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Bladder Paraganglioma: Clinicopathology and Magnetic Resonance Imaging Study of Five Patients
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Purpose: To investigate the clinicopathology and magnetic resonance imaging (MRI) features of bladder paraganglioma, an extremely rare clinical entity.
Materials and Methods: Five patients with bladder paraganglioma (3 males and 2 females, 27-52 years old) were
retrospectively reviewed. All cases underwent baseline MRI and contrast-enhanced scans, and three cases underwent diffusion weighted imaging (DWI) and cystoscopy. Cases were immunohistochemically examined with neuroendocrine markers (chromogranin and synaptophysin) and Ki-67, and histology was reviewed by a pathologist.
Results: Three cases exhibited painless gross hematuria, including one case with hypertension, whereas two cases
were asymptomatic. One of the three patients who underwent cystoscopy was negative. The tumors were round (n
= 1) or oval (n = 4) and located in the anterior wall (n = 1), posterior wall (n = 1), lateral wall (n = 2) or trigone (n
= 1). All tumors were located in the submucosal or lamina propria. Four cases presented with well-circumscribed
margins, whereas one case was poorly circumscribed. All tumors exhibited slight hyperintensity on T1-weighted images (T1WI) and hyperintensity with “salt and pepper” appearance on T2-weighted images (T2WI). DWI
indicated strong hyperintensity, and all cases exhibited conspicuous enhancement after intravenous gadobenate
dimeglumine (Gd-DTPA) injection. Pathological evaluation confirmed paraganglioma.
Conclusion: MRI plays an important role in the preoperative diagnosis of bladder paraganglioma. This rare condition has a characteristic round or oval appearance, located in the submucosal area, with slight hyperintensity on
T1WI and hyperintensity with “salt and pepper” appearance on T2WI. DWI indicated strong hyperintensity and
conspicuous enhancement on contrast-enhanced scans.
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Previous studies(11) suggest that tumor stage and comladder paraganglioma is extremely rare and ac- plete resection are the most important prognostic varcounts for 0.06% of all bladder tumors and 1% iables in patients with bladder paraganglioma. Thus,
of extra-adrenal pheochromocytomas.(1,2-6) Pheochro- preoperative imaging plays a crucial role, and magnetic
mocytomas are secreting catecholamine tumors, which resonance imaging (MRI) has the lowest false negative
originate in the chromaffin cells of the sympathetic localization rate for the diagnosis of paraganglioma.(17)
nervous system; tumors that originate from extra ad- The rare prevalence of this disorder renders it substanrenal sites are referred to as paraganglioma.(1,2,7-10) The tially more difficult to complete a comprehensive study.
most common symptoms are intermittent painless gross Therefore, this study summarizes the clinicopathology
hematuria, paroxysmal hypertension, and micturitional and MRI characteristics of bladder paraganglioma in a
attacks.(2,3,11,12) However, approximately 17% patients series of case reports. To the best of our knowledge, this
are hormonally inactive,(13) which makes it notorious- is the first study to report the clinicopathology and MRI
ly difficult to confirm an actual preoperative diagnosis. features of bladder paraganglioma.
(14)
Cystoscopy and biopsy may provoke a hypertensive
crisis and are therefore not recommended.(5,14) Further- MATERIALS AND METHODS
more, the biological behavior of bladder paraganglioma Study Patients
is uncertain, and the histological features are not reliable This retrospective study was approved by our local
to distinguish malignant from benign tumors.(3,8,9,11,15,16) ethics committee, and all patients provided written in-
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Table 1. Clinical features of bladder paraganglioma.
Case

Sex

Age (years)

Size (mm)

Blood Pressure (mmHg)

Clinical Symptoms		

Cystoscopy Findings

Preoperative Diagnosis

1
Male
52
60
152/87		
Intermittent painless gross hematuria,
						urinary frequency, urgency

Not performed		

Carcinoma

2
Male
37
35
118/70		
Intermittent urinary pain,		
						painless gross hematuria

Neoplasm		

Carcinoma

3

Female

50

15

127/84		Painless gross hematuria		Neoplasm		Carcinoma

4

Female

33

40

114/82		Asymptomatic			Not performed		Leiomyoma

5

Male

27

35

118/80		Asymptomatic			No neoplasm		Isolated fibroma

Echo Time [TE], 19.995; Repetition Time [TR], 500);
T2-weighted images (T2WI; TE, 100; TR, 3624); fat
saturated; and diffusion weighted imaging (DWI; TE,
67.448; TR, 1130.7) with b values of 0 and 800 s/mm2.
GE Signa 1.5T: FOV, 310-420 mm; Mmatrix, 384 ×
245; thickness, 4-7 mm; intersection gap, 1 mm; T1WI
MRI Examination
MRI examinations were performed with a Philips (TE, 1.7-7.7; TR, 3.4-480); T2WI (TE, 109-130; TR,
Achieva 1.5T (Philips, Amsterdam, The Netherlands), 3200-3900); fat saturated; and DWI (TE, 89.2-9; TR,
2
GE Signa HDxt 1.5T and a 3.0T magnetic resonance 2950-3650) with b values of 0 and 800 s/mm .
scanner (Signa Excite, General Electric, Fairfield, CT, GE Signa 3.0T: FOV, 340-400 mm; Mmatrix, 384×224;
USA), and Siemens Verio 3.0T (Siemens, Munich, thickness, 4-5 mm; intersection gap, 1 mm; T1WI (TE,
Germany) MR scanners. The patients were placed in a 1.8-7.5; TR, 180-500); T2WI (TE, 135.2; TR, 4000supine position. A surface phased-array coil was used, 4140); and fat saturated.
and scanning was conducted with the following param- Siemens Verio 3.0T: FOV, 228-370 mm; Mmatrix,
320 × 320; thickness, 4-6 mm; intersection gap, 1 mm;
eters.
Philips Achieva 1.5T: field of view (FOV), 370-82.8 T1WI (TE, 11; TR, 721-826); T2WI (TE, 70-98; TR,
mm; Mmatrix, 320 × 256; thickness, 5.5-6.6 mm; in- 4000-5190); and fat saturated.
tersection gap, 0.725 mm; T1-weighted images (T1WI; Gadobenate dimeglumine (0.1 mmol/kg; Bayer Schering Pharma AG, Berlin-Wedding, Germany and CONSUN, Guangzhou, China) was intravenously injected
via a rapid bolus injection at a rate of 2-3 mL/s with a
power injector (Spectris Solaris MR Injector System,
Medrad, Incorporated, Pittsburgh, PA, USA). All MRI
findings were independently analyzed by two radiologists (with 13 and 17 years of experience, respectively).
formed consent. Five cases of bladder paraganglioma
were enrolled at four hospitals from November 2011
to April 2014. The participants comprised 3 males and
2 females, with an age range of 27-52 years. The mean
age of the participants was 39.80 ± 10.85 years.

Pathological Examination

Figure 1. The tumors were round or oval appearance, located in the submucosal area, with slight hyperintensity on T1WI (a) and hyperintensity
with “salt and pepper” appearance on T2WI (b). Diffusion weighted imaging indicated strong hyperintensity (c) and conspicuous enhancement on
contrast-enhanced scans (d).

All specimens were investigated morphologically and
immunohistochemically. All histological slides were
retrospectively reviewed by a pathologist (with 8 years
of experience) who was unaware of the MRI findings.
The patient follow-up data were acquired from case
histories. Formalin-fixed and paraffin-embedded specimens were cut into conventional 5-µm-thick sections,
immunohistochemically stained, and examined. Immunochemical analysis was performed using an avidin-biotin-peroxidase complex (ABC) method.
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Table 2. Pathology of bladder paraganglioma.
Case

Location		Morphology			Immunohistochemistry

						Ki-67

S-100

Syn

CD56

p53

1
Submucosa		
			
			
			

Tumor cells grew in “Zellballen pattern”
separated by elaborate vascular septa;
increased number of mitotic figures
and focal necrosis.

50% +

+

-

+

+ (weakly)		

2

Submucosal and
muscularis propria
			
			
			
			

Tumor cells characterized by round cells
arranged in “Zellballen pattern” separated
by fine vascular network; tumor cells
contained abundant cytoplasm with an
eosinophilic granular appearance; mitotic
figures occasionally identified.

3% +

+

+			

+

3
Muscularis propria
			
			
			
			

Tumor cells grew in “Zellballen pattern”
3% +
embedded in a fibrous vascularized network;
round cells contained abundant cytoplasm
with an eosinophilic granular appearance;
mitotic figures were not common.

+

+++

+++

4
Submucosa		
			
			

Tumor cells grew in “Zellballen pattern”
embedded in a fibrous vascular network;
cells exhibited mild atypia.		

2% +

+

+++		

5

Tumor cells grew in “Zellballen pattern”
5% +
separated by elaborate vascular septa;
tumor cells had abundant cytoplasm with an
eosinophilic granular appearance; nuclei exhibited
mild atypia; mitotic figures were inconspicuous;
tumor capsule was incomplete; lymphatic
invasion was identified.

+

+		 +

Submucosal and
muscularis propria
			
			
			
			
			

+++		

+ (weakly)

CgA

Vimentin
-

+/-

+++

+

Abbreviations: Syn, synaptophysin; CgA, chromogranin; S-100, sustentacular cell.

RESULTS
Clinical Features

Three cases comprised painless gross hematuria (1 case
with hypertension), whereas two cases were asymptomatic with an increased blood pressure (BP) of 200-240
mmHg (systolic BP: case 4, 240 mmHg; case 5, 200
mmHg) at the beginning of the resection. Three cases
underwent cystoscopy, in which 2 cases exhibited neoplasm and 1 case was negative. All cases underwent
surgery. The detailed clinical profiles of the patients are
summarized in Table 1.

MRI Features

The tumors were round (n = 1) or oval (n = 4) and located in the anterior wall (n = 1), lateral wall (n = 2),
posterior wall (n = 1), or trigone (n = 1). All tumors
were located in the submucosa. All tumors demonstrated slight hyperintensity on the T1WI (Figure 1a). Furthermore, the tumors demonstrated hyperintensity and
a “salt and pepper” appearance on the T2WI (Figure
Urological Oncology 2607

1b). DWI was conducted in three patients, which indicated strong hyperintensity (Figure 1c). All tumors
demonstrated conspicuous enhancement on the contrast-enhanced images (Figure 1d). Four tumors exhibited well-circumscribed margins, while one tumor (case
1) was poorly circumscribed and had invaded the pelvic
wall. No lymph nodes or distant metastases were identified in any of the cases.

Pathology

All tumors were round or oval, and all cases were located in the submucosa or lamina propria. The tumor
cells were arranged in a “Zellballen” pattern, round and
acidophilic, and embedded in a fibrous septa, which
was richly vascularized (Figure 2a). Nuclear pleomorphism and mitotic figures were occasionally identified.
Immunohistochemically, these cells were positive for
vimentin, p53, and neuroendocrine markers, such as
synaptophysin (Syn), chromogranin (CgA) (Figure
2b), and neuronal cell adhesion molecules 56 (CD 56).

Clinicopathology and MRI of bladder Paraganglioma-Liang et al.

Figure 2. The tumor comprised large polygonal cells with clear cytoplasm in a typical “Zellballen growth” pattern with elaborate vascular septa (a).
Immunostaining for the neuroendocrine marker chromogranin A was positive (b). Sustentacular cells were highlighted on immunostaining for S-100
protein (c).

this study, MRI indicated the location of all the masses
was the submucosal layer, which is consistent with previous studies.(6,8,13,14,19,20,23,24) Furthermore, the pathology
results also demonstrated that all masses were located
in the submucosal or lamina propria. Nevertheless, the
anatomical site predilection has been controversial in
DISCUSSION
The diagnosis of bladder paraganglioma is often con- previous reports.(3,11,23) There was no site predilection
firmed by increased levels of catecholamines and their identified in this study, which is in accordance with a
urinary and serum metabolites.(12,18,19) Biochemical in- previous study.(25) In this study, all masses exhibited
vestigations were not performed on all cases in this slight hyperintensity on the T1WI and fat saturation,
series of patients because bladder paraganglioma was which is consistent with previous research.(12) Wang
not considered preoperatively given the lack of classi- and colleagues(21) suggested that lesions that exhibit hocal signs and symptoms. Cystoscopy and biopsy were mogeneous hyperintensity on T1WI are the key MRI
avoided, which may provoke a hypertensive crisis fol- features of bladder paraganglioma; however, the realowing insufficient preparation.(5,14) In this study, two son for the slight hyperintensity on T1WI remains uncases exhibited a sudden hypertensive crisis at the be- known. Electron microscopic studies have indicated the
ginning of resection, which was controlled by medical presence of dark brown intracytoplasmic granules(3,7,8,15)
intervention. One of the three cases who underwent and melanin pigments(26) in tumor cells, which may excystoscopy was negative as a result of the submucosal plain the increased signal intensity on T1WI; however,
tumor location and the cover provided by an intact epi- these findings require further confirmation. While all
thelium. Therefore, a preoperative ultrasound, CT scan, tumors exhibited hyperintensity on T2WI and fat satand MRI were important for a definitive therapy.(5) MRI uration, the “salt and pepper” appearance may be an
is superior to CT scan in diagnostic sensitivity and spec- important MRI feature, which is consistent with the
ificity for the submucosal origin of the tumor because pathology results and the MR features of carotid body
of its inherent tissue contrast resolution and multiple tumor and glomus jugular tumor.(27) In this study, all
parametric imaging.(2,9,10,12) However, reports regarding tumors exhibited conspicuous enhancement because
MRI features of bladder pheochromocytoma are rare, of their vascularity, which is in accordance with preand previous publications involve single or very small vious studies.(14,21,23) Furthermore, this enhancement is
an important diagnostic feature that differentiates bladcase reports.(2,4,9,12,20,21)
Bladder paraganglioma originates in the paraganglionic der paraganglioma from other bladder tumors.(24) Wang
cells that migrate into the bladder wall.(3,13,22) Li and col- and colleagues(21) reported that the mean ADC values
leagues(23) reported that approximately 40% of bladder of bladder paraganglioma were lower than the values
paraganglioma tumors were located in the submucosa, for bladder cancer. In this study, DWI was conducted
which may represent a key ultrasound imaging charac- in three patients and indicated strong hyperintensity,
teristic of bladder paraganglioma. However, Cheng and which may represent another MR imaging characteriscolleagues(11) reported that approximately 94% of tum- tic of bladder paraganglioma.
ors involved the lamina propria of the bladder wall. In It is very difficult to obtain an actual preoperative diagSustentacular cells were immunostained for S-100 protein (Figure 2c). The Ki-67 indices were low (< 5%)
with the exception of one case. The detailed pathology
features are summarized in Table 2.
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nosis in asymptomatic bladder paragangliomas. Histological features and immunohistochemistry have been
important for the differential diagnosis of other bladder
tumors;(1,25) in some cases, these approaches are the only
alternative. In this study, the tumor cells were round or
polygonal epithelioid and arranged in a pattern of classic Zellballen with elaborate vascular septa. However,
this feature is not always conspicuous, and some tumors
grow diffusely. Individual tumor cells are most often
polygonal with a moderate amount of granular, eosinophilic to amphophilic cytoplasm. Some cells may morphologically mimic neuronal or ganglion cells. Nuclear
hyperchromasia and pleomorphism may be prominent
features; however, these features are not reliable predictors of malignant behavior. These cells were characteristic of positive immunostaining for neuroendocrine
markers, such as Syn, CgA, and CD56. Positive nuclear
staining for S-100 protein highlighted the sustentacular
cells. In addition, two cases expressed the limited positivity of p53. The role of p53 in pheochromocytoma
tumorigenesis is unclear. Petri and colleagues(28) have
reported that although there is frequent loss of the p53
locus on 17p, the p53 gene does not appear to play a
major role in pheochromocytoma tumorigenesis. The
antibody p53 (Dako, DO-7) reacts with the wild type
and mutant type of the p53 protein. Thus, we suggest
that the limited positivity of p53 should be considered
in wild type expression.
The paraganglioma biological behavior is uncertain,
and previous reports(3,8,9,11,15,16) have indicated that histological features were not reliable to distinguish malignant from benign tumors. The most recent World Health
Organization classification of pheochromocytomas and
paragangliomas defined malignancy as the presence of
metastases, not local invasion.(29) In this study, the tumor capsule of case 5 was incomplete, and lymphatic
invasion was identified, as local invasion is a poor predictor of aggressive behavior, and the absence of invasion does not obviate the development of metastasis.(30)
Thus, while we cannot view case 5 as malignant, the
patient should be followed over time.
Necrosis and an increased number of mitotic figures
have previously been associated with a more aggressive
prognosis in patients with paraganglioma.(31) Case 1
exhibited malignant biological behavior that suggested
tumor necrosis, an increased mitotic index, and a high
(50%) Ki-67 index. This case required additional follow-up; however, no recurrence or metastases occurred
in an 8 month follow-up period. Kang and colleagues(8)
reported that long term follow-up was required.
Microscopic sections may demonstrate what appears to
Urological Oncology 2609

be an invasion of lamina propria of the bladder wall;
thus, the bladder paraganglioma may often be judged
for malignant tumor prior to operation. The major differential diagnoses of bladder paraganglioma include
the following: granulosa cell tumor, a nested variant
of urothelial carcinoma, metastatic large-cell neuroendocrine carcinoma, and malignant melanoma.(11)
Awareness of these rare diseases is essential to prevent
misinterpretation. The lack of a “Zellballen growth”
mode and fine vascular stroma, absence of a sustentacular staining pattern of S-100 protein, and negative
immunostaining of neuroendocrine markers easily discriminate these tumors from bladder paraganglioma.(11)
When some atypia and mitotic features are present, it is
easy to understand how a misdiagnosis of conventional
urothelial carcinoma may be made; however, specific
immunohistochemical stains may be helpful. It should
be pointed out that metastatic neuroendocrine tumors
also express neuroendocrine markers; however, the
histological characteristics, including necrosis, cellular
anaplasia, and mitotic figures, and the absence of a sustentacular staining pattern of S-100 protein distinguish
them from paraganglioma. Furthermore, in uncommon
cases, bladder paraganglioma contains melanin pigment, similar to malignant melanoma.(26) Melanomas
do not express neuroendocrine markers, which may
differentiate each other. However, none of the current
cases had melanin pigments. Furthermore, a rare composite paraganglioma-ganglioneuroma may occur in
the urinary bladder;(32) this tumor may contain a substantial component of ganglioneuroma that consists of
mature ganglion and spindle cells that merge with the
classical paraganglioma component. To identify unique
components, such as ganglioneuroma, neuroblastoma,
or ganglioneuroblastoma, a malignant peripheral nerve
sheath tumor (MPNST; malignant schwannoma) in the
tumor may facilitate the correct diagnosis of composite
paraganglioma/pheochromocytoma.

CONCLUSIONS

In conclusion, MRI plays an important role in the preoperative diagnosis of bladder paraganglioma, with a
relatively characteristic MR appearance, including a
round or oval shape and submucosal location. T1WI
exhibited slight hyperintensity, whereas T2WI indicated hyperintensity with a “salt and pepper” appearance.
DWI exhibited strong hyperintensity and conspicuous
enhancement. Pathological evaluation suggested paraganglioma as the final diagnosis. However, several limitations must be considered in the interpretation of these
clinical findings. First, because of the rare prevalence
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of this disorder, this study comprised a small sample of
patients. Furthermore, a retrospective design was used.
Thus, a prospective and multicenter study is needed to
elucidate the clinical findings revealed in these case
reports. Nevertheless, the current case report provides
novel insights regarding the rare clinical condition of
bladder paraganglioma.
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