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Abstract:

Objectives: Surgery of pheochromocytomas (PCs) still carries a high risk of hemodynamic 

complications during the perioperative period.  We aimed to evaluate the influence of their 

secretory phenotype and preoperative alpha-blocker treatment on surgical outcome. 

Design: a retrospective monocentric study at a tertiary medical centre.

Patients: 80 consecutive patients operated by the same team for a PC between 1988 and 

2018.

Results: Diagnosis was based on typical symptoms and signs in 58 patients, genetic testing in 

12 and work-up of an adrenal incidentaloma in 9. It was made during surgery in one patient.  

A genetic predisposition was found in one third of index cases (21/62). The majority of the 

patients (73/79) had a secreting PC; more than 2/3 had an adrenergic phenotype and less than 

1/3 a noradrenergic phenotype. The rate of perioperative hemodynamic complications was not 

influenced by the secretory phenotype, but persistent hypertension after surgery, recurrence 

and malignancy were more frequently observed in patients with a noradrenergic tumour. 

Preoperative alpha-blocker treatment was given for ≥ 14 days in 29 patients and, although 

being more symptomatic at diagnosis, these patients had less hemodynamic complications 

(3/29 vs. 12/51 non-treated patients, p=0.05). 

Conclusions: The occurrence of hemodynamic complications during surgery was not 

significantly affected by the secretory phenotype in our study, but noradrenergic tumours 

show a worse post-surgical outcome. Our data also provide additional support in favor of a 

sufficient preoperative alpha-blockade in patients with pheochromocytoma.
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Introduction

Clinical presentation of pheochromocytomas and paragangliomas (PPGL) is highly 

variable, making early diagnosis often challenging. The pattern and hemodynamic effects of 

tumoural catecholamine secretion may indeed vary from a biochemically and clinically silent 

chromaffin adrenal tumour to a highly expressive pheochromocytoma inducing severe 

hypertension with or without superimposed bursts (1, 2, 3). Severe cardiovascular 

complications may ensue, such as a Takotsubo-like acute myocardial syndrome or chronic 

hypertrophic or dilated cardiomyopathy (4).  

For decades, the diagnosis of PPGL has been most commonly based on the presence 

of paroxysmal or sustained hypertension, associated with suggestive symptoms and signs such 

as palpitations, pallor, tremor, hyperhidrosis and nausea (5). Over the last years, however, 

pheochromocytomas have been increasingly diagnosed during the work-up of an incidentally 

discovered adrenal mass (6, 7, 8) or as a result of genetic case detection testing, as these 

tumours carry a very high rate of germline mutations, up to 35-40% in recent series (9, 10, 

11). 

Surgery represents the primary treatment of PPGL (2, 3). Thanks to improvements in 

medical treatment, anaesthesia and surgical techniques, the mortality has dropped markedly to 

an acceptable range of 0-3%, but the risk of cardio-vascular complications during the 

perioperative period remains high (12, 13). Preoperative medical treatment with alpha-

blockers is currently recommended, at least in hormonally functional PPGL, as it might 

improve surgical outcome (2, 14). However, controversy persists regarding the true clinical 

benefits of such preparation, partly due to the lack of a well-designed placebo-controlled trial 

(14) and the optimal preparation has not been yet clearly defined (12, 15). For instance, some 
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authors have proposed that only patients with severe and complicated hypertension require 

blood pressure normalization prior to surgery (16, 17).

Both perioperative manifestations and surgical outcome seem to be related to the 

severity and phenotype of catecholamine secretion. In particular, the amount of preoperative 

total urinary metanephrine excretion has been reported as an independent risk factor for 

morbi-mortality during surgical resection of the tumour (18). In addition, predominant 

norepinephrine secretion is characterized by a more sustained hypertension and an absence or 

reversal of nocturnal blood pressure dipping that may lead to a higher prevalence of target 

organ damage (19).                        

The aims of our study were to characterize a large series of patients treated in our 

tertiary center for an adrenal pheochromocytoma (PC) and to determine whether the secretory 

phenotype could influence surgical complications and long-term outcome. We also thought to 

determine whether an adequate preoperative medical preparation with alpha-blockers 

improved surgical outcome.

 

Materials and methods:

Patients

We retrospectively analyzed the data from 80 consecutive patients who were managed 

by the same clinical team and who had undergone adrenal surgery between 1988 and 2018 in 

our academic centre to remove an immunohistochemically confirmed pheochromocytoma, 

Twelve patients were operated before 2000 and 68 thereafter, while four other patients had to 

be excluded because of insufficient follow-up data. We collected patient’s characteristics, 

symptoms and complications at diagnosis, hormonal results, non-invasive imaging techniques 

used to localize PC, tumour size, preoperative medical preparation, type of surgery, 

complications that occurred during and within 24h after surgical intervention, as well as 
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postoperative outcome including evolution of hypertension, PC relapse, malignant 

transformation and death. The median duration of follow-up was 53 months [P5-P95 interval: 

6-248 months].

The circumstances of diagnosis were available in 74 patients only, whereas 

preoperative urinary catecholamine excretion was available in 79 patients (24-hour urine 

fractionated metanephrines in 74 patients, 24-hour urinary epinephrine and norepinephrine in 

5 patients diagnosed before 1996, and no data in one patient with a PC diagnosed at the time 

of surgery). The patients were divided into three subgroups according to the tumour secretory 

phenotype, as proposed by Eisenhofer and colleagues (20, 21): (i) adrenergic tumours (PCs 

secreting metanephrine and/or epinephrine, alone or in combination with 

normetanephrine/norepinephrine), (ii) noradrenergic tumours (PCs secreting only 

norepinephrine and normetanaphrine), and (iii) biochemically silent tumours (both urinary 

metanephrine and normetanephrine concentrations in the normal range). Blood genetic testing 

was routinely performed in every PPGL patient since 1998 and data were available in 70/80 

patients. Only the first family member diagnosed with PC was taken into consideration to 

calculate the proportion of genetic disease. 

We considered that patients had received adequate preoperative medical preparation if 

they had been treated with an alpha-adrenergic receptor blocker for at least 14 days before 

surgery. This two week-period was selected based on current guidelines (2) and procedures 

adopted by most other centers (12). Two patients receiving preoperative alpha-blockers for 

only 4 and 6 days were therefore not included in this subgroup. Major hypertensive peaks 

(systolic blood pressure ≥ 300 mmHg), cardiac arrhythmia, acute pulmonary edema, cardiac 

arrest and vasoplegic shock during or early after surgery were all considered as severe 

hemodynamic perioperative complications. We also included as outcome measures a 

prolonged total surgical stay (> 10 days) and a prolonged stay (> 24h) in the intensive care 
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unit (ICU). Indeed, several patients with no perioperative complications were systematically 

monitored in the ICU during the first postoperative day. Postoperative normalisation of blood 

pressure was defined as repeated normal ambulatory blood pressures without any anti-

hypertensive drug both at home and during outpatient visits for at least 6 months after 

surgery.

Hormone assays

Epinephrine, norepinephrine and fractionated metanephrines were measured on 24-

hour urine collection. Urine samples were collected in polyethylene containers with 15 mL of 

HCl 6N used as a preservative and stored at 4°C. Assays were always performed within 2 

weeks. Until the end of 2018, urinary catecholamines and metanephrines concentrations 

were determined by high-performance liquid chromatography method with electrochemical 

detection. An internal standard (dehydroxylbenzylamine/DHBA) was included with each 

extraction to monitor recovery and facilitate quantification. Since 2019, in order to increase 

throughput, reduce solvent use and enhance resolution, urinary catecholamines and 

metabolites were measured using ultra-performant liquid chromatography on Acquity® 

systems with electrochemical detector ECD 2465 (Waters corporation, Milford, MA, USA).

Statistics

Statistical analyses were performed using the SPSS Statistics version 25.0 software 

(SPSS Inc., Chicago, IL).  The continuous variables were reported as mean ± standard 

deviation, or as median and (P5-P95) interval. The normality of the data was assumed for a 

sample size greater than or equal to 30 according to the strong law of large numbers. 

Continuous variables were compared using Student's unpaired t-tests whereas analysis of 

variance was used for multiple comparisons. Discrete variables were compared by the Chi-

square test. For multiple comparisons, the significance threshold was adjusted by the 

Bonferroni method.  Correlations were calculated using Pearson’s regression analysis. A 
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multivariate logistic regression analysis was also performed to determine factors 

independently predicting peroperative hemodynamic complications. A p value of less than 

0.05 was considered statistically significant. The study was approved by the Ethics 

Committee of the Cliniques Universitaires Saint Luc of Brussels.  

Results

General characteristics at diagnosis

The study population included 80 patients (39 men and 41 women, mean age at 

diagnosis: 47±18 years) (Table 1). A significant proportion of patients (58/79) had 

hypertension and more than half had abnormal glucose metabolism, either diabetes (n=21) or 

impaired fasting glycaemia (n=22). Clinical manifestations at diagnosis were present in 53/74 

patients.  Thirty-seven subjects had one or more typical manifestations of PC (paroxystic 

crises of headaches, palpitations, diaphoresis, and/or pallor associated with hypertension), 

while the other patients presented with Takotsubo-like cardiomyopathy (n=5), abdominal pain 

(n=5), malignant hypertension (n=3) or other symptoms related to tumor or metastases (n=3). 

In the 21 asymptomatic patients, diagnosis was made during familial genetic screening in 12 

or following incidental discovery of an adrenal mass in nine. 

The most effective imaging techniques to localize PC were abdominal CT-scan and 

MRI, both techniques identifying the adrenal tumour in all cases they were performed (61 and 

43 patients, respectively). 123I meta-iodo-benzyl-guanidine (MIBG) scintigraphy was 

performed in 54 patients and correctly identified the tumor(s) in 49, whereas 18F-

deoxyglucose positron emission tomography (PET) fused with CT was also regularly 

performed during the last ten years and showed hypermetabolism of the tumour in 15/17 cases 

with a maximum SUV value of 6.1 ± 3.9. Six patients had a bilateral PC at diagnosis, whereas 
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two other patients developed a metachronous controlateral PC during follow-up.  Two 

patients had liver metastases at diagnosis.

Genetic testing

Genetic testing was performed in 70 patients and a germline mutation in one of the 

known susceptibility genes was found in 29 of them. When only the first family member was 

considered, one third of the tested patients (21/62) had a hereditary disease. The mutated 

genes were RET (n=9), VHL (n=5), SDHB (n=3), SDHD (n=1), NF1 (n=2) and MAX (n=1). 

Compared to patients with a sporadic pheochromocytoma, index patients harbouring a 

germline mutation were diagnosed at a younger age (40 ± 18 vs 51 ± 17 years; p=0.02), were 

more often men (3:1 vs 1:1.3 ratio, p=0.015), and tended to be less often symptomatic at 

diagnosis (15/29 vs 38/51; p=0.08). Notably, all bilateral PCs, belonged to the hereditary 

group.

Characteristics according to the secretory phenotypes

The vast majority of PCs (73/79) were secreting at diagnosis, although a significant 

proportion of them (n=18) had no suggestive symptoms. Fifty-two had an adrenergic 

phenotype, with tumours secreting excess of metanephrine/epinephrine, alone (n=6) or most 

often in combination with normetanephrine/norepinephrine (n=46), while 21 patients had a 

noradrenergic phenotype, secreting only normetanephrine/norepinephrine (Table 2). 

Biochemically silent PCs were found in 6 patients, all being asymptomatic and normotensive. 

When comparing adrenergic and noradrenergic tumours, most features at diagnosis were not 

significantly different between the two subgroups (Table 2). The prevalence of hereditary 

forms was not different between the adrenergic and noradrenergic groups, but was higher in 

the biochemically silent patients, reflecting early diagnosis by genetic screening in this group. 
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Interestingly, tumour size differed according to the secretory PC phenotype. Biochemically 

silent tumours were the smallest ones, while noradrenergic PC were the largest (p<0.01). 

Furthermore, considering the whole cohort of patients, tumour size significantly correlated 

with 24 hour-urinary metanephrine or normetanephrine excretion (Figure 1a and 1b). 

Preoperative medical treatment

Prolonged (≥ 14 days) preoperative alpha-adrenergic receptor blocker treatment had 

been given in 29 of the 80 patients, never in patients with a biochemically silent PC and less 

often in patients with a noradrenergic phenotype (p=0.03; Table 2). Interestingly enough, 

alpha-blockade was much more frequently administered to the patients operated during the 

more recent period 2013-2018 (20/32) than in those with surgery performed during the period 

1988-2012 (9/58; p<0.01). Most patients (n=27) were treated with prazosin at a median 

steady-state dose of 1.5 mg/day (range, 1 to 7 mg/day). The median duration of alpha-

adrenergic receptor blocker treatment in these patients was 30 days (range, 14 to 90). 

Additional beta-adrenergic blockade was provided to 23 patients after a median interval of 5 

days [2-12 days] while 15 other patients were already treated with beta-blockers since several 

months or years. 

When comparing patients with and without preoperative alpha- blocker treatment 

(Table 3), there was no difference in age, prevalence of hypertension or tumour size between 

the two subgroups, but a higher proportion of patients with alpha-blockade were symptomatic 

at diagnosis or had paroxysmal attacks (p=0.01). In addition, these patients had 2-fold higher 

urinary metanephrine levels, although the difference did not reach statistical significance. 

Regarding surgical outcome, peri-operative hemodynamic complications occurred more 

frequently in patients without medical preparation (12/51 vs 3/29, p=0.05) while these 

patients had also undergone more frequently laparotomy than patients with preoperative 
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blockade. The number of patients hospitalized in ICU for more than one day tended to be 

higher in patients without preoperative alpha-blockers (Table 3).

Surgical outcome

All our patients underwent surgical adrenalectomy, 49 patients by a laparoscopic 

approach and 31 patients by open laparotomy. The mean time delay between diagnosis and 

surgery was 56 ± 46 days. There was no perioperative death but 15 patients (one fifth) had 

severe hemodynamic complications during or within 24h after surgery. These subjects had a 

more severe and symptomatic hypertension at diagnosis, a 2.7 fold-higher excretion of 

normetanephrines (but not of metanephrines) and a larger tumour (Table 4). They had also 

undergone more frequently a laparotomy than a laparoscopic adrenalectomy and had more 

frequently a final diagnosis of malignant PC. In contrast, age, BMI, glucose metabolism and 

the secretory phenotype (Table 2) as well as the presence and type of a genetic mutation were 

not associated with the incidence of hemodynamic complications. Interestingly, while the 

proportion of patients with alpha-blocker preparation was not significantly different between 

the two subgroups, patients with severe complications had been treated for a much shorter 

period before surgery (median of 18 vs 30 days, p=0.017). As expected, the mean duration of 

ICU stay and total duration of surgical stay were longer in the complicated group (Table 4). 

We also performed a multivariate analysis, which showed that tumor size was the main 

preoperative factor independently predicting the risk of hemodynamic complications, while a 

shorter duration of preoperative alpha-blocker treatment was also a significant risk factor 

when tumor size was not considered (Table 5). 

Long-term follow-up
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The patients were followed for a median period of 53 months [6-248 months]. All 

patients except the two with metastases were in remission after surgery (78/80). Patients with 

a noradrenergic PC showed less often normalization of their blood pressure after surgery as 

opposed to patients with an adrenergic phenotype (p< 0.05; Table 2). A relapse of the tumour 

was observed in 5 cases, after a median delay of more than 10 years. During follow-up, liver, 

bone and/or peritoneal metastases developed in 5 patients so that a malignant PC was finally 

identified in a total of 7 patients of the cohort. The relapsing and malignant PCs had usually a 

noradrenergic phenotype and were never diagnosed as a biochemically silent tumor (Table 2). 

The proportions of patients in remission, with relapse, or with a malignant PC were not 

different between hereditary and sporadic cases (data not shown). At the end of the follow up, 

5 patients had died, but only 2 deaths could be attributed to complications of a metastatic 

pheochromocytoma. 

Discussion

In this study, we report the characteristics of a monocentric cohort of 80 patients with 

an adrenal pheochromocytoma. These characteristics are consistent with the features usually 

observed in large series of PCs in the literature (5, 8, 18, 20, 22, 23, 24). In particular, we 

found no sex predominance, a mean age at diagnosis of 47 years and a mean tumour size of 

more than 50 mm. However, in contrast to recently reported series (7, 8), the diagnosis in our 

cohort was still mostly driven by the presence of symptoms or complications typical of a 

pheochromocytoma. In addition, in agreement with previous publications (18, 22, 23, 24), 

three quarters of our subjects had a history of hypertension and more than half had diabetes or 

impaired fasting glucose level at diagnosis. 

In the remaining 21 patients, the tumour was found either as the result of mutation-

based case detection testing or following identification of an adrenal incidentaloma on 
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imaging. This mode of presentation has become increasingly prevalent over the last years, due 

to frequent routine use of abdominal imaging leading to the diagnosis of less active and less 

symptomatic tumours in older individuals (7, 8). It is worth mentioning that PC is a frequent 

finding in the work-up of an incidentally discovered mass, accounting for 17% of them in a 

recent study (6). The differences in the mode of presentation of PC between our study and 

more recent series may be explained by the extended period of inclusion and by recruitment 

bias, as severe and symptomatic tumours were more often referred to our center.

Case detection testing for patients with genetic predisposition has also become a 

common way of diagnosing PC, as it was the case for more than half of the asymptomatic 

patients in our cohort.  In total, we found a pathogenic germline mutation in one third of all 

index patients, a proportion similar to those reported by previous genetic studies on PPGL, 

ranging from 25 % to 40% of patients (2, 9, 10, 11). As expected, familial cases were 

diagnosed at a younger age, had frequently bilateral tumours (25), and, as reported in other 

studies, were not different compared to sporadic PC in terms of surgical complications (18, 

26). 

Amongst the 73 patients with secreting PC at diagnosis, more than 2/3 were 

oversecreting epinephrine, most often together with norepinephrine, and less than 1/3 had a 

noradrenergic tumour. This is consistent with previous findings on PC secretory phenotypes 

based on plasma metanephrines (19, 20, 21, 27). We also observed a significant correlation 

between tumour size and the amount of urinary normetanephrine and metanephrine excretion. 

This suggests that as much as plasma metanephrines, 24-hour urinary metabolites reflect well 

tumour activity and secretory phenotype. Moreover, noradrenergic PCs were the largest ones, 

as shown in other studies (19, 28). 

We also observed that the noradrenergic tumours showed less often normalization of 

blood pressure after surgery compared to the adrenergic phenotype. This is well in line with 
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the recent observation that patients with a noradrenergic PC have more severely impaired 

diurnal blood pressure variability, permanent damage to the arterial vessels and persistent 

hypertension (19). In contrast, patients with significantly elevated levels of epinephrine often 

have paroxysmal hypertension and orthostatic hypotension (29).

It is interesting to note that in 6 cases we found a biochemically silent PC. All these 

patients were clinically asymptomatic and showed neither paroxysmal attacks nor 

hypertension at diagnosis. However, even though their clinical presentation was mild, one 

patient showed perioperative hemodynamic complications, because of catecholamine surges 

induced by mobilization and surgical excision of the tumour. Such incidentally discovered 

normotensive pheochromocytomas with normal metanephrines values have indeed been 

reported previously and may show hemodynamic instability at surgical excision (8, 30). 

Surgery is the primary treatment for patients with PCs but still carries a high risk of 

hemodynamic complications during the perioperative period (12, 13). Current guidelines 

support the use of alpha-adrenergic receptor blockers for at least 10 to 14 days prior to 

surgery to minimize perioperative complications (2, 14, 17, 31). This recommendation is 

mainly based on retrospective studies and there is no randomized controlled study that has 

definitively confirmed the benefits of preoperative medical preparation (12, 14, 15). Data are 

even weaker regarding the duration of such medical treatment. 

In our study, only 36% of the patients were treated for at least 14 days with alpha-

adrenergic receptor blockers.  There was however a significant trend to use more frequently 

preoperative alpha-blockade over the last years. The treated patients were also more 

symptomatic at diagnosis and had more frequently paroxysmal attacks. Their pre-treatment 

systolic and diastolic blood pressure also tended to be higher than in those without medical 

preparation. Despite this selection bias and a more severe clinical presentation at diagnosis, 

hemodynamic complications during surgery were less frequent in patients who had received 
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preoperative alpha-adrenergic blocker treatment.  Notably also, in the few patients who 

developed hemodynamic complications despite having received preoperative alpha-blockers, 

the median duration of treatment was shorter than in those without complications. These 

observations support the use of preoperative alpha-blocker treatment for a sufficient period of 

time before PPGL surgery and this recommendation might even be extended to the 

normotensive patients.

Perioperative complications resulting from severe hemodynamic instability occurred 

more frequently in patients with a symptomatic PC, higher levels of normetanephrine, a larger 

or malignant tumour, and a need for open laparotomy.  Similar results were found in the study 

reported by Bruynzeel et al. (26). However, in the latter, there was no difference between 

those who underwent open surgery and laparoscopic surgery.  Our results may be biased by 

the fact that a laparotomy was usually preferred in the more complex patients. Nevertheless, 

other studies have also reported that laparotomy was associated with more surgical 

complications (32, 33). 

During follow-up, we observed a recurrence in 5 patients, a recurrence rate close to the 

rate of 0.98 events/100 person-years reported by Amar et al. (34). The proportion of 

malignant PCs was close to the 10% figure found in the literature (35). As reported previously 

(20, 34), recurrence and malignancy were associated with initial tumour size, but also with a 

noradrenergic phenotype which seems therefore to confer a worse prognosis to the tumour.

Our study has several limitations. Due to its retrospective design, some data at 

diagnosis were missing for a few patients. In addition, this study was carried out in a 

monocentric cohort and the number of patients may have been insufficient to reach statistical 

significance for some comparisons. The inclusion period spanned three decades and 

recommended practice evolved over that time period. Plasma metanephrines were measured 

only in a minority of patients and, in contrast to the pivotal study by Eisenhofer and 
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colleagues (20), we rather used 24 h-urinary factionated metanephrines to determine the 

secretory phenotype. We believe however that this approach has also been strongly validated 

to evaluate tumoural catecholamine secretion (2). The strengths of this study are that all 

patients were diagnosed and managed by the same multidisciplinary team and followed for a 

long period. It therefore provides valuable results on the real-life management of adrenal PCs 

in a tertiary center.

In conclusion, we show in this monocentric series of patients with an adrenal 

pheochromocytoma that the secretory phenotype does not significantly influence the rate of 

hemodynamic complications during surgery but may affect long-term post-surgical outcome. 

While biochemically silent PCs are usually of small size and good prognosis, noradrenergic 

tumours show a worse post-surgical outcome than adrenergic ones, with persistent 

hypertension despite remission and a higher rate of recurrence or malignant behavior. Our 

data also add support to the current recommendation of a prolonged alpha-adrenergic blocker 

preoperative preparation in patients with PPGL, even in those with normal blood pressure.
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Figure 1. Correlations observed between tumour size and 24-hour urinary metanephrine (A) 

and normetanephrine excretion (B)
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Table 1. General characteristics of the 80 patients operated for an adrenal pheochromocytoma

All patients  n=80

Mean age at diagnosis (years) 47.0 ± 18.4

Patients aged < 50 years 40/80

Sex ratio (men/women) 39/41

Mean BMI (kg/m²) 24.8 ± 5.0

Mean tumour diameter (cm)§ 5.4 ± 3.4

Family history of PC 17/74

Patients with hypertension 58/79

Systolic blood pressure at diagnosis (mmHg) 160 ± 40

Diastolic blood pressure at diagnosis (mmHg) 92 ± 20

Patients with abnormal blood glucose level 43/79

Data are shown as mean ± SD, medians and [P5-P95] intervals or proportions. BMI: body mass index; 
PC: pheochromocytoma; §: mean diameter based on pathology report.
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Table 2. Characteristics of patients at diagnosis (data available for 74 patients), urinary fractionated metanephrines, tumour size and 
post-surgical outcome in relation to the biochemical profile of their pheochromocytoma (n=79)

Data are shown as mean ± SD, medians and [P5-P95] intervals or proportions. PC: pheochromocytoma; ULN: upper limit of normal 
range; Sx: surgery; Nb: number. The P value is derived from one-way ANOVA comparing the three subgroups.
*:indicates subgroups with values significantly different from other subgroups without an asterisk. $:refers to patients with 
alpha-blocker treatment for at least 14 days before adrenalectomy.

Adrenergic 
phenotype 

(n=52)

Noradrenergic 
phenotype

(n=21)

Biochemically 
silent
(n=6)

P-value

Mean age at diagnosis (years) 49.1 ± 17.3 40.4 ± 19.7 49.0 ± 20.9 0.18
Symptomatic PC at diagnosis 38/50 15/19 0/5* 0.01
Paroxysmal crises at diagnosis 32/50 9/19 0/5* 0.03
Nb of patients with hypertension 40/50 16/19 0/5* <0.01
Systolic blood pressure (mm Hg) 163 ± 42 164 ± 35 126 ± 12 0.09
Diastolic blood pressure (mm Hg) 94 ± 21 91 ± 18 78 ± 5 0.19
Nb of patients with abnormal blood glucose 32/50 8/19 1/5 0.17
Urinay metanephrine (xULN) 7.4 [1.7-94.1] 0.4 [0.2-0.9]* 0.7 [0.3-0.9]* <0.01
Urinary normetanephrine (xULN) 5.2 [0.6-41.2] 8.4 [2.1-22.0] 0.6 [0.5-0.8]* 0.04
Nb of patients with mutation 19/45 6/19 4/5 0.21
Type of mutation (RET/VHL/SDHX/NF1/MAX) 12/4/1/2/0 0/3/2/0/1 1/3/0/0/0 0.02
Tumour size (cm) 5.3 ± 2.6 6.6 ± 4.5 1.7 ± 0.8* <0.01
Preoperative alpha-blocker treatment$ 24/52 5/21 0/6 0.03
Hemodynamic complications 8/52 6/21 1/6 0.42
ICU stay > 1 day 9/52 7/21 1/6 0.30
Remission 52/52 19/21 6/6 0.06
Normal blood pressure after Sx 35/40 8/16* 6/6 <0.01
Recurrence 1/52 4/21* 0/6 0.01
Malignancy 2/52 5/21* 0/6 0.02
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Table 3. Characteristics of patients with PC according to the administration or not of an adequate (≥ 14 days) preoperative alpha-
blocker treatment

No preoperative alpha-blocker 
treatment (n=51)

Preoperative alpha-blocker 
treatment (n=29) P value

Mean age at diagnosis (years) 44.7 ± 19.1 51.1 ± 16.5 0.14

Symptomatic PC at diagnosis 27/50 25/29 <0.01

Paroxysmal crises 20/50 21/29 0.01

Nb of patients with hypertension 35/50 23/29 0.37

Systolic blood pressure (mm Hg) 155 ± 34 170 ± 48 0.11

Diastolic blood pressure (mm Hg) 89 ± 19 96 ± 23 0.14

Urinary metanephrine (xULN) 2.4 [0.2-34.0] 5.7 [0.3-110.0] 0.06

Urinary normetanephrine (xULN) 5.3 [0.5-29.0] 5.4 [0.7-39.9] 0.98

Tumour size (cm) 5.3 ± 3.9 5.4 ± 2.3 0.94

Nb of patients with laparotomy 24/51 7/29 0.04

Nb of patients with hemodynamic 

complications
12/51 3/29 0.05

Nb of patients with ICU stay > 24h 14/51 4/29 0.13

Data are shown as mean ± SD, medians and [P5-P95] intervals or proportions. PC: pheochromocytoma; ULN: upper limit of normal range; Nb: 
number; ICU: intensive care unit.
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Table 4.  Characteristics of patients with PC according to the occurrence or not of severe hemodynamic complications during or within 24 hours 
after surgery

No hemodynamic 
complications (n=65)

Hemodynamic complications 
(n=15) P value

Mean age at diagnosis (years) 47.4 ± 18.7 45.3 ± 17.4 0.69

Mean BMI (kg/m²) 24.5 ± 4.8 26.1 ± 5.9 0.30

Symptomatic PC at diagnosis 40/64 13/15 0.06

Mean systolic blood pressure (mmHg) 156 ± 37 180 ± 48 0.04

Mean diastolic blood pressure (mmHg) 89 ± 17 102 ± 29 0.02

Abnormal blood glucose level at diagnosis 33/64 10/15 0.29

Urinary metanephrine (xULN) 0.9 [0.1-16.4] 0.4 [0.1-18.4] 0.54

Urinary normetanephrine (xULN) 2.7 [0.3-17.5] 7.3 [0.3-26.2] 0.05

Mean tumour size (cm) 4.9 ± 2.8 7.5 ± 4.8 0.04

Malignant PC (%) 3/65 4/15 0.01
Nb of patients with preoperative alpha-blocker 
treatment$ 26/65 3/15 0.15

Duration of alpha-blocker treatment (days)# 30 [13-90] 18 [4-26] 0.02

Nb of patients with laparotomy (%) 17 (26%) 14 (93%) <0.01

Mean ICU stay (days) 1 [0-5] 3 [1-7] 0.01

Mean surgical stay (days) 6 [4-12] 12 [8-16] <0.01

Data are shown as mean ± SD, medians and [P5-P95] intervals or proportions. PC: pheochromocytoma; BMI: body mass index; ULN: upper 
limit of normal range; Nb: number; ICU: intensive care unit; $:refers to the 29 patients with alpha-blocker treatment for at least 14 days before 
adrenalectomy;  #: refers to all 31 patients receiving preoperative alpha-blocker treatment.
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Table 5.  Predictive factors for hemodynamic complications during or early after adrenal surgery for a pheochromocytoma according to 

univariate and multivariate analysis

Variables Univariate analysis Multivariate analysis*

odds ratio IC 95% P value odds ratio IC 95% P value

Age at surgery (years) 0.994 [0.964-1.024] 0.690 - - -

Symptoms at diagnosis 4.065 [0.845-9.607] 0.180 - - -

Urinary normetanephrines (xULN) 1.048 [0.996-1 ?102] 0.069 0.999 [0.869-1.149] 0.991

Tumor size (cm) 1.230 [1.040-1.056] 0.016 2.074 [1.027-4.180] 0.042

Adequate preoperative alpha-blocker 0.357 [0.096-1.490] 0.157 - - -

Duration of alpha-blocker treatment (days) 0.861 [0.753-0.985] 0.030 0.858 [0.697-1.052] 0.141

Laparotomy 39.53 [4.83-323.72] <0.001 - - -

* Only variables which were significant at p<0.010 in univariate analysis were introduced in the multivariate analysis. Laparotomy was 

intentionally not included as this factor outweighed by far all other variables and was highly correlated with both tumor size (r=0.488; p<0.001) 

and urinary normetanephrine excretion (r=0.430; p<0.001). When tumor size was removed from the analysis, only duration of preoperative 

alpha-blocker treatment remained significant with an odds ratio of 0.858 per day of treatment [0.747-0.987] (p=0.032).
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