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Foreword

Following the favorable reception accorded Radiology of the Upper Urinary Tract
(edited by E.K. Lang), a complementary volume on the lower urinary tract was
naturally demanded, serving to complete the coverage of current radiologic diag-
nosis of the urinary tract.

The ureter, bladder, and urethra are considered in separate chapters that
appraise the value of the various diagnostic radiologic methods in respect of the
disease processes and for differential diagnosis.

Particular emphasis is placed on the radiologic findings when the efferent urinary
tract is of abnormal form. In the chapter on functional tests of the urinary tract and
analysis of excretory disorders, the most recent knowledge from the field of uro-
dynamics is presented. The pathophysiology of vesicoureteral reflux also receives
due consideration, and special attention is drawn to the well-structured chapter on
radiologic diagnosis of the ureter following surgical procedures, for the important
purpose of controlling urinary flow function.

The application of the new radiologic methods for the detection and differential
diagnosis of diseases of the male reproductive organs is discussed extensively and
critically. Indirect disorders of the urinary tract due to prostatic disease are also
considered.

The extensive literature citations include important communications from study
groups at European centers. Moreover, against the current trend, important older
publications are cited that are fundamental to an understanding of pathomorpho-
logic diagnosis. This serves to prevent an unjustifiable, excessively positive evalua-
tion of the newer investigative methods; such an evaluation often leads proven
methods to be neglected, though their use is essential. A danger exists that some
pathologic findings, such as discreet alterations of the mucous membrane of the
urinary tract, which can only be recognized when diagnostic methods offer sufficient
spatial resolution, will no longer be detected and consequently no longer be
sought.

The present volume offers comprehensive coverage of the possible applications
of diagnostic radiology of the lower urinary tract and should prove of value in daily
clinical routine.

M. W. DonNER(T), Baltimore
F.H.W. Hruck, Stuttgart



Preface

Advances in diagnostic and interventional radiology, endourology, and clinical
urology are occurring at an unprecedentedly rapid rate, often causing wholesale
changes in traditional concepts of urologic diagnosis. To meet the formidable
challenge of obsolescence, we elected to publish our volumes on radiology of the
urinary tract at different dates. This approach, as well as the use of a large group of
internationally known experts in the field of uroradiology to write the different
chapters, has allowed us to reduce significantly the interim between writing of
chapters and the final publication in book form. The second volume of this series,
Radiology of the Lower Urinary Tract, benefits from this approach and includes
discussions of the newest imaging modalities and the latest interventional uro-
radiologic and endourologic procedures, as well as extensive and up-to-date refer-
ences. The text is written to satisfy the needs of the practicing radiologist and
urologist but also to offer up-to-date information and references to the researcher.
The text is embellished with 432 carefully selected and representative illustrations.

Interventional uroradiology has become an important nonsurgical alternative for
patient management. Interventional uroradiologic techniques are presented in
minute detail to allow the reader not only to establish their value in treatment or
diagnosis of a given condition, but also hopefully to serve as a source guiding the
performance of these interventions.

Radiology of the Lower Urinary Tract is divided into 19 chapters. In each
chapter the pertinent clinical, laboratory, and pathologic findings of the disease
entities are presented and the contributions of diagnostic and interventional uro-
radiologic techniques elucidated. Detailed discussions of embryology, anatomy,
and pathophysiology are added to facilitate understanding of the disease process
and anticipated complications, and form the rationale for interventions.

The first five chapters deal with conditions of the ureter, two chapters with
disease of the bladder, and one chapter with vesicoureteral reflux. This last chapter
discusses the concept held by the practicing urologist and emphasizes data needed
for treatment of such patients.

The following eight chapters deal with anatomy, physiology, and diagnosis of
diseases of the prostate. A comprehensive picture from clinical screening exami-
nations for prostatic neoplasms, to detailed diagnostic assessment by the most
advanced imaging as well as interventional techniques is assembled. The presen-
tation is backed by an extensive and up-to-date bibliography.

One chapter is devoted to neurogenic disease afflicting the bladder and physiology
of incontinence. The pathophysiology of these conditions is discussed and their
diagnosis by imaging techniques and urodynamic studies presented.

The chapter on the testis and scrotum brings to the attention of the reader the
most recent diagnostic advances in magnetic resonance, ultrasound, as well as
Doppler color ultrasound imaging techniques for assessment of this system.

A chapter on the urethra reviews the complex normal anatomy and then presents
diagnostic techniques for identification of disease and injury of this organ.



VIII Preface

A separate chapter deals with diagnosis of diseases of the seminal vesicles
by today’s imaging techniques. Once again, an appropriate introduction into the
embryology and anatomy of this organ system facilitates understanding of the
pathophysiology.

Although some information has been duplicated in various chapters, this ap-
proach was introduced to: (1) make information more readily available to the
reader, and (2) present a different point of view with different emphasis. Idio-
syncrasies of individual authors and their points of view have been respected and
maintained.

It is hoped by the contributors and the editor that this work will be accepted as
the standard working and reference text of radiology of the lower urinary tract.

EricH K. LANG, New Orleans
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1 Ureteral Neoplasms

JANET A. PARkER, ENrico J. DoGaNIERO, and GEORGE L. Popky
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1.5 Etiology ........ .ot 3
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1.7 Diagnostic Procedures ....................... 4
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1.1 Introduction

Primary neoplasms of the ureter are uncommon;
they account for less than 1% of urinary tract
tumors and are found in 1 in 11000 autopsies
(LEDER and DunNIck 1990; MurpHY 1989). Fewer
than 3000 cases have appeared in the literature
since the first authenticated case was reported in
1878 (PoLLack 1990).

Ureteral cancer is more common in males, with
amale/female ratio of 3: 1 (Zoreric and GONZALES
1983). It is rarely seen prior to the fifth decade of
life; the mean age of patients with ureteral car-
cinoma is 63 years (WITTERS et al. 1987).

The distal third of the ureter is involved in
50% —70% of cases, the middle thirdin 15% -25%,
and the upper third in 10%-12% (Scorr and
McDoNALD 1970).

A propensity for multicentricity is an impor-
tant feature of urothelial carcinomas in general.
Upper urinary tract tumors are multicentric in
22%—44% of cases; 12% of patients with ureteral
cancer have multiple sites involved at the time
of diagnosis, and 4% present with bilateral
ureteral involvement (MiLLs and VAUGHAN 1983).
Synchronous or metachronous bladder cancer

JANET A. ParkeRr, M.D., Professor of Radiology; EnricO
J. DoGaniero, D.O., Instructor with Radiology; GEORGE
L. Porky, M.D., Professor and Chairman; Department of
Radiological Sciences, PCOM, Graduate Health System,
City Avenue Hospital, 4150 City Avenue, Philadelphia,
PA 19131, USA

is seen in 30%-50% of cases (Zoretic and
GonzaLEs 1983). The detection of any urothelial
neoplasm necessitates careful and repeated eva-
luation of the entire urinary tract.

1.2 Pathology

The overwhelming majority of primary ureteral
neoplasms are urothelial, and well over 90% of
these are transitional cell tumors. At least 60% of
these are papillary, generally well differentiated,
noninvasive, low-grade tumors. Nonpapillary
transitional cell carcinomas may present as flat,
nodular, or ulcerated lesions. They tend to invade
and metastasize early (LEDER and DunNick 1990;
BENNINGTON and BEckwitH 1975; SKINNER and
LEeiskovsk 1988).

Squamous cell carcinomas and adenocar-
cinomas represent about 5% and 2% of ureteral
carcinomas respectively (BataTta et al. 1975).
They are rare lesions, usually associated with
chronic irritation, inflammation, and/or ureteral
stones. They are rapidly invasive and have a
uniformly poor prognosis (MUrpHY 1989).

A variety of rare neoplasms and nonneoplastic
tumorous conditions, including leiomyoma, neuro-
fibroma, hemangioma, leiomyosarcoma, mixed
mesodermal tumor, amyloid, endometriosis,
cholesteatoma, inverted papilloma, spindle cell
carcinoma, signet ring adenocarcinoma, and un-
differentiated carcinoma have been reported in
the ureter (MURPHY 1989; DELAHUNT et al. 1992;
Kin1 et al. 1991).

Endometriosis of the ureter, while rare, may
cause progressive ureteral obstruction with loss of
renal function in 25% —43% of cases (PATEL et al.
1992; RyanN and Bootn 1992).

The most common benign mesodermal ureteral
tumor is the fibroepithelial polyp, found in the
proximal ureter and almost always solitary.
Usually seen in adults, fibroepithelial polyps may
also be seen in children, in whom they are a rare



cause of ureteral obstruction. Boys are affected in
about 81% of cases, and the left ureter is involved
in 70%. Appropriate treatment is local excision.
The prognosis is excellent (GALIFER et al. 1988;
LibpELL et al. 1991; DEBRUNGNE et al. 1980).

Metastatic disease involving the ureter, except
by direct extension, is rare. It can occur by urinary,
hematogenous, lymphatic, and direct routes. The
ureter can be involved by metastases from down-
stream seeding from a primary renal or renal
pelvis tumor, or by upstream seeding from a
bladder neoplasm. Tumors of the bladder and
renal pelvis may also involve the ureters through
direct intraureteral extension. Metastatic lesions
by hematogenous and lymphatic routes can oc-
cur from almost any primary site. Seeding of
neoplasms from the gonadal vein to the ureteric
vein and implantation in the ureter is observed
with neoplasms of the female pelvic organs. Par-
ticularly on the left side, seeding and tumor im-
plantation may be observed all the way to the
level of the renal pelvis since the gonadal vein
endsin the left renal vein (FRIEDENBERG et al. 1976).
The maligancies metastasizing to the ureter most
commonly are cancers of the breast, stomach, and
colon and melanoma (GELISTER et al. 1992).
Direct extension from pelvic or retroperitoneal
malignancies to the ureter is more common and is
most frequently due to extension from carcinoma
of the cervix. Malignancies primary in the recto-
sigmoid, prostate, or pancreas and lymphomas
may also involve the ureter extrinsically. Ureteral
stenosis is the characteristic finding in these lesions.
CT scans demonstrate a thickened regular ure-
teral wall at the level of the narrowing. Early
recognition and appropriate treatment for relief
of obstruction may prolong survival in these
patients (PoLrack 1990; GELISTER et al. 1992;
PukcH et al. 1987; AmBos et al. 1979).

Metastatic disease is more common in ureteral
than in bladder cancers, occurring in more than
10% of patients. This is attributed to the extensive
lymphatic and vascular system in the thin wall
of the ureter. When metastases from primary
ureteral cancer are present, they involve the
retroperitoneal nodes in 34% of cases, distant
nodes in 17%, the liver in 17%, lumbar or sacral
vertebrae in 15%, lungs or kidneys in about 10%,
and adrenals, brain, pancreas, and skin less fre-
quently (PorLLack 1990; Scort and McDoNALD
1970).

J.A. Parker et al.

Table 1.1. TNM staging system

Primary tumor (T)
Primary tumor cannot be assessed

TO0 No evidence of primary tumor

Tis Carcinoma in situ

Ta Papillary nonivasive carcinoma

T1 Tumor invades subepithelial connective tissue

T2 Tumor invades muscularis

T3 Tumor invades beyond muscularis into periureteric

or peripelvic fat or renal parenchyma
T4 Tumor invades adjacent organs or through the
kidney into perinephric fat

Regzonal lymph nodes (N)
Regional lymph nodes cannot be assessed

NO No regional lymph node metastasis

N1 Metastasis in a single lymph node, 2 cm or less in
greatest dimension

N2 Metastasis in a single lymph node, more than 2 cm
but not more than 5 cm in greatest dimension, or
multiple lymph nodes, none more than 5cm in
greatest dimension

N3 Metastasis in a lymph node more than 5 cm in
greatest dimension

Distant metastasis (M)

MX  Presence of distant metastasis cannot be assessed
MO No distant metastasis

M1 Distant metastasis

Table 1.2. Stage grouping (TNM system)

Stage 0 Tis NO MO
Ta NO MO
Stage I A T1 NO MO
Stage 11 B T2 NO MO
Stage 111 C T3 NO MO
Stage IV D T4 NO MO
AnyT N1,N2,N3 MO
Any T AnyN MI

1.3 Staging and Grading

In 1971, GrABSTALD et al. first suggested a staging
system for renal pelvic tumors based on histology
and extent of tumor; this has remained the basis
for staging urinary tract cancers. The American
Joint Committee on Cancer first published a TNM
staging system and a grading system for car-
cinomas of the renal pelvis and ureter in 1988
(Tables 1.1, 1.2) (BeaHrs 1988). This system re-
quires that clinical assessment of the primary
tumor include radiographic imaging, endoscopic
evaluation, and ureteroscopy when applicable.
Clinical evaluation for metastases includes radio-
graphic, radioisotopic, and laboratory studies.
For pathologic staging histologic confirmation of
extent of disease is required (Table 1.3).
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Table 1.3. Histopathologic grading, according to the
American Joint Committee on Cancer. (Modified from
BeAHRS 1988)

GX Grade cannot be assessed

Gl Well differentiated

G2 Moderately well differentiated
G3 Poorly differentiated

G4 Undifferentiated

Table 1.4. Correlation between 5-year survival rates and
pathologic stage

Pathologic stage S-year survival
0 TO 100%
I A T1 80%
II B T2 50%
111 C T3 33%
v D T4 0% —10%

1.4 Prognosis

The prognosis for patients with ureteral neoplasms
is dependent on histologic type, grade, and stage
of the tumor. Nontransitional cell carcinomas
(squamous cell, adeno carcinoma, undifferen-
tiated) have a uniformly poor prognosis. Even
those of low histologic grade invade and metas-
tasize early (HENEY et al. 1981).

The papillary transitional cell carcinomas that
are well differentiated and noninvasive have an
excellent prognosis. The nonpapillary lesions that
are high grade, high stage have a poor prognosis.
Five-year survival figures (MUrPHY 1989; PoLLACK
1990; Zoretic and GoNzALES 1983; BATaTa et al.
1975; BapALAMENT et al. 1990; YosHINO et al.
1990; STrOBEL et al. 1984) show a high correlation
of survival with stage (Table 1.4).

Histologic grade is also of prognostic signifi-
cance. HUBEN et al. (1988) report a median sur-
vival of 67 months in 25 patients with grade T and
IT cancers, compared to 14 months in 29 patients
whose cancers were grade [ITand IV (P = 0.0004).

The prognostic value of DNA ploidy in upper
urinary tract transitional cell carcinomas remains
uncertain. BaparamenT et al. (1990) reported
that in their univariate analysis, DNA ploidy was
the only significant predictor of disease-free sur-
vival (P = 0.04). Patients with aneuploid tumors
had a disease-free median survival of 19 months
versus 59 months for those with diploid tumors.
Tumor stage, however, was the only significant
factor associated with overall survival in univariate

and multivariate analysis (P = 0.02 and 0.005
respectively). In patients with high-grade, high-
stage tumors DNA ploidy does not provide ad-
ditional prognostic information. However, the
presence of DNA aneuploidy in low-grade, low-
stage tumors may identify a set of patients at
increased risk of death from upper urinary tract
cancers.

1.5 Etiology

The exact etiology of urothelial cancers is not
known. Many environmental carcinogens have
been implicated in this malignancy. Chronic ex-
posure to ortho-aminophenol compounds con-
tained in aniline dyes used in textile, plastic, and
printing industries is known to be associated with
uroepithelial tumors. N-Hydroxylation of these
compounds by enzymes in the urine results in the
production of carcinogenic compounds (SKINNER
and Leiskovsk 1988; RoBBins and CoTran 1988).
Cigarette, pipe, and cigar smoking increases
the risk of transitional cell carcinoma. A pro-
posed mechanism is interference with tryptophan
metabolism resulting in increased excretion of
metabolites of tryptophan that have structural
similarities to the ortho-aminophenol compounds.
In their population-based case control study,
Ross et al. (1989) identified cigarette smoking as
the major risk factor for cancers of the renal
pelvis and ureter, with smokers having a relative
risk of 4.5 compared to nonsmokers (P = 0.0001).
The statistical association between abuse of
phenacetin-containing analgesics and upper uri-
nary tract carcinoma is convincing. The major
metabolite of phenacetin is N-acetyl para-
aminophenol, which resembles other known
urothelial carcinogens (JOHANSSON et al. 1974).
Papillary transitional cell tumors of the ureters
occur more frequently in Balkan countries than in
any other area of the world. In 1968 PErkOVI¢
reported an increased incidence of upper urinary
tract tumors in populations at risk for Balkan
endemic nephropathy (BEN). Upper urinary tract
tumors are 100 times more frequent in areas
where BEN is endemic than in nonendemic areas.
BEN is a chronic tubulointerstitial kidney disease
restricted to well-defined geographic areas along
tributaries of the Danube in Yugoslavia, Bulgaria,
and Romania. BEN is more common in women
than in men, accounting for the sex distribution of
upper urinary tract tumors in endemic areas,



where the male to female ratio is 1.7 to 1, com-
pared to large cities where BEN is not present
and where the male to female ratio is 5.2to 1. A
common etiology for both the nephropathogenic
and carcinogenic processes has been suggested.
Both genetic and environmental factors are
thought to be operative (PETRONIC et al. 1991;
Cukuranavic et al. 1991). Ochratoxin A may
play a role. It is ubiquitous in regions where BEN
is common and has been demonstrated to damage
the renal cortex and induce renal parenchymal
carcinomas in experimental animals (BacH 1991).

The association of urothelial tumors with
cyclophosphamide administration has been docu-
mented since 1971 (BRENNER and SCHELLHAMMER
1987). The first case of ureteral cancer following
cyclophosphamide therapy was reported in 1982
(SHETTY and TaBacocHALI 1987). Neoplasms have
been observed only after prolonged exposure to
cyclophosphamide and a minimum dose of 90g.
There is usually a long latency between exposure
and urothelial neoplasia. The ureteral cancers
associated with cyclophosphamide therapy tend
to be high grade and extremely aggressive
(BENNINGTON and BECKwITH 1975).

Patients with bladder carcinoma and associated
vesicoureteral reflux have approximately a 15-fold
greater risk of upper urinary tract cancer than
those without vesicoureteral reflux (Das 1985).

An increased index of suspicion and close
surveillance for ureteral cancer is required in
patients at increased risk, including patients with
a history of exposure to environmental carcin-
ogens, heavy smoking, analgesic (phenacetin)
abuse, cyclophosphamide therapy, BEN, bladder
cancer with associated vesicoureteral reflux, or
any urothelial neoplasm.

1.6 Clinical Presentation

Approximately 20% of the patients with ureteral
neoplasms will be asymptomatic (Zoreric and
GonNzaLEs 1983; GHuzi et al. 1979). Hematuria,
either gross or microscopic, is a presenting symp-
tom in 50% ~75% of cases (Scort and McDONALD
1970). Flank pain is present in 25% —30% (LEDER
and DonnIck 1990; GHuzl et al. 1979).

A palpable mass due to a hydronephrotic kidney
will be found in up to 30%. Frequency and dysuria
are less common presenting symptoms. Despite
its infrequency, ureteral neoplasm should be a
diagnostic consideration in patients who present

J.A. Parker et al.

with otherwise unexplained hematuria and/or
flank pain (BADALAMENT et al. 1990).

1.7 Diagnostic Procedures

Radiologic evaluation is critical for the detection,
clinical staging, and follow-up evaluation of
patients with ureteral neoplasms.

Plain films of the chest and abdomen are useful
for detection of ureteral stones, an enlarged kidney
due to hydronephrosis, or evidence of pulmonary
or osseous metastatic disease.

Excretory urography is a primary tool in estab-
lishing the diagnosis of ureteral neoplasm(s). It
will demonstrate a nonfunctioning kidney in
25%-50% of patients and hydronephrosis with or
without hydroureter in 25%-35%. One or more
ureteral defects will be evident with or without
hydronephrosis in up to 25% of cases (LEDER and
Dunnick 1990; Porrack 1990; WiTTERS et al.
1987; Gruzi et al. 1979). The surface of a ureteral
defect due to transitional cell carcinoma may be
smooth, irregular, or stippled. The “stipple sign”
results from the trapping of contrast in the inter-
stices of a papillary tumor (PoLLAaCK 1990).

If the kidney is not functional because of pro-
longed obstruction, excretory urography will not
be diagnostic. Retrograde or antegrade ureter-
ography will be necessary.

Retrograde ureterography has a diagnostic ac-
curacy of between 70% and 90% in the diagnosis
of ureteral tumors. It is presently the most useful
diagnostic procedure for the study of intraluminal
ureteral lesions (LEDER and Dunnick 1990). The
significant finding on retrograde ureterography is
the presence of single or multiple filling defects.
These may have a wide range of radiologic pre-
sentations. The classic papillary tumor with a long
stalk is quite mobile and may demonstrate the
“flip-flop” phenomenon (SwANSON and ZINCKE
1983). Unique to mobile ureteral carcinomas is
the so-called goblet sign. This is the “‘champagne
glass”-shaped dilatation of the ureter below the
tumor. Tt is caused, in part, by repeated prolapse
of the tumor during ureteral peristalsis. It may
result in Bergman’s sign — coiling of the ureteral
catheter in the dilated ureter below the tumor.

Fig. 1.2. A retrograde ureterogram demonstrates the
classical “‘champagne glass” configuration of the right mid
ureter indicative of relatively low-grade papillary tran-
sitional cell carcinoma. (Courtesy of E.K. LANG, M.D.)

>
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Fig. 1.1. A retrograde ureterogram demonstrates dila-
tation of the segment of the ureter distal to an obstruction
(arrows). This “champagne glass™ configuration is charac-
teristic for alow-grade papillary transitional cell carcinoma.
(Courtesy of E.K. Lang, M.D.)

Fig. 1.3a,b. A ureteral catheter has been advanced above
a 1.5 X 1cm papillary tumor in the distal left ureter. The
ureter above the mass is likewise dilated. The ease of
passing a catheter in a retrograde fashion above the lesion
indicates that the tumor has gradually dilated the ureter
and there is no fixation of the wall of the ureter. Note the
lace-like pattern indicating slight nodularity of the papillary
tumor projecting into the lumen of the ureter. (Courtesy
of E.K. Lang, M.D.)



Fig. 1.4. The intravenous urogram demonstrates an ap-
proximately 2 X 1cm oval defect in the mid-right ureter.
Note some dilatation of the ureter above and below the
lesion, but unabated passage of contrast medium-laden
urine in the gutters around the tumor. The normal appear-
ance of the calyces attests atest to the nonobstructive
nature of the lesions. (Courtesy of E.K. LanG, M.D.)

Nonpapillary tumors generally present as fixed or
ovoid filling defects which may show evidence of
ulceration. Sometimes the tumor may mimic an
inflammatory stricture (PoLLACK 1990). It is very
important to obtain cytologic or biopsy specimens
during the procedure. Diverse findings on re-
trograde ureterograms are presented in Figs.
1.1-1.10.

Retrograde ureterography is not always satis-
factory. Often it cannot demonstrate the superior
surface of a ureteral tumor or detect the presence
of lesions in the renal pelvis or ureter above the
obstructing mass. It may be technically difficult
and should always be performed with fluoroscopic
monitoring.

Antegrade pyeloureterography permits visual-
ization of the superior surface of a ureteral tumor
and identification of abnormality above it. It is,
however, a somewhat more invasive procedure,
and more likely than the retrograde approach to
be technically unsatisfactory.

The presence of one or more ureteral filling
defects on excretory urography or retrograde or

J.A. Parker et al.

Fig. 1.5. A mass is demonstrated in the distal right ureter
on a retrograde ureterogram. Note “a shoulder effect”
(arrows) as well as dilatation of the entire ureter above the
lesion. This indicates some degree of obstruction and also
early infiltration of the wall of the ureter resulting in
“tumor shoulder”. (Courtesy of E.K. Lang, M.D.)

Fig.1.6. A massis demonstrated in the intramural segment
of the left ureter (arrows). This represented one of several
papillary transitional cell tumors in the left ureter and
kidney pelvis. (Courtesy of E.K. LANG, M.D.)
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Fig. 1.7. An “applecore deformity” of a 1.5-cm segment
of the left ureter is shown below the lesion; the ureter is
dilated, and the upper edge of the lesion shows several
nodular irregularities (arrowtip). This appearance suggests
a low-grade transitional cell papillary tumor that has de-
generated into an undifferentiated transitional cell tumor
which is now invading the wall of the ureter. Histologic
examination of the specimen revealed grade 1 through
grade 4 tumor elements. (Courtesy of E.K. LanGg, M.D.)

Fig. 1.8. A retrograde ureterogram demonstrates a 3-cm
stenotic lesion with a corkscrew appearance involving the
right mid ureter. The appearance is characteristic for an
undifferentiated transitional cell carcinoma invading the
wall of the ureter. (Courtesy of E.K. Lang, M.D.)

antegrade studies is not diagnostic of ureteral
neoplasm. Ureteral filling defects are nonspecific
and are seen with a number of benign and malig-
nant processes. The differential diagnosis of so-
litary ureteral defects, in addition to neoplasm,
includes stone, blood clot, vascular imprint, ure-
teral kink, sloughed papilla, fungus ball, cholestea-
toma, malacoplakia, amyloidosis, and congenital
cyst or web. Most of these lesions can also
cause multiple or diffuse ureteral filling defects
(FEIN and McCLENNON 1986; WILLIAMSON et al.
1986).

Ultrasonographic techniques will not demon-
strate ureteral tumors because of overlying bone
and gas-filled bowel. Ultrasonography can be
useful, however, in demonstrating hydronephrosis
(GHuzi et al. 1979).

Computed tomography (CT) is more useful for
staging than for detecting ureteral neoplasms. It

Fig. 1.9. A retrograde ureterogram demonstrates cut-off
in the distal left ureter with a resulting “champagne glass”
deformity. Above that the ureter is narrowed over a 6-cm
segment with a feathery and serated appearance (white
arrowheads). The former manifestation suggests arelatively
low-grade papillary transitional cell carcinoma, the latter
an infiltrating transitional cell carcinoma with resultant
lymphatic obstruction. The resected specimen demon-
strated lymphectasia and an infiltrating transitional cell
carcinoma with papillary elements and histologic grade 1
through 3. (Courtesy of E.K. LANG, M.D.)



Fig. 1.10. A retrograde ureterogram demonstrates a
stenotic lesion in the left ureter with dilatation of the
ureter above. Two nodular masses protrude into the
stenotic lesion, representing prominent tumor growth
from a basically infiltrative grade 3 transitional cell car-
cinoma. (Courtesy of E.K. LanG, M.D.)

can, however, be valuable in identifying the pri-
mary tumor in an obstructed ureter. The ureteral
tumor will appear as a soft tissue mass greater in
density than the urine in the dilated ureter above
it. The primary may also appear as a thickening of
the ureteral wall (Figs. 1.11, 1.12).

It is important to obtain a precontrast study to
avoid nonvisualization of the ureteral tumor be-
cause of volume averaging (KENNEY and STANLEY
1987). The ability of CT to demonstrate direct
tumor extension through the ureteral wall is
important since this is a sensitive indicator of
high-stage disease. In the absence of this finding,
however, CT is of limited value (BADALAMENT
et al. 1992).

Results must be viewed with caution, parti-
cularly when precise preoperative clinical staging
is essential (McCoy et al. 1991). CT and MRI
have been found to be effective in the assessment
of contiguous extension of the tumor into the
periureteral fat (MILESTON et al. 1990; WINALSKI
et al. 1990).

Angiography is generally not needed for detec-
tion of ureteral tumors. If it is performed, the
ureteral neoplasm is seen as a hypovascular mass.
Arterial encasement and neovascularity may be
demonstrated in the region of the tumor (LEDER
and DunnIck 1990; Porrack 1990).
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Fig. 1.11. A computed tomogram through the pelvis
demonstrates a right ureter with faint staining of the
thickened wall (white arrows). Several staining 1-cm nodes
did not harbor transitional cell carcinoma. (Courtesy of
E.K. LanGg, M.D.)

Fig. 1.12. Following administration of intravenous contrast
medium a computed tomogram in the true pelvis demon-
strates the thickened and staining wall of the right ureter
(arrowheads). The low-density center represents non-
opaque urine due to total obstruction of the ureter by a
neoplasm extending from the parametrial segment into the
intramural segment of the right ureter. An edematous
appearance of the right parametrium is noted; however,
histologically there was no extension of the ureteric
neoplasm. {Courtesy of E.K. LanG, M.D.)

1.8 Treatment

The primary treatment of ureteral carcinoma is
surgical, but there is considerable controversy
regarding the best surgical procedure. Classic
radical treatment consists of nephroureterctomy
with removal of a bladder cuff (LEDER and
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Dunnick 1990). This procedure continues to be
advocated by many who cite the frequency of
clinically unrecognized multiple ipsilateral tumor
involvement discovered only on histologic exami-
nation of the entire ureter (HATcH et al. 1988). In
addition, recurrence rates of 20% —43% have been
reported with lesser procedures, with the majority
of recurrences being of increased grade and/or
stage (CHARBIT et al. 1991). However, nephroure-
terectomy is contraindicated in patients who
have only one kidney, have bilateral synchron-
ous ureteral tumors, have poor renal function,
are poor risks for surgery, or have evidence
of nodal or hematogenous metastatic disease
(Porrack 1990; Zoreric and GoNzALEs 1983;
Wirters et al. 1987). More conservative thera-
peutic options are available for the majority of
patients with ureteral neoplasms. Segmental re-
section is the major alternative to nephroure-
terectomy. It appears to be effective in those
patients who have a single tumor of low histologic
grade and early stage involving the distal third
of the ureter. Wirters et al. (1987) reported
survivals of 80% in patients undergoing seg-
mental resection compared with 64% in patients
undergoing complete nephroureterectomy with
bladder cuff excision.

Accurate pretreatment assessment is essential
to define those groups of patients whose cancers
may be amenable to local resection, those who
would benefit from nephroureterectomy with re-
moval of a bladder cuff, and those who, because
of metastatic disease, will not be cured by either
local resection or radical surgery.

Technological advances of the past decade have
enabled urologists to utilize endourologic tech-
niques for diagnosis and treatment of ureteral
neoplasms. BLUTE et al. (1989) report a diagnostic
accuracy of 90% (19 of 21) and a control rate of
85% (11 of 13) following endourologic procedures.
They recommend that conservative endourologic
techniques be considered for the management of
selected cases. Endoscopic intervention may be of
particular importance in older patients whose to-
lerance of nephroureterectomy is poor (MOLDWIN
et al. 1990). Because patient numbers are few and
follow-up has been limited, the long-term effec-
tiveness of endourologic treatment has not yet
been documented. Ideally, only patients who have
small, single, low-grade, papillary tumors con-
fined to the mucosa and negative random biopsies
of contiguous mucosa are suitable candidates
(CarsoN 1991).
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Recent improvements in laser technology in-
cluding small-caliber quartz fibers for the neody-
mium yttrium aluminum garnet (Nd: YAG) laser
have made endoscopic laser treatment feasible.
Tumor destruction can be accomplished with the
Nd: YAG laser placed through a flexible uretero-
scope. Following adequate treatment a double-J
ureteral stent must be placed and remain in posi-
tion for a time adequate to permit ureteral
healing. Ureteroscopic and radiographic follow-
up of these patients must be carried out to iden-
tify recurrence or development of new lesions
(CarsoN 1991; GrossMaN et al. 1992).

The role of adjuvant radiation therapy in the
management of ureteral neoplasms is not clear. In
their recent review of radiation therapy in locally
advanced transitional cell carcinomas of the renal
pelvis or ureter following curative resection,
Cozap et al. (1992) report actuarial 5-year local
control rates of 88% in patients who received
adjuvant radiation therapy and 34% in those who
did not. Local failure occurred in 9 of the 17 who
did not receive radiation and one of the nine who
did (P = 0.07). BrookLaND and RicHTER (1985)
report similar results in a series of 95 patients, 23
of whom had high-grade and/or high-stage lesions.
Eleven received postoperative radiation therapy.
None of the radiated patients failed with local
disease only. One had both local and distant
recurrence. In the nonirradiated group of 12, five
patients had local failure and there were twice the
number of failures overall.

Adjuvant radiation therapy markedly reduces
the risk of local failure but has no impact on
distant disease, which occurs in approximately
50% of patients with high-stage, high-grade
tumors. Effective adjuvant therapy will require
effective systemic therapy in addition to adjuvant
local radiation.

Combination chemotherapy, primarily CMV
(cisplatin, methotrexate, vinblastine) regimens
were initially evaluated in the early 1980s. Com-
plete response rates of 20% —30% and combined
complete and partial response rates of 50% —60%
were reported (Yacopa 1985). A more recent
report of CMV chemotherapy for advanced tran-
sitional cell carcinoma by JEFFREY and MEADE
(1992) confirms a complete response rate of 28%.
The median survival of complete responders was
13 months compared to 7 months for the entire
group and 3 months for untreated patients.
Toxicity was significant. TANNock et al. (1989)
reported the Princess Margaret Hospital experi-
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ence with MVAC (methotrexate, vinblastine,
doxorubicin, cisplatin) chemotherapy in the treat-
ment of locally extensive metastatic transitional
cell carcinoma. Four of the 30 patients with
measurable disease were complete responders.
The toxicity of the regimen was severe. They
concluded that despite the fact that an occasional
patient may benefit from presently available
chemotherapy, it is clear that less toxic, more
effective agents are needed. Nevertheless, mito-
mycin C does appear to be effective in preventing
recurrence of urothelial tumors after resection of
the primary (EASTHAN and HUFFMAN 1993).
Appropriate primary and adjuvant therapy for
ureteral neoplasms remains controversial.
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2.1 Introduction

The protected location of the ureter makes injury
rather uncommon. Although the incidence of
surgically induced injuries to the urinary tract is
low, iatrogenic trauma is the leading cause of
ureteral injuries (Table 2.1) (BRUBACKER and
WiILBANKS 1991; DowLING et al. 1986; BRIGHT
and Perers 1977). The majority of iatrogenic
ureteral injuries occur during gynecologic sur-
gery, with more than half occurring during simple
hysterectomy for benign disease (BRUBACKER and
WILBANKS 1991; ZiNnMAN et al. 1978). Urinary
tract surgery is responsible for about 30% of the
injuries; abdominal surgical procedures such as
abdominal perineal resection, pelvic tumor sur-
gery, lyses of adhesions, aortic bypass surgery,
and orthopedic and neurosurgical procedures
account for the remaining relatively small group
of ureteral injuries. Penetrating and blunt trauma
are responsible for a small number of ureteral
injuries but pose major management problems
because there are often associated injuries to
other structures (GUERRIERO 1989).

2.2 Iatrogenic Injury

Injury to the ureter during gynecologic surgery
may result in anatomic or functional lesions such

EricH K. LaNG, M.D., Professor and Chairman, Depart-
ment of Radiology, School of Medicine, Louisiana State
University, Medical Center, 1542 Tulane Avenue, New
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Table 2.1. Etiologies of ureteral injuries

L latrogenic injuries
A. Gynecologic and obstetric interventions
Vaginal hysterectomy
. Sentinel hysterectomy
. Wertheim radical hysterectomy
. Salpingo-ovariectomy
. Ovariectomy
Myomectomy
. Colpocleisis
. Marshall-Marchettie suspension
Cystocele repair
10. Vesicovaginal fistula repair
11. Fimbriolysis — laparoscopic
12. Fimbrioplasty - laparoscopic
13. Lysis of periovarian adhesions — laparoscopic
14. Cesarean section
15. Forceps delivery
16. Dand C
B. Urologic surgery
Ureterolithotomy
Segmental bladder resection
Diverticulectomy of the bladder
Radical prostatectomy
Dismembered pyeloplasty
YV pyeloplasty
. Enterovesical fistula repair
. Transureteral ureterostomy
. Ureteroneocystostomy
C. Other surgical procedures
Colon surgery
Duodenal surgery
Pancreatic surgery
Aortic aneurysm repair
Aortoiliac or aortobifemoral bypass graft
Laminectomy
Salpingectomy
Laser surgery
Retroperitoneal node dissection
10. Percutaneous diskectomy
D. Endoscopic procedures
. Ureteroscopy
. Stone basketing
. Retrograde pyelography
. Transurethral resectionof the prostate (TURP)
. TURP - bladder tumor
. Antegrade percutaneous occlusion of ureter
E. Radiation injuries
1. External radiation therapy
2. Interstitial implant therapy
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II. External trauma
A. Penetrating injuries
B. Bluntinjuries
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as detrusor overactivity, postvoid dribbling, or
urinary retention (BRUBACKER and WILBANKS
1991). The latter functional disorders probably
reflect injury to neural transmitters and pathways
(FARGHALY et al. 1986; PARys et al. 1989; LANGER
et al. 1989; VERVEST et al. 1988, 1989).

The incidence of ureteral injury in patients
undergoing major gynecologic procedures has
been reported to be in the range 0.5% -2.2% (Srt.
LeziN and StTOLLER 1991; MANN et al. 1988).
However, Wertheim radical hysterectomy, or one
of its modifications, has been reported to entail an
incidence of injury from 10% to 30% (HoE et al.
1992). Abdominal hysterectomy accounts for
38% of all iatrogenic injuries to the ureter. Pre-
operative radiation therapy is an added risk factor
that is prone to increase in particular the in-
cidence of ureteral fistulas (St. LEzIN and STOLLER
1991; LarsoN et al. 1987; Riss et al. 1988; UNDER-
woop et al. 1979). Ureteral dissection and dif-
ficult mobilization may result in laceration and
devascularization. Devitalization of the ureter
may lead first to ischemic ureteral strictures and
ultimately to fistulization (BrUNScHWIG 1960;
Piver et al. 1974; GRrEEN et al. 1962; GAL and
Bucusaum 1983).

The important anatomic relationships of the
ureter to blood vessels are as follows: The left
ureter crosses anteriorly to the left colic and in-
ferior mesenteric vessels, while the right ureter
passes posterior to the right colic and ileocolic
vessels in the root of the mesentery. Before enter-
ing the pelvis, the ureter passes under the gonadal
vessels and then crosses the iliac vessels. The
male ureter runs anterior to the obturator nerve
and vessels. The female ureter courses posterior
to the infundibulopelvic ligament, which contains
the ovarian vessels. It is then anterior to the
superior vesical and uterine arteries. The ureter
then lies in the base of the broad ligament 2cm
lateral to the cervix. At this point the ureter is
again crossed by the uterine artery.

There continues to be debate over the precise
arterial supply to the ureter. The abdominal com-
ponent of the ureter is regularly supplied by a
branch directly from the abdominal aorta or by
branches from the renal or ovarian artery. The
mid portion receives supply from branches of the
common or internal iliac arteries. The pelvic por-
tion is supplied by the superior and inferior vesical
arteries as well as by branches from uterine,
internal pudendal, and mid rectal arteries. The
upper and mid segments of the ureter have their
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Table 2.2. Types of surgical ureteral injuries. (Adapted
from ST. LEZIN and StOLLER 1991)

Open surgery

Transaction

Suture ligation

Crush injury
Devascularization
Cicatricial fibrotic stricture
Cautery thermal injury

Endourologic surgery
Perforation

Avulsion

Mucosal false passage
Ischemic necrosis
Stricture formation
Intussusception

vascular supply along the medial side, whereas
the pelvic ureter receives its vascular supply from
the lateral side (BRUBAKER and WILBANKS 1991).
Maintenance of the ureteral attachment to the
medial leaf of the pelvic peritoneum is important
to preserve its longitudinal supply (BRUBAKER and
WiLBanks 1991). Preservation of the superior
vesical artery, when ligating the uterine artery
and before transecting the cardinal ligament, is an
important measure to prevent ischemic ureteral
stricture (SmrtH 1975; PIver et al. 1974).

Risk factors of ureteral injury during abdo-
minal and pelvic operations include endometrio-
sis, retroperitoneal fibrosis, pelvic inflammatory
disease, diverticulitis, and neoplastic disease (ST.
LeziN and StoLLER 1991). Depending on the route
of surgical approach, different injury patterns
may be anticipated. An abdominal route of sur-

‘gery predisposes to injury of the ureter (a) at the

level of the infundibulo-pelvic ligament, (b) in
the region of crossing of the uterine vessels, (c)
during suture closure at the cervicovaginal angle,
or (d) during pelvic reperitonealization (parti-
cularly in its course in the broad ligament). Con-
versely, a vaginal surgical approach puts the
ureter at risk at the point of clamping to control
hemorrhage or at the point of prolapse of the
ureter (BRUBAKER and WILBANKS 1991).

Open surgery places the ureter at risk of tran-
section, suture ligation, crush injury, cautery
thermal injury, devascularization with attendant
ischemic necrosis and cicatricial fibrotic strictures
(St. LEzIN and StoLLER 1991). Ligation and stric-
tures are by far the most common injuries; how-
ever, ureterovaginal fistula formation has been
described with an incidence as high as 28%
(ScHWIMMER 1974).
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Fig. 2.2. An antegrade ureterogram demonstrates pipe-
stem narrowing and complete obstruction of the left ureter
at the level of S1. This is attributable to devascularization
and radiation fibrosis due to overdosing by external beam
irradiation and brachytherapy

<

Fig. 2.1. a An antegrade ureterogram demonstrates com-
munication between the right ureter and the vagina, which
is densely opacified. During vaginal hysterectomy, a seg-
ment of the ureter was resected and the free end of the
ureter fixed by sutures when closing the vaginal cuff. b An
attempt to pass a guidewire into the bladder demonstrates
the preferential passage into the vagina due to suture
fixation of the ureter (Lanc 1988). ¢ After freeing the
ureter by cutting the suture with a knife mounted on the
guidewire, the bladder is re-entered using a transseptal
guidewire, and a stent is placed from the renal pelvis to the
bladder. (Lanc 1988)
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Vaginal hysterectomy is a not uncommon cause
of ureteral disruption due to inadvertent resection
of a segment of the ureter in the parametrium
(Fig. 2.1a,b). Crush injury to the ureter by clamps,
while dissecting along the uterus, is another com-
mon cause of late formation of strictures.

Because of the relative resistance to the effect
of radiation, most ureteral strictures seen in
association with radiation therapy are attributable
to the desmoplastic effect accompanying the de-
struction of malignant disease or recurrent tumor
(UnperwooD et al. 1977). However, injury as a
consequence of excessive radiation by external
beam and interstitial therapy can also cause
ischemic strictures (ST. MARTIN et al. 1953; LANG
et al. 1973). Involvement of the parametrium by
the neoplasm may fix the ureter and cause tilt
of the brachytherapy applicators. Thereby, the
ureter on the involved side may be exposed to an
excessive dose rate while an inadequate dose is
delivered to the contralateral side. This sets the
stage for ischemic changes of the ureter resulting
in late stenosis of the ipsilateral ureter and ob-
struction of the contralateral ureter by uncon-
trolled neoplasm (Figs. 2.2, 2.3).

Inadvertent ligation of the ureter by silk or
other nonabsorbable suture material will usually
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Fig. 2.3. a A retrograde ureterogram demonstrates classi-
cal stricture formation in the parametrial segment of the
right ureter. Tilt of the brachytherapy applicator resulted
in overdose to this segment of the ureter. b Note the
medial path of both pelvic ureters, indicating prior radical
pelvic surgery. The strictures of the pelvic segments of the
ureter are caused by devascularization and fibrosis sec-
ondary to stripping of the lymphatics of the ureter during
Wertheim hysterectomy and by radiation therapy

mandate surgical correction. Chromic catgut
sutures are prone to dissolution in 2-3 weeks,
and conservative management by temporizing
percutaneous nephrostomy and/or placement of a
stent may suffice for treatment of ureters ob-
structed by such suture entrapment. However,
late strictures may result from the attendant
vascular compromise. Once again, such strictures
are sometimes successfully handled by balloon
dilatation, while on other occasions endouretero-
tomy and stenting may be necessary to correct
them (Eisenkor et al. 1982) (Figs. 2.4, 2.5).
Salpingo-ovariectomy is another procedure that
may cause ureteral injury.

Cesarian section has a low rate of injury to the
ureter in the range of 0.1%-1% (St. LEzIN and
StoLLER 1991; EIseNkop et al. 1982). Avulsion
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Fig. 2.4. a An intravenous urogram demon-
strates moderate hydronephrosis of the right
kidney and collumination of the right ureter to
about its point of entry into the parametrial seg-
ment (arrow). b Percutaneous nephrostomy has
been performed. A guidewire has been advanced
to and is probing the obstruction caused by
sutures inappropriately placed during pelvic sur-
gery days earlier. ¢ A stiff Amplatz guidewire is
forced through the area of obstruction. d A stent
is placed across the site of obstruction and re-
tained for 4 weeks. e A follow-up antegrade
pyelogram demonstrates only minimal changes
in the parametrial segment of the right ureter
attributable to residual mucosal edema. In this
case, a late stricture did not develop; the patient,
however, was carefully followed with radio-
nuclide urography to monitor right renal func-
tion. (LANG 1986)

of the ureter at the ureterovesical junction has
been reported as a complication of high forceps
delivery (Fig. 2.6).

The elevation of laparoscopy from a diagnostic
to a combined diagnostic and therapeutic pro-
cedure has been accompanied by an increasing
incidence of ureteral injury (GRAINGER et al. 1990;
GoMEeL and JAMEs 1991; STENGEL et al. 1974).
Laparoscopic fulguration and electrocoagulation
in the treatment of endometriosis are a common
cause of ureteral injury (Fig. 2.7). The electrical
current may damage the vascular supply to the
coagulated tissue beyond the extent of the ap-
parent lesion, leading to delayed tissue necrosis
(GRAINGER et al. 1990; ScHwiMMER 1974). Simi-
larly, the ureter may be injured by cautery during
application of current for the purpose of steriliza-
tion. This type of injury is usually recognized
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promptly. Within 48-72h, patients present with
fever, abdominal pain, peritonitis, and leuko-
cytosis (GRAINGER et al. 1990). Fistulization
between the ureter and fallopian tube can result if
coagulation is set in the isthmic segment of the
tube and in proximity to the ureter (Fig. 2.8).
Electrocoagulation at the utero-sacral ligament
is one other potential cause of ureteral injury
(GoMEL and James 1991).

Abdominal peritoneal resection is the most
common open surgery associated with ureteral
injuries; it accounts for up to 9% of all ureteral
injuries (St. LEzIN and StoLLER 1991; NUMAN et
al. 1991; DaLy and Hiceins 1988; BricHT and
PetERs 1977). The incidence of ureteral injury
during abdominal peritoneal resection ranges
from 0.3% to 5.7% (Z1NMaN et al. 1978; HoGHES
et al. 1984; ANDERSSON and BERGDAHL 1976). The
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left ureter is most likely to be injured due to its
proximity to the mesosigmoid (ANDERSSON and
BerGDAHL 1976) (Fig. 2.9).

The increased popularity of retrograde and
antegrade ureteroscopy has been accompanied by
a rise in iatrogenic injuries of the ureter, par-
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Fig. 2.6. An antegrade ureterogram demonstrates extra-
vasation of contrast medium into the perivesical space.
Filling from a prior cystogram demonstrates irregularity of
the left posterolateral bladder wall and the left trigone
area. The ureter had been avulsed during a high forceps
rotation; likewise, there had been a tear of the trigone area
of the bladder with a substantial hematoma in the abutting
perivesical space

<

Fig. 2.5. a An antegrade ureterogram demonstrates com-
plete obstruction of the left ureter by sutures inappro-
priately placed during a Marshall-Marchettie bladder
suspension and urethropexy procedure. b A sheath has
been advanced to the site of obstruction and a guidewire
with a small knife blade advanced through the sheath to
make a longitudinal cut through the ureter and suture and
thus free the ureter. ¢ Finally, a guidewire has been
advanced into the bladder and a stent placed in position.
Uroepithelium will readily cover the defect. This procedure
obviates the risk of late stricture formation that accom-
panies compromise of vascular supply to this segment of
the ureter

ticularly attendant to the use of ridged endoscopes
(Fig. 2.10). It is, however, hoped that with the
availability of smaller caliber ridged endoscopes,
dependable flexible ureteroscopes, and newer
devices for intraureteral lithotripsy, the safety
margin for these procedures will widen (HurFrmMAN
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Fig. 2.7. Following fulguration of endometrial implants,
there is evidence of necrosis at the wall of the ureter and
extravasation of contrast medium into periureteral tissues
(arrowheads)
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Fig. 2.9. An antegrade left ureterogram demonstrates
medial deviation of the left ureter, near or complete
obstruction of the ureter, and opacification of ileal loops as
well as of packing material in the rectal fossa. Injury to the
ureter occurred during abdominal perineal resection

<

Fig. 2.8. Following laparoscopic cautery of the fallopian
tubes for the purpose of sterilization, a ureteral fallopian
tube fistula results. A hysterosalpingogram of the left
moiety of a subseptated uterus shows filling of the left
ureter and finally also of the bladder



20

Fig. 2.10. a A ridged ureteroscope has been advanced in a
retrograde fashion. A guidewire with channel is advanced
into what was presumed to be the left renal pelvis. Injec-
tion through the guidewire channel reveals extravasation
into peripelvic tissues. b A subsequent retrograde uretero-
gram demonstrates the site of perforation of the left ureter
near the ureteropelvic junction
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Fig. 2.11. Retrograde passage of a ureteral catheter over a
preinserted guidewire has resulted in a partial thickness
injury to the ureteral wall. Note the negative shadow cast
by the ureter enveloped by a mantle of contrast medium,
injected in an area of dissection in the muscularis of the
ureter but curtailed by the adventitia

1989). However, even with improved instrumen-
tation, operator error, whether in judgement or
technique, can lead to disastrous complications. It
is, therefore, incumbent upon the endoscopist to
be familiar with the types of injury that may occur
as well as the appropriate means for diagnosing
such injuries and their treatment.

Injuries such as perforation, false passage, and
avulsion are commonly recognized acutely and
appropriate intervention is instituted (HUFFMAN
1989; BENJAMIN et al. 1987; BIESTER and GILLEN-
WATER 1986; KraMoLOWSKY 1987; Sosa and HUFF-
MAN 1988; STACKL and MARBERGER 1986; SCHULTZ
et al. 1987; WEINBERG et al. 1987; CorrIERE 1987).
Avulsion of the ureter is without doubt the most
severe complication. False passage with a partial
thickness injury to the ureteral wall, which does
not extend through the adventitia, is perhaps the
least consequential injury (Fig. 2.11). HUFFMAN
(1989) reviewed 1696 ureteroscopic procedures
reported in 15 series and computed a rate of
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injury of 9%, 1.6% of which necessitated surgical
intervention.

Iatrogenic injury to some degree varies accord-
ing to the site. The intramural and juxtavesical
ureter has more muscular support than the pro-
ximal ureter or pelvic segment. Moreover, the
number of mucosal cells is substantially greater in

the lower ureter. Thus, there is less likelihood of

complete perforation in the intramural tunnel or
distal ureter than in the proximal ureter or pelvis.
False passage, however, is common in the distal
ureter.

Flexible instruments in general are less likely
to cause traumatic injury than ridged instruments.
The contiguous blood supply to the ureteral
mucosa increases the probability of significant
complications attendant upon submucosal dissec-
tion by instrument. Minor endoscopic injury can,
therefore, lead to devascularization, necrosis,
and later stricture formation. Thermal injury
secondary to intraureteral lithotripsy is likewise
prone to cause secondary strictures. Ultrasonic
lithotripsy and laser lithotripsy can cause thermal
injury to the ureteral wall and secondary stric-
tures (DRETLER et al. 1987; GrEEN and LyTTON
1985; HurrmaN 1988). Electrohydrolic lithotripsy
entails the greatest temperature increase and
accordingly is associated with the highest inci-
dence of ureteral injury. The advent of balloon
dilatation, replacing the use of metal bougies, has
decreased the frequency of perforation at the
intramural tunnel (HUFFMAN 1988).

Avulsion of the distal ureter can be treated by
ureteral reimplantation, sometimes in combina-
tion with a psoas hitch or Boari flap (HUFEMAN
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Fig. 2.12. a An antegrade ureterogram demonstrates a
stricture in the left ureter and several small calculi im-
mediately above the stricture. b A follow-up antegrade
pyelogram demonstrates satisfactory dilatation of the stric-
ture by prior transluminal balloon dilatation, but also
extrusion of a calculus through the wall of the ureter (whize
arrows). ¢ While basketing a calculus with a rigid uretero-
scope, a submucosal false passage has been created. The
antegrade ureterogram demonstrates the compromised
true lumen of the ureter enveloped by a thick mantle of
submucosal to subadventitial hematoma in the area of
dissection (arrows)

1989). Avulsion in the middle or proximal ureter,
however, usually calls for bowel interposition or
autotransplantation. Most other endoscopic in-
juries of the ureter can be handled by conservative
management, i.e., placement of a stent.

Overzealous use of ureteroscopy is perhaps
the most common cause of ureteral injury. The
sobering message regarding the potential com-
plications of ureteroscopy should lead to careful
patient selection and practice of prevention of such
injuries rather than to denigration of this tech-
nique, which offers unique advantages. Fluoro-
scopy, in particular, is a sine qua non for the safe
performance of this procedure.

In addition to injury of the ureter by the ridged
tip of an ultrasonic lithotriptor, extrusion of cal-
culi into the perinephric or periureteral tissues
is a distinct risk accompanying this procedure
(Moretr et al. 1991) (Fig. 2.12a,b). In general,
these patients can be managed conservatively,
although secondary strictures may develop. It is,
however, questionable whether these strictures
are caused by the extruded calculus or are sec-



22

ondary to an electrical injury as a result of the
electrohydrolic lithopaxy (BRANNEN et al. 1985;
LEE et al. 1987; VERSTANDIG et al. 1986).

Extruded struvite fragments must be consi-
dered a more serious risk, since not infrequently
they lead to perinephric abscess formation (LANG
1987a). Stenting of the injured ureter and treat-
ment with antibiotics will generally suffice in the
management of calculi extruded during uretero-
scopic manipulation.

Stone basketing can lead to denudation of the
ureteral mucosa, submucosal false passages, and
even avulsion of the distal ureter. Management is
akin to similar injuries resulting from uretero-
scopy (Fig. 2.12c).

Ureteral obstruction may occur at the aorto-
iliac and aorto-bifemoral anastomosis site as a
complication of arterial bypass surgery. BLasco
and Sarapik (1991) found a 20% incidence of
asymptomatic hydronephrosis after aortovascular
bypass surgery; symptomatic hydronephrosis
occurred in only 2%.

Urologic complications associated with vas-
cular reconstruction are often related to anato-
mic abnormalities secondary to vascular disease
(SPIrNAK et al. 1989; Fry et al. 1983). Retroperi-
toneal fibrosis caused by bypass graft surgery is a
real risk factor for the involved ureter (Brock and
Soroway 1980; MeciBow et al. 1979-1980).
Edema of the ureter following transection of
its lymphatics during freeing from the retroperi-
toneal bed and fibrosis engendered by blood and
serum enveloping denuded adventitia are the
pathophysiologic bases for stricture formation
and hyalinization of fibrous tissue simulating re-
troperitoneal fibrosis. However, 90% of ureteral
obstruction following aortic graft insertion is tran-
sient and will resolve within 3 months (GoLDEN-
BERG et al. 1988).

If a ureter is compressed by the bypass graft
placed anterior to the ureter, the recommended
corrective procedure is to divide the graft and
reposition the ureter anterior to the graft rather
than to divide the ureter (SpIrRNAK et al. 1989; Fry
et al. 1983). SpirNAK et al., in eight patients,
reported no graft complications if the diagnosis of
ureteral injury was established promptly and pri-
mary repair of the ureter instituted. Lack of such
complications is probably attributable to the
presence of sterile urine as well as the prophy-
lactic use of broad-spectrum antibiotics. Mid
ureteral injuries are best managed by watertight
uretero-ureterostomy, sealing with omentum,
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and placement of a double J stent. Distal ureteral
injuries should be handled by ureteroneocystos-
tomy, possibly in combination with a psoas hitch.

2.3 External Trauma

Ureteral and renal pelvic injuries secondary to ex-
ternal trauma are relatively uncommon, account-
ing for less than 1% of all urologic trauma (PRESTI
et al. 1989). Penetrating trauma is a more fre-
quent cause than blunt trauma. There is a fre-
quent association with injury to the small bowel,
stomach, pancreas, liver, spleen and major blood
vessels (Cass and Cass 1983; Cass 1983; BRIGHT
and Perers 1977). Immediate recognition of
ureteral injury is important (McGINTY and
MEeNDEZ 1977). McGiNTY and MENDEZ (1977)
reported a 32% incidence of nephrectomy in cases
of delayed recognition of ureteral injury. Unfor-
tunately, both intravenous urography (IVU) and
initial urine analysis may be unreliable indicators
of ureteral injury (PRESTI et al. 1989). PresTI et al.
(1989) noted absence of hematuria in 5 of 16
patients with ureteral and renal pelvic injuries as
well as normal or nondiagnostic intravenous uro-
grams in 8 of 11 such patients. In fact, as regards
hematuria a false-negative rate of up to 40% has
been reported in patients with proven injury to
the ureter (LaNG 1981).

The management of associated injuries re-
quires early and immediate attention. Adequate
urinary diversion can usually be achieved by in-
ternal double J ureteral stenting, thus deferring
reconstruction of the urinary tract (PRESTI et al.
1989; Cass and Cass 1983; Cass 1983; BRIGHT
and PETERs 1977).

Projectile injury can either sever the ureter or
cause secondary damage from the transmitted
shock wave (HOLDEN et al. 1976; STuTZMAN 1977,
RoHNER 1971; SpirNak et al. 1985; Lang 1981;
FisHER et al. 1972; Cass 1984; EICKENBERT and
AMIN 1976; FACKLER et al. 1986, LiroFF et al. 1977)
(Figs. 2.13-2.16). Despite the fact that only 48
cases of gunshot injury to the ureter were reported
in World War I, the recent literature indicates an
increase in civilian gunshot injuries to the ureter
(FisHER et al. 1972; KnasHu et al. 1975). Asso-
ciated injuries to intraabdominal organs are pre-
sent in virtually all cases (LanG 1981). However,
the extent of these other organ injuries, including
perforations of the bowel, should not preclude
primary repair of the ureteral injury.
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Fig. 2.13. An antegrade pyelogram demonstrates extra-
vasation of contrast medium-laden urine into a urinoma
from an incomplete tear of the mid portion of the right
ureter

>

Fig. 2.14. a Extravasation of contrast medium-laden urine
is demonstrated from the left upper ureter, which has been
partially severed by a projectile. A stent is seen in position
from the left renal pelvis to the bladder. The urinoma is
drained by a percutaneous drainage catheter. b A follow-
up study no longer shows extravasation at the site of
partial severance of the ureter. Drainage appears to be via
the stent into the bladder; the defect has probably been
covered by uroepithelium
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Fig. 2.15. A follow-up antegrade pyelogram, some 6
weeks after placement of a stent following acute projectile
injury to the retroperitoneum and peritoneal organs,
demonstrates extravasation at two sites. This is felt to be
caused by late necrosis attendant upon the effect of a
shockwave generated by the passing high velocity projectile
and causing thrombosis of small vessels supplying the
ureter

All patients with gunshot or other penetrating
injuries located in the vicinity of the urinary tract
should routinely undergo imaging studies to rule
out urinary tract injuries regardless of findings
from other studies, including urinanalysis (LANG
1981). Ureteral injury should be suspected if a
retroperitoneal hematoma or fluid collection is
present (Figs. 2.13, 2.14a). Injury to the bladder
should provoke a high index of suspicion of as-
sociated ureteral injury. Passage of a projectile
in the vicinity of the ureter may present with
delayed manifestations. Damage from the trans-
mitted shock wave can cause thrombosis of small
blood vessels resulting in ureteral ischemia; stric-
ture formation or fistulization may be the con-
sequence (Ronner 1971) (Figs. 2.15, 2.16).
Simultaneous injury to the pancreas can liberate
digestive enzymes, which greatly fosters fistuliza-
tion (SEILER et al. 1991) (Fig. 2.17).

Blunt trauma is a rare cause of injury to the
ureter; however, ureteral avulsion can be the
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Fig. 2.16. An intravenous urogram demonstrates extra-
vasation in the right half of the true pelvis. The ureter,
severed by a projectile, has been reimplanted in the blad-
der; however, the ureteroneocystostomy broke down
owing to devascularization of the ureter caused by the
shockwave produced by the passing high velocity projectile

consequence of acute acceleration/deceleration
trauma (CampBELL et al. 1993; SEILER et al. 1991;
WALLDN et al. 1975; PaLMER and Draco 1981;
BeamuD-GoMEZ et al. 1986; LivNE and GONZALES
1985; REezNIcHEK et al. 1973). Hyperextension
following sudden acceleration or deceleration sets
the stage for this injury (PALMER and DraGo 1981).
The injury mechanism is the result of two suc-
cessive events: first, the ureter tenses like a
bowstring and thereafter it is lashed against the
transverse process of the lumbar vertebrae at-
tendant to the sudden motion of the collecting
system (PALMER and DraGo 1981; LABERGE et al.
1979). Hematuria, microscopic or gross, is pre-
sent in only about 66% of the patients (PALMER
and DraGo 1981). Again, injury to other organ
systems often requires more immediate attention.

Contrast-enhanced computed tomography
(CT) scans, and particularly delayed CT scans
demonstrating small irregular collections of con-
trast medium medial to the kidney, offer the most
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Fig. 2.17. Note the presence of a ureteral pancreatic fistula
(arrows) resulting in opacification of the pancreatic duct
and the duodenum by contrast medium-laden urine. (LaNG
1981)

>

Fig. 2.18. a A CT scan demonstrates extravasation from a
dehiscence at the ureteropelvic junction and puddling of
contrast medium medial to the kidney. b A CT scan de-
monstrates a ureterobilial fistula on the left side (arrows).
¢ Extravasation in the peripelvic space is appreciated on a
post-enhancement CT scan. The pelvis itself is devoid
of opacified urine. This appearance is characteristic for
opacification via peripelvic lymphatics in patients with
obstruction of the ureter

consistent imaging findings suggesting traumatic
avulsion (TEMPLETON et al. 1988) (Fig. 2.18). Lack
of visualization of the afflicted ureter on sequen-
tial slices and demonstration of the aforemen-
tioned type of extravasation are considered telltale
indications of avulsion of the ureter at the ure-
teropelvic junction. Initially, undetected avulsion
of the ureteropelvic junction may present with
pleural effusion and an elevated creatinine level
in the effusion (SELIER et al. 1991). It is postulated
that the urine reaches the pleural space by in-
creased lymphatic drainage (CORRIERE et al. 1968).

Ideally, traumatic ureteropelvic disruption is
diagnosed prior to extensive local reaction, and
reconstruction should be possible by pyeloplasty
or ureterocalicostomy (LyTrToN and ScHirr 1981).
Alternatively, autotransplantation of the kidney
may be utilized. Ileal interposition may be the
procedure of choice after severe scarring has
occurred (LyrroN and ScHIFF 1981; CASALE et al.
1985).

25



26

2.4 Presenting Symptoms

Recognition of iatrogenic ureteral injury is often
delayed by 7-10 days (DowLING et al. 1986;
WaALLUN et al. 1975; PALMER and Draco 1981;
FLYNN et al. 1979). DowLiNG et al. (1986) re-
ported immediate diagnosis of ureteral injury at
the time of surgery in only 4 of 27 patients. The
time-honored technique of verifying ureteral in-
tegrity and patency after pelvic or abdominal
surgery in proximity to the ureter utilizes intra-
venous injections of 5 ml indigo carmine. Ejacula-
tion of dye from both ureteral orifices should be
observed.

The relative lack of specificity and the paucity
of symptoms explain the frequent delay in diag-
nosis (Boyp 1987). Symptoms range from total
absence of any discernible manifestations to a
severe symptom complex with febrile reaction and
marked biochemical alterations (DOWLING et al.
1986; ST. MARTIN et al. 1953; FLYNN et al. 1979).
Postoperative anuria is a severe symptom that
should prompt urgent evaluation of ureteral
patency (BRUBAKER and WILBANKS 1991). Unila-
teral ureteral ligation, again, may be silent or may
produce prompt flank pain. Partial or complete
transactions may cause fever, pain, retroperi-
toneal urinoma formation, ileus, and abdominal
distention (BaraNYAI 1987). The serum creatinine
should rise as urine is reabsorbed from the peri-
toneal cavity. Hematuria is a rare manifestation
and, if present, tends to be microscopic and tran-
sient (PALMER and DraGo 1981).

Urinary leakage, other than from the urethra,
should lead to a search for a fistula. In general,
urinary leakage becomes manifest only after a
delay of 7-10 days (UnpeErwooD et al. 1977,
WALLDN et al. 1975). The diagnosis can be aided
by analysis of drainage fluid for urea nitrogen and
creatinine (GUERRIERO 1989). A ureterovaginal
fistula may be recognized by various dye and
radiologic tests (BRUBAKER and WILBANKS 1991).
Dye testing should include testing with Congo red
in the bladder through a urethral catheter. Intra-
venous blue dye (indigo carmine) should also be
given. A tampon is placed in the vagina. The
presence of red dye alone suggests a vesicovaginal
fistula, whereas the presence of blue dye suggests
a uretero-vaginal fistula. If both dyes are seen,
multiple fistulae are present.

Ureteral fistulae may also occur in other loca-
tions, e.g., ureteroenteric or ureterocutaneous
fistulae (Fig. 2.18b).
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Intraoperative recognition of vascular injury
to the ureter is based on discoloration, lack of
peristalsis, and absence of ureteral bleeding from
cut surfaces of the ureter.

2.5 Diagnostic Imaging Studies

Diagnostic imaging studies are performed to
ascertain the presence and identify the site and
nature of injury to the ureter or ureteropelvic
junction as well as to other parenchymal or retro-
peritoneal organs. Plain radiographs are useful to
identify skeletal injuries and foreign bodies.

Intravenous urography remains a key exam-
ination for assessment of ureteral injury. How-
ever, its sensitivity for identifying extravasation of
urine and, therefore, potential ureteral injury has
been reported to be as low as 27% (PresTi et al.
1989). The status of kidney function and the
magnitude of extravasation influence the ability
to demonstrate such a leak. Intravenous urograms
obtained in the immediate postoperative period
are often of suboptimal quality and the yield for
identifying ureteral injury may, therefore, be low
(Larson et al. 1987). Conversely, high dose infu-
sion pyelograms obtained in clearly symptomatic
patients tend to have a higher yield.

Hydronephrosis is the most common uro-
graphic manifestation of ureteral injury, being
present in more than 90% of such patients. (FLYNN
et al. 1979). However, some dilatation of the
ureter and collecting system is a common tran-
sient postoperative manifestation in patients who
have had pelvic, retroperitoneal, or gynecologic
surgery (GAL and BucHsBaUM 1983; LARSON et al.
1987; BucHsBauM 1986). A sustained and dense
nephrogram and delayed appearance of contrast
medium in the collecting system in association
with progressive hydronephrosis are other mani-
festations of ureteral trauma (BucHsBaum 1986;
MaLLik 1960).

Avulsion of the ureter and/or dehiscence at the
ureteropelvic junction often show a normal in-
trarenal collecting system and prompt excretion
of contrast medium. Extravasation of contrast
medium-laden urine medial to the renal pelvis
and ureter is the diagnostic finding (BEAMUD-
GoMEz et al. 1986; KENNEY et al. 1987). However,
this appearance is closely mimicked by opacifica-
tion of peripelvic lymphatics in patients with
obstruction secondary to calculus or neoplasm
(LanG 1983) (Fig. 2.18c).
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Urographic demonstration of ureteral fistulae
is successful in only 25% of patients. Extravasa-
tion of opacified urine into urinomas, however, is
recognized at a much higher rate (DOwLING et al.
1986; ScHuLtz et al. 1987; HoLDEN et al. 1976).

Retrograde and/or antegrade ureterograms are
the gold standard for affirming the presence
of ureteral injury and defining its magnitude
and characteristics, e.g., associated fistulas and
urinomas. Retrograde ureterography has been
proposed as the modality for ascertaining con-
tinuity or dehiscence of the ureter in patients
examined with a delay of 36h or greater (LANG
1983). Forceful antegrade or retrograde injec-
tions are better able to demonstrate small ureteral
perforations that may be temporarily sealed by
edema or clot and fail to visualize on intravenous
urograms.

Computed tomography is capable of identifying
even minimal extravasation of contrast medium-
laden urine because of its high sensitivity to minor
differences in attenuation coefficients. This high
sensitivity makes possible differentiation of li-
quefying hematomas from urinomas. Contrast-
enhanced and delayed CT scans are the method
of choice for assessing ureteral avulsion or trau-
matic dehiscence of the ureteropelvic junction
(KENNEY et al. 1987). Other characteristic findings
heralding this complication are a negative defect
within a pool of extravasated opacified urine and
lack of opacification of the afflicted ureter on any
of the sequential slices through the lower abdo-
men and pelvis (KENNEY et al. 1987) (Fig. 2.19).

In addition, CT and dynamic CT are the pro-
cedures of choice to assess tissue viability of
parenchymal organs (Lanc 1983). Delayed, he-
terogeneous, decreased, or absent enhancement
indicates reduced or absent capillary perfusion of
the afflicted tissues. Moreover, the ability of CT
to detect minute amounts of free air provides a
highly sensitive parameter for diagnosis of injury
to hollow viscera (FEDERLE et al. 1984).

Radionuclide studies are, likewise, highly sen-
sitive for detection of minute extravasation
(McConnELL et al. 1981; DELANGE et al. 1982).
In general, the diagnosis is easiest on delayed
scintiscans showing accumulation of the radio-
active tracer material in an abnormal location.
Moreover, radionuclide studies may also confirm
obstruction.

Dynamic gadolinium diethylenetriamine penta-
acetic acid (DTPA)-enhanced MRI may dif-
ferentiate acute from chronic ureteral obstruction
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Fig. 2.19. A CT scan demonstrates extravasation of con-
trast medium medial to the kidney. There is evidence of
opacification of the ureter (arrow), indicating that only a
partial dehiscence exists

and a dilated nonobstructed from an obstructed
renal unit (SEMELKA et al. 1990).
Uretero—arterial or ureterovenous fistulas oc-
cur most commonly as a consequence of erosion
caused by an indwelling ureteral stent (BHARGAVA
and Yuser 1987; SMiTH 1984; WHEATLEY et al.
1981; NELsoN and Friep 1981; TooLIN et al. 1984;
Apams 1984; Kar et al. 1984). Stone disease,
pelvic surgery, and instrumentation with ridged
ureteroscopes or basketing of calculi likewise may
cause ureterocaval, ureterovenous, and uretero—
arterial fistulas. Arteriography or phlebography is
the procedure of choice to document uretero-
vascular communications (TOOLIN et al. 1984).

2.6 Treatment

Treatment of surgical ureteral injuries is governed
by the site and length of the damaged segment.
The choice of repair is also influenced by under-
lying factors such as uncontrolled cancer, infec-
tion, retroperitoneal fibrosis, devascularization
attendant upon prior radiation therapy, or pre-
sence of a vascular graft (St. LEzIN and STOLLER
1991; TARKINGTON et al. 1991). Whenever poss-
ible, immediate reconstruction of ureteral con-
tinuity should be attempted (TARKINGTON et al.
1991).

Injuries recognized during open surgery are
best repaired immediately. Areas of questionable
viability should be debrided to avoid late necrosis
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of nonviable ureter with formation of delayed
fistulas, urinomas, and strictures (St. LEZIN and
StoLLER 1991). Whenever possible, the repair site
is isolated from infection or cancer. In the case of
associated vascular injury or presence of a graft,
interposition of the omentum between the ureteral
repair site and the injured vessel will assure blood
supply to the ureter and help prevent contamina-
tion of the artery (GUERRIERO 1989).

Injuries resulting from ligation and crushing of
the ureter with a clamp often can be handled by

E.K. Lang

Fig. 2.21. An antegrade pyelogram demonstrates extra-
vasation at the level of the uretero-ileostomy. The anas-
tomosis must be taken down and a new one performed to
viable components of the ileal loop

<

Fig. 2.20. a A catheter has been advanced through a right
nephrostomy tube and the right ureter into the appendix.
The injection phase demonstrates opacification of the right
colon. b An antegrade ureterogram demonstrates con-
tinued drainage from the right ureter through the appendix
into the cecum. The lower anastomosis of the ureter was
improperly performed to the appendix, thus causing a
ureteral — appendiceal fistula

removal of the inappropriately placed suture or
clamp and ureteral stenting, if the ureter appears
to be viable after removal of the compression
(BrUBAKER and WILBANKS 1991; TARKINGTON et
al. 1991; DarLy and HicGINs 1988; LANG 1988).
Debridement of the involved segment is necessary
if viability is uncertain. Ureteral reanastomosis or
ureteroneocystomy after resection of the involved
segment of the ureter is then the recommended
procedure (ST. LEZIN and STOLLER 1991; ZINMAN
et al. 1978).
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Fig. 2.22. a An antegrade pyelogram of a transplanted
kidney demonstrates stenosis at the ureteroneocystostomy
site as well as multiple studded defects suggesting small
urinomas secondary to leakage from the partially dehiscent
reimplantation site. b Anastomosis of the native ureter to
the transplant renal pelvis to bypass the strictured cadaver
transplant ureter
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Fig. 2.23. A rigid ureteroscope has been advanced through
the native ureter to perform a percutaneous ureterocali-
costomy with the intent of bypassing the totally obstructed
cadaver transplant ureter

For repair of ureteral injury involving the distal
ureter, a common site of injury sustained during
gynecologic procedures, antireflux ureteroneo-
cystostomy is the simplest and most effective
method of surgical correction. Percutaneous
ureteroneocystostomy is an excellent alternative,
particularly in the repair of ureteral dehiscence
attendant upon vaginal hysterectomy (LANG 1988)
(Fig. 2.1c). If a long segment defect needs to be
bridged, the psoas hitch or Boari bladder flap pro-
cedure is advocated (Boxer et al. 1978; WILLIAMS
and PorTER 1966; KONIGSBERG et al. 1975).

For correction of extensive injuries in the mid
ureter, transuretero-ureterostomy should be con-
sidered (St. LEzIN and StoLLER 1991; HENDREN
and HensLE 1980; HoDGEs et al. 1980).

For injuries in the proximal ureter, uretero-
ureterostomy will usually suffice (St. LEziN and
StoLLER 1991). Autotransplantation or intestinal
interposition is an alternative procedure if a long
defect in the proximal ureter needs to be bridged
(SEILER et al. 1991; Bopik et al. 1986; BoxEr et al.
1979). Occasionally, the appendix provides an
opportune pedicle graft which can be interposed
to bridge long defects of the right upper ureter
(Komatz and Iton 1990) (Fig. 2.20). Dehiscence
or breakdown of ureteroenteric anastomoses gen-
erally mandates surgical revision (Fig. 2.21).
Dehiscence or obstruction at the ureteroneocys-
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tostomy site of transplant kidneys is best treated
by ureteropyelotomy or ureterocalicostomy using
the native ureter, if retained (Figs. 2.22, 2.23).
However, recent advances in interventional ra-
diologic and endourologic techniques have vastly
increased conservative management, particularly
of the partially dehiscent ureter (FLYNN et al.
1979; HopGes et al. 1980; BHATTACHARYA et al.
1986; LanG 1987b; HUFFMAN et al. 1983).
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3.1 Introduction

Catheter dilatation of ureteral strictures was re-
ported as early as 1890 (MurpHy 1972). The pro-
cedure, however, did not become widely used
because of numerous complications. Today, sur-
gical techniques such as end-to-end anastomosis
after resection of the stricture, transureteros-
tomies, and augmentation or interposition pro-
cedures compete with percutaneous management
of wureteral strictures (BANNER et al. 1983;
DEWEERD et al. 1969; LANG and GLORIOSO 1988).
Percutaneous management of ureteral strictures
is a natural evolution of the percutaneous ne-
phrostomy and angiographic techniques for di-
latation of vascular stenosis (Dixon et al. 1982;
GruntziG and Hoprrr 1974; KADIR et al. 1982).
Continued improvements in guidewires and
catheter equipment have improved both the ef-
ficacy and the safety of dilatation technique.
Since 1977, multiple reports have suggested
that the benign ureteral strictures can be suc-
cessfully treated with a combination of balloon
catheters, tapered dilating catheters, and tempo-
rary ureteral stents (BANNER et al. 1983; BARBARIC
et al. 1977; BIGONGIARI et al. 1979; JOHNSON et al.
1987; Lanc 1984a, 1986, 1987, MARTIN et al.
1982; WITHERINGTON and SHELOR 1980; KAPLAN et
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al. 1982; LiEBERMAN et al. 1982; LisT et al. 1983).
The percutaneous transluminal dilatation proce-
dure spares the patient the cost and risk of an
extensive surgical procedure, and for many types
of strictures offers the patient a potentially equally
effective and perhaps safer approach. Such
management is particularly attractive since many
of these injuries arise as a complication of previous
surgery and reoperation for repair is more difficult.

However, most recent data indicate the need
for stratification of patients according to under-
lying etiology of such strictures, demographic
criteria, and particularly estimation of viability,
i.e., vascular supply to the stricture and adjacent
ureter (LaNG and THoMAS 1992). While the results
of balloon dilatation of short strictures of the
ureter with apparently intact vascular supply and
without underlying malignant etiology are most
acceptable (in the 50% —80% cure range), surgical
procedures such as endopyelotomy or endoure-
terotomy offer better results for strictures at the
ureteropelvic junction or long strictures of the
ureter (see Sect. 3.3).

The more complex surgical procedures such as
transverse ureteroureterostomy or interposition
procedures are generally reserved for the man-
agement of strictures refractory to the less invasive
techniques or those occurring in patients with
underlying neoplastic disease and, often, prior
surgical or radiotherapeutic interventions. How-
ever, even patients with strictures caused by
recurrent neoplastic disease are sometimes ef-
ficaciously managed by transluminal dilatation
and placement of permanent indwelling stents
(LucMAYR and PAUER 1992; CorNUD et al. 1991).
While most strictures in the past were secondary
to open surgery or trauma, the increase in ureteral
manipulation has introduced a new source of
ureteral injuries. Fortunately, strictures resulting
from such injuries are usually amenable to per-
cutaneous management. Today most benign ure-
teral strictures deserve at least an attempt at
transluminal dilatation.
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Fig. 3.1. a The posterior superior calyx of the right kidney
has been accessed to offer a straight pathway to the
ureteral pelvic junction in this patient with an apparent ob-
struction following a dismembered pyeloplasty. A Head-
hunter catheter has been introduced and the tip has engaged
the ureteropelvic junction (arrowhead). b A guidewire has
been advanced through the stricture into the upper right
ureter. Bougie dilatation of the stricture is now carried out
with tapered, progressively larger straight Teflon catheters.
(LaNG 1986)

E K. Lang and P.F. Fritzsche
3.2 Technique of Transluminal Dilatation

An optimal approach for transluminal dilatation
is selected on the basis of etiologic, morphologic,
and topographic information about the stricture
(LANG 1984, 1987; LANG and GrLorioso 1988).
Strictures of the lower and pelvic ureter are often
approached most easily via a retrograde pathway.
Conversely, most strictures of the ureteropelvic
junction, upper ureter, and midureter and those
occurring at ureteral ileal anastomoses or involv-
ing the ureters of transplanted kidneys are most
easily accessible via an antegrade approach.

Dilatation is usually performed 2-3 days after
a percutaneous nephrostomy to allow for tract
maturation. Entry into the collecting system via
an interpolar calyx is recommended for antegrade
transluminal dilatation of all strictures except
those at the ureteropelvic junction and those oc-
curring in transplant kidneys (BECKMANN and
RotH 1987). In the latter cases, entry via the
superior calyceal group is ideal because of the
direct path to the area of interest (Fig. 3.1).

For optimal guidewire and catheter selection,
antegrade urography is suggested to outline the
anatomy. Often, the orifice of the stricture is
eccentric to the dilated segment of the ureter.
The best combination for crossing a stricture is a
slightly curved catheter with a floppy tip straight
guidewire. Rotation of the catheter while simul-
taneous gently probing with the guidewire facili-
tates engagement of the eccentric opening of the
stricture (Fig. 3.2a). The stricture can be studied
in detail by injection of contrast medium through
the catheter. A forceful injection of dilute con-
trast medium through the catheter engaged in
the stricture can also hydrodilate such strictures
(LanG 1987; Lanc and Grorioso 1988) (Fig.
3.2b). Once the stricture is engaged, a floppy tip
guidewire can be advanced into either the bladder
or the ileal conduit (Fig. 4.2c). The Torumo
guidewire (glidewire, Medi-tech, Watertown,
Mass.) is useful in crossing severe stenosis.

After the guidewire has crossed the stricture,
the slightly curved tip catheter is removed and
a straight Teflon catheter or Lieberman sheath
system (Cook, Bloomington, Ind.) is inserted.
After the Lieberman sheath (8.5 F) has been
advanced through the stricture, the inner tapered
catheter (6.5 F) is removed and a rigid wire is
inserted. The Lunderquist “‘coat hanger” wire
(Cook) or Amplatz super stiff wire (Medi-tech)
facilitates advancement and seating of the balloon
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catheter. The flexible wire can be left distal to the
stricture as a “safety”” wire. The advantage of the
Lieberman catheter is that it allows the placement
of two guidewires and because of the tapering,
it provides some dilatation prior to balloon
insertion. To prevent recoil or dislodging during
inflation of the balloon, the main guidewire must
be coiled in the bladder or ileal loop. At times,
the guidewire may be passed through the stoma of
the ureteral ileal anastomosis. Control of both
ends of the guidewire affords a more secure seating
of the balloon and use of much greater force when
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Fig. 3.2. a A slightly curved tip catheter has been engaged
into the eccentric orifice of the stricture. The injection
phase characterizes the stricture. b A forceful injection of
dilute contrast medium serves to hydrodilate the stricture.
¢ A guidewire has now been advanced through the stric-
ture into the bladder. d A balloon has been placed across
the stricture extending at least 0.5 cm to either margin of
the stricture. The inflated balloon no longer shows any
waist, nor was there recurrence of a waist when deflating
the balloon. This indicates a salutary response to the
transluminal dilatation. e Finally, an 8.5-F stent is placed
across the stricture; this will be replaced by a 9-F stent in 2
weeks to minimize cicatricial narrowing. (LANG 1987)
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Fig. 3.3a—e. Postsurgical stricture following ileal conduit
for dysfunctional bladder and posterior ureteral valves.
a Loopogram demonstrates areas of dilatation and multiple
stenosis and left ureter (I) with proximal ureterectasis and
pelvic caliectasis. Reflux into the transplant kidney in
the right lower quadrant is also noted. b Following per-
cutaneous nephrostomy, the nephrostogram shows mode-
rate pelvic caliectasis and proximal ureterectasis secondary
to stricture (/) in the proximal ureter. ¢ A guidewire (1)
has traversed the stenosis and is in the loop of the ileum. A
high pressure balloon catheter (2) is inflated at the stric-
ture site without evidence of an indentation following 60's
of pressure. d A double pigtail stent catheter () traverses
the stricture with a proximal pigtail in the dilated pelvis
and the distal pigtail in the ileum. A nephrostomy catheter
with the pigtail near the ureteral pelvic junction (2) has
been left in place. e Postdilatation loopogram 6 weeks later
shows tapered narrowing of the ureter (/) with less pelvic
caliectasis than on the predilatation loopogram. Reflux
into the transplanted kidney in the right lower quadrant
(2) is again noted

E.K. Lang and P.F. Fritzsche

utilizing a tapered van Andal catheter or tapered
coaxial Teflon dilators. Any uncovered segment
of the guidewire exiting from stoma or flank must
be protected by a sheath to avoid a saw action
upon the soft tissues.

For balloon dilatation of ureteroenteric stric-
tures, a transconduit retrograde approach may be
preferable (BANNER et al. 1989; SHapiro et al.
1988) (Fig. 3.3).

The length of the balloon is determined by the
proceeding diagnostic study. The balloon extends
to either side of the stricture by a margin of at
least 0.5 cm (Fig. 3.2d). Balloons either 4 or 6 mm
in diameter are matched to the adjacent normal
ureter for ureteric strictures, 8—12 mm in diameter
for ureteropelvic junction strictures, and 8—10 mm
in diameter for strictures occurring at ureteral
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ileal anastomoses. The balloon is advanced over
the rigid wire until it is centered at the stricture.
High pressure balloons are then inflated to the
maximal diameter with diluted contrast material
for 2-3 min. Inflation is repeated until a stricture
no longer makes an impression or “waist” on the
inflated balloon. Lack of reformation of a waist
configuration when the balloon is deflated is the
accepted criterion for complete and successful
dissolution of the stricture (Figs. 3.2d, 3.4). How-
ever, if no impression is noted on the initial
balloon inflation, it is necessary to use a balloon
1 mm larger in diameter. If antegrade urography
demonstrates persistence of the stricture, it can
be redilated immediately and then again a few
days later with a larger balloon. Each stricture is
dilated until the waist disappears.

After successful dilatation, a C-Flex (Cook)
or Percuflex (Medi-tech) ureteral stent is placed
across the stricture (MrrTy et al. 1987). The stent
catheters may be left in place for between several
days and 3-4 months (CoLEmAN et al. 1984; GLANZ
et al. 1983; Lang 1984, 1987; MurpHY 1972;
PiNGoub et al. 1980; VoOEeGELI et al. 1988). The
underlying etiology of the stricture determines
the duration of the stent retention. In some cases,
it may be advisable to exchange the stents for
progressively larger ones to assure maintenance
of an acceptable lumen at the time of maximal
fibrotic reaction (Fig. 3.2e). Internal stents are
preferred by some and are then removed by
cystoscopy (VOEGEL! et al. 1988). The nephros-
tomy catheter should be retained at least until
stent function is ascertained and sometimes until
the ureteral stent is removed since there is risk of
obstruction due to ureteral edema whenever the
stents are removed (LAVINE et al. 1982).

An indication of the effectiveness of the trans-
luminal dilatation of the ureteral stricture is given
by comparison of predilatation and postdilatation
urodynamic studies if a nephrostomy has been left
in place. The postdilatation urodynamic studies
must be undertaken after edema attendant upon
the use of indwelling stent has subsided. The
Whittaker test and radionuclide renal plasma flow
studies provide assessment for residual obstruc-
tion. If the nephrostomy tube is not in place,
then the dilatation is evaluated by morphologic
detail on sonograms, intravenous urograms, and
nuclear renal scans.

In cases of postsurgical strictures, transluminal
dilatation can be entertained within 1 week after
surgery. Reabsorbable sutures tend to loosen 1-3
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Fig. 3.4. Note the residual waist of the inflated balloon
(arrowheads) indicating that this stricture proximal to the
ureteroileostomy has as yet not yielded

weeks after placement and any resultant stricture
will readily respond under the pressure of a dilat-
ing balloon (KAPLAN et al. 1982) (Fig. 3.5).
Providing the ureter has not been devitalized
by stripping during a surgical procedure, damaged
by prior radiation therapy, or compromised by
recurrent tumor, excellent results can be expected
with transluminal dilatation (Lang 1988). Poor
results encountered in patients with underlying
neoplastic disease are due to devitalization of the
ureter rather than recurrent neoplasm. Radical
pelvic surgery, retroperitoneal node dissection,
and other cancer operations strip the adventitia of
the ureter to remove lymphatics and commonly
compromise the vascular supply with ensuing
fibrosis. Similarly, radiation therapy to the pelvis
will frequently cause thrombosis of supply vessels
to the ureter and subsequent devascularization of
the ureter may result. The poor results of trans-
luminal dilatation in inflammatory strictures are
attributable to devascularization of segments of
the ureter attendant upon endarteritis obliter&ns.
To perform endopyelotomy or endouretero-
tomy, a tract to the kidney pelvis is developed in a
fashion akin to the procedure for percutaneous
pyelolithotomy (LERoOY et al. 1984). After a rigid
guidewire (Lunderquist, Cook, or Amplatz super-
stiff wire, Medi-Tech) has been advanced into
the bladder, a 10-mm Olbert balloon catheter
(Bard, Billerica, MA) or Amplatz dilators (Cook,
Blooming, IN) are used to dilate the tract to
accept a 28-F Amplatz sheath. A flexible ureter-
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oscope or choledochoscope is then introduced
and the stricture at the ureteropelvic junction or
- o X .

in the ureter is visually identified. A laser or
electrocautery incision is made over the length of
the stricture at the ureteropelvic junction or of
the ureter, at 9 o’clock extending into the periure-
teric or peripelvic fat (BusH et al. 1989; LANG
and THoMas 1992). Additional dilatation with a
balloon catheter (12-mm balloon at the level of
the ureteropelvic junction, 8-mm balloon in the
ureter) may then be carried out. A double J stent
is then placed and retained for 4 weeks. In
endopyelotomy patients, a nephrostomy tube is
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Fig. 3.5. a A guidewire is forced through a stricture caused
by a suture transfixing the ureter. b Bougie dilatation is
carried out to a French size 9 and an indwelling stent left in
position for 3 weeks. ¢ An antegrade pyelogram following
removal of the stent demonstrates irregularity of the ureter
attributable to edema. This appearance normalized within
48h. (Lanc 1987)

usually retained for 3—4 days. Antegrade pyelo-
grams, obtained immediately after the endopye-
lotomy, will invariable show extravasation into
the peripelvic fat.

3.3 Results

Percutaneous transluminal dilatation of ureteral
strictures is successful in 50% of patients in most
series (BANNER et al. 1983; BECKMANN et al. 1989;
GoTHLIN et al. 1988; LaNG 1984, 1987; LanG and
GLorI0SO 1988; O’BRIEN et al. 1988; REIMER and
OswaLt 1981). Transluminal dilatation of ureteral
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strictures has proved most effective in the man-
agement of short strictures caused by trauma and
without historical information suggesting vascular
compromise. Transluminal balloon dilatation has
been successful in up to 91% of such patients
with fresh strictures (LANG 1986, 1987; LANG and
GLorioso 1988; LaNG and THoMas 1992). How-
ever, in at least two other series, the interval
between injury and transluminal dilatation did
not affect the rate of success (O’BRIEN 1988;
VOEGELI et al. 1988).

Results with strictures in transplanted ureters
have been less predictable (BANNER and PoLrAck
1984). Dilatation was successful in 11 of 14 stric-
tures in transplanted ureters. In 4 of 11 successful
cases, the strictures were diagnosed from 6 to 13
years after transplantation (VOEGELI et al. 1988).
The findings suggest the dilatation should be
attempted regardless of age of the stricture
(L1EBERMAN et al. 1982; List et al. 1983; KM et al.
1993).

Strictures that are easily negotiated have been
reported to be more likely treated effectively with
dilatation and stenting (O’BRIEN et al. 1988). Re-
sponse to dilatation may also be related to severity
and length of the stricture. Previous infection,
urinary extravasation, and vascular compromise
may be factors in the formation of long ureteral
strictures and their resistance to dilatation.

Fresh inflammatory strictures tend to respond
readily to transluminal dilatation (LANG 1986,
1987; LanG and Grorioso 1988). It is important
to remove the underlying cause of the inflamma-
tory response, such as retroperitoneal abscesses,
to avoid repeated stricture formation.

Strictures of the ureteropelvic junction or long
strictures of the ureter are best treated by en-
dopyelotomy and endoureterotomy followed by
transluminal dilatation and stenting for approxi-
mately 4 weeks. Endopyelotomy is credited with
a success rate of up to 87.5% in the treatment of
secondary ureteropelvic junction strictures while
the success rate of transluminal balloon dilatation
of such lesions reaches only 37.5% (BusH 1989;
LanG and Tuomas 1992). Endoureterotomy is
reported to have a success rate of up to 90% in
the management of ureteral strictures of 5cm or
greater whereas transluminal balloon dilatation of
strictures of this length has a 50-80 percentile
success rate (BECKMAN et al. 1989; LaNG and
THoMmas 1992). For these reasons endopyelotomy
and endoureterotomy via an antegrade approach
are advocated for the management of such lesions.
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Devascularized ureteral strictures pose a par-
ticular problem since these strictures respond
poorly to transluminal dilatation. Vascular com-
promise of the ureter is common in patients with
underlying neoplastic disease, those with previous
radiation or radical surgery, and also those with
transplanted ureters. Even if there is temporary
reprieve with the transluminal dilatation, stric-
tures caused by devascularization will redevelop
and be refractory to further transluminal dilata-
tion (LANG and GLORIOSO 1988).

Patients with strictures caused by known or
suspected tumor recurrence are best handled by
placement of a permanent or semipermanent
stent catheter since transluminal dilatation is un-
likely to provide long-term results.

3.4 Complications

Complications of transluminal dilatation of stric-
tures and stent placement are relatively rare.
Some believe that long-term ureteral stent may
lead to mucosal irritation and recurrent stricture
formation. Others think that large diameter stents
may cause ureteral ischemia and contribute to
recurrent stenosis (BANNER et al. 1983). Rupture
at the stricture site during balloon dilatation has
been reported (BANNER et al. 1983). Pressure
erosion by an indwelling stent can result in
ureteral arterial or ureteral bowel fistula (ApDams
1984; KAR et al. 1984; WHEATLEY et al. 1981). The
common iliac artery, being closely related to the
base of an ileal conduit, is particularly susceptible
to pressure erosion and fistula formation from an
indwelling ureteral stent (Apams 1984). Lethal
complications appear to be attributable primarily
to sepsis (WALTER et al. 1985).

Metalic stents combining rigid maintainance of
lumen with a degree of flexibility have recently
been introduced in the management of extrinsic
or intrinsic compromise of the ureteral lumen
(PAUER 1992; TororOFF 1992).
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4.1 Introduction

The ureters, nestled snugly in their retroperitoneal
course, lie close to many abdominal and pelvic
structures. Primary ureteral as well as secondary
abdominal and pelvic, nonureteral, surgical pro-
cedures may result in alterations in ureteral
appearance. Evaluation of the postoperative
ureter may involve many imaging modalities, in-
cluding plain radiography, intravenous urography,
retrograde ureteropyelography, antegrade py-
eloureterography, angiography, radionuclide
imaging, ultrasonography, computed tomography
(CT), and magnetic resonance imaging (MRI)
PrisTER and NEWHOUSE 1978).

Ureteral strictures, sometimes a result of these
processes, are discussed elsewhere in this volume
(see Chap. 3). Shock wave lithotripsy with its
inherent trauma to urinary calculi also may injure
the kidneys, ureters, and other retroperitoneal
structures. These alterations lie beyond the scope
of this chapter.

Davip B. SPrRING, M.D., Associate Professor, Department
of Radiology, Kaiser Permanente Medical Center, The
Permanente Medical Group Inc., 280 West MacArthur
Boulevard. Oakland, CA 94611-5693, USA

4.2 Ureteral Anatomy

The ureters conduct urine from the renal pelvis to
the urinary bladder. It is self-evident that ‘‘a good
kidney is dependent on a good ureter” (BERGMAN
1967). About two-thirds of each ureter is “abdo-
minal,” following a course to the iliopectineal line
at the pelvic brim; the “pelvic” ureter, or lower-
third ureter, follows a course to the posterolateral
bladder wall. Adult ureters are each approxi-
mately 25 cm long. Surgical procedures that alter
the ureters or nearby structures may affect the
appearance and function of the ureters. In addi-
tion to the description of ureteral anatomy given
here, the reader is referred to THorek (1985).

4.2.1 Abdominal Ureters

The right abdominal ureter follows a retroperi-
toneal course from lateral to the inflerior vena
cava and posterior to the second portion of the
duodenum. It passes anterior to the right psoas
muscle which traverses from medial to lateral as it
passes caudad, resulting in a ureter that crosses
from lateral to medial surface of the psoas muscle.
The right abdominal ureter ends at the right com-
mon iliac bifurcation, where, after passing anterior
to the vessels, it becomes the pelvic ureter.

The left abdominal ureter lies lateral to the
abdominal aorta, also descending anterior to
the psoas muscle. The left ureter usually reaches
the pelvic brim anterior to the left common iliac
vessels, 1-2cm before the bifurcation, where it
turns into the left pelvic ureter.

4.2.2 Pelvic Ureters in Males

The male pelvic ureters pass downwards near the
lower border of the internal iliac arteries, soon
reaching the ischial spines. There they turn an-
terior and medial above the levator ani muscles,
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reaching the posterolateral bladder wall, where
they enter the bladder at the trigone. The seminal
vesicles lie caudad, extending upwards from
the bladder and prostate bases which abut one
another. The vasa deferentia pass lateral to the
bladder and then onward to meet the seminal
vesicles at the base of the prostate and ejaculatory
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ducts. The ureters form slings, passing under the
vasa. When the bladder floor is elevated, as it
often is with prostatic hyperplasia in older males,
the vasa hook the distal pelvic ureters.

4.2.3 Pelvic Ureters in Females

The course of the pelvic ureter in the female is
more complex than in the male because of its
relationship to the pelvic genital organs. There
are three portions: (a) a pars posterior, in the
uterosacral ligament, (b) a pars intermedia, in
the cardinal ligament, and (c) a pars anterior,
in the vesicouterine ligament. The pars posterior
passes downwards near the posterior margin of
the ovary, forming the posterior boundary of the
ovarian fossa. The uterine artery, a branch of the
internal iliac, passes nearby anterolaterally.

In the pars intermedia the ureter passes in the
cardinal ligament to the vesicouterine ligament.
Here the ureter passes 1-2cm from the uterine
cervix, where obstetric and gynecologic surgical
procedures may injure the ureter. The course

<

Fig. 4.1. Intravenous urogram demonstrating medial
placement of right pelvic ureter, a common normal variant
(arrow). Tampon (arrowhead) is directed towards right
vaginal fornix

Fig. 4.2. Diagram of the pelvis, seen from anterior and
left, shows course of the three parts of the pelvic ureters in
a patient with the uterus centered slightly to the left,
resulting in a medially placed right pelvic ureter similar to
that in Fig. 5.1

v
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of the pars intermedia varies radiographically,
depending upon the position of the uterus within
the pelvis (GLazer HB et al., unpublished data)
(Figs. 4.1, 4.2). The pelvic ureters in women
frequently are asymmetric, with the right most
often having a more medial course (KABAKIAN et
al. 1976; APTER et al. 1984).

The pars anterior passes in the vesicouterine
ligament lateral to the vesicovaginal space and
medial to the vesical venous plexus. The distal
ureter enters the posterolateral urinary bladder
about 1.5 cm below the level of the anterior lip of
the uterine cervix. Distal pelvic ureteral calculi
may sometimes be palpated at this site through
the vaginal wall. Ureterovesical junction injuries
from surgical procedures may communicate with
the vagina at this site.

4.3 Primary Ureteral Surgical Procedures
4.3.1 Abdominal Ureter

4.3.1.1 Ureteropelvic Junction Reconstructive
Procedure

Idiopathic ureteropelvic junction (UPJ) obstruc-
tion is one of the commonest causes of hydro-
nephrosis and obstructive uropathy at all ages
(TaLNER 1990). The cause and diagnosis of UPJ
obstruction has been debated. Most often it has
been associated with an extrarenal pelvis of the
ampullary type. Indications for surgical interven-
tion include pain, recurrent infection, sympto-
matic calculus disease, and deteriorating renal
function (LINDELL et al. 1991).

Renal pelvic size does not specifically reflect the
presence of significant UPJ obstruction. Diuretic
urography, diuretic radionuclide urography (Korr
1982; THrALL et al. 1981}, and perfusion pressure
flow studies (WHiTAkER 1978; DEeCampo and
FowLER 1989; PrisTER and NEWHOUSE 1979) have
all been advocated for preoperative and occa-
sional postoperative evaluation of UPJ obstruc-
tion. Each has limitations.

There are several surgical procedures com-
monly used for correction of idiopathic UPJ
obstruction. The commonest is dismembered
pyeloplasty of the Anderson-Hynes type (Fig.
4.3), in which the adynamic UPJ segment is re-
sected along with a portion of the redundant renal
pelvis. Another surgical procedure, pyelouretero-
plasty (e.g., Foley Y-V plasty), reconstructs the
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renal pelvis to form a funneled renal pelvic outlet.
A third procedure, calycoureterostomy, anasto-
moses the deformed calyceal system directly to
the proximal ureter.

Postoperatively, after conventional procedures
such as Anderson-Hynes dismembered pyelo-
plasty, the appearance of the calyces may change
very little. Calyceal distortion reflects renal
parenchymal loss as well as loss of normal com-
pliance secondary to pyelocalyceal muscle hyper-
trophy and fibrosis. Thus, surgical reconstructive
procedures are most often followed by only minor
changes in the appearance of the calyces them-
selves. More rapid radiographic appearance of
urine in the ureter correlates best with clinical
improvement (CHERRIE and KaurmaN 1983) (Fig.
4.3). Earlier appearance time of contrast medium
in the ureter, however, may simply reflect the
decreased size of the surgically trimmed renal
pelvis. Increased renal plasma flow rate is another
reliable indicator of clinical improvement.

Postoperative improvement of renal function
in patients with UPJ obstruction and chronic renal
failure traditionally depends upon many factors,

Fig. 4.3. a Preoperative retrograde pyelogram in a 2-year-
old boy with recurrent urinary tract infections and mild
hydronephrosis suggested by sonography and confirmed
by excretory urography. Tight UPJ obstruction is seen
(arrow). b Six months postoperatively, after Anderson-
Hynes type pyeloplasty, remodeled right UPJ funnels
without obstruction
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including severity of renal injury and the presence
or absence of infection (KumMaR et al. 1988). Gross
inspection of the kidney, function as assessed by
IVP, and kidney biopsy are all poor predictors of
recovery potential. Radionuclide scanning before
and after decompression by percutaneous ne-
phrostomy (LANG et al. 1973; LuproN et al. 1979)
has been useful in assessing recoverability, as
have serial creatinine clearances. Even failed
pyeloplasties may be objectively improved with
secondary surgical procedures (BRatT and N1LSsON
1984).

4.3.1.2 Ureteroureteral Anastomosis

When a segment of the abdominal or upper pelvic
ureter is injured it is most often repaired with
a simple end-to-end anastomosis. All common
modes of urinary tract imaging, including intra-
venous urography, radionuclide renal imaging,
sonography, and CT, show little if any evidence
of ureteroureteral anastomosis. If there is stenosis,
frank hydronephrosis, complete obstruction,
urinary extravasation, or fistula formation, each
of these examinations may prove useful. Images
which confirm clinical impressions of postopera-
tive complications of ureteroureterostomy are
similar to those noted elsewhere in this section
when there has been ureteral injury.

4.3.1.3 Ureteral Diversions (BANNER et al. 1984;
SerinG and DesHON 1990)

Surgical variations in urinary tract diversions have
blossomed in the past decade with efforts to de-
crease long-term morbidity from renal reflux and
to increase patient acceptance and convenience
with continent diversions. The postoperative ra-
diographic appearance of these diversions varies
with underlying pathology, residual renal func-
tion, chronicity, and type of diversion. A classifi-
cation of supravesical ureteral diversions is pro-
vided in Table 4.1.

Cutaneous ureterostomies are encountered
much less frequently since the advent of percu-
taneous ureterostomies (Mor et al. 1992). Ste-
noses of these end-cutaneous ureterostomies are
less frequent when there is a protruding nipple-
like stoma and a preoperative ureteral diameter
exceeding 8mm (FEMINELLA and LATTIMER 1974).

Transureteroureterostomy (TUU) is a proce-
dure best suited for end-to-side anastomosis of

D.B. Spring

Table 4.1. Ureteral diversions. (After SPRING and DESHON
1990)

A. Directly to skin: cutaneous ureterostomy
B. To the contralateral ureter: transureteroureterostomy,
with or without cutaneous ureterostomy
C. Tobowel:
1. Intact anal sphincter: ureterosigmoidostomy (with
or without signmoid colostomy)
2. Toredirected bowel (with cutaneous stoma)

a) Conduits: ureteroileal cutaneous (ileal loop);
sigmoid; other colon conduits (ileocecal,
transverse colon)

b) Continenturinarydiversions (reservoirs): Kock
pouch; Mainzpouch; LeBag (ileocolonic pouch);
Indiana pouch

3. To urethral sphincter through bowel segment

(bladder replacement)

a) Bladder replacement; ileocystoplasty (Camey
procedure; hemi-Kock pouch; Melchior ileal
pouch)

b) Ileocecocystoplasty (modified LeBag)

the middle-third ureters (UpaLL et al. 1973) (Fig.
4.4). The success rate for TUUs is high, with
otherwise normal ureters tending to remain so.
Large-field radiotherapy for bladder, bowel, and
gynecologic carcinomas is a relative contraindica-
tion for TUU, as is urolithiasis, urinary tract
tuberculosis, and other chronic renal infections.

Postoperative urographic evaluation of the
uneventful ureteral diversion can probably be
delayed until approximately 3 months after sur-
gery. Fever, decreased renal function, flank pain,
or other symptoms should prompt earlier evalua-
tion which may also include ultrasound (CrONIN
et al. 1986), radionuclide (WoODSIDE et al. 1978),
CT (Sering and Moss 1984), and retrograde
studies where appropriate.

Interpretation of these studies requires fam-
iliarity with the specific ureteral diversion. Gas,
for example, may be seen in the pyelocalyceal
system of ileal loops because of the patency of the
ureteroileal anastomoses. Migration of ureteral
calculi in the ureters requires knowledge of the
anatomy of a specific diversion (Fig. 4.5).

Ureteroileostomies have been among the com-
monest of the ureteral diversions and remain the
comparison basis for all other diversions. In addi-
tion to the conventional urogram, the retrograde
ileostoureterogram (“ileal loopogram”) is often
useful in evaluating the ileal loop. Because the
ileal loop refluxes its infected contents and in-
creases pelvic pressure, STAMEY has recommended
a single intramuscular or intravenous dose of an
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Fig. 4.4. Right-to-left TUU in 23-year-old patient with
right ureteral injury from a gunshot wound. Right ureter
and iliac vessels were initially repaired. Right-to-right
ureteroureterostomy was unsuccessful because distal seg-
ment was devascularized

aminoglycoside when performing an ileal loopo-
gram (StaMEY T, personal communication). Gas
loopography (KiLcHeski and Porpack 1978),
radionuclide imaging (WoopsIDE et al. 1978),
sonography, and CT loopography (SPRING and
Moss 1984) each may supplement conventional
urography and loopography. Retrograde trans-
conduit catheterization of the ureters anasto-
mosed into a ureteroileostomy is advocated for
detailed assessment of strictures or obstructions
involving the ureters or ureteroileostomy site
(BANNER et al. 1989). Rarely, sinography is nec-
essary to assess urcteroileal anastomotic leaks
(Fig. 4.6).

MocGa (1967) introduced the sigmoid urinary
conduit to avoid the problems of the ileal conduit
emanating from loop-kidney reflux. Long- and
short-term complications are similar to those of
the ileal loop except for complications related to
reflux of infected urine. Indeed, sigmoid loopo-
graphy should confirm patency of the ureterosig-
moid anastomoses (YODER and PrISTER 1978).

Continent urinary diversions may be socially
and psychologically preferable for some patients.
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Fig. 4.5. Ileal loop urinary diversion in a 53-year-old man
with bladder resection for carcinoma 10 years prior to
loopogram. A loop stricture (arrow) is present near the
ureteroileal anastomoses. A large loop calculus is present,
deep to the stricture at the butt end of the ileal loop, ob-
scured here by surrounding contrast material (arrowhead )

Their long-term advantages and disadvantages
remain to be assessed, however. Kock (1969)
initially developed a continent ileostomy for pa-
tients undergoing proctocolectomy for ulcerative
colitis. SKINNER and associates (1987) have re-
ported results on 250 patients undergoing modified
Kock continent ileal reservoir, most often for
pelvic malignancy. RaLLs and colleagues (1986)
have described the postoperative evaluation of the
Kock pouch. They perform Kock pouch cysto-
graphy 3 weeks after surgery to exclude reservoir—
ureteral reflux. Gravity infusion of the pouch is
performed through a No. 30 Medina tube held
361in. above the patient. Infusion is stopped when
patients sense fullness, usually after 100-300 ml of
contrast medium has been instilled. A “mature”
pouch has a capacity of as much as 1000ml,
although 500 ml of contrast medium is routinely
used. Such studies are performed after 6 months.
CT of Kock pouches has been described (Mirvis
et al. 1987).

The Mainz pouch utilizes the cecum and two
ileal loops (THUROFF et al. 1988). This mixed
augmentation provides a large reservoir with low
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Fig. 4.6. Sinogram in a periloop abscess shows communi-
cation with right ureter (arrow) at site of leaking ure-
teroileal anastomosis. Ileal loop (arrowhead) also fills
partly

pressure. Its evaluation parallels that of the Kock
pouch.

Another continent reservoir, the Indiana
pouch, also utilizes the cecum and part of the
ileum (RowLAND et al. 1987). The diverted ureters
are tunneled into the taeniae of the cecum while
the terminal ileum is used as a continence mech-
anism. The modified Indiana pouch can be
accomplished safely and effectively in any patient
formerly requiring an ileal conduit (AHLERING et
al. 1989).

Uretero-appendicocystostomy combined with
psoas hitch is yet another modification to create
or enlarge reservoir capacity and compensate for
loss of ureteral length (Yokoyama et al. 1992).

Another variant, the ileocolonic pouch (LeBag)
uses sigmoid clon with nonrefluxing ureterocolonic
anastomoses (LIGHT and ENGELMANN 1986). Ileum
also adds to the volume of this reservoir. If the
urethral sphincter remains intact this reservoir
may be used to create a neobladder. It too has a
large volume with low internal pressure. CAMEY
has utilized a 40-cm segment of terminal ileum to
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create a continent bladder substitute (LiLiEN and
CaMEY 1986). The abdominal ureteral remnants
are anastomosed to the laterally placed limbs of
the isolated ileum. The midpoint of the anti-
mesenteric border of the ileal neobladder is
anastomosed to the urethral stump after cystopro-
statectomy for bladder carcinoma in males.

MELcHIOR has modified the Camey ileocysto-
plasty (MELcHIOR et al. 1988). Intussuscepted
ileum at the ureteroileal anastomoses prevents
reflux.

4.3.2 Pelvic Ureter
4.3.2.1 Ureteral Stone Manipulations

Ureteral calculi may be extracted by ureteroscopy
or nephroscopy. Complications of transureteral
stone manipulations vary with size and location of
calculi. Both transvesical and transrenal ureteral
stone manipulations may be associated with
ureteral injury — perforation or avulsion — and
eventual stricture formation. Ureteroscopic
ureteral injuries may be more serious than
nephroscopic renal injuries because of the more
tenuous ureteral blood supply (CHANG and
MAaRrsHALL 1987). In most instances ureteral in-
juries are immediately recognized and treated
with no radiographically evident sequelae.

Transmural ureterolithotomy may be required
for patients who fail to respond to expectant,
manipulative, or shock wave lithotripsy. Regard-
less of the approach to the ureter, radiographic
changes are subtle in the absence of procedure
complications. The scarred, diseased, ischemic
ureter, however, is far more likely to appear
abnormal after surgical procedures than an other-
wise normal ureter.

4.3.2.2 Ureterovesical Reimplantation
(QuioGuE and LEBowiTZ 1990)

One of the most common surgical procedures
involving the pelvic ureter is ureterovesical re-
implantation (Fig. 4.7). The Politano-Leadbetter
ureteral reimplantation for vesicoureteral reflux
or ureteral injury consists of creating a new sub-
mucosal bladder channel for the ureter more
caudad and medial. Obstruction or persistent
vesicoureteral reflux is among the commonest
postoperative complications of ureteroneocystos-
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Fig. 4.7 (left). Complete ureteral duplication in a left iliac
fossa renal transplant. Upper moiety collecting structures
(arrow) overlie lower lumbar spine on left. Both ureters
enter the urinary bladder with separate ureteroneocysto-
stomies. (Courtesy of Dr. ALPHONSE PALUBINSKAS)

Fig. 4.8 (right). Stricture in right ureterovesicoplasty
(Boari flap) seen during retrograde cystogram. Air is
present in the upper urinary tract (arrowheads) from
nephrostomy tube

tomy. QUIOGUE and LEBOWITZ believe early post-
operative intravenous urography is preferable to
ultrasound for follow-up because of the subtlety
of obstructive changes which may be super-
imposed upon previously dilated upper tracts.
The presence of ureterovesical reflux may be
indicated by turbulence seen with submerged
ureteric jets and presenting as flow reversal on
pulsed or color flow doppler images (ADLER et al.
1991; Burns et al. 1991). This criterion is exceed-
ingly sensitive and is advocated to identify early
and subtle vesicoureteral reflux.

Implantation of the pelvic ureter from the
transplant kidney utilizes a modified Politano-
Leadbetter ureteroneocystostomy (DAFOE and
BARKER 1990; WITHERINGTON et al. 1988).

To prevent persistent ureterovesical reflux the
dilated pelvic ureter must be of a caliber to pass
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through the bladder wall in a tunnel whose length
is four to five times that caliber (ExrLICH 1985).
Reduction ureteroplasty, performed by infolding
and suturing redundant ureter (“‘imbrication’’)
over a ureteral stent, thus remodels the distal
pelvic ureter.

If the distal 3-5cm of the pelvic ureter is
injured, the surgeon may suture the mobilized
bladder to the ipsilateral psoas minor muscle
tendon, making possible an anstomosis under less
tension (“psoas hitch”) (Koontz et al. 1986).
Less commonly, the bladder itself may also be
tubularized (“Boari flap”), creating additional
length, allowing for a more proximally placed

ureteroneocystostomy (Fig. 4.8) (Yokoyama et
al. 1992).

4.3.2.3 Ureteral Stump

After nephrectomy the distal ureteral remnant
may rarely be a source of new or recurrent symp-
toms (PoLLack et al. 1982). Chronically infected,
obstructed, or refluxing ureters may give rise to
delayed complications. Retrograde urography is
usually the best method of assessment.
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4.4 Secondary Ureteral Involvement
in Common Surgical Procedures

One encounters ureteral radiographic changes
from nearby surgical procedures more often than
from primary ureteral surgery. The common forms
of ureteral involvement from extraurinary tract
surgery are (a) obstruction, sometimes by liga-
tion, (b) displacement or movement, (c) leakage,
with pooled urine (urinoma) or fistula forma-
tion (e.g., ureterocutaneous or ureterovaginal
fistulas), (d) infection from communication with
the intestinal tract or from seeding to pooled
urine collections, and (e) pipestem narrowing
reflecting avascular necrosis of the ureter (LANG
1988).

The most common surgical procedures to in-
volve the ureters are retroperitoneal lymph node
dissection, aortoiliac surgery, obstetric and gyne-
cologic procedures, and colonic surgery. This sec-
tion will examine these.

4.4.1 Abdominal Ureter
4.4.1.1 Retroperitoneal Lymph Node Surgery

Pelvic lymphadenectomy remains the most ac-
curate way to assess lymph node involvement for
cancer of the prostate. Operative disruption of
the retroperitoneal lymphatics may cause lym-
phocele formation with medial and anterior dis-
placement of the pelvic ureters near the pelvic
brim (Socani et al. 1981). Most often lymphoceles
can be seen sonographically in the pelvis lateral
to the urinary bladder abutting the pelvic brim.
Their anterior surfaces are usually within 3 cm of
the anterior abdominal wall (SPRING et al. 1981).

4.4.1.2 Abdominal Aortic Surgery

As many as 50% of ureteral injuries in male
patients have been reported to be secondary to
vascular surgery (HiGGINs 1967). Aneurysmor-
rhaphies, bypass procedures, vena caval ligations,
and lumbar sympathectomies account for most of
these injuries (ScHAPIRA et al. 1981).

Due to the close anatomic relationship of the
aortoiliac vessels, reconstructive vascular surgical
procedures sometimes injure the abdominal
ureters. Aorfofemoral and aortoiliac bypass grafts,
when placed anterior to the ureters at the level of
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Fig. 4.9. Intravenous urogram showing mild-to-moderate
left hydroureteronephrosis in patient after aortofemoral
bypass graft placement. Abdominal ureters are drawn
medially by periaortic fibrosis

the common iliac arteries, may cause ureteral com-
pression with resultant hydroureteronephrosis.
SanT and colleagues, reviewing the literature,
however, showed that ureteral obstruction oc-
curred both when the graft passed anterior (28%
of reports) and when it was placed posterior to
the ureter (49% of reports); they concluded, “the
anatomic relationship of the ureter to the graft
does not appear to be the major factor in the
pathogenesis of the development of ureteral ob-
struction” (SANT et al. 1983).

Perigraft fibrosis makes the graft more rigid
with time. This reaction akin to retroperitoneal
fibrosis is another known complication to grafts.
Insidiously, ureteral compression may develop
(Fig. 4.9). GoLDENBERG and colleagues, using
early sonographic screening for hydronephrosis in
patients after aortoiliac reconstructive surgeries,
showed mild-to-moderate hydronephrosis in 12%
of patients and in 8% of kidneys 1 week after
operation (GOLDENBERG et al. 1988). At 3 months
only a single case of hydroureteronephrosis
remained.
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Importantly, however, hydronephrosis may
predict more serious vascular complications, in-
cluding graft infections, anastomotic aneurysm,
graft thrombosis, and amputation (SCHUBART et al.
1985). WriGHT and colleagues, in a more recent
series, confirmed that patients with postoperative
ureteral complications were at more than a four-
fold greater risk of other graft complications than
their fellow patients without ureteral complica-
tions (WRIGHT et al. 1990).

Hydroureteronephrosis usually is secondary
to periureteral fibrosis or to unintentional ure-
teral ligation. Periureteric fibrosis after graft
replacement is indistinguishable from classic re-
troperitoneal fibrosis associated with ergot, o-
methyldopa, and other sympathetic blocking
drugs (Fourcroy et al. 1980). Most often there is
plaque-like fibrosis at the sacral promontory,
extending laterally and craniad for varying dis-
tances (Fig. 5.9).

Hydroureteronephrosis may precede aortoiliac
or aortofemoral vascular surgery. Periaortic
fibrosis may distort the retroperitoneum, some-
times causing ureteral obstruction or displace-
ment. Contralateral ureteral traction by fibrosis
has been a useful sign of an abdominal aortic
aneurysm (Peck et al. 1973). The coexistence of
aortic aneurysm and retroperitoneal fibrosis is
well known (BRock and SoLoway 1980; ABBOTT et
al. 1973). Iliac artery aneurysms themselves may
obstruct the ureters (PETERSON et al. 1977).

Apparent sonographic dilatation of the renal
collecting structures does not always indicate
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Fig. 4.10. Postoperative aortofemoral bypass graft with
graft limbs seen in wrap of patient’s native aortic aneurysm
bed. Perigraft postoperative gas (arrowhead) may be seen
in the first two postoperative weeks after surgery, as shown
here. The left ureter (arrow) lies close to the surgical site
and may be engulfed by periaortic postoperative fibrosis

hydronephrosis, of course. False-positive dilata-
tion may be encountered with extrarenal pelves,
calyceal clubbing, and congenital megacalyces
(TALNER et al. 1981).

Magnetic resonance imaging may help distin-
guish perigraft fibrosis from infection. After the
early postoperative period when infection and
benign perigraft fluid cannot be distinguished,
MRI can distinguish low signal fibrosis from a
high intensity (T2) zone, suggestive of perigraft
infection (AUFFERMANN et al. 1989).

While hydronephrosis in the early postopera-
tive period is common and unlikely to persist if
asymptomatic, screening ultrasonography may be
warranted to identify the high risk group among
patients having vascular reconstructive proce-
dures (SCHUBART et al. 1985). Long-term vascular
surgical and ultrasonographic follow-up may be
essential. Hydronephrosis may, in some, be as-
sociated with loss of renal function, fistulization,
sepsis, and death. Most would agree that symp-
toms such as flank pain warrant renal sonography
to detect hydronephrosis.

Aortic aneurysm surgery may result in ureteral
obstruction or injury. Most often the aneurysm is
repaired with the aneurysm itself wrapped around
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Fig. 4.11. The left kidney functions poorly after injury
during emergency surgery for ruptured aortic aneurysm. A
tube nephrostomy preserved function for several months
but was discontinued when renal function steadily declined

the graft (Fig. 4.10) (HiLton et al. 1982). Ureteral
injury recognized in the early postoperative course
should be repaired after diverting the urine stream
more proximally with a nephrostomy or after
stenting the ureter. Continued leakage of urine
around the graft itself causes pooling of urine
which, if it becomes infected, may necessitate
graft removal. Other important vascular compli-
cations of endoaneurysmorrhaphy which must be
considered in the differential diagnosis of ureteral
injuries include retroperitoneal hemorrhage,
major vessel occlusion, postoperative pancreati-
tis, distal anastomotic pseudoaneurysm forma-
tion, graft infections, and psoas and vertebral
infections.

In emergency aortic surgery for leakage or
rupture of aortic aneurysm, slow, meticulous
dissection is impossible. Blood may obscure
anatomic landmarks. Ureteral injury is the most
frequently injured part of the urinary tract in the
course of such emergency surgery, while the
bladder and kidney are less frequently involved
(Fig. 4.11). Follow-up sonography, radionuclide
renal studies, or intravenous urography may
be useful to monitor the status of the upper
urinary tract.
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Preoperative placement of ureteral catheters
has been advocated as an adjunct to aortoiliac
graft surgery as it aids in recognition of the ureters
in the retroperitoneum (SPIRNAK et al. 1989).
SeirNaK and colleagues believe midureteral in-
juries are best managed by a water-tight ureterou-
reterostomy with ureteral stenting while distal
ureteral injuries are managed with ureteroneo-
cystostomy, with psoas hitch if necessary. Stent
placement itself, however, has been associated
with ureteral injury. Sacks and MiLLER (1988)
reported ureteral leakage occurring after placing
a stent 12 days after aortoiliac bypass graft sur-
gery. They postulated pressure necrosis as the
cause, with the injured ureter lying between the
pulsating aortic graft and a stiff ureteral stent.

Bilateral lumbar sympathectomy may be per-
formed for nonreconstructible lower extremity
vascular disease. When neither angioplasty nor
vascular surgical techniques are successful the
second, third, and fourth lumbar ganglia have
been excised to increase blood flow, ease symp-
toms, and protect skin areas from gangrene
(ScuaPira et al. 1981). Ureteral injury has been
reported during excision of sympathetic ganglia
(HiGGINs 1967).

4.4.2 Pelvic Ureter

4.4.2.1 Pelvic Ureteral Injury from Obstetric and
Gynecologic Surgery

The close embryologic relation of the urinary and
genital tracts places the pelvic ureters at risk
during gynecologic surgical procedures. The inci-
dence of ureteral injury from hysterectomies for
benign conditions varies between 0.02% and 3%
(Frepa and TaccHr 1962). The incidence for
vaginal hysterectomy is 0.12%-4.76% (VAN
NagaLrL and Ropbick 1972). For radical hysterec-
tomy for malignancy the incidence of ureteral
injuries is predictably higher (12.5%) (GREEN et
al. 1962).

Transient ureteral dilatation develops in most
instances during the first 24 h after both radical
and simple hysterectomies (SYMMONDs 1981); it is
maximal at about the third postoperative week
(TALBERT et al. 1965). Persistence or worsening of
hydronephrosis on ultrasound, then, should alert
the physician to significant ureteral obstruction.

During obstetric procedures the ureters may
also be injured. Cesarean section and cesarean
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hysterectomy place the pelvic ureter at risk.
During vaginal delivery the ureter may be injured
during repair of high vaginal or cervical injuries
with forceps or suture trauma (SCHAEFER and
GRABER 1981).

Risk factors which appear to increase the likeli-
hood of ureteral injury during pelvic surgical pro-
cedures include endometriosis, pelvic adhesions,
distorted pelvic anatomy, bladder repair, ovarian
neoplasm, and previous pelvic surgical procedures
(DaLy and HiGGins 1988). Despite the greater
risk in such circumstances the routine, easy
hysterectomy has usually accounted for most
ureteral injuries (SyMMONDS 1981).

Because bleeding is a common problem during
pelvic surgical procedures, inadvertent ureteral
injury with cautery or ligation may occur. Suture
or clamp trauma readily leads to ureteral injury
from crush injury and/or partial transection.
Overrepair, likewise, can devitalize the ureter
(SymmonDs 1983).

Ureteral injuries often occur near the pelvic
brim along the infundibulopelvic ligament and
ovarian vessels. More often they occur at the level
of the uterosacral ligament, uterine artery, or
lateral vaginal angle (Fig. 4.12) (SymMonDs 1983).
These injuries may be more readily overlooked
because of the greater difficulty seeing or palpat-
ing the distal pelvic ureter (Fig. 4.2). Treatment
varies with location. In the abdomen or upper
pelvis ureteroureterostomy can usually be accom-
plished, often with stenting. Deeper in the pelvis
ureteroneocystostomy is more appropriate. If the
length of injured ureter is too great for a simple
ureteroureterostomy, a bladder flap (psoas hitch),
transureteroureterostomy, or autotransplantation
may be necessary. Good results have been ob-
tained with percutaneous ureterocystostomy and
ureteroneocystostomy (LANG 1988).

Hydronephrosis is most often a reflection of
obstruction, which may be partial or complete.
Strictures may develop at the site of injury (see
Chap. 3). Antegrade or retrograde stenting may
be adequate therapy. Poor function or nonfunc-
tion of a kidney should raise the question of
ureteral severance, ligation, or leak.

In a series of 600 genitourinary fistulas 95
(16%) involved the ureter (Symmonps 1981). A
retrospective study of ureterovaginal fistulas indi-
cated that 80%-90% were secondary to gyne-
cologic surgical procedures, most often total
abdominal hysterectomy (70%—75%). GREEN et
al. (1962) reported that the incidence of uretero-
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Fig. 4.12. a Computed tomogram performed for early
postoperative fever after abdominal hysterectomy. Con-
trast material can be seen in the cul-de-sac (arrowhead).
b Retrograde ureterogram confirms site of ureteral injury
and leak in the pelvic ureter (arrow)

vaginal fistula after radical hysterectomy was
8.5%. The close course of the distal pelvic ureter
to the vaginal fornix explains its relative vulner-
ability. While symptoms of a leak may begin
as early as the first 24—48h after surgery, they
usually present in the second postoperative week
with urinary incontinence.

“The venial sin is injury to the ureter, but the
mortal sin is failure of recognition” (HIGGINS
1962). Diagnosis of the site of a possible genito-
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urinary fistula can be aided by placing a tampon in
the vagina and performing the “two-dye test”
(ScHaErER and GRraBEr 1981). Methylene blue
is then instilled in the urinary bladder. If the
tampon is then stained blue, a vesicovaginal fistula
is likely. If not stained, a second tampon is placed
in the vagina. Indigo carmine is injected intra-
venously. If the tampon now stains, a uretero-
vaginal fistula is likely.

Preoperative intravenous urography prior
to routine hysterectomy should not be done
(MusHLIN and THORNBURY 1989). It may be, how-
ever, appropriate to request urography before
hysterectomy to evaluate women with large pelvic
masses or known pelvic cancers. SIMEL suggests
selective use of preoperative urography in non-
malignnant disease such as those instances in
which there is uterine size of 12 weeks’ gestational
age or larger and an adnexal mass 4 cm or larger
(SMeL et al. 1989). Instances of severe endo-
metriosis, known extensive pelvic adhesive dis-
ease, and known miillerian anomalies also are
considered by some to be appropriate indications
for preoperative urography.

4.4.2.2 Postoperative Pelvic Ureteral Changes
from Colonic Surgery

The colon surgeon operating on the intestine near
the pelvic brim may also injure the ureter. The
incidence of ureteral injuries during colon surgery
is reported to be 0.3%—-6% (Cass and BUBRICK
1981). Surgery for invasive carcinoma of the
middle or upper rectum places the ureters, par-
ticularly that on the left, at high risk. Abdomino-
perineal or low anterior rectosigmoid resection
are the surgical procedures most often associated
with these injuries. Injury to the left ureter often
occurs during mobilization of the sigmoid or during
ligature of the inferior mesenteric vessels; either
ureter may be injured during take-down of the
lateral rectal ligaments or reperitonealization of
the pelvis.

When intraoperative ureteral injury is sus-
pected one may inject Sml indigo carmine intra-
venously to identify the site of urine leakage
(Persky 1975). The dye, filtered by the kidney
much like urographic contrast, stains the operative
field about 20 min after injection.

When injury is suspected postoperatively,
sonography, radionuclide imaging, and excretory
urography are most useful. Anuria, flank pain
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Fig. 4.13. Left ureter is stented following injury to ureter
during resection of low sigmoid colon carcinoma. Stented
ureteral course often lies medial in the pelvis after mobili-
zation during anteroposterior resection of distal colorectal
carcinomas. (Courtesy of Dr. LESLIE PREGER)

and tenderness, fever, chills, nausea, and vomiting
are all symptoms which raise suspicion postopera-
tively of ureteral injuries from colonic surgery.
Both excretory urography and retrograde ure-
teropyelography help to define the site of ureteral
injury. When the location of a pelvic urine leak is
unclear, cystography with contrast material or in-
digo carmine may help in identifying and localizing
vesical injuries. Once identified, ureteral injuries
may be treated with open surgical techniques.
End-to-end ureteroureterostomy over a stent is
usually the preferred surgical repair for abdo-
minal and upper pelvic ureteral injuries (Cass
and Busrick 1981). Surgical techniques include
most often ureteroureterostomy and transure-
teroureterostomy. Rarely, when large segments
of the ureter have been injured a renal autotran-
splantation may be performed. Nephrectomy
occasionally is the procedure of choice when a pa-
tient’s age or physical condition precludes other
procedures. In selected instances interventional
techniques including percutaneous nephrostomy,
antegrade catheterization and stenting of partial
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Fig. 4.14. A rigid ureteroscope has been advanced into
the native ureter and brought into proximity of a dilated
calyx of the transplant kidney. A percutaneous uretero-
calycostomy (i.e., anastomosis of the native ureter to the
calyx) will be performed. A stent will be seated for 4-6
weeks to ensure coverage by uroepithelium. (LANG 1988)

ureteral injuries, and antegrade ureteroneocys-
tostomy may be most appropriate.

The course of the pelvic ureter is often more me-
dial after abdominoperineal resection (SPILLANE
et al. 1951). Inward bowing of the ureters at the
midsacrum or promontory is commonly seen after
resection of the rectum (Fig. 4.13).

4.4.3 Leakage from Reimplanted Ureter
of a Transplant Kidney

Leakage at the ureteroneocystostomy site of a
transplanted kidney and ureter is a not uncom-
mon complication (LANG 1988; MataLoN et al.
1990). Since this is not infrequently caused by and
associated with avascular necroses of the trans-
plant ureter, correction by surgical ureterocaly-
costomy or ureteropyelostomy, using the native
ureter and anastomosing it to segments of the
transplant kidney, or by an identical procedure
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Fig. 4.15. Antegrade ureterogram demonstrating pipestem
narrowing of the distal portion of the left ureter and
ultimately a complete cut-off (arrow). This is a fairly
typical appearance of avascular necrosis due to excessive
radiation therapy via external ports to the pelvic ureters.
(LANG et al. 1973)

utilizing interventional radiologic techniques, is
advocated (Fig. 4.14).

4.5 Radiation-Induced Injury of the Ureters

Though megavoltage therapy has reduced the
incidence of radiation-induced injury to the
ureters attendant upon therapy of pelvic neo-
plasms (most often carcinoma of the cervix), late
stricture and stenosis of the ureter remain a
dreaded complication of radiation therapy. The
changes usually afflict the pelvic and distal ureters
over an approximately 15-cm segment equating to
the size of the radiation therapy ports. Avascular
necrosis caused by endarteritis obliterans leads to
pipestem stenosis of long ureteral segments (Fig.
4.15) (LANG et al. 1973)). Short strictures are
sometimes the consequence of excessive radiation
delivered by radium (or cesium) implants in treat-
ment of carcinoma of cervix (Fig. 4.16) (L.ANG
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Fig. 4.16. Retrograde ureterogram demonstrating stric-
tures in both pelvic ureters. These are the result of exces-
sive interstitial radiation therapy delivered by a radium
implant in treatment of carcinoma of the cervix. (LANG et
al. 1973)

et al. 1973). Though a patent lumen usually re-
mains, these strictures are dynamically damaging.
Lack of peristalsis increases back pressure and
ultimately progressive loss of renal function re-
sults. Stenting can lessen the ill effects of such
strictures. Transluminal dilatation is not effective,
because of the presence of avascular necrosis and
reduced vascular perfusion of the involved seg-
ments. Ureteroneocystostomies are prone to fail-
ure for the same reason. Diversion procedures
sacrificing the lower ureters are often the only
intervention capable of remedying the condition.
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5 Inflammatory Lesions of the Ureter:
Congenital, Calculous, and Inflammatory Lesions of the Bladder

WaLter HrUBY, M. UrBaN, H. Mosser, W. ANzBOcK, and W. KrampLA

CONTENTS
5.1 Inflammatory Lesions of the Ureter ........... 57
5.1.1 Acutelesions . ... 57
5.1.2 ChronicLesions ...................co.oo... 57
5.2 Congenital Diseases of the Bladder............ 59
52.1 Embryology ............ .. ... 59
5.2.2 Agenesisand Hypoplasia .................... 60
5.2.3 Duplications of the Bladder .................. 60
5.2.4 Urachal Anomalies ......................... 60
5.2.5 Vesical Exstrophy .......................... 60
5.2.6 Congenital Vesical Diverticula................ 61
5.3 Calculous Diseases of the Bladder............. 61
5.3.1 Originofthe Calculi......................... 61
5.3.2 Complications . . ...........oovveiiaiao. .. 61
5.3.3 Methods of Detection ....................... 61
534 Therapy ..o 63
5.4 Inflammatory Diseases of the Bladder ......... 63
S41 Etiology ... 63
5.4.2 Routesof Infection ......................... 63
5.4.3 Predisposing Factors ........................ 64
544 Cystitis . ...t 64
5.5 Future Aspects — Digital Techniques
inUroradiology ............................ 65
References .................. .. ... . ..., 65

5.1 Inflammatory Lesions of the Ureter

Inflammatory changes of the ureter are not to be
regarded as isolated lesions. They usually occur in
association with cystitis or pyelonephritis (Put-
SCHAR 1934). Various forms of ureteritis may be
distinguished according to their etiology:

1. Infectious excretory ureteritis (pyelitis): In this
form descending infections occur. Infectious
excretory ureteritis occurs in patients with
various infectious illnesses or saprophytic
infections.

2. Toxic (abacterial) excretory ureteritis.

3. Ascending ureteritis (pyelitis): This form is
seen in gonorrhea, prostatitis, and cystitis.

WaLter HruBy, M.D., Professor and Chairman; M.
UrsaN, M.D.; H. Mosser, M.D.; W. ANzBOck, M.D.;
W. KrampLa, M.D.; Department of Radiology, Danube-
hospital, Langobardenstrale 122, 1220 Wien, Austria

4. Autochthonous pyelitis and ureteritis based
upon predisposing local factors such as con-
crements, tumors, parasites, coagula, and
foreign bodies. In these cases there is usually a
secondary infection by E. coli, Streptococcus,
Straphylococcus, or Proteus mirabilis (Kass
1985; LatHAM and Stamm 1984).

Pathoanatomically, distinction can be made be-
tween (ZOLLINGER 1966):

1. Catarrhal inflammation

2. Fibrinous pseudomembranous inflammation
3. Diphtheroid inflammation

4. Necrotizing and ulcerous inflammation

5.1.1 Acute Lesions

Acute secondary infections following blockage of
the ureter by concrements, tumors, or foreign
bodies can result in acute inflammatory lesions
of the ureter. Congenital megaureter or vesi-
coureteral reflux (VUR) can also lead to pyoureter
in the presence of preexistent hydroureter.

Acute inflammatory lesions lead to a striate
pattern of the renal pelvis and ureter due to
swelling of the mucosa (e.g., as occurs with acute
purulent ureteritis or VUR in children) (Figs. 5.1,
5.2). Such a pattern may also occur after trauma
and submucosal bleeding affecting the renal pelvis
and ureter, with leukoplakia, or with metasta-
sizing cancer of the ovaries or testes or Wilms’
tumors (NIEH and ALTHAUSEN 1979). Similar mor-
phologic structures also can be found in healthy
children; however, in these cases the findings
are usually more clearly circumscribed and the
striations are thinner.

5.1.2 Chronic Lesions

Chronic inflammatory lesions of the ureter have
various origins:
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Fig. 5.1. Pyelitis granulomatosa (Courtesy of Dr. C. TURK,
KA-Rudolfstiftung, Vienna)

Fig. 5.2, Ureteritis granularis. (Courtesy of Dr. C. TURk,
KA-Rudolfstiftung, Vienna)

W. Hruby et al.

1. Tuberculosis (TEN CATE 1971; MooNEN 1958;
CHRISTENSEN 1974)

2. Schistosomiasis (ForsytH and MACDONALD

1966)

. Worm infections

. Fungal infections

5. Recurrent bacterial infections which appear
morphologically as malacoplakia or ureteritis
cystica (SoTOROPOULOS et al. 1957)

W

5.1.2.1 Tuberculosis

Tuberculosis usually occurs in young adults; it
is less common in children. During the earlier
stages, tuberculous ureteritis causes edema;
later there is cellular infiltration and mucosal
ulceration. These early changes present as spi-
culations from the ureteral lumen (Cos and
CrockerT 1977).

The inflammatory changes disable ureteral
peristalsis and lead to dilatation of the ureter.
Periureteritis and multiple strictures may develop
in the area of these ulcerations (LATTIMER and
WECHSLER 1978). Single strictures are usually
located at the ureteropelvic junction, at the
ureterovesical junction, or at the crossing with
the iliac vessels. The strictures are usually short,
though they also may be long and straight, and
sometimes the whole ureter including the renal
pelvis is involved (pipestem ureter) (BIRNHAUM
et al. 1990). Patchy discontinuous ureteral calcifi-
cations may also occur. A corkscrew or pipestem
ureter should be taken as indicative of tuber-
culosis until proven otherwise.

5.1.2.2 Chistosomiasis

In most cases of schistosomiasis, terminal
hematuria is found. Usually it is accompanied by
pain, urgency, and frequency. In order to make
the correct diagnosis the characteristic ova have
to be discovered in the urine.

Radiologically, symmetrical and parallel cal-
cifications are seen in the distal ureter (railroad
track ureteral calcifications) which, in severe
cases, can involve the entire collecting system.
Initial changes usually can be seen at the ureter-
ovesical junction, where strictures result in dila-
tation and tortuosity (THELEN 1949).

The ova can infiltrate the wall of the ureter,
especially the muscular layers, where they weaken



Inflammatory Lesions of the Ureter; Congenital, Calculous, and Inflammatory Lesions of the Bladder 59

the wall. Fibrosis then develops, further weaken-
ing the wall (UMERAH 1977). The vasa vasorum of
the ureter can be occluded, causing ischemia of
the muscular layer. Coexisting endarteritis oblit-
erans increases ischemia. All of the aforemen-
tioned factors lead to muscular atrophy followed
by dilatation, lengthening, and tortuosity without
obstruction. In cases where obstructions occur,
muscular hypertrophy develops above the ob-
struction. The ureter then becomes trabeculated
and sacculated. In chronic cases, fatty and fibrous
tissue may form large periureteral tumefactions.
Furthermore, polyps, ureteritis cystica, or ure-
teral concrements can be seen above the stricture
(MAKER 1948).

5.1.2.3 Worm Infections

Isolated worm infections of the ureter occur
rarely. They cause spastic pains and sometimes
hematuria. Some ureteral obstructions are caused
by Dioctophyma renale.

5.1.2.4 Fungal Infections

Candidiasis. Candidiasis usually occurs in patients
with diabetes mellitus (FORLAND et al. 1977), after
long-term therapy with steroids, antibiotics, or
chemotherapeutic or immunosuppressive agents,
in renal transplant patients, in premature infants,
and in people suffering from AIDS. Urinary tract
candidiasis is very rarely an ascending infection;
much more often it is caused by hematogenous
spread (MARGOLIN 1971).

Candida albicans can be gas forming and
produce “air pyelograms” or gas in the bladder
on an intravenous pyelogram. Both acute and
chronic inflammation can be caused by Candida
albicans (BIGGERS and EDWARDs 1980; DEMBNER
and PrISTER 1977; WISE et al. 1976).

Actinomycosis. Actinomycosis usually spreads
from the gastrointestinal tract or from the lungs
through the diaphragm to the kidneys and can
cause perirenal abscesses or fistulas between the
collecting system and the gastrointestinal tract or
lungs. Sinus formations and multiple fistulas are
characteristic.

5.1.2.5 Rare Forms of Inflammation

Pyeloureteritis  Cystica. Invaginations of the
transitional epithelium (Brunn’s nests) are ob-
served. Sometimes these nests undergo cystic
changes and multiple small fluid-filled cysts de-
velop in the mucosa. Nests also can often be seen
in the renal pelvis, urethra, and bladder.

Radiologically, submucosal lesions appear as
multiple filling defects usually located at the
pyeloureteral junction. An association exists be-
tween uretritis cystica and recurrent urinary tract
infections by E. coli.

Cystitis cystica is quite often considered the
response of the urinary system to recurrent and
long-term urinary tract infections. There is also an
increased incidence of carcinoma of the bladder.

Pyeloureteritis Follicularis and Granularis. The
lesions are similar to those of pyeloureteritis
cystica but smaller. As a result of chronic inflam-
mation, nodules occur which consist of lymphoid
follicles or granulation tissue (Fig. 5.1).

Malacoplakia. Malacoplakia is a histiocytic pro-
liferative disease which can occur in the distal
two-thirds of the ureter as well as in the bladder
(ELLioT et al. 1972; NieH and ALTHAUSEN 1979).

Radiologically, multiple shallow filling defects
are observed. They sometimes obstruct the ureter,
which can lead to hydronephrosis.

5.2 Congenital Diseases of the Bladder
5.2.1 Embryology (MARSHALL and MUCKE 1968)

The cloaca, as a transient structure, drains both
the intestinal and the urinary tract. Initially, the
cloaca extends from the origin of the allantois
to the cloacal membrane. It then divides into
a ventral and a dorsal chamber. The ventral
chamber develops into the urogenital sinus
whereas the dorsal chamber develops into the
rectum (FRIEDLAND 1983). These two chambers
are separated by the urorectal septum, which, if
open, communicates the urogenital sinus and the
rectum. In late stages of development this open-
ing becomes progressively smaller as the walls
of the urorectal septum grow. The ventral and
dorsal wall of the cloaca grow at different speeds
(the ventral wall grows much faster than the
dorsal). As a result of this difference in rate of
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growth, the urogenital sinus becomes much larger
than the dorsal chamber, and the cloacal mem-
brane, which in the early stages of the devel-
opment faces ventrally, comes to face inferiorly.
At this stage there is only a small channel
left (Reichel’s cloacal duct) through which
the urogenital sinus and the dorsal chamber
communicate.

During the next stage the cloacal membrane
is completely shut and there is no longer a con-
nection between the frontal and the dorsal
chambers. After this fusion the cloacal tubercula
become the genital tubercula, which in the male
form the penile and distal bulbous ureter. The
lowermost portion of the urorectal septum forms
the floor of the proximal bulbous ureter. The
urogenital membrane subsequently breaks down,
causing loss of the roof of the phallic portion of
the urogenital sinus. The genital folds then fuse in
the midline to form the penile ureter.

The bladder is formed from the upper part of
the urogenital sinus and also from the allantois.
The cranial portion of the bladder subsequently
narrows and forms the urachus (vesicoumbilical
ligament in adults) (JARAMILLO et al. 1990; RUBEN-
STEIN et al. 1961; GRUBER 1934).

5.2.2 Agenesis and Hypoplasia

Agenesis is sometimes associated with a con-
genital small pelvic outlet and absence of kidneys.
Hypoplasia and agenesis usually accompany
sacral agenesis (hypoplasia as part of the ab-
dominal muscular deficiency syndrome — prune
belly syndrome).

5.2.3 Duplications of the Bladder

Seven types of bladder duplication can be dis-
tinguished:

1. Complete duplications of the bladder: Com-
plete duplications are always associated with
duplications of the urethra and usually also
with duplications of the penis, uterus, and
vagina (SENGER and SANTARE 1952; WITZLEBEN
et al. 1965). Very often there are malfor-
mations of the rectum, especially rectal and
ureteral fistulas (WEHRBEIN 1940).

2. Incomplete duplications: Two bladders are
found which unite at the base, but there is a
single ureter.
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3. Hourglass bladder: The bladder is divided into
an upper and a lower portion by a partial
muscular and fibrous septum.

4, Complete sagittal septum: Separates the
bladder into two halves. One part is separated
from the urethra. On this side hydronephrosis
and renal dysplasia are inevitable. The ob-
structed and separated portion forms tumefac-
tions which may compress the contralateral
ureter and lead to hydronephrosis.

5. Incomplete sagittal septum.

. Complete frontal septum.

7. Multiseptate bladder (CALDWELL et al. 1991).

[=))

5.2.4 Urachal Anomalies

Partially and completely patent urachi have to
be distinguished (CHerry 1950). There are two
forms of partially patent urachus: (a) urachal
diverticulum, in which the urachus is closed at the
umbilicus but not at the bladder, and (b) urachal
cyst, in which the urachus is closed at the um-
bilicus and the bladder but not in between. Com-
pletely patent urachus is very often associated
with ureteral atresia and obstructive posterior
ureteral valves.

Urachal fistulas can be observed on lateral
radiographs (JARAMILLO et al. 1990; NAGASAKI et
al. 1991). Cystography will demonstrate urachal
diverticulum. Urachal cysts are best demon-
strated by ultrasonography, double contrast
cystography, or computed tomography (JARA-
MILLO et al. 1990; STEINHART et al. 1989; MANDEL
et al. 1991).

5.2.5 Vesical Exstrophy

Vesical exstrophy is very often associated with
epispadias, agenesis of the ureter, malformations
of the rectum, and other congenital abnormalities.
In exstrophy of the bladder the lower abdominal
wall and the anterior bladder wall are absent
(showing the inner surface of the posterior wall
of the bladder) and malformations of the pubic
bones are usually present (MARSHALL and MUCKE
1962). Exstrophy is associated with a significantly
higher incidence of adenocarcinoma of the
bladder (MeGLIN et al. 1990; JARAMILLO et al.
1990). Persistent cloacal membranes are seen as
the reason for vesical exstrophy (HARVARD and
THoMPSON 1951; SPENCE 1966).
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5.2.6 Congenital Vesical Diverticula

True diverticula — involving all layers of the wall —
are usually localized at the hiatus uretericus, the
cranial part of the torus uretericus, the lateral
bladder wall, or the fundus (Fig. 5.3) (Lurz 1925).

Paraureteral (Hutch) diverticula usually occur
with VUR and are reversible. Concrements or
tumors are quite often found (Amar 1972).

Congenital diverticula hardly ever occur in
girls. Usually they do not cause obstructions, but
they can extend downward into the pelvis and
obstruct the urethra (LEADBETTER and LEAD-
BETTER 1959).

5.3 Calculous Diseases of the Bladder

Calculi of the bladder are much more often found
in men than in women. They can be solitary or
multiple and are either spherical or oval (EMMETT
and WittenN 1971; SmitH 1968). Their chemical
structure may be of five types:

1. Urate calculus: mere urate, sodium urate, or
ammonium urate

2. Oxalate calculus

3. Phosphate calculus: apatite, potassium car-
bonite, brushite, struvite, or aragonite

4. Cystine calculus

5. Xanthine calculus (BRESSEL et al. 1968)

5.3.1 Origin of the Calculi

Primary formation of calculi in the bladder may
occur for the following reasons:

1. Obstruction of the bladder due to prostatic
hypertrophy ureteral strictures, neurogenic
cystoparalysis, or diverticula.

2. Bacterial infections of the wurinary tract.
Bacteria such as Proteus vulgaris, Strep-
tococcus, Staphylococcus, Pseudomonas, and
E. coli can produce urease, which alkalify the
urine and subsequently leads to the formation
of phosphate calculi (BosHAMER 1961; RocHA
and Santos 1969).

3. The presence of foreign bodies such as suture
material, catheters, or coagula, which offer a
nidus for the formation of the calculi (VARDI et
al. 1991; StrarroN and HigGiNs 1970).

Calculi may also appear in the bladder secondary
to descent from the renal pelvis or ureter.

Fig. 5.3a,b. Bladder diverticulum: a prevoiding, b post-
voiding

5.3.2 Complications (STAEHLER 1959)

1. Ulcerous cystitis and perforation

2. Ascending pyelonephritis

3. Peridiverticulitis and diverticulitis with con-
crements in diverticula

4. Contracted bladder

5. Hypoplasia of the m. detrusor vesicae

5.3.3 Methods of Detection

Bladder calculi may be detected by ultrasound,
intravenous urography, cystography, pyelogra-
phy, cystoscopy (Figs. 5.4, 5.5, 5.6), and com-
puted tomography (VoGLER 1974; GUNTHER
1952).

Stones composed of uric acid or urates are
often invisible on radiographs (Epiring 1952).
Calcium oxalate stones may resemble a tessel-
lated stone (Fig. 5.5) (ScHreyer 1974). Stones



62

Fig. 5.4. Endoscopic view of bladder calculi. (Courtesy of
Dr. P. Porraczy, SMZO, Vienna)

Fig. 5.5. Bladder calculi (plain film)

W. Hruby et al.

Fig. 5.6 a,b. Bladder calculi; the bladder wall is thickened

occupying the entire lumen of the diverticulum
can protrude into the bladder; the orifice of the
diverticulum then constricts around the stone and
causes a characteristic shelf (KNEISE and SCHOBER
1963).

In order to distinguish small stones lying on the
bladder base from calcifications of the prostate,
the patient is rolled onto the right side and a
lateral decubitus view is obtained. Prostatic cal-
cifications will remain fixed whereas bladder
stones will roll to the most dependent part of the
bladder (MurpHY et al. 1990; HENNING 1961).
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Bladder calculi can become so big that they
mimic a bladder filled with contrast medium.
When performing ultrasound studies, fecal mate-
rial may mimic sigmoid—vesical fistulas.

5.4 Therapy

As most bladder calculi are caused by subvesical
obstruction, it is essential to treat this predis-
posing factor first. Bladder calculi should be
disintegrated in situ by means of ultrasound,
lithotripsy, laser lithotripsy, or mechanical frag-
mentation (Fig. 5.7).

5.4 Inflammatory Diseases of the Bladder
5.4.1 Etiology

1. Bacterial inflammation: the most common
bacteria causing inflammation of the bladder
are E. coli, Streptococcus, Staphylococcus,
Neisseria, Enterobacter aerogenes, and Myco-
bacterium (KunIN and HALMAGYI 1962; CyR et
al. 1973).

2. Paracytic inflammation, e.g., due to Schisto-
soma, Trichomonas, or Amoeba (SANJURIO
1970).

3. Inflammation caused by chemical substances,
e.g., cantharidin, bismuth, barium, aniline
derivatives.

4. Inflammation caused by physical agents, e.g.,
electrocoagulation, radiation.

5.4.2 Routes of Infection

p—

. Descending

2. Ascending from the urethra, the prostate, the
seminal vesicles, or catheterization (MARTIN
and BROOKRAJIAN 1962)

3. Lymphogenous from the colon, rectum,
prostate, seminal vesicles, or parametrium

4. Hematogenous: tonsillitis, dental foci, endo-

carditis (FRIEDLAND et al. 1983)

>

Fig. 5.7a,b. Disintegration of bladder calculi by ultrasonic
lithotripsy. (Courtesy of P. Porraczy, SMZO, Vienna)
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5.4.3 Predisposing Factors

1.

Inflammation of the bladder is much more
common in patients with predisposing factors,
e.g., diabetes mellitus, septicemia, or AIDS
(VEILSGAARD 1973; StAMEY 1983).

. Urination disorders, e.g., infravesical obstruc-

tions, neurogenic bladder, diverticula, VUR.

. Congenital anomalies such as exstrophy pos-

terior stenosis of the urethra, and vesico-
ureteral or vesicovaginal fistulas (VOGLER
and SCHREYER 1974; AaBEcK and LiEN 1982;
MursoN et al. 1973; Bopian 1957; BurNs et al.
1947).

5.4.4 Cystitis

5.4.4.1 Acute Cystitis

1.

2.

Cystitic catarrhalis sive dequamativa: Only the
supetficial layers of the mucosa are involved.
Purulent cystitis: Inflammatory infiltration of
the submucosa and submucosal bleeding are
found (TunG and PapanicoLaou 1990). Some-
times deeper layers of the bladder wall are
involved, which can lead to phlegmon and peri-
cystitis (SMITH and DEHNER 1972).

. Pseudomembranous (fibrinous) cystitis and

gangrenous cystitis (STIRLING and HOPKINS
1934): These forms are usually found with
cystoplegia, diphtheria, typhoid, or diabetes;
they may also be caused by chemical sub-
stances or irradiation. Gangrenous cystitis can
become chronic and is also sometimes found
after injuries or due to extravesical pressure

(pregnancy).

. Cystitis bullosa sive emphysematosa: Emphy-

sematous cystitis is caused by gas-forming
organisms (E. coli or Enterobacter aerogenes)
(BarLey 1961; Bossen and LEwis-JONSSON
1954; BLicHT 1978). It usually appears in
middle-aged women but is also found in infants
(DiLLER 1963; FEINGOLD et al. 1953; FRANCKE
and LANE 1956). Diabetic patients have a
higher incidence of emphysematous cystitis
(Datta and SeEmMINARIO 1978; HAWTREY et al.
1974; MaLiwan 1979).
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5.4.4.2 Chronic Cystitis

Chronic cystitis leads to thickening of the bladder
wall, edema and hyperemia, and lymphocytic in-
filtration of the mucosa. Sometimes there is
destruction of the muscular layer with subsequent
fibrosis leading to shrinkage of the bladder or
complete atony.

There are various forms of chronic cystitis:

1. Interstitial cystitis: Middle-aged women are
most commonly affected (Oravisto 1975). In-
terstitial cystitis is characterized by edema
of the mucosa, lymphocytic infiltration, pro-
liferation of connective tissue, and shallow ul-
cerations which often calcify (Parsons 1987).
Interstitial cystitis has to be considered pre-
cancerous (FALL et al. 1985; GorDoN et al.
1973; HaNasH and PooL 1970; HoLM-BENTZEN
et al. 1987).

2. Malacoplakia: The etiology is unknown. Re-
current E. coli infections seem to play an im-
portant part. Proliferation of granulation tissue
in the mucosa is characteristic. The lesions
generally measure only about 5 mm in diameter
but can grow to a size of almost 3cm and
may then mimic bladder cancer. Histologically
Michaelis-Gutmann bodies can be found in
macrophages and histiocytes.

3. Cystitis follicularis and granularis: Prolifer-
ations of lymphatic follicles and granulation
tissue bulge at the trigone.

4. Cystitis glandularis sive cystica: Invaginations
of transitional epithelium called Brunn’s nests
frequently occur in the renal pelvis, ureter, and
bladder (BroGDON et al. 1965; LiN et al. 1980).
Some of these nests may undergo cystic changes
(cystitis cystica); multiple small fluid-filled cysts
measuring 2-7 mm in diameter develop in the
mucosa. The changes are most often found in
the trigone but can involve all parts of the
bladder (KiTTREDGE and BRAMAN 1958; LIN et
al. 1980).

5. Tuberculous cystitis: Infection usually spreads
via either the descending or the hematogenous
route. In men, ascending infections from geni-
tal tuberculosis are also found (MooNEN 1958;
SeEeIrs et al. 1990; CAFETEN 1971; KELALIS et al.
1962). Characteristically, tuberculous cystitis
leads to a small and smooth, often asym-
metrically contracted bladder (KNEISE and
ScHOBER 1963). Mucosal edema and granu-
lomas impart a cobblestone appearance on
radiographs. Filling defects can be caused by
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large granulomas, sometimes simulating car-
cinoma. In rare cases very patchy calcifications
of the bladder can be found, simulating schist-
osomiasis. As the disease progresses the
bladder continues to shrink and VUR develops
(May 1968).

6. Fungal cystitis: Candida albicans sometimes

leads to gas formation in the bladder.
Actinomycosis can lead to the formation of
fistulas (GoLDMAN et al. 1960; McDonALD and
Facan 1972; KinG and Lam 1978; SAKAMOTO
1978).
Schistosomiasis is discussed in Sect. 5.1 (see
also PALUBINSKAS 1960; AREAN 1966; ATAaAH
1976). Schistoso miasis in the bladder leads
to submucosal calcifications which show up as
symmetrical eggshell calcifications on radio-
graphs (Sansurio 1970). These calcifications
nearly always occur in combination with sym-
metrical calcifications of the ureters (AL
Goras et al. 1978).

7. Cystitis caused by irradiation: Cystitis following
irradiation may be primary or secondary in
nature. When it is primary, edema and bullous
cystitis are seen (HIETALA et al. 1975); when
secondary, ulcerations and atrophy of the
mucous membrane and squamous metaplasia
can be found. Irradiation-induced cystitis leads
to VUR, hydroureter, and contracted bladder
(BeckERr and zum WINKEL 1961).

5.5 Future Aspects —
Digital Techniques in Uroradiology

Radiology is primarily a service-rendering
specialty which has, during its almost 100-year
history, evolved from a merely diagnostic imaging
method to become part of an interdisciplinary and
integrated clinical approach; moreover it is also
moving increasingly into the therapeutic field
through the application of minimally invasive
techniques, especially in uroradiology.

In addition to the production and interpre-
tation of image-dependent diagnosis, a chief goal
is the presentation of the results in a timely
manner to the referring colleague to enable him/
her to decide upon the patient’s therapy. Since
many different modalities are used, being applied
singly or in combination according to the clinical
problem, there is a need to present the results in
an integrated fashion.

Computers are not new in uroradiology; for
example, the digital imaging modalities such as
ultrasound and computed tomography are well-
established methods. Also, the indications for
magnetic resonance imaging are becoming clearer
as the number of scientific publications in this
field increases (Cox et al. 1988). The aforemen-
tioned digital methods are responsible for about
25%-40% of uroradiologic examinations, accord-
ing to the nature and the utilization of digital
equipment in the radiology department. Never-
theless, the majority of examinations still consist
in “conventional” radiography (images of the
chest and abdomen as well as contrast media
examinations of the genitourinary tract).

Through the introduction of digital radio-
graphy with storage phosphor disks and the digital
image intensifier, the field of conventional imag-
ing is now also utilizing computerization (TEm-
PLETON et al. 1987). The main advantages lie in
the reduction of exposure and thereby a reduction
of the dose by elimination of reexaminations
secondary to exposure errors.
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6.1 Normal Anatomy
6.1.1 Anatomic Relationships

The urinary bladder is the body’s reservoir for
urine. It is a muscular bag lined with a mucous
membrane and is located in the bony pelvis below
a layer of peritoneum. Occupying the anterior
half of the pelvis, it is bounded by the symphysis
pubis and the diverging walls of the pelvis ven-
trally and at its sides. The bladder is flattened
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Fig. 6.1. MRI of the bladder in a female: heavily T2-
weighted sagittal image; scan performed with fast spin-
echo technique. The relationship of the bladder to adjacent
organs is shown. B, bladder; R, rectum; U, uterus

superiorly when empty, becomes globular with
urine filling, and has a normal capacity of up to
500ml. It is dorsal and cephalad to the pubis,
being separated from it by the retropubic space of
Retzius. The urinary bladder does not assume this
pelvic position until maturity. It is an abdominal
organ in infants and children (Carrey 1972). In
the male, the rectum is dorsal and caudal to the
urinary bladder. The seminal vesicles and the
ampulla of the ductus deferens are embedded in
endopelvic fascia caudally and dorsally against
the fundus of the bladder. In the female, the
uterus and vagina lie between the rectum and the
bladder (Fig. 6.1). Depending on the state of
distention of the bladder, the nongravid uterus
and cervix will be dorsal and/or cephalad to the
bladder. The vagina is caudal and posterior, its
anterior wall loosely attached to the fundus of the
bladder (WooDBURNE 1976; Pansky 1979).

6.1.2 Reflections, Ligaments, and Fascial Planes

The superior surface and the uppermost posterior
surface of the bladder are covered by peritoneum
which extends posteriorly to form the rectovesical
pouch of Douglas in the male or the rectouterine
pouch (cul-de-sac) in the female. The bladder is
firmly attached to the base of the prostate gland
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caudally in the male and lies on the pelvic floor
and urogenital diaphragm in the female.

The urinary bladder is enveloped in the en-
dopelvic fascia, which attaches to the parietal
fascia on the back of the pubis and to the superior
fascia on the pelvic diaphragm, forming the true
ligaments. The pubovesical ligaments are the
puboprostatic or lateral ligament of the male and
the pubourethral ligament of the female. The
rectovesical ligaments extend from the bladder to
the sides of the rectum and sacrum. The false
ligaments are a group of peritoneal folds extend-
ing from the bladder to the abdominal or pelvic
walls. They are the medial and lateral umbilical,
the lateral ligaments, and the sacrogenital or
posterior false ligaments. The medial umbilical
ligament extends from the apex of the bladder to
the abdominal wall in the midline. This is the
vestige of the embryologic urachus (WOODBURN
1976; Pansky 1979).

The limiting fascial planes of the pelvis are
interconnecting and complex. The superior fascia
of the urogenital diaphragm fuses with the pelvic
fascia, the obturator fascia, and the endopelvic
visceral fascia. The inferior fascia of the uro-
genital diaphragm fuses with Colles’ fascia, which
continues as Scarpa’s fascia anteriorly and as
the dartos muscle and fascia inferiorly and fuses
inferolaterally with the fascia lata of the thigh.
The loose areolar connective tissue which en-
velops the bladder is continuous with the retro-
pubic space of Retzius (SANDLER et al. 1986;
PANSKY 1979).

6.1.3 Mucosa and Musculature

The mucosa of the bladder consists of transitional
epithelium with an underlying well-developed
submucosal layer of connective and elastic tissue.
External to the submucosa is the bladder muscle,
the detrusor, which is composed of coarse fascicles
that do not run in continuous planes but decussate
and crisscross, changing direction and level to
form a meshwork rather than definable layers.
Longitudinally orientated muscle bundles tend
to predominate in the outer and inner aspects
of the detrusor. Close to the internal meatus,
the detrusor assumes three definite layers: inner
longitudinal, middle circular, and outer longi-
tudinal (TaNaGgHO 1992a). The inner layer of
muscle shows a tendency to longitudinal conver-
gence on the urethra and much of it is continuous
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with the internal longitudinal musculature of the
urethral wall. In the female, some of the posterior
outer longitudinal detrusor muscle bundles extend
over the bladder base to merge with the anterior
vaginal wall. Anteriorly, some outer longitudinal
detrusor muscle bundles continue into the pub-
ovesical ligaments, providing the muscular com-
ponent of these structures (GosLING 1985). The
internal sphincter or bladder neck is not a true
sphincter but rather a thickening formed by inter-
laced and converging muscle fibers of the detrusor
as they pass distally to become the smooth muscle
of the urethra. The smooth muscle of the bladder
neck is histologically, histochemically, and phar-
macologically distinct from that composing the
rest of the detrusor (GosLING 1985). These arch-
ing bundles of muscle are derived from the cir-
cular layer, extend from just above the trigone
down to the area anterior to the internal urethral
orifice, and are functionally capable of con-
stricting the urethral aperture. Detrusor contrac-
tion squeezes urine toward and out the urethra.
The bladder mucosa, which is smooth when
the bladder is distended, becomes heaped into
numerous folds of rugae when the bladder is
contracted. These can be mistaken for muscular
trabeculation when demonstrated radiographi-
cally (GosLING 1985; TanagHO 1988a; Woob-
BURNE 1976; CAFFEY 1972).

6.1.4 Ureteral Orifices and Trigone

The distal ureter passes obliquely through
the muscular layer of the bladder wall and then

courses submucosally to its orifice (Fig. 6.2). As
the ureters penetrate the bladder wall just lateral
to a prominent posterior band of longitudinal
detrusor muscle, the superficial fascicles of the
detrusor medial to the ureter are elevated
and fascicles both medial and lateral to it are
separated. The ureter penetrates medially under
the deeper layers of detrusor muscle and so
traverses the bladder wall. Internal detrusor
bundles arch over the ureter as it bulges into the
bladder lumen. The ureter then tunnels sub-
mucosally for about 1cm to its aperture. (Woob-
BURNE 1964, 1976). Approximately 3cm of the
lower ureter is encased in a fibromuscular sheath,
Waldeyer’s sheath, which is attached to the
detrusor by a few small fascicles of muscle. A
small separation (Waldeyer’s “space” or separa-
tion) exists between the distal ureter and the
detrusor muscle, allowing motion (WOODBURNE
1964, 1976; TanaGgHO 1986, 1992a).

TanagHo and PucH (1963) described the
anatomy of the ureterovesical junction in detail
based on their dissection of 25 normal ureter-
ovesical junctions of adults obtained at autopsy or
at surgery. They found that the arrangement of
muscle fibers in the ureteral wall changes as the
ureter is traced downwards. The juxtavesical seg-
ment (the lowermost few centimeters) has mainly
longitudinal muscle fibers in the long axis of the
lumen but also has fairly well developed oblique
and circular fibers. In the intramural segment
(which averaged 0.9mm in length and was en-
tirely surrounded by bladder muscle) and the sub-
mucosal segment (which averaged about 0.7 mm
in length and lay superficially in the bladder base,
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covered only by the mucous membrane), the
muscle is entirely longitudinal with no circular
fibers to be seen. The latter two segments together
constitute the intravesical ureter. The circular and
oblique fibers do not end in the juxtavesical por-
tion but rather change orientation, becoming lon-
gitudinal (TANAGHO 1986). There is nothing about
the arrangement of muscle fibers here to suggest
the usual active muscular sphincter. Being en-
tirely longitudinal in the intravesical ureter, the
muscles cannot even transmit peristalsis. The
muscle fibers of the roof of the ureteral orifice
split and swing to the side, forming the lips of the
ureteral orifice; they then join with the floor
fibers, accumulate just distal to the orifice, and
fan out into the trigone (TANAGHO 1986). The
longitudinal fibers of the roof of the intravesical
ureter wrap around the ureteral orifice to join
the floor fibers and form the superficial trigone
(TanaGHO and PuGH 1963).

Waldeyer’s sheath, which consists of fibro-
muscular tissue, forms an encircling layer around
the lowermost 1.5-3cm or the juxtavesical seg-
ment of the ureter. As the sheath is traced
cephalad, the amount of muscle gradually de-
creases and the fibrous tissue becomes more pro-
minent, until at its upper limit it consists only
of fibrous tissue that has become continuous
with the adventitia of the ureter. TANAGHO (1986)
stated that the sheath’s muscular element gradu-
ally fuses with the ureteral musculature. Dissec-
tion of the intravesical portion showed that the
sheath follows the ureter through the ureteral
canal or hiatus through the detrusor muscle,
forming a complete encircling fibromuscular layer
around the ureter. At the level of the junction
of the intramural and submucosal segments, the
muscle fibers encircle the lumen much as the
ureteral muscle fibers do, and then form a layer
deep to the superficial trigonal muscle.

The trigone is a smooth triangular area above
the urethral orifice (cf. Fig. 6.3 for appearance of
an edematous trigone). The trigone is both the
termination and the attachment of the ureter. The

ureter is loose in the bladder wall but firmly

attached to the trigone by Waldeyer’s sheath
(TanagHO and PugH 1963). The ureteric ter-
minations form the cephalad corners of the
trigone joined by the interureteric ridge. The
internal urethral orifice is the trigone’s ventral
and caudal apex. The trigone shape is formed
by the blending of the continuing longitudinal
muscles of the ureters across the midline to form
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Fig. 6.3. Edematous trigone: S-min film showing stone
(arrow) at right ureterovesical junction. The trigone
is asymmetric because of the edema on the right.
(CunNINGHAM 1975)

the interureteric ridge plus a fanning downward
toward the urethral aperture. The smooth muscle
of the superficial trigone is relatively thin but
becomes thickened along its superior border as
the interureteric ridge. Similar thickenings occur
along the lateral edges of the trigone (Woob-
BURNE 1976; GosLING 1985). Since the mucosal
membrane of trigone is firmly adherent to the
underlying muscle, the trigone is smooth whether
the bladder is full or empty (TANAGHO 1986).

TaNAGHO and co-workers (TANAGHO and PuGH
1963; TANAGHO et al. 1965) demonstrated that the
superficial trigonal muscle layer is a direct con-
tinuation of the ureteral muscle and the deep
trigonal muscle layer a direct continuation of
Waldeyer’s sheath. The superficial muscle layer is
unattached to any structure between the point
where the ureter proper ends and the urethra
(TaNaGHO 1963). These two layers together con-
stitute the trigone of the bladder, which is em-
bryologically, anatomically, and functionally a
direct continuation of the ureter. TANAGHO et al.
(1965) also referred to the two layers together as
the trigonal muscle. TANAGHO (1986) says that the
deep trigone forms a dense compact layer in
the base of the bladder which fuses to a certain
degree with the detrusor muscle and anchors
the ureterotrigonal unit. The superficial trigonal
muscle is continuous with the smooth muscle
of the urethra in both sexes, ending at the veru-
montanum in the male and just inside the external
urethral orifice in the female. The deep trigone
ends at the bladder neck (TANAGHO 1992a;
GosLING 1985).
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GosLING (1985) states that the muscle cells of
the deep layer are indistinguishable from those of
the detrusor and feels the layer is merely the
posteroinferior portion of the detrusor muscle
proper and should be called the ““trigonal detrusor
muscle.” He goes on to state that the superficial
trigonal muscle represents a morphologically dis-
tinct component of the trigone that, unlike the
detrusor, is composed of relatively small-diameter
muscle bundles that are continuous proximally
with those of the intramural ureters.

It was once felt that the ureterovesical junction
acts as a flap valve. It was believed that intra-
vesical pressure and perhaps intrinsic ureteral
elongation via muscle fibers coursing from the
ureteral meatus to attachments in the posterior
urethra compress the intramural portion of the
ureter so that reflux is prevented but efflux is
permitted (Lapipes and Diokno 1976).

Using nonrefluxing dogs, TANAGHO et al.
(1965) proved that normal trigonal muscle tone
occludes the intravesical ureter. Surgical inter-
ruption of the trigone on one side between the
ureteral orifice and the urethra 3mm below the
ureteral orifice resulted in shortening of the intra-
vesical ureter and reflux on that side. The reflux
ceased when the wound healed. Paralysing the
trigone by unilateral sympathectomy resulted in
reflux on that side. Focal electrical stimulation of
one side of the trigone moved the ureteral orifice
caudally, lengthening the intravesical ureter, and
increased resistance to flow through the ureter-
ovesical junction to the point that efflux of urine
ceased on the stimulated side.

TaNAGHO et al. (1965) also demonstrated that
shortly before the expected sharp rise in intra-
vesical pressure generated for voiding, the pres-
sure in the intravesical ureter rose sharply and
persisted for 20s after detrusor contraction had
ceased. Therefore, ureterovesical competence is
independent of detrusor action and is determined
by tone of the trigone, which contracts vigorously
just before voiding, helping to open and funnel
the vesical neck. Simultaneously, the intravesical
ureter is pulled down, coapting its lips so that it
is occluded while intravesical pressure is high.
Therefore, normal ureterotrigonal tone prevents
vesicoureteral reflux (TAaNaGHO et al. 1965;
TANAGHO 1992a).

Furthermore, biopsy of the trigone and intra-
vesical ureter in patients with primary reflux
demonstrated markedly deficient development of
its smooth muscle and suggested that the common

Fig. 6.4a,b. Ureteral jets. a Single jet (arrows) splashing
against the opposite bladder wall. b Doppler ultrasound
appearance of ureteral jet (arrow)

cause of reflux, particularly in children, is
congenital attenuation of the ureterotrigonal
musculature. The theory that ureterovesical com-
petence was maintained by intravesical pressure
compressing the intravesical ureter against its
backing of detrusor muscle has effectively been
disproved (TANAGHO et al. 1965; TANAGHO 1992a).

In summary, the muscle fibers of the roof of
the intravesical ureter do not end at the ureteral
orifice but sweep around the margins of the ureter
to meet the floor fibers of the ureter, then proceed
downward with them in the superficial trigonal
muscle layer. The muscle fibers of Waldeyer’s
sheath do likewise and form the deep trigonal
muscle. The muscles of the trigone, intravesical
ureter, and juxtavesical ureter act as a unit, con-
tracting simultaneously. The downward pull of
the contracting trigone approximates the roof and
floor of the orifice, closing the orifice to reflux.
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The contraction of the intravesical ureter also
compresses it against the supporting muscles of
the bladder wall behind it (TANAGHO et al. 1965).
Resting trigonal muscle tone keeps the ureter-
ovesical junction closed except when a ureteral
peristaltic wave forces it open, squirting urine
into the bladder. These “jets” of urine may
occasionally be seen at urography or on ultra-
sound examination of the bladder (Fig. 6.4) (Cox
et al. 1991; BAkER and MIDDLETON 1992). As the
bladder fills, the ureteral orifices tethered to the
urethra by the stretching trigone are distorted,
preventing reflux and eventually even efflux.
During voiding, the trigone contracts syn-
chronously with the detrusor, closing the ureter-
ovesical junction to both reflux and efflux
(TANAGHO et al. 1965; TANAGHO 1986).

6.1.5 Arterial Supply;
Venous and Lymphatic Drainage

The superior and inferior vesical branches of
the internal iliac artery and the middle rectal
branches of the internal iliac arteries supply the
urinary bladder. The branching is variable.

The vesical venous plexus drains to vesical
veins, which in turn drain to the internal iliac
veins, and to communications with the prostatic
venous plexus.

The lymphatic drainage of the bladder is
by way of internal iliac (hypogastric) nodes, the
posteromedial nodes of the internal iliac group,
and the sacral nodes. The lymphatics of the
bladder arise from the submucous plexus and
form three groups of vessels. The superior and
inferolateral surfaces drain to external iliac nodes.
The fundus drains to external and internal iliac
nodes. The bladder neck joins with lymphatic
vessels of the prostate gland and drains to sacral
and medial common iliac nodes.

The innervation of the bladder is via inferior
hypogastric and vesical plexuses (PANSKY 1979;
WOODBURNE 1976).

6.2 Imaging Techniques
6.2.1 Cystography, Single and Double
Cystography obtains a radiographic image of the

bladder by radiographing it filled with opaque
contrast, usually via urethral catheterization. Pre-
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Fig. 6.5. Double contrast cystogram with bladder tumor
in the left wall (arrows) (triple contrast arteriogram).
(Courtesy of Dr. E.K. LaNG)

liminary plain film may identify calcification
before it is obscured by the opaque medium.
Since the bladder is a sphere, the thickness of the
contrast in the middle of the sphere may actually
obscure even large filling defects. The best outline
of mucosal masses is at the periphery. Multiple
views, including oblique views, must be obtained
to visualize the periphery optimally. Prone and
upright views can also be helpful. They view the
bladder from additional angles and give objects
within the bladder the opportunity to demon-
strate movement. Imaging the bladder with vary-
ing degrees of distention may also be helpful, as
may monitoring filling by occasional fluorography
and spot film. A view of the bladder taken during
voiding can provide a urethrogram and a postvoid
view may be quite helpful. The addition of air
creates a double contrast image which adds an-
other dimension to the examination (Fig. 6.5).
While the opaque contrast does not coat the
mucosa, additional information can occasionally
be gained from distention by air, particularly in
visualizing masses (LANG 1968a).
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6.2.2 Excretory Urography

Excretory urography, also known as intravenous
urography, visualizes the entire urinary system
through the use of radiopaque iodinated contrast
agents which are excreted via the kidneys. Radio-
graphs are taken during the initial excretion. Plain
film laminograms may also be obtained. Modern
contrast agents, particularly the nonionic ones,
are quite safe in respect to contrast media re-
actions (PALMER 1988; KaTayama et al. 1990) and
efficacious (GAvanT et al. 1992). Acute renal
failure is rarely induced, this usually in parti-
cularly susceptible patients such as diabetics or
others with preexisting renal failure (MOORE et al.
1992). Intravenous contrast can be safely ad-
ministered to myeloma patients when the clinical
need arises as long as they are well hydrated
(McCartHY and BEcker 1992). In adequately
hydrated low-risk patients with predominately
normal initial renal function, no consistent clinical
change in renal function was found using either
ionic or nonionic contrast even when using two
times higher than recommended doses (MILLER et
al. 1988). The incidence of acute renal failure
after intravenous contrast administration in a
large series was found to be 0.15% in the general
population (Byrp and SHErMaN 1979). For an
optimal study, careful attention must be paid to
the details of technique, patient preparation, con-
trast choice and dosage, filming, and use of com-
pression (HATTERY et al. 1988). Filling of the
bladder is not as controlled by the examiner as
with cystography and the degree of distention
is seldom as great. The excreted contrast that
reaches the bladder is diluted by the excreted
urine and the residual in the bladder. Urography
is an excellent method for screening the urinary
tract. Use of a prone film is important in find-
ing lesions on the anterior wall or dome of the
bladder (Imray and SaicH 1987). The utilization
of urography has been markedly reduced since
the introduction of ultrasound, computed tomo-
graphy (CT), and magnetic resonance imaging
(MRI), but urography will have much to offer
physicians and patients for many years to come
(Porrack and BANNER 1985).

6.2.3 Angiography

Angiography obtains radiographs during the in-
jection of radiographic contrast material via a

Fig. 6.6. Angiogram of bladder mass. Reconstitution of
flow in the hypogastric artery after previous occlusion.
Note neovascularity in the bladder (arrows), prominently
perfused. (Courtesy of Dr. E.K. LaNG)

catheter in an artery. The blood supply to an
organ can thereby be exquisitely demonstrated.
The injection can be uncomfortable or painful,
requiring sedation. The procedure is invasive
with complications directly related to technique.
If angiography is performed with the bladder
distended with air, bladder masses may be exqui-
sitely demonstrated and wall thickness visualized
(Fig. 6.6) (LANG 1968b).

6.2.4 Lymphography

Lymphography is accomplished by cannulating a
lymphatic in each foot and injecting oily contrast
into the lymph system. After the draining nodes
have been thus opacified, radiographs will
demonstrate their size and internal architecture
(Fig. 6.7) (voN ESCHENBACH et al. 1985). While
CT is more accurate in determining the extent
of bulky metastases, lymphography can identify
small localized foci in normal sized nodes. Defects
5-7mm in diameter can be detected (voN ESCHEN-
BACH et al. 1985). Enlarged nodes on CT may
prove to be only hyperplastic or conglomerates of
small nodes on lymphography. Since the nodes
remain opacified for at least 6 months, they may
be followed by plain abdominal radiographs. The
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Fig. 6.7. a Collateral flow around nodes (black arrows)
enlarged by metastases. Obstruction has caused retrograde
flow into the bladder wall (white arrows). b Twenty-four
hour film showing filling defects in nodes bilaterally

opacified nodes are marked for fine needle biopsy
with fluoroscopy and for radiation therapy (NORTH
et al. 1992). In staging, the presence or absence of
metastases is a more important question than size
of the node. Lymphography can have an overall
accuracy of more than 90% in staging lymphoma
and 91% in determining regional lymph node in-
volvement by urologic tumor (STRUK et al. 1983).
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Fig. 6.8. Bladder lesion (arrow) found incidentally during
pelvic ultrasound. The lesion was subsequently diagnosed
as a papillary transitional cell carcinoma stage I

6.2.5 Ultrasound

Sonography produces an image using reflection
of high frequency sound wave. The fluid in the
bladder makes an excellent sonographic window
and is used to survey the pelvis with an ultrasound
probe placed on the suprapubic abdominal wall
(RirkiN 1985). The urinary bladder and peri-
vesical areas can be well visualized. The pro-
cedure involves no ionizing radiation and can be
used on pregnant women. The bladder may
be filled by diuresis or catheterization. Mucosal
masses can be well visualized (Fig. 6.8). Occasion-
ally a clinically silent mucosal bladder mass is
found in the course of an ultrasound examination
of the pelvis performed for another reason. Trans-
rectal and intravesical probes are also available
(RIFkIN 1985; ABU-YOUSEF 1986).

6.2.6 Computed Body-Section Tomography

Computed tomography creates an image by com-
puter reconstruction of radiographic attenuation
values in an axial section of the body after an x-
ray tube and detector array have encircled the
section. The images provide excellent anatomic
detail with fine spatial resolution and contrast
(Fig. 6.9). The intestines may be opacified
with radiopaque material such as dilute barium.
Further information may be obtained through the
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Fig. 6.9. Computed tomogram of papillary bladder cancer
(black arrow) obstructing the right ureter (open arrow).
The lesion is at least stage B2 and probably C

administration of intravenous radiopaque con-
trast medium to further increase contrast. Images
taken rapidly during the administration of intra-
venous contrast can provide opacification of
blood vessels and demonstrate the vascularity
of structures. The detail of CT is superb for
visualization of lymph nodes but it does not show
internal architecture. It can identify enlarged
lymph nodes but can suggest the cause only if
there is a nearby mass. Microscopic spread of
malignancy cannot be detected. The images
are degraded by motion and cannot be used in
agitated patients without sedation. CT has been
quite useful in staging bladder cancer with up to
88% overall accuracy and up to 92% accuracy
in evaluating for lymph node metastasis (ARGER
1985; ARGER et al. 1986). CT can be used to guide
fine needle aspiration biopsy for cytology of en-
larged lymph nodes.

Fig. 6.10. a Axial and b coronal MRI demonstrating
bladder wall involvement by soft tissue rhabdomyosar-
coma (R) of the pelvis in a 16-year-old male; T1 weighting
with gadolinium enhancement and fat suppression
technique

6.2.7 Magnetic Resonance Imaging

Magnetic resonance imaging creates a computed
image from the radiofrequency signal coming
from hydrogen atoms in body water in a strong
magnetic field (HAGGAR and KRESSEL 1985). It is
expensive and sometimes time consuming, but
uses no ionizing radiation. The patient must
lie absolutely still during image generation. The
magnetic field precludes the use of most monitor-
ing equipment and the procedure is not for
seriously ill or unstable patients. Direct multi-
planar imaging can be obtained (Fig. 6.10). MRI
can identify blood and blood flow specifically.
Since perivesical fat gives a strong signal, MRI
is able to detect extension of bladder tumor
(HaGear and KresSeL 1985).
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6.3 Trauma

6.3.1 Penetrating and Blunt Trauma
with Clinical Categorization

Bladder trauma represents about 22% of all
urologic injuries. The injury may be penetrating
or nonpenetrating. Nonpenetrating is by far
the more frequent, accounting for about 86% of
bladder injuries (Gopec 1985). Most injuries
of the bladder are the result of motor vehicle
accidents or sports injuries; there is a definite
male preponderance. Occasionally iatrogenic in-
jury may occur. Intraperitoneal and extraperi-
toneal ruptures of the bladder have been reported
to be about equally distributed, with about 10%
being combined (BoNavita and PoLLAck 1983). A
more recent civilian practice experience revealed
one-third intraperitoneal and two-thirds extra-
peritoneal rupture in blunt trauma (SANDLER
1988, unpublished work). Extraperitoneal rup-
ture of the bladder is associated with pelvic frac-
ture in up to 98% of cases (GODEC 1985; BONAVITA
and PoLrack 1983; CorriERE and SANDLER 1986).
The greater the severity of the pelvic fracture, the
greater the chance of lower urinary tract injury
(PaLMER et al. 1983). Extraperitoneal rupture of
the bladder occurs in 5%-10% of patients with
pelvic fractures, particularly those involving the
pubic arch (BoNaviTA and PoLLAck 1983; FALLON
et al. 1984; WoLk et al. 1985). Approximately
half of urinary tract injuries in patients with pelvic
fracture involve the urcthra alone, a third the
bladder alone, and about 10% both (BoNAviTA
and PoLrack). Woik et al. (1985) reported that
most patients (53%-85%) with bladder rupture
and pelvic fracture have extraperitoneal bladder
rupture. The rest have either intraperitoneal
(15%-45%) or combined (0% -12%) intraperi-
toneal and extraperitoneal ruptures.

The degree of distention of the bladder with
urine determines its shape and, at least to some
degree, the injury it may sustain from blunt
trauma. Pelvic scars or preexisting pelvic patho-
logy may modify the situation. An exceedingly
light blow may rupture the fully distended bladder
but the empty bladder is seldom injured except by
crushing or penetrating wounds.

Penetrating injuries of the bladder are classified
simply as intraperitoneal, extraperitoneal, and
combined. Bladder injuries due to blunt trauma
have been classified as contusions, extraperi-
toneal ruptures, or intraperitoneal ruptures.

L.R. Bigongiari and H. Zarnow

Table 6.1. Blunt injury to the bladder, as classified accord-
ing to SANDLER

Typel Bladder contusion
Type I Intraperitoneal rupture
Type I11 Interstitial rupture
Type IV Extraperitoneal rupture
a) Simple
b) Complex
Type V Combined bladder injury

SANDLER (SANDLER et al. 1986; SANDLER 1988,
unpublished work) has expanded this basic
classification to a more comprehensive and useful
one (Table 6.1).

Bladder contusion (type I) is an incomplete or
nonperforating tear of the bladder mucosa follow-
ing blunt trauma to the pelvis. As would be
expected, the imaging investigation fails to show
extravasation. Most patients will have hematuria.
Bladder contusion is considered the most common
form of bladder injury, accounting for approxi-
mately one-third of injuries. The injury is usually
self-limiting and requires no specific therapy. The
bladder may be “teardrop,” elevated, or deviated
by pelvic hematoma. Bladder contusion should
not be confused with these configurations.

Intraperitoneal bladder rupture (type II) is the
result of a sudden rise in intravesicular pressure
from a blow to the pelvis or lower abdomen. In
the absence of pathologic changes in the bladder
wall, the posterior peritonealized dome is the
weakest portion of the bladder. An approxi-
mately midline longitudinal tear occurs and intra-
peritoneal extravasation follows (Fig. 6.11). In
experimental work done on cadavers, OLIVER and
TacucHi (1964) found this portion of the bladder
wall to be least well supported, and its muscle
fibers most widely separated. This injury requires
a distended bladder and need not be associated
with a pelvic fracture. It may result from a steer-
ing wheel or seat belt injury or a fall onto the
abdomen.

Intraperitoneal rupture is much more common
in children than in adults because the bladder is
primarily an abdominal rather than a pelvic organ
in children and when fully distended it is propor-
tionally larger than in the adult. Since urethral
catheter drainage is frequently complicated
by urethral stricture formation, suprapubic
cystostomy is favored (GUERRIERO and DEVINE
1984a).
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Spontaneous rupture of the bladder does occur
but is most likely the result of unrecognized in-
jury, and is not infrequently associated with pre-
existing bladder pathology such as inflammation,
stones, surgical scars, tumor, tuberculosis, neuro-
genic dysfunction of the bladder, outlet obstruc-
tion such as prostatic enlargement, or posterior
urethral valves. In children consideration should
be given to the possibility of child abuse (GobEkc
1985; GuEerriero and DEvINE 1984; ZErIN and
LeBowiTz 1989).

Interstitial bladder rupture (type I1I) applies to
an incomplete perforation of the bladder that
results in irregularity of the bladder wall on cysto-
grams, but without frank extravasation of con-
trast material. This injury is uncommon and
probably represents an incomplete form of extra-
peritoneal bladder rupture. Since an identical
injury could occur along the peritoneal portion of
the bladder wall, it is given a separate category.
The term was coined by Nowak and ZIELINSKI
(1977) to describe a dissecting rupture without a
complete perforation. It is not a missed rupture
but rather an incomplete one.

In simple extraperitoneal bladder rupture (type
1Va), the extravasation is confined to the peri-
vesical space. In complex extraperitoneal bladder
rupture (type IVb), the extravasation extends
beyond the perivesical space. Both are usually,
but not always, associated with pelvic fracture.
Extraperitoneal rupture may occur in diastasis of
the symphysis pubis when stress is transmitted to
the bladder wall by the puboprostatic ligaments
and/or hypogastric wing (MOREHOUSE and MAc-
KiNNON 1969). In 42% of CorrierRe and SAND-
LERS’ (1988) patients the extravasation extended
outside the perivesical space and rupture of the
urogenital diaphragm commonly occurred, allow-
ing extravasation to extend into the scrotum,
thigh, and penis.

Most extraperitoneal ruptures occur at the
anterior lateral wall close to the bladder base.
The location of the extravasation depends on the
site of injury and the amount of disruption of the
normal fascial boundaries within the pelvis. The
extravasation may extend retroperitoneally, up-
ward to the anterior and posterior perinephric
spaces. It may extend into the anterior abdominal
wall within the confines of Colles’ fascia, into
the thigh via the obturator canal, through the
greater sciatic notch into the buttocks, or into the
scrotum. MoREHOUSE and MacKiNNoON (1969)
postulated the inguinal route to the scrotum.

Fig. 6.11a,b. Intraperitoneal bladder rupture. a Cysto-
gram demonstrates extravasation into the cul-de-sac and
right flank (arrows). b CT demonstrates contrast (C) in the
right paracolic gutter

According to SANDLER et al. (1986), however, the
path of extravasation more often appeared to
extend into the scrotum more medially than the
inguinal canal. They postulated that the superior
fascia of the urogenital diaphragm had been dis-
rupted, allowing direct extravasation into the
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scrotum. Extravasation of contrast material into
the thigh and penis implies disruption of the
inferior fascia of the urogenital diaphragm. Extra-
vasation near the bladder base leading to extra-
vasation below the pelvic floor can be easily
confused with urethral injury. Vesicorectal, vesi-
covaginal, or vesicocutaneous fistulas may occur.
Vesicovaginal fistula is the most common, usually
presenting as incontinence.

Extraperitoneal rupture of the bladder has
long been thought to be most commonly due to
laceration or puncture of the bladder by a sharp
spicule of fractured bone. Not only may extra-
peritoneal rupture occur in the absence of rupture
of the pelvic ring, but CorrRIERE and SANDLER
(1988) and CarroLL and MCANINCH (1984) found
that only 35% of bladder lacerations are in
the area of pelvic fracture. The site of contrast
medium extravasation was not in the area of the
fracture in 65% of their patients. CARROLL and
McANINCH (1984) noted that the highest per-
centages of laceration were along the dome in
their patients with pelvic fracture. CORRIERE and
SanDLERS’ (1988) findings suggest that the most
common mechanism for extraperitoneal bladder
rupture is either a bursting type of injury similar
to the intraperitoneal bladder rupture or a shear-
ing injury owing to the forces of the pelvic ring
fracture disrupting the ligamentous attachments
between the bladder and pelvis. Laceration of the
bladder by a transiently displaced bone fragment
may occur in some instances. Actual puncture of
the organ seems unlikely, since they never found
a spicule of bone in the bladder in any of their
patients and demonstration of a penetrating
spicule is unusual indeed.

In combined bladder injury (type V), both
intra- and extraperitoneal extravasation are pre-
sent. This type of injury is uncommon and one
component (usually intraperitoneal rupture) may
hide the other. The intraperitoneal contrast may
obscure the extraperitoneal contrast or the rent in
the dome may be so large that flow is preferenti-
ally to the peritoneum rather than out of the
extraperitoneal tear.

6.3.2 Evaluation of Bladder Injury

6.3.2.1 Clinical Evaluation

Hematuria is the most common sign of bladder
trauma, occurring in up to 100% of patients
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in one series (CARROLL and MCANINCH 1984).
Patients with bladder rupture often have no
desire to void and no urine is obtained when a
catheter is inserted. They may urinate with dif-
ficulty and pass only small amounts of bloody
urine. The bladder may be impalpable. With
intraperitoneal rupture, bowel sounds are usually
abnormal. If unrecognized, the injury may pro-
duce hyperkalemia, hypernatremia, uremia, and
acidosis as a result of reabsorption of urine from
the peritoneal cavity. Because urine may drain
from a catheter placed in such a patient, delay in
treatment of days and even weeks may occur.
With the introduction of infection, the clinical
picture of intraperitoneal rupture may eventually
become that of peritonitis with boardlike rigidity
of the abdomen. In extraperitoneal rupture, there
is usually moderate pain low in the pelvis, with
spasm of the lower rectus muscle and gradual
ascending dullness to percussion over the supra-
pubic areas up to the level of the umbilicus. The
clinical picture is that of cellulitis (Scorr and
CARLTON 1976).

6.3.2.2 Retrograde Cystography

Retrograde cystography is the keystone of
evaluation of the injured bladder. Excretory uro-
graphy is inadequate for this purpose because
of dilution of the contrast material within the
bladder and because resting intravesical pressure
is too low to demonstrate a small tear (BoNAVITA
and PorLLack 1983).

A Foley catheter should be advanced into the
bladder gently and only if there is no suspicion of
urethral injury. If any doubt exists, a urethrogram
should be performed first. A patient with urethral
injury should have a cystogram performed follow-
ing placement of a suprapubic catheter. BoNAvITA
and Porrack (1983) recommend that a 30% con-
centration of iodinated contrast material be in-
stilled into the bladder under fluoroscopic control
until a detrusor contraction is provoked and that
multiple films in several projections, including
AP and both oblique views, should be obtained.
ScLarant and BEecker (1985) do not routinely
perform oblique or lateral views as part of cysto-
graphy, particularly on patients with pelvic
fractures. With small lacerations in simple extra-
peritoneal rupture, the extravasated contrast
material may be obscured by the otherwise dis-
tended bladder. For this reason a postdrainage
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film is imperative as part of cystography for
suspected bladder injury. GopEgc (1985) utilizes a
“stress cystogram,” filling the bladder to capacity
by gravity and then injecting an additional 60 ml.
The key is adequate distention.

The overall accuracy of retrograde cystography
has been about 85% in detecting bladder rupture
(CarroLL and McANINCH 1983). A small tear
may seal spontaneously, concomitant urethral
rupture may interfere with evaluation of the
bladder, or inappropriate filming may preclude
accurate evaluation (REISNER and NicHOLAS 1963;
BonaviTa and Porpack 1983). A film with the
bladder fully distended followed by a postdrain-
age film may be totally adequate. Cass (1976)
found cystography 100% accurate when a volume
of 400 ml of contrast medium was used. In each of
the false-negatives in the series, 250 ml or less was
used. Cass (1984) used a post-“‘washout” rather
than a postdrainage film. The bladder is irrigated

Fig. 6.13. Combined bladder injury with large intra-
peritoneal extravasation and minor extraperitoneal extra-
vasation (arrow) next to the pelvic fracture

<

Fig. 6.12a,b. Extraperitoneal bladder rupture: a cysto-
gram and b CT scan

with 250ml normal saline and a frontal radio-
graph obtained to distinguish residual contrast
from extravesicular extravasation. Any con-
trast remaining after washout is considered
extravasated.

The diagnosis of intraperitoneal rupture is
usually made easily on cystography when contrast
enters the peritoneal cavity, fills the cul-de-sac,
outlines loops of bowel, extends to the paracolic
gutters, and outlines the intraperitoneal viscera.
False-negative results in intraperitoneal bladder
rupture after blunt trauma are unusual (SANDLER
et al. 1986). As in penetrating injury from small-
caliber bullets, small tears may be plugged
by omentum, blood clot, or spasm (REISER and
NicHoLAS 1963; BAcoN 1943). The false-negatives
in Reiser and Nicholas’ (1963) series occurred in
gunshot wounds. They postulated that the heat-
searing effect of the bullet, the sharply cut edges,
the natural elasticity of the bladder wall, the
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edema, and the interlacing bundles of detrusor
muscle tend to produce some degree of coaptation
that prevents extravasation.

In extraperitoneal rupture of the bladder (Fig.
6.12a), the contrast is not free-flowing but will
streak in a flamelike fashion as it extends within
the narrow confines of the extraperitoneal peri-
vesical soft tissue space. With extensive extra-
vasation the usual streaky appearance may be lost
and an intraperitoneal rupture simulated.

Combined intra- and extraperitoneal bladder
rupture (Fig. 6.13) will demonstrate both sets of
findings. The amount of contrast extravasated
depends on the size of the laceration and the
volume and rate of contrast material infused.
Quantitation of the amount of extravasation
is useless. Overzealous injection may actually
extend the extravasation.

6.3.2.3 Ultrasound

Although there has been little use of ultrasound
in acute trauma, a few points are worthy of dis-
cussion. Free fluid from intraperitoneal rupture
can be identified in the peritoneal recesses but is
indistinguishable from ascites. A pseudomass can
be created by extravasated urine which does not
disappear on bladder emptying with catheteri-
zation. A “bladder within a bladder” appearance
can be created on the sonogram when hypoechoic
extraperitoneal extravasated blood and urine sur-
round the hypoechoic urine within the bladder.
An echogenic ring between the two hypoechoic
layers represents the thickened muscular wall of
the collapsed bladder (Kauzraric and BARMEIR
1986). Transient cystic and solid bladder filling
defects can be created by miner cystography-
related trauma. These defects clear after emptying
and refilling the bladder. They are often coin-
cident with transient, mild, gross hematuria
and are thought to be due to bleeding and clot
formation (MARKLE and CATENA 1986).

6.3.2.4 Computed Body-Section Tomography

Computed tomography is clearly the method of
choice for evaluation of patients with blunt ab-
dominal and/or pelvic trauma. HorstmMAN et al.
(1991) proposed that, if properly performed, CT
is as sensitive for detection of bladder injuries as
conventional cystography. They reviewed the
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cystograms and CT examinations of 25 patients
who had had both studies as the initial evaluation
of blunt abdominal trauma. Five out of 25 patients
with blunt trauma examined with both studies had
bladder rupture, in three cases extraperitoneal
and in two, intraperitoneal. All injuries were
detected by both studies. The authors felt that
delayed imaging or contrast instillation can pro-
vide the bladder distention needed to demonstrate
contrast extravasation from the injury site. They
continue to perform cystography in patients with
compelling evidence of bladder injury but without
CT demonstration of extravasation.

Even with a urethral catheter inserted and
clamped, routine CT cannot be entirely relied
upon to diagnose bladder rupture (Fig. 6.12b). It
beautifully demonstrates intra- and extraperi-
toneal fluid but cannot differentiate urine from
ascites. It should theoretically be able to detect
blood but attenuation values have not been found
reliable in this situation. During routine ab-
dominal and pelvic studies the bladder is usually
inadequately distended to cause extravasation
through a bladder laceration. Retrograde cysto-
graphy remains the most reliable test in suspected
bladder rupture (MEE et al. 1987).

6.3.2.5 Magnetic Resonance Imaging

Because of the procedure time and the difficulty
of monitoring a seriously injured patient in a
strong magnetic field, MRI currently has little
place in the evaluation of bladder trauma.

6.3.3 Treatment Controversies
in Bladder Trauma

Treatment must be tailored to the individual
patient, who may also have multisystem injury
(Monstrey et al. 1987). The primary goal of
therapy is adequate closure of the bladder defect.
Contusion and small extraperitoneal tears of the
bladder can be managed conservatively without
surgical intervention. Conventional surgical
wisdom dictates that all other injuries should have
operative repair. All penetrating injuries must be
explored since the true extent of the damage
cannot otherwise be determined. The manage-
ment of intraperitoneal bladder rupture must be
operative and immediate, usually consisting of
exploration, closure, and suprapubic cystotomy
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(HavEs et al. 1983). The goals are closure of the
bladder defect, adequate diversion away from the
area of injury, and prompt drainage of extravas-
ated urine (BonaviTa and Porrack 1983).
CorrierE and SANDLER (1988) have shown that
patients with extraperitoneal rupture of any size
and with any amount of extravasation can be safely
and successfully treated with simple urethral
catheter drainage. HAYEs et al. (1983) believe
that prompt adequate catheter drainage prevents
continued extravasation and hematoma contami-
nation. Furthermore, since the hematoma prob-
ably compresses the bladder and promotes self-
sealing of the wounds, it is best left untouched.

6.3.4 Long-Distance Runners’ Hematuria

Long-distance runners can sustain a unique
bladder injury. The patient presents after running
with gross hematuria which clears rapidly, often
after only one voiding and always within 24 h. On
cystoscopy within 48h, hemorrhagic areas are
present at the base of the bladder involving
the interureteric ridge and posterior rim of the
internal meatus and on the opposite lower post-
erior wall in mirror image. The mucosa in these
areas may even be denuded with deposit of
fibrinous exudate. The injury is felt to be a con-
tusion due to the repeated impact of the flaccid
posterior wall on the bladder base while the
bladder is empty or nearly empty (BLACKLOCK
1977).

6.3.5 latrogenic and Obstetric Injury

The bladder may be ruptured during passage of
catheters, sounds, and cystoscopes or during tran-
surethral resection of prostate or bladder tumor
(Scort and CarLtON 1976). Such an injury tends
to be small and clean, and is usually immediately
recognized. Four of the five cases of intraperi-
toneal bladder injuries in the literature treated
with Foley drainage alone were iatrogenic, sec-
ondary to transurethral instrumentation (CORRIERE
and SANDLER 1986).

Obstetric injuries may also involve the bladder.
Prolonged pressure of the fetal head during a
difficult delivery can produce pressure necrosis of
the bladder base at the trigone and bladder neck.
Typically, the patient sloughs tissue in her urine
or leaks urine per vagina on the third to the 14th

postpartum day. Rupture of the bladder can be
seen along with spontaneous rupture of the gravid
uterus (McDoucaL and Persky 1981).

The most common operative injuries are as-
sociated with obstetric manipulations such as for-
ceps deliveries and cesarean sections, gynecologic
procedures such as suction D&Cs, laparoscopy
and pelvic surgery, and urologic instrumentation
of the lower urinary tract. Less common causes
include perforation from prolonged indwelling
Foley catheter, orthopedic procedures of the hip,
and rectosigmoid resections (McDougaL and
PErsky 1981).

6.3.6 Embolotherapy in Pelvic Hemorrhage

Embolotherapy is an effective method to control
intractable hemorrhage from trauma to the pelvic
organs. The etiology may be traumatic injury,
postpartum hemorrhage, hemorrhage compli-
cating transurethral resection of the prostate or
orthopedic procedures such as hip replacement
surgery. The goal of transcatheter embolization
is control of bleeding and stabilization of the
patients’s condition without permanent disruption
of vascular channels. Surgery destroys the fascial
barriers which contain and tamponade venous
hemorrhage.

The femoral approach to catheterization of the
internal iliac arteries is generally favored. The
axillary approach may be necessary in patients
with massive trauma to the pelvis since large
hematomas may form in the groins, precluding
arterial entry. Survey studies are obtained with
selective injection of the internal iliac arteries.

Short-term or temporary embolic agents are
used. Gelfoam pledgets or blood clots are effective
in medium-sized vessels 2-4 mm in diameter. If a
large vessel is severed, occlusion can most easily
and effectively be achieved with an appropriately
sized Gianturco coil. Balloon catheters will pro-
vide temporary occlusion and detachable balloons
may also be used for permanent occlusion
(GerLOck and MIRFAKHRAEE 1985).

High resolution angiography is essential to
depict the bleeding site or sites and the supplying
vessels. The tip of the delivery catheter should be
advanced as close as possible to the bleeding site
using subselective techniques as necessary (Fig.
6.14).

Embolization should be limited to the offending
vessel or vessels, ideally seating the embolic
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Fig. 6.14a,b. Embolotherapy. a Pre- and b postemboliza-
tion high resolution angiography in a patient with a left
hypogastric bladder tumor. (Courtesy of Dr. E.K. LANG)

material in muscular vessels only. Perfusion is
maintained via the precapillary collateral network
(LanG 1981).

Because of the extensive collateral blood supply
to the pelvic organs, one or both internal iliac
arteries may be sacrificed without producing is-
chemic necrosis (LANG 1981).

In the internal iliac system, only a relatively
peripheral embolic obstruction will reduce pelvic
blood flow sufficiently to cause a drop in the distal
blood pressure. The extensive intercommuni-
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cating network ensures substantial collateral flow
to the bleeding site via some major vessel unless
the occlusion is set so far peripherally as to elimi-
nate this component of the collateral network.
Once the pulse pressure is reduced adequately,
intraarterial thrombus formation will occlude the
bleeding vessels. Fibroblasts will permeate a clot
within 8—24h. The vessels need be occluded for
that length of time only. Thereafter, fibroblastic
activity will seal the bleeding site. Material prone
to dissolution, such as autologous blood clot, is
favored for this reason. Reconstitution of blood
flow to nearly all of the affected area is assured,
reducing the risk of tissue necrosis (LANG 1981).

Autologous clot tends to fragment on introduc-
tion into particle sizes prone to lodge in smaller
arteries, thereby causing a substantial reduction
in the pulse pressure while retaining collateral
perfusion via the precapillary plexus and safe-
guarding against avascular necrosis. The propen-
sity of clot for lysis within 8—24 h ensures recon-
stitution of flow. Massive blood transfusions may
result in an abnormal clotting mechanism. Ad-
dition of Amicar (e-aminocaproic acid) to the
sample will encourage coagulation of the clot.
Gelfoam also tends to fragment and therefore
may seat in a somewhat smaller vessel. It produces
semipermanent occlusion lasting 2-3 weeks
with good potential for restoration of vascular
continuity.

Particularly in patients with intractable hemor-
rhage from transurethral resection of the prostate
or postpartum bleeding, the precise bleeding site
of the bleeding vessels may not be identifiable.
In this situation, embolic material is seated in
the major branches of the anterior division of the
internal iliac arteries bilaterally, hoping that the
resulting reduction of pulse pressure and blood
flow will permit formation of clots at the often
multiple bleeding sites which will later be sealed
by fibroblastic activity. This bilateral embolization
is tolerated if the occlusion is set at a proximal
site, permitting collateral flow from other sources
such as the posterior internal iliac branches and
presacral, epigastric, and circumflex femoral
vessels (LANG 1986).

Pharmacoangiography may be helpful in iden-
tifying the bleeding site and in channeling infarct
particles selectively into the bleeding vessels.
Normal arterioles tend to respond to vasocon-
strictive agents and injured vessels do not, making
possible almost selective flow into the responsible
bleeding vessel group. The elimination of flow to
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adjacent normal vessels accentuates the bleeding
site on the survey study and subsequently siphons
particles released into the main branch selectively
into the vessel responsible for the bleeding. The
peripheral resistance is increased in the normal
vessels and decreased in the actively bleeding
vessels (LANG 1981, 1986). Direct injection into
the involved arterial system maximizes the local
effect while minimizing the systemic effect. These
vasoactive agents should be used with caution in
an hemodynamically unstable patient.

Transcatheter embolization of bleeding sites
in the prostate bed after transurethral resection
usually requires embolization of the inferior vesi-
cal, obturator, and pudendal arteries bilaterally.

LANG (1986) reported success in treating 18 of
19 cases of intractable hemorrhage from pelvic
trauma. Initial bleeding was controlled in five
patients hemorrhaging from the prostatic bed after
transurethral resection. In two of them delayed
hemorrhage occurred on the 7th and 10th post-
embolization days respectively but was controlled
by conservative local measures. Postpartum bleed-
ing responds well to embolotherapy, with Ivalon
shavings having proven successful. This is particu-
larly true after low cervical cesarean section.
Postpartum bleeding was controlled in all of five
patients treated without late sequelae.

Depriving the blood supply of large tissue ele-
ments of the pelvis can produce avascular necrosis
of the urinary bladder. Patients with trauma, par-
ticularly if massive, are already at risk for acute
tubular necrosis from shock and myoglobinuria.
Devascularizing muscle compounds this danger.
Other complications from internal iliac artery
embolization include skin, muscle, and bladder
necrosis and nerve involvement. Possible sites for
neurologic damage during internal iliac artery
embolization are the spinal cord, the femoral
nerve, the sciatic nerve, and the sciatic roots.
Paralysis and paresis may result (LANG 1986;
GerLocK and MIRFAKHRAEE 1985). This compli-
cation can be reduced by identification of the
bleeding vessels and selective embolization. If
this cannot be accomplished, use of emboli not
smaller than Gelfoam pledgets 1 X 1 X 10mm is
recommended to preserve peripheral circulation
(HAare et al. 1983).

Angiographically placed balloons may be used
for proximal control of arterial bleeding during
exploration and operative repair (ScaLEa and
ScrLarant 1991).

6.4 Bladder Wall Calcification

Bladder wall calcification is an uncommon radio-
graphic finding with few causes. While a few
patterns are typical, none are pathognomonic.
Correct diagnosis is not possible on the basis of
radiographic appearance alone. Firm diagnosis
can usually be obtained from a combination of
clinical history, physical and radiographic findings,
and appropriate laboratory examinations. Cysto-
scopy and biopsy of the involved tissues are al-
most always necessary to confirm the diagnosis and
to exclude bladder cancer (PoLLACK et al. 1981).

The patterns of bladder calcification will be
described and illustrated with complete discussion
of the disease entities provided elsewhere.

6.4.1 Bladder Neoplasms

Bladder neoplasm may have stippled calcification
that is either punctate (finely stippled) or coarse
(flocculent). The punctate calcifications tend to
be associated with papillary tumors having re-
latively thin pedicles, characteristic of noninvasive
or low grade invasive neoplasms which have been
present for a long time, even years. The calcifi-
cation may also be linear or curvilinear. This tends
to occur in large papillary or sessile neoplasms
and may develop after radiation therapy. Com-
binations of these patterns are also possible (Fig.
6.15).

Microscopic calcification is common in bladder
neoplasms, but the foci are usually too small to be
demonstrated radiographically. The incidence of
radiographically demonstrable calcification has

Fig. 6.15. Calcification in bladder neoplasm. Stippled cal-
cification is seen on the plain film (arrows); calcification is
also present in the prostate gland (P)
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been estimated at about 0.5% (MILLER and PFISTER
1974). Calcification is most common in uroepi-
thelial tumors, both transitional and squamous
cell, but may also be seen in mesenchymal tumors,
including leiomyosarcoma, hemangioma, neuro-
blastoma, and osteogenic sarcoma. The calcium is
usually encrusted on the surface of the tumor but
may be within its substance in a subepithelial posi-
tion in degenerating or necrotic areas. Calcium
precipitation is favored by an alkaline urine. A
local interaction between the tumor surface and
calcium salts in the urine may be operative. Stasis
between the fronds may be a factor since the
encrustation occurs only on the tumor surface but
not on the normal mucosa. The punctate and
coarse calcifications usually occur on the tips of
the villous fronds of low grade papillary transi-
tional cell tumors, giving a finely stippled ap-
pearance. Dystrophic bladder calcification occurs
in necrotic tissue either spontaneously or after
therapy by transurethral resection and fulguration
or radiation therapy (PoLLACK et al. 1981; MILLER
and PrisTER 1974).

6.4.2 Schistosomiasis

The most common inflammatory lesion worldwide
causing bladder wall calcification is schistoso-
miasis. The infestation is caused by any of several
species of the parasite genus, Schistosoma. Only
S. hematobium commonly involves the urinary
tract, with the worms settling in the prostati-
covesical venous plexus. The adult female worm
lays her eggs in the subepithelial layers of the
lower urinary tract structures, mainly the urinary
bladder. The dead ova, which become trapped in
the tunica propria, elicit an intense inflammatory
reaction with fibrosis and subsequent submucosal
calcification (Fig. 6.16). The intensity of the calcifi-
cation is directly proportional to the number of
dead ova. In severe cases, the calcification may
also involve the muscularis and adventitial layers
of the bladder wall. The ureters and seminal
vesicles may also become involved.
Radiographically visible calcification can be
identified in about 50% of patients with schisto-
somiasis of the bladder. Distal ureteral calcifi-
cation is relatively common, occurring in 15%—
37.5% of patients. The vesical calcification is first
most apparent and extensive at the base of the
bladder, forming a linear opaque shadow parallel
to the upper border of the pubic bone. With
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Fig. 6.16. Thin submucosal calcification of the bladder
and ureters in schistosomiasis. Note that the ureteral
orifices (arrows) have been drawn together by fibrosis.
(Courtesy of Dr. M. ELKIN)

further calcification, the bladder becomes en-
circled. The mucosa of the empty bladder is
thrown into folds, making the calcification appear
as coarse, linear, confluent opacities. Massive
calcification of the trigone viewed en face presents
a diffuse flocculent pattern which has been likened
to cumulus cloud (UMERAH 1977).

The ureteral calcification of schistosomiasis ap-
pears as two thin, roughly parallel lines separated
by the caliber of the ureter, with the calcification
heaviest in the lower ureter and gradually fading
toward the kidneys. With the development of
squamous cell carcinoma of the bladder, the con-
tinuity of the calcified bladder may be broken in
the area of tumor infiltration (PoLLack et al.
1981; AL GHoORrAB 1988).

6.4.3 Tuberculosis

Tuberculosis of the bladder usually descends from
the kidneys but may ascend from the prostate.
The bladder is involved in 10%-20% of patients.
Mucosal tubercles form in the bladder which
coalesce, producing superficial ulceration. Inflam-
mation progresses to involve the muscularis.
Eventually, mural fibrosis occurs, leading to a
thickened, markedly contracted bladder. Healing
leads to formation of granulation tissue and
further fibrosis. A faint irregular rim or nodular
speckling of calcification may outline the bladder
wall, but radiographically demonstrable bladder
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Fig. 6.17. Bladder calcification in tuberculosis. (Courtesy
of Dr. M. ELKIN)

>

Fig. 6.18. Bladder calcification in a 13-year-old male with
chronic Pseudomonas infection causing alkaline encrusting
cystitis

calcification is rare (Fig. 6.17). When it is present,
extensive disease is usually present in the kidneys
and ureters and calcification may also be evident
in the genital tract (PoLLACK et al. 1981; PoLLAck
1990; TanaGgHO 1992b).

6.4.4 Alkaline Encrusting Cystitis

Bladder necrosis from any cause in the presence
of alkaline urine may result in phosphate deposi-
tion and calcification which may be radiographi-
cally demonstrable (HarrisoN et al. 1978). The
calcifications of alkaline encrusting cystitis may be
linear, flocculent, or nodular (Fig. 6.18) (PoLLACK
et al. 1981; HARRISON et al. 1978).

6.4.5 Amyloidosis

The calcification described in amyloidosis is sub-
mucosal and arranged in sheets and/or diffuse
discrete nodules. Localized urinary tract primary
amyloidosis is most frequently recognized in the
bladder but may involve the upper tracts, prostate
gland, seminal vesicles, testes, and kidneys. Biopsy
with special staining for amyloid is necessary for
diagnosis (PorLrack et al. 1981; THoMAS et al.
1977).

6.4.6 Differentiation

While some patterns are relatively common in a
disease, no radiographic appearance or pattern of
bladder calcification is pathognomonic of any of
the several diseases.

Tubercular and bilharzial calcifications are
quite similar, but the latter disease and its calcifi-
cation usually starts in the bladder and progresses
upward, whereas tuberculosis usually starts in the
kidney and spreads down. Bladder calcification in
tuberculosis is almost always associated with upper
tract findings and often with associated prostate
calcification. These associations are uncommon in
schistosomiasis. The seminal vesicles may calcify
in either disease. The calcified bladder of schisto-
somiasis is unique in that it may retain a relatively
normal capacity and distensibility, whereas de-
creased bladder capacity favors tuberculosis. Both
schistosomiasis and amyloidosis can produce sub-
mucosal calcification in the distal ureter, but the
two have differing radiographic appearances.
Intraluminal contrast medium obscures the calcifi-
cation of schistosomiasis, while in amyloidosis,
the uncalcified mucosa clearly separates the sub-
mucosal calcified plaques from the opacified ure-
teral lumen. Cystitis and bladder tumors would
not be expected to cause extravesical calcification.
Calcification associated with a papillary bladder
mass is usually indicative of bladder neoplasm.
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History of travel or residence in an area endemic
for schistosomiasis favors that etiology of bladder
calcification. The diagnosis of tuberculosis or
schistosomiasis depends on the demonstration of
tubercle bacillus or ova in the urine or tissues of
the infected patient. Identification of Proteus or
appropriate coliform bacillus, especially with
alkaline urine, is consistent with a diagnosis of
alkaline encrusting cystitis as the etiology for
bladder calcification. But the infection may be
superimposed on another etiology such as an
underlying bladder tumor, cyclophosphamide
toxicity, or previous radiation therapy. A persis-
tently alkaline urine is necessary for the formation
of encrustation cystitis, whereas tuberculous urine
is almost always acid (PoLLAcK et al. 1981).

6.4.7 Mimics

The following entities may be confused with
calcification of the bladder wall radiographically:
deposition of calcium salts around an indwelling
Foley catheter balloon, which can mimic a calcified
bladder tumor; a calcified pelvic hydatic cyst;
calcification of the excavated prostatic fossa,
especially when due to tuberculosis; calcification
on the mucosal surface of an intravesical pro-
trusion of an enlarged prostate; calcification in
the wall of a urachal cyst; a large nonopaque
vesical calculus with a calcified rim; and pelvic
peritoneal calcification after radiation therapy and
anterior exenteration for carcinoma of the cervix
(PoLLack et al. 1981).

6.5 Inflammatory Conditions (Cystitis)

Cystitis is inflammation of the urinary bladder
from any cause. Inflammation of the urinary
bladder may be isolated or associated with inflam-
mation of other urinary tract organs or adjacent
structures. The inflammation may be due to
bacteriologic infection, chemical irritation by sub-
stances in the urine, or even external irradiation.

6.5.1 Bacterial Cystitis

Bacterial cystitis is usually acute and caused by
coliform organisms, usually by Escherichia coli,
less commonly by others such as Staphylococcus
albus, aureus, or saprophyticus, Streptococcus
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faecalis, Aerobacter aerogenes, or Proteus or
Pseudomonas strains. The infection usually
ascends from the urethra. Women are afflicted
much more often than men and the incidence
increases with women’s age.

Between 1% and 20% of women will have at
least one urinary tract infection in their life, and
some will have recurrent infections. Most males
with prostatic enlargement will eventually become
infected and nosocomial urinary tract infections
are the most common hospital-acquired infections
(NEuU 1983).

Indwelling bladder catheters are the leading
cause of nosocomial urinary tract infections.
Bacteriuria is always present in patients managed
with long-term indwelling Foley catheters and
is often polymicrobial and drug resistant (SANT
1987). The presence of indwelling catheters may
mechanically remove or inhibit the protective
mucous mucopolysaccharide glycosaminoglycans
(GAG) layer of the bladder epithelium, allowing
increased bacterial adherence, colonization, and
infection (SANT 1987; DAIFUKU and STaMM 1986).

Greater than 85% of outpatient urinary tract
infections are caused by E. coli. Most of the
remaining 15% of infections are due to Proteus
mirabilis, Klebsiella, Streptococcus faecalis, and
Enterobacter. Rarely an outpatient may develop
urinary infection due to Serratia, Pseudomonas,
Providencia, Morganella, or Citrobacter. These
and other unusal organisms are usually seen
in hospitalized patients who have had urethral
catheters inserted. Patients who are immunosup-
pressed, on antibiotics or steroids, or otherwise
have altered intestinal flora or altered immune
response may have a first infection with unusual
organisms. Even as a cause of nosocomial infec-
tion, E. coli is a more fequent organism than
Klebsiella, Proteus, or Pseudomonas (NEu 1983,
KuniN 1987). E. coli accounts for 80%—95% of
all isolates seen in a general hospital setting. E.
coli can be typed serologically by 150 different O
or cell-wall antigens and about 50 capsular (K)
and flagellar (H) antigens. The distribution of
serotypes of E. coli in urinary tract infections
closely corresponds to their relative abundance in
the gut. Almost any type of E. coli can produce
urinary tract infection but O types 1, 2,4, 6,7, 25,
50, and 75 are the most frequent (KuNIN 1987).

The rectum infects the vagina and periurethral
epithelium, which are both enclosed between the
labia. The urethra and urinary bladder are then
infected (NEU 1983). The bladder is seldom in-
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fected from the kidney or hematogenous spread
from elsewhere (MEARES 1988). Bacterial recep-
tors have been demonstrated in anterior vaginal
epithelium (introitus) of mature women (FowLER
and StaMmeEy 1977), periurethral epithelium in
young girls (KALLENIUS and WINBERG 1978;
SvanBORG-EDEN and JopbaL 1979), and urethral
and bladder epithelium (BEACHEY 1981; SCHAEFFER
1983). The GAG layer protects against bacterial
adherence in the bladder (Parsons et al. 1980).
Bacteria also adhere to slime of which Tamm-
Horsfall protein is a constituent and are carried
out with the urinary stream (SHORTLIFFE and
StaMEY 1986b).

The usual bladder infection is caused by the
woman’s own fecal flora. Bacteria from the colon
colonize the anterior vagina, vulva, and periure-
thral epithelium. FowLErR and StaMEYy (1977)
demonstrated that E. coli adheres more readily to
vaginal epithelial cells from women with recurrent
urinary infection that to similar cells from control
women resistant to urinary infection.

The usual definition of significant bacteriuria is
a bacterial count of 10°/ml of voided urine. A
lesser count may be quite significant when col-
lected by suprapubic puncture or catheterization
or in the presence of pyuria or appropriate symp-
tomatology (LeBowirz and MANDELL 1987;
LatHam et al. 1985). The bacterial count per
cubic centimeter may be depressed by urinary fre-
quency in spite of significant infection (SHORTLIFFE
and STAMEY 1986a).

Infection occurs when bacterial virulence fac-
tors overcome host resistance factors. Bacterial
growth is exponential, and a large number of
organisms may overwhelm any nonspecific bladder
defenses that would be protective against a smaller
number. Such growth can also overwhelm other
organisms along the pathway from the rectumto the
bladder. The ability of the bacteria to adhere to host
uroepithelial cells allow them to colonize the region
instead of being washed away by urine. This
characteristic of some organisms depends on the
number and nature of its adhesins, also called
fimbriae or pili. They are filamentous, protein-
aceous appendages extending from the bacterial
cell wall that are able to match up with host
epithelial cell receptors. These substances are anti-
genic and allow characterization and identification
of the organism. The more numerousthese linkages
between the bacteria and the host epithelium,
the more likely colonization and invasion of the
mucosa. Because bacterial adherence is strikingly

specific for certain epithelial cell types and there-
fore for certain anatomic locations, different
species of organisms reside in and infect the
oropharynx and the intestine or bladder. The
endotoxin of some strains of E. coli can actually
paralyse the ureteral musculature, interfering with
the unidirectional brisk flow of urine that usually
washes away unattached bacteria (LEBowIrz and
MANDRELL 1987).

Many specific and nonspecific host resistance
factors or defense mechanisms protect the urinary
tract and especially the kidney from infection.
The epithelial cell receptors in the urinary tract
are glycolipids of the globoseries with the number
variable from person to person. It seems reason-
able to expect that people with increased density
of receptor sites would be at greater risk for
colonization of their urinary tract. The transitional
epithelium of the urinary bladder secretes and
binds to its surface a GAG that inhibits the ad-
herence of bacteria (PArsons et al. 1980). Specific
antibodies to an organism or its adhesins would
protect the host against bacterial colonization and
mucosal invasion. Some children with repeated
urinary tract infections have been shown to have
lower levels of immunoglobulin A than others the
immature immune system of the very young may
contribute to the increased susceptibility of infants
and young children to bacterial infection of the
kidney. Except for neonates, there is a strong
gender-related rate of infection, with females
much more often affected than boys. This sus-
ceptibility is thought to be due to the relative ease
of introital contamination and more direct access
of bacteria to the bladder. Uncircumcised neonatal
males have ten times more urinary tract infections
than their circumcised counterparts, perhaps be-
cause maternal virulent bacteria are able to
colonize the preputial space. The unimpeded uni-
directional efflux of urine from the urinary tract is
an important nonspecific host defense. The brisk
flow of urine is very efficient in washing away
unattached bacteria.

Irnitative voiding symptoms are the hallmark of
bacterial cystitis. Frequency, urgency, nocturia,
burning on urination, and dysuria predominate.
The patient may complain of low back or supra-
pubic pain or discomfort. Urge incontinence and
hematuria are common, but significant fever is
unusual. Suprapubic tenderness may sometimes
be elicited, but no specific physical signs are charac-
teristic. The onset in women may follow sexual
intercourse (“honeymoon cystitis”’). Urinalysis
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Fig. 6.19a,b. Nonspecific mucosal edema in bacterial
cystitis. a Excretory urogram; the right upper tract is
dilated. b Repeat examination 1 month later demonstrates
return to normal after therapy

usually shows pyuria, bacteriuria, and hematuria
and urine cultures are positive. Persistent Proteus
infection suggests the possibility of struvite stone
(MACFARLANE 1988b; MEARES 1992).

In the early stages of acute bacterial cystitis,
the bladder mucosa typically shows hyperemia,
edema, and infiltration by neutrophils. With ad-
vanced inflammation, the mucosa is replaced by a
friable, hemorrhagic, granular surface focally
pitted with shallow ulcers containing exudate.
The muscularis mucosa generally is uninvolved
(MEARES 1986).

Imaging studies have little place in the workup
of the usual bladder infection. They may identify
the occasional stone in the bladder or upper tract.
Urography may demonstrate the thickened
mucosa of cystitis, which may occasionally be
quite striking as well as nonspecific (Fig. 6.19).
Since edema can be caused by the use of too
highly concentrated contrast material, only 15%
concentration or less should be used for cysto-
graphy (IMRAY and KapLaN 1983).

On ultrasound examination, acute bullous
cystitis and chronic cystitis can produce an ap-
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pearance of diffuse elevation and irregularity of
the bladder mucosa (BRee and SiLvErR 1982).
GooDING (1986) suggested an evolution of findings
related to degree of involvement. Early mild in-
volvement of the bladder wall may be sonographi-
cally normal because the subtle abnormalities
from inflamed tissues do not project onto the
bladder lumen. In the next stage, tiny irregular
excrescences occur on the bladder wall from focal
involvement, indistinguishable from early focal
transitional cell carcinoma. Progressive inflam-
mation leads to thick bulky vesical wall abnor-
malities. Intraluminal or intramural gas may be
present. A fluid—fluid interface suggests an in-
flammatory process but can be seen in hemorrhage
and occasionally in asymptomatic patients with
viscid urine.

Chronic cystitis differs from acute cystitis
mainly in the character of the inflammatory in-
filtrate. It is caused by the same pathogens that
cause acute cystitis. In the early stages of chronic
cystitis, the mucosa becomes progressively more
edematous, erythematous, and friable. The
mucosa may ulcerate. In the later stages, the
submucosa is infiltrated by fibroblasts, plasma
cells, and lymphocytes. The bladder wall even-
tually becomes thickened, fibrotic, and inelastic.
The patient with chronic infectious cystitis may be
asymptomatic or have variable symptoms of
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bladder irritability. The laboratory findings are
usually normal except for bacteriuria, with sur-
prisingly little pyuria. The urine culture will usually
be positive. The imaging findings will be normal
or those of the associated conditions such as ob-
struction reflux or fistula (MEARES 1992).

6.5.2 Pyocystitis

Acute pyocystitis usually occurs in dialysis patients
with low or absent urine output. It usually pre-
sents with fever, suprapubic pain, and a palpable
mass. Pelvic ultrasound can make the diagnosis
by demonstrating the fluid—fluid level or small
echogenic densities from floating internal debris
(BRee and SiLver 1982). Suspicion warrants
bladder aspiration for culture. Management in-
volves drainage and antibiotics (MACFARLANE
1988a).

6.5.3 Emphysematous Cystitis
(Cystitis Emphysematosa)

Emphysematous cystitis is an uncommon and
peculiar manifestation of urinary tract infection in
which gas is present within the wall and/or lumen
of the infected bladder. The organism involved is
usually E. coli, but Proteus, Pseudomonas, and
rarely Clostridia may be involved. The organisms
have the ability to ferment glucose and the patient
is usually a diabetic. Approximately 50% of cases
reported in the literature occurred in diabetics.
Other cases are related to stasis from outlet ob-
struction. Other causes of air in the lumen of the
bladder are instrumentation and fistula, but air in
the bladder wall is almost always due to infection
(QuINT et al. 1992; BARTKOWSKI and LANESKY
1988). Symptoms may be minimal and include
dysuria, hematuria, or pneumaturia. Pneumaturia
must be elicited by specific questioning
(MACFARLANE 1988a; IMRAY and KapLAN 1983).

The appearance of the radiolucent gas-filled
vesicles within the bladder wall on plain film,
urogram, or CT is characteristic Fig. 6.20 (IMRAY
and KaprLaN 1983; NEy et al. 1987; BOHLMAN et
al. 1988). The air in the thickened bladder wall
blocks the ultrasound beam, causing irregular foci
associated with acoustic shadowing (KAUZLARIC
and BARMIER 198)).

Fig. 6.20. Air in the bladder wall (closed arrows) and in
bladder lumen open arrows) in emphysematous cystitis

6.5.4 Fungal Infections

The three major types of urinary tract involve-
ment by fungus are disseminated, regional, and
localized; the most common type is disseminated
and deep, usually superimposed upon very severe
systemic disease. Urinary tract involvement can
occur in histoplasmosis, aspergillosis, acti-
nomycosis, cryptococcoses, and candidiasis. In
disseminated disease, the microabscesses are
usually too small to be demonstrated on imaging
studies. Candidiasis is the most common infection,
most frequently involving the bladder and oc-

casionally the renal pelvis and ureter (MARGOLIN
1971).

6.5.4.1 Candidiasis

Fungal infections of the urinary tract are almost
exclusively due to Candida albicans, a yeast-like
fungus that is a normal inhabitant of the respira-
tory and gastrointestinal tracts and the vagina.
Infected patients usually have one or more pre-
disposing conditions.

Fungal infections of the urinary tract are said
to be increasing in frequency partly due to an
increase in opportunistic infections resulting from
more aggressive medical therapy applied in a
variety of debilitating conditions. The normal
bacterial flora usually keeps its level of growth in
check. Infection of the urinary tract may be (a)
hematogenous or occur via (b) direct spread from
contiguous organs of other systems or (c) a retro-
grade route through the urethra. The most com-
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Fig. 6.21a,b. Fungus balls in the urinary bladder: a plain
film; b after intravenous contrast

mon route of entry in localized involvement of the
lower urinary tract is probably retrograde through
the urethra (MARGOLIN 1971).

The pseudomycelia tend to cluster, forming
bezoars or fungus balls. The mycelia collect in
large sheets of colonies which can form fungus
balls (Fig. 6.21) (McDoNaLD and Facan 1972).
The presence of air in the bladder and in the
fungus ball depends on glycosuria and is almost
only seen in uncontrolled diabetes. Gas between
the layered colonies of fungus creates a character-
istic laminated appearance on plain radiographs.
Urinary bladder candidiasis may be asymptomatic
or present as septicemia. Irritative bladder symp-
toms are commonly present and pyelonephritis
may be associated. Hematuria, pneumaturia, and
passage of small clumps of yeast may occur.
Cystoscopy usually discloses irregular, slightly
raised white or brown plaques or membrane com-
posed of yeast cells and hyphae. The membrane
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resembles that seen in oral thrush or vaginal
moniliasis. Fungus balls typically present as air-
containing laminated circular radiodensities
varying from 2 to 10cm and may be single or
multiple. Air in the lumen aids identification.

Diagnosis rests upon the demonstration of his-
tologic invasion such as the presence of a large
colony of the fungus within an organ or a very
large number of organisms in a body fluid.

Without fermented gas, the appearance of a
fungus ball in the bladder on CT is that of a solid
soft tissue density bladder mass, indistinguishable
from any bladder tumor or mass (TRINH et al.
1986). Fungus ball can be mimicked by nonopaque
calculus, pus, blood clot, or neoplasm.

Treatment involves alkalinization of the urine
with sodium bicarbonate and/or irrigation with
amphotericin B. Seriously ill patients may need
intravenous amphotericin B. Additional topical
administration of amphotericin B via percutaneous
nephrostomy will hasten control of the infection.
Obstructing fungus balls in the ureter or bladder
may require endoscopic or surgical removal.
Treatment includes controlling or eliminating any
predisposing conditions (MACFARLANE 1988b;
MINDELL and Porrack 1983; McDoNALD and
FaGan 1972; MARGoOLIN 1971).

6.5.4.2 Actinomycosis

The causative agent of actinomycosis is Actino-
myces israelii (A. bovis), which is a normal in-
habitant of the gastrointestinal tract. Marked
fibrosis with en bloc involvement and fistulization
are characteristic of the infection. These features
are similar to the characteristics demonstrated by
the more common mandibulocervical and thoracic
involvement. The disease can involve the kidney,
bladder, or testis by hematogenous spread from a
distant primary site of infection. The bladder may
also become involved by direct extension from
the appendix, bowel, or oviduct.

Microscopically, the organisms are identified
as yellow bodies called sulfur granules. They may
be recovered from sinus discharge, urine, or
needle aspiration of involved tissues. Definitive
diagnosis usually requires culture.

Treatment is achieved by parenteral admin-
istration of penicillin G 10-20 million units per
day for 4-6 weeks. Abscess drainage or surgical
removal of the involved organ may occasionally
become necessary. Drainage of a granulomatous
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abscess may lead to the development of a chronic
draining sinus (MARGOLIN 1971; TANAGHO 1992b).

6.5.4.3 Tuberculosis

Genitourinary tuberculosis has been seen infre-
quently in the industrialized countries of the
Western world since the introduction of effective
antituberculous therapy, but it is still regularly
encountered in Third World countries, where it
remains poorly controlled. Tuberculosis is now
being encountered more frequently in the immune-
suppressed population, such as in patients with
AIDS, with transplants, or on chemotherapy. It
has been considered primarily a disease of young
adults, with 60% of patients between the ages of
20 and 40. However, a 10-year review of the
experience at the Mayo Clinic up to 1973 found
that in 60% of their cases the clinical onset of
genitourinary disease was after the age of 40
(KoLLins et al. 1974). There is a male preponder-
ance and the disease is infrequent in children.

Genitourinary tuberculosis is a secondary in-
fection due to hematogenous spread from the
lungs to both kidneys. The prostate may be
another possible focus of direct hematogenous
spread. The primary lung infection may be inap-
parent and asymptomatic. In the United States
the risk of tuberculosis is greatest in the elderly of
both blacks and whites, with black males having a
first peak in incidence in age groups 35-45 and
45-55 and a second peak in the oldest age group.
Between 1985 and 1987, the largest increase oc-
curred in the 25 to 44-year-old age group, limited
primarily to non-Hispanic blacks and Hispanics.
By locality, the largest increase was in New
York City (RIEDER et al. 1989; BUCKNER et al.
1991).

Tuberculosis can produce one of the specific
forms of interstitial cystitis usually secondary to
renal infection. The kidneys occasionally appear
normal, suggesting that the cystitis is secondary to
genital tuberculosis or represents primary bladder
involvement. The early findings are nonspecific,
comprising only minor irregularities of the bladder
contour and increased trabeculation. With pro-
gression, the inflammation involves the whole
thickness of the bladder, increasing the wall thick-
ness and decreasing the bladder capacity. In the
late stages of bladder tuberculosis, bladder cap-
acity may be as little as 25-50cc. Vesicureteral
reflux is common. The thick bladder wall may con-

strict and obstruct the ureter, producing hydro-
nephrosis (FRIEDENBERG 1971).

Almost 15% of all new cases of tuberculosis in
the United Stages involve extrapulmonary sites;
of these approximately 30% are in the genitouri-
nary tract. The age and sex incidence parallels
that of pulmonary tuberculosis (Cos and CocKETT
1982). Bladder involvement occurs in 33% of
cases of genitourinary tuberculosis (Das et al.
1992).

Most symptoms of genitourinary tuberculosis
are vesical in origin. Dysuria, frequency, nocturia,
and urgency account for 40% of the symptoms. In
males it is relatively common to find a beaded vas
deferens, a nodular, rubbery marble-sized epi-
didymis, or a hard prostate (Cos and COCKEIT
1982; TaNAGHO 1992b).

The most common urographic finding of tuber-
culous cystitis is a contracted spastic small-capacity
bladder as the result of chronic inflammation,
cicatrization, and fibrosis. When retrograde
pyelography is indicated, it must be remembered
that miliary dissemination is a risk after ureteral
catheterization in untreated patients. Cystoure-
thrography should be performed in all patients
with proved genitourinary tuberculosis in order to
search for unsuspected tubercular urethral stric-
ture or prostatic abscess. (Cos and Cockert 1982).

Sonography can visualize localized and gener-
alized bladder scarring and identify focal nodular
lesions, which occur mostly at the base and which
may be indistiguishable from bladder neoplasms.
The undermining mucosal ulcer of tuberculosis is
seen as intravasation of urine into the deeper
layer of the bladder wall with overhanging mucosa
(Das et al. 1992).

At cystourethroscopy in acute cases, the post-
erior male urethra shows a red velvety base with
thick longitudinal swollen ridges proximal to the
verumontanum. In chronic untreated patients,
dilated prostatic ducts, prostatic abscesses, casea-
tion, and sloughing are not infrequently found.
Visualization of the bladder may reveal exudates,
single or multiple ulcerations, delta-shaped
patches of redness below each ureteric orifice,
decreased bladder capacity, or rigid ureteral ori-
fices depending on the degree of chronicity of
involvement by the disease. A toothpaste-like
efflux of caseation may be observed coming from
one of the ureteral orifices (Cos and CocKETT
1982).

Definitive diagnosis of genitourinary tuber-
culosis usually requires the demonstration of
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Mpycobacterium tuberculosis in the urine. A com-
mon practice is to collect three consecutive first
voided, morning urine specimens for culture.
Sonographically guided fine needle aspiration
biopsy of renal lesions may obtain material di-
agnostic for tuberculosis in patients with negative
urine cultures (Das et al. 1992).

The treatment of genitourinary tuberculosis is
medical with surgery the last resort (Cos and
Cockerr 1982).

6.5.5 Alkaline Encrusting Cystitis

Bladder calcification in bacterial urinary tract in-
fection is exceedingly rare. A highly alkaline urine
and devitalized mucosal tissue appear to be
necessary for the development of mural calcifi-
cation. Proteus species and several coliform
bacteria produce urease which converts urea to
ammonia, creating markedly alkaline urine. The
precipitation of calcium phosphate and struvite
salts is then fostered. A healthy bladder epi-
thelium resists the deposition of calcium but
ischemic or necrotic bladder tissue is susceptible,
leading to so-called alkaline encrusting cystitis
(PoLrack et al. 1981). Bladder necrosis from any
cause in the presence of alkaline urine may result
in phosphate deposition and calcification which
may be radiographically demonstrable (HARRISON
et al. 1978.)

The calcifications of alkaline encrusting cvstitis
may be linear, outlining part or all of the bladder
wall or either flocculent or nodular.

In addition to appropriate systemic antibiotics,
treatment may require bladder lavage and cysto-
scopic removal of the encrustations with forceps
or even suprapubic curettage of the bladder
mucosa (PoLLAcK et al. 1981; HARRISON et al.
1978).

6.5.6 Interstitial Cystitis
(Hunner’s Ulcer, Submucous Fibrosis)

Interstitial cystitis is a disorder of the bladder
manifested by the complex of irritative voiding
symptoms and suprapubic pain relieved by micturi-
tion (FowLER 1989). Most patients with interstitial
cystitis are middle aged, 80% -90% are female,
and the majority are white (FowLER 1989).
Oravisto (1975) found that the median duration
before diagnosis was 4 years in mild cases, 5
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years in medium severity, and 3 years in severe
cases.

The history usually discloses uninterrupted dy-
suria for months or years despite normal urinalysis.
Overdistention of the bladder on cystoscopy
(usually under general anesthesia) causes typical
mucosal petechiae. Transient relief is often given
by overdistention. A random biopsy from a
healthy-looking site reveals mild fibrosis and
edema and often lymphoid aggregates. Interstitial
cystitis involves the entire bladder. Antinuclear
antibodies are detectable in 50% of such cases.

The histologic hallmark of interstitial cystitis is
infiltration of the urothelium and the detrusor
muscle by mast cells, the mast cell density roughly
correlating with the severity of symptoms (LYNES
et al. 1987). Vasoactive amines secreted by mast
cells can cause smooth muscle contraction and
neurostimulation. Histamine, another secretory
product, can produce pain, hyperemia, and fi-
brosis. The concentration of detrusor muscle his-
tamine and the urinary excretion of histamine
metabolites have been found to be increased in
interstitial cystitis (FOwLER 1989).

Penetration of urinary constituents into the
urothelium or suburothelial tissues may be part of
the explanation for interstitial cystitis, which
has been shown to be associated with a leaky
epithelium (Parsons et al. 1991). The bladder
epithelium relies primarily on its surface glyco-
saminoglycans to maintain its impermeablility.
Electron microscopy of bladder epithelium of
patients with interstitial cystitis showed findings
consistent with leakage of solutes through the
urothelium and leaky tight junctions (ELDRUP et
al. 1983). With immunohistochemical techniques,
Tamm-Horsfall protein, a normal constituent
of urine, has been demonstrated within the
urothelium from biopsies of patients with inter-
stitial cystitis but not normal controls (FOWLER
et al. 1988). This finding supports the possibility
that abnormal permeability of the urothelium is
associated with, and possibly a cause of, inter-
stitial cystitis. The two currently most popular
theories regarding the cause of the histologic
changes postulate an autoimmune mechanism or
a defect in the bladder mucosal surface lining of
glycosaminoglycans (MACFARLANE 1988b). Some
evidence suggests that interstitial cystitis is an
autoimmune collagen disease (OravisTo et al.
1970; TANAGHO 1992c).

The symptomatic hallmarks of interstitial
cystitis are urinary frequency, urgency, nocturia,
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and suprapubic pain that is relieved by voiding.
Fibrosis with contracture of the bladder is uncom-
mon. Pyuria and microscopic hematuria may be
seen but the urinary sediment is usually entirely
normal (FowLER 1989).

As a rule there is gradual aggravation of the
symptoms over a period of years without wholly
asymptomatic intervals (HanNo and WEIN 1987).
The disease is much more prevalent than pre-
viously considered (MEssING and STamey 1978),
the underestimation in part having been due to
lack of unanimity as to criteria for diagnosis. The
diagnosis is one of exclusion based on clinical and
cystoscopic criteria with biopsy.

The cystoscopic findings are characteristic
submucosal pinpoint petechial hemorrhages
(glomerulations) visualized following repeated
bladder distention to 70 cm water pressure under
anesthesia (MESSING and STAMEY 1978; MACFAR-
LANE 1988b). The glomerulations, which are cur-
rently regarded as the diagnostic hallmark, are
red, strawberry-like dots that often coalesce to
become hemorrhagic spots which ooze blood
from the bladder mucosa on second filling of the
bladder under anesthesia (MESSING and STAMEY
1978; Hanno and WEIN 1987). Hunner’s ulcers
are seldom found. Bladder biopsy and urine
cytology must show no evidence of carcinoma in
situ, which may masquerade as interstitial cystitis.
Interstitial mast cell infiltration is frequently iden-
tified and probably plays a role in the inflamma-
tory process (LyNEs et al. 1987). Cystometric
studies are essentially normal except for small
bladder capacity. The diagnosis is confirmed by
response to treatment. Urodynamics may quan-
titate response to therapy (PEREZ-MARRERO et al.
1987).

Cystography and urography are seldom helpful
in diagnosing interstitial cystitis since small
bladder capacity is a nonspecific finding. Radio-
logic studies are useful in ruling out other con-
ditions and in establishing a baseline (HaNNo and
WEIN 1987; MESSING 1987).

The current mainstays of treatment are in-
travesical installation of dimethyl sulfoxide
(DMSO) and hydraulic distention of the bladder
(Hanno and WEIN 1987; MEARES 1987; MACFAR-
LANE 1988c; FowLER 1989).

6.5.7 Eosinophilic Cystitis

Eosinophilic cystitis is an uncommon condition
characterized by eosinophilic infiltration of the
mucosa and muscularis, particularly the lamina
propria of the bladder, accompanied by neutro-
phils and mast cells (FowLER 1989; RuBIN and
Pincus 1974; HELLSTROM et al. 1979). Giant cells
are usually absent (SIpH et al. 1980; ANTONAKO-
pouLOS and NEwMAN 1984). It occurs at all ages
from neonates to the elderly. It usually occurs in
adults with a history of allergies and is thought to
be allergic in etiology (FowLER 1989; RUBIN and
Pincus 1974); it is more common in women than
in men.

Eosinophilic cystitis possibly represents a local
allergic response to a bacterial, fungal, or viral
pathogen or a foreign antigen exposure (BAUER
and KoGan 1991). Bauer and Kocan (1991) sug-
gested that immune complexes with immunoglo-
bulins A and E precipitating in the bladder wall as
a result of local tissue damage may attract an
eosinophilic response.

The lesions of eosinophilic cystitis may be focal
or scattered throughout the bladder. MELICOW
et al. (1974) described a herald lesion which
simulates eosinophilic cystitis; this lesion is created
by the encroachment of extravesical cancer or
inflammatory process upon the urinary bladder in
which eosinophils may be prominent.

Eosinophilic cystitis infiltrating the bladder
wall may cause erythematous plaques or ulcerated
areas but it more often causes tumor mass which
may even be palpable. It may imitate chronic
inflammation, interstitial and bacterial cystitis,
tuberculous cystitis, epithelial tumor, or sarcoma
botryoides (SipH et al. 1980; CASTILLO et al. 1988;
FowLER 1989; THUSSEN and GERRIDZEN 1990).
Imaging studies therefore are nonspecific and
findings may be absent. A solitary filling defect,
mucosal irregularity, mucosal edema, or restricted
bladder volume may be identified.

Eosinophilic cystitis presents with irritative
symptoms of frequency, dysuria, urgency, and
suprapubic pain (SIpH et al. 1980; FowLER 1989).
The bladder pain may not be relieved by voiding
and urinary retention may occur (LITTLETON et al.
1982). Gross hematuria has been called a constant
feature (Oxaro et al. 1985). Eosinophilia and
eosinophiluria are common (SutToN 1986).
The onset is typically acute and may resolve
spontaneously.



96

In their review of the literature, CASTILLO et al.
(1985) found that proteinuria, pyuria, and
hematuria are usually present. Hematuria was
present in 80% of the reported cases and was
gross more than 50% of the time. Radiologic
tests, including IVP and VCUG are usually
normal, with the most common finding being
a small-capacity bladder. Urine cultures were
sterile in 70% of the cases. Cystoscopy may reveal
hyperemia, raised areas of bladder mucosa with
edema, and at times even polypoid lesions.
Microscopic findings vary, but in most cases they
show mucosal edema and hyperemia, muscle
necrosis, and chronic inflammation entailing a
predominance of eosinophilic infiltrate with the
presence of mast cells, plasma cells, and even
giant cells.

Eosinophilic cystitis has occurred in patients
after therapy with Tranilast [N-(3,4-dimethoxy-
cinnamoyl)anthranilic acid] developed and used
in Japan for the treatment of anaphylactic hy-
persensitivity such as bronchial asthma (NAKADA
et al. 1986). The drug was found localized specifi-
cally in the transitional epithelial cells of the
mucosa and the endothelial cells of venules of the
urinary bladder for a fairly long time after oral
administration to rats (NISHIGAKE et al. 1990).

Eosinophilic cystitis has been associated with
hypersensitivity to food and drugs, respiratory
infections, parasitic infestation, and warfarin
(S1pH et al. 1980). It has been found in association
with eosinophilic gastroenteritis (PETERSON et al.
1989; GrecG and Utz 1974), Glanmann’s throm-
basthenia (BotmA et al. 1987), and chronic re-
jection of a cadaveric renal transplant (HORNER
and WEINGARTEN 1990). It recurred in a 9-year-
old girl after antireflux surgery (AXELROD et al.
1991). It has developed in patients treated with
instillations of mitomycin C for superficial bladder
cancer (INGLIs et al. 1987; GELABERT et al. 1990).
An eosinophilic infiltration of the urinary bladder
identical to eosinophilic cystitis has been found
in children with chronic granulomatous disease
involving the urinary bladder (BAUER and KoGan
1991).

Eosinophilic cystitis has been described as a
chronic inflammatory process of unknown causa-
tion for which no specific therapy is available
(CastiLLo et al. 1988). Symptomatic treatment
has been recommended (MARSHALL and
MIDDLETON 1974). Antibiotics are given for
secondary bacterial infection, corticosteroids may
be given if symptoms are severe, and allergens
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may be identified and removed (GoLDSTEIN 1971,
LirrLeroN et al. 1982). The heading process
is accompanied by fibrosis which can lead to
obstruction and renal failure (THUSSEN and
GERRIDZEN 1985).

6.5.8 Chronic Granulomatous Disease

Chronic granulomatous disease is a congenital
disorder of neutrophil function which is charac-
terized by the failure of granulocytes to intracellu-
larly destroy bacteria once they are phagocytized.
The X-linked recessive enzymatic defect makes
the granulocytes unable to produce hydrogen
peroxide and superoxide which normally would
be released by lysosomes to digest bacteria.
Patients are plagued by repeated bacterial and/or
fungal infections.

Genitourinary tract involvement is rare in
chronic granulomatous disease. The kidney is
more usually involved by granuloma formation.
An extensive granulomatous reaction may occur
in the bladder wall, producing a markedly
thickened, asymmetric, and elevated bladder with
reduced capacity associated with irritative symp-
toms (BAUER and Kocan 1991). Patients with
granulomatous cystitis frequently present with
hematuria, dysuria, frequency, and enuresis
(Seeirs et al. 1990). Physical examination is
generally unremarkable but may reveal a supra-
pubic mass representing the inflamed and
thickened bladder (Seeirs et al. 1990). Hydro-
nephrosis may develop secondary to inflamma-
tion and obstruction at the ureterovesical junction.
Cystoscopy may show a raised reddish inflam-
matory lesion with bullous edema and polypoid
changes which may encompass the bladder neck,
trigone, and one or both walls of the bladder,
sometimes resembling sarcoma botryoides
(Baugr and Kogan 1991). The bladder may have
a small capacity and vesicoureteral reflux may
be seen (Speirs et al. 1990). Ultrasound may
demonstrate the involved areas as diffuse thicken-
ing with nodularity of the bladder wall and can be
used to monitor therapy (SpEirs et al. 1990).
Biopsies of the bladder show acute and chronic
inflammation associated with intramural granu-
lomata (SPEIRs et al. 1990). Eosinophilic infiltra-
tion of the bladder identical to eosinophilic cystitis
has been described in these children (BAUER and
KocGan 1991).



Traumatic, Inflammatory, Neoplastic, and Miscellaneous Lesions of the Bladder 97

Therapy for granulomatous cystitis in chronic
granulomatous disease includes antibiotics to treat
identified or suspected infectious agents as well as
steroids to suppress the inflammation (SPEIRS et
al. 1990).

6.5.9 Radiation Cystitis

The urinary bladder is included in the radiation
therapy fields during the treatment of bladder
and pelvic neoplasms. With the advent of super-
voltage therapy, complications have become
minimal and usually only a mild cystitis ensues
(ArON and SCHLESINGER 1974).

The acute self-limited inflammation of the
bladder may cause irritative bladder symptoms
and sometimes hematuria. Microscopically the
epithelial cells are enlarged with nuclear swelling
and pyknosis and edema of the submucosa and
detrusor muscle. Anticholinergic medication
usually provides symptomatic therapy at this
stage (FowLER 1989).

When 3000R is administered over a 3- to
4-week period, some patients experience mild
dysuria and frequency 4-6 weeks after therapy.
Bladder tolerance is in the range of 6500-7500 R
administered over 68 weeks. When 6000-7000 R
is applied, a severe acute reaction usually results
which lasts for 3—4 weeks (ARON and SCHLESINGER
1974). Hyperemia, petechiae, ulcers, and con-
nective tissue edema occur and may progress to
desquamation.

Urography at this stage may demonstrate small
bladder capacity deriving from the increased ir-
ritability and contractility. Stasis in the pelvic
segments of the ureter may rarely be demon-
strated (ARON and SCHLESINGER 1974).

Chronic cystitis may develop years after treat-
ment in 5%-10% of patients (FowLErR 1989).
Interstitial fibrosis, obliterative endarteritis, and
telangiectasia are frequently found in the irra-
diated bladder. Ischemia leads to epithelial
atrophy or necrosis with the development of
ulcers, fissures, and even fistulas (AroN and
SCHLESINGER 1974).

Hemorrhagic cystitis which may develop 2
months to 2 years after treatment seldom shows a
bleeding site at cystoscopy. Biopsy will be con-
sistent with radiation cystitis.

6.6 Fistulas
6.6.1 Etiology and Classification

Urinary tract fistulas are rarely fatal but can be
extremely uncomfortable and embarrassing for
the patient. Fistulas may occur from any part of
the urinary tract but most commonly arise from
the bladder or urethra. Vesical fistulas are all too
common and may communicate with the skin,
intestinal tract, or female genital tract. The
primary disease is usually nonurologic. The eti-
ologies are: (a) intestinal disease — diverticulitis,
50% —60%:; cancer of the colon, 20%-25%; and
Crohn’s disease, 10%; (b) primary gynecologic
disease, pressure necrosis during difficult and
prolonged labor, advanced cancer of the cervix;
(c) complication of gynecologic conditions, hy-
sterectomy, low cesarean section, or radiation
therapy; (d) trauma (TANAGHO 1992c).

Direct extension of malignancies of the small
or large bowel, uterus, or cervix may perforate
the bladder. Inflammation of its adjacent organs
may erode the bladder wall. Severe trauma to the
bladder may lead to perivesical abscess which
may rupture through the skin of the perineum or
abdomen. The bladder may be injured during
pelvic surgery, leading to a persistent cutaneous
fistula (TANAGHO 1992c).

Most fistulas after hysterectomy occur in the
posterior bladder immediately behind the inter-
ureteric ridge and midway between the ureteral
orifices. Although these fistulas may result from
direct laceration and be immediately obvious,
most are the result of devascularization of the
posterior bladder wall with necrosis which leads
to urine leakage 8-14 days after surgery. This
may occur after the patient has left the hospital
and even be misinterpreted as stress incontinence
(GuEerriero and DEVINE 1984b).

6.6.2 Diagnosis

Diagnosis of vesicovaginal fistula is usually not
difficult, but a small pinpoint leak may be hidden
in an inflamed bladder. If the fistula is not seen
cystoscopically or on vaginal examination, me-
thylene blue, carmine red, or indigo carmine dye
can be placed in the bladder following prior place-
ment of pledgets in the vaginal vault. Clear urine
in the vagina in this situation indicates ureter-
ovaginal fistula. Vesicovaginal fistula may also be
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Fig. 6.22. Air in the opacified trabeculated urinary bladder
from rectovesical fistula

differentiated from ureterovaginal fistula by the
double dye test described by RAGHAvVAIAH (1974).
The vagina is packed with four sterile wet swabs.
One is placed in each fornix, one at the mid
vaginal level, and the fourth at the outlet. The
bladder is catheterized and filled with carmine
red solution. Five minutes later, 5ml of indigo
carmine (blue-green) is injected intravenously.
Ten minutes after that, the vaginal packs are
removed and their color noted. If the packs are
stained red, a vesicovaginal fistula is present at
that level. If the packs are deep blue-green, a
ureterovaginal fistula is present. The small amount
of blue-green urine excreted into the bladder will
not significantly dilute the deep red dye in the
bladder. If both colors are present in the packs,
both vesicovaginal and ureterovaginal fistulas are
present. Cystography, vaginography, fistulo-
graphy, and/or sinus tract injection can be of
great help in identifying and locating fistulas
(Guerriero and DEVINE 1984b).

Vesicointestinal fistula produces bladder irri-
tability, passage of feces and gas per urethra, and
usually a change in bowel habits such as obsti-
pation, abdominal distention, or diarrhea caused
by the primary bowel disease.

Small bowel follow-through, contrast enema,
cystography, or endoscopy may demonstrate the
fistula. Plain film demonstration of intravesical
gas in the absence of history of catheterization
or presence of gas-forming organism is almost
diagnostic of the presence of vesical fistula but
does not depict its location (Fig. 6.22). CT may
show the inflammation but seldom demonstrates
the fistula. Cystoscopy finds a severe localized
inflammatory reaction from which bowel contents
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may exude. The fistula itself may be catheterized
and contrast injection demonstrates its communi-
cation (TANAGHO 1992¢).

Vesicovaginal fistula may be secondary to
obstetric, surgical, or radiation injury or to inva-
sive cancer of the cervix. Speculum examination
of the vagina or cystoscopy often reveals the
fistula. Vaginography may be helpful.

An uncommon fistula communicates the uterus
and bladder after cesarean section (GUERRIERO
and DEVINE 1984b).

6.6.3 Enterovesical Fistulas

Most authorities agree that diverticulitis is the
most common cause of enterovesical fistulas and
that carcinoma of the colon is the second most
frequent cause. The majority of colonic fistulas
arise from the rectosigmoid, the cecum being the
next most common origin. Crohn’s disease is the
most common cause of small-bowel fistulas to the
bladder and has been reported in 1%-4.6% of
patients.

The most common cause of colovesical fistula
is diverticulitis (this accounts for 51%-60% of
cases). Next most common is colon carcinoma
(16%-28% of cases) (GoLDMAN et al. 1984).
Other less frequent causes of colovesical fistula
include postoperative complications particularly
after prostatectomy, trauma, extrusion of a
foreign body, bladder cancer, ulcerative or gra-
nulomatous colitis, radiation therapy, and pelvic
abscess (GoLDMAN et al. 1984).

Clinically, colovesical fistula is most commonly
seen in men, with a male to female ratio as high as
5:1; this may be explained by a protective effect
of the interposition of the uterus between the
colon and bladder (GoLDMAN et al. 1984).
Pneumaturia is followed by the development of
fecaluria or hematuria. Urine is occasionally
passed via the rectum but this is more common
with small bowel fistulas or colon fistulas above
the sigmoid colon. Pneumaturia is present in up
to 87% of cases and fecaluria in up to 46% of
cases (ABESHOUSE et al. 1957).

Fistulous communication between bladder and
bowel can be difficult to demonstrate. In two
large series (NAucLer and RisBerGg 1981;
KovaLcik et al. 1976) only 38% and 55% of all
fistulas were demonstrated by extensive workup
and imaging studies.



Traumatic, Inflammatory, Neoplastic, and Miscellaneous Lesions of the Bladder 99

Conventional studies include cystography and
barium studies attempting to show the fistulous
tract. Radioisotopic techniques (Prokop et al.
1974), the administration of dyes such as me-
thylene blue, the use of charcoal, and the Bourne
test have not gained wide acceptance (GOLDMAN
et al. 1985). The Bourne test involves identifying
barium in the urinary bladder after a barium
enema (AMENDOLA et al. 1984). Evidence of
barium or air entering the bladder is proof of the
fistula’s presence but does not identify its location.

Conventional radiographic techniques are dis-
appointing for diagnosing these fistulas. Gas is
seen in the bladder on plain film in only 30% of
cases. Urography may show an extrinsic impres-
sion on the bladder in the prodromal phase but
will demonstrate only 18% of the fistulas. Cysto-
graphy will demonstrate only 35% of colovesical
fistulas, and barium enema, between 20% and
40% (GoLpMAN et al. 1984).

Cystography may show extrinsic pressure
secondary to mass effect or irregularity of the
bladder caused by an underlying cystitis or bladder
invasion by tumor or inflammation.

The diagnosis is usually inferred from finding
fecal material in the bladder or the presence of
dimpling or focal granulation tissue in the bladder
wall. In a survey of enterovesical fistulas, CARSON
et al. (1978) reported actual demonstration of the
orifice of the fistula tract at cystoscopy in 28
(32%) of 87 patients and findings suggestive of
fistula in 35% of cystograms.

Computed tomography is a sensitive, noninva-
sive method of documenting the presence of such
fistulas and can also outline the extravesical
component of the primary disease process,
thereby localizing the fistula. Air in the bladder is
a key finding in the presence of enterovesical
fistula. Minute amounts of air can be demon-
strated by CT. latrogenic air from catheterization
and gas due to infection by gas-forming bacteria
must be excluded. In 20 enterovesical fistulas
identified by CT, other findings were focal bladder
wall thickening in 90%, focal bowel wall thicken-
ing in 85%, and the presence of an associated soft
tissue mass in 75% (GoLDMAN et al. 1985).

The location of the soft tissue mass provides a
clue to the etiology of the fistula. The right side
anteriorly and/or laterally is affected by cecal,
appendiceal, and distal ileal fistulas. The left side
of the bladder is affected by rectosigmoid and
genitourinary, prostate, or uterine inflammatory

and/or neoplastic processes (GOLDMAN et al.
1985).

The ability to demonstrate a soft tissue mass
adjacent to the bladder in a patient with enter-
ovesical fistula is a great advantage of CT
(GoLpMmaN et al. 1985). This information is im-
portant in surgical planning, as single-stage pro-
cedures may be performed if the adjacent mass is
small. Many recommend that CT be the first
procedure performed on a patient with suspected
enterovesical fistula because it is cost-effective
and may obviate the need for other studies such
as urography, cystography, and barium enema
(GoLpMmaN et al. 1985).

The sonographic features of urinary bladder
involvement have been described in regional
enteritis (Boac and Noran 1988). Sonography
can noninvasively demonstrate changes both in
the bladder and in the adjacent abnormal bowel.
The sonographic findings in regional enteritis are
bowel wall thickening, conglomeration of loops,
abscess formation and intraperitoneal fluid.
Fistulas may sometimes be visible but more often
their presence can only be inferred by abnormal
bowel adherent to an adjacent organ such as
bladder.

6.7 Neoplasm
6.7.1 Primary Epithelial Malignancy
6.7.1.1 Transitional Cell Carcinoma

Cancer of the urinary tract accounts for appro-
ximately 10% of cancers in males and 4% of
cancers in females. Cancer of the urinary tract
causes 5% of the cancer deaths in males and 3%
of the cancer deaths in females. There are ap-
proximately 50000 new cases of bladder cancer
and 10000 deaths a year in the United States.
Survival rates for cancer of the bladder are much
better for whites than for blacks but are improv-
ing for both. The relative S-year survival in 1963
was 53% for whites and 24% for blacks. In 1987,
the relative S-year survival was 79% for whites
and 59% for blacks. Expected 5-year survival
rates for all stages, localized disease, regional
spread and distant metastases are currently (1992)
79%, 91%, 46%, and 9% for whites and 59%,
81%, 34%, and 4% for blacks. Fortunately, 73%
of cancers of the bladder are localized at the
time of initial diagnosis. Nineteen per cent have
regional involvement and 3%, distant spread.
The age-adjusted cancer death rate from bladder
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cancer in males in the United States has remained
fairly stable since 1930, being approximately 68
per 100000 population. New cases are predicted
at about 50000 per year with 3:1 male-female
ratio and deaths at about 10000 per year in the
United States (BoRING et al. 1992).

Bladder cancer rates in men exceed those in
women by about 3 to 1 (BoriNG et al. 1991;
Morrison 1984). In the United States, the in-
cidence in black males is half that of whites, but in
black women the incidence is three fourths that in
whites. The mortality figures are about the same.
Incidence rates in the northern United States are
30%-50% higher than in the south (MorrisoN
1984).

For epidemiologic purposes, the urothelium or
transitional cell lining of the renal pelvis, ureter,
urinary bladder, and urethra are grouped together
as the lower urinary tract. Urothelial tumors
display substantial histologic variability. The
lesions may be in situ or invasive, papillary or flat,
and have a grade that ranges from completely
benign to highly malignant (Koss 1975a). There is
controversy as to whether “benign papillomas,”
which are low grade, noninvasive papillary
tumors, are benign or an early malignancy
(Morrison 1984).

The overwhelming majority (98%) of bladder
tumors are epithelial in origin and of these most
(92%) are transitional cell carcinoma so that
bladder cancer and transitional cell carcinoma
are almost synonymous. Of the rest, 7% are
squamous cell carcinoma and 1% -2% adenocar-
cinomas. The nonepithelial tumors are mostly
sarcomas, pheochromocytomas, malignant lym-
phomas, mixed mesodermal tumors, and primary
carcinoid tumors. Eighty percent of cases occur in
people over 50 years old. The average age of
patients is 65 years at diagnosis. Fewer than 1%
of cases have been reported in patients less than
40 years old. Primary epthelial tumors in the first
two decades of life tend to be low grade and low
stage with an excellent prognosis (JaAvaADPOUR and
Mostar 1969; Benson et al. 1983). Primary
epithelial malignancy is usually localized at the
time of diagnosis with only 9% of cases showing
regional metastasis and 6% distant metastasis. Up
to 80% of patients develop recurrent tumors.
About 30% have increased cellular anaplasia and
greater invasiveness on recurrence. The highest
incidence is in industrialized countries (JOHNSON
et al. 1988).
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YouseMm et al. (1988) reported a large series
of 597 patients with transitional cell carcinoma
(TCC) of the bladder. Twenty-three (3.9%) de-
veloped an upper-tract TCC after a mean delay of
61 months. Synchronous TCCs were found in
2.3% of patients with bladder TCC, 39% of those
with ureteral TCC, and 24% of those with renal
TCC.

6.7.1.2 Squamous Cell Carcinoma

In their review of 90 cases of squamous cell car-
cinoma of the bladder, Jounson et al. (1976)
found that most (90%) were solitary lesions that
had developed in patients without prior bladder
cancer (82%). They were invariably invasive at
the time of diagnosis with ureteral obstruction
frequent (42%). There was an almost equal sex
distribution. The overall 5 year survival rate was
only 10.6%. In another series, the 5-year survival
for patients with submucosal and/or muscular
invasion was 37%, while for those with perivesical
invasion it was 13%; no patient with extravesical
disease survived 5 years (FaysaL 1981).

Pure squamous cell carcinoma of the urinary
bladder is usually a devastating neoplasm re-
gardless of stage and histologic grade at diagnosis
and the treatment modality selected. Squamous
transformation of transitional epithelium can be
found associated with high-grade transitional cell
carcinomas and may be the result of squamous
metaplasia. Mostor1 (1954) concluded that
squamous cell tumors may arise directly from the
transitional epithelium, after squamatization and
leukoplakia of surface epithelium or through
altered differentiation of transitional cell car-
cinoma. Pure squamous cell carcinoma of the
urinary bladder behaves in the same way as a
poorly differentiated transitional cell carcinoma
with squamous metaplasia. Survival in both is
significantly poorer than in the case of poorly
differentiated transitional cell carcinoma alone
and only radical surgical extirpation can be
associated with significant patient salvage
(TANNENBAUM et al. 1983). TANNENBAUM (1976)
noted a predominance of high-grade lesions at
time of diagnosis in squamous cell carcinoma of
the urinary bladder.
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6.7.1.3 Carcinomain Situ

Carcinoma in situ (CIS) is a variant of transitional
cell carcinoma that is characterized by intraepi-
thelial neoplastic transformation that does not
extend into the bladder lumen or penetrate the
basement membrane. It may be an aggressive
neoplasm that may extend onto the ureters,
urethra or prostatic ducts or invade the bladder
muscle and disseminate to distant sites (Utz and
ZINcKE 1974; FowLer 1989). Only 2% of transi-
tional cell carcinomas exist as CIS alone when
they are initially discovered (Utz and ZINCKE
1974). The distribution of CIS in the urinary
bladder is consistent with the known distribution
of invasive carcinoma (MELAMED et al. 1964). The
large majority of these patients have symptoms of
cystitis or prostatitis (Utz and FArrow 1984). CIS
is a disease of adults, most having microscopic
hematuria and pyuria. Because of anaplasia and
decreased adhesiveness, malignant cells can
usually be identified on urine cytology and bladder
washings are optimal (FowLer 1989; HErr 1983).
Cystoscopically CIS often appears as a velvety
mucosal erythema. The involved mucosa may
also appear normal and random biopsies are
required. Carcinoma in situ is responsive to treat-
ment by intravesical administration of chemother-
apeutic agents or bacillus Calmette-Guerin
(BCG). Extirpative surgery may be needed if
response is incomplete (FOwWLER 1989).

MEeLicow (1952) reported malignant cells
confined to the mucosa in the bladders of patients
who had had cystectomy for invasive carcinoma.
This process was termed carcinoma in situ. The
presence and natural history of CIS have become
extremely important in our understanding of
bladder cancer because the bladder is often left in
place when biopsy shows no invasion or only
superficial (lamina propria) invasion. There may
be undetected areas of carcinoma in situ else-
where in the bladder. Therapy is usually directed
at maintaining the bladder as a reservoir organ as
long as possible. It is recognized that bladder
tumors frequently recur, but many patients with
low-grade carcinoma will have an indolent clinical
course. Cystectomy is usually delayed until muscle
invasion has been documented (CuMMINGS 1983).

101

Fig. 6.23. Double-contrast barium-air cystogram demon-
strating a scalloped defect in a diverticulum arising from
the anterior dome segment of the bladder. This is a classical
location for an adenocarcinoma arising from a urachal
remnant and projecting into a urachal diverticulum.
(Courtesy of Dr. E.K. LANG)

6.7.1.4 Adenocarcinoma

Warp (1971) feels that most adenocarcinomas
of the urinary bladder develop from sequential
changes initiated by chronic inflammation, that is,
from Brunn’s nests, to cystitis glandularis and
cystica, and, finally, to adenocarcinoma, which is
usually mucin secreting. Mostor1 (1954) felt that
adenomas and adenocarcinomas may arise by the
above route or after direct cuboidal or columnar
metaplasia of the surface epithelium. Adenocar-
cinomas of the urinary bladder are usually located
in the trigone area. ANDERSTROM et al. (1983)
detailed this process and pointed out that the
occurrence of adenocarcinomas of the renal pelvis
and ureter along with ureteropyelitis cystica and
glandularis of the upper urinary tract favor this
totipotentiality-metaplasia theory. Adenocar-
cinoma may arise in exstrophic bladders or at the
dome of bladders with urachal remnants (Rosar
1989) (Fig. 6.23). Adenocarcinoma is the most
common malignant tumor arising in the exstrophic
bladder and occurs more frequently in areas
where schistosomiasis is endemic (ANDERSTROM et
al. 1983).

Advanced cases of adenocarcinoma appear
grossly as fungating masses that ulcerate the
mucosa and invade the bladder wall. The surface
of mucin producing tumors is usually covered



102

with thick, slimy, gelatinous material (THOMAS
1971). Mucus-containing cells and glandular
structures are not uncommon findings in predo-
minately transitional carcinomas of the bladder.
The diagnosis of adenocarcinoma should be
reserved for those malignant tumors in which the
glandular component predominates (Rosar 1989).

The overall prognosis in adenocarcinoma of
the bladder is poor. The pattern and frequency of
metastases are similar to those in the case of high-
grade transitional cell carcinoma. In one series of
64 patients, the S-year survival rate was only 18%
(ANDERSTROM et al. 1983). All the tumors were
invasive at the time of diagnosis and 64% pene-
trated the muscular wall, regardless of the primary
tumor location. Two-thirds of the tumors were
poorly differentiated. ANDERSTROM et al. (1983)
concluded that adenocarcimona of the urinary
bladder is a predominantly solitary, poorly dif-
ferentiated, deeply invasive, large tumor which
is consequently associated with an exceedingly
poor prognosis. Adenocarcinomas have a more
advanced stage at time of diagnosis than transi-
tional cell cancers. In the dome and posterior
walls of the bladder, extension of colorectal
cancer must be excluded by appropriate studies.
Adenocarcinomas of the ovary, prostate, and
urethra may also extend through the bladder wall.
Adenocarcinoma in the mid anterior dome of the
bladder probably derives from urachal remnants.

6.7.2 Etiology

Because of its reservoir function, the urinary
bladder mucosa is exposed for long periods to any
carcinogens excreted by the kidneys. It follows
that most cancers of the bladder involve the
bladder base, which is the most dependent portion
where carcinogens layer out in highest concen-
tration.

Cigarette smoking and occupational exposure
to arylamines are well-established risk factors for
the development of bladder cancer. In the United
States, it is estimated that more than 50% of cases
in men and more than 35% of cases in women
are due to either cigarette smoking or industrial
exposure (Ross et al. 1988). DoLL and Pero (1981)
have even estimated that 55% of the deaths from
bladder cancer are due to cigarette smoking alone.

Smokers develop bladder cancer at two to
three times the rate of the disease in nonsmokers
and the link is probably causal. There may be
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genetic factors involved in cigarette induced
bladder cancer. Genetically regulated liver N-
acetyltransferase activity may be involved in car-
cinogenic detoxification of aromatic amines.
People with less detoxifying acetylation activity
would then be at higher risk for developing
bladder cancer (Ross et al. 1988).

Occupational exposure in high risk industries is
estimated to account for 18% —34% of the bladder
cancer in males (CoLE et al. 1972; CoLE 1973).
Arylamines or aromatic amines are the class of
chemical carcinogens most strongly related to
bladder cancer.

In summary, those at elevated risk for bladder
cancer include those who work with dyes, metal,
paints, leather, textiles, and organic chemicals,
clerical workers, hairdressers, and truck drivers.
Cooks, kitchen workers, clerical workers, and
employees in aluminum and gas industries may
also be at increased risk (CoLE et al. 1972; WIGLE
1977). However, many of the studies are incon-
sistent or contradictory (MorrisoN 1984; Ross et
al. 1988). Any association between coffee drink-
ing and risk of bladder cancer is at best weak. Use
of analgesics containing aspirin, phenacetin and
caffeine may increase risk.

There may be a causal association between
urinary tract infections and bladder cancer (Oyasu
and Hopp 1974; Hicks et al. 1977). In a given
case, however, the infection may be secondary
due to breakdown of host resistance factors
caused by the presence of the cancer. Azo dyes
can be broken down into aromated amines by a
variety of bacteria, including E. coli (Oyasu and
Horp 1974). Nitrosamines can be formed from
tobacco alkaloids or from ingested nitrites and
secondary amines under the acidic conditions in
the stomach or by bacterial synthesis.

Artificial sweeteners, especially saccharine,
may cause bladder cancer in rodents, but this has
not been extrapolated to or proven in humans
(Ross et al. 1988).

Schistosomiasis is strongly associated with
squamous cell carcinoma of the urinary bladder
after severe and longstanding infestations
(GeLFAND et al. 1967). In theory the chronic
irritation and resultant epithelial proliferation
associated with the deposition of ova in the
bladder wall is oncogenic (BranD 1979). The
resulting chronic foreign body reaction and
fibrosis have been postulated to block lymphatics
and thereby permit carcinogenic chemical or
metabolites to accumulate (BRAND 1979).
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A strong association appears to exist between
any chronic irritation or infection of the bladder,
besides bilharziasis, and the development of both
transitional and squamous cell carcinoma. The
association has been predominantly between the
existence of a neurogenic bladder, the need for
a chronic indwelling catheter, the concomitant
presence of chronic infection and a subsequent
squamous cell cancer. Squamous cell cancer was
found on random biopsy in six of 62 spinal cord
injury patients, five of whom had had indwell-
ing urethral catheters for more that 10 years.
Squamous metaplasia occurred in 80% of those
catheterized for more than 10 years compared to
40% of those catheterized for shorter periods
and 20% of those not catheterized at all. In the
urethras of the same patients, squamous meta-
plasia was found in 67%, 36%, and 44% respec-
tively (KAUFMAN et al. 1977).

Bladder cancer has been described as the result
of cyclophosphamide therapy (DURKEE and
Benson 1980) and pelvic irradiation (FOKKENS
and Hop 1979). Treatment with isoniazid (INH),
addiction to opium, and ingestion of bracken fern
have also been cited as agents elevating the risk of
bladder cancer (JoHNSON et al. 1988).

It is most likely that bladder cancer arises as
the result of multiple sequential exposures to
low doses of one or more carcinogens perhaps
promoted by cofactors not in themselves car-
cinogenic. The large number of environmental
carcinogens and the prolonged latency periods
involved support the concept of a multistep
process (Hicks 1981).

6.7.3 Staging and Grading Bladder Malignancy

Bladder carcinoma spreads by local extension
through the basement membrane of the mucosa
to the muscular layer and then to the perivesical
fat (Fig. 6.24). It is subsequently disseminated
lymphatically and hematogenously (JOHNSON
et al. 1988). Local lymphatic spread is into the
superior and inferior gluteal, obturator, and
external and common iliac node chains. From
there, metastases enter the para-aortic chain to
the thoracic duct and the general circulation.
Should local nodes become obstructed, the tumor
cells are shunted onto the vascular compartment.
Hematogenous spread is either by the pelvic
plexus into the inferior vena cava and general
circulation or via the perivertebral veins into the

103

Fig. 6.24. A dynamic computed tomogram demonstrating
a small, relatively flat, but infiltrating bladder tumor in-
volving the right lateral bladder wall. Note extension
through the entire muscularis and into the perivesical fat.
This would be difficult to appreciate by investigations
other than CT and MRI. The striate appearance in the
abutting perivesical fat is consistent with either lymphatic
tumor extension or lymphatic edema. (Courtesy of Dr.
E.K. LANG)

azygos, hemiazygos, intercostal, and other sys-
temic veins. Hematogenously spread metastatic
lesions occur in lung, skeleton, liver, and brain
(GoLDMAN et al. 1979).

Staging describes extent of disease. The higher
the stage, the more widespread the disease and
the poorer the prognosis. The standard staging
systems for bladder cancer are the Jewett-Strong-
Marshall classification proposed by JEWETT and
STRONG in 1946 then subsequently modified by
JEWETT and by MARsSHALL in 1952 (JEWETT and
STRONG 1946; JEWETT 1952; MARSHALL 1952) and
the TNM (WAaLLACE et al. 1975). The TNM
system encompasses the status of the primary
tumor (T), the lymph nodes (N), and any me-
tastasis (M) (JoHNSON et al. 1988).

Although the division of stage B according
to whether there is extension to one-half the
muscular layer or beyond seems arbitrary and
difficult to evaluate; it is based on Jewett’s (1952)
observation that stage B; patients had 80%
survival but stage B, patients only 8% survival
(Figs. 6.25-6.27). This extension of the initial
staging system was based on 80 patients who had
had complete extirpation of the primary tumor.
In the same year MarsHALL (1952) extended
JEWETT’s observations and modified the JEwrrT-
STRONG system to include stage 0 for those tumors
not infiltrating the lamina propria. Preoperative
staging was done by careful bimanual examina-
tion and biopsy (CUMMINGS 1983).
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Fig. 6.25 (left). A sagittal T1-weighted MRI scan 2min
after administration of gadolinium-DTPA demonstrates a
large tumor involving the floor of the bladder and a second
relatively flat tumor involving the posterior wall and
ascending to the plafond. The perivesical fat appears intact
suggesting a B, or possibly B, type of tumor. As is known
from arteriographic studies, hypervascular bladder tumors
tend to enhance in capillary transit phase; thus their
demonstration on MRI benefits from intravenous adminis-
tration of gadolinium DTPA. (Courtesy of Dr. D. HAHN)

Fig. 6.26 (middle). Same case as Fig. 6.25. A 6-min de-
layed MRI scan after gadolinium-DTPA administration
once again demonstrates the two tumor-bearing areas to
advantage. There is now very minimal loss of signal inten-
sity in the perivesical fat along the anterior circumference
of the tumor. (Courtesy of Dr. D. HAHN)

Fig. 6.27 (right). Same case as Figs. 6.25 and 6.26. A 10-
min delayed sagittal MRI scan after gadolinium-DTPA ad-
ministration shows the bladder to be filled with gado-
linium. The intraluminal tumor component contours

against the high-signal-intensity bladder urine. (Courtesy
of Dr. D. Haun)

The basis of the Jewett and Strong staging
system was their observations in 1944 on autopsy
material from 107 cases analyzing the relationship
of depth of penetration (stage) to the incidence of
local extension and metastases. They concluded
that: (a) stage A (submucosal infiltration) was
not associated with dissemination; (b) stage B
(muscular infiltration) was associated with dis-
semination in 13% of cases (2 of 15 patients); and
(c) stage C (perivesical infiltration) exhibited dis-
semination in 74% of cases (64 of 89 patients)
(JEWETT and STRONG 1946; CuMMINGS 1983).

In JEwerr and STRONG’s first series (1946),
the primary tumors were segregated into three
pathologic stages and the incidence of concomitant
lymph node or hematogenous metastases studied
for each group. No patient staged A had evidence
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of metastasis, whereas 13% of those staged B and
74% of those staged C had metastases. JEWETT
later (1952) recommended that stage B be divided
into superficial and deep categories because B,
tumors acted much like A tumors and B, tumors
acted much like C tumors. Of the 80 patients in
his report, 14 of the 19 (74%) patients with stage
A or B disease survived 5 years, as against only 2
of 61 (3%) in whom the tumor invaded the deep
muscle or beyond. Four of the five patients with
B, disease survived 5 years, compared to one of
the 13 with B, disease. The total series was 80 and
the B lesions were 18 in number (LIESKOVSKY et
al. 1988).

MarsHALL (1952) modified the Jewett and
Strong system by adding stage 0 to include tumors
not infiltrating the lamina propria, patients with-
out tumor in the definitive cystectomy specimen,
and patients with carcinoma in situ. He also added
stage D to designate metastases. Stage D, disease
is confined to the pelvis (including invasion of the
pelvic walls or rectus muscle below the sacral
promontory) (Fig. 6.28). Stage D, lesions extend
beyond the limits of the pelvis, including distant
metastases and lesions above the sacral promon-
tory. The aortic bifurcation was later arbitrarily
chosen instead of the sacral promontory to separ-
ate stage Dy from D, (SKINNER 1977; LIESKOVSKY
1988). This staging system is summarized in Table
6.2.

The TNM system was originally devised by
Denoix in 1950 and was subsequently adopted
by the Union Internationale Contre le Cancer.
(UICC) (Denoix 1978). The classification is based
on the assessment of the extent of the primary
tumor (T), the condition of the regional nodes
(N), and the presence or absence of metastases
(M) (Lieskovsky et al. 1988).
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Table 6.2. Staging of bladder cancer: Jewitt and Strong
system as modified by MARSHALL

Stage 0 Tumor is superficial, limited to the mucosa.
Includes papillary and in situ lesions

Extension into the lamina propria but not into
the bladder musculature

Extension into the musculature but less than
half way

Extension into the musculature more than half
way but not invading the perivesical fat

Extension through the musculature into the
perivesical fat

Extension beyond perivesical fat but still
confined to the pelvis at or below the level
of the sacral promontory. Includes
extension into contiguous organs, pelvic
wall, and lymph nodes below the common
iliac bifurcation

Distant metastases, involvement of organs or
lymph nodes beyond the pelvis

Stage A
Stage B,
Stage B,
Stage C

Stage D,

Stage D,

Table 6.3. Staging of bladder cancer: TNM system

Description TNM ISM
stage  stage
No tumor T, 0
Carcinoma in situ T 0
Papillary tumor, noninvasive Tia 0
Papillary tumor, lamina propria invasion T A
Superficial muscle invasion T, B,
Deep muscle invasion Tsa B,
Perivesical fat invasion Tsg C
Invasion of contiguous viscera Tya D,
Invasion of pelvic/abdominal wall T D,
Single ipsilateral regional adenopathyto N, ; D,
bilateral multiple pelvic adenopathy
Juxtaregional adenopathy, above aortic N, D,
bifurcation
Distant metastases M, D,

Fig. 6.28. A postenhancement computed tomogram
demonstrating an extensive bladder tumor with contiguous
extension to and invasion of the right lateral pelvic wall,
the prostate, and the posterior elements of the vesical
fascia. (Courtesy of Dr. E.K. LANG)

Table 6.4. Grading systems for transitional cell tumors of
the bladder. (After Rosar 1989)

JSM, Jewett-Strong-Marshall.

According to the UICC classification system
for bladder cancer, the extent of the primary
tumor, T, is assessed by clinical examination,
imaging studies, cystoscopy and bimanual exam-
ination under anesthesia in addition to biopsy of
the tumor. The condition of the regional nodes,
N, is evaluated by clinical examination with or
without imaging, The extent of metastases M is
determined by clinical examination, and imaging
(Lieskovsky et al. 1988) (Table 6.3).

Several tumor characteristics have predictive
value with respect to disease progression includ-
ing: (a) grade, (b) shape (papillary vs sessile), (c)
size (<2cm vs >5cm), (d) presence of any degree

AsH (1940) Mostorr (1960) BERGKVIST et al.
American (1965)
Tumor Registry
Transitionalcell ~ Papilloma Transitional cell
carcinoma, tumor, grade 0
grade | Transitional cell

Transitional cell

Transitional cell

tumor, grade I
Transitional cell

carcinoma, carcinoma, carcinoma,
grade 11 grade | grade 11
Transitional cell Transitional cell Transitional cell
carcinoma, carcinoma, carcinoma,
grade I11 grade I1 grade I11
Transitional cell Transitonal cell Transitional cell
carcinoma, carcinoma, carcinoma,
grade IV grade I11 grade IV

of invasion, and (e) associated mucosal abnor-
malities (CuMMINGS 1983).

There are several systems for the grading of
transitional cell carcinoma primarily based on the
cytologic appearance of the tumor rather that its
architecture or invasiveness. All three charac-
teristics are taken into account in grading an
individual tumor. The most widely used system
was proposed by AsH in 1940. He felt that the
most benign-appearing papillary tumors should
be classified as carcinoma because of their great
tendency to recur locally and also because the
microscopic pattern does not always conform with
the clinical behavior. The tumors are graded I-1V
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Fig. 6.29. Infected urachal sinus with umbilical abscess.
Midline sagittal scan demonstrating umbilical abscess (A)
and thickened (8mm) omphalovesical tract (arrows).
(AvnI et al. 1988)

by degree of differentiation, pleomorphism and
pattern of organization. In the system proposed
by Mosror1 (1960) and adopted by The American
Tumor Registry, the better differentiated papillary
tumors are designated as papillomas. This system
is probably the most familiar to clinical urologists.
BERGKVIST et al. (1965) avoided the distinction
between benign and malignant categories by de-
signating all as transitional cell tumors and grading
them from 0 to IV (Rosarl 1989). These grading
systems are summarized in Table 6.4.

Staging and grading assists the clinician in
treatment planning and provides prognostic infor-
mation through evaluation of treatment results
(SKINNER 1977).

6.7.4 Urachal Remnant and Urachal Carcinoma

Adenocarcinomas of the bladder may be sub-
divided according to whether they originate from
urothelium or from remnants of the allantoic duct
or urachus (Nocks et al. 1983).

The urachus represents the remnant of the em-
bryonic allantois and cloaca. It persists in adult-
hood as a midline musculofibrous tube that can
extend from the bladder dome to the umbilicus in
the space of Retzius between the transversalis
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fascia anteriorly and the peritoneum posteriorly.
Neoplasm may arise anywhere along its course
(RaFAL and Markisz 1991). It extends from
the dome of the bladder to the umbilicus as the
medial collateral ligament (DISANTIS et al. 1991).
The adult urachus has intramucosal, intramus-
cular, and supravesical segments with respect to
the bladder (KOROBKIN et al. 1988).

Patent urachus, umbilical urachal sinus, and
vesicourachal diverticulum are urachal abnor-
malities that are usually seen in childhood.
Urachal cysts may go undetected until infection
occurs or a mass is detected (Fig. 6.29). Per-
cutaneous needle aspiration biopsy can be diag-
nostic with percutaneous drainage performed if
applicable (SpaTAro et al. 1983).

Cacciarelli et al. (1990) found a small, ellip-
tical, hypoechoic, structure on the middle of the
anterosuperior surface of the urinary bladder
in 62 of 100 consecutive pediatric sonograms.
Surgical removal and pathologic examination in
one case disclosed a normal urachal remnant.

Carcinoma of the urachus is situated in the
juxta- or intravesical urachus in 90% of cases, in
the middle in 6%, and near the umbilicus in 4%
(Rao 1986). It accounts for 0.17% -0.34% of all
bladder cancers and 20%-39% of all primary
bladder adenocarcinomas (Brick et al. 1988).

Almost two-thirds of the patients with urachal
cancer are males and two-thirds are between the
ages of 40 and 70 years (KOROBKIN et al. 1988).
The reported age range is 4 months to 84 years
(Brick et al. 1988). Adenocarcinoma accounts for



Traumatic, Inflammatory, Neoplastic, and Miscellaneous Lesions of the Bladder

85% of these cancers and is most commonly
mucinous. Sarcoma, squamous cell carcinoma,
transitional cell carcinoma, and signet ring cell
carcinomas are also described. In 90% of the
cases, the tumor arises from the juxtavesical seg-
ment of the urachus. Therefore, the lesion usually
arises in a clinically silent location and is usually
discovered after it has extended into the bladder
lumen or presents with symptoms related to its
large size or to its extension into adjacent struc-
tures. It is usually high grade and high stage when
it is discovered (KoroBkiN et al. 1988).

Urachal carcinomas spread by local extension
into the space of Retzius, peritoneum, abdominal
wall, or urinary bladder. Metastases occur late
and may involve lungs, bone, omentum, liver,
regional lymph nodes, skin, and brain (RAFAL and
Magrkisz 1991).

The usual presentation is with painless hema-
turia, occasionally with dysuria and urinary fre-
quency. Less common findings are suprapubic
mass or abdominal pain (Brick et al. 1988). Gross
or microscopic mucus is found in the urine of only
25% of patients but is highly suggestive of the
diagnosis in the presence of a palpable suprapubic
mass. Discharge of blood, mucus or pus from the
umbilicus occurs in a few patients (KOROBKIN et
al. 1988).

Based on the work of Mostor1 et al. (1955), the
following criteria have been described for classify-
ing a malignancy as a urachal tumor: (a) tumor in
the vertex of the bladder, (b) absence of cystitis
cystica and cystitis glandularis, (c) invasion of
muscle or deeper structures and either intact or
ulcerated epithelium, (d) presence of urachal
remnants, (e) presence of a suprapubic mass, (f) a
sharp demarcation between tumor and normal
surface epithelium, and (g) tumor growth in the
bladder wall branching into the space of Retzius.
Jonnson et al. (1985) feel these criteria are too
restrictive. SCHUBERT et al. (1982) observed intra-
mucosal or intramural urachal remnants in the
bladder in only 32% of their autopsy material; of
these, the remnants were in the midline on the
vertex in 54%, in the posterior wall in 44%, and
in the anterior wall in 2%. Since inflammation
and cystitis cystica are found together, one should
expect occasional areas of cystitis cystica in blad-
ders with urachal carcinoma. The presence of a
proliferative variant should not exclude a diag-
nosis of urachal carcinoma unless a definite tran-
sition to malignancy is demonstrated. They
therefore proposed the following criteria: (a)
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location of the tumor in the bladder wall, (b) find-
ings of a sharp demarcation between the tumor
and the surface epithelium, and (c) exclusion of a
primary adenocarcinoma located elsewhere that
has spread secondarily to the bladder.

The exact pathogenesis of urachal carcinoma is
not entirely clear. SCHUBERT et al. (1982) found
intramural tubular or cystic urachal remnants in
the wall of 39 (32%) of 122 autopsy bladders.
Development of urachal carcinomas secondary
to carcinogens in the urine also seems highly
unlikely, as does development of tumors sec-
ondary to stasis of urine with calculus formation
and inflammation. The cylindrical metaplasia
of the transitional epithelium lining the urachal
canal found in 31.6% of ScHUBERT et al.’s cases
provides a morphologic basis for the formation of
urachal adenocarcinomas.

Possible plain film and urographic findings in
urachal carcinoma include lateral ureteral devia-
tion, supravesical mass effect, and pelvic calcifica-
tion (RAFAL and MaARkisz 1991). Less than 5%
of plain films show supravesical calcification or,
more rarely, soft tissue mass (KOROBKIN et al.
1988).

The anterior location of urachal tumors and
their relationship to the bladder make them ideal
for detection and characterization by ultrasound.
Ultrasound is felt to be sufficient to diagnose
urachal cysts, but CT is preferred for solid urachal
lesions because of its ability to stage the lesion
and detect spread to the umbilicus, peritoneal
cavity, liver and lymph nodes (KoroBkiN et al.
1988; LanG 1984b).

Sonography is unaffected by possible inter-
ference by bowel loops since the urachus is extra-
peritoneal. Ultrasound (Fig. 6.30) may show a
complex midline mass above the bladder, with
or without extension toward the umbilicus. If
calcified, the mass may contain high-amplitude
echoes with or without shadowing. Invasion of
the bladder may sometimes be detected (RAFAL
and MARKISZ 1991). Avni et al. (1988) stress that
because of its ease of demonstration, ultrasound
should be part of the initial evaluation of any
suspected urachal or other midline anomaly. It
can also demonstrate thickened omphalovesical
tracts. WINsLow (1989) has described the appear-
ance of urachal carcinoma on endovesical ultra-
sonography used in preoperative assessment but
this technique is not widely available or applied.

Computed tomography can accurately stage a
lesion, showing its intra- and extravesical extent
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Fig. 6.30a,b. Urachal remnant. a Transverse ultrasound
scan demonstrates urachal remnant (arrow) in the midline.
b Sagittal scan demonstrates that the urachal remnant
(arrow) is anterosuperior to the bladder. (CACCIARELLI et
al. 1990)

and can also demonstrate involvement of the
lymph nodes, liver, umbilicus, and peritoneal
cavity. CT typically shows a solid, cystic or mixed
attenuation mass near the midline anteriorly, just
beneath the linea alba in intimate association with
the anterior and superior aspect of the bladder
(Fig. 6.31). About 60% of the time the mass will
have regions of low attenuation probably reflect-
ing the high mucin content of most urachal car-
cinomas. The internal presence of gas or oral
contrast material may indicate the presence of an
enteric fistula. Calcifications may be demonstrated
which are not visible on plain films. The patterns
of calcification are variable, including curvilinear,
punctate, and peripheral arrangements. With
intravenous contrast, a rim may enhance around
the supravesical part of the tumor (RAFAL and
Markisz 1991; LANG 1984b).

KoroBKIN et al. (1988), who reviewed nine
cases of urachal carcinoma studied by CT, found
that in all cases CT demonstrated a mass in inti-
mate association with the anterior and superior
aspects of the bladder, extending in a tubular
fashion anterosuperiorly toward the umbilicus. In
eight cases, the mass had a soft tissue or inhomo-
geneous density. In the other, which had been de-
scribed as cystic, the published picture appeared
noncystic. All masses were large, abut 10cm in
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greatest diameter. Extension of the mass ventrad
and cephalad along the space of Retzius was
reflected in an elongated or sausage-like lesion
contiguous with or just deep to the rectus abdo-
minus muscles, extending toward the umbilicus.
The CT appearance of a lesion extending into the
space of Retzius and invading the muscles of the
anterior abdominal wall is shown in Fig. 6.32.

In the ten patients reported by BRICK et al.
(1988), all tumors were mucinous adenocar-
cinomas, four were solid, three were cystic, and
three were mixed; seven contained calcification
on CT examination.

There are few descriptions of MRI findings. In
general, the masses have been heterogeneous
with increasing signal intensity with increasing T2
weighting. The biggest advantage of using MRI
lies in its ability to image in multiple planes. The
relationship of the tumor to the bladder and
its extension toward the umbilicus can be pre-
cisely determined on sagittal images (RAFAL and
Markisz 1991).

RaFAL and MARkisz (1991) recommend the use
of both CT and MRI in the evaluation of sus-
pected urachal carcinoma.

So then, a solid elongated mass arising in
or adjacent to the bladder apex and extending
toward the anterior abdominal wall and umbilicus
is highly suggestive of urachal carcinoma. But
other diagnoses should be considered. An infected
urachal cyst may have an attenuation value similar
to carcinoma. A primary bladder carcinoma aris-
ing in the bladder apex will usually have less of an
extravesical component. Ovarian carcinoma is
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Fig. 6.31a,b. Computed tomography of urachal car-
cinoma. a Cystic anterior midline mass with linear and
punctate calcification (courtesy of Drs. L.F. CamMpBELL and
S.T. CocHraN). b Solid anterior midline mass with punc-
tate calcification. (Courtesy of Dr. E.K. LANG)
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sometimes midline and supravesical but is usually
cystic or multiloculated. Ovarian cancer is, ob-
viously limited to females whereas urachal cancer
is more common in males. A peritoneal metastasis
can occur in the supravesical midline so an adeno-
carcinoma of the gastrointestinal tract should
always be excluded (KoROBKIN et al. 1988).

It is occasionally difficult to distinguish an in-
fected urachal cyst from a urachal carcinoma. The
presence of hematuria, mural nodularity, and cal-
cification and the lack of any inflammatory change
in adjacent tissues will favor the diagnosis of
urachal carcinoma (Rao 1986).

At cystoscopy, the tumor may appear as a
bladder wall protrusion, flat epithelioma, or
exophytic mass. If present, the urachal orifice
may be viewed. The discharge of mucoid material
upon pressure application over the suprapubic
region is diagnostic (RAFAL and Markisz 1991).

Treatment of urachal carcinoma is primarily
surgical with many authorities recommending en

Fig. 6.32. A postenhancement computed tomogram
demonstrating contiguous extension into the space of
Retzius of a tumor originating from the anterior circum-
ference of the dome of the bladder, with contiguous in-
vasion of muscles of the anterior abdominal wall. (Courtesy
of Dr. E.K. LANG)
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Fig. 6.33. Cystitis glandularis in bladder (arrows). (Cour-
tesy of Dr. S.T. COCHRAN)

bloc partial or total cystectomy with pelvic lym-
phadenectomy and umbilectomy. Metastases
usually appear late, involving lung, omentum,
liver, bone, and regional lymph nodes. Local
recurrence is common after surgical excision and
usually occurs within 2 years (KOROBKIN et al.
1988). The prognosis is poor and the 5-year sur-
vival rates have varied from 6.5% to 15% (Kwok-
Liv et al. 1980).

6.7.5 Benign Proliferative Variants

The benign proliferative variants comprise a spec-
trum of microscopic epithelial changes. The initial
microscopic change is focal proliferation of the
basal layer of the transitional epithelium, which
may produce buds that become solid nodules of
tissue (Brunn’s nests or islands) located within the
lamina propria. Some of these nodules develop a
central cystic area filled with accumulated mucin.
If the cells lining the cyst maintain a transitional
appearance, the condition is called cystitis cystica.
If the cells lining the cyst have morphologic fea-
tures similar to those of colonic epithelium, it is
called either cystitis glandularis (Fig. 6.33) or in-
testinal (glandular, colonic) metaplasia. A mucus-
producing colonic type of epithelium may occur.
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These conditions are felt to represent various
stages of manifestation of the same basic process
(Rosar 1989).

Mosror! (1954) described the transitional epi-
thelium of the urinary bladder as having multiple
potentialities, being capable of nonneoplastic
proliferation, metaplasia into squamous, colum-
nar, and cuboidal cells and then neoplasia into not
only transitional cell but also squamous cell and
glandular tumors. He considered cystitis glandu-
laris and cystica as nonneoplastic proliferation.

Squamous metaplasia most commonly involves
the trigone and proximal urethra of women
(FowLer 1989). Cystoscopically, it appears as
a velvety white well marginated lesion which
has been called pseudomembranous trigonitis.
Squamous metaplasia may be seen in men treated
with exogenous estrogen for metastatic prostate
cancer and is unusual in prepubertal females.
Estrogenic stimulation of the uroepithelium is
thought to potentiate its development (FOWLER
1989).

It would follow that patients with extensive
intestinal metaplasia are at risk for the subse-
quent development of adenocarcinoma. Complete
replacement of areas of urothelium by benign-
appearing intestinal mucosa is rare. All of the 11
documented cases were associated with chronic
irritation and/or infection such as indwelling
catheters, calculi, and/or bladder outlet obstruc-
tion. The condition has been identified most fre-
quently in urinary bladder but has occurred in the
ureter and renal pelves. The majority of lesions
were described as polypoid or sessile masses or
appeared grossly as adenomas. Of the three pa-
tients who were observed for more than 2 years,
all developed carcinoma. The condition of com-
plete replacement of areas of urothelium by
benign-appearing intestinal mucosa appears at
least to be a high risk factor for development of
adenocarcinoma (BuLLock et al. 1987).

Rosar (1989) states that these variable meta-
plastic changes of the transitional epithelium may
result from chronic inflammation or mucosal irri-
tation such as ureteral reimplantation, neurogenic
bladder, or bladder exstrophy. Furthermore, the
metaplasia may regress completely if the stimu-
lating factor is removed.

Brunn’s nests, cystitis cystica and cystitis glan-
dularis can occur anywhere in the lamina propria
of the bladder mucosa but are most common in
the trigone (ITo et al. 1981). Nonkeratinizing
squamous epithelium of the vaginal type may
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Fig. 6.34. A double contrast barium-air cystogram demon-
strating the classical findings of cystitis cystica. (Courtesy
of Dr. E.K. LANG)

occur in the female trigone (WIENER et al. 1979).
Cystitis cystica has a female predominance
(KarLaN and KinG 1970) which may be related to
the female prevalence of urinary tract infections
(Fig. 6.34).

Evidence is accumulating that suggests that
clinically symptomatic cystitis cystica lesions are
a manifestation of a recently appreciated im-
munologic mechanism by which the urinary tract
attempts to react to an infection or irritation
within the bladder (WALTHER et al. 1987). HiLL
(1971) produced the lesions of pyeloureteritis
cystica and glandularis by intravenous injection of
E. coli into rabbits after unilateral ureteral liga-
tion. WALTHER et al. (1987) studied cystitis cystica
with electron and immunofluorescence micro-
scopy. The characteristic gland like structures
of cystitis cystica are lined by epithelium with
features of secretory cells including abundant
mitochondria, Golgi apparatuses and rough
endoplasmic reticulum. Secretory type granules
are seen in the cytoplasm just beneath the luminal
membrane of surface columnar cells. Immuno-
fluorescence localizes IgA, IgM, and secretory
piece in the epithelium of these cells. These find-
ings may account for the large amounts of IgA
and secretory piece found in the urine of some
patients with cystitis cystica and urinary tract
infection. Brunn’s nests may lie dormant until,
under the stimulation of infection or irritation,
they proliferate and mature in a local attempt to
rid the bladder of the offensive agents.
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Fig. 6.35. A double contrast barium-air cystogram demon-
strating fixation of a massive tumor to the right lateral wall
of the bladder. Note evidence of cystitis cystica and cystitis
granularis, which are frequently associated with neo-
plasms. (Courtesy of Dr. E.K. LANG)

Cystitis glandularis has frequently been found
in association with pelvic lipomatosis (CARPENTER
1973; LEVINE et al. 1978; KauzLARric et al. 1987,
ALLEN and DE Kock 1987).

In MELIcow et al.’s (1974) review of 910 cases
of primary and secondary bladder tumors, hyper-
plasia of the urothelium and Brunn’s nests and
the development of cystitis cystica and glandularis
were frequently encountered in close proximity to
neoplasms, in areas between tumors, in associa-
tion with foreign bodies, and in infected bladders
(cf. Fig. 6.35). Except for the fundus, where
remnants of the cloaca may be present, the blad-
der mucosa of the normal neonate does not display
such changes. MELIcOw et al. state that squamous
cell metaplasia and leukoplakia are often seen
in association with chronic irritation. Cancer
develops in 15% of cases 15-20 years after disco-
very of the metaplasia. It may form underneath a
plaque of leukoplakia which obscures its presence.

Metaplasia in response to noxious stimuli is the
most popular theory to explain this phenomenon
of benign proliferative variants of the urothelium.
Derivation from embryonic rests of urachus and/or
intestinal epithelium in the process of division of
the rectum from the urogenital sinus is a less
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widely held alternative explanation (ERTURK et al.
1988; DANN et al. 1972).

The transition of cystitis glandularis into pri-
mary adenocarcinoma of the bladder has appar-
ently been well documented by SHAw et al. (1958),
SaLMm (1967), and Parker (1970) and quoted by
ErRTURK et al. (1988) and DaNN et al. (1972).
Furthermore, O’BrieN and URrBanski (1985) re-
ported a case of transitional cell carcinoma in situ
of the bladder associated with cystitis glandularis
and papillary adenocarcinoma in situ with severe
dysplasia in neighboring papillary glandular epi-
thelium. They postulated that the severe dysplasia
of the papillary adenomatous component rep-
resents an intermediate morphologic pattern be-
tween cystitis glandularis and adenocarcinoma of
the bladder.

PARKER (1970) reviewed 40 cases of cystitis
cystica and glandularis, finding glandular meta-
plasia in eight cases and definite evidence of pro-
gression from metaplasia to neoplasm in one. The
lesions were found on the trigone in 20 cases,
extended to the bladder neck in 14, and were
scattered throughout the bladder in the remaining
six. Such lesions are characteristically regular and
rounded, about 1-5mm in diameter, translucent
with a pearly or yellowish light, and covered by
on a thin layer of mucosa. When the cysts are
lined by columnar cells, which may or may not
secrete mucus, the cysts are more opaque and
mucus can sometimes be seen on the surface of
red irregular mamillated mucosa. In cystitis folli-
cularis, lymphoid tissue collects beneath the
mucosa, forming true lymph follicles with ger-
minal centers. These lesions appear as 2- to 3-mm
brownish nodules which are more solid and
opaque than the cysts of cystitis cystica. When
confluent and in inflamed mucosa, cystitis folli-
cularis may resemble cystitis glandularis and is
often wrongly diagnosed. Granular cystitis and
bullous edema may also mimic cystitis cystica and
glandularis (PARKER 1970).

WIENER et al. (1979), who found Brunn’s nests,
cystitis cystica, and squamous metaplasia in 93 of
100 grossly normal bladders, consider these con-
ditions normal variants and not premalignant.
Non-keratinizing squamous metaplasia of the
vaginal type was found in 46% of the women but
only 7% of the men.

Ito et al. (1981) studied 125 grossly normal-
appearing bladders and found some form of benign
proliferation or metaplasia to be almost ubiqui-
tous; they concluded that such findings are not
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premalignant. They can be found anywhere in the
bladder but are most common in the trigone.

Mogrske (1928) found epithelial buds and cell
nests of Brunn or cysts in varying numbers micro-
scopically in 108 of 125 (86.4%) almost consecu-
tive bladders at necropsy, of which 63 (58.25%)
showed microscopic evidence of inflammation.
He concluded they were inflammatory in nature
and present in the majority of persons over 25
years of age. He made no comment as to malig-
nant potential.

The benign proliferative variants were once
thought to be universally abnormal, and perhaps
or probably due to inflammation. Based on the
findings of Morse (1928), WIENER et al. (1979)
and Ito et al. (1981), that the changes occur with
variable frequency in normal bladder epithelium,
some (WIENER et al. 1979; Ito et al. 1981; HaHN
1990) feel strongly that they are not premalignant
although the conditions may coexist. WIENER et
al. (1979) found no satisfactory evidence that
inflammation was causally associated with the
changes. Others (Mostor1 1954; SHaw et al. 1958;
SaLm 1967, ErTURk et al. 1988) feel they are
possibly premalignant (BELL and WENDEL 1968;
PARKER 1970; DANN et al. 1972).

Benign proliferations may remain after the
inflammation is gone. When they are found in
the otherwise normal bladder, the malignant
neoplasia may not have yet manifested itself.

These lesions may produce irregular mamil-
lated masses that may be confused cystoscopically
with carcinomas. They can occur anywhere in the
bladder, but the area of the trigone is the most
commonly affected. In rare instances the entire
bladder may be involved (BELL and WENDEL
1968). Cystitis glandularis can be seen in any part
of the bladder, but most commonly involves the
vesicle neck, trigone, lateral recesses, or bladder
dome. It has been found involving the entire
bladder mucosa and can cause hydronephrosis
from ureteral obstruction (BELL and WENDEL
1968; Rosar 1989).

It is well known that cystitis cystica and glan-
dularis can produce filling defects on imaging
studies, urography, ultrasound, and CT that are
indistinguishable from malignancy (BRoGDON et
al. 1965; DANN et al. 1972; Gorr 1983; MANco
1985; KauzLaric et al. 1987). The affected mucosa
may appear thickened and covered by multiple
rounded cyst-like elevations and intraluminal
mass on sonography (Manco 1985). They may
produce single large or multiple small cobblestone



Traumatic, Inflammatory, Neoplastic, and Miscellaneous Lesions of the Bladder

masses and even present with hematuria and cause
ureteral obstruction (BRoGDON et al. 1965; DANN
et al. 1972). Cystitis glandularis shares with ade-
nocarcinoma the unique symptom of constant
elimination of mucus during and/or following
micturition (DANN et al. 1972).

6.7.6 Nephrogenic Adenoma

Nephrogenic adenoma is a rare benign prolifera-
tion of the urothelium. The lesion histologically
resembles proximal tubules of the nephron, lined
by cuboidal or columnar cells. The basement
membrane is distinct with rare cytologic atypia.
The cells lining the tubules are not capable of the
specialized function of either mature nephrogenic
tubules or bladder epithelium. The lesion has also
been termed ‘“adenomatoid metaplasia,” “ade-
nomatoid tumor,” and ‘‘urothelial metaplasia”
(Z1MMERMAN et al. 1989). Some authors prefer to
use the term ‘“‘nephrogenic metaplasia” (YounG
and ScuLry 1986).

Nephrogenic adenoma is a slow-growing lesion
which occurs at any age. The lesion may be found
from the renal pelvis to the urethra in papillary,
sessile, or polypoid form. It usually occurs in the
urinary bladder (ZiNGas et al. 1986).

In an extensive review of the literature, and
adding their own cases, YOouNG and ScuLLy (1986)
found that nephrogenic adenoma has occurred in
patients from 4 to 83 years of age with an average
of 41 years and a male to female ratio of 2:1. A
history of genitourinary operations or procedures
such as multiple catheterization was present in
65% of cases, calculi in 14%, trauma in 9%, and
renal transplant in 8%. In their reviewed cases,
two patients had nonfunctioning bladder, one had
schistosomiasis, one had interstitial cystitis, eight
had a history of cystitis or chronic urinary tract
infection (including tuberculosis in at least three
cases), and 11 had prior or concomitant transi-
tional cell carcinoma.

Of YouNG and ScuLLy’s (1986) reviewed cases,
60% produced symptoms, including hematuria
(59%), frequency (35%), dysuria (24%), nocturia
(11%), and irritative symptoms (9%). The rest of
the lesions were incidental cystoscopic or micro-
scopic findings. Nephrogenic adenoma involved
the bladder in 82% of the cases, the urethra in
13%, and the ureter in 5%. The urethra and
bladder were rarely affected together and ureteral
involvement was metachronously bilateral in one
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case. The lesion arose within a diverticulum in 4
of 14 urethral lesions. Bladder occurrence in-
volved the dome, trigone, posterior wall, and
lateral wall with approximately the same fre-
quency. Anterior wall involvement was uncom-
mon. The lesions were usually solitary, but two
were present in two cases, three in five, five in
three, eight in one, and numerous or multiple in
ten cases. The lesion was papillary in 61% and
polypoid in 15%, and the rest were sessile. The
extent ranged from microscopic to involving the
whole bladder, but the great majority were small.
Of the 40 recorded largest dimensions, 19 were
microscopic to (.5cm, seven were from over 0.5
to 1 cm, 12 were from over 1 cm to 4cm, two were
7cm, and another two were merely described as
large.

YounG and Scurry (1986) emphasized that
nephrogenic adenoma is most likely to be con-
fused microscopically with adenocarcinoma, par-
ticularly the clear cell type. The clinical features
of the two are fairly distinctive. Furthermore,
nephrogenic adenoma has an antecedent history
of intervention, trauma, or chronic infection
whereas adenocarcinoma usually does not. Two
conditions, schistosomiasis and nonfunctioning
bladder, increase the risk of both.

Younc and ScuLry (1986) noted that nephro-
genic adenoma is almost always encountered in
the setting of acute cystitis, chronic cystitis, or
both. There is usually a latent period of 1-6 years
after tissue injury. When nephrogenic adenoma
has been noted in renal transplant recipients,
immunosuppression may have contributed to
development of the lesion (ZINGAS et al. 1986).

Mostort (1954) felt that metaplasia into epi-
thelial tubules lined by a single layer of cuboidal
or low columnar epithelium simulating renal col-
lecting tubules expains the nephrogenic adenoma
and that these lesions should be carefully watched
for the development of carcinoma. It had been
previously postulated that nephrogenic adenoma
represents immature mesonephric tubules that
are normally seen only during embryologic devel-
opment of the urinary tract. The trigone is derived
from the mesonephric duct, and the lesion oc-
curred frequently the trigonal area in early series.
It is now known to be more widespread and this
theory would not explain its occurrence elsewhere
in the urinary tract.

Nephrogenic adenoma is felt to be papillary or
glandular transformation rather than hamartoma
or benign neoplasm. Nephrogenic adenoma of
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Fig. 6.36. Nephrogenic adenoma presenting as well-
defined ovoid mass (arrows) arising from an enlarged
prostate. (ZIMMERMANN et al. 1989)

the urinary tract is now generally accepted to
represent metaplasia of the urothelium in response
to chronic inflammation or injury (ZINGAs et al.
1986). Mostofi’s theory is supported by the fact that
so many of the reported patients with nephrogenic
adenoma have an antecedent clinical history of
urinary infection or surgery of the lower urinary
tract and that inflammatory changes of the blad-
der frequently accompany nephrogenic adenoma
(ZiMMERMAN et al. 1989).

Nephrogenic adenoma has no characteristic
appearance and is seen as a mass filling defect or
bladder wall irregularity on imaging. The appear-
ance at urography and CT is consistent with the
spectrum of gross morphologic appearances from
sessile to papillary and polypoid. Of six patients
with nephrogenic adenoma of the bladder re-
ported by ZIMMERMAN et al. (1989), three pre-
sented with masses in the bladder (Fig. 6.36), two
with irregularities of the bladder mucosa on uro-
graphy and one with no focal abnormalities.

Gross appearance at cystoscopy is variable.
Nephrogenic adenoma may present as slightly
raised edematous areas. papillary tumors re-
sembling low grade transitional cell carcinoma, or
nonspecific flattened masses (ZIMMERMAN et al.
1989). The lesion is not now considered to be
premalignant (BERGER et al. 1981; ZINGas et al.
1986; ZIMMERMAN et al. 1989).

In nephrogenic adenoma, a delicate basement
membrane is present beneath the epithelial cells
and the tumor remains confined to the mucosa
and submucosa. In all cases of mesonephric
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adenocarcinoma reviewed by ScHULTZ et al.
(1984), frank muscle invasion was present.

Nephrogenic adenoma is difficult to eradicate,
having a reported recurrence rate of up to appro-
ximately 60% (BERGER et al. 1981). Extensive sur-
gery such as cystectomy may be necessary if symp-
toms become disabling (ZIMMERMAN et al. 1989).
In mesonephric adenocarcinoma of the bladder,
radical surgery may be required to achieve cure
(SchuLtz et al. 1984).

6.7.7 Inverted Papilloma

Inverted papilloma is a rare, almost uniformly
benign lesion of the uroepithelium described and
named by Porrs and Hirst (1963). Microsco-
pically, it is composed of cords of urothelial-like
cells organized in a fairly characteristic fashion.
The cords of epithelium are inverted and exhibit a
mosaic pattern separated by a delicate fibrous
stroma. Rosar (1989) describes the most charac-
teristic microscopic feature as invagination of the
epithelium without atypical features. The surface
of the lesion has urothelium (ANDERSTROM et al.
1982). Most inverted papillomas are polypoid or
pedunculated with smooth or lobulated surfaces
usually lacking the papillary or filiform appearance
of conventional transitional cell papillomas or
carcinomas. The lesions are occasionally sessile
and at times small surface papillations may occur.
Most are smaller than 3 cm (Kyriakos and Royce
1989).

The majority of the reported lesions have
originated in the lower urinary tract, the trigone,
the bladder neck or the prostatic urethra. (ANDER-
STROM et al. 1982; MuULKENS et al. 1990). The
bladder is the site of origin in 90% of cases
(Kyriakos and Royce 1989).

Males in the sixth and seventh decades of
life account for about 90% of reported patients
(Kyriakos and Royce 1989). Presenting clinical
symptoms are obstruction, pain, and/or hema-
turia. The findings on urography and CT are non-
specific and are those of epithelial mass and/or
obstruction. The findings may be subtle (ScHULTZ
and BoyLE 1988). Because inverted papilloma
is indistinguishable macroscopically from other,
more invasive lesions, preoperative frozen or
permanent sections are necessary to make con-
servative surgery possible (MULKENS et al. 1990).

Inverted papillomas are considered to be be-
nign lesions because of their histologic appear-
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ance, the low incidence of recurrence, the low
incidence of multiplicity, the lack of invasion, and
the lack of metastases (MULKENS et al. 1990).
Only two cases of local recurrence have been
reported (DEMEESTER et al. 1975; ScHULTZ and
BoyLe 1988). The inverted papilloma has never
demonstrated a clinically malignant behavior. It
has never metastasized or recurred as overtly
invasive carcinoma (MULKENs et al. 1990). It
should, however, be mentioned that several in-
verted papillomas have been reported to contain
on their surfaces a papillary component classified
as low grade transitional cell carcinoma (Kyriakos
and Royce 1989).

Inverted papillomas seem to develop in re-
sponse to a variety of etiologic agents such as
chronic irritation and inflammation which may
also be responsible for the development of low
grade, superficial urothelial tumors.

6.7.8 Neurofibromatosis

HoLr (1978) defines neurofibromatosis (von
Recklinghausen’s disease) as a hereditary, hamar-
tomatous disorder, probably of neural crest origin,
involving not only neuroectoderm and mesoderm
but also endoderm, with the potential to appear
in any organ system of the body.

The basic lesion is the neurofibroma. Electron
microscopic and autoradiographic studies have
shown that all cellular elements of a peripheral
nerve (Schwann cells, fibroblasts, and perineural
cells) play a part in tumor formation. A high
concentration of mast cells is characteristic of a
neurofibroma (HoLt 1978).

Youn et al. (1971) divided neurofibromatosis
into three hereditary types: a peripheral form
with multiple café au lait spots and subcutaneous
nodules but with little central involvement; a cen-
tral form consisting of multiple central nervous
system tumors, primarily neuromas and men-
ingiomas, but with minimal involvement of per-
ipheral nerves and skin; and lastly a mixed form.

The National Institutes of Health Consensus
Development Conference on Neurofibromatosis
(1987) made a clear distinction between the two
most definite categories of neurofibromatosis.
NF-1 is the autosomal dominant disorder pre-
viously called von Recklinghausen’s disease or
peripheral neurofibromatosis. This is the most
common form of neurofibromatosis. NF-1 is char-
acterized by multiple hyperpigmented macules or
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café au lait spots; dermal, subcutaneous, and
plexiform neurofibromas; iris (Lisch) nodules;
axillary freckling; and optic nerve gliomas. NF-2
is the autosomal dominant disorder previously
called central neurofibromatosis, bilateral acoustic
neurofibromatosis or hereditary bilateral vesti-
bular schwannoma syndrome. NF-2 is charac-
terized by bilateral acoustic neuromas; posterior
subcapsular cataracts; meningiomas; trigeminal
nerve tumors; schwannomas; spinal cord ependy-
momas; and dermal, subcutaneous, and plexiform
neurofibromas. There are additional variants
(Roos and DunnN 1992).

Cutaneous neurofibromas appear after puberty
and are found in only 40% of patients (RiNk and
MitcHELL 1983). Hemihypertrophy is not uncom-
mon. Focal gigantism can occur in any portion
of the body, including the genitalia (RiNnk and
MircHELL 1983). Approximately 10% of affected
children will have mild to moderate mental retar-
dation (HoLt 1978).

The presence of Lisch nodules can establish the
diagnosis. Lisch nodules are well-defined, dome-
shaped elevations projecting from the surface of
the iris and are clear to yellow or brown (Luss et
al. 1991).

The urologic manifestations of neurofibroma-
tosis are: (a) retroperitoneal neurofibromas af-
fecting either the upper or lower urinary tract; (b)
hypertension due to renal artery stenosis (pri-
marily in children) or pheochromocytoma (pri-
marily in adults); and (c) a large variety of genital
lesions including neurofibromas of the penis,
clitoris, vulva, and scrotum (BLuM et al. 1985).
As indicated above, enlargement of the penis,
clitoris, and/or labia may also occur with or with-
out other lower urinary tract involvement (HoLt
1978; Rink and MircHeLL 1983). Genitourinary
neurofibromatosis is usually associated with gen-
eralized neurofibromatosis (MILLER et al. 1983b).

Genitourinary tract involvement is rare, the
most common site of genitourinary involvement
being the urinary bladder (BLuM et al. 1985).
Bladder neurofibromas are associated with the
syndrome of multiple neurofibromas in 40% -75%
of cases. About half of the reported cases of pel-
vic neurofibromas have occurred in children. The
male to female ratiois 2 or 3: 1 (BLuM et al. 1985).

The mass may extend to involve the prostate,
urethra, seminal vesicles, spermatic cords, and
testes. The genitals are also involved in 35%
of cases of bladder neurofibromatosis (RiNk and
MircHeLL 1983). Large plexiform neurofibromas
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Fig. 6.37a,b. Neurofibroma of the urinary bladder.
a Cystogram demonstrates irregular scalloping of the con-
tour of the bladder with marked distortion and elevation of
the base. b Longitudinal midline sonogram of the pelvis
demonstrating massive circumferential thickening of the
wall of the bladder (black arrows). The cervical os (white
arrow) and uterus are displaced posteriorly. (MILLER et al.
1983b)

may arise from the pelvic autonomic nerve ple-
xuses and cause upper tract obstruction. The mul-
ticentric origin of these lesions from anatomically
contiguous pelvic plexuses explains the occurrence
of neurofibromatosis in adjacent pelvic organs

L.R. Bigongiari and H. Zarnow

(PessiN and Bopian 1964; BLum et al. 1985).
Malignant degeneration of neurofibromas has
been calculated to occur in about 13%-29% of
cases and noted to increase with advancing age
(Rink and MrircHELL 1983). After sarcomatous
change, the tumor grows rapidly and recurs after
excision. Metastases are few and occur late. No
case of malignant neurofibroma has been found in
children with neurofibromatosis (BLuM et al.
1985).

The solitary neurofibroma requires only local
excision but the plexiform neurofibroma causes
urinary obstruction necessitating urinary diver-
sion. Recurrence and malignant degeneration are
virtually unheard of in the former but common in
the latter (ELLIOTT et al. 1981).

Few patients with genitourinary neurofibro-
matosis are asymptomatic. Presenting symptoms
include hematuria, urinary frequency and
urgency, enuresis, pelvic, abdominal, or genital
pain, and abdominal or genital enlargement.
There is usually a suprapubic or pelvic mass on
physical examination and a mass is often palpable
above the prostate on rectal examination (BLum
et al. 1985).

Treatment is variable and should be as conser-
vative as possible considering the progressive and
multiple system nature of the disease. Radical
excision may become needed due to diffuse or
extensive disease. Urinary diversion may be nec-
essary if upper tract obstruction occurs (BLUM et
al. 1985).

Urography or sonography may demonstrate
hydronephrosis. Radiographic examinations may
show elevation, displacement, or distortion of the
bladder and/or urethra. The bladder may demon-
strate scalloped or irregular contours. Distensi-
bility of the bladder may be markedly limited.
Sonography may show massive and diffuse thicken-
ing of the bladder wall (MILLER et al. 1983b) (Fig.
6.37). CT may show to advantage the local tumor,
apposition to tumors in adjacent organs, and the
cause of obstruction.

6.7.9 Pheochromocytoma

Pheochromocytomas are paragangliomas which
arise from chromaffin cells of the sympathetic
nervous system and produce catecholamine. They
may rarely produce adrenocorticotropic hormone
or dopa and dopamine (BEASER et al. 1986;
RogiNsoN et al. 1973).
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Pheochromocytomas may arise anywhere from
the base of the skull to the urinary bladder. They
most often arise in adrenal medullary tissue
(Russo et al. 1984; GoLDFARrB et al. 1989). Ex-
traadrenal locations of pheochromocytomas occur
in 10%-20% of cases in adults and 30% —50% of
those in children (GoLDraRB et al. 1989). The
most common extraadrenal site is the superior
para-aortic region (GoLDFARB et al. 1989). Ap-
proximately 10% of pheochromocytomas are
multiple and 10% are malignant with regional
lymph node and distant metastasis (JURASCHECK
et al. 1983; Russo et al. 1984).

Histology does not allow differentiation of
benign from malignant pheochromocytomas since
the same features of nuclear irregularity, an-
aplasia, and hyperchromasia are present in both
(Russo et al. 1984). Malignancy is determined by
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