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From the Archives of the AFIP
Neoplasms of the Urinary Bladder:
Radiologic-Pathologic Correlation1

LEARNING
OBJECTIVES
FOR TEST 6
After reading this
article and taking
the test, the reader

will be able to:

� Describe the
pathologic classifica-
tion of bladder neo-
plasms.

� Discuss the patho-
genesis of and risk
factors for bladder
neoplasms.

� List the imaging
characteristics of the
various bladder neo-
plasms, with empha-
sis on distinguishing
features.

Jade J. Wong-You–Cheong, MD ● Paula J. Woodward, MD
Maria A. Manning, MD ● Isabell A. Sesterhenn, MD

In the United States, primary bladder neoplasms account for 2%–6%
of all tumors, with bladder cancer ranked as the fourth most common
malignancy. Ninety-five percent of bladder neoplasms arise from the
epithelium; the most common subtype is urothelial carcinoma, which
accounts for 90% of cases. Squamous cell carcinoma accounts for 2%–
15%, with rates varying widely according to geographic location. Ad-
enocarcinoma (primary bladder, urachal, or metastatic) represents less
than 2%. Bladder cancer typically occurs in men aged 50–70 years and
is related to smoking or occupational exposure to carcinogens. Most
urothelial neoplasms are low-grade papillary tumors, which tend to be
multifocal and recur but have a relatively good prognosis. High-grade
invasive tumors are less common and have a much poorer prognosis.
Squamous cell carcinoma and adenocarcinoma occur in the setting of
chronic bladder infection and irritation. Mesenchymal tumors repre-
sent the remaining 5% of bladder tumors, with the most common types
being rhabdomyosarcoma, typically seen in children, and leiomyosar-
coma, a disease of adults. Rarer mesenchymal tumors include paragan-
glioma, lymphoma, leiomyoma, and solitary fibrous tumor. Although
imaging findings are not specific for these tumors, patterns of growth
and tumor characteristics may allow differentiation. For accurate stag-
ing, computed tomography and magnetic resonance imaging are the
modalities of choice.

Abbreviation: MIBG � metaiodobenzylguanidine
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Introduction
In the United States, primary bladder neoplasms
account for 2%–6% of all tumors, with bladder
cancer ranked as the fourth most common malig-
nancy (1). Tumors may arise from the epithelial
surface or any of the various layers of the bladder
wall. To understand the histologic varieties and
radiologic appearance of these tumors, it is im-
portant to review the histologic components of
the normal bladder.

The bladder wall consists of four layers (Fig 1).
The lumen is lined by uroepithelium, which con-
sists of three to seven layers of stratified flat cells.
The more superficial layers contain large cells
with large nuclei and acidophilic cytoplasm and
small amounts of neutral mucin. These cells are
flexible and can change shape from cuboidal to
flattened as the bladder distends, hence the term
transitional epithelium. The second layer under-
neath the epithelium is the lamina propria, which
is very vascular. Deep to the lamina propria is the
third layer, consisting of bundles of smooth detru-
sor muscle (muscularis propria). The detrusor
muscle is a complex network of interlacing
smooth muscle fibers. The inner and outer
muscle fibers tend to be oriented in a longitudinal
fashion, but distinct layers are usually not dis-
cernible. Fibers from the detrusor muscle merge
with the prostate capsule or anterior vagina and
pelvic floor muscles. A fourth adventitial layer is
formed by connective tissue. A serosal covering,
formed by the peritoneum, is present only over
the bladder dome. The bladder is within the ex-
traperitoneal space and is surrounded by pelvic
fat.

Bladder neoplasms can arise from any of the
bladder layers. They are broadly classified as ei-
ther epithelial or nonepithelial (mesenchymal),
with over 95% being epithelial (Table 1) (1). Epi-
thelial tumors with differentiation toward normal
urothelium are urothelial. The term urothelial car-
cinoma is now preferred over transitional carci-
noma. Urothelial tumors exhibit a spectrum of
neoplasia ranging from a benign papilloma
through carcinoma in situ to invasive carcinoma
(1). Other primary epithelial tumors include
squamous carcinoma and adenocarcinoma in de-
creasing order of frequency. Much rarer epithelial
tumors are small cell/neuroendocrine carcinoma,

carcinoid, and melanoma. Because epithelial
masses derive from the most superficial layer of
the bladder wall, they often appear as irregular,
intraluminal filling defects.

Neoplasms derived from mesenchymal tissue
differentiate toward muscle, nerve, cartilage, fat,
fibrous tissue, and blood vessels. Benign tumors
include leiomyoma, paraganglioma, fibroma,
plasmacytoma, hemangioma, solitary fibrous tu-
mor, neurofibroma, and lipoma. Malignant tu-
mors include rhabdomyosarcoma, leiomyosar-
coma, lymphoma, and osteosarcoma. Mesenchy-
mal tumors arise from the submucosal portion of
the bladder wall and therefore more often appear
as smooth intramural lesions.

Over 80% of patients with bladder cancer have
hematuria, which is typically macroscopic and
painless (2). Patients presenting with macro-
scopic hematuria should undergo thorough evalu-
ation to determine the cause (3). Microscopic
hematuria, defined as three or more red blood
cells per high-power field from two of three urine
specimens, is usually an incidental finding. It may
portend significant underlying disease such as
bladder or renal cancer or may be of little clinical
importance. According to the American Urologi-
cal Association guidelines, patients with asymp-
tomatic microscopic hematuria who have no
evidence of primary renal disease and in whom
benign causes such as menstruation, exercise,
trauma, and infection have been excluded require
urologic work-up (4). The guidelines recommend
upper tract imaging evaluation with computed
tomography (CT) or excretory urography and
bladder evaluation with cystoscopy (4).

Figure 1. Normal bladder wall. Diagram shows the
urothelium (a), lamina propria (b), muscularis propria
(detrusor muscle) (c), and adventitia (d).
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There is significant overlap in the clinical fea-
tures and radiologic findings of bladder tumors,
with most requiring biopsy to make a definitive
diagnosis. However, there are some tumors with
more specific findings, which may help direct the
clinical evaluation. This article reviews the clini-
cal, radiologic, and pathologic features of the
most common epithelial and mesenchymal blad-
der neoplasms.

Urothelial Carcinoma
Urothelial (transitional cell) cancer is the most
common urinary tract cancer in the United States
and Europe, with a stable incidence in men over
the past 2 decades but a slight increase in women
(1). New cases in 2005 are estimated at 63,210
with 13,180 projected deaths (5). This is a disease
of older patients, most being older than 65 years,

but is not restricted to these groups. Of the new
cases, 3.1% occur in patients under the age of 44
years and 8% occur in patients aged 45–54 years
(6). Both the incidence and mortality increase
with advancing age. After the age of 80 years,
bladder cancer is twice as likely to develop and
cause death than in those aged 60–65 years.

Bladder cancer is more common in men than
in women, with a male-to-female ratio of 3–4:1;
however, in women it is diagnosed at a more ad-
vanced stage and has a higher mortality rate than
in men. Survival of female patients at 5 years is
78%, equal to the 10-year survival for men. Al-
though urothelial cancer is less than half as com-
mon in black men, they have a higher mortality
rate than white men. However, the death rate is
declining in all groups, with the 5-year survival
rate currently at 82% overall (5).

Patient symptoms are all nonspecific. The
most common presenting symptom is gross he-
maturia, although microscopic hematuria may be
detected at urinalysis. Patients may also experi-
ence voiding symptoms such as frequency, dys-
uria, and pelvic pain and pressure.

The pathogenesis for urothelial tumors is di-
rect prolonged contact of the bladder urothelium
with urine containing excreted carcinogens, pre-
dominantly from cigarette smoking. Smokers have
four times the risk of bladder cancer, related to
both the duration and amount of smoking. Ciga-
rette smoking accounts for one-third to one-half
of all cases of bladder cancer (7). The risk of de-
veloping a urothelial tumor decreases with the
cessation of smoking. Smoking pipes and cigars is
not as strongly associated.

There is also a well-documented causal link
between urothelial cancer and a variety of occu-
pational and environmental chemicals, including
beta-naphthylamines (such as 2-naphthylamine,
4-aminobiphenyl, and benzidine) (1). Other risk
factors include bladder stones, chronic infection
and irritation, as well as drugs such as phenacetin
and cyclophosphamide, and arsenic in drinking
water. Occupational exposure to hair dyes is also
believed to increase the risk of bladder cancer, but
personal exposure is not (2,8,9). On a metabolic
level, slow acetylators are at higher risk than fast
acetylators (2). Decreased fluid intake, saccharin,
tea, and coffee have not been proved to be associ-
ated with bladder cancer (2).

Table 1
Neoplasms of the Urinary Bladder

Epithelial neoplasms
Benign neoplasms

Papilloma
PUNLMP*

Malignant neoplasms
Urothelial carcinoma
Squamous cell carcinoma
Adenocarcinoma
Metastases
Small cell or neuroendocrine carcinoma
Carcinoid
Melanoma

Nonepithelial neoplasms
Benign neoplasms

Leiomyoma
Paraganglioma
Fibroma
Plasmacytoma
Hemangioma
Solitary fibrous tumor
Neurofibroma
Lipoma

Malignant neoplasms
Rhabdomyosarcoma
Leiomyosarcoma
Lymphoma
Osteosarcoma
Angiosarcoma
Malignant fibrous histiocytoma

*PUNLMP � papillary urothelial neoplasm of low
malignant potential.
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Bladder diverticula have an increased risk
(2%–10%) of developing cancer because of stasis.
All major epithelial types have been reported, but
urothelial cancer is the most common neoplasm
in bladder diverticula (Fig 2) (1). Tumors occur-
ring in diverticula have a propensity to invade
perivesical fat early because of the lack of muscle
in their wall.

Most urothelial tumors are located at the blad-
der base (80% at initial diagnosis); 60% are
single, and over 50% measure less than 2.5 cm at
cystoscopy. They can be papillary, sessile, or
nodular. Sessile lesions include reactive urothelial
hyperplasia, atypia, dysplasia, and carcinoma in
situ (10). Carcinoma in situ is a noninvasive high-
grade lesion with significant anaplastic change
within the urothelium and cytologically malignant
cells (Fig 3). It accounts for 1%–3% of urothelial
neoplasms and may progress to invasive carci-
noma. Sessile lesions are more likely to invade
muscle; however, the prognosis correlates more
with tumor grade than with morphology (ie, pap-
illary vs flat). Most invasive tumors are high-grade
carcinoma (1).

Papillary lesions include papilloma, inverted
papilloma, papillary urothelial neoplasm of low

malignant potential (PUNLMP), and low-grade
and high-grade papillary urothelial carcinoma.
PUNLMP is a relatively recent addition to the
World Health Organization classification (10). It
is a low-grade, small, solitary neoplasm that nei-
ther invades nor metastasizes (Fig 4). Distinction
from low-grade carcinoma may be difficult and
subjective. Since approximately 35% of PUNLMPs
recur and 11% progress in grade, surveillance is
required (10).

Seventy percent of patients have superficial
papillary tumors, which have a “frond-like” ap-
pearance at cystoscopy (Fig 5). The majority have
a prolonged clinical course with multiple recur-
rences responding to local resection, without pro-
gression to malignancy. Twenty percent of tu-
mors are aggressive and invasive de novo, and
10% are metastatic at presentation. Twenty per-
cent of patients with initially noninvasive tumors
develop progression, and 12% die of bladder can-
cer (11). Predictors of behavior include depth of
invasion, multiplicity, history of prior tumors,
tumor size, and grade in decreasing order of im-
portance (2).

Urothelial carcinoma has a propensity to be mul-
ticentric with synchronous and metachronous blad-
der and upper tract tumors (Fig 6) (1). Multicentric

Figure 2. Diverticular tumor. Axial CT image
shows a urothelial tumor (arrow) within a blad-
der diverticulum. Urinary stasis occurs with blad-
der diverticula, thus predisposing them to tumor
development.

Figure 3. Urothelial carcinoma in situ. Photomicro-
graph (original magnification, �100; hematoxylin-eo-
sin stain) shows the normal urothelial lining replaced
by irregular cells (arrows) with marked nuclear anapla-
sia and loss of cell polarity. There is no invasion into
the underlying lamina propria.
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(Fig 7) (1,12).

Teaching
Point

Teaching PointUrothelial carcinoma has a propensity to be multicentric with synchronous and metachronous bladder and upper tract tumors (Fig 6) (1). Multicentric bladder tumors occur in up to 30%-40% of cases (Fig 7) (1,12).



Upper tract tumors occur in
2.6%–4.5% of bladder tumor cases and are seen
most frequently when multiple bladder lesions are
present (13,14).

Pathologic stage is the most important predic-
tor of survival. The TNM classification from the
American Joint Committee on Cancer, a modifi-
cation of the Jewett-Strong staging system, is in

Figure 4. Papillary urothelial neoplasm of low malig-
nant potential. Photomicrograph (original magnifica-
tion, �100; hematoxylin-eosin stain) shows papillary
fronds lined by thickened urothelium without cellular
atypia.

Figure 5. Papillary urothelial carcinoma. Cys-
toscopic photograph shows a frondlike mass fun-
gating into the bladder lumen.

Figures 6, 7. Multicentric urothelial carci-
noma. (6) Anteroposterior radiograph obtained
during retrograde pyelography shows irregular
filling defects in both the bladder (straight ar-
row) and the renal pelvis (curved arrows).
(7) Photograph of the bladder shows multiple
synchronous tumors (arrows).
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widespread use (Table 2) (15). Superficial blad-
der cancer is confined to the mucosa and lamina
propria. Once extension occurs into the detrusor
muscle layer, the tumor is considered invasive
(Fig 8). Invasion may progress to involve local
organs including the prostate, vagina, uterus, and
pelvic wall. Tumors metastasize most commonly
to pelvic lymph nodes, then distant metastases
occur in the lung, liver, and bone in decreasing
order of frequency.

The standard imaging work-up for gross hema-
turia and suspected urothelial tumor has shifted
from excretory urography to cross-sectional mo-
dalities such as ultrasonography (US), CT, and
magnetic resonance (MR) imaging. Cystoscopy
and biopsy are the standard of reference for blad-
der evaluation, but imaging is important for accu-
rate staging and treatment planning. Superficial
tumors may not be evident with any imaging
study and are not staged radiologically. However,
with invasive urothelial tumors, detection of pel-
vic side wall invasion or lymphadenopathy is criti-
cal, as clinical staging is inaccurate. Furthermore,
complete evaluation of the urothelial tract (both
upper and lower) is indicated because of the pro-
pensity for multicentric disease.

US may be used for initial evaluation of hema-
turia but is rarely the definitive test, given its limi-
tations in the demonstration of muscle invasion
and lymph node status. Most tumors appear as a
papillary, hypoechoic mass or area of focal wall
thickening (Fig 9). Doppler imaging will show
flow within the mass, aiding in differentiation of
tumor from blood clot.

At CT or CT urography, urothelial carcinoma
appears as an intraluminal papillary or nodular
mass (Fig 10) or focal wall thickening (Fig 11).
Lesions may be missed without adequate bladder
distention, especially small, flat tumors. CT dem-
onstrates tumoral calcification in approximately
5% of cases (16). The calcification typically en-
crusts the surface of the tumor and may be nodu-
lar or arched (16). Bladder tumors enhance early
(Fig 11), approximately 60 seconds from injec-
tion, and may be readily detected with multide-
tector CT. In one series of 20 patients, 100% of
tumors were detected (17). With progression of

Table 2
Jewett-Strong and TNM Staging Systems for Bladder Cancer

Jewett-
Strong System

TNM
System Histopathologic Findings

O T0 No tumor
O Tis Carcinoma in situ
O Ta Papillary tumor confined to the epithelium (mucosa)
A T1 Tumor invades subepithelial connective tissue (lamina propria)
B1 T2a Tumor invades superficial muscle (inner half)
B2 T2b Tumor invades deep muscle (outer half)
C T3 Tumor invades perivesical fat
D1 T4a Tumor invades surrounding organs
D1 T4b Tumor invades pelvic or abdominal wall
D1 N1 Metastasis in a single pelvic lymph node �2 cm
D1 N2 Metastasis in a single pelvic lymph node �2 cm and �5 cm or in multiple

nodes �5 cm
D1 N3 Metastasis in a single lymph node �5 cm
D2 N4 Lymph node metastases above the bifurcation of the common iliac arteries
D2 M1 Distant metastases

Figure 8. Diagram shows the stages of tumor inva-
sion in bladder cancer. Tumors are considered superfi-
cial if they do not extend beyond the lamina propria
(T1 or less). Once the muscle layer (muscularis pro-
pria) has been invaded (T2a or greater), the tumor is
considered invasive.
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disease, wall thickening may become diffuse. The
presence of ureteral obstruction strongly suggests
the presence of muscle invasion. Once the tumor
has extended into the perivesical fat, increased
attenuation or infiltration is noted in the fat (Fig 12).

After transurethral bladder tumor resection,
focal wall thickening and perivesical fat stranding
may mimic tumor and deep invasion, resulting in
overstaging. Optimally, CT should be delayed for
at least 7 days to improve specificity. Accuracy for
staging of primary tumor with CT has ranged
from 40% to 85% (18). Sensitivity and specificity
for detecting perivesical invasion with multidetec-
tor CT are improved over those of conventional
CT, at 92% and 98% respectively, with an accu-

racy of 96%, if performed more than 7 days after
biopsy (17).

Technical improvements in MR imaging such
as surface coils, three-dimensional sequences, and
fast dynamic imaging have improved spatial and
temporal resolution and MR accuracy. The high
intrinsic contrast of MR imaging permits distinc-
tion of bladder wall layers (18). On T1-weighted
images, urine is dark; the bladder wall and tumor
are intermediate in signal intensity. As fat is high
in signal intensity, T1-weighted sequences are
optimal for detection of extravesical infiltration,
nodes, and bone metastases. Tumor is intermediate

Figures 9–12. Urothelial carcinoma. (9) Longitudinal US image of the bladder shows a large, hypoechoic
urothelial carcinoma (arrow) within the bladder. (10) Axial CT image shows a large, lobular mass within the
bladder. (11) Axial CT image of the bladder shows an enhancing area of focal wall thickening (arrow), which
represents a urothelial carcinoma. Flat lesions are more difficult to detect with radiologic studies, especially if
the bladder lumen is not well distended. (12) Axial CT image of the bladder shows a large urothelial carci-
noma. There is irregular soft-tissue stranding (arrows) from tumor invasion into the perivesical fat.
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in signal intensity on T2-weighted images, con-
trasting with the high signal intensity of urine
and low signal intensity of muscle (Fig 13a). T2-
weighted sequences are optimal for evaluation of
tumor depth and differentiating tumor from fi-
brosis and for detection of invasion of surround-
ing organs and marrow metastases (18).

With fast dynamic contrast-enhanced imaging,
bladder cancer enhances more avidly and earlier
than other tissues such as normal bladder and
postbiopsy changes (Figs 13, 14) (19). This may
enable differentiation of tumor from fibrosis or
edema, although this is still difficult soon after
transurethral resection. MR imaging has a re-
ported staging accuracy of 72%–96% for the pri-
mary tumor and is superior to CT for differentia-
tion of superficial versus deep muscle invasion
(18,20). However, as with CT, inflammation can
mimic perivesical fat invasion and result in over-
staging (20).

Metastatic lymph nodes have no specific ap-
pearance on T1- or T2-weighted images but en-
hance early, simultaneously with the bladder can-
cer. A limitation of both CT and MR imaging is
the detection of metastasis in normal-sized lymph
nodes, with comparable accuracy reported (21).
Improved MR detection of pathologic lymph
nodes (sensitivity, 96%; specificity, 95%; and
negative predictive value, 98%) has been achieved

with an intravenous suspension of ultrasmall iron
particles, ferumoxtran-10 (21). Ferumoxtran is
taken up by macrophages in lymph nodes and
causes loss of signal in normal nodes on T2*-
weighted images. In metastatic nodes, tumor re-
places normal macrophages, preventing uptake of
the iron particles and maintaining high nodal sig-
nal intensity. Distant metastases may be evalu-
ated with either MR imaging or CT, with MR
imaging superior to CT for detection of bone
marrow involvement.

Figure 13. Noninvasive papillary urothelial tumor. (a) Coronal T2-weighted MR image shows an in-
termediate-signal-intensity mass (arrow) within the bladder lumen. The hypointense bladder wall is in-
tact. (b) Coronal early phase gadolinium-enhanced dynamic T1-weighted MR image shows that the tu-
mor enhances more than the bladder wall (arrow).

Figure 14. Invasive urothelial carcinoma. Axial
gadolinium-enhanced fat-suppressed T1-weighted
MR image of the bladder shows tumor invasion
into the perivesical fat (arrows).
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The usefulness of fluorine 18 fluorodeoxyglu-
cose (FDG) positron emission tomography
(PET) in bladder cancer is limited by the excre-
tion of radioisotope into the bladder, which ob-
scures the tumor. Irrigating the bladder with sa-
line improves detection of bladder tumors (22).
Currently, optimal use of PET or PET-CT is for
detection of distant metastasis, pelvic lymph node
metastasis, or pelvic recurrence and potentially to
separate tumor from fibrosis or radiation change
(23).

Treatment of urothelial carcinoma depends on
stage and grade. Superficial tumors are treated
with cystoscopic resection followed by close
monitoring for recurrences. Recurrent tumors are
treated with intravesical agents such as mitomycin
C or bacillus Calmette-Guérin. Radical cystec-
tomy and urinary diversion are reserved for inva-
sive cancer. Systemic chemotherapy is used for
local recurrence after surgery or to palliate metas-
tases.

Survival is directly related to depth of invasion
and presence of metastatic disease. If the tumor is
confined to the lamina propria, 5-year survival
after cystectomy is 55%–80% (11). The 5-year
survival drops to 40% with invasion of the muscu-
laris propria and decreases to 20% when there is
invasion of perivesical fat. The 5-year survival rate
for metastatic cancer is 6% (1,11).

Imaging plays a limited role in long-term sur-
veillance. Radiation, fibrosis, and intravesical lo-
cal therapy may cause wall thickening, which is
difficult to distinguish from tumor. Cystoscopy
with biopsy remains the standard of reference for
detecting recurrence but is both invasive and ex-
pensive, especially since surveillance should be
lifelong. Virtual CT cystoscopy, performed with
carbon dioxide, room air, or contrast material
distention of the urinary bladder, has been pro-
posed as a noninvasive alternative to conventional
cystoscopy. However, the sensitivity is poor for
lesions under 5 mm (24).

Urinary cytology is noninvasive and relatively
inexpensive and has been used for both tumor
detection and long-term surveillance. It has high
specificity (94%–99%), but the lack of sensitivity
for low-grade tumors (0%–50%) is a distinct
problem limiting its usefulness for surveillance
(25,26). For superficial low-grade tumors, detec-
tion of DNA aneuploidy with flow cytometry or
of chromosomal aberrations with the fluorescent
in situ hybridization technique can improve sensi-
tivity to 70%–73% (27).

A variety of noninvasive tests on voided or
washed urine have also been developed to im-
prove sensitivity while decreasing costs and inva-
siveness. These urinary markers include bladder
tumor antigen, fibrin degradation product, telo-
merase, and nuclear matrix protein 22 (28).
However, in practice there is no single ideal
marker, and improved sensitivity with maintained
specificity is achieved by a combination of urine
cytology with use of other markers.

Squamous Cell Carcinoma
Squamous cell carcinoma accounts for less than
5% of bladder neoplasms in the United States
(1). However, in parts of the world where schisto-
somiasis (bilharziasis) is endemic, it is a major
health problem, accounting for over 50% of blad-
der cancers (29) (Fig 15). Patients with nonbil-
harzial squamous bladder carcinoma tend to
present after the age of 60 years, with a slight
male predominance, whereas those with bilharzia-
sis tend to be younger and are five times more
likely to be male. Symptoms include gross hema-
turia and irritative voiding symptoms.

Risk factors in nonbilharzial regions include
chronic irritation from indwelling catheters, blad-
der calculi, or chronic infection. All of these risk

Figure 15. Squamous cell carcinoma associated with
schistosomiasis. Photomicrograph (original magnifica-
tion, �100; hematoxylin-eosin stain) shows a well-dif-
ferentiated squamous cell carcinoma (arrow) infiltrat-
ing the muscularis propria. Adjacent to it are Schisto-
soma eggs (arrowheads), most of which are calcified.
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factors may be present in paraplegic patients,
putting them at increased risk (Fig 16). Cyclo-
phosphamide has also been implicated in the
pathogenesis of squamous carcinoma of the blad-
der, as well as smoking and intravesical bacillus
Calmette-Guérin (1,30).

Cytologic findings may be confused with those
of squamous metaplasia. Tumor differentiation is
variable, with keratinized squamous cells and
keratin pearls in well-differentiated squamous
carcinoma. Tumors are high grade and locally
aggressive with muscle invasion in 80% (31).
There is a predilection for the trigone and lateral
bladder, and the tumor may occur in bladder di-
verticula as well (32). At cystoscopy, squamous
carcinoma is a large, often ulcerated, infiltrating
mass.

The imaging findings in squamous carcinoma
are nonspecific. Tumors may appear as a single
enhancing bladder mass or as diffuse or focal wall
thickening (33,34). Intradiverticular squamous
tumors are soft-tissue masses, sometimes with
surface calcification (32). In contrast to urothelial
carcinoma, squamous carcinoma is sessile rather
than papillary, and pure intraluminal growth is

not seen. Bladder wall thickening and calcifica-
tion, from chronic inflammation or infection with
Bilharzia, may coexist and complicate the diagno-
sis (Fig 17). Muscle invasion is present in 80% of
cases and extravesical spread may be extensive,
involving surrounding organs and the abdominal
wall (Fig 18) (34).

The prognosis is dependent on the local stage.
Given the large percentage of patients who have
extravesical extension at the time of diagnosis, the
overall prognosis for squamous cell carcinoma is
generally poor. Death is usually from local failure,
with metastases found in only 8%–10% of cases
(29). Therefore, aggressive local treatment with
radical cystectomy is the treatment of choice.
Given the poor prognosis, consideration should
be given to screening high-risk patients with uri-
nary cytology and cystoscopy.

Figure 16. Squamous cell carcinoma in a paraplegic pa-
tient. (a) Axial unenhanced CT image shows a suprapubic
catheter (arrow) entering the bladder. (b) Axial unenhanced
CT image of the bladder shows calcifications (arrow) en-
crusting a tumor. (c) Axial contrast material–enhanced CT
cystogram shows the tumor (arrow) more clearly. Note the
loss of trabecular structure in the bones and the fatty infiltra-
tion of the muscles.
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Figure 17. Squamous cell carcinoma. (a) Axial T1-weighted MR image shows lobular thickening of the lat-
eral bladder wall (arrows). (b) Sagittal gadolinium-enhanced fat-suppressed T1-weighted MR image shows
thickening of the anterior and posterior bladder walls (arrows). Pathologic evaluation showed chronic inflam-
matory changes with diffuse invasive squamous cell carcinoma. Inflammatory changes may make evaluation of
tumor extension difficult.

Figure 18. Invasive squamous cell carcinoma.
(a) Axial T2-weighted MR image shows a soft-
tissue mass (straight arrows) filling the pelvis and
obliterating the normal bladder lumen. The mass
is locally aggressive and has eroded through the
abdominal wall (curved arrow). (b) Sagittal T2-
weighted MR image shows urine tracking along the
upper edge of the tumor (arrows). Urine was noted
to be pooling on the patient’s abdomen. (c) Photo-
graph of the patient’s abdomen shows the fungating
mass.
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Adenocarcinoma
Adenocarcinoma is an uncommon bladder neo-
plasm representing less than 2% of bladder neo-
plasms (1,35). It can be subclassified as primary
(two-thirds are nonurachal and one-third ura-
chal) or secondary (metastases). The mean age at
presentation for nonurachal cancer is 60 years,
with urachal cancer occurring approximately 10
years earlier. Nonurachal adenocarcinoma is
three times more common in men, whereas ura-
chal adenocarcinoma occurs equally often in men
and women. Patients present with hematuria in
90% of cases and irritative symptoms in 50%.
Mucus may be secreted in the urine in 25% of
patients with urachal adenocarcinoma (36). Ura-
chal cancer may also manifest with an umbilical
discharge.

Adenocarcinoma is classically associated with
bladder exstrophy and a persistent urachus. Other
risk factors for bladder adenocarcinoma include
intestinal metaplasia from chronic mucosal irrita-
tion, with the risk dependent on the degree and

duration of urothelial disturbance. Adenocarci-
noma is also found after urinary diversions such
as enterocystoplasty and has an increased preva-
lence in pelvic lipomatosis because of associated
cystitis glandularis.

Metastatic adenocarcinoma to the bladder is
more common than primary adenocarcinoma and
occurs in a wider age range (37). Adenocarci-
noma is the most common histologic type of sec-
ondary bladder neoplasms. The bladder can be
directly invaded by adjacent pelvic neoplasms,
most commonly in the colon, prostate, and rec-
tum (37). Blood-borne or lymphatic metastases
from stomach, breast, or lung cancers are less fre-
quent. It is extremely important to distinguish
primary from secondary adenocarcinoma because
of different treatment options. As bladder metas-
tases are a late manifestation of cancer, there is
usually evidence of a locally invasive adjacent pri-
mary neoplasm or other signs of a distant primary
neoplasm.

Figure 19. Adenocarcinoma. (a) Axial CT image shows
diffuse thickening of the bladder wall. (b) Axial CT image
of the upper abdomen shows similar thickening of the wall
of the gastric antrum (arrows). Ascites is present as well.
(c) Photograph of the bladder wall shows diffuse smooth
thickening, an appearance typical of linitis plastica. Au-
topsy evaluation of the stomach and bladder showed ad-
enocarcinoma; it was not possible to determine which lo-
cation was the site of the primary tumor.
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Urine cytology is quite specific for adenocarci-
noma, and some metastatic subtypes may be
readily detected (38). However, sensitivity is lim-
ited by the submucosal location of some tumors
and the paucity of exfoliated cells in urine. At cys-
toscopy, primary adenocarcinoma is typically a
single nodular lesion, with 58%–67% favoring the
bladder base and the rest located in the region of
the urachus. Primary adenocarcinoma may be
histologically identical to colonic adenocarcinoma
with subtypes such as mucinous and signet ring.
Signet-ring carcinoma is usually a diffusely infil-
trating process simulating linitis plastica. It may
be difficult, even with special stains, to distinguish
primary adenocarcinoma from metastases to the
bladder (Fig 19) (37).

In a series of 14 patients with primary nonura-
chal adenocarcinoma, 75% had diffuse bladder
wall thickening at CT (mean thickness, 1.8 cm)
and 88% had stranding of the perivesical fat (39).
Twenty-five percent showed lymphadenopathy,
and 25% had direct invasion of the rectus muscle.
A propensity to peritoneal metastases was noted
(39).

Urachal adenocarcinoma is characteristically
located at the dome of the bladder in the midline
or slightly off midline. Ninety percent of masses

occur close to the bladder, with the remainder
along the course of the urachus or at the umbilical
end. A midline, infraumbilical, soft-tissue mass
with calcification is characteristic and is consid-
ered to be urachal adenocarcinoma until proved
otherwise (Fig 20) (36). These tumors are distin-
guished by the prominent extravesical component
compared with other, nonurachal tumors of the
bladder dome. Tumors are typically large, with a
mean size of 6 cm in a series of 25 cases (40).

Eighty percent of urachal cancers are adeno-
carcinoma; the rest are urothelial or squamous
cancer. As most urachal remnants are lined by
transitional epithelium, adenocarcinoma is be-
lieved to arise in areas of intestinal metaplasia or
from rests of embryonic hindgut epithelium
within the urachus. Mucin stains are positive in
69% of urachal adenocarcinomas (36).

Excretory urography may reveal a filling defect
in the dome of the bladder or extrinsic compres-
sion. The tumor may be readily detected with US
as a soft-tissue mass, which may be heteroge-
neous and calcified. Doppler imaging may show

Figure 20. Urachal adenocarcinoma. (a) Axial CT image shows a midline, low-attenuation, soft-tissue mass in-
volving the dome of the bladder. Note the peripheral calcifications (arrow). (b) Photograph of the pathologic speci-
men shows that the surgical resection extended from the bladder dome mass (arrowheads) up to the umbilicus
(arrow).
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internal vascularity, but this is not specific. CT
and MR imaging are the most accurate modalities
for local staging and for evaluation of distant me-
tastases.

At CT, the tumor is mixed solid and cystic in
84% of cases and solid in the remainder. The cys-
tic contents represent mucin, a common finding
in these tumors (Fig 21). CT is the most sensitive
modality for calcification, which is present in 72%
of cases and is more commonly peripheral than
stippled (40,41). Urachal carcinoma can be in-
traluminal, but the bulk of tumor is outside the
bladder in 88% of cases (40). In contradistinction
to urothelial carcinoma, extravesical spread is
very common, with bladder wall invasion in 92%
of cases and metastases in 48% (40,42). Rarely,
pseudomyxoma peritonei may result from perito-
neal carcinomatosis (Fig 22).

At MR imaging, the location of urachal carci-
noma is best demonstrated on sagittal images. On

T2-weighted images, focal areas of high signal
intensity from mucin are highly suggestive (42).
The solid portions of the tumor are isointense to
soft tissue on T1-weighted images and enhance
with intravenous contrast material.

Most tumors are high grade and have diffusely
invaded the bladder muscle at diagnosis (1). In
addition, owing to their extravesical location, ura-
chal tumors may be clinically silent until quite
large, resulting in late presentation and poor
prognosis. Radical cystectomy is considered the
treatment of choice for primary adenocarcinoma.
For urachal adenocarcinoma, more aggressive
surgery including cystectomy and en bloc resec-
tion of the urachal mass, posterior rectus fascia,
peritoneum, and abdominal wall is the standard
of care. Outcome is poor for invasive tumors, with
an overall 20%–40% survival at 5 years (1). The
prognosis is related to stage rather than histologic

Figure 21. Urachal adenocarcinoma. (a) Axial CT im-
age shows a large, predominantly solid, midline mass with
peripheral calcifications (arrowheads). Within the mass
are scattered low-attenuation areas (arrows), which repre-
sent mucin. (b) Photograph of the cut surface of the tu-
mor shows a glistening appearance. (c) Photomicrograph
(original magnification, �2; hematoxylin-eosin stain)
shows adenocarcinoma involving the bladder wall with
large lakes of mucin (arrows). The bladder mucosa (ar-
rowhead) is normal.
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subtype or location, with the exception of the sig-
net-ring subtype, which has a 5-year survival of
13% (43).

Small Cell or
Neuroendocrine Tumor

Small cell bladder tumor is rare, accounting for
less than 0.5% of bladder neoplasms. They are
highly aggressive tumors, with invasive disease in
94% at presentation (1,44,45). Patients present
with hematuria in 88% and have a history of
smoking cigarettes in 65%. The reported age
range is wide, occurring in patients from 20 to
91 years, with a male-to-female ratio of 3–5:1
(44,45).

Small cell bladder tumors are believed to origi-
nate from dedifferentiated neuroendocrine cells.
Histologically, they are characterized by sheets of
small cells with round hyperchromatic nuclei,
sparse cytoplasm, and frequent mitoses with ne-
crosis (Fig 23). The majority of patients have
mixed tumor histology, with pure small cell oc-
curring in 32%.

Tumors are typically large and polypoid or
nodular and may have an ulcerated surface. The
lateral bladder walls are the most common site
(45). Wall invasion is typical, with masses ranging
from 3 to 8 cm. Central necrosis and cystic
change may be seen with CT (46). Calcification is

Figure 22. Pseudomyxoma peritonei from urachal carcinoma. (a) Axial CT image shows a low-attenuation
mass (arrow) involving the dome of the bladder. (b) Axial CT image of the midabdomen shows low-attenua-
tion material and soft-tissue masses (arrows) within the peritoneal cavity. The bowel is displaced and is not free
floating, as it would be in simple ascites. * � top of the bladder mass.

Figure 23. Small cell carcinoma. Photomicrograph
(original magnification, �100; hematoxylin-eosin
stain) shows small, round cells with scant cytoplasm
infiltrating the muscularis mucosa in sheets and linear
cords (arrow).
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Figure 24. Small cell carcinoma. (a) Axial CT image shows a mass (arrows) in the bladder wall.
(b) Axial CT image obtained 2 weeks later shows a rapid increase in the size of the mass (arrows).

Figure 25. Small cell carcinoma. (a) Axial
CT image, obtained in a patient with small
cell carcinoma of the bladder, shows a soft-
tissue mass that fills the pelvis and surrounds
the uterus (arrow). Note the scalloping of the
posterior uterine wall (arrowheads). (b) Axial
CT image of the midabdomen shows metasta-
ses in the omentum (arrow) and mesentery
(�). (c) Photograph of the uterus bivalved in
the coronal plane shows the surrounding tu-
mor (arrowheads) with invasion into the endo-
metrium (arrows). An incidental fibroid (�) is
also seen.
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uncommon. In contrast to urothelial carcinoma,
tumor enhancement is patchy (47). Small cell
tumors may exhibit very rapid growth (Fig 24).
Aggressive behavior is further reflected in exten-
sive local invasion, including the seminal vesicles,
ureters, uterus, vagina, abdominal musculature,
and diffuse peritoneal metastases (Fig 25) (44).
Lymph node metastases occur in 66% of cases,
with distant metastases occurring in the liver,
bone, and lung (1).

Treatment consists of radical cystectomy and
extended pelvic lymphadenectomy. Surgical re-
section alone is unlikely to be curative, unless the
tumor is confined to the bladder. Combination
therapy with adjuvant or neoadjuvant chemo-
therapy appears beneficial (48). Despite therapy,
the long-term prognosis is poor, with a 16%
5-year survival (44,48).

Carcinoid
Primary carcinoid tumors are an extremely rare
variant of neuroendocrine tumors and may be
pure or mixed. Hematuria is the typical present-
ing symptom. These tumors are round or pol-
ypoid and small, with a mean size of 6 mm (49).
Most are located in the bladder neck or trigone
and are covered by normal epithelium. The carci-
noid syndrome has not been reported from a pri-
mary bladder carcinoid, to our knowledge. Be-
havior is typically benign, but metastases can oc-
cur in up to 30% of cases (50). Imaging features
are not specific, an intraluminal mass being the
most common finding (Fig 26).

Leiomyoma
Leiomyoma is the most common mesenchymal
tumor of the bladder but accounts for only 0.43%
of bladder tumors (51). Leiomyomas occur
equally in men and women with a wide age range
of 22–78 years (52). Most are small and asymp-
tomatic and are discovered incidentally. How-
ever, large tumors manifest with symptoms such
as hesitancy, frequency, dribbling, hematuria,
pressure from mass effect, or urinary obstruction
(53). Histologically, leiomyomas are noninfiltra-
tive smooth muscle tumors lacking mitotic activ-
ity, cellular atypia, and necrosis.

Leiomyomas arise in the submucosa, but
growth may be submucosal (7%), intravesical
(63%), or extravesical (30%) (54). At cystoscopy,
normal bladder mucosa covers the leiomyoma.
Imaging features include either a smooth indenta-
tion of the bladder wall or an intraluminal mass.
They are smooth, solid, homogeneous masses.
Cystic components indicate degeneration. MR
imaging is superior in demonstrating the submu-
cosal origin of the tumor and the preservation of
the muscle layer.

Bladder leiomyomas exhibit characteristics
similar to those of their uterine counterpart at
US, CT, and MR imaging, with MR imaging be-
ing most specific for tissue characterization (55).
Typically, leiomyomas exhibit intermediate signal
intensity on T1-weighted images and low signal

Figure 26. Carcinoid. (a) Anteroposterior radiograph obtained during intravenous urography shows a pol-
ypoid filling defect (arrow) in the bladder. (b) Axial CT image shows the solid, polypoid, enhancing mass (ar-
row). The imaging characteristics are nonspecific.
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De-
generated leiomyomas have more heterogeneous
signal characteristics, with cystic areas having
high signal intensity on T2-weighted images (55).
Contrast enhancement is variable, with degener-
ated areas lacking enhancement (Fig 28). A pe-
dunculated intraluminal leiomyoma may be con-

fused with a urothelial lesion but should be of
lower signal intensity on T2-weighted images.

These are benign tumors with no malignant
potential, but histologic evaluation is essential
to distinguish them from a well-differentiated
leiomyosarcoma. Focal excision of the mass is the
treatment of choice. A preoperative suspicion of a
leiomyoma is invaluable in alerting the surgeon to
the benign nature of the mass and preventing un-
necessary radical surgery.

Figure 27. Leiomyoma. Sagittal T1-weighted (a) and T2-weighted (b) MR images of the bladder show a
smooth, low-signal-intensity, intramural mass (arrows), an appearance typical of a leiomyoma.

Figure 28. Degenerated leiomyoma. (a) Axial T2-weighted MR image shows an intramural mass within the
lateral bladder wall. The mass is well defined with a low-signal-intensity rim and a high-signal-intensity center
(*). (b) Axial gadolinium-enhanced fat-suppressed T1-weighted MR image shows lack of enhancement in the
central portion of the mass. Histologic analysis demonstrated a benign degenerated leiomyoma.
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Leiomyosarcoma
Leiomyosarcoma is the most common nonepithe-
lial malignant bladder tumor in adults. An in-
creased prevalence is seen after radiation therapy
or systemic chemotherapy with cyclophospha-
mide for another neoplasm. Patients present rela-
tively early secondary to hematuria, and many
have urinary obstruction. The age range is wide at
25–88 years with a male-to-female ratio of 3:1
(52). Eighty percent of leiomyosarcomas are high
grade at presentation, although both high-grade
and low-grade tumors can behave aggressively
with local recurrence and distant metastases.

It can be difficult to distinguish leiomyoma
from leiomyosarcoma at imaging. Both can have
relatively low signal intensity on T2-weighted MR
images (56). However, necrosis is common in
leiomyosarcomas, which tend to be poorly cir-
cumscribed, invasive masses with a mean size of 7
cm (52). Consequently, they are more heteroge-
neous on T2-weighted images and demonstrate
nonenhancing areas secondary to necrosis (Fig 29).

Treatment consists of radical cystectomy with
resection of margins. Systemic chemotherapy is
used for metastases or combined with radiation
therapy prior to surgery for improved resectabil-
ity. The 5-year survival rate for high-grade
leiomyosarcoma is 62% (57).

Rhabdomyosarcoma
Rhabdomyosarcomas arise from primitive muscle
cells and can occur anywhere in the body except
bone. Within the genitourinary tract, the bladder
and prostate are the most common sites, and 5%
of all rhabdomyosarcomas occur in these organs.
Rhabdomyosarcoma is the most common bladder
tumor in patients under the age of 10 years, with
a mean patient age of 4 years; it affects boys more
than girls in a ratio of 3:1 (1). It is exceedingly
rare in adults. Several associations can be seen
with rhabdomyosarcoma, including congenital
anomalies of the brain, neurofibromatosis, and
nephroblastomas (1).

Children present with hematuria, dysuria, re-
tention, or urinary tract infection. Rhabdomyo-
sarcoma can manifest as a diffusely infiltrative
lesion or as masses, which can be polypoid and
“grapelike” (sarcoma botryoides). The cut sur-
face of the tumor can be glistening, gray-white,
and gelatinous with variable necrosis and hemor-
rhage (58,59). Ninety percent of bladder rhab-
domyosarcomas are embryonal in subtype, and
the rest are alveolar. All are composed of malig-
nant spindle cells intermixed with loose, myxoid,

Figure 29. Leiomyosarcoma. (a) Axial T2-weighted MR image shows a large, heterogeneous mass within the
bladder wall. (b) Axial gadolinium-enhanced fat-suppressed T1-weighted MR image shows irregular enhance-
ment of the mass. The adjacent bladder wall (arrow) is also abnormal and was found to be infiltrated by the tumor.
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edematous stroma (59). A highly cellular zone
(cambium layer) beneath the urothelium is typical
(Fig 30).

Imaging typically shows large, nodular filling
defects or masses often associated with urinary
obstruction (59). These tumors often involve the
bladder base, and when large, are difficult to dif-
ferentiate from those originating from the prostate
gland. At MR imaging, rhabdomyosarcoma has
low signal intensity on T1-weighted images and
high signal intensity on T2-weighted images with
heterogeneous enhancement. Multiple grapelike
intraluminal masses are highly suggestive of bot-
ryoid rhabdomyosarcoma (Figs 31, 32). Rhabdo-
myosarcoma may be locally invasive, and a sig-
nificant extravesical component may be present
(Fig 33). CT and MR are superior to other imag-
ing modalities for demonstrating the extent of
local invasion and lymphadenopathy.

There has been a shift in treatment from surgi-
cal resection to chemotherapy. With first-line che-
motherapy, the need for radical surgery has de-
creased and the survival rate is greater than 70%
(60). Low stage, botryoid pattern, and embryonal
histology are favorable prognostic factors (58).

Neurofibroma
Neurofibromas of the bladder are rare, but the
bladder is the most common genitourinary site of
a neurofibroma. They may be isolated or occur in
association with neurofibromatosis type 1 (von
Recklinghausen disease). Patients most com-

Figure 30. Sarcoma botryoides. Photomicrograph
(original magnification, �4; hematoxylin-eosin stain)
shows the typical polypoid projections of tumor tissue
into the bladder lumen. Note the cellular zone (cambium
layer) (arrowheads) underneath the urothelial lining.

Figure 31. Botryoid rhab-
domyosarcoma. (a) Antero-
posterior radiograph obtained
during intravenous urography
shows multiple nodular filling
defects arising from the base
of the bladder. (b) Photograph
of the cystectomy specimen
shows several tumor nodules
(arrows) along the posterior
wall.
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monly present with urinary tract infections. Other
symptoms include hematuria, urinary frequency
and urgency, mass, or obstruction.

Neurofibromas arise from the nerve plexuses,
which enter near the bladder trigone (61). Neuro-
fibromas may be localized, diffuse, or plexiform.
Plexiform neurofibromas consist of nodules on a
thickened nerve and its branches, reminiscent of a
bag of worms or knots on a cord. These nodules
may dramatically thicken the bladder wall, ob-
struct the ureteral orifice, and cause hydrone-
phrosis. The mass may also bulge into the bladder
lumen. In addition, the tumor may involve the
uterus, vagina, and urethra in females and the
prostate, seminal vesicles, and urethra in males
(61). Large tumors may surround the rectum and
extend to the perineum. Malignant degeneration
can occur (62).

Characteristic CT and MR imaging features
are diffuse, nodular bladder wall thickening with
masses extending to the pelvic side wall (63).
Masses are typically low in attenuation at CT

Figure 32. Botryoid rhabdomyosarcoma.
(a, b) Transverse US (a) and axial CT (b) images
show a grapelike mass filling the bladder lumen.
(c) Photograph of the cut surface of the gross speci-
men shows the typical grayish, glistening, gelatinous
appearance of the tumors.

Figure 33. Invasive rhabdomyosarcoma. Axial
gadolinium-enhanced fat-suppressed T1-weighted
MR image of the bladder shows a tumor with
significant extravesical extension (arrows).
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with nonuniform enhancement (Fig 34). MR im-
aging features are more specific, with low signal
intensity on T1-weighted images (although
slightly higher than that of skeletal muscle) and a
target sign on T2-weighted images, which con-
sists of low-signal-intensity fibrosis surrounded by
high-signal-intensity myxoid stroma (64). This
target pattern is highly suggestive of a plexiform
neurofibroma (Fig 35) (64). After contrast mate-
rial administration, the myxoid stroma enhances.
Nodular masses extending through the pelvis into
bony foramina are also highly suggestive of a
plexiform neurofibroma.

Paraganglioma
Paragangliomas (the preferred term for pheochro-
mocytomas arising outside the adrenal gland)
may rarely manifest as a bladder mass. They ac-
count for 0.1% of all bladder tumors and 1% of
all pheochromocytomas. The age range is wide at
10–78 years, and there is a female preponderance
(1). A characteristic clinical syndrome of cate-
cholamine release during micturition, “micturi-
tion attack,” occurs in 50% of patients. Symp-
toms include severe headache, anxiety, sweating,
tremor, pounding sensation and syncope with
hypertension, and increased urinary catechol-
amine levels. Hematuria is common. Nonfunc-
tioning pheochromocytomas are also reported.
Most are sporadic, but they can occur in the set-
ting of a familial syndrome such as neurofibroma-
tosis, von Hippel–Lindau syndrome, Sturge-

Weber syndrome, tuberous sclerosis, or multiple
endocrine neoplasia (65).

Paraganglioma arises in the chromaffin cells of
the sympathetic chain in the detrusor muscle
layer and may occur anywhere in the bladder.
Histologic evaluation shows a characteristic nest-
ing pattern of round cells into balls (zellballen)
(Fig 36). Five percent to 18% behave in a malig-
nant fashion, but histology is not predictive of
behavior (1,66). At cystoscopy, the findings are a
small, solitary, submucosal mass or nodule. Bi-

Figure 34. Plexiform neurofibroma in a patient with known neurofibromatosis type 1. (a) Axial CT
image shows low-attenuation, nodular thickening of the left lateral and posterior bladder walls. (b) Pho-
tograph of the cut surface of the resected bladder shows multiple fleshy nodules within the bladder wall.

Figure 35. Plexiform neurofibroma. Sagittal T2-
weighted MR image shows nodular thickening of the
posterior bladder wall. Several nodules have a low-sig-
nal-intensity center surrounded by a high-signal-inten-
sity rim (the target sign) (arrows). This sign is highly
suggestive of a plexiform neurofibroma.
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Teaching PointMR imaging features are more specific, with low signal intensity on T1-weighted images (although slightly higher than that of skeletal muscle) and a target sign on T2-weighted images, which consists of low-signal-intensity fibrosis surrounded by high-signal-intensity myxoid stroma (64). This target pattern is highly suggestive of a plexiform neurofibroma (Fig 35) (64).



opsy may cause release of catecholamines and
hypertensive crisis.

A bladder paraganglioma is usually a solid,
homogeneous, lobulated, well-marginated mass,
but cystic areas may result from necrosis or hem-
orrhage. A submucosal location at cross-sectional
imaging and marked enhancement with either
iodinated contrast material or gadolinium che-
lates are key features (67). Ring calcification

around the circumference of the mass is highly
suggestive of a bladder paraganglioma (Fig 37)
(68). They are typically of low signal intensity on
T1-weighted images and moderately high signal
intensity on T2-weighted images (Fig 38) (65).
MR imaging is superior to CT for demonstration
of the submucosal origin of the tumor.

Figure 37. Paraganglioma. Axial CT image of
the bladder shows dense ring calcification (ar-
rows) around the circumference of a paragan-
glioma.

Figure 38. Paraganglioma. (a) Sagittal T1-weighted MR image shows a low-signal-intensity submucosal
mass (arrows) within the anterior bladder wall. (b) Coronal T2-weighted MR image shows moderately high
heterogeneous signal intensity in the mass (arrow).

Figure 36. Paraganglioma. Photomicrograph (origi-
nal magnification, �60; hematoxylin-eosin stain)
shows blood vessels compartmentalizing eosinophilic
tumor cells into groups (zellballen).
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Iodine 131 (131I) metaiodobenzylguanidine
(MIBG) scanning is highly specific (96%) for
paragangliomas (Fig 39). However, MR imaging
is more sensitive than either 131I-MIBG scanning
or CT (88% sensitivity for MR imaging com-
pared to 64% for 131I-MIBG scanning and 64%
for CT in extraadrenal lesions) (69). PET with
6-[18F] fluorodopamine (an analogue of dopa-
mine) may be superior to MIBG scanning in
identifying metastatic lymph nodes (70).

Treatment consists of local excision following
adrenergic blockade, with lymphadenectomy if
the lesion is invasive. Because there are no reli-
able histologic criteria to distinguish benign from
malignant tumors, long-term follow-up is advis-
able.

Lymphoma
Primary bladder lymphoma is rare, as there is no
lymphoid tissue in the bladder, but secondary
involvement of the bladder may be present in
10%–25% of patients with lymphoma and leuke-
mia (71). It is most common in middle-aged
women who may have nonspecific urinary symp-
toms, hematuria, or a mass. At cystoscopy or im-
aging, there are well-defined bladder masses at
the dome or lateral walls rather than diffuse infil-
tration (Fig 40) (71). The masses may mimic
urothelial carcinoma. Cell type is either the low-
grade B-cell mucosa-associated lymphoid tissue
(MALT) type or diffuse large B-cell type (71).
Hodgkin lymphoma is exceedingly rare. The
prognosis is good as most tumors are low grade.
Treatment can be with chemotherapy or local
radiation therapy (48).

Hemangioma
Bladder hemangiomas can occur at any age, but
half manifest in childhood, in keeping with the
congenital origin of these tumors. In adults, the
mean age is 58 years (range, 19–76 years) and
they are more common in males in a ratio of 3.7:1
(72). Painless gross hematuria is the most com-
mon presentation. Hemangiomas may either oc-
cur in isolation or be associated with syndromes
such as Klippel-Trénaunay-Weber or Sturge-
Weber.

In one of the largest reported series of 19 pa-
tients, the tumors were small, with a median size
of 0.7 cm (range, 0.2–3 cm) (72). Most were
single, broad-based, sessile bladder masses on the
posterolateral walls. The finding of a lobulated
bluish red lesion at cystoscopy is highly sugges-
tive, but endometriosis, melanoma, and sarcoma
can have a similar appearance.

Hemangiomas are hypervascular masses at US,
CT, and MR imaging (Fig 41). Either a focal,
lobular, intramural mass or diffuse bladder wall
thickening may be observed. The tumor has low
to intermediate signal intensity on T1-weighted
images and markedly high signal intensity on T2-
weighted images (67). Increased activity at blood
pool scintigraphy is highly suggestive (73).

The diagnosis is made with biopsy. Although
there is a potential for postbiopsy bleeding, this
has not been the clinical experience (72). Heman-
giomas are distinguished from angiosarcoma by
the lack of mitotic figures. Cavernous hemangi-
oma is the most common type, accounting for
78% of cases, with capillary and arteriovenous
types having equal rates of 10%. Hemangiomas
run a benign course and are treated by biopsy
with fulguration when small or by partial cystec-
tomy.

Figure 39. Paraganglioma.
(a) Axial gadolinium-enhanced fat-
suppressed T1-weighted MR image
shows a large bladder mass with sig-
nificant extravesical extension. This
appearance is nonspecific and may be
seen with many tumors. (b) Frontal
131I-MIBG scan shows uptake in the
mass (arrowhead), a finding that is
highly specific for a paraganglioma.

576 March-April 2006 RG f Volume 26 ● Number 2

R
a
d
io

G
ra

p
h
ic

s



Figure 40. B-cell lymphoma. (a) Longitudinal US image shows intraluminal bladder masses (white arrows)
involving the posterior wall and ureteral orifice. The latter mass is causing obstruction in the form of a hy-
droureter (black arrows). (b) Axial CT image shows the thickening at the ureteral orifice (arrows). (c) Cysto-
scopic image of the right ureteral orifice shows the lobular nature of the mass. (d) Photomicrograph (original
magnification, �150; hematoxylin-eosin stain) shows sheets of tumor cells with large nuclei and little cyto-
plasm.

Figure 41. Hemangioma. Axial CT
image shows an intramural bladder
mass (arrow) with marked enhance-
ment.
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Solitary Fibrous Tumor
Solitary fibrous tumors are exceedingly rare mes-
enchymal tumors with fibroblastic differentiation.
When small, they may be detected as incidental
findings. Larger tumors manifest with urinary
frequency or pressure effects. More common in
men, they occur in the age group of 42–67 years
(74). At gross pathologic evaluation, they have a
tan, whorled, fibrotic surface resembling a leio-
myoma. Immunohistochemical stains are diag-
nostic. At CT and MR imaging, these are solid
enhancing masses (75). They are typically of low
signal intensity on T2-weighted images, with
larger lesions exhibiting some variability (Fig 42).
They are treated surgically and do not recur after
partial cystectomy.

Conclusions
Urothelial carcinoma is overwhelmingly the most
common bladder tumor, but it is important to be
aware of the other epithelial and mesenchymal
tumors that can occur. There is a significant over-
lap in the clinical history and imaging findings of
the various bladder tumors, and ultimately they
all require biopsy for diagnosis. However, some
tumors such as botryoid rhabdomyosarcoma,
plexiform neurofibroma, solitary fibrous tumor,
leiomyomas, and urachal adenocarcinoma have
highly suggestive features, which should alert the
radiologist to the diagnosis. Cross-sectional imag-
ing plays an important role for tumor staging and
directing appropriate management, with CT and
MR imaging having comparable accuracies.
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Urothelial carcinoma has a propensity to be multicentric with synchronous and metachronous bladder 
and upper tract tumors (Fig 6) (1). Multicentric bladder tumors occur in up to 30%–40% of cases 
(Fig 7) (1,12). 
 

A midline, infraumbilical, soft-tissue mass with calcification is characteristic and is considered to be 
urachal adenocarcinoma until proved otherwise (Fig 20) (36). These tumors are distinguished by the 
prominent extravesical component compared with other, nonurachal tumors of the bladder dome. 
 
Page 569 
Typically, leiomyomas exhibit intermediate signal intensity on T1-weighted images and low signal 
intensity on T2-weighted images (Fig 27). 
 
Page 572 
At MR imaging, rhabdomyosarcoma has low signal intensity on T1-weighted images and high signal 
intensity on T2-weighted images with heterogeneous enhancement. Multiple grapelike intraluminal 
masses are highly suggestive of botryoid rhabdomyosarcoma (Figs 31, 32). 
 
Page 574 
MR imaging features are more specific, with low signal intensity on T1-weighted images (although 
slightly higher than that of skeletal muscle) and a target sign on T2-weighted images, which consists 
of low-signal-intensity fibrosis surrounded by high-signal-intensity myxoid stroma (64). This target 
pattern is highly suggestive of a plexiform neurofibroma (Fig 35) (64). 
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