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Abstract

Background: Surgical resection is the standard treatment for phaeochromocytoma (PCC). Current guidelines recommend an open 
approach for large tumours due to the increased risk of complications. This study aimed to characterize surgical outcomes for large 
(≥ 6 cm) and small (< 6 cm) PCCs and to identify factors that may improve postoperative outcomes. 

Methods: This retrospective cohort study of patients undergoing adrenalectomy for PCC in 49 international centres between 2012 and 
2022 compared patients with tumours < 6 cm in diameter and those with tumours ≥ 6 cm in diameter. Univariate, bivariate 
(dichotomous), and multivariate (multiple logistic and linear) analyses were used to evaluate outcomes and risk factors for 
complications. A secondary multivariable analysis evaluated factors, including operative approach, influencing outcomes for 
patients with tumours ≥ 6 cm. A 1:1 propensity score-matched (PSM) analysis was completed to control for age, sex, body mass 
index, and the Charlson Co-morbidity Index.

Results: Of the 2301 patients included in the analysis, 598 (26.0%) had PCCs with a diameter ≥ 6 cm. Patients with tumours ≥ 6 cm had a 
higher incidence of severe (Clavien–Dindo grade ≥ IIIa) postoperative complications (11.2% versus 4.8%; P < 0.001). Multivariable 
analysis revealed that tumour size ≥ 6 cm was an independent predictor of any complications (odds ratio (OR) 1.93; P < 0.001). 
Subanalysis of patients with tumours ≥ 6 cm demonstrated that laparoscopic (OR 0.33; P < 0.001) and robotic (OR 0.40; P = 0.038) 
adrenalectomy were independently associated with less morbidity than an open approach. PSM analysis revealed a mean 276.0-ml 
higher blood loss (95% confidence interval (c.i.) 138.9 to 413.0 ml; P < 0.001) and 2.9-point higher Comprehensive Complication Index 
(95% c.i. 0.6 to 5.3; P = 0.015) for patients with tumours ≥ 6 cm compared with patients with PCCs < 6 cm in diameter. Optimal cut- 
off analysis revealed that a tumour diameter of ≥ 5.8 cm was associated with increased complications.

Conclusion: Patients undergoing adrenalectomy for PCCs ≥ 6 cm have a higher risk of severe complications than patients with 
smaller tumours. Despite this increased risk in patients with large (≥ 6 cm) tumours, minimally invasive surgery was 
independently associated with a reduced likelihood of complications. This study supports a minimally invasive approach in 
patients with large PCCs.

Introduction
Phaeochromocytoma (PCC) is a rare catecholamine-producing 

neuroendocrine tumour that arises from adrenomedullary 
chromaffin cells1. Operative management remains the first-line 

treatment for these tumours, with most resections now being 
completed with minimally invasive approaches (MIAs)2–5. 

Laparoscopic adrenalectomy (LA) remains the standard for the 

resection of adrenal tumours, including PCC, with robotic 
adrenalectomy (RA) emerging as an additional MIA with similar 

outcomes to LA6–8. Given the increased intraoperative risk for 
capsular injury, subsequent haemodynamic fluctuations, and 

potential intraoperative mortality secondary to catecholamine 

release, the role of MIA over an open approach (OA) has 
historically been controversial for larger PCCs2,5,6,6,9–11. Clinical 

practice guidelines (2014) from the Endocrine Society12

recommended an open surgical approach for PCCs with a 
diameter > 6 cm due to the increased perioperative risk. There is 
emerging evidence for the safety of MIA for large PCCs, with a 
recent review of 600 patients undergoing LA demonstrating 
similar perioperative complication rates for both large (≥ 6 cm) 
and small (< 6 cm) PCCs2. However, with limited formal 
evidence characterizing how the size of PCCs affects a patient’s 
perioperative course, there is ongoing controversy regarding the 
preferred approach for the resection of larger tumours.

The aims of the present international multicentre study 
were to characterize clinical outcomes for patients after 
adrenalectomy for large (≥ 6 cm) and small (< 6 cm) PCCs and to 
identify factors, such as operative approach, that may influence 
postoperative outcomes.
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Methods
Study design
This is a retrospective nested cohort study from a large clinical 
cohort from 49 centres across 21 countries, as described 
previously8,13. Centres were identified based on literature 
published within the past 10 years in endocrine and adrenal 
surgery. Included patients underwent surgery between January 
2012 and December 2022. Patient information was submitted by 
respective sites to a central prospective database; the information 
was anonymized retrospectively and did not change clinical care 
pathways. The lead centre (Queen Elizabeth Hospital, Birmingham, 
UK) received study approval as a clinical audit (Registration 
CARMS [Audit Registration and Management System of Queen 
Elizabeth Hospital Birmingham]-18769). Sites in other countries 
were responsible for registering this study with their local 
ethics review boards.

Data collection
Clinical information, including age, sex, preoperative 
co-morbidities, and body mass index (BMI), was collected. The 
Charlson Co-morbidity Index was used to score the preoperative 
co-morbidity burden14. Patient physical status was assessed 
using American Society of Anesthesiologists (ASA) grades15. A 
preoperative diagnosis of PCC was made based on elevated 
plasma/urine catecholamine levels according to individual 
centre protocols combined with cross-sectional imaging 
(computed tomography or magnetic resonance imaging). 
Patients undergoing primary adrenalectomy for PCC, including 
those with locally advanced disease requiring nephrectomy or 
metastatic disease, were included. Patients undergoing 
revisional resection were excluded. Tumour-specific information 
collected included tumour size and laterality, along with any 
underlying genetic conditions.

Study outcomes
The primary outcome of the present study was the complication 
rate after resection of small versus large PCC. In this study, 
small tumours were defined as those < 6 cm in diameter and 
large tumours were defined as those ≥ 6 cm in diameter based 
on the clinical practice guidelines from the Endocrine Society12. 
In patients with bilateral lesions, the diameter of the larger 
tumour was used.

Secondary outcomes included evaluation of operative 
approach and perioperative outcomes, including operative time, 
estimated blood loss, need for perioperative blood transfusion, 
and the rate of and reason for conversion to an open or 
hand-assisted procedure. Other intraoperative events were not 
collected. Postoperative secondary outcomes included care 
location, length of hospital stay (LOS), and readmission within 
90 days. Finally, the cut-off value defining large tumours had 
been previously determined subjectively; therefore, an 
additional secondary outcome was the determination of the 
tumour size associated with an increased risk of postoperative 
complications.

Definitions, operative approach, and 
perioperative management
Adrenalectomy was performed with either MIA, including LA or 
RA, or an OA. LA and RA were performed with either a 
transperitoneal approach (TPA) or a retroperitoneal approach 
(RPA) according to surgeon or centre preference. Operative time 
was defined as time from skin incision to closure. Conversion to 

open was defined as the need for laparotomy in a patient booked 
for LA or RA, or completing the procedure using a hand-assisted 
(HA) technique. Peri- and postoperative complications between 
the day of surgery and discharge were evaluated using the 
Clavien–Dindo (CD) classification system16. Complications were 
defined as any deviation from the normal postoperative course, 
and each was assigned a CD grade between I and V based on the 
invasiveness of treatment required, with severe complications 
defined as CD grade ≥ IIIa. Prolonged vasopressor support (> 24 h) 
for postoperative hypotension was considered a grade IVa 
complication based on previous studies17,18. The Comprehensive 
Complication Index19 (CCI) was used to describe the overall 
complication burden on a scale of 0–100 at discharge and 90 days 
and 12 months after surgery for all patients included in the 
cohort. The LOS was calculated as the time from the day of 
surgery to discharge. Readmission for any cause within 90 days of 
discharge were evaluated.

Statistical analysis
Statistical analyses were completed using Stata 17 (StataCorp, 
College Station, TX, USA) and significance was defined as P <  
0.05 for two-tailed hypothesis testing. Data were checked for 
normal distribution and are presented as the mean with 
standard deviation (s.d.); differences between groups were 
evaluated using analysis of variance (ANOVA). Categorical 
variables are presented as counts and percentages, with the 
significance of differences analysed using χ2 tests. Odds ratios 
(ORs) were used to present results from multivariable and 
propensity matched analyses and are presented with their 95% 
confidence interval (c.i.). No methods to impute or delete 
missing data were used in this study because all demographic 
and most outcome measures were complete for at least 95% of 
patients. The outcomes that were < 95% complete were 
operative time (78.7%), margin status (78.1%), estimated blood 
loss (66.7%), and postoperative hypotension (78.8%).

Unadjusted bivariate analysis of cohort demographics was 
assessed between patients with PCC diameter < 6 cm and 
≥ 6 cm. Further analysis was completed with the cohort of 
patients with PCC ≥ 6 cm, ≥ 7 cm, ≥ 8 cm, and equal or greater 
to the calculated optimal cut-off value to evaluate factors 
(including operative approach) associated with complications in 
these higher-risk cohorts. Two multivariable models were used 
to control for demographic differences and evaluate factors 
independently associated with complications and the linear 
association with CCI. A univariate analysis was first conducted 
to identify clinically and statistically relevant outcomes (P <  
0.10) to generate a preliminary main effects logistic regression 
model. The Wald test was used to determine significant 
variables (P < 0.05) contributing to the model. The variance 
inflation factor was used to evaluate collinearity with values 
> 10 prompting exclusion from the model. The Brier score and 
receiver operating characteristic curves were used to assess the 
goodness of fit of the models.

A propensity score-matched (PSM) assessment was also 
completed. Patients with PCC < 6 cm and ≥ 6 cm were matched 
1 : 1 based on propensity scores using probit treatment 
modelling controlling for age, sex, BMI, and the Charlson 
Co-morbidity Index to evaluate the average treatment effect. 
Replacements were allowed with patients with PCC ≥ 6 cm being 
allowed to match more than once to patients with PCC < 6 cm to 
improve the propensity matching. The quality of the matching 
was analysed using a balance plot evaluating the difference in 
propensity scores between cohorts. Outcomes assessed included 
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the CCI at discharge, operative time, estimated blood loss, total 
LOS, and the occurrence of any complication.

To establish an optimal size cut-off associated with 
complications, an area under the curve analysis evaluating 
tumour size and complications was performed using Bamber 
and Hanley confidence intervals. The product of the sensitivity 
and specificity was used to determine the optimal cut-off value 
for tumour size associated with complications (that is, the size 
cut-off with optimal sensitivity/specificity for determining 
complications) using the Liu method20.

Results
Baseline characteristics
In all, 2301 patients underwent adrenalectomy for PCC and were 
evaluated; of these, 598 (26.0%) had PCC ≥ 6 cm in diameter. 
Most patients (81.3%) underwent LA, with fewer undergoing RA 
(6.6%), a hand-assisted technique (0.4%), and OA (11.7%). Most 
MIAs used a TPA (66.6%; versus 31.7% using an RPA). Mean(s.d.) 
patient age was 51.8(15.3) years, and the median Charlson 
Co-morbidity Index was 2.1. In the cohort of patients with PCC 
< 6 cm, tumour diameter ranged from 0.6 to 5.9 cm, with a 
mean(s.d.) diameter of 3.5(1.2) cm. For patients with PCC ≥ 6 cm, 
tumour diameter ranged from 6.0 to 30.0 cm, and the mean(s.d.) 

diameter was 8.4(2.8) cm (Table 1). Information regarding the 
geographical distribution of the present study cohort is provided 
in Table S1.

Comparisons of patient demographics between the small 
(< 6 cm) and large (≥ 6 cm) PCC groups (Table 1) revealed that 
the two groups were similar in terms of age (51.8 versus 51.7 
years, respectively; P = 0.899), BMI (25.8 versus 25.8 kg/m2; P =  
0.275), and the proportion of women (45.4% versus 46.2%, 
respectively; P = 0.747). The Charlson Co-morbidity Index and 
ASA grades were also similar between the two groups (Table 1). 
Patients with PCC ≥ 6 cm were more likely to be scheduled for 
an OA (30.0% versus 5.5%; P < 0.001) and with a TPA (75.0% versus 
63.8%; P < 0.001). A higher proportion of patients with PCC 
≥ 6 cm had local invasion and underwent a planned 
nephrectomy (3.7% versus 0.4%; P < 0.001) or had extra-adrenal 
metastases (4.0% versus 1.0%; P < 0.001) and required 
preoperative β-adrenoceptor blockade (38.3% versus 32.5%; P <  
0.014; Table 1).

Bivariate analysis of postoperative outcomes
Comparison of non-adjusted outcomes between patients with 
large (≥ 6 cm) and small (< 6 cm) PCC revealed no significant 
difference in the rates of rates of readmission within 90 days 
(1.6% versus 1.7%, respectively; P = 0.843; Table 2). The operative 

Table 1 Baseline characteristics of the population in the international phaeochromocytoma database overall and in patients 
undergoing resection of large (≥ 6 cm) and small (< 6 cm) PCC separately

Total cohort  
(n = 2301)

Unmatched cohort PS-matched cohort

PCC < 6 cm  
(n = 1703)

PCC ≥ 6 cm  
(n = 598)

P* PCC < 6 cm  
(n = 201)

PCC ≥ 6 cm  
(n = 418)

P*

Age (years), mean(s.d.) 51.8(15.3) 51.8(15.5) 51.7(14.9) 0.899 52.4(15.6) 51.9(15.1) 0.691
BMI (kg/m2), mean(s.d.) 25.7(4.9) 25.8(5.0) 25.5(4.6) 0.275 25.2(5.2) 25.3(4.3) 0.778
Sex 0.461

Male 1252 (54.4%) 930 (54.6%) 322 (53.8%) 115 (57.2%) 226 (54.1%)
Female 1049 (45.6%) 773 (45.4%) 276 (46.2%) 0.747 86 (42.8%) 192 (45.9%)

Charlson Co-morbidity Index, mean(s.d.) 2.1(1.9) 2.1(1.9) 2.1(1.9) 0.999 2.2(1.9) 2.4(1.9) 0.273
ASA grade 0.408 0.351

I 384 (16.7%) 292 (17.2%) 92 (15.4%) 28 (13.9%) 43 (10.3%)
II 1202 (52.3%) 892 (52.4%) 310 (52.0%) 91 (45.3%) 214 (51.2%)
III 667 (29.0%) 482 (28.3%) 185 (31.0%) 76 (37.8%) 153 (36.6%)
IV 46 (2.0%) 37 (2.2%) 9 (1.5%) 6 (3.0%) 8 (1.9%)

Co-morbidities < 0.001 0.077
Type 2 diabetes 120 (9.2%) 85 (8.9%) 35 (10.3%) 13 (9.6%) 16 (5.9%)
Hypertension 850 (65.4%) 657 (68.4%) 193 (56.9%) 92 (68.2%) 168 (62.2%)
Both 329 (25.3%) 218 (22.7%) 111 (32.7%) 30 (22.2%) 86 (31.9%)

Genetic condition  (yes) 316 (14.0%) 245 (14.7%) 71 (12.1%) 0.124 32 (16.6%) 55 (13.5%) 0.313
Surgical approach < 0.001 < 0.001

Open 266 (11.7%) 94 (5.5%) 172 (30.0%) 19 (9.5%) 132 (31.6%)
Laparoscopic 1845 (81.3%) 1487 (87.6%) 358 (62.5%) 159 (79.1%) 249 (59.6%)
Robotic 149 (6.6%) 113 (6.7%) 36 (6.3%) 22 (11.0%) 35 (8.4%)
Hand-assisted 10 (0.4%) 3 (0.2%) 7 (1.2%) 1 (0.5%) 2 (0.5%)

Approach < 0.001 < 0.001
Transperitoneal 1505 (66.6%) 1079 (63.8%) 426 (75.0%) 131 (65.5%) 329 (79.3%)
Retroperitoneal 716 (31.7%) 602 (35.6%) 114 (20.1%) 69 (34.5%) 73 (17.6%)
Other 39 (1.7%) 11 (0.7%) 28 (4.9%) 0 (0.0%) 13 (3.1%)

Tumour size (largest diameter; cm), mean(s.d.) 4.7(2.7) 3.5(1.2) 8.4(2.8) <0.001 3.6(1.3) 8.4(2.7) < 0.001
Tumour location 0.172 0.808

Right 1097 (49.0%) 847 (50.5%) 223 (44.2%) 89 (45.0%) 172 (42.2%)
Left 1070 (47.8%) 780 (46.5%) 290 (51.5%) 101 (51.0%) 219 (53.7%)
Bilateral 86 (3.8%) 59 (4.8%) 27 (3.5%) 8 (4.0%) 17 (4.2%)

β-Adrenoceptor blockade 718 (33.9%) 516 (32.5%) 202 (38.3%) 0.014
α-Adrenoceptor blockade 1993 (91.3%) 1501 (91.5%) 492 (90.4%) 0.607
Admitted before surgery for i.v. fluids 735 (34.3%) 543 (33.8%) 192 (35.8%) 0.251
Local invasion/planned nephrectomy 23 (1.2%) 5 (0.4%) 18 (3.7%) < 0.001
Extra-adrenal metastases 38 (1.7%) 16 (1.0%) 22 (4.0%) < 0.001

Values are n (%) unless otherwise stated. PCC, phaeochromocytoma; PS, propensity score; BMI, body mass index; s.d., standard deviation; ASA, American Society of 
Anesthesiologists; i.v., intravenous. *P values were evaluated with ANOVA and χ2 tests.
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time was longer for patients with PCC ≥ 6 cm (161.5 versus 
118.5 min; P < 0.001), who also experienced a higher incidence of 
perioperative blood transfusion (15.9% versus 2.7%; P < 0.001; 
Table 2). Patients with a large PCC planned for MIA were more 
likely to be converted to an OA than patients with a small PCC 
(5.1% versus 2.5%; P = 0.001). There was also a lower rate of 
negative resection margins in the large PCC versus small PCC 
group (91.7% versus 95.3%; P = 0.008). Postoperatively, patients 
with large PCC were more likely to require intensive care 
unit-level care (39.9% versus 34.3%; P = 0.012; Table 2). Patients 
with PCC ≥ 6 cm had a two-fold higher probability of having any 
complications during admission (33.5% versus 15.5%; P < 0.001), 
including severe complications (11.2% versus 4.8%; P < 0.001). 
LOS was longer for patients with a large PCC (6.7 versus 5.1 days, 
P < 0.001). There were no cases of intra or post-operative 
mortality in either group (Table 2).

Demographic-adjusted postoperative outcomes
Factors associated with the occurrence of any complication were 
evaluated for the entire patient cohort in this study using 
multivariable logistic evaluation to control for differences in 
demographic characteristics (Table 3). Larger tumour size was an 
independent risk factor associated with increased complications 
(OR 1.93; 95% c.i. 1.43 to 2.60; P < 0.001), along with an increased 
Charlson Co-morbidity Index (OR 1.20; 95% c.i. 1.11 to 1.30; 
P < 0.001). Both LA (OR 0.30; 95% c.i. 0.21 to 0.43; P < 0.001) and 
RA (OR 0.38; 95% c.i. 0.21 to 0.68; P = 0.001) were associated 
with a reduced likelihood of complications. Patient age, sex, 
and BMI were not associated with complications. Similarly, when 
evaluating factors associated with increased CCI in a multivariable 
linear regression, larger tumour size and increased Charlson 
Co-morbidity Index were independently associated with increased 
CCI, whereas LA and RA were associated with a reduced CCI 
(Table 3).

PSM postoperative outcomes
Comparing patients with large and small PCCs in after 1 : 1 
propensity score matching revealed no significant difference in 
LOS (Table 4). However, for patients with a large PCC, operative 
time was 30.3 min longer (95% c.i. 16.1 to 44.6 min; P < 0.001), 
with a higher average estimated blood loss of 276.0 ml (95% c.i. 
138.9 to 413.0 ml; P < 0.001), than for patients with a small 
PCC. Total CCI was 2.9 points higher (95% c.i. 0.6 to 5.3 points; 
P = 0.015) with a 0.1% increased rate of any complications (95% 
c.i. 0.0 to 0.1; P = 0.095). Propensity score matching efficacy 
was satisfactory, as demonstrated by balance plot analysis 
(Fig. S1). When comparing these two matched cohorts, patients 
with larger tumours were more likely to undergo an open 
procedure (31.6% versus 9.5%) with a TPA (79.3% versus 65.5%) 
than those with smaller tumours, reflecting the full cohort 
demographics (Table 1).

Subgroup analysis of patients with large PCCs
To better characterize specific risks associated with the resection 
of larger PCCs, patients with PCCs ≥ 6 cm (598), ≥ 7 cm (418), and 
≥ 8 cm (305) were analysed independently. The results of the 
multivariable logistic regression to assess factors associated 
with increased complications for patients with PCCs ≥ 6 cm 
revealed similar results to the whole-group analysis (Table 5). 
LA (OR 0.33; 95% c.i. 0.20 to 0.54; P < 0.001) and RA (OR 0.40; 
95% c.i. 0.17 to 0.95; P = 0.038) were associated with a reduced 
likelihood of complications compared with an OA for patients 
with PCC ≥ 6 cm. Increased Charlson Comorbidity Index was 
associated with an increased risk of complications (OR 1.19; 
95% c.i. 1.03 to 1.37; P = 0.018). Multivariable linear regression 
to assess factors associated with CCI similarly demonstrated 
that an MIA was associated with a decreased CCI at the time 
of discharge (Table 5). Similar reductions in the likelihood of 
complications were seen in the subgroups of patients with 

Table 2 Clinical outcomes in all patients undergoing adrenalectomy and in those with large (≥ 6 cm) and small (< 6 cm) PCC separately

Total cohort (n = 2301) PCC < 6 cm (n = 1703) PCC ≥ 6 cm (n = 598) P*

Operative time (min), mean(s.d.) 129.3(75.3) 118.5(63.5) 161.4(96.0) < 0.001
Estimated blood loss (ml), mean(s.d.) 168.8(700.9) 74.0(228.1) 441.7(1278.8) < 0.001
Perioperative blood transfusion 134 (6.1%) 45 (2.7%) 89 (15.9%) < 0.001
Converted to open/HA 77 (3.2%) 42 (2.5%) 35 (5.1%) 0.001
Negative resection margin 1734 (94.4%) 1317 (95.3%) 417 (91.7%) 0.008
Reason for conversion 0.029

Bleeding 102 (4.3%) 74 (4.4%) 28 (4.1%)
Instability 9 (0.4%) 4 (0.2%) 5 (0.7%)
Tumour size 11 (0.5%) 4 (0.2%) 7 (1.0%)
Other† 24 (1.0%) 15 (0.9%) 9 (1.3%)

Postoperative location
Ward 1020 (45.3%) 797 (47.3%) 223 (39.3%)
High-acuity monitoring unit 375 (16.6%) 272 (16.1%) 103 (18.2%) 0.013
ICU 805 (35.7%) 579 (34.3%) 226 (39.9%)

Postoperative vasopressor at skin closure 468 (21.4%) 296 (18.0%) 172 (31.3%) < 0.001
Postoperative hypotension beyond 24 h 127 (6.8%) 66 (4.8%) 61 (12.8%) < 0.001
Any complications during hospital stay 455 (20.0%) 262 (15.5%) 193 (33.5%) < 0.001
LOS (days), mean(s.d.) 5.5(4.3) 5.1(4.1) 6.7(4.8) < 0.001
CCI, mean(s.d.)

At discharge 5.7(13.0) 4.2(11.0) 10.1(16.9) < 0.001
90 days 6.0(13.4) 4.6(11.5) 10.3(17.0)
12 months 6.2(13.6) 4.7(11.6) 10.6(17.5)

Severe complication (CD ≥ IIIa) 146(6.4%) 80(4.8%) 66(11.2%) < 0.001
Severe complication excluding hypotension 37(1.9%) 18(1.2%) 19(3.7%) < 0.001
Readmission within 90 days 37(1.6%) 28(1.7%) 9(1.6%) 0.843
Postoperative mortality (until hospital discharge) 0 0 0

Values are n (%) unless otherwise stated. PCC, phaeochromocytoma; min, minutes; i.q.r., interquartile range; HA, hand-assisted; ICU, intensive care unit; LOS, length 
of hospital stay; CCI, Comprehensive Complication Index; CD, Clavien–Dindo. *P values were evaluated with ANOVA and χ2 tests.

McLennan et al. | 5

http://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zraf133#supplementary-data


PCC ≥ 7 and ≥ 8 cm (Tables S2, S3). Patients with large PCC were 
more likely to have higher levels of catecholamine secretion 
(Table S4).

Optimal cut-off value for PCC size to predict 
complications
An optimal cut-off value for PCC diameter to predict 
complications was determined to be 5.8 cm, with a sensitivity of 
43.6% and a specificity of 79.0% (Table S5; Fig. S2). The positive 
likelihood ratio was 2.08 and the negative likelihood ratio was 
0.71. The previously described cut-off of 6 cm had a sensitivity of 
42.0% and a specificity of 79.8%. Lower cut-off values had a higher 
sensitivity, whereas higher cut-off values had a higher specificity 
(Table S4). Multivariable analysis revealed similar increases in the 

likelihood of complications for PCC ≥ 5.8 cm (OR 2.05; 95% c.i. 1.53 
to 2.75; P < 0.001) compared with PCC ≥ 6 cm (Table S6).

Discussion
This study represents the largest cohort available to evaluate the 
association of tumour size and clinical outcomes following 
adrenalectomy for PCC. The results show that operative time is 
longer, with a higher incidence of intraoperative blood 
transfusion and increased postoperative complications for 
patients with larger PCCs. The optimal PCC diameter to predict 
any complications was determined to be 5.8 cm. Despite the 
increased technical challenge with larger tumours, independent 
analysis of patients with large PCCs demonstrated that an MIA 
by both TPA and RPA is associated with a reduction in 
postoperative complications, regardless of size. These data 
highlight important safety outcomes and advocate for the 
consideration of minimally invasive techniques for patients with 
large PCC. In addition, given the higher complication rates, 
patients with large PCCs, and especially those with PCC ≥ 5.8 cm 
in diameter, may benefit from referral to high-volume centres 
with expertise in minimally invasive surgery.

Adrenalectomy for PCC is associated with a low mortality rate; 
however, peri- and postoperative complications are common17. 
Increased PCC size is associated with increased haemodynamic 
instability during surgery, with previous studies demonstrating 
increased risks with the resection of PCCs larger than 4– 
6 cm5,12,21. The analysis in the present study supports the 
findings of previous studies, demonstrating that patients with 

Table 3 Multivariable analyses of risk factors for any complications at the time of discharge and for CCI in patients undergoing 
adrenalectomy

Risk factor Odds ratio* P

Factors associated with any complication
Tumour size (large versus small†) 1.93 (1.43, 2.60) < 0.001
Age 0.99 (0.98, 1.00) 0.083
Sex (female versus male) 0.98 (0.74, 1.28) 0.854
BMI ≥ 30 kg/m2 1.00 (0.97, 1.30) 0.846
Surgical approach (versus open)

Laparoscopic 0.30 (0.21, 0.43) < 0.001
Robotic 0.38 (0.21, 0.68) 0.001
Hand-assisted 0.39 (0.04, 4.31) 0.446

Charlson Co-morbidity Index 1.20 (1.11, 1.30) < 0.001
Tumour laterality

Left-sided tumour (versus right) 1.00 (0.76, 1.31) 0.758
Bilateral tumour 1.35 (0.69, 2.63) 0.384

Retroperitoneal approach (versus transperitoneal) 0.98 (0.74, 1.29) 0.866
Planned nephrectomy 1.68 (0.62, 4.57) 0.307
Brier score: 0.1345; ROC: 0.687

Factors associated with CCI Coefficient*
Tumour size 3.32 (1.89, 4.76) < 0.001
Age −0.03 (−0.08, 0.02) 0.213
Sex (female versus male) 0.07 (−1.10, 1.23) 0.908
BMI ≥ 30 kg/m2 0.05 (−0.07, 0.18) 0.390
Surgical approach (versus open)

Laparoscopic −8.79 (−10.76, −6.82) < 0.001
Robotic −8.47 (−11.29, −5.65) < 0.001
Hand-assisted −2.96 (−14.76, 8.84) 0.623

Charlson Co-morbidity Index 0.65 (0.26, 1.03) 0.001
Tumour laterality

Left-sided tumour (versus right) 0.09 (−1.09, 1.27) 0.879
Bilateral tumour (versus right) 1.57 (−1.58, 4.73) 0.329

Retroperitoneal approach (versus transperitoneal) −0.32 (−1.55, 0.91) 0.609
Planned nephrectomy 6.10 (0.37, 11.82) 0.037
R2 = 0.0983

*Values in parentheses are 95% confidence intervals. †Large and small tumours were defined as being ≥ 6 and < 6 cm, respectively. CCI, Comprehensive Complication 
Index; BMI, body mass index; ROC, receiver operating characteristic.

Table 4 Average estimated treatment effect comparing patients 
with large (≥ 6 cm) and small (< 6 cm) phaeochromocytomas 
undergoing adrenalectomy following 1 : 1 propensity score 
matching

Average estimated 
treatment effect*

P

Operative time 30.3 (16.1, 44.6) <0.001
Estimated blood loss 276.0 (138.9, 413.0) <0.001
Any complications during 

hospital stay
0.1 (0.0, 0.1) 0.095

Length of hospital stay 0.4 (−0.5, 1.3) 0.393
Total CCI 2.9 (0.6, 5.3) 0.015

*Values in parentheses are 95% confidence intervals. CCI, Comprehensive 
Complication Index.
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PCC ≥ 6 cm were over twice as likely to have any postoperative 
complication, including severe postoperative complications 
requiring reintervention. The analysis in the present study 
revealed that PCC ≥ 5.8 cm are associated with increased 
postoperative complications, which aligns with the previous 
arbitrarily defined cut-off of ≥ 6 cm12 .

Although, historically, OA has been recommended for large 
PCCs due to the increased risk of intraoperative capsular 
damage12 , the present study supports emerging evidence2,5 for 
the safety of an MIA for both large and small PCCs. Minimally 
invasive resection of PCC certainly requires considerable 
laparoscopic skills and expertise. The increased technical 
challenge of adrenalectomy for large PCC is reflected in the 
present data, with longer operative times and increased 
estimated blood loss requiring perioperative blood transfusions. 
Tumour seeding and recurrence in the adrenal bed have 
also been identified as potential challenges with LA12,22. In 
the present study, the whole-cohort analysis did demonstrate 
an increased incidence of positive margins following 
adrenalectomy for PCCs ≥ 6 cm, but the absolute difference in 
the rate of margin positivity was only 3.6%. With advances in 
laparoscopic surgery and the routine inclusion of these 
techniques within surgical training programs, it is not surprising 
that clinical outcomes for MIAs have improved over time. In 
addition to LA, RA for PCC is emerging as a safe and effective 
MIA and the present analysis supports the safety of this even for 
larger PCCs8. It is noteworthy that all centres contributing to 
this study were high-volume centres with extensive expertise in 
treating PCC; therefore, good outcomes could be achieved, even 
in the case of large tumours. Given the significantly increased 
risk of complications and the rarity of these tumours, referral to 

centres with high volumes and expertise in the resection of 
PCCs should be considered for all PCCs, especially those ≥ 
5.8 cm in diameter.

Nearly two-thirds of adrenalectomies included in this study 
were completed via TPA. Due to the anatomical challenge of 
left-sided LA, a laparoscopic RPA was developed and 
recommended for benign adrenal tumours under 6 cm23,24. A 
meta-analysis25 from 2021 evaluating 775 patients undergoing 
adrenalectomy, including 196 patients with PCC, demonstrated 
that a RPA may be associated with a decrease in estimated 
blood loss and shorter LOS for PCC smaller than 6 cm; however, 
the safety of this approach has not been previously evaluated 
for patients with large PCC. It has been theorized that the 
smaller working space available with a RPA may limit its 
utility25; however, the data in the present study demonstrate 
that an RPA was not associated with increased complications 
compared with a TPA, even for large PCC.

Finally, the increased incidence of complications for patients 
with a PCC ≥ 5.8 cm in diameter presents an opportunity to risk 
stratify these patients before surgery. In the present study 
population, over 90% of patients were prescribed preoperative α- 
adrenoceptor blockade regardless of PCC size; however, patients 
with larger PCC were more likely to require adjunct 
antihypertensive therapies, such as β-adrenoceptor blockade. 
This raises the possibility of increased difficulty attaining 
preoperative normotension for patients with large PCC. 
Increasing PCC size has previously been shown to positively 
correlate with plasma (nor)metanephrines26, which is supported 
by the present data and likely contributes to this challenge. 
Interestingly, recent evidence27 suggests that hypertensive 
patients with PCC have a higher risk of postoperative 

Table 5 Multivariable logistic regression analysis of risk factors for any complications at the time of discharge and multivariable linear 
regression of risk factors for CCI in patients with PCC ≥ 6 cm undergoing adrenalectomy

Risk factor OR* P

Multivariable logistic regression of factors associated with any complication
Age 1.01 (0.99, 1.03) 0.569
Sex (female versus male) 1.10 (0.70, 1.74) 0.682
BMI ≥30 kg/m2 1.00 (0.94, 1.05) 0.858
Surgical approach (versus open)

Laparoscopic 0.33 (0.20, 0.54) < 0.001
Robotic 0.40 (0.17, 0.95) 0.038
Hand-assisted†

Charlson Co-morbidity Index 1.19 (1.03, 1.37) 0.018
Tumour laterality

Left-sided tumour (versus right) 1.04 (0.65, 1.65) 0.870
Bilateral tumour 0.51 (0.13, 2.06) 0.344

Retroperitoneal approach (versus transperitoneal) 1.58 (1.00, 2.50) 0.049
Planned nephrectomy 1.69 (0.54, 5.22) 0.366
Brier score: 0.149; ROC: 0.614

Multivariable linear regression of factors associated with CCI Coefficient*
Age 0.04 (−0.15, 0.22) 0.678
Sex (female versus male) −0.72 (−4.97, 3.54) 0.740
BMI ≥ 30 kg/m2 0.28 (−0.28, 0.74) 0.376
Surgical approach (versus open)

Laparoscopic −8.45 (−12.91, −4.00) < 0.001
Robotic −9.28 (−18.28, −0.29) 0.043
Hand-assisted −26.69 (−63.15, 9.77) 0.151

Charlson Co-morbidity Index 1.38 (0.01, 2.74) 0.048
Tumour laterality

Left-sided tumour (versus right) −1.53 (−5.87, 2.81) 0.488
Bilateral tumour (versus right) −3.43 (−14.46, 7.59) 0.541

Retroperitoneal approach (versus transperitoneal) 1.17 (−3.12, 5.46) 0.592
Planned nephrectomy 3.48 (−6.72, 13.69) 0.502

R2 = 0.1027

*Values in parentheses are 95% confidence intervals. †Hand-assisted technique could not be evaluated. CCI, Comprehensive Complication Index; PCC, 
phaeochromocytoma; BMI, body mass index; ROC, receiver operating characteristic.
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complications than normotensive patients, but this seems to 
be related to a higher burden of co-morbidities and older 
age rather than hypertension. In addition, a meta-analysis 
showed that preoperative blockade of α-adrenoceptors may 
not improve intraoperative haemodynamic fluctuations or 
improve perioperative outcomes for PCC patients28; this is 
certainly an area that requires ongoing study to challenge 
current dogma. Considering the potential for increased complexity 
in the preoperative medical management of these patients, this 
would again support their management within centres with 
expertise in adrenalectomy for PCC.

The limitations of the present study are largely related to the 
retrospective nature of the data, and the results may thus be 
biased by unmeasured confounders. Because the data were 
collected from 49 centres with different healthcare systems, 
population demographics, and surgical techniques and training, 
differences in practice patterns may confound the data. There 
are many patient- and disease-related factors that may 
influence the decision to proceed with or convert to an OA and 
may not have been captured within the study data. PCC is a rare 
entity with unique technical considerations for resection given 
the potential for intraoperative haemodynamic effects; as such, 
the present data may not be applicable to other groups of 
patients who undergo adrenalectomy for other indications. In 
addition, intraoperative events were not available in the present 
cohort, limiting further analyses. There may also be an element 
of selection bias in the data in that the surgeons involved in the 
study are likely to have more experience with the resection of 
PCCs, and thus the data may not extrapolate well to centres 
that do not often perform adrenalectomy for PCC. Despite these 
limitations, the heterogeneity within the data provides a 
real-world evaluation of this cohort of patients, who have not 
been previously well characterized. The effects of confounding 
and demographic differences between groups were minimized 
by the use of multivariable modelling and PSM analysis.

The data demonstrate that the current cut-off of 6 cm for an 
MIA is outdated and does not reflect the standard of care at 
large referral centres internationally. Based on this study, 
representing the largest evaluation of PCC available 
internationally, MIA appears to benefit patients even with very 
large tumours. Considering this, it is suggested that a cut-off for 
tumour sizes recommended for an OA may not be clinically 
applicable with ongoing improvements in MIAs. However, future 
studies may evaluate whether specific approaches (robotic or 
retroperitoneal) appear superior for the largest PCCs or whether 
any specific learning curve exists for such tumours.
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et al. Outcomes for patients with obesity undergoing 
adrenalectomy for pheochromocytoma: an international 
multicenter analysis. Ann Surg Oncol 2025;32:1709–1720

14. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 
classifying prognostic comorbidity in longitudinal studies: 
development and validation. J Chronic Dis 1987;40:373–383

15. Hackett NJ, De Oliveira GS, Jain UK, Kim JYS. ASA class is a reliable 
independent predictor of medical complications and mortality 
following surgery. Int J Surg 2015;18:184–190

16. Dindo D, Demartines N, Clavien PA. Classification of 
surgical complications: a new proposal with evaluation in a 
cohort of 6336 patients and results of a survey. Ann Surg 2004; 
240:205–213

17. Parente A, Kamarajah SK, Thompson JP, Crook C, Aspinall S, 
Melvin R et al. Risk factors for postoperative complications 

after adrenalectomy for phaeochromocytoma: multicentre 
cohort study. BJS Open 2023;7:zrad090

18. Parente A, Thompson JP, Crook C, Bassett P, Aspinall S, Melvin R 
et al. Risk factors for postoperative hypotension after 
adrenalectomy for phaeochromocytoma: derivation of the 
PACS risk score. Eur J Surg Oncol 2023;49:497–504

19. Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien PA. The 
Comprehensive Complication Index: a novel continuous scale 
to measure surgical morbidity. Ann Surg 2013;258:1–7

20. Liu X. Classification accuracy and cut point selection. Stat Med 
2012;31:2676–2686

21. Arolfo S, Giraudo G, Franco C, Parasiliti Caprino M, Seno E, 
Morino M. Minimally invasive adrenalectomy for large 
pheochromocytoma: not recommendable yet? Results from 
a single institution case series. Langenbecks Arch Surg 2022; 
407:277–283

22. Li ML, Fitzgerald PA, Price DC, Norton JA. Iatrogenic 
pheochromocytomatosis: a previously unreported result of 
laparoscopic adrenalectomy. Surgery 2001;130:1072–1077

23. Bonjer HJ, Sorm V, Berends FJ, Kazemier G, Steyerberg EW, de 
Herder WW et al. Endoscopic retroperitoneal adrenalectomy: 
lessons learned from 111 consecutive cases. Ann Surg 2000; 
232:796–803

24. Gagner M, Lacroix A, Bolte E, Pomp A. Laparoscopic 
adrenalectomy. The importance of a flank approach in the 
lateral decubitus position. Surg Endosc 1994;8:135–138

25. Gavriilidis P, Camenzuli C, Paspala A, Di Marco AN, Palazzo 
FF. Posterior retroperitoneoscopic versus laparoscopic 

McLennan et al. | 9

http://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zraf133#supplementary-data
http://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zraf133#supplementary-data
http://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zraf133#supplementary-data
http://www.nccn.org/guidelines/guidelines-detail?category=1&id=1448
http://www.nccn.org/guidelines/guidelines-detail?category=1&id=1448


transperitoneal adrenalectomy: a systematic review by an 

updated meta-analysis. World J Surg 2021;45:168–179
26. Rezkallah E, Elsaify A, Hanna R, Elsaify W. Correlation between 

the size of pheochromocytoma and the level of metanephrines. 
Endocr Regul 2023;57:183–190

27. Araujo-Castro M, Herrera A, Wang Y, Wang Z, Śledziński M, 
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