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Abstract
Context: Postoperative outcomes of patients with normotensive pheochromocytomas are poorly documented.
Objective: We aimed to evaluate the impact of preoperative hypertension on postoperative outcomes following adrenalectomy for 
pheochromocytoma.
Methods: An international retrospective study of patients undergoing adrenalectomy for pheochromocytoma in 46 centers between 2012 and 
2022 was performed. Hypertensive and normotensive pheochromocytoma were defined respectively by the presence or absence of 
hypertension history before or at the time of pheochromocytoma diagnosis. To evaluate differences in postoperative outcomes between 
hypertensive and normotensive patients, propensity score matched (PSM) analysis was performed.
Results: Among 2016 patients with pheochromocytoma, 1034 (51.2%) had preoperative hypertension and 982 (49.8%) were normotensive. 
Hypertensive patients were 4.5 years older (P < .001), had a higher prevalence of type 2 diabetes (P < .001), had a higher median Charlson 
Comorbidity Index (2.0 vs 1.0; P < .001), and had an American Society of Anesthesiologists score of III to IV more frequently (41% vs 19.9%; 
P < .001) than normotensive patients. Nonadjusted analysis demonstrated that hypertensive patients had longer operative time (115.0 vs 
103.5 minutes; P = .026), higher rate of vasopressors at skin closure (19.7% vs 15.4%; P = .013), more perioperative blood transfusions (7.7% 
vs 5.0%; P = .016), and an increased complication rate (21.6% vs 17.7%; P = .029). However, after 1:1 PSM, we found that readmission, 
complications, and serious complications were similar between cohorts.
Conclusion: Patients with hypertensive pheochromocytomas have a higher risk of postoperative complications than normotensive patients due to 
the association of hypertension with a higher burden of comorbidities and older age. However, hypertension is not an independent risk factor of 
postoperative complications after pheochromocytoma surgery.
Key Words: pheochromocytoma, normotensive, hypertensive, Clavin-Dindo, surgical outcomes
Abbreviations: ABPM, ambulatory blood pressure monitoring; ASA, American Society of Anesthesiologists; BMI, body mass index; BP, blood pressure; CCI, 
Comprehensive Complication Index; CDC, Clavien-Dindo classification; DBP, diastolic blood pressure; HA, hand assisted; ICU, intensive care unit; IQR, 
interquartile range; LA, laparoscopic adrenalectomy; LOS, length of hospital stay; OA, open adrenalectomy; OR, odds ratio; PPGLs, pheochromocytomas 
and sympathetic paragangliomas; PSM, propensity score matched; RA, robotic adrenalectomy; RPA, retroperitoneal; SBP, systolic blood pressure; TPA, 
transperitoneal approach.
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Pheochromocytomas are rare neuroendocrine tumors of the 
adrenal medulla that produce and release catecholamines (epi
nephrine, norepinephrine, and dopamine) and their metabo
lites (1, 2). Their clinical presentation is highly variable and 
depends on multiple factors, including tumor size, extent of 
locoregional or distant involvement, catecholamine secretion 
and its hereditary or sporadic nature, among others. Despite 
this, hypertension is considered the most frequent symptom 
in these patients (3). The prevalence of hypertension at the 
time of the pheochromocytoma diagnosis is quite variable, 
ranging from 50% to 95% depending on the definition of 
hypertension, the study population, and other factors (4, 5). 
Thus, it means that up to 50% of the patients with pheochro
mocytomas may present with normal blood pressure (BP) lev
els. Nonetheless, in general the most accepted prevalence for 
normotensive pheochromocytomas is 30% (6-8).

Despite the relative high frequency of normotensive pheo
chromocytomas according to some series, few data exist about 
the postoperative outcomes of these patients in comparison 
with hypertensive pheochromocytomas. In fact, few series 
have compared the risk of intraoperative and postoperative 
complications in both groups (8-11), and results are contradic
tory. Some authors have found a similar risk of intraoperative 
and postoperative complications in hypertensive and normo
tensive pheochromocytomas (10), while others described a 
lower risk in normotensive patients (8); even more, some series 
have reported a greater risk of complications when α-blockade 
is administered to normotensive patients (11, 12). There is a 
lack of evidence about the benefits of presurgical preparation 
in normotensive pheochromocytomas.

Considering this background, the aim of this study was to 
analyze differences in postoperative outcomes following adre
nalectomy in patients with normotensive and hypertensive 
pheochromocytomas. We also evaluated the effect of hyper
tension after controlling the demographic differences in both 
groups using multivariable logistic analysis.

Material and Methods
Study Design
This study is an international, multicenter retrospective cohort 
study evaluating patients diagnosed with pheochromocytoma 
who underwent surgery during the 10-year period from 
January 2012 to December 2022. Data were collected from 
46 centers in 20 countries across 4 continents—centers were ap
proached for inclusion in this study if they had published on the 
topic during the 10 years of this study. At the lead center (Queen 
Elizabeth Hospital, Birmingham, UK), the study was approved 
as a clinical audit, with registration CARMS-18769. In add
ition, the ethical committee of the Ramón y Cajal Hospital ap
proved the study (N REF 101/21, approval date: December 20, 
2022, ACTA 445). In other countries, local principal investiga
tors were responsible for registering this study with the local 
committee.

Study Population, Demographic, and 
Outcome Definitions
Patients included in the study had a preoperative pheochromocy
toma diagnosis confirmed or suspected based on cross-sectional 
imaging (computed tomography or magnetic resonance 
imaging) combined with elevated plasma/urine metanephrines 
levels according to individual center protocols.

In addition, confirmed histological diagnosis of pheochro
mocytoma was also required. As we have previously defined 
in the PHEO-Risk study (8), normotensive pheochromocytoma 
was defined as a patient with no previous history or any episode 
of hypertension (office systolic blood pressure [SBP] > 140 mm 
Hg or office diastolic blood pressure [DBP] > 90 mm Hg) and 
no use of any type of antihypertensive medications before sur
gery; and hypertensive pheochromocytoma when office SBP 
was greater than 140 mm Hg and/or office DBP was greater 
than 90 mm Hg before surgery, or the patient was under med
ical treatment with antihypertensive drugs (Fig. 1). Of the 2016 
patients with pheochromocytoma undergoing adrenalectomy 
included, 1034 had preoperative hypertension and 982 were 
classified as normotensive pheochromocytomas.

Demographics collected for this study included age, sex, 
body mass index (BMI), and preoperative comorbidities. 
Preoperative comorbidities were scored according to the 
Charlson Comorbidity Index (13), and physical status was as
sessed using the American Society of Anesthesiologists (ASA) 
score (14). We also collected data on tumor characteristics in
cluding tumor laterality, size, and underlying genetic condi
tions. For tumor size, diameter of the largest lesion was used 
in cases of bilateral tumors. Surgical approach was character
ized as open approach (OA), laparoscopic approach (LA), or 
robotic approach (RA). Minimally invasive approaches were 
completed using either transperitoneal (TPA) or retroperiton
eal (RPA) techniques. Operative time was defined as the time 
between skin incision and skin closure. Conversion to open 
was defined as the need for laparotomy during RA or LA or 
completing the surgery with hand-assisted (HA) technique.

Perioperative complications and postoperative outcomes 
were evaluated. Complications were considered as “any devi
ation from the normal postoperative course,” according to 
the Clavien-Dindo Classification (CDC) (15). Each complica
tion was assigned a CDC grade between I and V, based on 
the degree of invasiveness of the required treatment, with grade 
V representing death. The Comprehensive Complication Index 
(CCI) was used to score (0-100) the overall burden of compli
cations within surgery and discharge (16). Any new complica
tion and the relative CCI were calculated at discharge, 90 days, 
and 12 months. Severe complications were defined as a CDC 
greater than or equal to 3a. Length of hospital stay (LOS) 
was calculated from the day of the operation until the day of 
discharge. Of note, prolonged vasopressor support, defined 
as postoperative hypotension requiring vasopressor support 
for more than 24 hours, was considered as a grade IVa compli
cation based on previous studies (17, 18). Readmission rates to 
hospital at 90 days for any causes (surgical or medical) were 
evaluated. Obesity was defined as BMI of 30 or greater at 
surgery.

Figure 1. Study population.
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The primary outcome of this study was to evaluate the effect 
of preoperative hypertension on postoperative outcomes fol
lowing adrenalectomy for pheochromocytoma. Secondary 
outcomes evaluated differences in patients with hypertension 
and those without.

Statistical Analysis
Data were presented as median with interquartile range (IQR) 
for continuous variables and differences between groups eval
uated using bivariate regression. Data for CCI are presented as 
mean ± SD due to all medians being 0. Categorical variables 
were presented as counts and percentages, with differences an
alyzed using chi-square tests. Results from multivariable ana
lysis were presented as odd ratios (OR) and outcomes 
following propensity score matching were presented as aver
age effect on the treated cohort with 95% CI. The α was set 
to P less than .05 a priori.

Initially, nonadjusted bivariate analyses of demographics 
and outcomes were conducted comparing hypertensive and 
nonhypertensive cohorts. To control for demographic differ
ences, multivariable models were constructed to evaluate fac
tors (including our factor of interest, hypertension) for 
independent association with complications and CCI. To de
velop these models, factors statistically significantly associ
ated with outcomes with a P value of less than .10 were 
incorporated in the main effects logistic regression model. 
The Wald test was used to determine statistically significant 
variables (P < .05) contributing to the model. Collinearity 
was evaluated using the variance inflation factor, with greater 
than 10 prompting exclusion from the model. The Brier score 
(BS) and receiver operating characteristic (ROC) curves were 
used to assess goodness of fit of the models. Analysis was con
ducted using Stata 17 (STATA Corp LP).

To further control for demographic differences and evalu
ate outcomes a propensity score matched (PSM) analysis 
was completed. Factors determined to be statistically signifi
cant in the multivariable analysis were controlled for in add
ition to any demographic factors deemed clinically relevant. 
Hypertensive and nonhypertensive patients were matched 
via PSM using probit treatment modeling controlling for 
surgical approach, age, sex, Charlson Comorbidity index, 
tumor size, tumor location, whether a retroperitoneal ap
proach was applied, and whether patients received α- or 
β-blockers preoperatively. Replacements were allowed to 
optimize matching, meaning hypertensive patients could 
match with nonhypertensive patients more than once. 
Following PSM, we assessed outcomes including the CCI 
at discharge, CCI at 90 days, CCI at 1 year, readmission 
rates, operative time, estimated blood loss, total LOS, occur
rence of any complication, serious complications, serious 
complications excluding hypotension, and episodes of hypo
tension. Subgroups analyses comparing sporadic and genet
ic tumors were performed.

Results
Baseline Characteristics
This study included 2016 patients with pheochromocytoma 
undergoing adrenalectomy. Of these, 1034 (51.2%) had pre
operative hypertension and 982 (49.8%) were classified 
as normotensives. The majority of patients underwent LA 
(81.3%), and most procedures were TPA (67.2%; Table 1). 

Patients had a median age of 52.0 years and 45.0% were fe
male. The median BMI was of 25.0. In terms of comorbidities, 
the median Charlson Comorbidity Index was 2.0, and most 
patients had an ASA of II or III (59.5% and 28.7%, respective
ly). The median tumor size was 4.0 cm, and there was an equal 
distribution of right- and left-sided tumors (see Table 1). 
Overall, the practice for admitting patients before surgery 
for fluid hydration varied across centers. Of included centers, 
10 centers had no patients admitted preoperatively for intra
venous fluid hydration, while 13 centers admitted all of their 
included patients preoperatively for fluid hydration. The re
maining centers had between 1.5% and 98.3% of patients ad
mitted preoperatively for intravenous fluid hydration. Of 
patients, 705 (37.9%) received preoperative admission for 
intravenous fluid hydration. There was no statistically signifi
cant difference in preadmission between the hypertensive and 
nonhypertensive cohorts (371, 37.2% hypertensive vs 334, 
38.8% nonhypertensive; P = .533). Importantly, 93.2% of 
patients received α-blockade with a similar proportion having 
blockade discontinued the day of surgery (45.3%) and more 
than 10 days before surgery (49.6%). Only 32.5% of patients 
also had β-blockade. Detailed information regarding α- and 
β-blocker molecules and dosage are presented Tables 2 and 
3. In summary, when we compared patients with and without 
α-blockade, we found that patients without α-blockade were 
more likely to undergo open surgery (14.4% vs 10.9%; 
P = .024) and more likely to have a TPA (82.2% vs 65.8%; 
P < .001). Moreover, they had a significantly lower starting 
mean arterial pressure, and they were less likely to require 
the intensive care unit (ICU) and required fewer blood trans
fusions. They also had a shorter LOS and significantly fewer 
complications (10.1% vs 20.6%; P < .001) and were much 
less likely to require vasopressors at closure (6.9% vs 
18.6%; P < .001). Incidental diagnosis was more frequent in 
the nonhypertensive group (56.4% vs 32.5%; P < .001) (see 
Table 1).

Comparatively, hypertensive patients were 4.5 years older 
(P < .001), had a higher prevalence of type 2 diabetes 
(P < .001) and had a higher median Charlson Comorbidity 
Index (2.0 vs 1.0; P < .001) and higher ASA. In addition, 
normotensive patients had hereditary syndromes associated 
with pheochromocytomas more commonly than hypertensive 
patients (16.1% vs 12.5%; P = .006). Elevated catechol
amines or symptoms was the most common indication for sur
gery and occurred more frequently in hypertensive patients 
(67.3% vs 57.8%; P < .001). The second most common indi
cation for resection was imaging suspected malignancy, which 
was more likely to occur in nonhypertensive patients (35.2% 
vs 28.6%; P < .001) (see Table 1). Operative approaches, tu
mor size, tumor laterality, and the proportion of patients 
with α-blockade was similar between cohorts. Notably, 
patients with hypertension were more likely to continue their 
α-blockade until the day of surgery (55.0% vs 35.8%; 
P < .001; see Table 1) and were more likely to have 
β-blockade (38.9% vs 28.5%; P < .001).

Bivariate Analysis of Postoperative Outcomes
Nonadjusted outcome analysis demonstrated that patients 
with hypertension had a longer operative duration (115.0 
vs 103.5 minutes; P = .026) and had a higher rate of vasopres
sors at skin closure (19.7% vs 15.4%; P = .013). Additionally, 
patients with hypertension had a higher rate of perioperative 
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blood transfusion (7.7% vs 5.0%; P = .016; Table 4). In keep
ing with these findings, patients with hypertension had a high
er rate of any complication during their hospital stay (21.6% 
vs 17.7%; P = .029). However, with regard to conversion, 

readmissions, postoperative hypotension within and beyond 
24 hours, and summative measures of morbidity including 
serious complications and CCI, the cohorts were similar (see 
Table 4).

Table 1. Baseline characteristics of the population in the international pheochromocytoma database comparing hypertensive and 
nonhypertensive patients

Unmatched cohort Propensity matched cohort

Total cohort 
n = 2016

Nonhypertensive 
n = 982

Hypertensive 
n = 1034

P Nonhypertensive 
n = 248

Hypertensive 
n = 1024

P

Surgical approach .376 .966
Open 221 (11.1%) 112 (11.7) 109 (10.6) 28 (11.3) 106 (10.4)
Laparoscopic 1,613 (81.3) 779 (81.7) 834 (80.9) 198 (79.8) 830 (81.1)
Robotic 142 (7.2) 59 (6.2) 83 (8.1) 21 (8.5) 83 (8.1)
Hand assisted 9 (0.5) 4 (0.4) 5 (0.5) 1 (0.4) 5 (0.5)
Age, y 52.0 (41.0-63.0) 50.0 (39.0-61.0) 54.5 (44.0-65.0) <.001 50.0 (40.0-61.0) 54.5 (44.0-65.0) .849
BMI 25.0 (22.4-28.1) 25.0 (22.0-28.0) 25.0 (23.0-28.5) .090 25.3 (23.0-29.0) 25.0 (23.0-28.5) .574
Female 908 (45.0) 445 (45.3) 463 (44.8) .808 117 (47.2) 459 (44.8) .504
Charlson index 2.0 (1.0-3.0) 1.0 (0.0-2.0) 2.0 (1.0-4.0) <.001 2.0 (0.0-2.0) 2.0 (1.0-4.0) <.001
ASA score <.001 <.001
1 204 (10.1) 158 (16.1) 46 (4.5) 32 (12.9) 46 (4.5)
2 1,198 (59.5) 628 (64.0) 564 (54.6) 162 (65.3) 561 (54.8)
3 577 (28.7) 189 (19.3) 388 (37.6) 52 (21.0) 382 (37.3)
4 41 (2.0) 6 (0.6) 35 (3.4) 2 (0.8) 35 (3.4)
Comorbidities <.001 <.001
Type 2 diabetes 407 (20.2) 117 (11.9) 290 (28.0) 28 (11.3) 288 (28.1)
Hypertension 744 (64.6) 0 (0) 1034 (100) 0 (0) 1024 (100)
Diagnosed as incidental finding 692 (42.2) 376 (56.4) 316 (32.5) <.001 102 (59.0) 310 (32.2) .001
Indication for resection
Elevated catecholamine or symptoms 1015 (63.4) 381 (57.8) 634 (67.3) <.001 91 (52.9) 631 (67.6) .002
Imaging suspected malignancy 501 (31.3) 232 (35.2) 269 (28.6) 67 (39.0) 263 (28.2)
Tumor size 65 (4.1) 37 (5.6) 28 (3) 10 (5.8) 28 (3.0)
Metastasis 2 (0.1) 0 (0) 2 (0.2) 0 (0) 2 (0.2)
Other 18 (1.1) 9 (1.4) 9 (1.0) 4 (2.3) 9 (1.0)
Genetic condition
Yes, n (%) 286 (14.2) 161 (16.4) 125 (12.1) .006 49 (19.8) 123 (12.0) .001
Approach .408
Transperitoneal 1,327 (67.2) 624 (65.8) 703 (68.5) 153 (61.7) 700 (68.6) .105
Retroperitoneal 609 (30.8) 303 (32.0) 306 (29.8) 89 (35.9) 303 (29.7)
Other 39 (2.0) 21 (2.2) 18 (1.8) 6 (2.4) 17 (1.7)
Tumor size, largest tumor cm 4.0 (3.0-5.8) 4.0 (3.0-5.8) 4.2 (3.0-5.9) .318 4.0 (2.7-5.5) 4.1 (3.0-6.0) .542
Tumor location .191
Right 959 (48.9) 477 (50.9) 482 (47.1) 136 (56.7) 479 (47.2)
Left 934 (47.7) 432 (46.1) 502 (49.1) 99 (41.3) 498 (49.1) .022
Bilateral 67 (3.4) 28 (3.0) 39 (3.8) 5 (2.1) 38 (3.7)
α-Blockade
Yes 1,833 (93.2) 878 (93.2) 955 (93.2) .975 229 (92.7) 947 (93.2) .782
α-Blocker discontinuation, (days) <.001 <.001
0 952 (45.3) 383 (35.8) 569 (55.0) 100 (40.3) 564 (55.1)
1-10 109 (5.2) 49 (4.6) 60 (5.8) 14 (5.7) 59 (5.8)
>10 1,042 (49.6) 637 (59.6) 405 (39.2) 134 (54.0) 401 (39.2)
β-Blockade 650 (33.8) 264 (28.5) 386 (38.9) <.001 74 (30.3) 385 (39.1) .011

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index.
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Demographic-Adjusted Postoperative Outcomes
After controlling for demographic differences with multivari
able logistic analysis, hypertension was not independently 
associated with complications (OR 1.16; P = .260; Table 5). 
Completing the surgery laparoscopically or robotically 
(compared to open) was independently associated with a re
duced likelihood of complications. On the other hand, having 
β- (OR 1.37; P = .018) or α (OR 1.97; P = .042) blockade in
dependently increased the likelihood of complications (see 
Table 5). The model was accurate with an ROC of 0.688 
and BS of 0.144.

Similarly, multivariable logistic regression evaluating fac
tors independently affecting CCI demonstrated similar results 
(see Table 5). Again, a minimally invasive approach was asso
ciated with a lower CCI and having β- (1.65; P = .011) or 
α- (2.57; P = .049) blockade was independently associated 
with an increased CCI. Additionally, in this model a higher 

Charlson Comorbidity Index and larger tumor size was also 
associated with increasing CCI (see Table 5).

Finally, comparing hypertensive and normotensive patients 
following 1:1 PSM demonstrated that CCI at all time points, 
readmission, complications, and serious complications were 
similar between cohorts (Table 6). Additionally, patients 
had a similar rate of hypotension episodes within and beyond 
24 hours (see Table 6). The sole difference noted following 
PSM was that patients with hypertension had a 0.83 (95% 
CI, 0.31-1.36) day increased LOS (P = .002).

Subgroup Analyses of Genetic Syndromes and 
Sporadic Pheochromocytoma
Due to the differences in rates of sporadic tumors, further sub
group analysis was also conducted comparing hypertensive 
and normotensive patients in patients after excluding those 

Table 2. α-Blockade type and dosage compared between the two cohorts

α-blockade Total cohort 
n = 2016

Nonhypertensive 
n = 982

Hypertensive 
n = 1034

P

Phenoxybenzamine, n (%) 962 (53.8) 552 (64.6) 410 (43.9)
Daily dose, mg 40 (20-60) 40 (20-60) 40 (20-60) <.001a

Doxazosin, n (%) 727 (40.6) 276 (32.3) 451 (48.2)
Daily dose, mg 6 (4-12) 4 (4-10) 6 (4-12)
Prazosin, n (%) 57 (3.2) 15 (1.8) 42 (4.5)
Daily dose, mg 3.75 (2.5-5) 2.75 (1-5) 4 (2.5-5)
Terazosin, n (%) 6 (0.3) 3 (0.4) 3 (0.3)
Daily dose, mg 4 (1-8) 4 (1-8) 4 (1-16)

Data are presented with median and interquartile range (IQR) for daily dose. The selection of preoperative drug, dosage, and treatment of α-/β-blockade was based on 
centers’ protocols. Of all patients, 1833 (93.2%) received α-blockade with similar rates between the hypertensive (93.2%) and nonhypertensive (93.2%) cohorts (P = .975). 
The most commonly used molecules for α-blockade were phenoxybenzamine (962 patients), doxazosin (727 patients), prazosin (57 patients), and terazosin (6 patients) 
with a median daily dose of 40 (IQR 20-60), 6 (4-12), 3.75 (IQR 2.5-5), 4 (IQR 1-8) mg, respectively. The remaining 81 patients used other drugs or combination; 
however, detailed information on this was missing.
aP value represents χ2 analysis comparing rates of α-blocker drug types as a whole between hypertensive and nonhypertensive patients.

Table 3. β-Blockade type and dosage compared between the two cohorts

β-blockade Total cohort 
n = 2016

Nonhypertensive 
n = 982

Hypertensive 
n = 1034

P

Propranolol, n (%) 197 (30.8) 112 (43.1) 85 (22.4) <.001a

Daily dose, mg 30 (20-60) 30 (20-60) 30 (20-60)
Metoprolol, n (%) 146 (22.8) 30 (11.5) 116 (30.5)
Daily dose, mg 50 (25-100) 50 (25-100) 50 (25-100)
Bisoprolol, n (%) 121 (18.9) 46 (17.7) 75 (19.7)
Daily dose, mg 2.5 (2.5-5) 2.5 (1.9-5) 2.5 (2.5-5)
Atenolol, n (%) 81 (12.6) 41 (15.8) 50 (10.5)
Daily dose, mg 50 (25-50) 50 (25-50) 50 (25-50)
Carvedilol, n (%) 36 (5.6) 11 (4.2) 25 (6.6)
Daily dose, mg 25 (12.5-50) 25 (12.5-50) 25 (12.5-25)
Labetalol, n (%) 12 (1.9) 1 (0.4) 11 (2.9)
Daily dose, mg 300 (100-600) 400 (400-400) 200 (100-600)

Data are presented with median and interquartile range for daily dose. In terms of β-blockade, 650 (33.9%) patients received preoperative treatment with significantly more 
hypertensive patients (38.9%) requiring therapy than nonhypertensive (28.5%). Looking at the β-blockade molecules, the most commonly used ones were propranolol (197 
patients), metoprolol (146 patients), bisoprolol (121 patients), atenolol (81 patients), carvedilol (36 patients), and labetalol (12 patients) with a median daily dose of 30 
(20-60), 50 (25-100), 2.5 (2.5-5), 50 (25-50), 25 (12.5-50), and 300 (100-600) mg, respectively. The remaining 57 patients used other drugs or combination; however, 
detailed information on this was missing.
aP value represents χ2 analysis comparing rates of β-blocker drug types as a whole between hypertensive and nonhypertensive patients.
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with genetic syndromes. In this analysis there were 1728 pa
tients evaluated, with 820 (47.3%) not having hypertension 
and 908 (52.6%) being hypertensive. Multivariable modeling 
demonstrated similar findings with hypertension not being 
independently associated with complication occurrences 
(Table 7).

However, following 1:1 propensity matched analysis of 
patients with sporadic tumors, some unique findings were 
noted. Interestingly, patients with hypertension had a small 
but significantly higher CCI at all time points (Table 8). 
Additionally, they were more likely to experience any compli
cation (+6.6%; 95% CI, 1.9%-11.3%) and serious complica
tions when excluding hypotensive episodes (+1.3%; 95% CI, 
0.1%-2.6%).

Discussion
Clinical diagnosis and treatment of hypertensive and normo
tensive pheochromocytomas is still a matter of debate. 
Despite current clinical guidelines that suggest a similar ap
proach in both cases (2), some differences, related to surgical 
complications and treatment tolerance, are observed in clinic
al practice. In this context, comprehensive analyses of large 
cohorts may help to differentiate tumor subgroups and per
sonalize clinical management.

This is the largest cohort that evaluates the effect of hyper
tension on postoperative outcomes in patients with pheochro
mocytomas. We observed that patients with hypertension 
had a higher risk of any postoperative complication than 
normotensive individuals, but these differences were related 
to a higher ASA, Charlson Comorbidity index, and older 
age; postoperative outcomes were similar in both groups after 
controlling for demographic differences and following 1:1 
PSM, except for a longer LOS in the group of hypertensive 
pheochromocytoma patients.

Regarding the prevalence of normotension in patients with 
pheochromocytomas, we found that up to 50% were classi
fied as normotensive cases. This rate is higher than in other 
series, in which the prevalence ranges between 6% (4) and 
20% to 30% (6); differences might be related to the definition 
of hypertension used at different centers and the bias of retro
spective studies. Importantly, incidence rates are larger in ser
ies of incidental pheochromocytomas, ranging from 13.5% to 
55% (4, 5). In this context, a German cohort of 201 pheochro
mocytomas, which used the same definition for hypertension 
as this study, reported only 6.1% of normotensive cases, but 
the typical triad of symptoms (headache, palpitations, and 
sweating) was found in only 10% of cases (4). Importantly, 
the pattern of hypertension is widely variable in these patients, 
for example, in the German cohort, 8.2% presented only with 

Table 4. Clinical outcomes compared between hypertensive and nonhypertensive patients undergoing adrenalectomy

Total cohort 
n = 2016

Nonhypertensive 
n = 982

Hypertensive 
n = 1034

P

Postoperative location <.001
Ward 851 (43.2) 432 (46.0) 419 (40.7)
ICU 742 (37.7) 312 (33.2) 430 (41.8)

Step-Down unit 375 (19.1) 195 (20.8) 180 (17.5)
Operative time, min 110 (75.0-157.0) 103.5 (75.0-150.0) 115.0 (78.0-161.0) .026
Estimated blood loss, mL 20.0 (0.0-100.0) 20.0 (0.0-100.0) 20.0 (10.0-100.0) .295
Vasopressor at skin closure 336 (17.7) 135 (15.4) 201 (19.7) .013
Perioperative blood transfusion 123 (6.4) 45 (5.0) 78 (7.7) .016
Converted to open/HA 73 (3.6) 35 (3.6) 38 (3.7) .894
Reason for conversion .521
Bleeding 32 (1.6) 16 (1.6) 16 (1.6)
Instability 9 (0.5) 3 (0.3) 6 (0.6)
Tumor size 10 (0.5) 3 (0.3) 7 (0.7)
Other 22 (1.1) 13 (1.3) 9 (0.9)
Postoperative hypotension 369 (23.0) 170 (23.1) 199 (22.9) .652
Postoperative hypotension beyond 24 h 101 (6.4) 52 (7.7) 49 (5.4) .062
Any complications within hospital stay 392 (19.8) 169 (17.7) 223 (21.6) .029
Length of hospital stay, days 4.0 (3.0-7.0) 4.0 (3.0-7.0) 4.0 (3.0-7.0) .051
CCI
At discharge 5.6 (12.9) 5.1 (12.4) 6.1 (13.4) .077
90 days 5.9 (13.3) 5.3 (12.6) 6.4 (13.9) .066
12 months 6.0 (13.4) 5.4 (12.6) 6.6 (4.2) .040
Severe complications CDC ≥3a 135 (6.8) 68 (7.0) 67 (6.6) .722
Severe complication excluding hypotension 37 (1.9) 17 (1.8) 20 (2.0) .717
Readmission at 90 days, n (%) 34 (1.7) 14 (1.4) 20 (1.9) .381
Postoperative mortality (until hospital discharge) 0 0 0 —

Data are presented as median and interquartile range for continuous variables.
Abbreviations: CCI, Comprehensive Complication Index; CDC, Clavien-Dindo classification; HA, hand assisted; ICU, intensive care unit.
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BP peaks and no evidence of permanent hypertension, 35.9% 
had persistent hypertension with BP peaks, and 55.9% pre
sented with hypertension without BP peaks. Additionally, 
although data on ambulatory BP monitoring (ABPM) in pheo
chromocytoma patients are limited, some studies suggest that 

around 10% of cases with normal office BP levels are hyperten
sive based on the results of ABPM (19). In this regard, despite a 
lack of ABPM data in our cohort, probably some normotensive 
patients in our cohort may have had undiagnosed hypertension. 

Table 5. Multivariable logistic regression for complications and 
multivariable linear regression for Comprehensive Complication 
Index at time of discharge for all patients undergoing adrenalectomy

Multivariable logistic regression evaluating factors associated with any 
complication

Risk factor Odds 
ratio

95% CI P

Hypertension 1.16 0.90 to 1.49 .260
Surgical approach, compared to open

Laparoscopic 0.34 0.24 to 0.49 <.001
Robotic 0.37 0.21 to 0.67 .001
Hand assisted 1.40 0.32 to 6.12 .653

Age 0.99 0.98 to 1.00 .208
Sex, female compared to male 1.10 0.86 to 1.41 .432
Charlson comorbidity index 1.12 1.03 to 1.22 .008
Tumor size, cm 1.14 1.09 to 1.19 <.001
Tumor laterality
Left-sided tumor, compared to right 1.00 0.79 to 1.29 .954
Bilateral tumor, compared to right 1.11 0.58 to 2.13 .753
Retroperitoneal approach, compared to 

transperitoneal
1.03 0.82 to 1.31 .789

β-Blockade 1.37 1.06 to 1.79 .018
α-Blockade 1.97 1.09 to 3.81 .042
ROC: 0.688; BS: 0.144

Multivariable linear regression evaluating factors associated with 
increasing Comprehensive Complication Index at discharge

Risk factor Coefficient 95% CI P

Hypertension 0.20 −0.98 to 1.39 .734
Surgical approach, compared to 

open
Laparoscopic −7.71 −9.75 to −5.66 <.001
Robotic −7.62 −10.60 to −4.74 <.001
Hand assisted 6.10 −2.76 to 14.84 .174
Age −0.03 −0.08 to 0.02 .315
Sex, female compared to male 1.00 −0.12 to 2.16 .083
Charlson Comorbidity Index 0.52 0.12 to 0.96 .015
Tumor size, cm 0.81 0.58 to 1.05 <.001
Tumor laterality
Left-sided tumor, compared to 

right
0.39 −0.76 to 1.54 .509

Bilateral tumor, compared to 
right

0.18 −3.08 to 3.44 .913

Retroperitoneal approach, 
compared to transperitoneal

−0.64 −1.78 to 0.50 .270

β-Blockade 1.66 0.38 to 2.93 .011
α-Blockade 2.57 0.01 to 5.13 .049
R2: 0.109

Abbreviations: BS, Brier score; ROC, receiver operating characteristic.

Table 6. Comparation of surgical outcomes in hypertensive 
pheochromocytomas compared to normotensive pheochromocytomas 
undergoing adrenalectomy following 1:1 propensity score matching

Outcome Average 
estimated 
treatment effect

95% CI P

CCI at discharge 1.00 −0.79 to 2.78 .274
CCI at 90 days 0.92 −0.91 to 2.75 .324
CCI at 1 year 1.09 −0.74 to 2.91 .242
Readmission at 90 days −0.1% −2.2% to 2.0% .924
Length of stay, days 0.83 0.31 to 1.36 .002
Any complication 4.7% −0.6% to 10.1% .086
Serious complication −0.4% −4.2% to 3.4% .829
Serious complication 

excluding hypotension
0.9% −0.5% to 2.4% .210

Hypotension, <90 mm Hg 
within 24 h 
postoperatively

−3.2% −8.9% to 2.5% .265

Hypotension, <90 mm Hg 
beyond 24 h 
postoperatively

−3.8% −7.7% to 0.2% .062

Abbreviation: CCI, Comprehensive Complication Index.

Table 7. Multivariable logistic regression for complications at time of 
discharge for patients undergoing adrenalectomy with sporadic 
tumors (ie, excluding those with genetic syndromes)

Multivariable logistic regression evaluating factors associated with any 
complication

Risk factor Odds 
ratio

95% CI P

Hypertension 1.22 0.93-1.61 .149
Surgical approach, compared to open

Laparoscopic 0.35 0.23-0.52 <.001
Robotic 0.34 0.18-0.64 .001
Hand assisted 1.30 0.29-5.78 .728

Age 0.99 0.98-1.00 .089
Sex, female compared to male 1.12 0.86-1.45 .399
Charlson Comorbidity Index 1.13 1.03-1.24 .013
Tumor size, cm 1.15 1.10-1.21 <.001
Tumor laterality
Left-sided tumor, compared to right 0.96 0.74-1.24 .732
Bilateral tumor, compared to right 1.12 0.36-3.46 .847
Retroperitoneal approach, compared to 

transperitoneal
0.99 0.77-1.27 .928

β-Blockade 1.48 1.11-1.97 .007
α-Blockade 1.88 0.93-3.79 .077
ROC: 0.688; BS: 0.144

Abbreviations: BS, Brier score; ROC, receiver operating characteristic.

e3726                                                                                        The Journal of Clinical Endocrinology & Metabolism, 2025, Vol. 110, No. 11



Furthermore, the variability of BP throughout the day and its 
circadian rhythm are associated with clinical complications, 
specifically, a greater variability and the loss of nighttime BP 
dip are associated with increased target organ damage. In this 
sense, pheochromocytomas and sympathetic paragangliomas 
(PPGLs) with inverted circadian rhythm have higher BP vari
ability, which might be closely associated with hormone secre
tion since it reversed after tumor removal (20). Moreover, 
pheochromocytoma can also present with orthostatic hypoten
sion due to volume depletion and loss of baroreceptor sensitiv
ity (21). All these data suggest that pheochromocytoma should 
be considered independent of the presence of hypertension, es
pecially when atypical signs or symptoms are present, such as 
with atypical diabetes mellitus or takotsubo syndrome (22).

In this cohort, hypertensive patients were older and had a 
higher median Charlson Comorbidity Index and ASA than the 
normotensive patients. These results are in line with the results 
of the PHEO-Risk study, in which a difference of approximately 
10 years was observed between patients with normotensive and 
hypertensive pheochromocytomas; furthermore, a higher preva
lence of comorbidities including diabetes mellitus and cardio
vascular disease was observed in patients with hypertension 
(8), which is consistent with higher catecholamine secretion 
(23). In this context, it is possible that the higher comorbidity 
burden in these hypertensive patients is partially explained by 
their age. Nonetheless, it is known that patients with hyperten
sive pheochromocytomas have higher catecholamines levels 
than normotensive patients, leading to a higher risk of cardio
vascular complications (24). In this regard, the clinical pheno
type of hypertension depends on multiple factors including 
adrenal content of catecholamines, as well as the pattern and na
ture of the secretion. For example, persistent hypertension 
strongly correlates with high levels of continuously released 
plasma norepinephrine, while paroxysmal hypertension occurs 
mostly in patients with high levels of plasma epinephrine 
(24). We also found that normotensive pheochromocytomas 

occurred more commonly in patients with hereditary condi
tions. These results are in line with those reported in the 
PHEO-Risk study, in which we found that the prevalence of 
hereditary syndromes was 2-fold higher in patients with 
normotensive than hypertensive pheochromocytomas (26.8% 
vs 56.3%; < 0.001) (8). The association between normotensive 
pheochromocytomas and hereditary syndromes may be ex
plained by an earlier diagnosis of the disease in these patients, 
leading to the detection of smaller tumors with lower secretion 
of catecholamines.

Clinical presentation in these tumors is important not only 
for diagnosis, but also for preoperative medical treatment. 
In this sense, current guidelines suggest a similar approach 
in patients with and without hypertension (7); in this cohort 
we observed that patients with hypertension were more likely 
to continue their α-blockade until the day of surgery, and were 
more likely to require β-blockade. Similar results were de
scribed in previous Spanish series, in which a higher propor
tion of patients with normotensive PPGLs did not receive 
presurgical α-blockade compared with hypertensive PPGLs 
(12.6% vs 4.3%; P = .009) (8). This therapeutic attitude 
may be conditioned by some studies that have described a 
high risk of cardiovascular collapse with α-blockade in 
dopamine-secreting PPGLs (12). However, this is a report of 
only 2 dopamine-secreting pheochromocytomas; thus, larger 
series are needed to establish a recommendation against the 
use of α-blockers in normotensive PPGLs.

Despite normotensive incidental pheochromocytomas hav
ing similar radiological and morphological characteristics 
compared to hypertensive pheochromocytomas, these tumors 
are biochemically different, with reduced levels of urinary epi
nephrine and norepinephrine (6); thus, a different rate of com
plications would be expected. Specifically, low amounts of 
circulating catecholamines and intermittent release are associ
ated with weaker clinical expression (24, 25). The underlying 
mechanisms for these clinical differences are still unknown, 
and might be related to the downregulation of some genes in
volved in key processes of catecholamine metabolism (includ
ing the tyrosine hydroxylase enzyme) in nonhypertensive 
pheochromocytomas (6).

In this cohort, after controlling for demographic differences 
with multivariable logistic analysis, hypertension was not in
dependently associated with complications; only in hyperten
sive patients was a slightly increased LOS observed. As in our 
study, other authors report no differences in the prevalence of 
serious cardiovascular complications in patients with hyper
tensive and normotensive tumors after adjusting for con
founding factors (26); furthermore, silent tumors with slight 
organ damage (even in older patients) have been reported 
(5) and the per-operative hemodynamic instability is similar 
in both groups in other series (10). The observed association 
of hypertension with older age and other comorbidities is in 
line with several reports; specifically, observational studies 
in frail older patients with hypertension have higher morbidity 
and mortality rates compared with those with lower BP levels; 
furthermore, hypertension has considerable effects on cardio
vascular effects including heart failure, myocardial infarction, 
and stroke (27). Additionally, hypertension increases in paral
lel with age, increasing from 27% in patients younger than 60  
years to 74% in those older than 80 years (28). In this sense, 
the Framingham Heart Study showed that more than 90% 
of the participants with a normal BP at age 55 years eventually 
develop hypertension (29).

Table 8. Comparation of surgical outcomes in hypertensive 
pheochromocytomas compared to normotensive 
pheochromocytomas undergoing adrenalectomy following 1:1 
propensity score matching after exclusion of patients with genetic 
syndrome-linked tumors

Outcome Average estimated 
treatment effect

95% CI P

CCI at discharge 1.57 0.06 to 3.09 .042
CCI at 90 days 1.74 0.18 to 3.29 .026
CCI at 1 year 1.77 0.21 to 3.33 .029
Readmission at 90 days 0.1% −1.6% to 1.3% .875
Length of stay, days 0.60 0.06 to 1.15 .030
Any complication 6.6% 1.9% to 11.3% .006
Serious complication −1.3% −5.3% to 2.7% .532
Serious complication 

excluding hypotension
1.3% 0.1% to 2.6% .047

Hypotension, <90 mm Hg 
within 24 h 
postoperatively

−2.3% −7.9% to 3.3% .418

Hypotension, <90 mm Hg 
beyond 24 h 
postoperatively

−2.2% −6.9% to 2.3% .331

Abbreviation: CCI, Comprehensive Complication Index.
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In contrast to our results, higher rates of renal failure in 
normotensive patients have been also described (5); further
more, insufficient BP control before surgery was associated 
with a higher risk of intraoperative complications (30), while 
in patients with nonhypertensive tumors, similar heart rate 
and BP have been reported independent of α-blocker treatment 
(31). In this line, previous reports suggest that hypertensive 
and normotensive pheochromocytomas might be different en
tities based on the cellular chromaffin machinery (6), but de
scribed differences might be also explained by the sample size 
and nonadjusted analyses.

As previously described, we observed a lower risk of compli
cations after laparoscopic or robotic surgery compared to open 
surgery. Supporting it, a meta-analysis including 14 studies in
volving 626 patients focused on comparing LA and OA found 
that the LA approach caused less intraoperative hemodynamic 
instability, providing an equal chance to cure hypertension 
while also yielding a faster and better postoperative recovery 
(32), with even reduced rates of severe complications with the 
RA (33). An unexpected result in our study was the increased 
likelihood of complications in patients under treatment with 
β- or α-blockade. These results could go against the current rec
ommendation of using α-blockade preoperatively in all patients 
with pheochromocytomas (2), in line with some recent studies 
that defend an absent benefit of α-blockade in these patients 
(34, 35). Regarding this, in the meta-analysis of Schimmack 
et al (34), mortality, cardiovascular complications, mean max
imal intraoperative SBP and DBP, and mean maximal intrao
perative heart rate did not differ between patients with or 
without α-blockade. Furthermore, in the Groeben international 
study (35), the cardiovascular complication rate was higher in 
the group of patients receiving α-blockade than among patients 
without α-receptor blockade (5.9% vs 0.9%; P = .0006). 
However, results should be interpreted cautiously, since the au
thors did not describe side-by-side tumor characteristics of both 
groups; thus, differences in age, tumor size, and hormone secre
tion might have been present.

Although our study is the largest study evaluating the effect of 
hypertension on surgical outcomes, we are aware that it has 
some limitations, including its retrospective nature. Moreover, 
although the utilization of PSM was sought to limit this selection 
bias by controlling for important confounders, there could still 
be other unmeasured parameters and complications lost during 
data collection. Third, due to the multicenter nature of the 
study, we must consider that the population demographics dif
fer considerably between centers, and this could have altered the 
decision-making processes and patient selection. For example, 
we found that hypertensive pheochromocytoma patients were 
transferred more frequently in the ICU, but we acknowledge 
that the reasons behind this may well reflect the different policies 
and protocols of patient management at each center; therefore, 
these results warrant cautious interpretation. We also must con
sider that the hypertension definition was based on ambulatory 
BP levels, so it is possible that the proportion of hypertensive 
cases has been underestimated. Moreover, detailed information 
on catecholamines levels is lacking; thus, it was not possible to 
evaluate the effect of the degree of catecholamine hypersecretion 
on surgical outcomes.

Conclusion
Patients with hypertensive pheochromocytomas have a 
higher risk of postoperative complications than normotensive 

patients due to the association of hypertension with a higher 
burden of comorbidities and older age. However, hyperten
sion is not an independent risk factor for postoperative com
plications in pheochromocytoma surgery since the risk of 
complications is similar in the group of hypertensive and 
normotensive pheochromocytomas after adjusting for demo
graphic differences.
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