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Background: Surgical resection is the only potentially curative treatment for pancreatic neuroendocrine
tumors. The choice for the type of procedure is influenced by the expected oncological benefit and the
anticipated risk of procedure-specific complications. Few studies have focused on complications in these
patients. This cohort study aimed to assess complications and risk factors after resections of pancreatic
neuroendocrine tumors.
Methods: Patients undergoing resection of a pancreatic neuroendocrine tumor were identified within 2
centers of excellence. Complications were assessed according to the Clavien-Dindo classification and the
comprehensive complication index. Logistic regression was performed to compare surgical procedures
with adjustment for potential confounders (Clavien-Dindo �3).
Results: The cohort comprised 123 patients, including 12 enucleations, 50 distal pancreatectomies, 51
pancreatoduodenectomies, and 10 total/combined pancreatectomies. Mortality was 0.8%, a severe compli-
cation occurred in 41.5%, and the failure-to-rescue rate was 2.0%. The median comprehensive complication
index was 22.6 (0e100); the comprehensive complication index increased after more extensive resections.
After adjustment, apancreatoduodenectomy, as compared toadistalpancreatectomy, increasedtherisk fora
severe complication (odds ratio 3.13 [95% confidence interval 1.32e7.41]). Of the patients with multiple
endocrine neoplasia type 1 or von Hippel-Lindau, 51.9% developed a severe complication vs 38.5% with
sporadic disease. After major resections, morbidity was significantly higher in patients with multiple
endocrine neoplasia type 1/von Hippel-Lindau (comprehensive complication index 45.1 vs 28.9, P ¼ .029).
Conclusion: Surgery for pancreatic neuroendocrine tumors is associated with a high rate of complications but
low failure-to-rescue in centers of excellence. Complications are procedure-specific. Major resections in patients
with multiple endocrine neoplasia type 1/von Hippel-Lindau appear to increase the risk of complications.

© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Introduction

Pancreatic neuroendocrine tumors (pNETs) have an estimated
incidence of less than 1 per 100,000 persons, but their incidence is
rising.1e3 Less than 10% of all pancreatic operations and only 2.7% to
6.3% of the pancreatoduodenectomies are performed for pNETs.4,5
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Less than 1 in 10 occurs in a familial fashion, predominantly mul-
tiple endocrine neoplasia type 1 (MEN1) and von Hippel-Lindau
disease (VHL).6 When the peptides secreted by the pNET induce
symptoms, the tumor is regarded as a functioning pNET (F-pNET);
all others are considered as non-functioning (NF-pNETs).

Surgical resection is the cornerstone of curative treatment and is
increasingly performed for pNETs.7 The European Neuroendocrine
Tumor Society (ENETS) and North American Neuroendocrine Tu-
mor Society guidelines recommend operative resection of F-pNETs,
irrespective of their size.8,9 Both guidelines recommend resection
of NF-pNETs larger than 2 cm but suggest that surgical resections
could also be considered for NF-pNETs less than 2 cm.8,9 The de-
cision to proceed to surgical resection and the choice for the type of
procedure are influenced by the expected oncological benefit and
the anticipated risk of procedure-specific complications.

Data on complications after pancreatic resections are abundant,
but published data specifically on complication rates after
pancreatic surgery for pNETs are limited. Patients with pNETs also
undergo atypical pancreatic resections, have a soft pancreas and
non-dilated pancreatic duct, which increase the risk of
complications.10e13 Most studies that incldued at least 100 patients
with resected pNETs focused on postoperative pancreatic fistula
(POPF), whereas patients are at risk for other pancreatic and gen-
eral surgery-related complications as well. In these studies, pa-
tients have been included over almost 2 decades,13e17 mainly
before 2010,14e19 and specific inclusion criteria have been applied
based on size or metastases,15,19 functionality16,17, MEN1,20,21 or
sporadic nature,14 thereby limiting the applicability of these studies
during patient counseling in general practice. Besides, most studies
lacked a detailed and comprehensive assessment and grading of
complications according to accepted criteria, and risk factors are
largely unknown.15e19,22,23 This study aimed to assess procedure-
specific complications and risk factors for complications after op-
erations for pNETs in 2 ENETS Centers Of Excellence. The secondary
aims were to compare postoperative complications of patients with
(multifocal) MEN/VHL-related with (solitary) sporadic pNETs and
those with F-pNETs versus NF-pNETs.

Methods

Study design

Patients who underwent resection of a histopathologically
proven pNET between 2008 and 2019 at the University Medical
Center Utrecht (UMCU) and University Medical Center Groningen
(UMCG) were identified retrospectively by extensive review of the
surgical procedures database and histopathological archives. Both
centers are high-volume centers for pancreatic surgeryddefined as
at least 20 pancreatoduodenectomies annually in the Nether-
lands24dand are specialized in pNETs. Both are certified as ENETS
Center of Excellence. Patients were identified by an extensive
search of the pathology reports and review of the surgical pro-
cedures databases. Patients undergoing pancreatic resections for a
duodenal NET were not eligible. The study was approved by med-
ical ethics committees from both centers (Research Register num-
ber 201900734 [UMCG] and 19/670 [UMCU]).

Clinical definitions

Data regarding patient demographics, work-up, operation,
postoperative complications, and follow-up were collected from
the electronic patient records. No data were collected on race/
ethnicity. Tumors without distinct clinical symptoms caused by
excessive hormone excretion were regarded as NF-pNETs. Tumors
were considered as F-pNET in case of excessive hormone
production leading to distinct clinical symptoms and referred to as
insulinomas, gastrinomas, glucagonomas, and somatostatinomas,
depending on the respective hormone secreted.

The presence of MEN1 or VHL disease was assessed per clinical
practice guidelines or statements.25,26 Length of hospital stay (LOS)
was calculated from the date of resection until the date of
discharge. Readmission was defined as an admission after initial
discharge for a complication within 30 days.

Preoperative tumor size of the largest pNET was based on the
maximum observed size on conventional imaging. If conventional
or functional imaging was positive for local lymph node or liver
metastases, the patient was considered as having the respective
metastases.

Surgery

Surgical indications and strategies were based on multidisci-
plinary team discussions and intraoperative findings. In both cen-
ters, surgical procedures were performed in teams of surgeons with
vast competence in pancreatic surgery and experience in pNETs. An
enucleation was defined as a local resection of a pNET without the
resection of surrounding tissue. Pancreatoduodenectomies
considered Whipple procedures and pylorus-preserving pan-
creatoduodenectomies (PPPD). Combined resections, eg, Whipple/
PPPD and distal pancreatectomy (DP), were reserved for patients
with multifocal tumors occurring in MEN1/VHL disease. To be
classified as a Whipple/PPPD plus DP, preservation of at least a part
of the pancreatic body or tail was demanded.21 No central pan-
createctomies were performed. Enucleations and DPwere regarded
as minor resections and Whipple/PPPDs, and total and combined
pancreatectomies were considered as major resections.

Outcome measures and definitions

Postoperative complications within 30 days after surgical
resection or during hospitalization were graded according to the
Clavien-Dindo classification.27 The primary outcome of the study
was the occurrence of a severe postoperative complication (Clav-
ien-Dindo �3).27 Mortality included deaths within 90 days.

The cumulative burden of complications was expressed as the
comprehensive complication index (CCI), which is calculated as the
sum of all complications weighted for their severity and expressed
on a continuous scale ranging from 0 (no complication) to 100
(death).28,29 The CCI scores were used to calculate estimated costs,
in Euros and United States dollars, based on the type of resection,
age, and CCI.30 A cumulative CCI of �37.1, which reflects the burden
of at least 2 Clavien-Dindo grade 3a complications, was previously
used to determine highmorbidity due to operative complications.31

Secondary outcomes included the presence and severity of
pancreatic surgery-associated complicationsdPOPF, delayed
gastric emptying (DGE), post-pancreatectomy hemorrhage (PPH),
bile leak, and chyle leakdwhich were assessed and graded ac-
cording to definitions and criteria formulated by the International
Study Group of Pancreatic Surgery (ISGPS).32e36 Grade B/C com-
plications were considered clinically relevant. Patients with a total
pancreatectomy were excluded from the POPF analysis. For the
analysis of bile leak, only patients undergoing resection of the
pancreatic head (Whipple/PPPD, total pancreatectomy, or enucle-
ation of the pancreatic head) were included. Failure-to-rescue was
defined as death due to a severe complication.37

Statistical analysis

Continuous variables were presented as mean (± standard de-
viation) or as median (range). Categorical variables were presented



D.-J. van Beek et al. / Surgery 172 (2022) 127e136 129
as count (percentage). Differences in continuous variables were
assessed using Mann-Whitney U or Kruskal Wallis tests, and cate-
gorical datawere compared by using c2 analysis or Fisher exact test.
Differences in characteristics were compared between patients
with MEN1/VHL versus those with sporadic disease and patients
with a NF-pNET versus those with a F-pNET, respectively.

Severe complications, ISGPS grade B/C complications, and CCI
with estimated associated costs were compared between different
surgical procedures (enucleation versus DP versus Whipple/PPPD
versus total/combined pancreatectomy), patients with MEN1/VHL
versus sporadic disease, and F-pNETs versus NF-pNETs. The ana-
lyses were stratified by the extent of resection.

The potential associations between preoperative characteristics
and the occurrence of a severe complication or POPF were assessed
using univariable logistic regression providing odds ratios (OR)with
corresponding 95% confidence intervals (CI). Variables evaluated for
an association with a severe complication were age at surgery in
years, sex, AmericanSocietyof Anesthesiologists (ASA) score, type of
pancreatic resection, type of pNET, MEN1/VHL, radiological size in
mm, radiological pNET�2 cm, radiological lymph node metastases,
radiological liver metastases, and surgical approach. The same var-
iables were analyzed for an association with a POPF.

In multivariable analysis, the effect of surgical procedures was
adjusted for age at surgery, ASA score, pNET functionality, and
presence of a radiological pNET�2 cm, based on clinical experience
and reasoning. Because only a limited number of covariates could
Table I
Risk factors for a severe complication

Severe complication*

Yes n ¼ 51 (41.5%) No n ¼ 72 (58.5

Age surgery in yearsy 55 (18e81) 56 (6e77)
Sex
Female 23 (45.1%) 41 (56.9%)
Male 28 (54.9%) 31 (43.1%)

ASA grade
ASA 1 or 2 39 (76.5%) 61 (84.7%)
ASA 3 or 4 12 (23.5%) 11 (15.3%)

Pancreatic resection
Distal pancreatectomy 16 (31.4%) 34 (47.2%)
Enucleation 1 (2.0%) 11 (15.3%)
Whipple/PPPD 29 (56.9%) 22 (30.6%)
Total or other 5 (9.8%) 5 (6.9%)

Type of tumor
NF-pNET 35 (68.6%) 52 (72.2%)
F-pNET 16 (31.4%) 20 (27.8%)

Hereditary syndrome
Absent 37 (72.5%) 59 (81.9%)
Present 14 (27.5%) 13 (18.1%)

Size imaging in mm 23 (6e140) 24 (8e140)
pNET � 2 cm
Absent 20 (39.2%) 28 (38.9%)
Present 31 (60.8%) 44 (61.1%)

Lymph node metastases
Absent 37 (72.5%) 56 (77.8%)
Present 14 (27.5%) 16 (22.2%)

Liver metastases
Absent 40 (78.4%) 61 (84.7%)
Present 11 (21.6%) 11 (15.3%)

Approach
Open 37 (72.5%) 45 (62.5%)
Laparoscopic 4 (7.8%) 12 (16.7%)
Robot-assisted 10 (19.6%) 15 (20.8%)

Multivariable analysis includes age, ASA grade, pancreatic resection, typ
pNET imaging (6.5%), pNET size � 2 cm (6.5%), suspected lymph node
imaging (0.8%). For all other variables no missing data were observed.
ASA, American Society of Anesthesiologists; CI, confidence interval; F-pN
functioning pancreatic neuroendocrine tumor; No, number of; OR, odd

* Data given after multiple imputation.
y For comparison between patients with and without a severe comp
be adjusted for, we performed sensitivity analyses by including
different combinations of covariates.

Missing data were considered missing at random and therefore
imputed using multiple imputationwith the iterativeMarkov chain
Monte Carlo method, creating 20 datasets.38,39 Variables listed in
Table I, as well as hospital, solitary, or multiple radiological pNETs,
and the period of operation (before and in 2014 or later), and the
occurrence of a severe complication, were used as predictor vari-
ables for multiple imputation. For the POPF analysis, POPF was
included as the outcome for imputation. Odds ratios and 95% CI
were pooled using Rubin’s rules.40 Data were analyzed using SPSS
version 25.0 (IBM Corp, New York, NY) and R version 3.5.1 with
‘Mice’ package (R Foundation for Statistical Computing, Vienna,
Austria).

Results

Patient characteristics

In total, 123 patients were included with a mean age of 54 (±14)
years (Table II). Sixty-four were female patients (52%), and 27
(21.9%) patients had a genetic syndrome. In 25 patients, MEN1 or
VHL was confirmed by genetic testing; in 1 patient fulfilling clinical
criteria, no mutation was found by genetical testing, and in 1 pa-
tient, it was unclear whether genetic testing was performed. The
latter patient fulfilled clinical criteria and had a proven mutation
Univariable analysis Multivariable analysis

%) Crude OR 95% CI Adjusted OR 95% CI

1.00 0.97e1.03 1.00 0.97e1.03
e e

1 Ref.
1.61 0.78e3.34

1 Ref. 1 Ref.
1.71 0.68e4.29 1.51 0.56e4.04

1 Ref. 1 Ref.
0.19 0.02e1.66 0.19 0.02e1.73
2.80 1.23e6.37 3.13 1.32e7.41
2.13 0.53e8.52 2.14 0.50e9.11

1 Ref. 1 Ref.
1.19 0.54e2.63 1.59 0.59e4.26

e e

1 Ref.
1.72 0.72e4.09
0.99 0.98e1.01 e e

1 Ref. 1 Ref.
1.01 0.47e2.17 0.98 0.38e2.55

e e

1 Ref.
1.31 0.57e3.04

e e

1 Ref.
1.50 0.59e3.83

e e

1 Ref.
0.41 0.12e1.38
0.81 0.32e2.03

e of tumor, and pNET �2 cm. Missing data were observed for size
metastases on imaging (0.8%), and suspected liver metastases on

ET, functioning pancreatic neuroendocrine tumor; NF-pNET, non-
s ratio; Ref, reference category.

lication median (range) is presented.



Table II
Baseline characteristics

Characteristic Overall
N ¼ 123

Age at surgery in years, mean (SD) 54 (±14)
Sex, n (%)
Male 59 (48.0%)
Female 64 (52.0%)

Surgical indication, n (%)
NF-pNET 87 (70.7%)
Insulinoma 26 (21.1%)
Gastrinoma 2 (1.6%)
Glucagonoma 1 (0.8%)
Somatostatinoma 1 (0.8%)
NF-pNET and gastrinoma 6 (4.9%)

Hereditary syndrome, n (%)
MEN1 22 (17.9%)
von Hippel-Lindau 5 (4.1%)

ASA grade, n (%)
1 25 (20.3%)
2 75 (61.0%)
3 22 (17.9%)
4 1 (0.8%)

Preoperative imaging performed, n (%)
Magnetic resonance imaging 53 (43.1%)
Computed tomography 110 (89.4%)
Endoscopic ultrasonography 82 (66.7%)
Somatostatin receptor scintigraphy 28 (22.8%)
68Gallium labelled PET/CT 65 (52.8%)

68Ga-DOTATATE PET/CT 28 (22.8%)
68Ga-DOTATOC PET/CT 8 (6.5%)
68Ga-DOTANOC PET/CT 1 (0.8%)
18F-DOPA PET/CT 15 (12.2%)
18F-FDG PET/CT 1 (0.8%)
11C-5-HTP PET 12 (9.8%)

pNETs on preoperative imaging (n ¼ 122 [99.2%]), n (%)
Solitary 91 (74.6%)
Multiple 31 (25.4%)

Preoperative tumor localization, n (%)
Head 59 (48.0%)
Body 9 (7.3%)
Tail 48 (39.0%)
Multifocal 7 (5.7%)

Size largest pNET on conventional imaging in mm
(n ¼115 [93.5%]), median (range)

23 (6 - 140)

pNET �2 cm on preoperative imaging
(n ¼ 115 [93.5%]), n (%)

71 (61.7%)

Suspected lymph node metastases on imaging
(n ¼ 122 [99.2%]), n (%)

30 (24.6%)

Suspected liver metastases on imaging
(n ¼ 122 [99.2%]), n (%)

22 (17.9%)

Procedures, n (%)
Enucleation 12 (9.8%)
Distal pancreatectomy 50 (40.7%)
PPPD/Whipple 51 (41.5%)
Total pancreatectomy 6 (4.9%)
Combined resection 4 (3.3%)

Approach, n (%)
Conventional/open 82 (66.7%)
Laparoscopic 16 (13.0%)
Robot-assisted 25 (20.3%)

Additional resection for suspected pNET metastases, n (%) 7 (7.3%)

ASA, American Society of Anesthesiologists; MEN1, multiple endocrine neoplasia
type 1; N number of; NF-pNET, non-functioning pancreatic neuroendocrine tumor;
PET, positron emission tomography; pNET, pancreatic neuroendocrine tumor; PPPD,
pylorus-preserving pancreatoduodenectomy; SD, standard deviation.
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within the family. Patients with MEN1/VHL were younger at sur-
gery, more often had multiple pNETs on imaging, and more
frequently underwent a total/combined pancreatectomy as
compared to patients with sporadic disease (Table III). The median
age at surgery in patients with MEN1 and in patients with VHL was
41.5 years (6e62) and 42.0 years (33e51), respectively. Overall, the
majority of patients had an NF-pNET (70.7%). Preoperatively, NF-
pNETs were generally larger than F-pNETs, and more NF-pNETs
were �2 cm (72.3 vs 34.3%; Table III). Three patients had prior
resection of a pNET.

Surgical procedures

The majority of patients (n ¼ 51; 41.5%) underwent a Whipple
procedure (n ¼ 9) or PPPD (n ¼ 42). Fifty patients (40.7%) under-
went a DP, of whom 27 (54.0%) had a spleen-preserving procedure;
spleen-preserving DP was more often performed robot-assisted,
and tumors were generally smaller (Supplementary Table S1). In
21 patients, splenectomy was planned due to preoperative or
intraoperative suspicion of either direct tumor involvement or
close relationwith the spleen or splenic vessels. In the remaining 2,
splenectomy was performed owing to intraoperative iatrogenic
damage to the splenic vessels. Enucleation was performed in 12
patients (9.8%)d5 tumors were located in the pancreatic head and
7 in the body or tail. In 10 of these, the distance to the main
pancreatic duct was determined by intraoperative ultrasound. In 7
patients in the enucleation group, no anastomosis was constructed.
A Roux-en-Y reconstruction was performed in 3 patients, of whom
1 also had a serosal patch. Six patients (4.9%) underwent a total
pancreatectomyd2 were duodenum-preserving. Four patients
(3.3%) underwent a combined resection; these were exclusively
performed in patients with MEN1 and multifocal disease and
included a Whipple/PPPD plus DP in 3 and an enucleation plus DP
in 1. Synchronous hepatic resections for pNET-related metastases
were performed in 6 patients (4.9%), and 1 patient underwent
synchronous resections of metastases in the stomach and kidney.
Liver resections included hemihepatectomy (n ¼ 2), right hemi-
hepatectomy plus wedge resection (n ¼ 1), wedge resection plus
radiofrequency ablation (n ¼ 1), multiple wedge resections (n ¼ 1),
and segmentectomies (n ¼ 1). Two patients underwent multi-
visceral resections due to tumor progression, and 4 other patients
underwent synchronous resections due to compromise of the
colonic (n ¼ 1) or omental vasculature (n ¼ 1), gastric NET (n ¼ 1),
or renal cell carcinoma (n ¼ 1). Forty-one of the procedures (33.3%)
were minimally invasive, of which 3 were converted.

Intraoperative and postoperative complications

The median durations of surgery and blood loss were 309 mi-
nutes (76e1,062) and 450 milliliters (0e5,000), respectively. A
relaparotomywas performed in 8 patients (6.5%)dindications were
POPF in 3 patients (all grade C), PPH in 2 (grade B and C), bile leak in
1 (grade C), and fascial dehiscence in 1. The remaining patient
underwent 3 relaparotomies for omental necrosis, POPF grade C,
and abdominal abscesses, respectively. Themedian LOSwas 11 days
(4e260).

A severe complication was observed in 51 patients (41.5%)
(Figure 1); 13 of these had a grade 3 complication due to endoscopic
feeding tube placement. The only death (0.8%) within 90 days
occurred in a patient that suffered from a perioperative stroke with
a fatal prognosis. The overall failure-to-rescue rate was 2.0% (n ¼ 1/
51) and for ISGPS grade B/C complications 0% (n ¼ 0/51).
Patients with a severe complication had a longer LOS (20 [6e260]
vs 8 [4e30] days; P < .001) than patients with no severe compli-
cation. The median CCI was 22.6 (0e100), leading to associated
estimated costs of V15,336 (V10,098eV46,402) and $45,775
($30,140e$138,497), respectively. Twenty-nine patients (23.6%) of
patients had a high CCI.

Procedure-related outcomes are presented in Table IV. The risk
for a severe complication, a cumulative CCI�37.1, and any grade B/C
complication and the cumulative CCI as well as the number of
complications were procedure-related (Table IV; Figure 2). A POPF



Table III
Characteristics and outcomes of patients with a MEN1/VHL-related versus sporadic pNET and F-pNET versus NF-pNET

Characteristic Sporadic n ¼ 96 MEN1/VHL n ¼ 27 P value NF-pNET n ¼ 87 F-pNET n ¼ 36 P value

Age at surgery in years, median (range) 57 (21e81) 42 (6e62) <.001 56 (19e79) 53 (6e81) .178
Sex
Male 46 (47.9%) 13 (48.1%) .983 46 (52.9%) 13 (36.1%) .090
Female 50 (52.1%) 14 (51.9%) 41 (47.1%) 23 (63.9%)

Hereditary syndrome
MEN1 NA NA NA 12 (13.8%) 10 (27.8%) .079
von Hippel-Lindau 5 (5.7%) 0 (0%)

Type of pNET
NF-pNET 70 (72.9%) 17 (63.0%) .315 NA NA NA
F-pNET 26 (27.1%) 10 (37.0%)

ASA grade
1 21 (21.9%) 4 (14.8%) .804 19 (22.8%) 6 (16.7%) .523
2 57 (59.4%) 18 (66.7%) 54 (62.1%) 21 (58.3%)
3 17 (17.7%) 5 (18.5%) 13 (14.9%) 9 (25.0%)
4 1 (1.0%) 0 (0%) 1 (1.1%) 0 (0%)

Number of pNETs imaging, n ¼ 122 (99.2%)
Solitary 83 (87.4%) 8 (29.6%) <.001 65 (74.7%) 24 (66.7%) .364
Multiple 12 (12.6%) 19 (70.4) 22 (25.3%) 12 (33.3%)

Size largest pNET on conventional
imaging in mm, median (range),
n ¼ 115 (93.5%)

22 (6e140) 24 (8e98) .781 27 (8e120) 15 (6e140) <.001

pNET � 2 cm on preoperative imaging,
n ¼ 115 (93.5%)

52 (58.4%) 19 (73.1%) .176 60 (72.3%) 11 (34.4%) <.001

Suspected lymph node metastases on imaging,
n ¼ 122 (99.2%)

21 (22.1%) 9 (33.3%) .232 23 (26.7%) 7 (19.4%) .393

Suspected liver metastases on imaging,
n ¼ 122 (99.2%)

17 (17.9%) 5 (18.5%) .941 17(19.8%) 5 (13.9%) .441

Procedures <.001 .185
Enucleation 10 (10.4%) 2 (7.4%) 7 (8.0%) 5 (13.9%)
Distal pancreatectomy 41 (42.7%) 9 (33.3%) 32 (36.8%) 18 (50.0%)
PPPD/whipple 43 (44.8%) 8 (29.6%) 42 (48.3%) 9 (25.0%)
Total pancreatectomy 2 (2.1%) 4 (14.8%) 4 (4.6%) 2 (5.6%)
Combined resection 0 (0%) 4 (14.8%) 2 (2.3%) 2 (5.6%)

Approach .714 .654
Open 63 (65.6%) 19 (70.4%) 60 (69.0%) 22 (61.1%)
Laparoscopic 12 (12.5%) 4 (14.8%) 10 (11.5%) 6 (16.7%)
Robot-assisted 21 (21.9%) 4 (14.8%) 17 (19.5%) 8 (22.2%)

Patients with both a NF-pNET and gastrinoma were analyzed as F-pNET.
ASA, American Society of Anesthesiologists; DGE, delayed gastric emptying; F-pNET, functioning pancreatic neuroendocrine tumor;MEN1, multiple endocrine neoplasia type 1;
N, number of; NF-pNET, non-functioning pancreatic neuroendocrine tumor; pNET, pancreatic neuroendocrine tumor; POPF, postoperative pancreatic fistula; PPH, post-
pancreatectomy hemorrhage; PPPD, pylorus-preserving pancreatoduodenectomy.

Figure 1. Postoperative complications. (A) Pie-chart showing the percentage of patients with complications according to the Clavien-Dindo classification. (B) Bar graphs showing
the percentage of patients with pancreatic surgery-associated complications according to the ISGPS definitions and grading. For the bile leak analysis, only patients with resections
of the pancreatic head were included, that is, patients after a Whipple/pylorus-preserving pancreatoduodenectomy, total pancreatectomy, combined pancreatectomy, and
enucleation of the pancreatic head. DGE, delayed gastric emptying; ISGPS, International Study Group of Pancreatic Surgery; POPF, postoperative pancreatic fistula; PPH, post-
pancreatectomy hemorrhage.
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Table IV
Procedure-specific intraoperative outcomes and postoperative complications

Enucleation (n ¼ 12) Distal pancreatectomy
(n ¼ 50)

PPPD/ Whipple (n ¼ 51) Total or combined
pancreatectomy (n ¼ 10)

P value

Intraoperative outcomes
Duration of surgery in minutes, n ¼ 122 (99.2%) 224 (76e485) 254 (115e582) 378 (166e810) 359 (289e1,089) <.001
Blood loss in mL, n ¼ 117 (95.1%) 125 (0e1,000) 400 (0e5,000) 600 (150e4,500) 775 (200e2,000) <.001

Hospital stay
Length of stay in days, n ¼ 117 (95.1%) 7 (4e12) 8 (4e64) 15 (7e51) 23 (7e260) <.001
Re-laparotomy 0 (0%) 3 (5.9%) 3 (5.9%) 2 (20.0%) .274
ICU admission 0 (0%) 2 (4.0%) 7 (13.7%) 3 (30.0%) .033

Postoperative complications
Number of complications 1 (0e5) 1 (0e10) 2 (0e12) 4 (0e17) .001

Clavien-Dindo grade e

None 4 (33.3%) 14 (28.0%) 3 (5.9%) 1 (10.0%)
I 3 (25.0%) 9 (18.0%) 6 (11.8%) 2 (20.0%)
II 4 (33.3%) 10 (20.0%) 13 (25.5%) 2 (20.0%)
III A 1 (8.3%) 12 (24.0%) 19 (37.3%) 2 (20.0%)
III B 0 (0%) 3 (6.0%) 3 (5.9%) 0 (0%)
IV A 0 (0%) 2 (4.0%) 6 (11.8%) 2 (20.0%)
IV B 0 (0%) 0 (0%) 0 (0%) 1 (10.0%)
V 0 (0%) 0 (0%) 1 (2.0%) 0 (0%)

Clavien-Dindo �III 1 (8.3%) 16 (32.0%) 29 (56.9%) 5 (50.0%) .006
CCI 12.25 (0e33.17) 20.92 (0e92.94) 29.58 (0e100) 32.12 (0e100) <.001
CCI �37.1 0 (0%) 6 (12.0%) 18 (35.3%) 5 (50.0%) .002
Pancreatic surgery specific complications
POPF B/C 0 (0%) 16 (32.0%) 18 (35.3%) 2 (50.0%)* .088
DGE B/C 0 (0%) 1 (2.0%) 11 (21.6%) 3 (75.0%) .003
PPH B/C 0 (0%) 2 (4.0%) 1 (2.0%) 4 (40.0%)y <.001
Bile leak B/Cz 0 (0%) NA 2 (4.0%) 0 (0%) .800
Chyle leak B/C 0 (0%) 5 (10.0%) 8 (15.7%) 0 (0%) .258
Any B/C complication 0 (0%) 19 (38.0%) 26 (51.0%) 6 (60.0%) .007
Estimated associated costs
Euro, V 12,444 (11,400e17,292) 14,577 (10,098e42,035) 16,442 (10,098e46,402) 17,695 (10,098e46,402) <.001
USD, $ 37,143 (34,025e51,611) 43,507 (30,140e125,463) 49,300 (30,140e138,497) 52,817 (30,140e138,497) <.001

Continuous variables reported as median (range).
CCI, comprehensive complication index; DGE, delayed gastric emptying; ICU, intensive care unit; POPF, postoperative pancreatic fistula; PPH, post-pancreatectomy hemor-
rhage; PPPD, pylorus-preserving pancreatoduodenectomy; USD, United States dollar.

* For the POPF analysis, patients with a total pancreatectomy were removed from the denominator.
y Two of the 6 patients after a total pancreatectomy and 2 of the 4 patients after a combined resection developed a PPH.
z For the bile leak B/C analysis, only patients with surgery of the pancreatic head were included, ie, patients after a Whipple/PPPD, total pancreatectomy and enucleation of

the pancreatic head.
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grade B/C was the most frequently occurring pancreas surgery-
specific complication (n ¼ 36 [29.3%]). After an enucleation, none
of the patients developed any ISGPS grade B/C complication.
Delayed gastric emptying was significantly more often observed
after a Whipple/PPPD or total/combined pancreatectomy. In addi-
tion, a grade B/C PPH occurred more often after a total/combined
pancreatectomy. One of the 2 patients with a combined pancrea-
tectomy suffered from POPF and the other from multiple abscesses
and a pseudoaneurysm of the superior mesenteric artery. In the
total pancreatectomy group, 1 patient suffered from intraluminal
jejunal bleeding and 1 patient from bleeding in the retroperitoneal
dissection area.
Factors associated with a severe complication and grade B/C POPF

A severe complicationwas observedmore often inmale patients
versus female patients, in patients with a MEN1/VHL-related pNET
versus sporadic pNET, and in patients with an ASA grade of 3/4 vs 1/
2, respectively. Besides procedure type, no characteristics were
significantly associated with the occurrence of a severe complica-
tion in univariable analysis (Table I). After adjusting for age at
surgery, ASA grade, type of pNET, and presence of a pNET �2 cm,
patients in the Whipple/PPPD group had an increased risk for a
severe complication compared to those in the DP group (OR 3.13
[95% CI 1.32e7.41]; Table I). Sensitivity analyses did not substan-
tially influence the effect size (point estimate or 95% CI;
Supplementary Table S2). No factors were associated with a POPF
grade B/C (Supplementary Table S3).
MEN1/VHL versus sporadic pNET

In terms of percentage, patients withMEN1/VHLmore often had
a severe complication, POPF, any grade B/C complication, and a
cumulative CCI �37.1; DGE, and PPH occurred significantly more
often (Table V). After minor resections, complication percentages
were similar. In the major resection group, a severe complication
and ISGPS grade B/C POPF, DGE, PPH occurred more often in pa-
tients with MEN1/VHL. The number of complications and the CCI
was significantly higher in patients withMEN1/VHL as compared to
sporadic disease after major resections (45.1 vs 28.9, P ¼ .029). In
addition, the percentage of patients with a cumulative CCI �37.1
was higher in MEN1/VHL-related pNETs as compared to those with
sporadic pNETs.

Of the patients with MEN1/VHL and a major resection, 68.8%
(n¼11/16) developed a severe complication compared to 27.3%
(n¼3/11) after a minor resection. Within the subgroups of patients
with sporadic and MEN1/VHL-related pNETs, the CCI was signifi-
cantly higher after major resections (sporadic 28.9 versus 12.2,
p¼0.001 andMEN1/VHL 45.1 versus 20.9, p¼0.005, respectively). In
patients with a resected sporadic pNET a severe complication
occurred significantly more often after major resections (51.1%
versus 27.5%, p¼0.017).



Figure 2. Violin plots showing the distribution of the CCI. (A) By surgical procedure. (B) By extent of resection. (C) By hereditary syndrome. (D) By heredity. (E) By heredity after
minor resection. CCI, comprehensive complication index; MEN1, multiple endocrine neoplasia type 1; pNET, pancreatic neuroendocrine tumors; PPPD, pylorus-preserving pan-
creatoduodenectomy; VHL, von Hippel-Lindau.
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F-pNET versus NF-pNET

The occurrence of complications between patients with an F-
pNET as compared to those with an NF-pNET are presented in
Supplementary Table S4. Overall occurrence of complications and
pancreatic surgery-associated complications was similar between
both groups. In the group undergoing minor resections, no differ-
ences were observed, whereas after major resections, the CCI was
higher in the F-pNET group (37.1 vs 27.6, P ¼ .031). Patients with
functioning pNETs more often underwent total or combined re-
sections (30.8% vs 12.5%) and had MEN1/VHL (46.2% vs 20.8%),
which likely contributed to the observed differences. No differences
were observed in metastatic status. For both the F-pNET and NF-
pNET subgroups, patients undergoing major resections had a
significantly higher risk for a severe complication, DGE and cu-
mulative CCI �37.1, and a higher number of complications, CCI, and
estimated costs.

No differences in complications were observed between pa-
tients with a radiological NF-pNET of <2 or �2 cm. However, in
patients with an NF-pNET <2 cm, those undergoing major re-
sections suffered significantly more often from a severe complica-
tion, any grade B/C complication, and had a higher CCI
(Supplementary Table S5).
Discussion

This study investigated the incidence and severity of compli-
cations and risk factors for complications after resections of pNETs
in 2 ENETS Centers of Excellence. Although mortality was low
(0.8%), a severe complication occurred in 41.5% of patients. An
increased risk for a severe complication, independent of age, ASA
grade, tumor functionality, and a radiological pNET of 2.0 cm or
more, was observed in patients undergoing aWhipple/PPPD versus
those undergoing a DP. A higher percentage of patients withMEN1/
VHLdespecially those undergoing major resectionsdhad compli-
cations than those with sporadic disease, and the cumulative
burden of complications was higher.

A meta-analysis reported mortality rates after operations for
pNETs as high as 3% to 6%, depending on the procedure per-
formed.22 In contrast, mortality was 0.8% (procedure-specific range
0% to 2%) in the present study, which is similar to several more
recent cohort studies within expert centers reporting mortality
rates between 0% and 1.5%.14e19,41 This most likely reflects
improved outcomes after centralization of pNET care and pancre-
atic surgery.24 The rate of complications was substantial, but only
2% of patients with a severe complication died, indicating that the
failure-to-rescue was low. Moreover, no patient died of a grade B/C
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pancreatic surgery-associated complication. This is in line with
observations in the Netherlands that the failure-to-rescue is
generally lower in high-volume than in low-volume centers.42

Mortality and failure-to-rescue rates were below benchmark cut-
offsdestablished within low-risk pancreatoduodenectomy cases in
23 international high-volume centers in pancreatic surgeryd-
whereas the CCI and severe complications fell within the 75th
percentile.43 Over the years, a nationwide collaboration has been
established to improve outcomes after pancreatic surgery.
Although their results and experience likely have improved surgical
outcomes, ongoing prospective studiesdwhich predominantly
included patients after the present studydwill evaluate whether
nationwide standardization of postoperative care will decrease the
rates of major morbidity and POPF.

Rates of a severe complication ranged from 15.0% to 30.7% in
other series, which is lower than in the present data.14,19,41 Com-
plications were the primary outcome of the present study andwere
therefore precisely assessed and graded according to the Clavien-
Dindo and ISGPS criteria and definitions. In addition, the present
study included a high number of major pancreatectomiesd49.6% of
the current cohortdcompared to 21.3% to 31.7% in these other
studies.14,19,41 The risk of complications was procedure-specific, as
severe morbidity was observed in more than half of the Whipple/
PPPD cases. Overall, endoscopic feeding tube placement for DGE
contributed to the incidence of severe morbidity, as 13 patients had
a single Clavien-Dindo grade 3 complication due to endoscopic
feeding tube placement for DGE.

The overall rate of POPF grade B/C is considerably higher than
the 12% to 13% after ‘general’ pancreatic operations.44 Patients with
a pNET generally have a soft pancreas, which induces a higher
exocrine activity with more enzyme-rich pancreatic fluid, a main
pancreatic duct of less than 3 mm, more side branches, and a
reduced suture holding capacity, which complicate the opera-
tion.12,13,45 In this respect, others have shown that pan-
creatoduodenectomy for pNET as compared with adenocarcinoma
is associated with POPF.13 In that study, 82% of patients with pNETs
had a soft pancreas, and the median main pancreatic duct size was
3mm.13 The combination of soft texture and amain pancreatic duct
diameter �3 mm gives the highest risk of POPF after pan-
creatoduodenectomy.46 Nevertheless, the POPF rate in the present
study was 30.8%, which compares favorably to the 34.3% observed
after surgical resection for pNETs in another high-volume expert
center adopting the 2016 ISGPS criteria.23 Intervention-driven
complication classification systems, such as the Clavien-Dindo
and ISGPS definitions, lead to high percentages of complications,
whereas early identification and timely treatment, such as percu-
taneous drainage for POPF, are aimed at reducing the incidence of
multiorgan failure and mortality.

In contrast to several other studies comparing complications
after resections for pNETs, which have reported a higher rate of
POPF in patients undergoing a pancreas-sparing operation (ie,
enucleation) versus a standard resection (ie, DP or pan-
creatoduodenectomy), none of the patients in the enucleation
group suffered from a POPF.16,19,22,23 Potential explanations include
the low number of patients undergoing an enucleation, improved
patient selectiondin most patients, intraoperative ultrasound was
used to determine the distance to the main pancreatic ductdand
expertise in surgical teams in the present series. Although a meta-
analysis observed a higher rate of POPF after enucleations
compared to standard resections, this risk was not increased in
high-volume centers.47 Only 1 patient developed a severe compli-
cation in the present series, indicating that enucleation may be
superior regarding complications in selected patients. The feasi-
bility of enucleation depends on tumor location, size, and distance
from the main pancreatic duct.48
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In the context of complications, little is known about patients with
MEN1/VHL versus sporadic disease. Patients with MEN1 are generally
affected by multifocal pNETs and even duodenal tumors, whereas pa-
tients with VHL usually have cystic pancreatic tissue, making surgery
more difficult. In the present study, a severe complication, POPF, DGE
andPPH,occurredmoreoften inpatientswithaMEN1/VHL.Aprevious
studyobservedPOPFmoreoften inpatientswithhereditarypNETsand
thosewithcombinedresections.18Thestratifiedanalysisdemonstrated
that the risk of complications was similar between both groups after
minor resections. In contrast, after major resections, patients with a
MEN1/VHL-related syndrome had a 17.5% higher risk of a severe
complication, and the percentage of PPH and DGE and the cumulative
burden of complications were significantly higher. This extremely
high-riskd2 out of 3 patients developed a severe complicationdcan
be attributed to the high proportion of total and combined pancrea-
tectomies, which were almost exclusively performed in patients with
multifocal pNETs. The combined resections have only rarely been
described.21,48,49 Along with the risks of a soft pancreas, patients un-
dergoing aWhipple/PPPD plus DP aremore prone to leakage from the
pancreatic anastomosis as well as stump leakage from the cutting
surface. This severemorbidityunderscores the importanceof adequate
risk stratification and centralization of patients with MEN1/VHL-
related pNETsdwhich are substantially younger and affected by
multifocal diseasedin multidisciplinary tumor boards and surgical
teams with vast experience in pNETs and MEN1/VHL.

Performing surgery for pNETs is a riskebenefit balance between
the oncological benefit versus the risk of complications. The
complication rate and morbidity are high. Nevertheless, the latter
does notmean that these operations should not be performed since
surgeons have an excellent rate of rescue from complications and
these tumors can be malignant. Within the present study, no
disease-related factors, such as tumor size,were identified thatwere
related to the occurrence of complications and could subsequently
contribute to patient selection. The extent of surgery was the most
important predictor for severe complications. These data are rele-
vant to guide preoperative patient counseling and enable shared
decision-making regarding the timing and the extent of resection.

The observed complication and failure-to-rescue rates were
observed in 2 ENETS Centers of Excellence. Therefore, these results
might not necessarily be applicable to lower-volume hospitals.
Although no comparison was made with lower-volume hospitals,
these data imply that surgery for pNETs should be reserved for
centers of excellence. First, as shown, within these centers, the
failure-to-rescue rate is low, likely due to timely detection of com-
plications on thewards and adequatemanagement of these patients
by surgeons, gastroenterologists, or interventional radiologists.
Second, surgeons should be familiar with all (unconventional)
pancreatic procedures, as these might provide excellent oncologic
outcomes, and the risk of complications is procedure-specific. Third,
centers of excellence often have a dedicated multidisciplinary team
that enables adequate preoperative risk stratification. Fourth, pa-
tients with hereditary syndromes often undergo extensive proced-
ures, suchas combinedpancreatectomies,whichare associatedwith
a high risk of complications, therefore underscoring the importance
of adequate risk stratification of each tumor in these patients.

The major strength of the present study is the comprehensive,
sequential cohort of patients, including both sporadic- and MEN1/
VHL-related pNETs, from 2 expert centers, including results from
many surgeons operating patients with pNETs over a recent period,
thereby accurately reflecting current day practice. Large adminis-
trative databases are often not specific enough to provide a detailed
assessment of postoperative complications. The recent study
period assured electronic patient records with extensive informa-
tion, including postoperative notes, discharge letters, imaging re-
ports, laboratory values, and reinterventions, thereby ensuring
complete and reliable assessment of every individual patient’s
postoperative course. To accurately capture and grade every
complication demands substantial effort, which is a specific
strength of this study. Complications were systematically assessed
and graded according to the most recent accepted and validated
classifications.29,32,50 Missing data were encountered and imputed
using multiple imputation, which currently is the best statistical
method to handle missing data.51 The main limitation includes the
relatively small sample size, which limited covariate adjustment. In
addition, pancreatic texture and pancreatic duct size, known risk
factors for POPF after pancreatoduodenectomy, were not available
for analysis and could not be retrieved given the retrospective study
design. The number of patients in the enucleation group was
limited, and, therefore, enucleations of the head and those of the
body/tail were grouped. Ideally, enucleations would be the refer-
ence group for multivariable analysis, but this was impossible
considering the low number of complications. Estimated costs were
only estimated by methods proposed by Staiger et al30 and not
directly calculated by combining all costs associated with the
operation and subsequent postoperative care.

This study shows that resections for pNETs can be safely per-
formed in ENETS Centers of Excellence. Although a considerable
and procedure-dependent risk of severe morbidity was observed,
mortality and failure-to-rescue were low. These data will aid pre-
operative patient counseling and might additionally be used for
shared decision-making regarding the timing and the extent of
surgical resection. Patients with MEN1/VHL-related pNETs are a
challenging surgical entity and therefore warrant specialized care.
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