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Abstract

Background: The relationship between surgeon volume and patient outcomes in adrenalectomy is well established in the literature
and clinical guidelines. However, evidence regarding the impact of centre volume on patient outcomes remains limited. This study
aimed to evaluate the effect of centre volume on patient outcomes.

Methods: This multicentre study analysed adrenalectomy procedures from the EUROCRINE® registry (2015-2024). A volume threshold
was determined using receiver operating characteristic curve analysis to predict high-grade complications (Clavien-Dindo grade > III).
Outcomes were compared between high- and low-volume centres, and multivariable logistic regression was used to identify
independent predictors of complications and death.

Results: A total of 6672 patients undergoing adrenalectomy from 99 centres across Europe were included. The optimal centre volume
threshold was > 36 adrenalectomies per year. Only seven centres (7%) met this threshold, accounting for 36.7% of all procedures. High-
volume centres had significantly lower rates of high-grade complications (0.9 versus 2.9%; P < 0.001), conversion (2.3 versus 3.5%), and
reoperation (0.7 versus 1.6%), and shorter hospital stays (median 2 versus 3 days). Multivariable analysis showed high-volume centre
status to be independently protective against high-grade complications (odds ratio 0.39, 95% confidence interval 0.24 to 0.63; P<
0.001), but not postoperative mortality (odds ratio 0.69; P =0.480). Functional benign tumours compared with malignant tumours
(odds ratio 0.61, 0.39 to 0.93; P=0.020) and minimally invasive surgery (odds ratio 0.21, 0.14 to 0.31; P <0.001) were both associated
with a significantly lower risk of high-grade complications.

Conclusion: Centre adrenalectomy volume is a key determinant of high-grade complication risk following adrenalectomy. A threshold
of > 36 adrenalectomies per year identifies high-performing centres. These findings support centralization of adrenal surgery to
optimize outcomes and standardize care across institutions.

year for surgeon volume threshold has been recommended by the
European Society of Endocrine Surgeons® for benign disease, and
12 per year for those offering surgery for phaeochromocytomas
and adrenocortical cancer. Similar recommendations were made
in the American Association of Endocrine Surgeons guidelines®.

It is widely accepted that surgical outcomes improve when
procedures are performed by experienced surgeons operating

Introduction

Adrenalectomy is performed for a wide range of indications, from
small benign hormone-secreting tumours to complex malignant
lesions. Advances in computed tomography have led to increased
detection of incidental adrenal masses, subsequently increasing
the frequency of adrenalectomy. Recent studies™? have shown

that over 80% of surgeons undertake only one adrenalectomy
per year. Similarly, a study® from Japan reported that 80% of
benign laparoscopic adrenalectomies were performed in centres
undertaking fewer than five adrenalectomies annually.

The impact of surgeons’ annual workload of adrenalectomy on
patient outcomes has been investigated in numerous studies,
consistently demonstrating improved outcomes with increasing
surgical volume'?*°. A minimum workload of 6 procedures per

in high-volume centres, particularly those with standardized
perioperative protocols and multidisciplinary teams’®. Recent
large-scale studies™®*'® have further confirmed that
high-volume surgeons and centres are associated with markedly
lower rates of complications and mortality. An analysis*® of over
4400 adrenalectomies performed in the UK showed that the
incidence of complications, conversion rates, and length of
hospital stay are lower in centres undertaking more than
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12 procedures per year. However, no clear consensus exists
regarding institutional volume thresholds. Recent studies have
proposed higher benchmarks to define high-volume centres.
Waseda et al.” suggested a threshold of 20 procedures per year,
Bergamini et al.*? proposed 30 per year, and Uttinger et al.*
identified 31 annual procedures as a meaningful cut-off
associated with improved outcomes,.

Using data from the EUROCRINE® quality registry, this study
investigated the impact of centre case volume on surgical
outcomes following adrenalectomy. Specifically, the study
aimed to determine whether higher annual adrenalectomy
volumes are associated with improved perioperative outcomes,
and to establish a data-driven volume threshold that can inform
future guidelines on centralization and quality improvement in
adrenal surgery.

Methods
Data source and study population

Data were retrieved from EUROCRINE®, a multinational
endocrine surgical quality registry established within the
European Union to reduce morbidity and mortality rates in
patients with endocrine tumours. Participating centres are
granted access to the registry after their institutional governing
body has signed the necessary agreement. Data entry is
voluntary. Submitted data are used for quality control analyses
at both institutional and aggregated national or supranational
levels. The EUROCRINE board oversees data compliance at the
national level and approves access to anonymized data to be
used in research projects®?.

Each centre adhered to its own clinical protocols, surgical
indications, and technical preferences. The study received
approval from the Ethics Committee of Ege University (approval
number 23-11.1T/39) and the EUROCRINE® Steering Committee.

Patient and variables

Baseline patient characteristics comprised age, sex, adrenal mass
laterality, body mass index (BMI), and tumour size. Surgical
indications were classified as functioning tumours (primary
hyperaldosteronism, Cushing’s syndrome, phaeochromocytoma,
mild autonomous cortisol secretion (MACS), and
androgen-secreting tumours), benign non-functioning tumours
(excluding malignancy), and malignant tumours (ACC, malignant
phaeochromocytoma, and metastasis) based on preoperative
clinical diagnosis.

Surgical techniques were grouped into minimally invasive and
conventional approaches. Minimally invasive techniques
encompassed transabdominal and posterior endoscopic
adrenalectomies, as well as transabdominal robotically assisted
and posterior robotically assisted approaches. Conventional
techniques included laparotomy, open retroperitoneal, and
thoracoabdominal approaches.

The primary outcomes were postoperative complications and
death, classified according to the Clavien-Dindo system. Grades
I and II were considered low-grade complications, grades IlIa,
IlIb, and IV were defined as high-grade complications, and grade
V was classified as postoperative death’*.

Centre volume threshold determination

Average annual centre adrenalectomy volume was determined by
dividing the total number of adrenalectomies by the number of
active reporting years, defined as years with at least one
recorded adrenalectomy from individual centres. Baseline

demographic and clinical characteristics were then compared
across centres. Statistically significant differences across centres
(P<0.050) were observed for multiple variables: age, BMI,
tumour size, sex, laterality, surgical indication, complications,
surgical technique, and postoperative death.

To further assess the association between institutional case
volume and postoperative outcomes, a multivariable linear
regression model was constructed, incorporating each centre’s
annual adrenalectomy volume as a continuous variable. The
analysis identified several independent predictors of surgical
outcomes, including patient age, sex, tumour laterality, tumour
size, surgical indication, severity of complications, and surgical
technique. Variance inflation factor values remained below 5,
confirming the absence of multicollinearity among co-variables.

Receiver operating characteristic (ROC) curve analysis was
conducted to determine the optimal threshold for classifying
high-volume centres based on the prediction of high-grade
complications.

Statistical analysis

The cut-off point for annual adrenalectomy volume was identified
using the Youden index derived from the ROC curve. Patients were
stratified into two categories based on the annual adrenalectomy
volume of the centre: high-volume or low-volume. Categorical
variables were compared using the 4° test or Fisher’s exact test,
as appropriate. The Mann-Whitney U test was employed for
continuous variables. Multivariable logistic regression analysis
was conducted to identify independent associations between
centre volume and the occurrence of high-grade postoperative
complications and death. P < 0.050 was considered statistically
significant. Statistical analyses were conducted using SPSS®
Statistics for Windows® version 25.0 (IBM, Armonk, N, USA).

Results
Cohort characteristics

Between January 2015 and December 2024, a total of 7200 adrenal
operations performed in 100 centres were recorded in the
EUROCRINE® database. Patients were excluded if data were
missing for surgical indication (126, 1.7%), surgical approach
(142, 1.9%), Clavien-Dindo classification (426, 5.9%), or laterality
(23, 0.3%), or if they were aged less than 18 years (28, 0.4%). One
centre was excluded because all of its patients had missing data
after these exclusions had been applied (Table S1). A total of
6672 patients from 99 centres across 20 European countries
were included in the final evaluation after excluding records
with missing data (Table S2).

The median duration of data reporting per centre was 4 (range
1-10) years, with a median annual adrenalectomy volume of 6
(interquartile range (i.q.r.) 3-15, range 1-147). Notably, nine
centres reported only one procedure per year.

Median patient age was 56 (i.q.r. 45-65) years, and 3875 of the
patients (58.1%) were women. The laterality distribution
comprised right-sided procedures in 44.8%, left-sided procedures
in 51.9%, and bilateral procedures in 3.3%.

Surgery was undertaken for a functioning tumour in 4163
patients (62.4%), including primary hyperaldosteronism (1648),
phaeochromocytoma (1378), Cushing’s syndrome (951), MACS
(175), and androgen-secreting tumour (11). Malignant
indications accounted for 1072 procedures (16.1%), comprising
metastases (720), adrenocortical carcinoma (ACC) (307), and
malignant phaeochromocytoma (45). Benign non-functioning
tumours were operated on in of 1437 patients (21.5%).
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Fig. 1 Receiver operating characteristic curve for the prediction of high-grade complications based on annual centre volume

Area under the curve 0.586 (95% confidence interval 0.547 to 0.625; P < 0.001).

Minimally invasive approaches were used in 5886 patients
(88.2%), including transabdominal laparoscopic  (3477),
retroperitoneoscopic (1580), transabdominal robotically assisted
(803), and posterior robotically assisted (26) procedures. Open
surgery was performed in 786 patients (11.8%), comprising
conventional laparotomy (703), and open retroperitoneal (32),
and thoracoabdominal (51) approaches.

Postoperative complications were recorded in 1021 patients
(15.3%). Low-grade complications (Clavien-Dindo I-II) occurred
in 13.2%, high-grade complications (Illa-1V) in 2.1%, and there
were 24 in-hospital deaths (grade V) (0.4%).

Centre volume threshold

The optimal threshold for defining high-volume centres
was determined based on the prediction of high-grade
complications, using the Youden index derived from ROC curve
analysis. This analysis identified a cut-off of 36 adrenalectomies
per year (area under the curve (AUC) 0.586, 95% confidence
interval (ci) 0.547 to 0.625; P<0.001). At this threshold, the
sensitivity was 37.2%, with a specificity of 84.7%, positive
predictive value 5.4%, and negative predictive value 98.3%.
These findings suggest that centres performing > 36
adrenalectomies annually have a significantly lower likelihood
of encountering high-grade complications (Fig. 1).

Applying this volume threshold, only 7 centres (7.1%) were
categorized as high-volume institutions, yet they performed
2449 adrenalectomies, representing 36.7% of all procedures
included in the study.

Surgical indication

Functioning tumours were the leading indication in both cohorts,
and there was no significant difference in prevalence between
low- and high-volume centres (62.9 versus 61.5%; P=0.25).

However, benign non-functioning tumours were more prevalent
in high-volume centres (26.3 versus 18.8%; P<0.001), whereas
malignant indications were more prevalent in low-volume
centres (18.3 versus 12.2%; P < 0.001) (Table 1).

Among functional tumour indications, primary
hyperaldosteronism predominated and was significantly more
frequent in low-volume centres (27.7 versus 19.6%; P<0.001),
whereas phaeochromocytoma occurred at similar rates (20.5
versus 20.9%; P=0.670). Cushing’s syndrome was more prevalent
in high-volume centres (15.6 versus 13.5%; P=0.010). MACS was
more prevalent in high-volume centres (5.3 versus 1.1%; P <0.001),
and androgen-secreting tumours were rare in both groups (0.1
versus 0.2% in high- and low-volume centres, respectively; P = 0.330).

Among malignant indications, metastasis was more
frequently reported from low-volume centres (12.6 versus 7.6%;
P <0.001). The rate of ACC was borderline higher in low-volume
centres (5.0 versus 3.9%; P=0.050). The rates of malignant
phaeochromocytoma were identical in both groups (0.7%; P = 1.00)
(Table 1).

Surgical techniques

Surgical approaches differed significantly between high- and
low-volume centres. When categorized as minimally invasive
versus open techniques, minimally invasive procedures were
performed in 93.1% of patients at high-volume centres
compared with 85.4% at low-volume centres (P < 0.001).
Laparoscopic transabdominal adrenalectomy was the most
common procedure overall and was significantly more prevalent
in low-volume centres (61.9 versus 35.3%; P <0.001). High-volume
centres more frequently employed posterior laparoscopic
approaches (32.3 versus 18.7%; P<0.001) and transabdominal
robotically assisted techniques (25.1 versus 4.5%; P<<0.001). The
prevalence of posterior robotically assisted adrenalectomy was
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Table 1 Comparative analysis of demographics, surgical characteristics, and outcomes between low- and high-volume centres

Low-volume centres (n = 4223) High-volume centres (n = 2449) P*

Age (years), median (i.q.r.) 56 (55-55) 56 (54-55) 0.3001

Sex <0.001
Female 2321 (55.0%) 1554 (63.5%)

Male 1902 (45.0%) 895 (36.5%)

Laterality
Right 1821 (43.1%) 1169 (47.7%) <0.001
Left 2235 (52.9%) 1230 (50.2%) 0.030
Bilateral 167 (4.0%) 50 (2.0%) <0.001

BMI (kg/m?), median (i.q.r.) 27 (24-31) 27 (24-31) 0.1201

Tumour size (mm), median (i.q.r.) 15 (6-35) 15 (5-35) 0.260t

Surgical indication
Primary hyperaldosteronism 1169 (27.7%) 479 (19.6%) <0.001
Excluding malignancy 793 (18.8%) 644 (26.3%) <0.001
Phaeochromocytoma 865 (20.5%) 513 (20.9%) 0.670
Cushing’s syndrome 568 (13.5%) 383 (15.6%) 0.010
Metastasis 533 (12.6%) 187 (7.6%) <0.001
Adrenocortical carcinoma 211 (5.0%) 96 (3.9%) 0.050
Mild autonomous cortisol secretion 46 (1.1%) 129 (5.3%) <0.001
Malignant phaeochromocytoma 29 (0.7%) 16 (0.7%) 1.00
Androgen-secreting tumour 9 (0.2%) 2 (0.1%) 0.330

Surgical indication—tumour type
Functioning tumour 2657 (62.9%) 1506 (61.5%) 0.250
Benign non-functioning tumour 793 (18.8%) 644 (26.3%) <0.001
Malignant tumour 773 (18.3%) 299 (12.2%) <0.001

Operation type
Transabdominal endoscopic 2612 (61.9%) 865 (35.3%) <0.001
Posterior endoscopic 790 (18.7%) 790 (32.3%) <0.001
Transabdominal robotically assisted 188 (4.5%) 615 (25.1%) <0.001
Laparotomy 543 (12.9%) 160 (6.5%) <0.001
Thoracoabdominal approach 44 (1.0%) 7 (0.3%) 0.001
Open retroperitoneal 30 (0.7%) 2(0.1%) <0.001
Posterior robotically assisted 16 (0.4%) 10 (0.4%) 1.00

Minimally invasive surgery 3606 (85.4%) 2280 (93.1%) <0.001

Complication
Low-grade complication 406 (9.6%) 472 (19.3%) <0.001
High-grade complication 121 (2.9%) 22 (0.9%) <0.001

Clavien-Dindo grade
I 230 (5.4%) 402 (16.4%) <0.001
11 176 (4.1%) 70 (2.8%) 0.007
lla 48 (1.1%) 5 (0.2%) <0.001
1Ib 48 (1.1%) 12 (0.4%) 0.007
v 25 (0.5%) 5 (0.2%) 0.020

Postoperative death 19 (0.4%) 5 (0.2%) 0.130

Resection margin status for malignant indication 0.330
R1 88 (12.1%) 27 (9.9%)

R2 19 (2.6%) 4 (1.5%)

Conversion to open surgery 148 (3.5%) 58 (2.3%) 0.010
Malignant indications 66 (9.0%) 20 (7.1%) 0.340
Benign indications 82 (2.4%) 38 (1.8%) 0.130

Reoperation 65 (1.6%) 16 (0.7%) 0.002

Length of hospital stay (days), median (i.q.r.) 3 (2-5) 2 (1-4) <0.001t

Values are n (%) unless otherwise stated. i.q.r., Interquartile range; BMI, body mass index. *° test or Fisher's exact test, except tMann-Whitney U test.

identical in the two groups (0.4%; P = 1.00). Open surgery was more
common in low-volume centres (12.9 versus 6.5%; P <0.001), with
thoracoabdominal access also slightly more frequent in these
centres (1.0 versus 0.3%; P < 0.001) (Table 1).

Postoperative complications

Assignment of Clavien-Dindo complication grades differed
significantly between high- and low-volume centres.
Low-grade complications were more frequently observed in
high-volume centres (19.3 versus 9.6%; P<0.001), whereas
high-grade complications occurred more commonly in
low-volume centres (2.9 versus 0.9%; P<0.001). Grade I
complications were more common in high-volume centres
(16.4 versus 5.4%; P <0.001). Although low-grade complications

overall were more prevalent in high-volume centres, grade II
complications occurred more frequently in low-volume
centres (4.1 wversus 2.8%; P=0.007). All high-grade
complications were less frequent in high-volume centres:
grade Illa (1.1 versus 0.2%; P <0.001), grade IIIb (1.1 versus 0.4%;
P=0.007), and grade 4 (0.5 versus 0.2%; P = 0.020).

Laparoscopic-to-open conversion was less frequent in
high-volume centres than low-volume centres (2.3 versus 3.5%;
P=0.010). Following stratification by indication, conversion rates
did not differ significantly between low- and high-volume
centres in procedures for either malignant (9.0 versus 7.1%; P=
0.340) or benign (2.4 versus 1.8%; P=0.130) disease. Reoperation
rates were significantly lower in high-volume centres (0.7 versus
1.6%; P=0.002).
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Table 2 Multivariable logistic regression analysis of factors associated with high-grade complications and postoperative death

High-grade complications

Postoperative death

Odds ratio P 0Odds ratio P

Female sex 1.27 (0.91, 1.79) 0.15 0.49 (0.58, 3.02) 0.490
Laterality

Right 1.00 (reference) 1.00 (reference)

Left 1.29(0.87, 1.76) 0.23 0.91 (0.38, 2.17) 0.840

Bilateral 2.01(0.92, 4.34) 0.76 4.76 (1.24, 18.2) 0.020
Minimally invasive approach 0.21 (0.14, 0.31) <0.001 0.13 (0.05, 0.34) <0.001
Surgical indication—tumour type

Malignant tumour 1.00 (reference) 1.00 (reference)

Benign non-functioning tumour 0.70 (0.43, 1.14) 0.15 0.47 (0.16, 1.34) 0.150

Functioning tumour 0.61 (0.39, 0.93) 0.02 0.16 (0.05, 0.56) 0.004
High-volume centre 0.39 (0.24, 0.63) <0.001 0.69 (0.25, 1.90) 0.480

Values in parentheses are 95% confidence intervals.

Median hospital stay was shorter in high-volume compared
with low-volume centres: 2 (i.q.r. 1-4) versus 3 (2-5) days (P<
0.001).

In multivariable logistic regression analysis, a minimally
invasive approach was independently associated with a
significantly lower risk of high-grade complications (odds ratio
(OR) 0.21, 95% ci. 0.14 to 0.31; P<0.001). Compared with
malignant indications, functioning tumours were associated
with a reduced risk (OR 0.61, 0.39 to 0.93; P=0.02), whereas
there was no statistical significance for benign non-functioning
tumours (P=0.150). Having surgery at a high-volume centre
was also an independent protective factor (OR 0.39, 0.24 to 0.63;
P<0.001). Patient sex and tumour laterality were not
significantly associated with high-grade complications in this
model (Table 2).

Among patients who developed severe postoperative
complications (Clavien-Dindo grade > IIla), infection and bleeding
requiring transfusion were the most frequent causes across all
severity grades. Among grade Illa complications (45 with specified
causes), infection accounted for 42.2% and bleeding for 22.2%,
followed by pneumothorax (20.0%) and less common events such
as myocardial infarction, postoperative ileus, pancreatic leak,
pancreatic fistula, stroke, cardiac arrhythmia, acute renal failure,
diaphragmatic injury, peptic ulcer bleeding, anastomotic leak, and
pneumonia. Among grade IIlb complications (75 with specified
causes), bleeding was the predominant cause (26.7%), followed by
infection (16.0%), pancreatic fistula (9.3%), anastomotic leak
(5.3%), and ileus (4.0%), with others including pneumothorax,
pulmonary embolism, fascial dehiscence, colonic injury,
strangulated port-site hernia, and pneumonia. For grade IV
complications (39 with specified causes), bleeding remained the
leading cause (23.1%), followed by acute renal failure (10.3%),
infection (7.7%), pancreatic fistula (7.7%), pneumonia (7.7%), and
less frequent but serious events such as perforation, deep vein
thrombosis, stroke, pulmonary embolism, liver laceration, and
pneumothorax.

Postoperative mortality

Postoperative death was rare in both groups but appeared to occur
more frequently in low-volume centres (0.4 versus 0.2%; P =0.130)
(Table 1).

In multivariable logistic regression analysis, a minimally
invasive approach was independently associated with a
significantly lower risk of postoperative death (OR 0.13, 95% c.i.
0.05 to 0.34; P<0.001). Compared with malignant indications,
functioning tumours were associated with a markedly reduced

risk (OR 0.16, 0.05 to 0.56; P=0.004), whereas there was no
statistical significance for benign non-functioning tumours (P=
0.15). Bilateral adrenalectomy was independently linked to an
increased risk of postoperative death (OR 4.76, 1.24 to 18.20; P=
0.020). In this model, patient sex, laterality, and surgery at a
high-volume centre showed no significant association with
mortality (Table 2).

Discussion

This international, multicentre retrospective study of 6672
adrenalectomy procedures recorded in the EUROCRINE® registry
across 99 European centres has demonstrated that institutional
adrenalectomy volume is a strong and independent predictor of
high-grade postoperative complications. Using ROC curve analysis,
an optimal centre volume threshold of 36 adrenalectomies per
year was identified. Centres performing above this threshold
showed significantly lower rates of high-grade complications,
conversion to open surgery, and reoperation, and had shorter
hospital stays. However, the difference in postoperative mortality
was not statistically significant. These findings support the
extension of the volume-outcome relationship to adrenalectomy,
highlighting that institutional experience may be just as critical as
individual-surgeon experience. These results support the
centralization of adrenal surgery to high-volume centres, where
multidisciplinary teams and use of standardized protocols can
optimize patient safety.

These results are consistent with the findings of Anderson et al.?,
who used restricted cubic spline modelling to define a statistically
valid volume-outcome relationship in adrenal surgery. In contrast,
previous studies>*?**>¢ relied on subjective thresholds or
stratified volume groups (for example quartiles, tertiles or
previous results). In the present study, ROC curve analysis was
used not to design a highly discriminative predictive model, but
to determine an outcome-based threshold that could identify
high-volume centres. Although the AUC value of 0.586 indicated
modest discriminative power, it provided a statistically valid
cut-off associated with a lower risk of high-grade complications.
This cut-off remained significant in both univariable and
multivariable analyses, thereby supporting an evidence-based
definition of high-volume centres in adrenal surgery.

Adrenal surgery is relatively rare, and this low frequency is
reflected in surgical practice patterns worldwide. Anderson
et al.' reported that 82.3% of surgeons performed only one
adrenalectomy annually, and these surgeons had the highest
complication rates. Similarly, Palazzo et al.” found that 84% of
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surgeons in the UK undertook just one adrenal procedure per year.
In Japan, Waseda et al.® demonstrated that 80% of benign
laparoscopic adrenalectomies were performed in centres
conducting fewer than five such procedures annually. The
present study has confirmed this pattern: although only 7 of the
99 centres carried out > 36 adrenalectomies annually, these
high-volume centres accounted for more than one-third of all
procedures (36.7%), highlighting the concentrated nature of
adrenal surgery in specialized institutions.

Several previous studies’®*! have reported that surgical
volume is a key determinant of outcomes in adrenalectomy, with
higher-volume surgeons achieving lower complication rates.
Some studies’ have suggested that both surgeon and centre
experience influence outcomes, with surgeon volume having a
more pronounced effect. However, the well documented ‘centre
effect—reflecting the impact of multidisciplinary teams,
standardized  perioperative  protocols, and institutional
infrastructure—may also play a substantial role in adrenal
surgery. This effect has been well established in other complex
procedures such as gastrectomy, colectomy, lung resection, and
pancreatic surgery’®. Moreover, it has been demonstrated that
high-volume centres with a multidisciplinary approach have a
positive impact on the oncological outcome of patients with ACC,
resulting in a lower recurrence rate and improved mean time to
recurrence’®,

In the present study, surgeon-specific volume data were not
available in the database, which precluded separate assessment
of surgeon and centre effects. However, at least theoretically,
experience of the single surgeon in a high-volume centre could
have a limited role because of standardization of the surgical
technique and the possibility that less experienced surgeons can
be tutored, proctored, and supervised by more experienced
ones. That can ultimately result in a homogeneous outcome for
different levels of experience®.

Multiple large-scale studies have highlighted the association
between centre volume and clinical outcomes in adrenal
surgery. Waseda et al.® reported that centres performing 20 or
more laparoscopic adrenalectomies annually had a
complication rate of 7.2%, compared with 11.2% in those
undertaking fewer than 5 procedures per year. Similarly, Park
et al.’> documented complication rates of 16.3% in high-volume
centres versus 24.5% in low-volume centres. In Germany,
Uttinger et al.'® reported lower complication rates in centres
performing more than 31 adrenalectomies annually (17.3 versus
23.1%). Bergamini et al.'’> also noted a markedly reduced
complication rate of 4.8% in reference centres performing over
30 procedures per year, compared with 22.0% in lower-volume
centres. In contrast, Murphy et al.?° and Stavrakis et al.’® did not
identify a statistically significant relationship between hospital
volume and complication rates. In the present study, high-grade
complications occurred in 0.9% of patients who had surgery in
high-volume centres, compared with 2.9% at low-volume
centres. Furthermore, in multivariable logistic regression
analysis, having surgery at a high-volume centre was an
independent protective factor against high-grade complications
(OR 0.39, 95% c.i. 0.24 to 0.63; P<0.001). These findings are
consistent with those of previous studies and support the
reliability of the cut-off value used to define high-volume
centres in the present analysis.

Regarding postoperative mortality, previous studies reported
inconsistent findings in relation to centre volume. Park et al.*?,
Uttinger et al.'®, and Waseda et al.’ reported no significant
differences in mortality rates between high- and low-volume

centres. In contrast, Caiazzo et al.” reported a significantly lower
mortality rate of 0.9% in centres performing > 32
adrenalectomies annually, compared with 1.8% in lower-volume
institutions. In the present study, univariable analysis
demonstrated a higher postoperative mortality rate in
low-volume centres than in high-volume centres (0.4 versus
0.2%), although this difference did not reach statistical
significance. Similarly, in multivariable logistic regression
analysis, high-volume centre status was not independently
associated with reduced mortality (OR 0.69; P =0.48).

This study found that malignant indications were relatively
more prevalent in low-volume centres. This may have been due
to regional differences in referral practices, variations in case
complexity, and differences in preoperative recording practices,
with some patients with malignant disease possibly being
managed locally. Such factors should be considered when
interpreting this finding.

Low-grade complications were more prevalent in high-volume
centres (19.3 versus 9.6%). Within the Clavien-Dindo
classification, only grade I complications were more common in
high-volume centres (16.4 versus 5.4%), whereas grades II, Illa,
IIlb, and IV were more frequent in low-volume centres. This
difference may reflect more systematic coding and follow-up
processes in high-volume centres, a lower threshold for recording
minor deviations from the expected postoperative course, and
the presence of comprehensive multidisciplinary teams that are
more likely to detect and document such events.

The present data showed that high-volume centres more
frequently employed minimally invasive techniques (93.1 versus
85.4%), particularly posterior and robotic approaches, which may
have contributed to the observed improvements in surgical
outcomes. Minimally invasive surgery was independently
associated with a significantly reduced risk of both high-grade
complications (OR 0.21) and postoperative death (OR 0.13).
However, this association may partly reflect selection bias, as
minimally invasive approaches are more likely to be used in
patients with smaller tumours and benign indications. In the
multivariable analysis, bilateral adrenalectomy emerged as an
independent predictor of postoperative death (OR 4.76; P=0.02),
but was not significantly associated with high-grade complications
(OR 2.01; P=0.76). Malignant indication was independently linked
to high-grade complications and postoperative death.

This study has several limitations. The retrospective design
and reliance on registry-based data may have introduced
reporting and selection biases. The database does not provide
surgeon-specific procedure numbers, so it was not possible to
adjust for surgeon volume. Variability in individual-surgeon’s
experience and caseload in high-volume centres may therefore
have influenced outcomes. Although the registry offers a large
multicentre data set from across Europe, the findings may
not be generalizable to healthcare systems with different
organizational structures. Unmeasured confounders, such as
variability in case complexity, perioperative care, and
institutional protocols, may also have affected the results.

Funding

The authors have no funding to declare.

Acknowledgements

The authors acknowledge the institutions contributing to
the EUROCRINE® database (https:/www.eurocrine.eu) and the


https://www.eurocrine.eu

Tirketal. | 7

EUROCRINE® Council members for their continued support and
for enabling this study. This research would not have been
possible without their collaboration and dedication to data
quality.

Author contributions

Yigit Turk (Conceptualization, Data curation, Formal analysis,
Investigation, Methodology, Project administration, Resources,
Validation, Visualization, Writing—original draft, Writing—
review & editing), Aykut Ozkili¢ (Data curation, Formal analysis,
Methodology, Resources, Software, Validation, Visualization,
Writing—original draft, Writing—review & editing), Francesco
Pennestri (Supervision, Writing—review & editing), Marco
Raffaelli (Supervision), Radu Mihai (Supervision, Writing—
original draft, Writing—review & editing), Murat Ozdemir
(Investigation, Methodology, Project administration, Resources,
Supervision, Writing—original draft, Writing—review & editing),
and Ozer Makay (Supervision, Writing—review & editing)

Disclosure

The authors declare no conflict of interest.

Supplementary material

Supplementary material is available at BJS Open online.

Data availability

The data underlying this article were provided by the
EUROCRINE® registry with permission. Data will be shared on
request to the corresponding author with the permission of the
EUROCRINE® board.

References

1. Anderson KL, Thomas SM, Adam MA, Pontius LN, Stang MT,
Scheri RP et al. Each procedure matters: threshold for surgeon
volume to minimize complications and decrease cost
associated with adrenalectomy. Surgery 2018;163:157-164

2. Palazzo F, Dickinson A, Phillips B, Sahdev A, Bliss R, Rasheed A
et al. Adrenal surgery in England: better outcomes in
high-volume practices. Clin Endocrinol (Oxf) 2016;85:17-20

3. Waseda Y, Chen W, Yokoyama M, Fukuda S, Tanaka H, Yoshida
S et al. Impact of surgical volume on outcomes of laparoscopic
adrenalectomy for benign adrenal tumors: a Japanese
nationwide database analysis. IntJ Urol 2025;32:409-413

4. Lindeman B, Hashimoto DA, Bababekov Y], Stapleton SM, Chang
DC, Hodin RA et al. Fifteen years of adrenalectomies: impact of
specialty training and operative volume. Surgery 2018;163:150-156

5. Mihai R, Donatini G, Vidal O, Brunaud L. Volume-outcome
correlation in adrenal surgery—an ESES consensus statement.
Langenbecks Arch Surg 2019;404:795-806

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Yip L, Duh QY, Wachtel H, Jimenez C, Sturgeon C, Lee C et al.
American Association of Endocrine Surgeons guidelines for
adrenalectomy: executive summary. JAMA Surg 2022;157:
870-877

Huo YR, Phan K, Morris DL, Liauw W. Systematic review and a
meta-analysis of hospital and surgeon volume/outcome
relationships in colorectal cancer surgery. J Gastrointest Oncol
2017;8:534-546

Birkmeyer JD, Siewers AE, Finlayson EV, Stukel TA, Lucas FL,
Batista I et al. Hospital volume and surgical mortality in the
United States. N Engl] Med 2002;346:1128-1137

Caiazzo R, Marciniak C, Lenne X, Clément G, Theis D, Ménégaux
F et al. Adrenalectomy risk score: an original preoperative
surgical scoring system to reduce mortality and morbidity
after adrenalectomy. Ann Surg 2019;270:813-819

Uttinger KL, ReibetanzJ, Diers J, Baum P, Pietryga S, Hendricks A
et al. Volume-outcome relationship in adrenal surgery from
2009-2017 in Germany—a retrospective study. Eur J Endocrinol
2023;188:1vac013

Rajan S, Patel N, Stechman M, Balasubramanian SP, Mihai R,
Aspinall S. Impact of adrenal surgeon volume on outcome:
analysis of 4464 operations from the United Kingdom Registry
of Endocrine and Thyroid Surgery (UKRETS). Br J Surg 2024;
111:znae002

Bergamini C, Martellucci J, Tozzi F, Valeri A. Complications in
laparoscopic adrenalectomy: the value of experience. Surg
Endosc 2011;25:3845-3851

EUROCRINE® European Surgical Registry for Endocrine
Tumours. About EUROCRINE. https://eurocrine.eu/about-
eurocrine

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

Park HS, Roman SA, Sosa JA. Outcomes from 3144
adrenalectomies in the United States: which matters more,
surgeon volume or specialty? Arch Surg 2009;144:1060-1067
Stavrakis Al Ituarte PH, Ko CY, Yeh MW. Surgeon volume as a
predictor of outcomes in inpatient and outpatient endocrine
surgery. Surgery 2007;142:887-899

Gray WK, Day J, Briggs TWR, Wass JAH, Lansdown M. Volume-
outcome relationship for adrenalectomy: analysis of an
administrative dataset for the Getting It Right First Time
programme. Br ] Surg 2021;108:1112-1119

Lombardi CP, Raffaelli M, Boniardi M, De Toma G, Marzano LA,
Miccoli P et al. Adrenocortical carcinoma: effect of hospital
volume on patient outcome. Langenbecks Arch Surg 2012;397:
201-207

Horesh N, Jacoby H, Dreznik Y, Nadler R, Amiel I, Dotan ZA et al.
Teaching laparoscopic adrenalectomy to surgical residents. J
Laparoendosc Adv Surg Tech A 2016;26:453-456

Murphy MM, Witkowski ER, Ng SC, McDade TP, Hill JS, Larkin AC
et al. Trends in adrenalectomy: a recent national review. Surg
Endosc 2010;24:2518-2526


http://academic.oup.com/bjsopen/article-lookup/doi/10.1093/bjsopen/zraf180#supplementary-data
https://eurocrine.eu/about-eurocrine
https://eurocrine.eu/about-eurocrine

	Impact of centre volume on adrenalectomy outcomes: European multicentre study based on EUROCRINE® registry
	Introduction
	Methods
	Data source and study population
	Patient and variables
	Centre volume threshold determination
	Statistical analysis

	Results
	Cohort characteristics
	Centre volume threshold
	Surgical indication
	Surgical techniques
	Postoperative complications
	Postoperative mortality

	Discussion
	Funding
	Acknowledgements
	Author contributions
	Disclosure
	Supplementary material
	Data availability
	References


