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Mass size is a major predictor of hypertensive attack during 
surgery in patients with paraganglioma of retroperitoneum
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Background: Surgical manipulation of paraganglioma can induce a massive release of catecholamines 
leading to hypertensive attack. But it has been not known about risk factors to cause hypertensive attack 
because paragangliomas of urinary bladder and retroperitoneum are notably rare tumors and have been 
recorded as case report or series. We investigated the relationship between mass size and hypertensive attack 
during surgery in patients with paraganglioma.
Methods: Our retrospective chart review included 32 patients who had a pathological diagnosis of 
paraganglioma between March 2006 and May 2021, in single center. We analyzed the risk factors such as 
age, sex, height, weight, blood pressure before surgery, history of hypertension, pre-operative symptoms, 
mass location, and mass in 24 patients with retroperitoneal paragangliomas including urinary bladder. 
Hypertensive attack was defined as systolic blood pressure >180 mmHg during excision of the mass from 
the electric medical chart. The predictive power was assessed by the area under the curve of the receiver 
operating characteristic curve.
Results: There were 19 retroperitoneal, 5 urinary bladder, 2 middle-ear cavity, 2 mediastinal, 2 neck, 1 
spinal cord and 1 duodenal paraganglioma. Seven (29.2%) of the 24 patients had preoperative symptoms such 
as pain, fluctuation of blood pressure, and palpable mass. Hypertensive attack during surgery occurred in 11 
patients (45.8%). There was a significant difference in mass size between groups with (n=11) and without (n=13) 
fluctuation of blood pressure (P=0.007). The area under curve for predicting surgical complications according 
to mass size was 0.808 (cutoff size 4.25 cm, sensitivity 72.7%, specificity 76.9%, 95% CI: 0.635–0.981).   
Conclusions: Mass size impacted occurrence of hypertensive attack during surgery in patients with 
retroperitoneal paraganglioma. Surgeons have to be watchful regarding of intraoperative hypertension 
during resection of retroperitoneal masses exceeding 4.25 cm, which are suspected as paraganglioma.  
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Introduction

Paraganglioma, known as extra-adrenal pheochromocytoma, 
can be located retroperitoneum, thorax, head & neck and 
urinary bladder (UB), etc. (1). It is a notably rare tumor 
and comprises 18% of pheochromocytomas, with 10% 
in the bladder (2,3). Paraganglioma of the UB comprises 
approximately 0.06% of bladder tumors (4).

Paragangliomas also produce catecholamines such as 
epinephrine, norepinephrine, metanephrine and dopamine. 
Thus, they can induce severe hypertension, tachycardia 
and even death. Classical triad clinical symptoms are 
palpitation, headache, diaphoresis, however, anxiety, 
panic attack, syncope, abdominal pain and weight loss can 
appear in some cases (5,6). In addition, paraganglioma of 
the UB also induces hematuria and urinary attack which 
are due to catecholamine release caused by micturition or 
distension of the bladder (7). These symptoms can help 
diagnosis of paraganglioma, but most patients do not have 
symptoms and tumor is located outside the adrenal gland, 
thus, other diagnoses take precedence over paraganglioma 
and preoperative diagnosis is difficult. Now, the incidental 
discovery of paraganglioma is becoming common with the 
widespread use of computed tomography (CT) (8,9). 

The only curative treatment of paraganglioma is 
surgical resection (10). However, surgical manipulation 
of paraganglioma can induce a massive release of 
catecholamines leading to fluctuation of blood pressure, 
arrythmia, myocardial infarction and stroke as like 
pheochromocytoma (9). Thus, preoperative medication of 
combined α- and β-adrenergic blocker therapy is necessary 
to control and prevent intraoperative hypertension. 
Espec ia l ly,  pred ic t ing  which  pa t ient s  may  have 
intraoperative instability of blood pressure or hypertension 
would be useful because it may facilitate selection of a drug 
regimen wherein patients predicted more likely to have 
hemodynamic instability during surgery (11,12). Previous 
studies have found a level of catecholamine as a predictor 
of hemodynamic instability in pheochromocytoma (13,14). 
But unlike pheochromocytoma, it is difficult to diagnose 
paraganglioma before surgery as already mentioned, so it is 
not easy to test for catecholamine and pretreat medication 
before surgery. Therefore, it is needed that other factors 
that can predict hypertensive attack or hemodynamic 
instability before surgery.

To date, unfortunately, the risk factors for hypertensive 
attack during surgery are unknown because of tumor’s 
paucity. To our knowledge, this study is the first study to 

the evaluate risk factors for hypertensive attack during 
surgery in patients with retroperitoneal paragangliomas. We 
present the following article in accordance with the STARD 
reporting checklist (available at https://tcr.amegroups.com/
article/view/10.21037/tcr-22-707/rc).

Methods

Study design and patients

We conducted a retrospective chart review of all 32 
patients who had a pathological diagnosis of extra-adrenal 
paraganglioma between March 2006 and May 2021 in our 
center. We analyzed the risk factors impacting hypertensive 
attack in 24 patients with retroperitoneal paragangliomas 
including 5 UB paragangliomas. The mean patients’ age 
was 63.8±11.4 years. The male:female ratio was 13:11. The 
mean systolic and diastolic blood pressure were 128.1±15.4 
and 76.8±8.6 mmHg, respectively. The follow-up period 
was 55.2±48.2 months. The risk factors such as age, sex, 
height, weight, blood pressure before surgery (systolic and 
diastolic), history of hypertension, pre-operative symptoms, 
mass location (bladder vs. retroperitoneum) and mass size 
were compared between groups with (n=11) and without 
(n=13) hypertensive attack during surgery.

For the UB paragangliomas, transurethral resection of 
bladder (TURB) using bipolar current was performed for 
in three patients, robot assisted partial cystectomy in one 
patient and open partial cystectomy was performed in one 
patient with end stage renal disease. For the retroperitoneal 
mass, laparoscopic and open resection were performed in 
five and 14 patients, respectively. Complications included 
massive bleeding (requirement for transfusion of blood) 
or hypertensive attack during surgery. Hypertension was 
defined as a systolic blood pressure >140 mmHg or a 
diastolic blood pressure >90 mmHg. Hypertensive attack 
was assessed using changes of blood pressure from electric 
medical chart and was defined as systolic blood pressure 
>180 mmHg during the excision of the mass (15,16). The 
size of the paraganglioma was obtained in three dimensions 
of CT scan, and longest length among them was determined 
as the size of the mass.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). This study 
was approved by our institution review board (IRB) of 
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Ulsan University Hospital (No. UUH-2021-12-009) and 
individual consent for this retrospective analysis was waived.

Statistical analyses

Statistical analyses were performed using the Statistical 
Package for the Social  Sciences version 21 (IBM 
Corporation, Armonk, NY, USA). The Wilcoxon signed-
rank test, Mann-Whitney U test, and chi-square trend 
test were used to evaluate the significance of differences 
between the groups. All statistical analyses were two-sided, 
and P<0.05 was considered statistically significant. The 
predictive power was assessed by the area under the curve 
(AUC) of the receiver operating characteristic (ROC) curve.

Results

There were 32 patients with paraganglioma. Regarding 
tumor locations, there were 19 retroperitoneal, five UB, 
two middle-ear cavity, two mediastinal, two neck, one spinal 
cord, and one duodenal paraganglioma (Figure 1). Of these, 
we analyzed the 24 patients (75.0%) with retroperitoneal 
and UB paragangliomas. There was hypertensive attack in 
11 (45.8%) of the 24 patients. Four patients experienced 
massive bleeding during the surgery; however, there were 
no unusual clinical courses after surgery. Seven (29.2%) 
of the 24 patients had preoperative symptoms such as 
pain, fluctuation of blood pressure, and palpable mass 
(Table 1). There was preoperative history of hypertension 

in 11 patients (45.8%). The patients with preoperative 
hypertension had routine anti-hypertensive drugs such as 
calcium channel block or angiotensin-converting enzyme 
(ACE) inhibitor or alpha blocker, etc., and control of 
hypertension. There were five patients with systolic 
blood pressure >140 mmHg or diastolic blood pressure  
>90 mmHg, however,  none of  these patients  had 
hypertensive attack or massive bleeding during surgery. 
Seven (29.2%) among 24 patients had a hormonal test 
including catecholamine before surgery. There was no 

Retroperitoneum
(n=19)

Urinary bladder
(n=5)

Middle ear cavity
(n=2)

Mediastinum
(n=2)

Neck
(n=2)

Spinal cord
(n=1)

Duodenum
(n=1)

Figure 1 Tumor locations of the 32 paragangliomas.

Table 1 Clinical characteristics of the patients with retroperitoneal 
paraganglioma 

Characteristics
Retroperitoneum including 

urinary bladder (n=24)

Sex (male:female) 13:11

Age, years, mean ± SD 63.8±11.4

Body mass index, kg/m2, mean ± SD 24.3±3.8

History of hypertension, n (%) 11 (45.8)

Pre-operative blood pressure

Systolic, mmHg, mean ± SD 128.1±15.4

Diastolic, mmHg, mean ± SD 76.8±8.6

Pre-operative symptoms, n (%) 7 (29.2)

Pain 4 (16.7)

Fluctuation of blood pressure 2 (8.3)

Palpable mass 1 (4.2)

Incidentaloma in CT scan 17 (70.8)

Mass size, cm (longest)

Mean ± SD 4.1±3.2

Range 0.6–11.5

Events during surgery, n (%)

Massive bleeding 4* (16.7)

Fluctuation of blood pressure 11 (45.8)

Adrenal-related symptoms 5 (20.8)

Recurrence, n 0

Disease specific death, n 0

Follow-up period, months, mean ± SD 55.2±48.2

Adrenal-related symptoms: tachycardia (frequency >100 bpm), 
desaturation (SpO2 <90%), acidosis (pH <7.3). *, four patients 
simultaneously had elevation of blood pressure and massive 
bleeding during surgery. SD, standard deviation; CT, computed 
tomography.
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recurrence or disease specific mortality in all 24 patients for 
an average of 55.2 months after follow-up. 

Between patients with (n=11) and without (n=13) 
hypertensive attack, there was a significant difference in 
mass size (5.9±3.4 vs. 2.6±2.1 cm, P=0.007). The mass 
location also significantly differed between the two groups 
(P=0.018). However, the mean size of the bladder mass was 

significantly smaller than that of the retroperitoneal mass 
(1.59±1.2 vs. 4.8±3.2 cm, P=0.002). There was no difference 
in age, sex, height, weight, blood pressure, hypertension 
history, or presence of preoperative symptoms between the 
two groups (Table 2). 

ROC analysis showed that the AUC for predicting 
surgical complications according to mass size was 0.808 
(Figure 2). At cutoff mass size of 4.25 cm, the sensitivity and 
the specificity were 72.7% and 76.9%, respectively (95% 
CI: 0.635–0.981). 

Discussion

Paraganglioma can present with various features 
such as  pa in ,  hypertens ion,  and palpi tat ion l ike 
pheochromocytoma. In this study, most patients had no 
symptoms, and the paraganglioma was incidentally found 
with CT or during surgery. Moreover, only seven patients 
underwent preoperative blood and urine evaluation for 
catecholamine to diagnose paraganglioma. For patients with 
pheochromocytoma, an adrenal mass is usually diagnosed 
imaging studies; thereafter, biochemical testing is performed 
in all patients with adrenal mass before surgery (17). This 
difficulty in diagnosing paraganglioma before surgery 
unlike for pheochromocytoma, has made the un-predicting 
risk of complications such as hypertensive attack and 

Table 2 Comparison of risk factors between the groups with and without hypertensive attack during surgery

Variables No complicated events (n=13) Hypertensive attack (n=11) P value

Age, years, mean ± SD 62.7±11.3 65.0±12.0 0.635

Sex (male:female) 8:5 5:6 0.454

Height, cm, mean ± SD 163.0±7.2 161.4±9.1 0.623

Weight, kg, mean ± SD 64.3±10.4 62.7±11.9 0.747

Blood pressure 

Systolic, mmHg, mean ± SD 129.2±17.0 126.8±13.8 0.714

Diastolic, mmHg, mean ± SD 76.2±7.2 77.5±10.3 0.727

History of hypertension, n (%) 6 (46.2) 5 (45.5) 0.698

Pre-operative symptoms, n (%) 2 (15.4) 5 (45.5) 0.142

Mass location, n (%) 0.018

Bladder 5 (38.5) 0 (0)

Retroperitoneum 8 (61.5) 11 (100.0)

Mass size, cm, mean ± SD 2.6±2.1 5.9±3.4 0.007

SD, standard deviation.
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Figure 2 Receiver operating curves for predicting fluctuation of 
blood pressure during surgery according to mass size. The area 
under the curve was 0.808. At cutoff mass size of 4.25 cm, the 
sensitivity and the specificity were 72.7% and 76.9%, respectively.
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massive bleeding during surgery (9). Therefore, to prevent 
these complications, we evaluate preoperative risk factors 
for hypertensive attack in patients with retroperitoneal 
paragangliomas, because predicting hypertensive attack is 
essential.

According to the results in the current study, all patients 
with symptoms had retroperitoneal paraganglioma. In 
addition, events during surgery occurred only in cases of 
retroperitoneal paraganglioma. However, it seems that 
this difference was not due to the location, but the size 
of the paraganglioma. Thus, history taking is important, 
when paraganglioma is suspected, especially if a huge mass  
(>4.25 cm) is noted. Thereafter endocrinologic evaluation 
and treatment before surgery are required. Functional 
imaging such as meta-iodobenzylguanidine (MIBG) scan 
and positron emission tomography (PET)-CT is also 
helpful (18,19). Moreover, preoperative combined α- and 
β-adrenergic blocker therapy can reduce the hypertensive 
attack during surgery (5,20). Furthermore, in these patients, 
operators should be careful during surgical manipulation. 

There were a few limitations to this study. First, the 
number of patients was small because paraganglioma 
is notably rare. Therefore, multicenter studies are 
required for more accurate results. Second, the current 
study was retrospective. However, a prospective study of 
paraganglioma would be complex because the diagnosis of 
paraganglioma is difficult and incidental. Third, the sizes 
of UB paraganglioma in the current study were small, as 
such we could not confirm if the huge UB paraganglioma 
could induce intraoperative events. However, there are 
some case reports on this subject. Kurose et al. reported on 
a 32-mm UB paraganglioma (21). At TURB initiation, the 
patient’s systolic blood pressure was 120 mmHg but was 
acutely elevated to over 200 mmHg, and the tumor easily 
bled. Falcão et al. also reported a UB paraganglioma that 
underwent by transurethral resection with blood pressure 
elevation (22).

There are a few similar studies on risk factors for 
hemostatic instability during pheochromocytoma surgery. 
In those studies, risk factors aware large tumor size 
and high urine catecholamine levels (12,13,23). Since 
pheochromocytoma and paraganglioma are histologically 
the same tumors, it is expected that they show similar 
patterns. Thus, urine catecholamines should be considered 
in further studies. 

Pheochromocytoma and paraganglioma are the most 
heritable tumors and autosomal dominant hereditary cancer 
diseases (24). In our country, generally genetic screening 

is not recommended for patients with paraganglioma 
although clinical practice guidelines of paraganglioma 
recommend testing for germline variants in all patients 
(25,26). First, gene sequencing is expensive in our country. 
Second, there was a just single tumor in retroperitoneum 
and bladder in all patients. Third, there was no signs such 
as multiple endocrine neoplasia type 2 caused by RET gene, 
neurofibromatosis type I caused by NF1 gene, and von 
Hippel-Lindau disease caused by VHL gene in all patients.

Conclusions

Mass size impacted occurrence of hypertensive attack during 
surgery in patients with retroperitoneal paraganglioma. 
Surgeons have to be watchful regarding of intraoperative 
hypertension during resection of retroperitoneal masses 
exceeding 4.25 cm, which are suspected as paraganglioma.
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