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Imaging appearances of paraganglioma of the urinary bladder
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Introduction

Accounting for approximately 0.05% of all bladder tumors,
paraganglioma of the urinary bladder (PUB) is a rare
neuroendocrine tumor that originates from chromophores
arising from neural crest tissue that vagally travels to the
bladder wall during embryonic life (1). The most common
clinical symptoms of PUB are hypertension, headache,
hematuria, and palpitations, with characteristic micturition
attacks. However, these symptoms are often nonspecific
and uncommonly occur in one patient simultaneously, so
the misdiagnosis rate is exceptionally high. In this report,
we analyzed the imaging appearances of PUB confirmed by
surgical resection and pathology.

Case presentation
Case 1

A 65-year-old man attended our hospital complaining
of hematuria for 6 months. This patient had a history of
hypertension and resection of a left lung squamous cell
carcinoma 4 years ago. Ultrasound imaging (Aplio 500,
Toshiba Medical Systems, Otawara, Japan; convex array
probe; 1-6 MHz) showed a lesion (30 mm x 24 mm in
size) located in the right bladder wall, which was regularly
shaped and had a broad-based attachment to the bladder
wall (Figure 14). Color Doppler imaging also showed rich
blood flow signals (Figure 1B).

Case 2

A 40-year-old woman presented with irregular menstruation
for 4 months. Urine analysis showed microscopic hematuria
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3+. Transabdominal gynecologic ultrasonography (Resona
7S, Mindray Medical Inc, Shenzhen, China; convex array
probe with a frequency of 2-5 MHz) demonstrated a tumor
in the right bladder wall, approximately 38 mm x 28 mm
in size, with a regular shape and broad-base attachment to
the bladder wall. Color Doppler imaging showed rich blood
flow signals (Figure 1C), and the spectral Doppler exhibited
a low resistance index (Figure 1D).

All procedures performed in this study were in accordance
with the ethical standards of the institutional and/or national
research committee(s) and with the Helsinki Declaration
(as revised in 2013). This study was approved by the ethics
committee of The Second Affiliated Hospital of Nanchang
University. Written informed consent was obtained from
the patients for the publication of this case report and the
accompanying images. A copy of the written consent is
available for review by the editorial office of this journal.

The lesion in case 1 showed isodensity (Figure 2A)
on plain computed tomography (CT) scan (Siemens
SOMATOM Definition Flash) as well as conspicuous
enhancement (Figure 2B,2C). On magnetic resonance
imaging (MRI; GE Signa HDxt 3.0T scanner), both lesions
showed slightly higher intensity on T2-weighted imaging
fat suppression (T2WI-FS), repetition time (TR): 2,560 ms;
echo time (TE): 85 ms; Figure 34) and T1-weighted
imaging (T1WI; TR: 520 ms, TE: 7.6 ms; Figure 3B).
Diffusion-weighted imaging (DWI; TR: 5,200 ms, TE:
68 ms) indicated strong hyperintensity (Figure 3C).
Compared to ultrasound and CT, T2WI-FS clearly showed
that the lesions were located in the submucosa of the
bladder. After enhancement, the lesions showed conspicuous
enhancement (Figure 3B,3D-3G).

The patient in case 1 had received a cystoscopy in
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Figure 1 Ultrasound images. (A) The lesion in case 1 was regularly shaped and had a broad-based attachment to the bladder wall. (B) Color
Doppler imaging showed rich blood flow signals in the lesion. (C) Color Doppler imaging showed rich blood flow signals in the lesion of
case 2. (D) The spectral Doppler exhibited a low RI (RI =0.60). PS, peak systolic velocity; ED, end-diastolic velocity; S/D, systolic/diastolic

ratio; RI, resistance index.
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Figure 2 CT images. (A) The lesion showed isodensity in the plain CT scan. (B,C) The contrast-enhanced CT displayed conspicuous

enhancement. CT, computed tomography.

another hospital, which revealed that the tumor was oval
and convex to the bladder cavity, with the surface of the
tumor being rich in blood vessels. Considering that it
might have been difficult to completely eradicate the tumor
by transurethral resection of bladder tumor (TURBT),
laparoscopic partial cystectomy was chosen. In case 2,
the patient had elevated intraoperative blood pressure
that reached up to 230/150 mmHg during the TURBT;
thus, the operation was terminated and the resected
tumor fragments were sent for pathological examination,
which was confirmed to be PUB. Phenoxybenzamine
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was used to stabilize the patient’s blood pressure for days,
and laparoscopic partial cystectomy was subsequently
performed. Both cases’ postoperative pathology and
immunohistochemistry confirmed the presence of PUB
(Figure 3H). Ultrasound or CT was performed regularly in
the 2 patients, and no signs of recurrence were found during
the follow-up periods of 24 and 47 months, respectively.

Discussion

PUB was first reported by Zimmerman ez a/. in 1953.
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Figure 3 MRI images and pathological image. (A) The lesion of case 1 showed slightly higher intensity on T2WI-FS. (B) The lesion also
showed slightly higher intensity on TIWI. (C) The contrast-enhanced MRI displayed conspicuous enhancement. (D) DWT indicated strong
hyperintensity. (E) A bladder mucosal line could be clearly seen around the periphery of this lesion. (F,G) The contrast-enhanced MRI
exhibited conspicuous enhancement. (H) HE staining of the lesion (x200); under the light microscope, the tumor appeared to be located in
the muscular layer of the bladder, with the tumor cells growing between the muscular walls. Zellballen growth, sinuses, and endochylema
of tumor tissue were abundant. MRI, magnetic resonance imaging; T2WI-FS, T2-weighted imaging fat suppression; T1WI, T1-weighted
imaging; DWI, diffusion weighted imaging; HE, hematoxylin and eosin.

Beilan et 4/l. (1) and Lee et 4l. (2) found that the incidence functional or nonfunctional according to whether or not
rates among males and females were similar and that the tumor secretes catecholamines (3). The symptoms
PUB mainly occurred in young adults, mostly arising in due to the hypersecretion of catecholamines can mimic

the fourth or fifth decades of life. PUB is classified into more than 30 medical disorders (4). As for PUB, the major
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symptoms are hormonally active, and patients can present
with clinical symptoms secondary to catecholamine release
with micturition attacks such as hypertension, headache,
hematuria, and palpitations. It is an extremely rare but
severe condition that may cause malignant hypertension.
However, nonfunctional PUB is rarer and more difficult to
diagnose owing to its nonsecreting nature. Thus, the rate of
PUB misdiagnosis is exceptionally high, especially among
patients who complain of gross hematuria. Moreover, if the
imaging examination shows a bladder lesion, misdiagnosis
as bladder cancer is also common. It is known that 83% of
PUBs exert endocrine functions (5), and tumor resection
might stimulate the secretion of catecholamines, which
may induce a hypertensive crisis. In cases where PUB is not
considered, a lack of adequate treatment may threaten life;
therefore, preoperative imaging examination plays a crucial
role in localizing and characterizing the lesion.

PUB is an extra-adrenal tumor, which cannot be
differentiated from pheochromocytoma based on histologic
findings, so anatomical location is used to distinguish
between them. Under a light microscope, PUB is located in
the muscular layer of the bladder, and the tumor cells exhibit
Zellballen growth that is practically the same irrespective of
location. A single layer of flattened spindle-shaped supporting
cells can be seen around the nest, and the interstitial vessels
are abundant and sinus-like or lacunar-like, with a rich
network of fibrous vessels between the nests.

PUB is the same as adrenal pheochromocytoma, which
is a blood-rich tumor, and all cases imaged using contrast
CT and MRI scanning exhibit conspicuous enhancement.
The cytoplasm of chromophores is so rich in water and
abundant in capillary networks and blood sinuses between
the cell clusters that significant early enhancement will
appear on CT and MRI (6). However, we found some
different signs from those of previous reports of adrenal
pheochromocytomas, such as necrosis and general cystic
degeneration, but this phenomenon rarely occurs in
PUB (5), which may be due to the rich vascular
network of the interstitial substance. Unlike in adrenal
pheochromocytoma, T2WI-ES has no typical “pepper salt”
or “light-bulb” signs (7), which are more likely to appear
in lesions of the head and neck (8). During the embryonic
period, chromaffin tissue generated by the sympathetic
plexus is present in the bladder muscle layer and is thought
to be the source of these tumors. A bladder mucosal line
can be seen around its periphery. On MRI, all of the lesions
are located below the bladder mucosa; owing to its inherent
tissue contrast resolution and multiple parametric imaging,
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MRTI is superior to CT scan and ultrasound in terms of its
diagnostic sensitivity and specificity for the submucosal
origin of the tumor.

Other examinations also play an important role in its
diagnosis. The biochemical tests for PUB mainly rely on
the detection of blood and urine catecholamine levels,
24 h urine vanillic acid, and other signs. However, the level
of catecholamines may not be increased in the resting stage
of the tumor or in nonfunctional tumor. On cystoscopy, the
tumor often appears as a single mass, with a wide base, and
convex to the bladder cavity; moreover, the surface of the
tumor is rich in blood vessels, and if hyperemia calcification,
or necrosis of the bladder mucosa is indicated, it may be
difficult to distinguish PUB from bladder cancer.

PUB is a rare bladder tumor that should be differentiated
from other bladder occupancies, such as bladder cancer
and bladder leiomyoma. Bladder cancer usually occurs
in middle-aged and older patients, and intermittent and
painless gross hematuria is the first symptom. Unlike that in
PUB, the tumor in bladder cancer is located in the bladder
mucosa, with a vegetable pattern, a nodular or irregular
surface, few blood flow signals on color Doppler, and
progressive enhancement on contrast CT or MRI scanning.
Bladder leiomyoma is a benign tumor that resembles
paraganglioma of the bladder in terms of its characteristics
of a continuous bladder mucosal line. However, it is
composed of fenestrated bundles of smooth muscle fibers
arranged in a swirling pattern rather than in a nest-
like structure. Furthermore, compared to PUB, bladder
leiomyoma has an insufficient blood supply (9). Combining
the abovementioned imaging features, clinical symptoms,
laboratory examination, and cystoscopy can help to better
distinguish between these conditions (10).

PUB exhibits a broad-based attachment to the bladder
wall and displays the characteristic appearance of a bladder
mucosal line around its periphery on ultrasound. MRI
scanning can locate these tumors more clearly and precisely.
Since PUB is a blood-rich tumor, color Doppler would
show a significant blood flow signal, and contrast CT and
MRI scanning would display conspicuous enhancement.

Conclusions

The various imaging appearances as presented on
ultrasound, CT, and MRI can be complementary and
display features that are useful for differentiating PUB from
other bladder lesions. Moving forward, clinical symptoms
and biochemical tests can also help make a more accurate
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preoperative diagnosis.
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