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Background: Adrenalectomy for pheochromocytoma, a rare catecholamine-secreting tumour, is a 
challenging procedure because of the high risk of intraoperative hemodynamic instability, which can cause 
life-threatening complications. Our study aimed to identify predictive factors for hemodynamic instability 
during pheochromocytoma resection as well as to assess the risk factors for postoperative morbidity.
Methods: Data of 96 patients, who underwent laparoscopic adrenalectomy were analysed retrospectively. 
Hemodynamic instability was defined as an occurrence of both intraoperative episodes of systolic blood 
pressure above 160 mmHg and vasoactive (vasodilators or vasoconstrictors) drug administration. Patients 
were divided into two groups: one which met both criteria, and another one without hemodynamic 
instability—42 (43.8%) and 54 (56.2%) respectively.
Results: The mean tumour size was 4.5±2.0 cm. 86 patients had a sporadic pheochromocytoma and 10 
(10.4%) had a familial disease. 63 patients were preoperatively treated with nonselective blockers and 33 
patients with selective blockers. Mean operative time was 98.7±41.7 min. and mean intraoperative blood 
loss was 165.7±381.2 mL. In 26% of patients, postoperative complications occurred. The median length of 
hospital stay was 3 days. The multivariate logistic regression model showed that the size of adrenal tumour 
and diabetes were significant factors of hemodynamic instability. Intraoperative use of vasopressors was an 
independent risk factor for both all-cause and cardiovascular morbidity.
Conclusions: Adrenal tumour size and diabetes were associated with hemodynamic instability during 
pheochromocytoma resection. The only risk factor for complications in our group was intraoperative 
necessity to use vasopressors. 
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Introduction 

Pheochromocytoma is a rare catecholamine-secreting 
tumour arising from chromaffin cells of the adrenal gland. 
The most common symptoms of pheochromocytoma are 
headaches, palpitations, and hyperhidrosis (1). Uncontrolled 
release of catecholamines can lead to arrhythmias, stroke, or 
a life-threatening hypertensive crisis. Despite improvements 
in surgical techniques and anaesthetic management, surgical 
resection, the only curative treatment, is still considered a 
challenging procedure. The main problem is the high risk 
of perioperative incidence of hemodynamic instability (HI).

Perioperative HI is unpredictable and is presumed 
to be responsible for the majority of morbidity in this 
group of patients. Moreover, the predictive risk factors 
remain unclear (2-4). Previous studies have described 
some risk factors of perioperative HI, but the results were 
inconclusive, mostly due to different definitions of HI (5-8).

Our study aimed to define perioperative HI during 
laparoscopic adrenalectomy for pheochromocytoma, 
estimate the incidence of perioperative HI, identify 
predictive factors of perioperative HI and assess the risk 
factors for postoperative morbidity.

We present the following article in accordance with the 
STROBE reporting checklist (9) (available at http://dx.doi.
org/10.21037/gs-20-783).

Methods

Patients

The study was a retrospective observation of consecutive 
patients with histologically confirmed pheochromocytoma 
undergoing laparoscopic adrenalectomy between the years 
2003 and 2019. During the study period, 775 patients with 
adrenal pathology were treated. We excluded 6 patients 
initially submitted to open surgery and 2 patients who 
required conversion. 156 patients preoperatively were 
prepared as pheochromocytoma based on preoperative 
tests of methoxycatecholamines and imaging tests and 97 of 
them were later confirmed in histopathological exam. One 
of the patients was excluded due to a bilateral tumour. Only 
patients undergoing radical surgery were qualified for the 
study when the disease was limited to the adrenal glands.

Additionally, 9 patients were not suspected to have 
pheochromocytoma before surgery (the results of 
methoxycatecholamines in the daily urine collection and 
routine laboratory tests were within the normal range.), 
but they were confirmed postoperatively—they were not 

included in analysis.
The study endpoint was the incidence of perioperative 

HI. Figure 1 shows the patient flow through the study.

Definition

Brunaud and Bruynzeel indicated that systolic blood 
pressure (SBP) above 160 mmHg was a risk factor for HI 
during pheochromocytoma surgery (3,10) and studies 
by Aksakal et al. have revealed that HI was associated 
with the requirement of cardioactive or vasoactive drugs 
administration (11-13). Integrating these conclusions, 
we defined HI as an occurrence of both of the following 
criteria: intraoperative episodes of SBP above 160 mmHg 
and requirement of vasoactive drug administration. 

Diagnosis and preparation for surgery

The preoperative diagnosis of pheochromocytoma was 
made in the endocrinology department. Preoperative 
staging in all cases consisted of computed tomography (CT) 
or/and magnetic resonance imaging. Prior to surgery, a 
routine panel of laboratory tests was carried out to establish 
the hormonal activity of the tumour. The evaluation 
included plasma cortisol, adrenocorticotropic hormone, 
dehydroepiandrosterone sulfate, 17-OH-progesterone, 
testosterone, aldosterone, urinary free cortisol, and 
aldosterone, plasma renin activity, and dexamethasone 
suppression test. The catecholamines’ metabolites 
(metanephrine, normetanephrine, and methoxytyramine) 
were measured from 24-hour urine collection. 

Perioperative protocol covered all  pre-,  intra-, 
and postoperative issues that may reduce the risk 
of hemodynamic instability (14). All patients were 
preoperatively treated with phenoxybenzamine (irreversible, 
non-competitive alpha-blocker) or alternative doxazosin 
(selective alpha-blocker). Therapy was introduced 2 weeks 
before the surgery. The dose of phenoxybenzamine and 
doxazosin were gradually increased every 48 hours from 
10 mg twice a day and 2 mg twice a day, respectively. 
Additionally, beta-blockers in case of coexisting tachycardia 
were given.

Surgery

Procedures were performed by experienced laparoscopic 
surgeons with extensive expertise in adrenal surgery (>50 
cases per surgeon). 

http://dx.doi.org/10.21037/gs-20-783
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Figure 1 Patient flow chart.

Adrenalectomy between 
2003–2019 (n=775)

Excluded (n=619)
- Not suspected to be pheochromocytoma preoperatively (n=611)
- Initially open surgery (n=6)
- Conversion (n=2)

Excluded (n=60)
- Pheochromocytoma not confirmed histopathologically (n=59)
- Bilateral tumour (n=1) 

Pheochromocytoma 
suspected (n=156)

Included to analysis (n=96)

In the morning of the operation, preinduction blood 
pressure was measured. Pneumoperitoneum was achieved 
by insufflating CO2 gas to an intraperitoneal pressure of  
12 mmHg. 

The operative method of choice in our department is 
laparoscopic transperitoneal lateral total adrenalectomy, 
which is performed similarly to described elsewhere  
(15-17). The main adrenal vein was dissected and clipped 
before gland mobilization.

The anaesthetic protocol typical for this type of tumour 
was previously described (18). Intraoperatively SBP and 
diastolic blood pressure (DBP) were measured, monitored, 
and recorded every 10 minutes. To treat hypertensive 
and hypotensive episodes, intravenous doses of urapidil, 
ephedrine, nitrates, MgSO4, norepinephrine, or ß-blockers 
were administered.

Data collection

Electronic and paper-based patient records were reviewed 
and demographic data, tumour characteristics, and 
treatment details were collected. Patients’ demographics 
(gender, age, body mass index (BMI)), American Society 
of Anaesthesiologists physical status classification 
system (ASA), comorbidities (diabetes mellitus, arterial 
hypertension, coronary heart disease, chronic obstructive 
pulmonary disease, renal, liver, and cerebrovascular 
diseases), history of previous abdominal surgeries and 
presence of hereditary cancer-related syndromes associated 
with the development of pheochromocytoma [multiple 
endocrine neoplasia type 2A (MEN 2A), MEN 2B, von 
Hippel-Lindau syndrome (VHL), neurofibromatosis type 1 

(NF1)] were recorded.
Additionally, characteristics of the disease such as 

location, size on preoperative imaging, clinical stage, 
Pheochromocytoma of the Adrenal Gland Scaled Score 
(PASS), and catecholamines’ metabolites secretion (urinary 
24-hour excretion of metanephrine, normetanephrine, and 
3-methoxytyramine) were reported. Treatment details—
pharmacological preparation, duration of anaesthesia and 
surgery, perioperative fluid management (type and number 
of administered fluids), estimated blood loss, need for 
blood transfusion, use of beta-blockers, vasodilators, and 
vasopressors were collected as well.

Vasopressor and fluid requirement after surgery, 
length of stay, complications, all-cause readmission, 
and death within 30 days were recorded. Data on 
morbidity were classified according to the Clavien-Dindo 
classification. Cardiovascular morbidity was defined as 
postoperative morbidity related to the cardiovascular 
system: postoperative hypotensive or hypertensive episodes 
requiring pharmacologic treatment, need for blood 
transfusion, myocardial or digestive ischemia, stroke, and 
postoperative hospitalization in intensive care unit (ICU) 
for cardiac-related causes.

Statistical analysis

The results were presented as mean ± standard deviation 
(SD), or median and interquartile range (IQR) when 
appropriate. Student’s t-tests were used to compare the 
means of two continuous normally distributed variables, 
while the Mann-Whitney U-tests were used to compare the 
medians of two continuous skewed variables. Chi-Squared 
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Table 1 Demographic analysis of patient group and tumour 
characteristics

Parameter Value

Number of patients, n 96

Sex, n (%)

Females 52 (54.2)

Males 44 (45.8)

Mean age (years), mean ± SD 52.6±16.3

Mean BMI (kg/m2), mean ± SD 26.4±5.4

ASA scale, n (%)

ASA 1 2 (2.1)

ASA 2 49 (51.0)

ASA 3 42 (43.8)

ASA 4 3 (3.1)

Comorbidities, n (%) 75 (78.1)

Cardiovascular disease 25 (26.0)

Arterial hypertension 56 (58.3)

Diabetes, n (n%) 36 (37.5)

Pulmonary disease 7 (7.3)

Renal disease 6 (6.3)

Liver disease 4 (4.2)

Cerebrovascular disease 5 (5.2)

Genetic syndrome, n (%) 10 (10.4)

MEN 2A 3 (3.1)

MEN 2B 2 (2.1)

VHL 1 (1.0)

NF1 4 (4.2)

Previous abdominal surgery, n (%) 36 (37.5)

Tumour location, n (%)

Right adrenal gland 55 (57.3)

Left adrenal gland 41 (42.7)

Mean size of the tumour (cm) mean ± SD 4.5±2.0

Mean urine metanephrine (µL/24 h),  
mean ± SD 

3 075.6±4 915.3 

Mean urine normetanephrine (µL/24 h),  
mean ± SD 

4 668.7±6 450.1 

Mean urine methoxytyramine (µL/24 h),  
mean ± SD 

606.0±609.6

SD, standard deviation; BMI, body mass index; ASA, American 
Society of Anaesthesiologists physical status classification 
system; MEN 2A, multiple endocrine neoplasia type 2A; MEN 
2B, multiple endocrine neoplasia type 2B; VHL, von Hippel-
Lindau syndrome; NF1, neurofibromatosis type 1.

tests with or without corrections were used for categorical 
variables. Furthermore, univariate, and multivariate logistic 
regression models were built. Baseline variables that had 
the P value <0.1 based on univariate analysis were included 
in a multivariate logistic regression model. Results were 
considered statistically significant when the P value was 
found to be less than 0.05. All data were analysed with 
Statsoft STATISTICA v.13. 

Ethical approval

All procedures were performed in accordance with the 
ethical standards laid down in the 1964 Declaration of 
Helsinki and its later amendments. Informed consent for 
proposed surgical treatment was obtained from all patients 
before surgery. This study was approved by the institutional 
research ethics board (1072.6120.88.2018) and was 
registered on clinicaltrials.gov (NCT04566406).

Results

A total of 96 patients underwent unilateral laparoscopic 
adrenalectomy for pheochromocytoma. The mean age was 
52.6±16.3 years. The mean tumour size was 4.5±2.0 cm. 86 
patients had a sporadic pheochromocytoma and 10 patients 
(10.4%) had a familial disease. Demographic data and 
tumour characteristics are presented in Table 1.

Patients were divided into two groups: HI (+) group 
(n=42) included patients who experienced HI during the 
operation and HI (−) group (n=54) included patients who 
did not meet the criteria of HI.

Sixty-three patients were preoperatively treated with 
nonselective blockers and 33 patients with selective 
blockers. Mean operative time was 98.7±41.7 min and mean 
intraoperative blood loss was 165.7±381.2 mL. In 26% of 
patients, postoperative complications occurred. There was 
one perioperative death—a patient with pheochromocytoma 
(ASA grade 4) died seven days after surgery due to 
cardiopulmonary failure. Three patients required intensive 
care unit stay due to severe hemodynamic instability. In 
summary, 18 patients after adrenalectomy required amines.

The median length of hospital stay was 3 days. There 
was no 30 days readmission after surgery. Treatment details 
and postoperative outcomes are presented in Table 2.

Univariate logistic regression models showed that 
the presence of diabetes mellitus and the size of  adrenal 
tumour were related to the incidence of intraoperative 
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Table 2 Treatment details and postoperative outcomes

Parameter Value

Perioperative haemodynamic instability, n (%) 42 (43.8)

Mean operative time (min), mean ± SD 98.7±41.7 

Mean anaesthesia duration (min), mean ± SD 137.5±44.2

Patients needing blood transfusion, n (%) 8 (8.3)

Mean intraoperative blood loss (mL), mean ± SD 165.7±381.2

Fluid management 

Intraoperative (mL), mean ± SD [median] 1,594.7±674.9 [1,500]

During the first 24 h (mL), mean ± SD [median] 2,786.8±1,052.4 [3,000]

Intraoperative use of vasodilators, n (%) 42 (43.8)

Intraoperative use of vasopressors, n (%) 17 (17.7)

Intraoperative systolic blood pressure

Patients with episodes SBP >200 mmHg, n (%) 24 (25.0)

Duration (min), mean ± SD [median] 17.8±17.2 [10]

Patients with episodes SBP >180 mmHg, n (%) 40 (41.7)

Duration (min), mean ± SD [median] 17.3±16.3 [10]

Patients with episodes SBP >160 mmHg, n (%) 60 (62.5)

Duration (min), mean ± SD [median] 26.7±26.9 [15]

Postoperative use of vasopressors, n (%) 18 (18.8)

Complications, n (%) 25 (26.0)

Clavien-Dindo 1 4 (4.2)

Clavien-Dindo 2 16 (16.7)

Clavien-Dindo 3 1 (1.0)

Clavien-Dindo 4 3 (3.1)

Clavien-Dindo 5 1 (1.0)

Mean length of hospital stay, days, mean, mean ± SD [median] 3.5±2.2 [3]

SD, standard deviation; SBP, systolic blood pressure. 

hemodynamic instability (Table 3). In multivariate logistic 
regression model both the presence of diabetes (OR 
2.79, 95% CI: 1.1–7.1, P=0.031) and size of the adrenal 
tumour (OR 1.43, 95% CI: 1.09–1.86, P=0.009) remained 
significant risk factors for HI. 

In univariate analysis, hemodynamic instability (OR 
4.07, 95% CI: 1.54–10.79, P=0.005), operative time (OR 
1.015, 95% CI: 1.003–1.026, P=0.01), anaesthesia time 
(OR 1.016, 95% CI: 1.005–1.027, P=0.004), intraoperative 
administration of vasopressors (OR 6.0, 95% CI: 1.96–
18.35, P=0.002) and vasodilators (OR 4.93, 95% CI: 

1.81–13.44, P=0.002) were associated with increased all-
cause morbidity. With regard to cardiovascular morbidity, 
we noticed that hemodynamic instability (OR 4.65, 95% 
CI: 1.6–13.31, P=0.005), diabetes (OR 2.83, 95% CI: 
1.05–7.63, P=0.04), operative time (OR 1.016, 95% CI: 
1.004–1.028, P=0.007), anaesthesia time (OR 1.017, 95% 
CI: 1.005–1.028, P=0.004), intraoperative administration 
of vasopressors (OR 8.7, 95% CI: 2.74–27.68, P=0.0002) 
and vasodilators (OR 5.91, 95% CI: 1.94–17.96, P=0.0017) 
were significant factors. In multivariate analysis, necessity 
of intraoperative use of vasopressors remained independent 
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Table 3 Logistic regression factors of perioperative HI

Parameter
Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Sex (female vs. male) 1.00 0.44–2.25 0.9965

Age (years) 1.02 0.99–1.04 0.1687

BMI (kg/m2) 1.00 0.93–1.08 0.9678

Previous abdominal surgery (yes vs. no) 1.09 0.47–2.51 0.8432

ASA (III–IV vs. I–II) 1.19 0.53–2.69 0.6747

Diabetes (yes vs. no) 3.65 1.52–8.76 0.0037 2.79 1.10–7.10 0.031

Cardiovascular disease (yes vs. no) 1.31 0.52–3.27 0.5695

Renal diseases (yes vs. no) 2.81 0.49–16.16 0.2468

Liver diseases (yes vs. no) 1.33 0.18–9.89 0.7784

Pulmonary disease (yes vs. no) 0.50 0.09–2.73 0.4257

Cerebrovascular diseases (yes vs. no) 2.05 0.33–12.89 0.4430

Tumour site (right vs. left) 0.74 0.32–1.68 0.4667

Size of the adrenal tumour 1.48 1.14–1.92 0.003 1.43 1.09–1.86 0.009

PASS score 1.05 0.85–1.30 0.6510

Genetic syndrome (yes vs. no) 0.30 0.06–1.47 0.1364

Surgeon (others vs. the most experienced) 1.82 0.80–4.14 0.1536

Blood transfusion 3.79 0.72–20 0.116

Preoperative alpha-blockade (selective vs. nonselective) 1.04 0.44–2.45 0.9338

Preoperative beta-blockade (yes vs. no) 1.38 0.6–3.17 0.448

Urine metanephrine level >10 ULN (µg/24 h) 2.02 0.6–6.83 0.256

Urine normetanephrine level >10 ULN (µg/24 h) 1.46 0.48–4.41 0.508

Urine methoxytyramine level >10 ULN* (µg/24 h) 1.21 0.07–20.67 0.895

*, absolute values of methoxycatecholamines were not significant risk factors HI: urine metanephrine (OR 1.17, 95% CI: 0.92–1.47, 
P=0.197), urine normetanephrine (OR 1.09, 95% CI: 0.98–1.22, P=0.13) and urine methoxytyramine (OR 1.18, 95% CI: 0.45–3.11, 
P=0.738). HI, hemodynamic instability; OR, odds ratio; CI, confidence interval; BMI, body mass index; ASA, American Society of 
Anaesthesiologists physical status classification system; PASS, Pheochromocytoma of the Adrenal Gland Scaled Score; ULN, upper limit 
of normal.

risk factor for both all–cause (OR 6.32, 95% CI: 1.44–27.75, 
P=0.015) and cardiovascular morbidity (OR 7.54, 95% CI: 
1.65–34.38, P=0.009).

Discussion

Our study confirmed that the main factor affecting HI 
in patients undergoing laparoscopic pheochromocytoma 
resection is the size of the tumour. In addition, the presence 
of diabetes is also an independent factor of HI in our 

group of patients. However, the presence of HI was not 
a risk factor for morbidity in this group. The episodes of 
hypotension requiring intraoperative use of vasopressors 
were independent risk factor for both all-cause and 
cardiovascular morbidity.

Hemodynamic instability is one of the most frequent 
adverse events in patients undergoing laparoscopic 
pheochromocytoma removal. In our study the incidence 
of HI occurred in 44% of patients, mostly during surgery 
and this value is similar to the results of the previous studies 



898 Pisarska-Adamczyk et al. Hemodynamic instability & pheochromocytoma

© Gland Surgery. All rights reserved.   Gland Surg 2021;10(3):892-900 | http://dx.doi.org/10.21037/gs-20-783

(11,19,20). Due to the frequent occurrence of persistent 
postoperative hypotensive episodes, often patients require 
a transfer to the intensive care unit. Fortunately, it is not 
reflected in the percentage of postoperative mortality (1% 
in our group). Recent findings suggest that the risk of post-
operative hypotension may be reduced by limiting the use 
of preoperative beta-blockade therapy, which has been 
overused in earlier years (21).

The size of the adrenal tumour is the most commonly 
reported risk factor in the literature (5,10,11). Larger 
tumours have been shown to significantly release 
catecholamines during pheochromocytoma removal and as a 
result to increase the number and duration of intraoperative 
hypertensive episodes (10,22,23). In contrast to earlier 
findings, in our study degree of catecholamines production 
by the tumour at baseline was not a significant predictor of 
HI (6,11). It seems that the intraoperative manipulation on 
larger tumours leads to the release of greater amounts of 
catecholamines. Probably measuring catecholamines’ release 
at the time of tumour removal could be a better predictor 
for HI than measurement of catecholamines’ metabolites 
before the operation.

This is the first article that provides detailed insight 
into patients’ comorbidities and therefore we were able to 
demonstrate that diabetes was also a risk factor for HI. It has 
been proven that diabetes mellitus affects functional as well 
as structural properties of the cardiovascular system (24). 
In particular, diabetic patients have higher arterial stiffness 
compared to non-diabetic ones, so these patients may be 
particularly susceptible to hypertension episodes (25).

However, numerous other risk factors for HI occur in 
the literature (5,12,13). Possible reasons for this variability 
might be a lack of standardized perioperative both 
anaesthesiological and surgical management. In addition, 
discrepancies could arise from different HI definitions. In 
Kiernan et al. study, the use of selective blockade and open 
adrenalectomy were associated with episodes of HI, while 
Livingstone et al. showed a significant interaction between 
intraoperative magnesium use and preoperative SBP in 
predicting hemodynamic instability (5,12). 

Previous studies showed that HI during pheochromocytoma  
resection is associated with a higher risk of complications (11).  
Thus, we speculate that preventing perioperative HI 
will decrease morbidity rate after pheochromocytoma 
removal. Notably, 61.5% percent of patients in our study 
required intraoperative administration of vasopressors or 
vasodilators and almost every fifth patient had administered 

vasopressors postoperatively. Interestingly, in our study 
we did not demonstrate that HI is associated with a 
higher risk of complications. Our study showed that 
only intraoperative vasopressors use was an independent 
risk factor for postoperative all-cause and cardiovascular 
morbidity. In contrast to earlier findings, incidence of SBP 
>160 mmHg intraoperative episode, past medical history of 
coronary artery disease or female sex were not significant 
risk factors for postoperative morbidity (3,6).

In the perioperative period, 8 (8.3%) patients required 
blood transfusion. It is a large percentage compared to the 
data presented by Hauch et al. (26). He showed on a large 
cohort of patients that the percentage of bleeding related 
to adrenalectomy is 5.7%. However, the group differed 
from the one presented by us. The author included all 
patients undergoing adrenalectomy in the analysis—we only 
analysed pheochromocytomas.

There has been debate over the years as to whether 
laparoscopy is safe access for this type of tumour. In our 
unit since 2012, laparoscopy is the method of choice 
during adrenalectomy. Patients with pheochromocytoma 
are no exception. Numerous recent studies have shown 
that laparoscopic access is equally safe and does not 
increase the risk of HI (4,27). Furthermore, open surgery 
compared to laparoscopy leads to an increased number of 
episodes of SBP above 200 mmHg (13). However, there 
are still questions in the literature whether the formation 
of pneumoperitoneum could lead to a massive release 
of catecholamines, which leads to hypertension and 
tachycardia (28). Nowadays laparoscopic access is the gold 
standard of surgical treatment for all adrenal tumours, 
including pheochromocytoma (15).

This study has limitations typical of a single centre 
study. Our material concerned a relatively limited number 
of patients, mainly due to the rare occurrence of this type 
of tumour. The most important limitation of the study 
seems to be the choice of the definition of hemodynamic 
instability. The multitude of definitions presented by various 
authors makes it difficult to compare the results. Bias may 
also be affected by the fact that included patients were 
operated over the span of 17 years. Over the years, both 
operators and anaesthesiologists experience have changed. 
Nevertheless, the frequency of HI in smaller time intervals 
of several years was comparable. The use of alpha-blocker 
preparation, modification of intra- and postoperative care, 
changes in the treatment of hypertension, and increased 
proficiency in laparoscopic surgery over the years make the 
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comparison even more difficult.

Conclusions

Hemodynamic instability occurred in almost half of the 
patients operated on due to pheochromocytoma. In our 
group, the size of the adrenal tumour and the presence 
of diabetes were independent factors of HI during 
pheochromocytoma resection. Additionally, intraoperative 
use of vasopressors was an independent predictor for both 
postoperative all-cause and cardiovascular morbidity.
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