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Objective: To describe outcome after pancreatic surgery in the first
6 years of a mandatory nationwide audit.
Background: Within the Dutch Pancreatic Cancer Group, efforts have
been made to improve outcome after pancreatic surgery. These include
collaborative projects, clinical auditing, and implementation of an
algorithm for early recognition and management of postoperative com-
plications. However, nationwide changes in outcome over time have not
yet been described.
Methods: This nationwide cohort study included consecutive patients
after pancreatoduodenectomy (PD) and distal pancreatectomy from the
mandatory Dutch Pancreatic Cancer Audit (January 2014–December
2019). Patient, tumor, and treatment characteristics were compared
between 3 time periods (2014–2015, 2016–2017, and 2018–2019). Short-
term surgical outcome was investigated using multilevel multivariable
logistic regression analyses. Primary endpoints were failure to rescue
(FTR) and in-hospital mortality.
Results: Overall, 5345 patients were included, of whom 4227 after PD
and 1118 after distal pancreatectomy. After PD, FTR improved from
13% to 7.4% [odds ratio (OR) 0.64, 95% confidence interval (CI)
0.50–0.80, P< 0.001] and in-hospital mortality decreased from 4.1% to
2.4% (OR 0.68, 95% CI 0.54–0.86, P= 0.001), despite operating on
more patients with age > 75 years (18%–22%, P= 0.006), American
Society of Anesthesiologists score ≥ 3 (19%–31%, P< 0.001) and
Charlson comorbidity score ≥ 2 (24%–34%, P< 0.001). The rates of
textbook outcome (57%–55%, P= 0.283) and major complications
remained stable (31%–33%, P= 0.207), whereas complication-related
intensive care admission decreased (13%–9%, P= 0.002). After distal
pancreatectomy, improvements in FTR from 8.8% to 5.9% (OR 0.65,
95% CI 0.30–1.37, P= 0.253) and in-hospital mortality from 1.6% to
1.3% (OR 0.88, 95% CI 0.45–1.72, P= 0.711) were not statistically
significant.
Conclusions: During the first 6 years of a nationwide audit, in-hospital
mortality and FTR after PD improved despite operating on more high-
risk patients. Several collaborative efforts may have contributed to these
improvements.

Keywords: auditing, distal pancreatectomy, pancreatoduodenectomy,
surgical outcome, trends
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Improving the quality of surgery and patient outcome is espe-
cially relevant for pancreatic surgery, with its high risk of

major complications (26%–40%) and mortality (2%–12%).1–3

Previous studies reported that mortality after pancreatic
resection is mostly attributed to “failure to rescue” (FTR),
defined as the mortality rate among patients with major
complications.4,5 In the Netherlands, in-hospital mortality after
pancreatoduodenectomy (PD) varied from 1% to 8% between
hospitals (2014–2015).6 This variation was found to be largely
explained by differences in the rate of FTR, rather than differ-
ences in major complications.

Since then, numerous efforts to improve nationwide out-
comes have been made by the Dutch Pancreatic Cancer Group
(DPCG), which is a nationwide collaboration of medical special-
ists, researchers, nurses, and patient associations.7 Among these
efforts were multicenter randomized trials, clinical auditing, and
ongoing centralization.8,9 It is well established that increased
surgical volume is associated with reduced postoperative
mortality.10,11 In addition, a nationwide algorithm for early rec-
ognition and minimally invasive management of complications
after pancreatic surgery was implemented in the Netherlands in
2018 in the stepped-wedge randomized PORSCH trial.12

Several audits in pancreatic surgery have been introduced
aiming to improve quality through transparency in health care
outcomes between hospitals.13–17 The mandatory, nationwide
Dutch Pancreatic Cancer Audit (DPCA) was implemented by
the DPCG in 2014 and includes patients after pancreatic surgery
for all indications.7,18 Although auditing in pancreatic surgery
aims to improve quality of care, multicenter studies describing
changes in outcome over time are scarce.19 Therefore, this study
aimed to investigate the nationwide evolution of FTR and
mortality after pancreatic resection, during the first 6 years of the
nationwide mandatory DPCA.

METHODS

Study Design and Patient Selection
Data for this observational cohort study were retrieved

from the DPCA, the mandatory, nationwide audit in which all
patients after pancreatic resection are included from all 16 Dutch
centers performing pancreatic surgery. The study protocol was
approved by the scientific committee of the DPCG.7 Patient,
tumor, and treatment characteristics are collected prospectively
by health care professionals. Follow-up covers 30 days after
index pancreatic resection or, if patients were still admitted after
30 days, until discharge. No patients were lost to follow-up. As
data are registered anonymously, informed consent or ethical
approval for this study was not required.20 The DPCA database
was verified and demonstrated data completeness over 90% (case
ascertainment) and data accuracy over 95%.18 For the current
study, all consecutive patients after PD or distal pancreatectomy
for all indications from the initiation of the DPCA (January 1,
2014–December 31st, 2019) were included. Data were reported
according to the STROBE Statement checklist.21

Data Collection and Definitions
Baseline characteristics consisted of sex, age at time of

surgery, body mass index, the Charlson comorbidity index,
American Society of Anesthesiologists (ASA) score, and histo-
pathologic diagnosis. Treatment characteristics included use of
neoadjuvant therapy, type of pancreatic resection, minimally
invasive or open surgery, venous or arterial resection, and
intraoperative drain placement. During the study period,

neoadjuvant therapy for pancreatic cancer was mostly adminis-
tered in clinical trials.22,23 Outcome parameters included FTR,6

in-hospital mortality, major complications (Clavien-Dindo grade
≥ III),24 textbook outcome,25 pancreatic surgery-related com-
plications, postoperative interventions (surgical, endoscopic, and
radiologic), complication-related intensive care admission, hos-
pital stay (days), and readmission within 30 days after discharge.
Pancreatic surgery-related complications included postoperative
pancreatic fistula (POPF),26 postpancreatectomy hemorrhage,27

bile leakage28 and delayed gastric emptying,29 all grade B or
grade C according to the International Study Group of Pancre-
atic Surgery (ISGPS), or International Study Group of Liver
Surgery criteria. FTR was defined as in-hospital mortality in
patients with a major complication.6 Textbook outcome was
defined as the absence of POPF, postpancreatectomy hemor-
rhage, bile leakage, major complications, readmission, and in-
hospital mortality.25 Hospital volume was based on the annual
volume of PD and categorized according to the previous
PORSCH trial, as high (> 45 pancreatoduodenectomies annu-
ally) versus low/medium volume (17–45/year). Hospital volume
(high vs low/medium) was calculated for each period separately
and could therefore vary for individual hospitals between periods.

Endpoints
The primary endpoints were FTR and in-hospital mortal-

ity. Secondary endpoints included major complications, pancre-
atic surgery-related complications, postoperative interventions,
intensive care admission, textbook outcome, length of hospital
stay, and readmission rates.

Statistical Analysis
Results were stratified by type of surgery (PD and distal

pancreatectomy) and analyzed in three time periods (2014–2015,
2016–2017, and 2018–2019). Differences in patient, tumor, and
treatment characteristics were assessed using χ2 tests. The changes
over time of all aforementioned short-term surgical outcomes was
investigated using multilevel multivariable logistic regression anal-
ysis, taking all 3 time periods (i.e. of 2 years each) into account. To
correct for unmeasured hospital differences, a 2-level random effect
was used. The following case mix factors were added to the multi-
variable models: sex (male/female), age (<75, ≥75 years), Charlson
comorbidity index (<2, ≥2), body mass index (<20, 20–25, 26–30,
>30 kg/m2), ASA score (<3, ≥3), diagnosis (pancreatic cancer yes,
no), and vascular resection (yes, no). For outcomes with <10 (non)
events per category, relevant confounders were selected with back-
ward selection to prevent overfitting of the model. Intercorrelations
among 2 or more independent variables in the model (multi-
collinearity) was determined by a variance inflation factor >2.5. P
values were based on complete case analysis, unless unknown is
displayed. A 2-sided P value <0.05 was considered statistically sig-
nificant. A subgroup analysis was performed for trends in FTR and
mortality rates, stratified for high versus low/medium annual center
volume of PD (>45 and 17–45), using univariable regression
analysis. R-studio version 4.0.2 was used for all analyses.

RESULTS

Patient and Treatment Characteristics
Overall, 5345 patients were included, of whom 4227 after PD

and 1118 after distal pancreatectomy. Baseline and treatment char-
acteristics stratified for type of surgery are given in Table 1 and
Supplementary Table 1, Supplemental Digital Content 1, http://links.
lww.com/SLA/E76. Over time, patients undergoing PD more often

Annals of Surgery � Volume 278, Number 2, August 2023 Nationwide Outcome After Pancreatic Surgery

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved. www.annalsofsurgery.com | 261

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved.

D
ow

nloaded from
 http://journals.lw

w
.com

/annalsofsurgery by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dgG

j2M
w

lZ
LeI=

 on 09/07/2023

http://links.lww.com/SLA/E76
http://links.lww.com/SLA/E76


were aged >75 years (18%–20% and 22%, P=0.006), had an ASA
score ≥3 (19%–26% and 31%, P<0.001) and a Charlson comor-
bidity index ≥2 (24%–26 % and 34%, P<0.001). In the subgroup of
patients with pancreatic ductal adenocarcinoma, the use of neo-
adjuvant chemoradiotherapy increased (P<0.001). The use of lapa-
roscopic PD increased before it essentially stopped (7%–13% and 1%,
P<0.001), whereas the use of robot-assisted PD increased (0%–7%
and 20%, P<0.001). For distal pancreatectomy, the use of the lap-
aroscopic approach decreased (40%–36% and 32%, P<0.001)
whereas the robot-assisted approach increased (7.3% –10% and 32%,
P<0.001).

Outcome after PD
Trends in postoperative outcome are given in Tables 2 and 3.

Improved rates of FTR (13%–11% and 7.4%, P=0.004) and in-
hospital mortality (4.1%–3.2% and 2.4%, P=0.012) were observed
after PD (Fig. 1). The rates of textbook outcome (57%–57% and
55%, P=0.283) and major complications remained stable (31%–
31% and 33%, P=0.207) over time, whereas complication-related
intensive care admission decreased (13%–23% and 9%, P=0.002).
The rates of POPF (13%–15% and 19%, P<0.001) and delayed
gastric emptying (17%–17% and 21%, P=0.013) increased, whereas
the rates of bile leakage and postpancreatectomy hemorrhage did
not change significantly over time. The rates of postoperative radi-
ologic interventions (17%–19% and 25%, P<0.001) and endoscopic
interventions (5.8%–4.7% and 8.4%, P<0.001) increased. The
median (interquartile range) length of stay after PD was 12 days for
all time periods. Readmission rates (16%–17% and 15%, P=0.433)
did not change significantly over time.

Outcome after Distal Pancreatectomy
After distal pancreatectomy, the improvements seen in the

rates of FTR (8.8%–7.1% and 5.9%, P=0.513) and in-hospital
mortality (1.6%–1.5% and 1.3%, P=0.744) were not statistically
significant, see Table 2. Although the rates of POPF increased (16%–
20% and 22%, P=0.031), the rates of complication-related intensive
care admission decreased (7.6%–6.5% and 3.7%, P=0.027). The rate
of postoperative radiologic interventions increased (8.3%–14% and
17%, P=0.003). Other pancreatic-surgery-related complications did
not change significantly over time.

Hospital Volume
The median (interquartile range) annual hospital volume for

PD was 34 (24–45). The total number of pancreatoduodenectomies
per 2-year time period were 1362, 1421, and 1444. The total number
of distal pancreatectomies per time period were 318, 410, and 390. At
the start of the DPCA, 18 centers in the Netherlands performed
pancreatic surgery. Two centers stopped performing pancreatic sur-
gery during the study period.

Figure 2 shows the trends for FTR and mortality rates
after PD in high and low/medium volume centers. In high-vol-
ume centers, FTR improved from 13% to 10% and 5.7% [odds
ratio (OR) 0.63, 95% confidence interval (CI) 0.44–0.89,
P= 0.010] whereas mortality improved from 4.4% to 3.5% and
2.1% (OR 0.67, 95% CI 0.48–0.94, P= 0.021). In low/medium
volume centers, the improvements seen in FTR (13%–11% and
10%, OR, 95% CI , P= 0.300) and mortality (4.0%–3.1% and
2.9%, OR 0.84, 95% CI 0.63–1.10, P= 0.208) were not statisti-
cally significant.

TABLE 1. Baseline Characteristics of Patients after Pancreatoduodenectomy and Distal Pancreatectomy

Pancreatoduodenectomy Distal Pancreatectomy

2014–2015 2016–2017 2018–2019 P * 2014–2015 2016–2017 2018–2019 P *

Total N 1362 1421 1444 318 410 390
Sex (female) 584 (43%) 631 (44%) 682 (47%) 0.064 181 (57%) 209 (51%) 227 (58%) 0.092

Missing 1 0 0 0 0 0
Age (> 75 yr) 248 (18%) 285 (20%) 318 (22%) 0.044 34 (11%) 56 (14%) 51 (13%) 0.448

Missing 4 0 2 0 2 1
Charlson comorbidity index (≥ 2) 327 (24%) 372 (26%) 496 (34%) < 0.001 88 (28%) 132 (32%) 146 (37%) 0.022
Body mass index 24 (22–27) 24 (22–27) 24 (22–27) 0.537 25 (22–28) 26 (23–29) 25 (22–29) 0.249

Missing 69 47 17 12 33 8
ASA score (≥ 3) 258 (19%) 368 (26%) 450 (31%) < 0.001 62 (20%) 92 (23%) 101 (27%) 0.099

Missing 30 8 13 3 2 9
Diagnosis NA NA

Pancreatic ductal adenocarcinoma 567 (42%) 613 (43%) 573 (40%) 91 (29%) 111 (27%) 111 (29%)
Cholangiocarcinoma 175 (13%) 185 (13%) 186 (13%) — — —
Ampullary cancer 188 (14%) 155 (11%) 207 (14%) — — —
Duodenal cancer 74 (5.5%) 93 (6.6%) 97 (6.7%) — — —
Neuroendocrine tumor 74 (5.5%) 64 (4.5%) 59 (4.1%) 65 (21%) 95 (23%) 76 (20%)
IPMN, SPN, MCN 97 (7.2%) 114 (8.1%) 112 (7.8%) 73 (23%) 88 (22%) 107 (28%)
Other/unknown 175 (13%) 189 (13%) 206 (14%) 87 (28%) 114 (28%) 95 (24%)
Missing 27 20 14 2 2 1

Pancreatic texture (soft/normal) 769 (63%) 802 (61%) 825 (63%) 0.479 170 (83%) 248 (84%) 211 (79%) 0.321
Missing 135 105 137 113 115 124

Pancreatic duct size (mm) 5 (2–8) 4 (2–7) 3 (2–5) < 0.001 2 (1–5) 2 (1–3) 2 (1–5) 0.322
Missing 619 556 193 168 232 247

P < 0.05 values are in bold.
*χ2 test based on complete case analysis.
IPMN indicates intraductal papillary mucinous neoplasm (all types, including invasive IPMN); MCN, mucinous cystic neoplasm; N, number of patients; NA, not

applicable; SPN, solid-pseudopapillary neoplasm.
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DISCUSSION
In the first 6 years of a mandatory nationwide audit for

pancreatic surgery established by the DPCG, despite operating on
more high-risk patients and stable rates of textbook outcome and
major complications, the rates of FTR and mortality after PD
improved significantly. These improvements were mostly seen in
high volume centers. FTR and mortality also improved after distal
pancreatectomy but these changes were not statistically significant.

Nationwide studies on trends in short-term surgical out-
come in audits of pancreatic surgery are scarce. Trends in
outcome of pancreatic surgery were assessed in the American
College of Surgeons National Surgical Quality Improvement
Program (ACS NSQIP; 2013–2017).19 In this study, improve-
ment in the primary outcome “optimal pancreatic surgery”
(defined as: the absence of postoperative mortality, serious
morbidity, percutaneous drainage, reoperations, postoperative
length of stay <75th percentile, and readmission) was seen in
16,222 patients after PD from 53.7% to 56.9% (OR 1.06 96% CI
1.02–1.092, P<0.001) and in 7946 patents after distal pan-
createctomy from 53.3% to 58.8% (OR 1.09; 95% CI 1.04–1.14,
P<0.001). Furthermore, a decline in 30-day mortality from 2.1%
to 1.6% (P= 0.047) after PD was reported without relevant dif-
ference after distal pancreatectomy (0.4%–0.5%, P= 0.977). This

NSQIP-based study did not report outcomes on FTR. In com-
parison, the current study found higher mortality rates (from
4.1% to 2.4% after PD and from 1.6% to 1.3% after distal
pancreatectomy) as compared with the NSQIP-based study, but
a greater decline was observed. However, the current study
included in-hospital mortality, which could also include death
after 30 days. When the “optimal pancreatic surgery” criteria
were applied in the current study, no significant differences after
PD (53% in all time periods, P= 0.941) and distal pan-
createctomy (59%–61%, and 61%, P= 0.732) were observed,
similar as reported for textbook outcome.

The current study showed an improvement in FTR after PD
from 13% to 7.4%. This is actually better than compared with a
recently published international benchmark study from high volume
centers, defined as ≥50 complex pancreas interventions per year.
They reported a FTR cutoff value of 9%, based on an international
cohort of 2375 low-risk patients after PD.1 Furthermore, FTR rates
found in the current study were also better when compared with the
GAPASURG study: 13.3% (the Netherlands), 10.9% (Sweden), and
10.2% (Germany), but still worse as compared with the 5.4% reported
for the United States/Canada.5 After distal pancreatectomy, FTR
(8.8%–7.1% and 5.9%) and mortality rates (1.6%–1.5% and 1.3%) in
the current study were lower in all time periods compared with a
recent nationwide French administrative database that reported FTR

TABLE 2. Postoperative Outcome in Patients After Pancreatoduodenectomy and Distal Pancreatectomy

Pancreatoduodenectomy Distal Pancreatectomy

2014–2015 2016–2017 2018–2019 P* 2014–2015 2016–2017 2018–2019 P*

Total (N) 1362 1421 1444 318 410 390
In-hospital mortality 56 (4.1%) 46 (3.2%) 35 (2.4%) 0.012 5 (1.6%) 6 (1.5%) 5 (1.3%) 0.744

Missing 5 3 3 0 0 0
Failure to rescue§ 54 (13%) 46 (11%) 34 (7.4%) 0.004 5 (8.8%) 6 (7.1%) 5 (5.9%) 0.513

Missing 1 1 2 0 0 0
Major complications║ 404 (31%) 426 (31%) 462 (33%) 0.207 57 (19%) 84 (21%) 85 (22%) 0.246

Missing 47 45 42 15 13 12
Textbook outcome¶ 740 (57%) 774 (57%) 766 (55%) 0.283 202 (66%) 259 (66%) 248 (65%) 0.750

Missing 64 72 51 14 15 10
POPF, grade B/C# 181 (13%) 205 (15%) 277 (19%) < 0.001 49 (16%) 82 (20%) 86 (22%) 0.031

Missing 7 12 6 2 0 0
PPH, grade B/C# 102 (7.6%) 128 (9.2%) 110 (7.7%) 0.918 11 (3.5%) 20 (4.9%) 17 (4.4%) 0.619

Missing 13 30 15 5 3 0
DGE, grade B/C# 228 (17%) 297 (21%) 295 (21%) 0.013 NA NA NA NA

Missing 15 13 21
Bile leakage, grade B/C# 63 (4.7%) 81 (5.8%) 91 (6.4%) 0.054 NA NA NA NA

Missing 14 24 15
Reoperations 130 (9.9%) 109 (7.9%) 116 (8.3%) 0.171 18 (5.9%) 22 (5.6%) 14 (3.7%) 0.348

Missing 45 48 49 15 15 14
Radiologic interventions 226 (17%) 262 (19%) 349 (25%) < 0.001 25 (8.3%) 57 (14%) 64 (17%) 0.003

Missing 45 36 39 15 12 14
Endoscopic interventions 77 (5.8%) 65 (4.7%) 117 (8.4%) < 0.001 11 (3.6%) 13 (3.3%) 13 (3.5%) 0.962

Missing 44 39 46 16 11 16
Intensive care admission 171 (13%) 172 (12%) 132 (9%) 0.002 23 (7.6%) 26 (6.5%) 14 (3.7%) 0.027

Missing 35 23 10 15 10 7
Median hospital stay (IQR) 12 (9–18) 12 (8–19) 12 (8–19) 0.546 8 (6–11) 8 (6–10) 7 (6–10) 0.139

Missing 24 17 10 6 6 1
Readmission rates 221 (16%) 242 (17%) 219 (15%) 0.433 49 (15%) 66 (16%) 76 (20%) 0.126

Missing 19 28 20 0 5 4

P < 0.05 values are in bold.
*P value based on complete case analysis of the period of surgery variable (continuous) in univariable logistic regression analyses for dichotomous outcomes and in linear

regression analyses for continuous outcomes.
§In-hospital mortality of patients with Clavien-Dindo grade III or higher.
║Clavien-Dindo grade III or higher.
¶Textbook outcome: the absence of pancreatic fistula, bile leak, postpancreatectomy hemorrhage (all grade B/C according to ISGPS or ISGLS), major complications

(Clavien-Dindo grade III), readmission within 30 days after discharge, and in-hospital mortality.25

#Complications according to the ISGPS or ISGLS criteria.
DGE indicates delayed gastric emptying; IQR, interquartile range; N, number of patients; NA, not applicable; PPH, postpancreatectomy hemorrhage.
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(11.2%) and mortality (3.9%) rates of 10,632 patients.30 However, the
French analysis reported 90-day mortality, rather than in-hospital
mortality in the present study. A recent study presented the first
results from the Swedish National Pancreatic and Periampullary
Cancer Registry.15 However, no trends in the rates of FTR, mor-
tality, or pancreatic surgery-related complications were reported.

Before introduction of the DPCA, nationwide mortality
after PD in the Netherlands was 9.8% in 2004.9 The current
study shows a substantial reduction in mortality after PD to
2.4%. Recently, the Global Audits on Pancreatic Surgery

(GAPASURG) consortium compared surgical outcome after PD
in 4 registries, including the DPCA.31 In that study, including
data from 2014 to 2017, the in-hospital mortality rate in the
DPCA (3.6%) was lower as compared with the German StuDoQ
(4.7%) audit, but higher as compared with the Swedish SNPPCR
(2.7%), and the NSQIP (1.3%) audits.

Although the rates of major complications in the current
study remained similar over time, complication-related intensive
care admissions decreased, and FTR rates improved. This may
suggest that in the latest period complications were treated more

TABLE 3. Multilevel Multivariable Logistic Regression Analyses on the Trend of Short-term Surgical Outcomes Over All 3 Time
Periods After Pancreatoduodenectomy and Distal Pancreatectomy

Pancreatoduodenectomy Distal Pancreatectomy

N/Total N OR CI 2.5% CI 97.5% P* N/Total N OR CI 2.5% CI 97.5% P*

Failure to rescue§ 1190/1292 0.64 0.50 0.82 < 0.001 222/226 0.65 0.30 1.37 0.253
Mortality║ 3932/4227 0.68 0.54 0.86 0.001 1089/1118 0.88 0.45 1.72 0.711
Major complications¶ 3816/4227 1.07 0.98 1.17 0.147 996/1118 1.10 0.90 1.35 0.332
Textbook outcome# 3769/4227 0.95 0.87 1.03 0.229 998/1118 0.99 0.83 1.17 0.869
POPF, grade B/C** 3917/4227 1.25 1.11 1.40 < 0.001 1029/1118 1.28 1.04 1.58 0.020
PPH, grade B/C** 3886/4227 0.94 0.82 1.09 0.423 1024/1118 1.03 0.69 1.54 0.891
DGE, grade BC** 3895/4227 1.16 1.05 1.29 0.005 –— — — — —
Bile leakage, grade B/C** 3893/4227 1.19 0.99 1.42 0.059 — — — — —
Reoperations 3812/4227 0.84 0.73 0.97 0.019 994/1118 0.76 0.53 1.09 0.137
Radiologic interventions 3834/4227 1.25 1.13 1.39 < 0.001 995/1118 1.50 1.17 1.92 0.002
Endoscopic interventions 3824/4227 1.34 1.13 1.60 0.001 993/1118 0.97 0.63 1.50 0.889
Intensive care admission 3882/4227 0.81 0.71 0.92 0.001 1104/1118 0.66 0.47 0.93 0.017
Length of stay 3896/4227 0.98 0.55 1.76 0.959 1019/1118 0.59 0.29 1.22 0.156
Readmission 3877/4227 0.98 0.88 1.09 0.682 1022/1118 1.14 0.93 1.41 0.206

P < 0.05 values are in bold.
*P value based on complete case analysis of the period of surgery variable (continuous) in multilevel multivariable logistic regression analyses. All outcomes were

corrected for sex, age, Charlson comorbidity index, body mass index, ASA score, diagnosis (PDAC y/n), vascular resection, and hospital identification number as random
effect factor.

§In-hospital mortality of patients with Clavien-Dindo grade III or higher. For distal pancreatectomy corrected for age and ASA score.
║For distal pancreatectomy corrected for: ASA score and vascular resection.
¶Clavien-Dindo grade III or higher.
#Textbook outcome: the absence of pancreatic fistula, bile leak, postpancreatectomy hemorrhage (all grade B/C according to ISGPS or ISGLS), major complications

(Clavien-Dindo grade III), readmission within 30 days after discharge, and in-hospital mortality.25

**Complications according to the ISGPS or ISGLS criteria.
DGE indicates delayed gastric emptying; N, number of patients assessed in the multilevel multivariable analysis; PPH, postpancreatectomy hemorrhage.
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FIGURE 1. Trends in annual rates
of all cause in-hospital mortality
(A) and failure to rescue
(B) among 4227 patients after
pancreatoduodenectomy in the
Netherlands. *A best practice
algorithm for early recognition
and management of complica-
tions after pancreatic resection
(PORSCH trial) was implemented
in all 16 Dutch centers performing
pancreatic surgery in 2018 to
2019.12
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adequately. In 2018 and 2019, the nationwide stepped-wedge
cluster-randomized PORSCH trial implemented an algorithm
for early recognition and minimally invasive management of
complications after pancreatic surgery in all pancreatic centers in
the Netherlands.12 Based on changes in vital signs, white blood
cell count, and c-reactive protein, the algorithm dictated low-
threshold use of abdominal computed tomography, radiologic
catheter drainage, and antibiotic treatment. This lowered
threshold for radiologic drainage will likely have contributed to
the higher rates of POPF observed over time, as drainage was
performed more frequently and is classified as Grade B accord-
ing to the International Study Group of Pancreatic Surgery
criteria.26 Notably, the introduction of the algorithm resulted in
a significant reduction of the composite endpoint of bleeding
requiring invasive intervention, organ failure, and death within
90 days after resection (composite endpoint reached in 14% of
the patients assigned to usual care vs 8.5% of patients assigned to
PORSCH algorithm-centered care).32 These results demonstrate
that timely recognition and minimally invasive management of
complications, such as POPF, considerably improve outcome
and reduce mortality after pancreatic resection. This finding is
supported by our study, which found an improved FTR rather
than a decrease in major complications.

As for changes in treatment over time, the use of neo-
adjuvant chemotherapy and chemoradiotherapy increased for
patients with pancreatic cancer from 5.5% in the first time period
to 21% in the latest time period. A second major change was the
introduction of robot-assisted PD. Both developments can be
explained by the rise of neoadjuvant therapy use in clinical trial
setting and the implementation of a training program for robotic
PD in high volume Dutch centers.22,23,33,34 The use of laparo-
scopic PD almost stopped completely, in line with earlier
reported safety concerns in the Dutch LEOPARD-2 trial,35

despite good results in 3 other randomized trials.36–38

Since 2011, clinicians from all Dutch hospitals performing
pancreatic surgery have been collaborating in the DPCG.7 The

benchmark results from the DPCAmay help improve outcomes on a
local, regional, and nationwide level.39 Furthermore, transparency on
hospital outcome during national DPCGmeetings further evoked the
discussion about best practices and improvement on a nationwide
scale. In addition, centralization and regional multidisciplinary team
meetings have been established to improve patient selection.11,40

Patients benefit from centralization due to increased resection rates
and reduced mortality, probably related to improved FTR.9,10 As
Dutch minimum hospital volume requirements were raised to 20
pancreatoduodenectomies annually, 2 out of 18 centers stopped
pancreatic surgery during the study period. The current study showed
a significant decrease in FTR and in-hospital mortality over the
periods, which was only statistically significant in high volume (>45
pancreatoduodenectomies annually) centers. In the PORSCH trial,
these improvements were also significant in the low/medium-volume
centers, possibly because 90-day outcomes were available.

The findings of this study should be interpreted in light of
several limitations. First, only short-term outcomes (during hos-
pital stay and in case of earlier discharge until 30 days) are reg-
istered in the DPCA. Efforts are currently being made to combine
data from the DPCA with the Netherlands Cancer Registry data,
which may provide insight in 90-day and long-term cancer out-
come. Second, most data are manually registered in the DPCA,
thus introducing a risk for inaccuracies or incomplete data entry.
Currently, several initiatives towards automatic data transfer
from the electronic patient files to the audit registry have started.
Third, due to the sample size and low number of events after
distal pancreatectomy per time period, we cannot exclude a Type
II error. Despite these limitations, the demonstrated nationwide
improvement of FTR and in-hospital mortality after pancreatic
surgery suggests that progress has been made in the Netherlands.
The DPCG aims for continuous improvement of quality of care
through auditing, collaborative research, and transparency on
patient outcome in nationwide meetings.

4.4%

3.5%

2.1%

4.0%

3.1%
2.9%

High volume P = 0.02
Low/medium volume P = 0.21

0%

1%

2%

3%

4%

5%

6%

7%

8%

9%

10%

High volume Low/medium volume

P
er

ce
nt

ag
e

In hospital mortalityA B

13.2%

10.2%

5.7%

13.5%

11.2%

10.4%

0%

2%

4%

6%

8%

10%

12%

14%

16%

High volume Low/medium volume

Failure to rescue

2014 2015 2016 2017 2018 2019

High volume P = 0.01
Low/medium volume P = 0.30

FIGURE 2. Trends in annual rates
of all cause in-hospital mortality
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CONCLUSION
In the first 6 years of a mandatory nationwide audit for

pancreatic surgery, despite operating on more high-risk patients,
improvement of FTR rates and in-hospital mortality after PD
was seen. Nationwide efforts including collaboration between
the DPCG centers, clinical auditing, and implementation of an
algorithm for early recognition and management of complica-
tions, have likely contributed to these improvements.
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