
Venous wedge and segment resection during
pancreatoduodenectomy for pancreatic cancer: impact
on short- and long-term outcomes in a nationwide
cohort analysis
Jesse V. Groen 1,*, Nynke Michiels1, Stijn van Roessel 2, Marc G. Besselink 2, Koop Bosscha3, Olivier R. Busch2,
Ronald van Dam4, Casper H. J. van Eijck5, Bas Groot Koerkamp5, Erwin van der Harst6, Ignace H. de Hingh7,8, Tom M. Karsten9,
Daan J. Lips10, Vincent E. de Meijer 11, Isaac Q. Molenaar12, Vincent B. Nieuwenhuijs13, Daphne Roos14, Hjalmar C. van Santvoort12,
Jan H. Wijsman15, Fennie Wit16, Babs M. Zonderhuis17, Judith de Vos-Geelen 18, Martin N. Wasser19, Bert A. Bonsing1,
Martijn W. J. Stommel20 and J. Sven D. Mieog1, for the Dutch Pancreatic Cancer Group

1Department of Surgery, Leiden University Medical Centre, Leiden, the Netherlands
2Department of Surgery, Cancer Centre Amsterdam, Amsterdam UMC, University of Amsterdam, Amsterdam, the Netherlands
3Department of Surgery, Jeroen Bosch Hospital, Den Bosch, the Netherlands
4Department of Surgery, Maastricht University Medical Centre, Maastricht, the Netherlands
5Department of Surgery, Erasmus Medical Centre, Rotterdam, the Netherlands
6Department of Surgery, Maasstad Hospital, Rotterdam, the Netherlands
7Department of Surgery, Catharina Hospital, Eindhoven, the Netherlands
8Department of Epidemiology, GROW—School for Oncology and Developmental Biology, Maastricht UMCþ, Maastricht, the Netherlands
9Department of Surgery, Onze Lieve Vrouwe Gasthuis (loc. Oost), Amsterdam, the Netherlands

10Department of Surgery, Medisch Spectrum Twente, Enschede, the Netherlands
11Department of Surgery, University of Groningen and University Medical Centre Groningen, Groningen, the Netherlands
12Department of Surgery, UMC Utrecht Cancer Centre, St Antonius Hospital Nieuwegein; Regional Academic Cancer Centre Utrecht, Utrecht, the Netherlands
13Department of Surgery, Isala, Zwolle, the Netherlands
14Department of Surgery, Reinier de Graaf Gasthuis, Delft, the Netherlands
15Department of Surgery, Amphia Hospital, Breda, the Netherlands
16Department of Surgery, Tjongerschans Hospital, Heerenveen, the Netherlands
17Department of Surgery, Cancer Centre Amsterdam, Amsterdam UMC, Vrije Universiteit Amsterdam, Amsterdam, the Netherlands
18Department of Internal Medicine, Division of Medical Oncology, GROW—School for Oncology and Developmental Biology, Maastricht UMCþ, Maastricht, the
Netherlands
19Department of Radiology, Leiden University Medical Centre, Leiden, the Netherlands
20Department of Surgery, Radboud University Medical Centre, Nijmegen, the Netherlands

*Correspondence to: Department of Surgery, Leiden University Medical Centre, Albinusdreef 2, 2300 RC Leiden, the Netherlands (e-mail: j.v.groen@lumc.nl)
Members of the Dutch Pancreatic Cancer Group are co-authors of this study and are listed under the heading Collaborators

Abstract

Background: Venous resection of the superior mesenteric or portal vein is increasingly performed in pancreatic cancer surgery,
whereas results of studies on short- and long-term outcomes are contradictory. The aim of this study was to evaluate the impact of
the type of venous resection in pancreatoduodenectomy for pancreatic cancer on postoperative morbidity and overall survival.

Methods: This nationwide retrospective cohort study included all patients who underwent pancreatoduodenectomy for pancreatic
cancer in 18 centres (2013–2017).

Results: A total of 1311 patients were included, of whom 17 per cent underwent wedge resection and 10 per cent segmental resection.
Patients with segmental resection had higher rates of major morbidity (39 versus 20 versus 23 per cent, respectively; P< 0.001) and portal
or superior mesenteric vein thrombosis (18 versus 5 versus 1 per cent, respectively; P< 0.001) and worse overall survival (median 12 versus
16 versus 20 months, respectively; P< 0.001), compared to patients with wedge resection and those without venous resection.
Multivariable analysis showed patients with segmental resection, but not those who had wedge resection, had higher rates of major
morbidity (odds ratio¼ 1.93, 95 per cent c.i. 1.20 to 3.11) and worse overall survival (hazard ratio¼ 1.40, 95 per cent c.i. 1.10 to 1.78), com-
pared to patients without venous resection. Among patients who received neoadjuvant therapy, there was no difference in overall sur-
vival among patients with segmental and wedge resection and those without venous resection (median 32 versus 25 versus 33 months,
respectively; P¼ 0.470), although there was a difference in major morbidity rates (52 versus 19 versus 21 per cent, respectively; P ¼ 0.012).

Conclusion: In pancreatic surgery, the short- and long-term outcomes are worse in patients with venous segmental resection, com-
pared to patients with wedge resection and those without venous resection.
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Introduction

Pancreatic cancer is one of the few types of cancer for which the
survival rate has barely improved in the last decades1. Radical tu-
mour resection preceded or followed by chemo(radio)therapy is
the current standard treatment for patients with pancreatic can-
cer2,3. The International Study Group of Pancreatic Surgery
(ISGPS) suggests that partial resection of the portal vein or supe-
rior mesenteric vein (PV-SMV) should be performed in case of
their suspected involvement in order to achieve radical resec-
tion4. Use of venous resection during pancreatoduodenectomy is
increasing and is expected to increase further with the use of
neoadjuvant therapy5–8.

An international survey reported that most pancreatic surgeons
prefer venous segment resection with primary anastomosis over
partial venous wedge resection, because of a lower perceived risk
of complications9. Literature regarding complications after differ-
ent types of venous resection is contradictory8,10–12. A recent meta-
analysis of mostly single-centre observational studies showed that
venous resection is associated with increased mortality and worse
survival13. Data on the type of venous resection are not available.
Nationwide studies with contemporary data representing current
clinical practice are lacking.

The aim of this nationwide study was to evaluate the impact
of venous resection type during pancreatoduodenectomy for pan-
creatic cancer on postoperative morbidity, mortality and overall
survival.

Methods
Study design and patient selection
This nationwide retrospective cohort study included all 18
centres (18 patients) that are part of the multidisciplinary Dutch
Pancreatic Cancer Group (DPCG)14. All patients registered in the
mandatory prospective nationwide Dutch Pancreatic Cancer
Audit (DPCA)15 who underwent pancreatoduodenectomy for pan-
creatic adenocarcinoma (postoperative pathological diagnosis)
from 2013 to 2017 were included. Due to the retrospective nature
of the study, the Medical Ethics Committee of the Leiden
University Medical Centre waived the need for obtaining in-
formed consent (G18.103). This study was performed in accor-
dance with the Declaration of Helsinki and is reported in
accordance with the STROBE criteria16.

Data collection
Data were requested from the DPCA, including baseline, intrao-
perative, postoperative, and histopathological characteristics.
Additional data were manually extracted from patients’ medical
records (for example, type of venous resection, blood loss, dura-
tion of surgery, PV-SMV thrombosis, tumour invasion in resected
vein, lymphangio invasion, perineural invasion, follow-up char-
acteristics).

Definitions
The type of venous resection was scored according to ISGPS classi-
fication as follows: type 1, partial venous excision with direct su-
ture closure (venorrhaphy); type 2, partial venous excision using a
patch; type 3, venous segment resection with primary venovenous
anastomosis; and type 4, venous segment resection with inter-
posed venous conduit and at least two anastomoses4. For the pre-
sent analysis, type 1 and 2 resections were categorized as ‘wedge
resection’, and type 3 and 4 resections as ‘segmental resection’.

Venous involvement on preoperative imaging was defined as

absence or presence of a fat plane between the tumour and PV-

SMV. Resectability was defined according to the DPCG criteria: re-

sectable (tumour without arterial involvement and with venous

involvement < 90�); borderline resectable (tumour with arterial

involvement < 90� and/or venous involvement 90–269� without

occlusion); and locally advanced (tumour with arterial involve-

ment � 90� and/or venous involvement � 270� or occlusion).

Neoadjuvant preoperative therapy was categorized as no/yes, re-

gardless of type, duration, and dose of chemo(radio)therapy.

Neoadjuvant therapy was mainly administered according to the

protocol of the PREOPANC trial17 in which patients with resect-

able and borderline resectable disease were included (preopera-

tive chemoradiotherapy, which consisted of three courses of

gemcitabine, with the second course combined with 15� 2.4 Gy

radiotherapy) and occasionally outside this trial setting at the

discretion of the treating physician. Additional organ resection

was defined as any additional organ resection not including stan-

dard pancreatoduodenectomy18. Pancreatic surgery-specific

complications were classified in accordance with ISGPS criteria.

Only grade B and C complications were reported, as these compli-

cations were considered clinically relevant19–24. Postoperative PV-

SMV thrombosis within 30 days following surgery was scored,

based on imaging studies which were performed at the discretion

of the attending physician. The Clavien–Dindo classification was

used for scoring within 30 days following surgery, with grade � III

considered as major morbidity25. Postoperative mortality was de-

fined as death within 90 days following surgery, unless the cause

of death was clearly disease-related (for example, early recur-

rence or metastasis), and not surgery-related26. Textbook out-

come was defined as absence of postoperative pancreatic fistula,

bile leak, postpancreatectomy haemorrhage (all ISGPS grades B

and C), major morbidity, readmission, and postoperative mortal-

ity27. The eighth edition of the TNM classification was used for

histological classification28. An R1 resection margin was defined

as the presence of tumour cells within 1 mm of the resection

margin29. Due to inclusion of patients with neoadjuvant therapy,

overall survival was calculated as time length in months between

the start of treatment (day of surgery or start of neoadjuvant

therapy) and the date of death (or last follow-up visit) and was

truncated at 48 months.

Outcomes and comparisons
Primary outcomes of this study were major morbidity (Clavien–

Dindo grade � III) and overall survival (since start of treatment).

Secondary outcomes were postoperative characteristics: postop-

erative mortality; PV-SMV thrombosis; postoperative pancreatic

fistula; postpancreatectomy haemorrhage; bile leakage; delayed

gastric emptying; chyle leak; pneumonia; wound infection; rela-

parotomy; radiological intervention; (duration of) intensive care

unit admission; (duration of) hospital stay; readmission; textbook

outcome and adjuvant therapy; and histopathological character-

istics (resection margin status, tumour invasion in the resected

vein, tumour size on pathology, pN-stage, pM-stage, tumour dif-

ferentiation grade, lymphangio invasion, and perineural inva-

sion).
Patients were analysed by category of venous resection: with-

out venous resection, wedge and segmental resection. Subgroup

analysis was performed on patients who received neoadjuvant

therapy.
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Statistical analysis
Statistical analyses were performed using SPSS Statistics for
Windows, Version 23.0 (IBM, Armonk, New York, USA).
Continuous variables are presented as the mean with s.d. or
the median with interquartile range (i.q.r.), depending on the
distribution. Categorical variables are presented as frequen-
cies with percentages. Continuous variables were compared
using the Mann–Whitney U test or Kruskal–Wallis test.
Categorical variables were compared using the chi-square test
or Fisher’s exact test.

Missing data for multivariable analysis (BMI, Eastern
Cooperative Oncology Group, aspect of the pancreatic remnant,
diameter of the pancreatic duct, blood loss, duration of surgery,
tumour size on pathology, pN-stage, tumour differentiation grade,
lymphangio invasion, perineural invasion) were imputed 25 times
based on relevant prognostic factors (venous resection, sex, age,
biliary drainage, neoadjuvant therapy, ASA score, minimally
invasive procedure, arterial resection, additional organ resection,
resection margin status, pM-stage) and outcome variables (major
morbidity and overall survival).

Log-transformation was performed for not normally distrib-
uted variables30. Multivariable binary logistic regression analysis
was performed to assess the impact of the category of venous re-
section on major morbidity and to adjust for potential confound-
ers. Overall survival was reported as the median with 95 per cent
confidence intervals, and Kaplan–Meier curves and log rank tests
were used to compare groups. A multivariable Cox proportional
hazards model was used to assess the impact of the type of ve-
nous resection on overall survival and adjust for potential con-
founders. A sensitivity analysis was performed for the impact of
category of venous resection on major morbidity and overall

survival with complete cases, without multiple imputation, to

show robustness of the results. A two-sided P-value < 0.050 was

considered statistically significant.

Results
In total, 1311 patients who underwent pancreatoduodenec-

tomy for pancreatic cancer were included, of whom 351 (27 per

cent) underwent venous resection. Characteristics are shown

in Table 1. Of the patients who had venous resection, 227 (65

per cent) underwent wedge resection (196 patients with type 1,

31 patients with type 2) and 124 (35 per cent) underwent seg-

mental resection (97 patients with type 3, 27 patients with type

4). Several baseline characteristics differed significantly across

the categories of venous resection (Table 1). Patients with seg-

mental resection more often had venous involvement on pre-

operative imaging, compared to patients with wedge resection

and those without venous resection (93 (75 per cent) versus 134

(59 per cent) versus 252 (26 per cent) patients, respectively;

P< 0.001). Patients with segmental resection more often re-

ceived neoadjuvant therapy, compared to patients with wedge

resection and those without venous resection (23 (19 per cent)

versus 21 (9 per cent) versus 57 (6 per cent) patients, respec-

tively; P¼ 0.012).
Over the study period, the annual rate of venous resection in-

creased from 20 to 32 per cent (P¼ 0.001; Figure S1). Variation was

observed in the number of pancreatoduodenectomies (range 38–

129), the percentage of venous resection (range 10–53 per cent),

and the segmental-to-wedge resection ratio (range 0–6) per centre

during the study period (Figure S2).

Table 1 Population characteristics by category of venous resection

Without venous
resection

Wedge resection Segmental resection P-value

Total 960 (73.2) 227 (17.3) 124 (9.5) –
Sex M 554 (57.7) 115 (50.7) 65 (52.4) 0.11

F 406 (42.3) 112 (49.3) 59 (47.6)
Age (years), median (i.q.r.) 68 (61–74) 68 (61–73) 69 (62–74) 0.73
BMI (kg/m2), mean (s.d.) 25.1 (4.2) 24.5 (3.9) 23.8 (3.4) 0.002
ECOG 0–1 862 (89.8) 196 (86.3) 112 (90.3) 0.31

2–4 98 (10.2) 31 (13.7) 12 (9.7)
Preoperative biliary drainage 542 (56.5) 135 (59.5) 68 (54.8) 0.64
Venous involvement on preoperative imaging 252 (26.3 134 (59.0) 93 (75.0) < 0.001
Preoperative resectability status* Resectable 780 (83.3) 126 (56.8) 46 (38.3) < 0.001

Borderline resectable 113 (12.1) 76 (34.2) 62 (51.7)
Locally advanced 43 (4.6) 20 (9.0) 12 (10.0)

Neoadjuvant therapy 57 (5.9) 21 (9.3) 23 (18.5) < 0.001
Type of neoadjuvant therapy Chemoradiotherapy 33 (57.9†) 12 (57.1†) 13 (56.5†) 0.99

Chemotherapy 24 (42.1†) 9 (42.9†) 10 (43.5†)
ASA score I–II 742 (77.3) 176 (77.5) 97 (78.2) 0.97

III–IV 218 (22.7) 51 (22.5) 27 (21.8)
Minimally invasive procedure 109 (11.4) 10 (4.4) 4 (3.2) < 0.001
Type of surgery Classic Whipple 347 (36.1) 75 (33.0) 53 (42.7) 0.45

PPPD 591 (61.6) 145 (63.9) 68 (54.8)
PRPD 22 (2.3) 7 (3.1) 3 (2.4)

Texture of pancreatic remnant Normal/soft 451 (47.0) 79 (34.8) 38 (30.6) < 0.001
Fibrotic/hard 509 (53.0) 148 (65.1) 86 (69.4)

Pancreatic duct diameter (mm), median (i.q.r.) 5 (3–8) 6 (4–9) 6 (4–9) < 0.001
Arterial resection 9 (0.9) 5 (2.2) 3 (2.4) 0.16
Additional resection 51 (5.3) 9 (4.0) 13 (10.5) 0.031
Duration of surgery (min), median (i.q.r.) 295 (239–377) 344 (278–423) 388 (321–458) < 0.001
Blood loss during surgery (ml), median (i.q.r.) 600 (350–1000) 700 (450–1100) 1200 (600–2000) < 0.001

*According to the Dutch Pancreatic Cancer Group criteria.†Percentage is based on the number of patients who received neoadjuvant therapy. Values are
frequencies (per cent) unless indicated otherwise. Missing data imputed: BMI (n¼ 8); ECOG (n¼ 6); texture of pancreatic remnant (n¼ 103); pancreatic duct diameter
(n¼256); duration of surgery (n¼136); blood loss (n¼148). Missing data not imputed: preoperative resectability status (n¼33). i.q.r., interquartile range; ECOG,
Eastern Cooperative Oncology Group; PPPD, pylorus-preserving pancreatoduodenectomy; PRPD, pyloric ring pancreatoduodenectomy.
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Major morbidity
Patients with segmental resection had a higher rate of major
morbidity, compared to patients with wedge resection and those
without venous resection (Fig. 1). Results of multivariable analy-
sis for major morbidity is shown in Table 2. Segmental resection
was an independent predictor for major morbidity, whereas
wedge resection was not. A sensitivity analysis with complete
cases showed similar results (Table S1). Major morbidity rates
were not different between patients with and those without ve-
nous involvement on preoperative imaging for wedge (30 (22 per
cent) versus 16 (17 per cent) patients, respectively; P¼ 0.34) and
segmental resection (13 (42 per cent) versus 35 (38 per cent)
patients, respectively; P¼ 0.67).

Overall survival
Patients with segmental resection had worse overall survival
(median 12 months, 95 per cent c.i. 9 to 15 months), compared to
patients with wedge resection (median 16 months, 95 per cent c.i.
12 to 20 months) and without venous resection (median 20
months, 95 per cent c.i. 18 to 22 months; P< 0.001; Fig. 2). Results
of multivariable analysis for overall survival is shown in Table 2.
Segmental resection was an independent predictor for worse
overall survival, whereas this could not be demonstrated for
wedge resection (Table 2). A sensitivity analysis with complete
cases showed similar results (segmental resection: hazard ratio
(HR) 1.35, 95 per cent c.i. 1.02 to 1.77; wedge resection: HR 0.97, 95
per cent c.i. 0.77 to 1.23; Table S1). A post-hoc analysis, which also
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Fig. 1 Major morbidity (Clavien–Dindo grade � III), postoperative mortality, and portal vein–superior mesenteric vein thrombosis after
pancreatoduodenectomy for pancreatic cancer by category of venous resection

Table 2 Multivariable analysis of major morbidity (Clavien–Dindo grade � III) and overall survival by category of venous resection

Major morbidity Overall survival

Odds ratio 95% c.i. P-value Hazard ratio 95% c.i. P-value

Category of venous resection* Wedge resection 0.95 0.64–1.40 0.79 1.04 0.86–1.27 0.68
Segmental resection 1.93 1.20–3.11 0.007 1.40 1.10–1.78 0.007

Sex† F 1.06 0.81–1.39 0.68 1.01 0.87–1.17 0.95
Age (years)‡ 1.00 0.99–1.02 0.95 1.02 1.01–1.02 0.001
BMI (kg/m2)‡ 1.01 0.98–1.05 0.41 0.99 0.97–1.01 0.25
ECOG§ 2–4 0.80 0.51–1.28 0.36 0.87 0.68–1.11 0.25
Preoperative biliary drainage* 0.90 0.69–1.18 0.44 – – –
Preoperative resectability status¶ Borderline resectable 0.89 0.62–1.28 0.54 – – –

Locally advanced 0.46 0.23–0.91 0.024 – – –
Neoadjuvant therapy* 1.46 0.88–2.43 0.15 0.90 0.66–1.22 0.51
ASA score# III–IV 1.68 1.23–2.31 0.001 1.45 1.22–1.73 < 0.001
Minimally invasive procedure* 1.49 0.94–2.36 0.09 – – –
Arterial resection* 1.59 0.55–4.55 0.39 – – –
Additional resection* 1.59 0.92–2.73 0.10 – – –
Texture pancreatic remnant** Fibrotic/hard 0.79 0.60–1.05 0.11 – – –
Pancreatic duct diameter (mm)‡ 0.94 0.90–0.98 0.005 – – –
Duration of surgery (min)‡ 1.00 1.00–1.00 0.55 – – –
Blood loss (ml)‡ 1.00 1.00–1.00 < 0.001 – – –
Resection margin status†† R1 – – – 1.26 1.08–1.48 0.004
Tumour size on pathology (mm)‡ – – – 1.01 1.00–1.02 0.008
pN-stage‡‡ N1 – – – 1.11 0.92–1.36 0.29

N2 – – – 1.45 1.17–1.80 0.001
pM-stage§§ M1 – – – 1.22 0.79–1.89 0.36
Tumour differentiation grade¶¶ Moderate – – – 1.55 1.17–2.04 0.002

Poor/undifferentiated – – – 2.26 1.69–3.02 < 0.001
Lymphangio invasion* – – – 1.10 0.92–1.31 0.30
Perineural invasion* – – – 1.21 0.94–1.36 0.29

*Reference category: ‘without/no’. †Reference category: ‘male’. ‡Continuous variable. §Reference category: ‘0–1’. ¶Reference category: ‘resectable’. #Reference
category: ‘I–II’. **Reference category: ‘normal/soft’. ††Reference category: ‘R0’. ‡‡Reference category: ‘N0’ §§Reference category: ‘M0’. ¶¶Reference category: ‘good’.
ECOG, Eastern Cooperative Oncology Group.
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adjusted for use of adjuvant therapy in patients without postop-

erative mortality, showed similar results (segmental resection:

HR 1.34, 95 per cent c.i. 1.04 to 1.72; wedge resection: HR 1.11, 95

per cent c.i. 0.91 to 1.36; Table S2).

Postoperative characteristics
Postoperative mortality did not differ significantly among
patients with segmental resection, those with wedge resection,
and those without venous resection (Fig. 1). Patients with seg-
mental resection had a higher rate of PV-SMV thrombosis, com-
pared to patients with wedge resection and those without venous
resection (22 (18 per cent) versus 12 (5 per cent) versus 9 (1 per
cent) patients, respectively; P< 0.001). Patients with segmental
resection had a higher rate of relaparotomy, chyle leak, radiologi-
cal intervention, intensive care unit admission and readmission,
longer hospital stay, and a lower rate of textbook outcome, com-
pared to patients with wedge resection and those without venous
resection (Table 3). Vascular complications (PV-SMV thrombosis
or haemorrhage) were the indication for relaparotomy in 18 out
of 23 (78 per cent) patients with segmental resection (Table S3).

The rate of adjuvant therapy was lower in patients with seg-
mental resection, compared to patients with wedge resection and
those without venous resection (66 (58 per cent) versus 169 (78 per
cent) versus 646 (71 per cent) patients, respectively; P< 0.001).
Similar results regarding the rate of adjuvant therapy were
obtained in the subgroup of patients without neoadjuvant che-
motherapy and no postoperative mortality (51 (54 per cent) versus
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Fig. 2 Kaplan–Meier curves of overall survival after
pancreatoduodenectomy for pancreatic cancer by category of venous
resection

Table 3 Postoperative and histopathological characteristics by category of venous resection

Without venous
resection

Wedge resection Segmental resection P-value

Postoperative characteristics
Postoperative pancreatic fistula 87 (9.1) 11 (4.8) 7 (5.6) 0.07
Postpancreatectomy haemorrhage 72 (7.5) 9 (4.0) 12 (9.7) 0.09
Bile leakage 29 (3.0) 5 (2.2) 4 (3.2) 0.78

Delayed gastric emptying 160 (16.7) 31 (13.7) 25 (20.3) 0.26
Missing 1 0 1

Chyle leak 25 (2.6) 12 (5.3) 18 (14.5) < 0.001
Pneumonia 58 (6.0) 10 (4.4) 9 (7.3) 0.51
Wound infection 100 (10.4) 19 (8.4) 11 (8.9) 0.60
Relaparotomy 69 (7.2) 13 (5.7) 23 (18.5) < 0.001
Radiological intervention 135 (14.1) 21 (9.3) 23 (18.5) 0.041
ICU admission 92 (9.6) 23 (10.1) 27 (21.8) < 0.001
Duration of ICU admission in days*, median (i.q.r.) 4 (2–12) 6 (3–13) 5 (2–13) 0.77

Missing 5 2 1
Duration of hospital stay in days†, median (i.q.r.) 11 (8–16) 10 (8–14) 15 (11–23) < 0.001

Missing 2 1 0
Readmission† 134 (14.6) 32 (14.6) 35 (30.7) < 0.001
Textbook outcome 638 (66.5) 159 (70.0) 60 (48.4) < 0.001
Adjuvant therapy† 646 (71.2) 169 (77.5) 66 (58.4) 0.001

Missing 12 1 1
Histopathological characteristics
Resection margin status R0 519 (54.1) 80 (35.2) 44 (35.5) < 0.001

R1 441 (45.9) 147 (64.8) 80 (64.5)
Tumour invasion in resected vein – 69 (57.5) 58 (66.7) 0.18

Missing 107 37
Tumour size on pathology in mm, median (i.q.r.) 30 (22–38) 31 (25–40) 35 (27–41) < 0.001
pT-stage T1 135 (14.1) 19 (8.4) 11 (8.9) < 0.001

T2 590 (61.8) 141 (62.4) 62 (50.4)
T3 214 (22.4) 55 (24.3) 45 (36.6)
T4 16 (1.7) 11 (4.9) 5 (4.1)

pN-stage N0 255 (26.6) 59 (26.0) 34 (27.4) 0.97
N1 381 (39.7) 86 (37.9) 49 (39.5)
N2 324 (33.8) 82 (36.1) 41 (33.1)

pM-stage M0 936 (97.5) 222 (97.8) 120 (96.8) 0.84
M1 24 (2.5) 5 (2.2) 4 (3.2)

Tumour differentiation grade Good 135 (14.0) 27 (11.9) 14 (11.3) 0.78
Moderate 543 (56.6) 123 (54.2) 70 (56.5)

Poor/undifferentiated 282 (29.4) 77 (33.9) 40 (32.3)
Lymphangio invasion 518 (54.0) 144 (63.4) 73 (58.9) 0.49
Perineural invasion 792 (82.5) 208 (91.6) 104 (83.9) 0.95

*Patients admitted to the ICU. †Patients without postoperative mortality. Values are frequencies (per cent) unless indicated otherwise. Missing data imputed: pN-
stage (n¼1); pT-stage and tumour size on pathology (n¼ 7); tumour differentiation grade (n¼125); lymphangio invasion (n¼225); perineural invasion (n¼ 147). ICU,
intensive care unit; i.q.r., interquartile range.
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149 (76 per cent) versus 607 (71 per cent) patients, respectively;
P< 0.001).

Histopathological characteristics
Patients with segmental and wedge resection had a higher rate of
R1 resections, compared to patients without venous resection
(Table 3). Data on tumour invasion in the resected vein were avail-
able for 207 patients (59 per cent). Tumour invasion did not differ
between patients with wedge resection and those with segmental
resection. Patients with segmental resection had larger tumours,
compared to patients with wedge resection and those without ve-
nous resection.

Patients who received neoadjuvant therapy
In total, 101 (8 per cent) patients received neoadjuvant therapy.
Baseline characteristics and histopathological characteristics
were largely comparable among the categories of venous resec-
tion (Table S4). Patients with segmental resection had higher rates
of major morbidity, postoperative mortality, and PV-SMV throm-
bosis, compared to patients with wedge resection and those with-
out venous resection. Multivariable analysis showed that
segmental resection was an independent predictor for major
morbidity, whereas this could not be demonstrated for wedge re-
section (Table S5).

There was no difference in overall survival among patients
with segmental resection, those with wedge resection, and those
without venous resection (Figure S3). Multivariable analysis
showed both segmental and wedge resection did not predict over-
all survival (Table S5).

Discussion
This nationwide study of patients who underwent pancreatoduo-
denectomy for pancreatic cancer demonstrated that patients
with venous segmental resection had a twofold increase in major
morbidity rate and a 17 per cent increased risk of PV-SMV throm-
bosis, compared to patients without venous resection. The seg-
mental resection group had worse overall survival, compared to
patients with wedge resection and those without venous resec-
tion (median 12 versus 16 versus 20 months), even after correction
for clinical and pathological factors. Among patients who re-
ceived neoadjuvant therapy, overall survival showed no differ-
ence between patients with segmental resection, those who had
wedge resection, and those without venous resection, whereas
major morbidity and postoperative mortality rates were higher
after venous segmental resection.

In contrast to the preference observed for segmental resec-
tion in the international survey, two-thirds of patients who had
venous resection underwent wedge resection, with only one-
third who had segmental resection. The reasons for choosing
to perform venous resection and reconstruction type are multi-
factorial and based on the surgeon’s preference and skills, as
well as on the perceived circumference and length of vein in-
volvement31. Little is known about what exactly drives the sur-
geon’s preference with regard to choice of type of venous
reconstruction9.

Large studies focusing on outcome and type of venous resec-
tion are sparse. The largest study (977 venous resections) used
the National Surgical Quality Improvement Program (NSQIP)
database and showed that, compared to no venous resection, di-
rect repair (72 per cent) was associated with higher morbidity and
graft repair (28 per cent) was associated with higher morbidity
and mortality8. Unfortunately, comparison with the present

study is difficult since the study did not use the ISGPS venous re-
section definition and Clavien–Dindo classification. Another large
study (229 venous resections) showed no difference in morbidity,
mortality, and survival among the types of venous resection11. In
contrast to a single-centre study of 249 patients (period 2000–
2010)32, patients with and those without venous involvement on
preoperative imaging and venous resection had comparable ma-
jor morbidity rates. Based on the available data, it can only be
speculated what the exact reasons were for the higher major
morbidity rates after segmental resection. Previously, vascular
complications were shown to be the main causes of postoperative
mortality33 and were the main indication for relaparotomy in
these patients. There are no studies available investigating the
association between outcome and the number or proportion of
venous resections performed at an institution. This was not
investigated here since only patients who underwent pancreato-
duodenectomy for pancreatic cancer were included and there
was no clear association between the volume of pancreatoduode-
nectomies and the proportion of venous resection or category of
venous resection. Future research should focus on identifying op-
timal venous reconstruction techniques and protocols (for exam-
ple, clamping time, length of vein resected, type of conduit,
preservation or ligation of the splenic vein, heparinization, etc.).

The rate of PV-SMV thrombosis after segmental resection (18
per cent) was higher, compared to other studies (approximately 8
per cent)11,34,35. The present study had no patient-level data on
thromboprophylaxis to study the effect on PV-SMV thrombosis.
However, it was reported that only 29 per cent of Dutch surgeons
adjusted thromboprophylaxis following venous resection (some
start a platelet aggregation inhibitor or increase the dose of low-
molecular-weight heparin)9. A previous meta-analysis found no
differences in PV-SMV thrombosis in patients with and those
without thromboprophylaxis34. Moreover, intensified thrombo-
prophylaxis might result in more haemorrhages36, reflecting the
fragile balance between thromboprophylaxis, postoperative
thrombosis, and haemorrhage in pancreatic surgery.

Segmental resection, but not wedge resection, was a predictor
for worse overall survival in this study. This is most likely
explained by the fact that patients who require segmental resec-
tion have more advanced disease, despite the fact that multivari-
able analysis adjusted for several patient and histopathological
characteristics. The question of whether wedge, rather than seg-
mental, resection produces improved outcome in otherwise iden-
tical patients is a topic for further research.

Tumour invasion in the resected vein was observed in 61 per
cent of patients with venous resection, which is within the range
reported in the literature (32–82 per cent)37. It is difficult for a sur-
geon to distinguish a tumour from peritumoural inflammation
and fibrosis on a scale of millimetres. Several studies have shown
varying results regarding the significance of circumference and
length of vein involvement on preoperative imaging38,39. The
added value of intraoperative ultrasound for this assessment is
being investigated within the DPCG. A previous study showed
that radical venous resection can rarely be achieved due to the
microanatomy at the venous margin and the broadly invasive
growth pattern of pancreatic cancer40. More research is needed to
identify patients who would truly benefit from venous resection,
so that patients are not put at unnecessary risk of surgical com-
plications.

In this cohort, only 8 per cent of patients received neoadjuvant
therapy. This is comparable with recently published results from
Germany (5 per cent) and Sweden (3 per cent), though lower than
results from the United States (28 per cent)41. This is probably
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due to the fact that neoadjuvant therapy was mainly adminis-
tered in a trial setting during the study period in most European
countries (including the Netherlands). The comparable overall sur-
vival across the categories of venous resection after neoadjuvant
therapy may be explained by the effect of neoadjuvant therapy, as
well as by patient selection, as patients with advanced, aggressive,
or therapy-resistant tumours are no longer considered good candi-
dates for resection. Patients who received neoadjuvant therapy
with segmental resection had a very high rate of major morbidity
and postoperative mortality. There is little evidence on outcomes
of venous resection after neoadjuvant therapy. A previous study
showed major morbidity in 7 out of 15 (47 per cent) patients who
underwent venous resection after neoadjuvant therapy for locally
advanced pancreatic cancer. It should be noted that these resec-
tions were performed in a high-volume centre42.

This study has several limitations. First, because this was a
retrospective study, collecting and interpreting data from medi-
cal records have the risk of information and classification bias.
However, a previous study by the DPCA showed that data regis-
tration is complete, with high accuracy15. Multiple imputations
were used to solve the problem of missing data. Sensitivity analy-
sis with complete cases showed similar outcomes, indicating ro-
bustness of the results. Second, given the observational design of
this study, confounding by indication should be considered as the
surgeon’s decision (for example, selection for neoadjuvant ther-
apy and venous resection) was made in the clinical and surgical
context of the patient. Although multivariable analysis adjusted
for potential confounders, inherent differences among the cate-
gories of venous resection may partly explain the observed
results and residual confounding cannot be ruled out.
Furthermore, no definitive conclusions can be drawn regarding
neoadjuvant therapy since the sample size was relatively small
and details of neoadjuvant therapy (type, cycles, doses, fractions,
etc.) were not available for analysis. Lastly, there were missing
data in the pathology reports on tumour invasion in the resected
vein (41 per cent). Unclear or absent marking of the specimen
and pathology request forms can make it difficult for patholo-
gists to recognize the resected vein, especially in the case of
wedge resection43. Within the DPCG, several initiatives have been
set up to standardize pathology requests and reports. The
strengths of the present study are, unlike previous studies, its na-
tionwide design, including all Dutch centres performing pancre-
atic surgery, and the resulting large cohort of patients spanning a
relatively short study period (2013–2017).

Data availability
Data sets used in this study are available upon reasonable re-
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