas stimulating a renal neoplasm. Urology 5: 417-419.
1975

Nebel G, Lingg G, Berg E. Fischer R: Zum computerto-
mographischen und sonographischen Nachweis von re-
nalen Hamatomcn nach perkutanen Nicrcnhiopsie.
Fortschr Röntgenstr 136: 413-416. 1982
Netter FH: The ciba collection of medical illustrations
Vol ft: Kidneys, ureters and urinary bladder. Ciba New
York. p. 4

New PFJ and Aronow S: Attenuation measurements of
whole blood and blood fractions in computed tomogra-
phy. Radiology 121: 635-640, 1976
Nichols GB and Schilling Ph J: Pseudo-retroperitoncal
gas in rupture of ancurysm of abdominal aorta. Am J
Roentgcnol 125: 134-137, 1974



is:

266. Nicholson RL: Abnormalities of (he perinephric fascia 285.
and fat in pancreatitis. Radiology 139: 125-127. 1981

267. Norman D. Price D. Boyd D. Fishman R. Newton Th: 286.
Quantitative aspects of CT of the head and ccrebrospinal

fluid. Radiology 123: 335-338. 1977
268. Novetsky GJ. Berlin L. Epstein AJ. Lobo N. Miller SH:

Pseudomyxoma peritonei. J Comp Assist Tomogr 6: 398- 287.
399. 1982

269. Oliphant M. Berne AS: Computed Tomography of the
suhperitoneal space: demonstration of direct spread of 288.
intraahdominal disease. J Comp Assist Tomogr 6: 1127—

1137. 1982
270. Osborn AG. Koehler PR: Computed tomography of the

paraspinal musculature: normal and pathologic anatomy. 289.
Am J Roentgenol 138: 93-98. 1982

271. Owens GR. Argcr PH. Mulhern CB. Coleman BG.
Gohel V: CT evaluation of mediastinal pscudocyst. J 29(1.
Comput Assist Tomogr 4: 256-259. 198(1

272. Pagani JJ. Thomas JL. Bernardino ME: Computed
tomography of abdominal and pelvic venous collaterals. 291.
Radiology 142: 415-419. 19N2

273. Page IH: Production of persistent arterial hypertension
by cellophane and perinephritis. Jama 113: 2(146-21148. 292.
1939

274. Pailowski JM: Pcripclvic urine granuloma. Am J Clin
Pathol 34: 64-67. 196(1 293.

275. Paling MR and Hvams DM: Computed tomography in
malignant fibrous histiocytoma. J Compul Assist Tomogr
6: 785-788. 1982 294.

276. Parienty RA. Pradel J. Picard JD. Ducellier R. Luhrano
JM. Smolarski N: Visibility and thickening of the renal
fascia on computed tomograms. Radiology 139: 119-124. 295.
1981

277. P;i.ricnty RA. Ducellicr R. Pradel J. Lubruno JM. Co-
quillc F. Richard F: Diagnostic value of CT numbers in
pelvocalyceal filling defects. Radiology 145: 743-747. 296.
1982

278. Parikh SJ. Peters JC. Kihm RH: Abdominal and pelvic-
abscesses: computed tomography diagnosis. Comput
Radiol 6: 99-108. 1982 297.

279. Parvey LS. Warner RM. Callihan Th R. Magill HI.: CT
demonstration of fat tissue in malignant renal neoplas-
mus: atypical Wilms" tumors. J Comput Assist Tomogr 5: 298.
851-854. 1981

280. Petrillo G. Tomaselli S. Greco S: Renal echinococcosis. J
Comput Assist Tomogr 5: 912-913. 1981 299.

281. Pistolessi GF. Marzoli GP. Colesso PO. Pederzoli P.
Procacci C: CT in surgical pancreatic emergencies. J
Comput Assist Tomogr 2: 165-169. 1978 300.

282. Pollack HM and Popky GL: Roentgenographic man-
ifestations of spontaneous renal hemorrhage. Radiology 3(11.
110: 1-6. 1974

283. Pollack HM. Arger PH. Banner MP. Mulhern CB. Cole-
man BG: Computed tomography of renal pelvic filling 302.
defects. Radiology 138: 645-651. 1981

284. Pope TL. Buschi AJ. Moore TS. Williamson BRJ: Bren-
bridge. ANAG. CT features of renal polyarteriitis nodo- 303.
sa. Am J Roentgenol 136: 986-987, 1981

Poirier P and Charpy A: Traite danatomie humaine. p.
313. Paris 1904.

Probst P. Hoogewoud HM. Haertel M. Zingg E. Fuchs
WA: Computerized tomography versus angiography in
the staging of malignant renal neoplasm. Br J Radiol 54:
744-753. 1981
Proto AV. Lane EJ. Marangola JP: A new concept of
ascitic fluid distribution. Am J Roemgenol 126: 974-98(1.
1976
Putschar W: Entzündliche Erkrankungen der Niercnhül-
len. In: Handbuch der spczicllcn pathologischen Anato-
mie und Histologie Vol. VI. II: 456-464. Eds Henke. F
and Lubarsch O. Julius Springer Berlin 1925
Puijlaert CBAJ: Stratification of water-soluble contrast
media: a source of misinterpretation of radiological fea-
tures. Radiol Clin Biol 44: 88-89. 1975
Rabinowitz JG. Keller RJ. Wolf BS: Benign pcripelvic
extravasation associated with renal colic. Radiology 86:
220-226. 1966

Rails PW. Bosttell W. Henderson R. Rogers W. Boj-er
D. Halls J: CT of inflammatory disease of the psoas
muscle. Am J Roentgenol 134: 767-770. 1980
Ranniger K. Abrams E. Borden TA: Pseudoiumor re-
sulting from a fresh renal infarct. Radiology 92: 343-344.
1969

Rauschkolb EN. Sandier CM. Patel S. Childs TL: Com-
puted tomography of renal inflammatory disease. J Com-
put Assist Tomogr 6: 502-506. 19S2
Rawson AJ: Distribution of the lymphatics ol the human
kidney as shown in a case ol careinomatous permeation.
Arch Pathol 47: 283-292. 1949

Reich NE. Haaga JR. Scidelmann FE. Havrilla Th R.
Alfidi RJ. Lipuma J: Computed tomography of the re-
troperitoneal fascia and compartments Comput Axial
Tomogr I: 2(15-212. 1977

Reich NE: Computed tomography of the retroperi-
loneum: anatomic und pathologic considerations. Intern
Symposium Heidelberg 1977. pp. 135-141. Thieme Pub-
lishers Stuttgart 1979

Rittcnberg GM. Schahel SI. Nelson RP: Bilateral spon-
taneous urinary extravasation in ureteral obstruction
Radiology 127: 648. 1978

Richmond J. Sherman RS. Diamond HD. et al: Renal
lesions associated with malignant lymphomas. Am J Med
32: 184-207. 1962

Rohson CJ. Churchill BM. Anderson W: The results of
radical nephrectomy for renal cell carcinoma. J Urol 101:
297-301. 1969
Rolnick HC: Some observations on the renal capsule. J
Urol 38: 421-426. 1937

Rosenhaum R. Hoffsten PE. Stanley RJ. Klahr S: Use of
CT to diagnose complications of percutaneous renal biop-
sy. Kidney Int. 14: 87-92. I97K
Rosenficld AT. Glickman MG, Taylor KJ. Crade M.
Hodson J: Acute focal bacterial nephritis (acute lohar
nephronia). Radiology 132: 553-561. 1979
Rubin BE: CT in the evaluation of renal lymphoma. J
Comput Assist Tomogr 3: 759-764. 1979



1K3

304. Ruijs JHJ: A simple procedure for patient preparation in
abdominal CT (technical note). Am J Roentgenol 133:
551-552. 1979

305. Sagel SS. Stanley RJ, Levitt RG. Geisse G: Computed
tomography of the kidney, Am. J. Roentgenol 124: 359-
370, 1977

306. Sagel SS. Siegel MJ. Stanley RJ. Jost RG: Detection of
relroperitoneal hemorrhage by CT. Am J Roentgcnol
129: 403-407. 1977

3(17. Samuelsson L and Albrechtsson V: Ruptured aneurysm
of the internal iliac artery. J Comput Assist Tomogr 6:
842-844. 1982

308. Sandier CM. Jackson H. Kaminsky Rl: Right perirenal
hematoma secondary to a leaking abdominal aortic
aneurysma. J Comput Assist Tomogr 5: 264-266. 1981

31)9. Sandier CM. Foucar E. Toombs BD: Xanthogranuloma-
tous pyelonephritis with air-containing intrarenal abscess.
Urol Radiol 2: 113-116. 19X0/1981

310. Sandier CM and Toomhs BD: Computer tomographic
evaluation of blunt renal injuries. Radiology 141: 461-
466. 1981

311. Sappcy MPC: Traite d'anatomic descriptive. 3rd ed. Vol
4: 517-548. Eds Dclahaye VA and Lccrosnicr E. Paris
1879

312. Schuncr EG. Balow JE. Doppman JL: Computed
tomography in the diagnosis of subcapsular and perirenal
hematoma. Am J Roentgenol 129: 83-88. 1977

313. Schaner EG. Dunnick NR. Doppmann JL. Strott CA.
Gill JR. Javadpour N: Adrenal cortical tumors with low
attenuation coefficients: A pitfall in computed tomogra-
phy diagnosis. J Comput Assist Tomogr 2: 11-15. 1978

314. Schnur MJ and Wciner SN: The 'string sign" on computed
tomography. Gaslrointcst Radiol 7: 43-46. 1982

315. Schwartz A. Carine M. Hermann G. Bitterman W: Spon-
taneous renal extravasation during intravenous urogra-
phy. Am J Rocntgenol 98: 27-40. 1966

316. Segal AJ. Spataro RF. Linke CA. Frank IN. Rahinowitz
R: Diagnosis of non-opaque calculi by CT. Radiology
129: 447-451). 1978

317. Senger FL and Bottone JJ: Perirenal insufflation. Am J
Surg66: 213-219. 1944

318. Serra RM. Engle JE. Jones RE. Schoolwerth AC:
Pcrianeurysmal retroperitoneal fihrosis. An unusual
cause of renal failure. Am J Med 68: 149-153. 1980

319. Scshul MB and Coulam CM: Pscudomyxoma peritonei:
computed tomography and sonography. Am J Roent-
genol 136: 803-806. 1981

320. Sherman JL. Hartman DS. Friedman AC. Made-well JE.
Davis CJ. Goldman SM: Angiomyolipoma: computed
tomographic-pathologic correlation of 17 cases. Am J
Roentgenol 137: 1221-1226. 1981

321. Siegelman SS, Copeland BE. Saba GP. Cameron JL.
Sanders RC. Zerhouni EA: CT of fluid collections associ-
ated with pancreatitis. Am J Roentgenol 134:1121-1132.
1980

322. Silverstein W, Isikoff MB. Hill MC. Barkin J: Diagnostic
imaging of acute pancreatitis: prospective study using CT
and sonography. Am J Rocntgenol 137: 497-502. 1981

323. Sinclair IS and Brown PW: Acute haemoperitoneum due
to renal tumours. Br J Surg 55: 136-138. 1968

324. Skerlij B: Age changes in fat distribution in the female
body. Acta Anat 38: 56-63. 1959

325. Skinner DG. Vermilion CD. Colvin RB: The surgical
management of renal cell carcinoma. J Urol 107: 705-
710. 1972

326. Somogyi J. Cohen WN. Omar MM. Makhuli Z: Com-
munication of right and left perirenal spaces demon-
strated by computed tomography. J Comput Assist
Tomogr 3: 270-273. 1979

327. Sones PJ: CT of the retroperitoneum. Appl Radiol 40-
50. 1980

328. Southam AH: Fixation of the kidney. Ouart J Med 16:
283-308. 1923

329. Stanley RJ: CT of the pancreas. In: CT. US and X-ray,
an integrated approach, pp. 89-105. Eds Moss AA and
Goldberg HI. Academic Press. Inc. University of Califor-
nia 1980

330. Stanley RJ. Sagel SS. Levitt RG: CT evaluation of the
pancreas. Radiology 124: 715-722. 1977

331. Stephens DH. Sheedy PF II. Hattery RR. Williamson B
jr.: Diagnosis and evaluation >f retroperitoneal tumors
byCT. Am J Roentgenol 12* 395-402. 1977

332. Stevenson EO and Ozeran RS: Retroperitoncal space
abscesses. Surg Gynecol Obstet 128: 1202- I20S. 1969

333. Subramanvam BR. Megibow AJ. Raghavendra BN. Bos-
niak MA: Diffuse xanthogranulomatous pyelonephritis:
analysis by CT and sonography. Urol Radiol 4: 5-9. 1982

334. Susman N, Hamerman AM, Cohen E: The renal halo
sign ii: pancreatitis. Radiology 142: 323-327. 1982

335. Stromberg H. Folia Urol Lpz 4: 553. 1910

336. Swart B. Fiedler V: Die Nierenkorona - ein Beweis fur
die Ergussbildung im vorderen Pararenalraum. Forlschr
Röntgenstr 137. 6: 660-664. 1982

337. Teplick JG. Teplick SK. Goodman L. Haskink ME: The
interface sign: a computed tomographic sign lor distin-
guishing plcural and intraabdominal (luid. Radiology
144: 359-362. 1982

338. Ter - Pogossian MM: Physical principles and insiru-
mentation. pp 1-7. In: Computed body tomography, eds
Lee JKT. Sagel SS. Stanley RJ. Raven Press. New York.
1983

339. Testut et Latariet. Traite d'anatomie humaine. Tome 5:
105-112. Docicie. Paris 1949

340. Thomas JL. Bernardino ME. Samaan NA. Mickey RC:
CT of pheochromocytoma. Am J Roentgenol 135: 477-
482, 1980

341. Thomas JL. Barnes PA. Bernardino ME. Lewis E: Di-
agnostic approach to adrenal and renal metastases.
Radiol Clin North Am 20: 531-544, 1982

342. Tobin CE: The renal fascia and its relation to the trans-
versalis fascia. Anat Rec 89: 295-310. 1944

343. Tobin CE and Benjamin J: Continuity of the fasciae
lining the abdomen, pelvis and spermatic cord. Surg
Gynecol Obslet 83: 575-596. 1946

344. Toldt C: Bau und Wachstumveriinderungen der Gekröse
des menschlichen Darmkanales. Denkschriften der



1S4

kaiserlichcn Akadcmie der Wissenschaft. Bd IV. Vol 41:
1-56. Wicn 1879 361.

345. Toombs BD. Lester RG. Ben-Menachem Y. Sandier
CM: Computer tomography in blunt trauma. Radiol Clin 362.
North Am 19: 17-35. 19S1

346. Torres WE. Clements JI. Sones PJ. Knopf DR: Gas in 363.
the pancreatic bed without abscess. Am J Roentgenol
137: 1131-1133. 1981 364.

347. Totty WG. McClennan BL. Melson GL. Patel R: Rela-
tive value of computed tomography and ultrasonography
in the assessment of renal angiomyolipoma. J. Comput
Assist Tomogr 5: 173-178. 1981 365.

348. Tuffier T: La capsule adipeusc du rein au point de vue
chirurgical. Revue de chirurgie Paris 10: 390-399. 1890

349. Twersky J. Twerksy N. Philips G. Coppersmith H:
Peripelvic extravasation, urinoma formation and tumor 366.
obstruction of the ureter. J Urol 116: 305-3(17. 1976

350. Union Internationale Contre le Cancer (UICC). TNM
classification of malignant tumors. 2nd ed. p 75. Geneve 367.
1974

351. Van WaesPFGM and Ruijs JHJ: Some aspects of patient
preparation for abdominal CT-scans. Medica Mundi 24: 368.
38-4(1. 1979

352. Van Waes PFGM and Zonneveld FW: Patient position-
ing for direct coronal computed tomography of the entire 369.
body. Radiology 142: 531-532. 1982

353. Van Waes PFGM and Zonneveld FW: Direct coronal
body computed tomography. J Compul Assist Tomogr 6:
58-66. 1982 370.

354. Van Waes PFGM. Zonneveld FW. Feldberg MAM:
Non-reconstructive (direct) coronal and sagittal whole 371.
body CT. In: NMR. intervention;!! radiology and di-
agnostic imaging modalities pp 311-323. Ed Moss AA.
University of California. San Francisco. 1983 372.

355. Van Waes PFGM. Ruijs .IHJ. Feldhcrg MAM: Com-
puted tomographic techniques in urogenital malignan-
cies. In: NMR. Interventional radiology and diagnostic 373.
imaging modalities pp 191 - 198. Ed Moss AA. University
of California. San Francisco. 1983

356. Van Waes PFGM. Feldberg MAM. Mali WPThM. Ruijs 374.
JHJ. Eenhoorn PC. Buys PHO. Kruis F.I. Ramos LRM:
Management of iocuiated abscesses containing hardly
drainahle pus: a new approach. Radiology 147: 57-63. 375.
1983

357. Vecchi A: Osservazioni sul compartamento della fascia
renale. Anal Anz 36: 149-186. 1910 376.

358. Vibhakar SD. Lee H. Petruschak M jr. Bcllon EM: Aor-
tic ancurvsm presenting as psoas enlargemen). J Comput 377.
Assist Tomogr 5: 925-928. 1981

359. Vick CW. Simeone JF. Ferrucci JT jr. Wittenberg J.
Mueller PR: Pancreatitis-associated fluid collections in- 378.
volving the spleen: sonographic and computed tomo-
graphic appearance. Gastrointest Radiol 6: 247-250.
1981

3611. Vogt W: Situsstudien an der menschlichen Bauchhölc II. 379.
Die peritoneale Belestigung der Nieren und Neben-
nieren. (Anatomic. Entivicklung und konstruktive Be-
deutung der Nierenfascien: ihr Verhalten bei Nephrop- 380.

tose). Z fd ges Anal 8(1. 1: 872-949. 1926
Volkow MM and Delitzin SN: In: Die Wanderniere.
Hirschwald Berlin 1X99
Von Bergmann E: A system of practical surgery 5. IX.
Williams & Norgate. London 1904
Wadsworth DE. McClennan BL. Stanley RJ: CT of' the
renal mass. Urol Radiol 4: 85-94. 1982
Walligore MP. Stephens DH. Soule EH. McLeod RA:
Lipomatous tumors of the abdominal cavity: CT appear-
ance and pathologic correlation. Am J Roentgenol 137:
539-545. 1981

Ward EM. Stephens DH. Sheedy PFIt: CT characteristic
of pancreatic carcinoma. Scientific exhibit presented at
the 68th annual meeting of the Radiological Society of
North America 1982

Waters NB and Richie JP: Aggressive surgical approach
to renal cell carcinoma. Review of 130 cases. J lirol 122:
306-309. 1979

Watnick M. Spindalo-Franco H. Ahruhms HI.: Small
hyperncphroma with suhcapsular hemaloma and renal
infarction. J Urol 108: 534-536. 1972
Weiner SN. Bernstein RG. Lowy S. Karp H: Combined
adrenal adenoma and myelolipoma. .1 Compul Assist
Tomogr 5: 440-442. 1981

Weyman PJ. McClennan BL. Stanley RJ. Levin RG.
Sagel SS: Comparison of CT and angiography in the
evaluation of renal cell carcinoma. Radiology 137: 417-
424. 1980

Weyman PJ. Stanley RJ. Levitt RG: CT in e\aluation ol'
the pancreas. Semin Roentgenol 16: 301 -311. 1981
Weyman PJ. McClennan BL. Lee .IKI. Stanley RJ: CT
of calcified renal masses. Am J Rocntgenol 138: 1095-
1099. 1982

Whalen JP and Zitter M jr.: Visualization of the renal
fascia: a new sign in localizing abdominal masses. Radiol-
ogy 89: 861-863. 1967

Whitley N.O.. Brenner DE. Amman KH. Grant D. Ais-
ner J: CT of peritoneal mesothelioma: analysis of eight
cases. Am J Roentgenol 138: 531-535. 1982
Whitley NO. Bohlman ME. Baker LP: CT patterns of
mesenteric disease. J Comput Assist Tomo«r 6: 490-496.
1982

Wilms G. Baert AL. Marchal G. Bruneel M: CT demon-
stration of gas formation after renal tumor embolization.
J Comput Assist Tomogr 3: 838-839. 1979
Wills JS: Cystic adenocarcinoma of the kidney mimicking
multilocular renal cyst. Urol Radiol 5. 51-53. J9S3
Winfield AC. Gerlock AJ. Shall MI: Perirenal cobwebs:
a CT sign of renal vein thrombosis. J Comput Assist
Tomogr 5: 7(I5-7(W. IWil

Wittenberg J. Fincherg HV. Ferrucci JT. Simeone JF.
Mueller PR. Sonnenberg van E, Kirkpatrick RH: Clinical
efficacy of computed body tomography II. Am J Roent-
genol 134: 1111-1120. 1980
Wittenberg J. Simeone JF. Ferrucci JT. Mueller PR.
Sonnenberg van E. Neff CC: Non-focal enlargement in
pancreatic carcinoma. Radiology 144: 131-135. 1982
Wolvcrson MK. Sundarum M. Heiberg E: Computed



1S5

tomography of renal pseudotumor secondary to anti-
coagulant therapy. Urol Radiol 3: 55-57, 1981

381. Wolverson MK. Crepps L, Heiberg E, Sundaram M:
Characterization of hematomas of recent onset by body
computed tomography. Presented at 68th Annual meet-
ing of the Radiological Society of North America 1982.
paper 72

382. Wojtowicz J, Karwowski A. Konkiewicz A. Lukaszewski
B: Renal oncocytoma. J Comput Assist Tomogr 3: 124-
125, 1979

383. Wijdeveld B: Geometrical enlargement in CT scanning.
Medica Mundi 24: 41-44, 1979

384. Yeh HC and Wolf BS: Ultrasonography in ascites.
Radiology 124: 783-790. 1977

385. Yokoyama M. Fujita K, Iwata H. Matsumoto A. Ochi K.
Takeuchi M: Air-containing urinoma: an unusual com-
plication associated with pyelithotomy. Urol Radiol 2:

253-254. 1981
38ft. Young HH and Davis DM: Practice of Urology. Vol 1:

18. fig 7. WB Saunders & Co. Philadelphia 1936
387. Young R, Friedman AC, Hartman DS: Computed

tomography of leiomyosarcoma of the inferior vena cava.
Radiology 145: 99-103. 1982

388. Zollinger HV: Die Pathologie der Nierenkapsel. In: Spez
pathologische Anatomic. Bd 3. Nicre und ahleitende
Harnwege. pp. 715-717. 1966. Eds Doerr WW and
Uhlinger E. Springer Verlag Berlin 1966

389. Zonneveld FW: Philips Medical Systems. Eindhoven.
The Netherlands. Personal communication.

390. Zornoza J and Bernardino ME: Bilateral adrenal metas-
tasis: 'head light' sign. Urology 15: 91-92. 1980

391. Zuckerkandl E: Ueber den Fixationsapparat der Nieren.
Beitrage zur Anatomie des menschlichen Körpers. Gratz
1882



SUBJECT INDEX

(the numbers refer to the pages, not to information given in figures)

Abscesses
anterior pararenal space, 50. 77. 103
appendiceal, 50. 77,103
colon carcinoma, perforation, 50, 77,

103,155
computed tomographic features of,

79. iO4,106,118
drainage of, 79
graft (aortic or caval vein), 106. 107,

172
iliopsoas, 63,103,104.105.171.172
intraperitoneal. 118
pancreatic, 77,79
paracolic, 77,119
perirenal space, 49,87,88,99,102,

171
posterior pararenal space, 102. 103
renal. 85,87,88
subphrenic, 119
tuberculous, 94.105

Acute bacterial focal nephritis, 82.85
Adenocarcinoma, see carcinoma
Adenoma

adrenal, 142,144,147
Adrenal gland

anatomic relationships. 17
Gerota's fascia and. 17.28.30,38,

148.171
hemorrhage in, 17. 148
tumors of, 142-148

Air, see gas
Anastomotic leaks

duodenal rupture, 59,77
Anatomic relationships of

retroperitoneum
adrenal gland, 17
bare area of liver, 11,20,28,103
colon, vertical segments, 8,38,51,

113
coronal section, 8,13,53
coronary ligaments and, 11,28, 109
duodenum,8,40,44. 109, 111, 153
intraperitoneal spaces and. 109
kidneys, 13
lesser sac and, 38, 79,80,111,113
pancreas, 8,40,44
pararenal space, anterior, 8-13,36,

38
pararenal space, posterior. 19-20,

45,46
perirenal space, 13-19,38,40,45,

49,50
peritoneal cavity and, 109
psoas muscles, 20,45,46
retrocrural space, 19,61, 79,159
retroperitoneal spaces pararenal.

anterior. 8-13.36.38
pararenal. posterior. 19.20,45.
46
perirenal, 13-19.38,40.45.49.
50

sagittal section. 8,13
small intestines and. 25
spleen and, 19.38
splenorenal recess and. 7.36.38.109
stomach and. 28,80. 111,114
subhepatic space and, 7.28,36. 109
supporting structures of kidneys, 17,

19
transverse section, 8

Angiomyolipoma of kidney and
hemorrhage. 57

Anterior pararenal space. see pararenal
space anterior

Anticoagulants excess, see hemorrhage
(overanticoagulation)

Aorta
hemorrhage from, 59
infected graft of, 106
lymph nodes, paraaortic, 159. 160.

161,165
perianeurysmal fibrosis, 107
relation to Gerota's fascia. 40.60
retroperitoneal fibrosis. 108,109

Aortogram
hemorrhage after. 61

Appendicitis
pararenal abscess

anterior. 50,77
posterior. 103

pararenal fluid and 'pseudo'. 57
urcteral obstruction and, 50

Appendix
abscess, see appendicitis

Arteries
capsular, renal, 13,23.28.55. 131
celi.ic axis, 40,151
hepatic,8, 111
iliac, 60,160
left gastric, 111
phrenic inferior. 23
splenic, 8,23
superior mesenteric, 40, 151, 161.

169
Ascites

computed tomographic signs, 113
cul-de-sacs and, 109, 113
Gerota's fascia and, 119, 121, 171
infection and, 118,119
inlraperitoneal blood and. 118
lesser sac and, 109,113,114
malignant, 116

mesothelioma and. 118
Morison's pouch. 36.109.111.113
pancreatitis and. 8(1.81. 116
paracolic gutters and. 109. 113
pathway of flow. 109
pseudomyxoma peritonei and, 120
pouch of Douglas and. 109
supramesocolic space and. 109

Attenuation values
adrenal lumor. 143. 144
hemorrhage. 58
pancreatitis. 79
renal pelvis defect. 138. 139
renal tumor. 130
sarcoma, rctroperitoneal. 125

Barium injection studies of
retroperitoneum. 11. 13. 17. 19.
49.5(1.68

Blood, see hemorrhage
Burkitt lymphoma. 159
Bursa omental. see lesser sac
Calculi

extravasation of urine and renal
calculi. 67

renal pelvis, differentiation with
renal pelvis tumor 138. 139

Carcinoma
adrenal. 144. 171
colonic. 126. 153-155.171
duodenal. 153-155. 171
gallbladder, 126, 152. 171
liver. 126. 171
pancreatic. 149-152. 171
primary mesenchymal. 125
renal. 57. 127-136. 171

Chondrosarcoma. 125
Colilis granulomatous. see Crohn's

disease
Colon, vertical segments

anatomical position of, 8,38,51.113
carcinoma of, 126, 153-155,171
hematoma, intramural, 64
mesentery of, see mesocolon
paracolic gutter and, 109, 113
perforation, 155
perirenal abscess and. 155
enal tumor and, 133

wall thickness of, 153
Computed tomography

limitations of CT, 22,23
patient handling, 1,3
technical aspects, 1

Cone of renal fascia. 11,13,17.38,50,
51,52,53,55,57,59,68,77,79,
103,169,170

Conn syndrome, 147
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Contrast media
intravenous, 3,28,55,79.119. 130.

138
oral. 1.3,64,136

Coronal sections, see anatomic
relationships of
retroperitoneum, see computed
tomography technical aspect?

Coronary ligaments. 11,28,109
Crohn's disease

pararena] anterior abscess and, 50.
77

Crus of diaphragm, see diaphragm
Cushing syndrome, 147
Cyst

adrenal, 143
of kidney, infected, 87,88

Cystic lymphangioma, 164
Deeper stratum, 49,50,70
Diaphragm

crus of
adenopathy and. 160
anterior renal fascia and, 40
posterior renal fascia and, 45.
169

diaphragmatic pillar, see crus
pararenal fat and. 11,19
perirenal cone and, 17
pleural space and, 113

Dose of radiation, 1
Douglas Pouch, see ascites
Duodenum

anatomical position of. 8,40, 109.
111,153

fistulas of, 77
foramen of Winslow and. 111
hematoma and, 59,64
rupture of, 59,77
tumor of, 153,171

Dynamic scanning, 3
Echinococcal cyst

of kidney, 92
pancreatitis and, 79

Effusions, see fluids
Emphysematous pyelonephritis, 102
Endopelvic fascia, 20
Epiploic foramen of Winslow, 79, 111
Extraperitoneum. 7
Extravasation

blood, 57-64
urine, 64-73

ExuJates, see fluids
Fascia

deeper stratum, 49,50,70
definition of, 7,21
endopelvic, 20
endothoracic, 20
Gerota's, see renal fascia
lateroconal, see lateroconal fascia
perirenal fascia, see renal fascia
psoas, 19,63,105,169
renal fibrous capsule, 16,22,23,97
Toldt, 11,19,21,28,169
transversal, 7,20,23
Zuckerkandl, 17

Fat
necrosis, 131
pararcnal anterior. 8. 55
pararenal posterior. 19
perirenal

amount of. 13. 15
capsular arteriers and. 13.55
fibrous strands and. 22.55.
59.99.131. 170
gas in. 73.88.99.102
hemorrhage and. 59
lipolysis of. 73.170
psoas muscle and. 45. 105. 171
urinoma and. 68. 170

properitoneal, 19.20
Fibrous strands in retroperitoneum. i6.

17. 19.22.49,55.59.99. 109.
131.170

Fibrosarcoma, retroperitoneal. 125
Fistula

pancreatitis and. 81
Flank stripe. 19
Fluids

ascitic. ice ascites
lesser sac. 109. 113.114
Morison's pouch. 36. 109. 111. 113
pancreatic. 77, 79
paracolic gutter. 109. 113
pararenal anterior. 11. 13. 59.80
pararenal posterior. 19.59
pathway of flow of intraperitoneal

fluids. 109
pathway of flow of rctroperitoneal

fluids. 57. 59. 60.61, 170
pelvic cul-de-sacs. 109. 113
perirenal. 11.49.57. 59. 70. 73.99.

170
pouch of Douglas, 109

Foot vein infusions. 3
Foramen of Winslow (epiploic). 79. 111
Fossa

hepatorenal. 7. 28. 36. 109
renal. 19.13ft
splenorenal. 7.36.38. 109

Fractures, transverse process. 59
Gallbladder

carcinoma of. 126. 152. 171
Gas

abscess and, see abscesses
fascial barriers and, 21,46
fistula and, 80,106
interventional, 73, 79,102, 106
necrotic tumor and, 119, 133
presacral pneumography, 17,50
rectal perforation and. 50
surgical, 73,79,106

Gastric artery left
lesser sac fluid and, 111

Gastrophcpatic ligament (lesser
omentum),79, 111

Gastrosplenic ligament
lesser sac and, 111, 114
tumor extensions, 152

Gerota's fascia, see renal fascia
Granulomatous colitis, see Crohn's

disease

Hemangiopericytoma. retropcritoncal.
125

Hematoma. see hemorrhage
Hemophilia

ilipsoas hemorrhage. 63
intramural colonic hemorrhage. 64

Hemorrhage
adrenal. 17. 148
aortic leaking. 57.59.60
iliac artery, 60
iliopsoas, 59.61.63
intestinal. 59.64
intraperiloneal. 57.118
mvelolipoma adrenal. 143
ovcranticoagulation. 57
pancreatic. 59.79
pararenal anterior. 59
pararenal posterior. 59
perirenal. 57.59
psoas. 59.61.63
renal causes for. 57
retroperitoneal. 59-64
suhcapsular. renal. 57.5N. 59

Hepatorenal fossa
see fossa

see Morison's pouch
Hodgkin's disease. 159
Horseshoe kidney, 132. 160
Hounsfield unit or number, see

attenuation values
Hydronephrosis

appendicitis and. 50
metastatic tumor and. 109.160
pcriancurysmal fihrosisand. 107. 160
relroperitoneal fibrosis and. 109. 160
urinoma and. 50.68
xanthogranulomatuus pyelonephritis

and differentiation with. 92
Hypernephroma. see renal cell

carcinoma
Hypertension

subcapsular hematoma. see Page
kidney

lleocolitis. granulomatous. see Crohn's
disease

Iliac arteries. 60.160
Iliac fossa

perirenal space and. 11.52
tliopsoas. see psoas muscle
Infarction of kidney, 57.59, 131
Infection, see also abscesses

intraperitoncal. 118
retropcritoncal

midlinc. 104.106
pararcnal anterior. 77-81
pararenal posterior. 102.103
pcrirenal.99-102
psoas. 63, 103.104.105
renal, 82-99

Injection studies, sec barium injection
studies of retropcritoncum

Injuries, see trauma
Kidney

abscess of. 85.87, 88
adenocarcinoma. see renal cell



adrenal glands, and. see adrenal
glands

agenesis. 21
biopsy, hemalomas and. see trauma
calculi of

differentiation with renal pelvis
tumor. 138.139

extravasation of urine and. 67
capsular arteres. 13.23.28.55.131
capsule of. 16.22.23.97
carcinoma of. see renal cell

carcinoma
changes after nephrectomy. 17. 136
ectopic. 21
fascia of. see renal fascia
horseshoe. 132,160
hydatid disease of. see echinococcal

cyst
hydronephrosis of. jee

hydronephrosis
hypcrncphroma of. see renal cell

carcinoma
infarction of. 57.59. 131
inlectcd cyst. 88
liposarcoma and, 125
metastasis in. 55.87.131
nephrogram. striated. 85
Page.57
pancreatic extravasation and. 79.81
periarteriitis nodosa of. 57
pcrirenal infection and, 87
pyelonephritis, see pyelonephritis
psoas ahscess and, 104
small bowel and. 25
spleen and, 38.40
transitional cell carcinoma. 137-139
urinoma and, 68,7Ü
Wilms' tumor. 125.140-142

Latcroconal fascia
anatomy, 11,38. 109
ascitesand. 113,119. 171
pancreatitis and. 79, 103
pararenal anterior fluid and. 11.59
perirenal fluid and. 59

Leiomyosarcoma of vena cava inferior,
152

Lesser sac
anatomic relationships. 38,79.80.

111. 113
ascitesand, 109. 114.120
foramen of Winslow and. 79, 111
pancreatitis and, 79,80,116

Ligaments
coronary, 11,28,109
gastrohepatic (lesser omentum), 79.

I l l
gastrophrenic, 111
gastrosplenic, 111.114.152
greater omentum, 111,116
phrenicocolic. 78,109, 151
splenorenal, 11,79,81, 111,151

Lipoma, retroperitoncal, 125
Liposarcoma. retroperitoneal, 125
Liver

ascitesand, 109,113
pancreatitis and, 79

pseudomyxoma and. 120
renal cell carcinoma and. 135

Lymphatics of kidney and renal fascia.
22.164.165

Lymph nodes in abdomen with
differential diagnosis. 159.160

Lymphoma of adrenal, 148
Malignancies, see carcinoma, metastasis

and specific organ affected
Mesenteric artery, superior. 40,151.

161.169
Mesenteric vein, superior. 150,151
Mesentery

colonic. see mesocolon
pancreatitis and, 79.81
small bowel

lymph nodes and. 160
mesothelioma peritonei. 118
pancreas and, 79.81
root of, 40,45,49
sarcoma of. 125

Mesocolon, 21,28,79,109.111.125
Mesothelioma. peritoneal. 116
Metastasis, see specific organ or

structures affected
Morison's pouch

anatomy of. 28.36, 109. 111, 113
fluids in, 36. 109, 111, 113
tumor in, 126

Muscles
diaphragm cms. see diaphragm
iliacus. see psoas
psoas, see psoas
quadratus lumborum, 20.28,45,46
transverse abdominal, 20,23

Myelolipoma of adrenal gland. 143
Neoplasms, see carcinoma and other

specific types, also specific organ
affected

Nephrectomy, 17.136
Nephritis, acute focal bacterial. 82
Nephrogram. striated. 85
Neuroblastoma, 125.141
Oncocytoma, 131
Omental bursa, see lesser sac
Omentum

greater, 111, 116
lesser, 109, 111

Osteomyelitis
pararenal posterior abscess and, 103
psoas abscess, 103

Page kidney, 57
Pancreas

abscess of. 77,79
anatomic relationships, 8,40,44
calcification, 77,82
carcinoma of, 149-152
hemorrhage of, 59,79
inflammation of, see pancreatitis
mesocolon and, 79,81
phlegmon of, 77,79
pseudocyst of, 77,79
small bowel mesentery and, 79,81
spleen and. 79,80
tail of, 8

Pancreatic duct, 77,150

Pancreatitis
acute. 77
anatomic considerations. 77. 79-81
ascitic fluid and. 80, 81. 116
chronic. 77
fistula. 80.81
gas-producing. 79
hemorrhagic. 59,79
intrapancreatic fluid, 79.80
lesser sac and. 79.80.116
mesocolon and. transverse. 79.80.

81
pararenal extension of. anterior. 77.

80
pararenal extension of. posterior, 77,

81
peripancreatic fluid, 77.79.80
perirenal extension of. 79.81
renal fascial thickening and. 80
small bowel mesentery and. 79-81
traumatic. 59

Paracolic gutter. 38. 109. 113
Pararenal space

anterior
abscess in. 50.77, 103
anatomy. 8-13.36.38
fat of, 8,55
hemorrhage in. 59
pancreatitis and. 77.80
psoas muscle and. 11

Pararenalspace
posterior

abscess of. 103
anatomy, 19.20.45.46
aortic aneurysm rupture and. 59.
60
aortic graft infection and. 106
fat of. 19
hemorrhage in. 59
pancreatitis and. 77.81
psoas muscle and. 19.20.45,169

Parasagittal section, .veesagittal section
Partial volume effect. 23.27. 135
Periarteriitis nodosa

subcapsular renal hemorrhage and.
57,82

Perinephritis. 82-102
Perirenal cone, see cone of renal fascia
Perirenal fascia, see renal fascia
Perirenal space (perinephric space)

abscess of, 49.87.88.99,102. 17]
anatomy. 13-19.38.40.45,49,50
apex of. 45,50,51.52
cone of renal fascia and. see cone of

renal fascia
distribution and localization of

collections in. 68,99,170
fat of, see fal pcrirenal
gas in, 73,99, 102
hemorrhage in, 59
pancreatitis and. 79,81
presacral pneumatography and, 50
subcapsular versus perirenal fluid

collection, 58,59
urinoma of, 68,70,170
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Peritoneal carcinomatosis (malignant

ascites). 116
Peritoneal cavity, see ascites
Peritoneum

anterior renal fascia and, 23 . 28. 36,
4 5 . 6 8 . 1 1 9 . 1 2 1 . 1 7 1

lateroconal fascia and. 38 . 109. 119,

171
lesser sac division by. see ascites
posterior renal fascia and. 121. 171
thickening of. 113. 116

Peritonitis. 118, 119
Pheochromocytoma. 147
Phlegmon

pancreatitis and, 77.79
Phrenicocolic ligament. 78.109. 151
Pleural cavity

fluid collections in and
differentiation with ascites. 113

Pneumography
presacral. 17,50

Positioning of patient, 1
Posterior pararenal space, see pararenal

space posterior
Pouches, see ascites
Properieoneal fat. 19,20
Pseudocyst

pancreatic. 77,79
uriniferous perirenal (urinoma). 68.

70,170
Psoas muscles

abscess of,63, 103, 104,105, 171. 172
fascia of, 19,63. 105,169
hematoma of, 59.61,63
lymphomaof, 159
pancreatitis and, 81
pararenal space and, posterior, 45,

46,103,171
perirenal space and, 45,46,99,105,

171
retroperitoneal tumor and, 63. 125

Ptosis renal, 19
Pyelonephritis

acute, 82
chronic atrophic, 94, 97
emphysernatous, 99, 102
tuberculous, 94
xanthogranulomatous, 28.87, 92,

131
Pyohydronephrosis, 87
Radiation dose, 1
Rectovesical space, see ascites
Regional enteritis, see Crohn's disease
Renal capsular vessels (perirenal

vessels), 13,23,131
fibrous strands and, 55
renal fascia and, 23,28

Renal cell carcinoma
computer tomographic findings,

130-135
renal fascia and, 132-135,171
staging, 127

Renal fascia
adrenal glands and, 17,28.30.38,

148, 171
anatomical arrangements. 20-55

embryology of. 21
histology of. 21.22
history of, 7.8
normal thickness. 25. 27
pancreatic carcinoma and. 150. 171
pancreatitis and. 8(1. 17(1. 171
perirenal fluid and. 59.68.73.87.97,

169.170
reactions to therapy and. 167 i72
renal carcinoma and. 132-13.. 171
retroperitoneal tumor and. 125.155.

171
subcapsular hematoma and. 58.59
urinoma and. 73. 170
visibility on CT of. 25

Renal fossa. 19. 136
Renal vein

anterior renal fascia and. 23. 44. 169
obstruction. 55. 127, 130. 134

Resolution power of CT. 23
Retrocrural space, 19.61.79. 159
Retroperitoneal spaces, see

retroperitoneum
Retropcritoneum. see anatomic

relationships of retroperitoncum
and. see specific organs or
structures affected

boundaries of. 7
fluids in. 57-109
infiltrating malignancies in. 125-157
lymph node disease in, 159-167

Sagittal section, set' anatomic
relationships of
retroperitoneum. see computed
tomography technical aspects

Sarcoma, primary retroperitoneal. 125
Schwannoma. 125
Signs

corona. 79
displaced diaphragmatic crus. 113
halo. 79
head-light. 147
interface, 113
sandwich. 161
string. 77

Small bowel. see mesentery small bowel
Spaces

intraperitoncal. see ascites and
peritoneum

retroperitoneal. see retroperitoneum
Spatial resolution in CT. 1.23
Spermatic vessels, 19,52. 55
Spinal fractures, hemorrhage and. 59
Spleen

anatomic relationships. 19,38
pancreatitis and, 79.81
peritoneal attachments of. see ascites
renal fascia and, 38, 109

Splenectomy. 38
Splenic artery, 8.23
Splenorenal ligament, 11, 79,81, 111.

151
Stomach

anatomic relationships, 28,80,111,
114

fistula and pancreatitis, 80

ligaments of. see ligaments (gastro-)
Subcapsular renal. 57. 58.59
Subhcpatic space

posterior, see Morison"s pouch
Subphrenic space. 1U9.113
Supramesocolic peritoneal space, see

asdics
Target CT. 1
Thrombus

inferior caval vein. 3
tumor. 55. 127. 130. 134

Toldt, see fascia of Toldt
Transversal fascia, see fascia transversal
Transverse processes, fractures of. 59
Transverse sections, see anatomic

relationships of retroperitoneum
Trauma

duodenal. 59
hemorrhage and. 57
pancreatitis and. 59
urinary extravasation and. 64.68

Tuberculous infections, see abscesses
Tumors, see carcinoma, sarcoma and

other specific tumor-
Ureter

anterior renal fascia and. 50.52.55
appendicitis and. 50
pcrirenal space and, 50.52
urinoma and. 50.68

Urinary extravasation
chronic, see urinoma
fornix rupture. 68
renal pelvic wall rupture. 70
renal tumor and. 67.68
types of. 64
urography and. 64.70

Uriniferous perirenal pseudocyst. see
urinoma

Urinoma
computed tomographic findings. 68.

70
lipolysis of perirenal fat and, 73. 170
renai fascia and. 68. 70.73.170
ureter and. 50.68

Vena cava inferior
duplication of, 160
infected graft, 107
leiomyosarcoma of. 152
renal cell carcinoma extension. 127.

130
Venography. renal

extravasation. 68
renal cell carcinoma thrombus. 127.

130
Venous thrombosis

differentiation with stratification
effect. 3

Vesicorectal pouch, see ascitcs
Wilms'tumor. 125. 140-142
Windowsetting. 27
Winslow's foramen, see cpiploic

foramen of Winslow
Xanthogranulomatous pyelonephritis,

see pyelonephritis
Zuckerkandl, set' fascia of Zuckcrkandl



SAMENVATTING

De moderne radiodiagnost dient niet langer be-
schouwd te worden als iemand die uitsluitend con-
ventionele schaduwbeelden interpreteert. Ten ge-
volge van zijn ervaring in de recent beschikbaar
gekomen beeldvormende technieken kan de ra-
diodiagnost als een anatoom in vivo beschouwd
worden.
Hoofdstuk 1 behandelt het patientenmateriaal, en
de manier waarop de abdominale CT onderzoe-
kingen worden uitgevoerd.

De Computertomografie (CT) heeft het moge-
lijk gemaakt de anatomie van het retroperitoneum
en de peritoneale holte te beoordelen met een
helderheid en oplossend vermogen, die tot nu toe
niet geëvenaard worden door andere technieken.
De retroperitoneale fasciën rond de nier kunnen
bij de levende patiënt goed zichtbaar gemaakt
worden met behulp van CT. Het aanwezig zijn
van drie ruimten, gedemarkeerd door de nierfas-
ciën kan met behulp van de zgn. drie-dimensiona-
le CT-scanning zichtbaar gemaakt worden in het
bijzonder indien vocht aanwezig is.

In deze studie worden de experimenten van
Mitchell (254) en Meyers en medewerkers (244)
bevestigd.

In dit werk is ook getracht om de verschillende
standpunten van anatomen wier theorieën nader
beschouwd worden, tot een eenheid te brengen in
hoofdstuk 2. Er bestaat een grote overeenkomst
tussen de anatomische bevindingen welke voorna-
melijk aan het eind van de vorige eeuw beschre-
ven werden, en de bevindingen van het CT onder-
zoek. De anatomische schetsen van Congdon en
Edson (61) bleken een belangrijke leidraad te zijn
voor de interpretatie van de CT-beelden, hoewel
sommige details niet geheel correct lijken.
Een van de doelstellingen van dit werk is tevens
het begrijpelijk maken van deze ruimten in het
retroperitoneum, zowel voor radioloog als clini-
cus, bij de interpretatie van de beelden.
De verspreiding van vrij vocht in de peritoneale
holte is afhankelijk van de zwaartekracht en intra-
abdominale druk. De verspreiding van vocht in
het retroperitoneum daarentegen wordt belem-

merd door de aanwezigheid van vet, waarbij het
vocht zich verspreidt langs de retroperitoneale fas-
ciën. De verdikte fasciebladen samen met lineaire
densiteiten als gevolg van het doordrenken van
het retroperitoneale vet langs bindweefselstren-
gen dan wel als gelocaliseerde vloeistofophopin-
gen, kunnen verwarrende informatie geven over
met name welk compartiment aangedaan is.
De anatomie is daarom in detail beschreven om-
dat de verspreiding van retroperitoneale vloeistof
(bloed, pus, pancreatitis vocht of urine) of tumor
weefsel in sterke mate beïnvloed wordt door de
anatomische opbouw van het retroperitoneum.
Dit is geïllustreerd in hoofdstuk 3, 4 en 5 met
behulp van klinisch-pathologisch patiëntenmate-
riaal. Ervaringen uit de klinisch-radiologische lite-
ratuur zijn vergeleken met onze resultaten: ver-
dikte fasciebladen kunnen veroorzaakt worden
door een veelheid van mechanismen maar de
meest frequente oorzaak is waarschijnlijk de ver-
spreiding van vocht (mogelijk met ontstekings-
component) of oedeem als begeleiding van vele
retroperitoneale processen.
Dit mechanisme is reversibel en de fasciën worden
weer normaal als de oorspronkelijke afwijking
gunstig reageert op de behandeling.

Verdikte fasciebladen moeten de radioloog
alarmeren voor retroperitoneale pathologie, om-
dat deze voornamelijk waargenomen worden bij
retroperitoneale afwijkingen. De uitzondering is
dat bij intraperitoneate vloeistofophopingen de
achterste nierfascie verdikt kan zijn zowel in ge-
vallen van diffuus oedeem, als ook bij algehele
peritonitis of locale peritonitis dichtbij de retrope-
ritoneale fasciebladen zelf.

Het is evenwel niet zo. dat retroperitoneale pa-
thologie altijd gepaard gaat met verdikte fasciën.

Het vaststellen welke fascie verdikt is en indien
mogelijk aan welke zijde, is vaak een aanwijzing
voor de aard van de pathologie op een bepaald
niveau en kan aangeven in welke van de drie
compartimenten de retroperitoneale pathologie is
ontstaan. Daar kan de diagnostiek meer op toege-
spitst worden.
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