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Abstract

Background: Guidelines advise self-expanding metal stents (SEMS) over plastic stents in preoperative

endoscopic biliary drainage (EBD) for malignant extrahepatic biliary obstruction. This study aims to

assess nationwide practice and outcomes.

Methods: Patients with pancreatic head and periampullary cancer who underwent EBD before

pancreatoduodenectomy were included from the Dutch Pancreatic Cancer Audit (2017–2018). Multi-

variable logistic and linear regression models were performed.

Results: In total, 575/1056 patients (62.0%) underwent preoperative EBD: 246 SEMS (42.8%) and 329

plastic stents (57.2%). EBD-related complications were comparable between the groups (44/246 (17.9%) vs.

64/329 (19.5%), p = 0.607), including pancreatitis (22/246 (8.9%) vs. 25/329 (7.6%), p = 0.387). EBD-related

cholangitis was reduced after SEMS placement (10/246 (4.1%) vs. 32/329 (9.7%), p = 0.043), which was

confirmed in multivariable analysis (OR 0.36 95%CI 0.15–0.87, p = 0.023). Major postoperative complica-

tions did not differ (58/246 (23.6%) vs. 90/329 (27.4%), p = 0.316), whereas postoperative pancreatic fistula

(24/246 (9.8%) vs. 61/329 (18.5%), p = 0.004; OR 0.50 95%CI 0.27–0.94, p = 0.031) and hospital stay (14.0

days vs. 17.4 days, p = 0.005; B 2.86 95%CI −5.16 to −0.57, p = 0.014) were less after SEMS placement.

Conclusion: This study found that preoperative EBD frequently involved plastic stents. SEMS seemed

associated with lower risks of cholangitis and less postoperative pancreatic fistula, but without an

increased pancreatitis risk.
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Introduction

Patients with resectable pancreatic head and periampullary
cancer may require preoperative endoscopic biliary drainage
(EBD) due to extrahepatic bile duct obstruction. Early surgery is,
however, preferred, as this is associated with fewer perioperative
complications compared to preoperative EBD.1 Indications for
EBD include cholangitis, severe jaundice, long waiting times for
surgery, and the use of neoadjuvant therapy, which is a rapidly
emerging indication for longer-term EBD.2–4

Historically, EBD is performed by placement of a plastic stent
which has to be replaced every three months to prevent stent
occlusion. In the recently updated European Society of Gastro-
intestinal Endoscopy Clinical Guideline, self-expanding metal
stent (SEMS) placement is recommended in case of preoperative
EBD of malignant extrahepatic biliary obstruction.2 A potential
downside of SEMS placement could be the increased risk of post-
endoscopic retrograde cholangiopancreatography (ERCP)
pancreatitis.5 Plastic stents are still frequently used, however,
possibly because of lower upfront costs. Nationwide studies
assessing clinical practices and outcomes of EBD with SEMS or
plastic stents in pancreatic head and periampullary cancer are
lacking.
The aim of this study was to assess the use of SEMS on a

nationwide scale in daily clinical practice in patients with
pancreatic head and periampullary cancer undergoing preoper-
ative EBD and to determine the relation between type of stent
and EBD-related complications and postoperative outcomes.
Methods

Patients and design
This nationwide, retrospective cohort study included all pa-
tients with a pancreatic ductal adenocarcinoma, distal chol-
angiocarcinoma, duodenal adenocarcinoma, and ampulla of
Vater adenocarcinoma who underwent pancreatoduodenec-
tomy (PD) between January 2017 and December 2018 after
EBD in the Netherlands. In general, biliary drainage was
considered indicated in patients with clinical suspicion of
cholangitis (characterized by fever, abdominal pain and/or
jaundice), severe jaundice (bilirubin concentration �250 mmol/
L), or mild jaundice (>25 mmol/L) before commencing
neoadjuvant chemotherapy. EBD was also indicated for bili-
rubin <250 mmol/L if the waiting time for surgery exceeded 3
HPB 2021, 23, 270–278 © 2020 The Author(s). Published by Elsevier Ltd on
access
weeks and it was anticipated that the bilirubin might be above
�250 mmol/L at time of surgery. In the Netherlands, endoscopy
is always performed by a gastroenterologist and local protocols
are followed for procedures concerning EBD and stent place-
ment. Endoscopic ultrasound for obtaining pathological ma-
terial is performed prior to ERCP and stent placement. Type of
stent depends on the expertise and preference of the gastro-
enterologist. Prevention of post-ERCP pancreatitis exists of
rectal nonsteroidal anti-inflammatory drug administration and
in case of manipulation of the pancreatic duct, a 5 Fr plastic
stent is placed in the pancreatic duct. Patients with percuta-
neous biliary drainage were excluded. Patients were identified
from the Dutch Pancreatic Cancer Audit (DPCA), a nationwide,
mandatory, prospective audit of pancreatic surgery. Data were
registered by the surgeons of each center. Since 2017, several
variables containing information about preoperative EBD and
stents were added to the DPCA. All 17 pancreatic centers in the
Netherlands performing pancreatic surgery participate in this
audit. Annually, each center is required to perform at least 20
PDs. Data are registered anonymously and evaluated retro-
spectively. This study is reported in accordance with the
STROBE guidelines.6

Data collection
Patient, tumor, and treatment characteristics were collected.
Center of stent placement was not registered, but center of sur-
gery (pancreatic center) was. Therefore, pancreatic centers
represent stent placements from the center itself and from
regional centers referring to the pancreatic center. Dates of the
final multidisciplinary team (MDT) meeting in pancreatic cen-
ters and of drainage were available as well as type of stent and
EBD-related complications. No other data about stent replace-
ment were available. Postoperative outcomes were postoperative
complications, in-hospital mortality, length of hospital stay, and
readmissions within 30 days after discharge.

Definitions
Data from patients with pancreatic head and periampullary
cancer were pooled in this study. Pancreatic centers were divided
according to volume in <40 or �40 PDs annually. Site of origin
was categorized into pancreas, distal bile duct, ampulla of Vater,
duodenum, or other. Type of stent was SEMS versus plastic stent.
SEMS were categorized into fully covered SEMS and uncovered
SEMS. Neoadjuvant therapy was chemo(radio)therapy, mostly
behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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Figure 1 Flow chart of endoscopic biliary drainage in patients who

underwent pancreatoduodenectomy for pancreatic head and peri-

ampullary cancer in 2017 and 2018 in the Netherlands
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given within a randomized trial. Preoperative pathological
confirmation was obtained by duodenoscopy with biopsy, ERCP
with brush, or endoscopic ultrasound guided puncture of the
primary tumor. PD included pylorus-preserving PD, pylorus-
resecting PD, and classical Whipple. EBD-related complications
included pancreatitis, cholangitis, stent occlusion, perforation of
the bile duct or duodenum, and hemorrhage. These complica-
tions were registered accordingly to judgement of the local
physicians. It was documented whether reinterventions (radio-
logical or endoscopic) were performed for any EBD-related
complication. All postoperative complications during hospital
admission or up to 30 days after resection were also registered.
Major postoperative complications were defined as a Clavien-
Dindo score �3.7 Pancreatic surgery specific complications (i.e.
postoperative pancreatic fistula, delayed gastric emptying, post-
pancreatectomy hemorrhage, and chyle leak) were defined by
the International Study Group on Pancreatic Surgery (ISGPS)
and scored in three groups of severity.8–11 Bile leakage was scored
accordingly as was defined by the International Study Group of
Liver Surgery.12 Grade B and C graded complications were
considered clinically relevant. Reintervention for a postoperative
complication was categorized as an endoscopic, radiological, or
surgical intervention. Exact details about the type of reinter-
vention were not registered.

Statistical analysis
Missing data (range 0–24%) were imputed by multiple
imputation with predictive mean matching in which 25
dummy sets were created. Age, sex, hospital of treatment, date
of drainage, and date of MDT meeting were not imputed,
because only a selected number of variables could be imputed.
Patients with missing data in age, sex and hospital of treatment
were excluded for further analyses. Baseline characteristics
were presented using descriptive statistics. Normally distrib-
uted continuous data were compared using a Students t-test
and presented as means with standard errors (SE). Non-
normally distributed continuous data were compared using
the Mann Whitney U test and presented as medians with
interquartile ranges (IQR). Categorical data were presented as
frequencies with percentages and compared using the Chi-
square test or with the Fisher’s exact test if the expected
count was less than 5. To determine the association between
type of stent and EBD-related complications or postoperative
outcomes that differed statistically significantly between the
plastic stent and SEMS group, multivariable logistic or linear
regression models were performed, adjusted for patient char-
acteristics, differences in baseline data, and other potential risk
factors per specific outcome. Postoperative outcomes were also
adjusted for hospital volume. The patient characteristics were
age, sex, body mass index (BMI), and American Society of
Anesthesiologists (ASA) score. Potential risk factors were
found for postoperative pancreatic fistula, specifically BMI,
pancreatic texture, and pancreatic duct diameter.13 The results
HPB 2021, 23, 270–278 © 2020 The Author(s). Published by Elsevier Ltd on
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were reported as the odds ratio (OR) with corresponding 95%
confidence interval (CI) in logistic regression or as the
regression coefficient (B) with corresponding 95% CI in linear
regression. All p-values were based on a 2-sided test and p-
values of <0.05 were considered statistically significant. Data
were analyzed using IBM SPSS Statistics for Windows version
25 (IBM Corp., Armong, N.Y., USA) and R version 3.4.3 (cran.
r-project.org).
Results

In total, 1056 patients underwent PD for pancreatic head and
periampullary cancer in 2017 and 2018 (Fig. 1). In 655 patients
(62.0%) preoperative biliary drainage was performed, of whom
73 patients were excluded because the method of drainage was
unknown or occurred percutaneously due to ERCP failure or
technical impossibilities to perform EBD (e.g. after gastric
bypass). Of the remaining 582 patients, 7 patients were excluded
because of missing data in age, sex, and hospital of treatment.
The final cohort undergoing EBD existed of 575 patients
(54.4%). Missing data were randomly distributed between the
pancreatic centers. Baseline characteristics after multiple impu-
tation are demonstrated in Table 1. All 17 pancreatic centers
performed�20 PDs annually, of which 8 centers performed�40
PDs annually.

Type of stent
SEMS were placed in 246 of 575 patients (42.8%) and plastic
stents in 329 patients (57.2%). The use of SEMS varied from 0 to
77.1% between pancreatic centers (Supplemental Fig. 1,
behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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Table 1 Baseline characteristics

Variable All patients
(n [ 575), n (%)

SEMSa

(n [ 246), n (%)
Plastic stents
(n [ 329), n (%)

Pooled p-value

Age, mean (SE) 68 (0.4) 68 (0.6) 67 (0.6) 0.117

Male 315 (54.8) 136 (55.3) 179 (54.4) 0.784

BMIa, mean (SE) 25.3 (0.2) 24.9 (0.3) 25.6 (0.3) 0.074

ASA scorea 0.001

I and II 419 (72.9) 162 (65.9) 257 (78.1)

III and IV 156 (27.1) 84 (34.1) 72 (21.9)

Comorbidity 0.098

Liver cirrhosis 10 (1.7) 7 (2.8) 3 (0.9)

Pancreatitis 24 (4.2) 7 (2.8) 17 (5.2)

Site of origin 0.008

Pancreas 310 (53.9) 155 (63.0) 156 (47.4)

Distal bile duct 152 (26.4) 57 (23.2) 96 (29.2)

Ampulla of Vater 99 (17.2) 30 (12.2) 68 (20.7)

Duodenum or other 14 (2.4) 5 (2.0) 9 (2.7)

Diameter pancreatic duct, mean (SE) 4.6 (0.1) 4.8 (0.2) 4.4 (0.2) 0.095

Preoperative cytological or histological examination 0.328

Endoscopy with biopsy 201 (35.0) 95 (38.6) 106 (32.2)

ERCPa and brush 289 (50.3) 115 (46.7) 174 (53.2)

Other 13 (2.3) 4 (1.6) 10 (3.0)

Type stent NA

Covered 196 (79.7)

Uncovered 50 (20.3)

Neoadjuvant therapy 48 (8.3) 31 (12.6) 17 (5.2) 0.011

Hospital volume <0.001

<40 PDs annually 201 (35.0) 55 (22.4) 146 (44.4)

�40 PDs annually 374 (65.0) 191 (77.6) 183 (55.6)

Time to surgeryb, days, median (IQR) 32.0 (22.0–48.0) 27.0 (21.0–41.0) 37.5 (25.0–53.0) <0.001

Pancreatic texture during surgery 0.001

Normal/soft 331 (57.6) 121 (49.2) 209 (63.5)

Fibrotic/hard 244 (42.4) 125 (50.8) 119 (36.2)

Bold numbers indicate statistical significance; numbers in the SEMS and plastic stent group do not always equal the total cohort, because of
rounding due to the imputation.
a SEMS: self-expandable metal stents, BMI: body mass index, ASA score: American Society of Anesthesiologists score, NA: not applicable, ERCP:
endoscopic retrograde cholangio- and pancreatography, PD: pancreatoduodenectomie.
b Only in patients without neoadjuvant chemotherapy and based on non-imputed data: 414 patients in overall group, 240 patients in plastic stent
group, and 174 in SEMS group.
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p < 0.001). Of all SEMS, 196 were covered (79.7%) and 50 were
uncovered (20.3%). Timing of stent placement relative to the
date of the MDT meeting was analyzed in 493 patients (non-
imputed data). The majority of patients (n = 343, 69.6%) had
EBD before being discussed in the MDTmeeting of a pancreatic
center. From these 343 patients, 215 (62.7%) received plastic
stents compared to 64 out of 150 patients (42.7%) after the MDT
meeting in a pancreatic center (p < 0.001).
HPB 2021, 23, 270–278 © 2020 The Author(s). Published by Elsevier Ltd on
access
Patients with SEMS had higher ASA scores, more often a
fibrotic/hard pancreatic texture during surgical exploration, were
more often treated with neoadjuvant therapy, and the site of
origin was more often the pancreas compared to patients with
plastic stents (Table 1). Of all patients with neoadjuvant therapy,
31 patients (64.6%) received a SEMS. Time to surgery after stent
placement was significantly shorter for patients with SEMS
compared to patients with plastic stents after excluding patients
behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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with neoadjuvant therapy (non-imputed data: 27.0 (21.0–41.0)
vs. 37.5 (25.0–53.0) days, p < 0.001).

Endoscopic biliary drainage-related complications
The rate of any complication after EBD was comparable in both
stent groups (44 patients (17.9%) vs. 64 patients (19.5%) for SEMS
and plastic stents respectively, p = 0.607). EBD-related cholangitis
occurred less often in patients with SEMS compared to plastic
stents (10 patients (4.1%) vs. 32 patients (9.7%), p = 0.043,
Table 2). Post-ERCP pancreatitis occurred in 22 patients (8.9%)
with SEMS and 25 patients (7.6%) with plastic stents (p = 0.387).
Reintervention (endoscopic or radiological) was required in 22
patients (8.9%) of the SEMS group and 32 patients (9.7%) of the
plastic stent group (p = 0.584). Inmultivariable logistic regression,
adjusted for patient characteristics (i.e. age, sex, BMI, and ASA
score), site of origin, and neoadjuvant therapy, SEMS were asso-
ciated with a lower OR of cholangitis (OR 0.36 95% CI 0.15–0.87,
p = 0.023, Fig. 2a) compared to plastic stents. The rate of any
complication after EBD, pancreatitis, cholangitis, perforation,
hemorrhage, occlusion, and reintervention for complications did
not differ between the covered and uncovered SEMS (See
Supplementary Table 1).

Postoperative outcomes after
pancreatoduodenectomy
Patients with SEMS and plastic stents had similar rates of major
postoperative complications (58 patients (23.6%) vs. 90 patients
(27.4%), p = 0.316, Table 3). Major postoperative complications
occurred in all 43 patients who had EBD-related cholangitis
(100%) and in 181 patients who did not have EBD-related
cholangitis (34.0%, p < 0.001). The proportion of patients
with postoperative pancreatic fistula grade B–C (i.e. clinically
relevant fistula) was lower in patients with a SEMS compared to
plastic stents (24 patients (9.8%) vs. 61 patients (18.5%)
respectively, p = 0.004). After adjustment for patient character-
istics, hospital volume, neoadjuvant therapy, site of origin,
pancreatic duct diameter, and pancreatic texture, the use of
SEMS was still associated with a significantly lower risk on
Table 2 Complications related to endoscopic biliary drainage

Variable All patients (n [ 575), n (%) SEMSa (n [ 2

Any complication 107 (18.6) 44 (17.9)

Pancreatitis 47 (8.2) 22 (8.9)

Cholangitis 43 (7.5) 10 (4.1)

Perforation 16 (2.8) 3 (1.2)

Hemorrhage 23 (4.0) 8 (3.3)

Occlusion 38 (6.6) 11 (4.5)

Reintervention 54 (9.4) 22 (8.9)

Bold numbers indicate statistical significance; numbers in the SEMS and
rounding due to the imputation.
a SEMS: self-expandable metal stents.

HPB 2021, 23, 270–278 © 2020 The Author(s). Published by Elsevier Ltd on
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postoperative pancreatic fistula (OR 0.50 95% CI 0.27–0.94,
p = 0.031, Fig. 2a).13 Patients with SEMS had a shorter mean
length of hospital stay than patients with plastic stents (14.0 days
(SE 0.6) vs. 17.4 days (SE 1.0) respectively, p = 0.005). In
multivariable linear regression, adjusted for patient characteris-
tics, hospital volume, site of origin, neoadjuvant therapy,
pancreatic texture, and major postoperative complications,
length of hospital stay was almost three days shorter in patients
who received a SEMS (B −2.86 95% CI -5.16–0.57, p = 0.014)
compared to patients with a plastic stent (Fig. 2b).
Discussion

This nationwide study shows that in 2017 and 2018 in the
Netherlands, SEMS were placed in less than half of all patients
who received EBD prior to pancreatoduodenectomy. The rate of
overall EBD-related complications were similar between SEMS
and plastic stents, but patients receiving SEMS had a lower odds
of cholangitis, less postoperative pancreatic fistula, and a shorter
postoperative hospital stay. No association between SEMS and
post-ERCP pancreatitis rate could be demonstrated, neither in
the small subgroup analysis of patient that received a covered
SEMS.
As demonstrated in a multicenter randomized controlled trial

including 196 patients, early surgery without preoperative biliary
drainage in patients with cancer of the pancreatic head is the
preferred treatment, because routine preoperative biliary
drainage increased the rate of complications from 39% to 74%.1

Still, preoperative EBD was performed in 54.4% of all patients
who underwent PD in this study. Unfortunately, the exact
indication for stent placement could not be assessed because this
variable was not registered in the audit. Data from the Surveil-
lance, Epidemiology, and End Results (SEER) tumor registry
showed that in 2004–2007 the rate of preoperative EBD was
40%.14 The nationwide audit from Germany showed a preop-
erative EBD percentage of 38.9% for pancreatic ductal adeno-
carcinoma in 2014–2016.15 Monocenter studies showed that
respectively 47.6% (2005–2016) and 55% (2006–2016) initially
46), n (%) Plastic stents (n [ 329), n (%) Pooled p-value

64 (19.5) 0.607

25 (7.6) 0.387

32 (9.7) 0.043

13 (4.0) 0.120

15 (4.6) 0.365

27 (8.2) 0.173

32 (9.7) 0.584

plastic stent group do not always equal the total cohort, because of
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Figure 2 Multivariable regression analysis to assess the association

between type of stent and outcomes. a. Results of multivariable

logistic regression analysis to assess the association between

type of stent and EBD-related cholangitis and postoperative

pancreatic fistula. Odds ratio of EBD-related cholangitis is adjusted

for patient characteristics (i.e. age, sex, BMI, and ASA score), site of

origin, and neoadjuvant therapy. Odds ratio for postoperative

pancreatic fistula adjusted for patient characteristics (i.e. age, sex,

BMI, and ASA score), hospital volume, neoadjuvant therapy, site of

origin, pancreatic duct diameter, and pancreatic texture. b. Results of

multivariable linear regression analysis to assess the association

between type of stent and length of hospital stay. The beta coef-

ficient of length of hospital stay is adjusted for patient characteristics

(i.e. age, sex, BMI, and ASA score), hospital volume, site of origin,

neoadjvant therapy, pancreatic texture, and major postoperative

complications
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underwent preoperative biliary drainage.16,17 The relatively high
percentage of preoperative drainage in the current study might
be a reflection of lack of awareness of the proper indication as
stated in the guidelines.2

tThe European guideline published in 2018 explicitly recom-
mends the use of SEMS in patients who undergo preoperative
EBD.2 This recommendation is mainly based on a meta-analysis
that showed significantly lower rates of endoscopic reinterven-
tions and postoperative pancreatic fistula in patients treated with
SEMS compared to plastic stents (3.4% vs. 14.8% and 5.1% vs.
HPB 2021, 23, 270–278 © 2020 The Author(s). Published by Elsevier Ltd on
access
11.8%, respectively).18 This study shows, however, that over 50%
of all patients still received a plastic stent. Which is particularly
remarkable as currently neoadjuvant chemo(radio)therapy is
increasingly administered to patients with pancreatic cancer. In
the Netherlands both the recently completed PREOPANC-1 trial
(NL3525; https://www.trialregister.nl/trial/3525) and the
ongoing PREOPANC-2 trial (NL7094; https://www.trialregister.
nl/trial/7094) advise the use of (fully covered) SEMS prior to
start of neoadjuvant treatment.19 Naturally, the percentage of
patients with neoadjuvant therapy was higher in the SEMS
group, but still a considerable proportion of patients with
neoadjuvant therapy received a plastic stent (35%). Even though
data revealed that delay until start of neoadjuvant treatment was
shorter in patients with a SEMS and stent patency was longer.3,20

There could be several reasons for these relatively high per-
centages of plastic stents in all patients and the subgroup with
neoadjuvant therapy. First, most patients received a stent before
being discussed in the MDT meeting in a pancreatic center
(69.6%). If drainage is performed before staging, a plastic stent is
often preferred by the radiologist as scattering from the metallic
stent might hamper adequate interpretation of tumor staging.
After staging, but before pathological confirmation, as well
plastic as fully covered SEMS could be placed. In this scenario the
European guideline recommends against uncovered SEMS,
because these cannot be removed without surgery.2 Second, the
higher costs of initial SEMS placement compared to plastic stent
placement probably also play a major role in the current find-
ings. Dutch costs for initial stent placement for palliation
including secondary procedures in case of initial failure were
V1973 for a SEMS and V1042 for a plastic stent (p = 0.001).21

However, cost-effectiveness of SEMS placement has been
demonstrated in patients who received neoadjuvant therapy
(United States’ costs of the index ERCP, procedural adverse
events, and adverse events from stent occlusion based on actual
hospital charges: fully covered SEMS V36.978 vs. uncovered
SEMS V37.304 vs. plastic V35.937), as the stent itself is more
expensive, but SEMS have higher patency rates and render less
adverse events.3,22 Finally, the new guideline was published in
September 2018 and therefore the implementation time was
short, however, the results of the Dutch randomized trial were
already published in 2016 and were given much attention in the
Netherlands.2,23 As it is known that implementation of new or
updated guidelines often requires several years and is affected by
multiple factors, e.g. quality of guidelines and characteristics of
health care professionals such as age and country of training.24,25

Even in a small and organized country as the Netherlands, it has
been shown that one year after implementation guideline
compliance in pancreatic cancer was poor.24 This is also shown
for other countries and cancer types.26–28 A nationwide imple-
mentation strategy addressing both pancreatic centers and
regional referral networks might increase the use of SEMS, as
recommended by the European guideline, and is currently car-
ried out within the PACAP-1 trial.29
behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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Table 3 Postoperative outcomes

Variable All patients
(n [ 575), n (%)

SEMSa

(n [ 246), n (%)
Plastic stents
(n [ 329), n (%)

Pooled
p-value

Major postoperative complication 148 (25.7) 58 (23.6) 90 (27.4) 0.316

Any complication during hospital admission/30 days after surgery 363 (63.1) 161 (65.4) 202 (61.4) 0.397

Postoperative pancreatic fistula, grade B/C 85 (14.8) 24 (9.8) 61 (18.5) 0.004

Delayed gastric emptying, grade B/C 110 (19.1) 39 (15.9) 72 (21.9) 0.100

Post pancreatectomy hemorrhage, grade B/C 33 (5.7) 11 (4.5) 23 (7.0) 0.236

Bile leakage, grade B/C 25 (4.3) 13 (5.3) 12 (3.6) 0.351

Chyle leak, grade B/C 44 (7.7) 18 (7.3) 25 (7.6) 0.776

Pneumonia 34 (5.9) 18 (7.3) 16 (4.9) 0.245

Wound infection 89 (15.5) 41 (16.7) 48 (14.6) 0.487

Intensive care unit admission 49 (8.5) 20 (8.1) 29 (8.8) 0.652

Reintervention 141 (24.5) 54 (22.0) 87 (26.4) 0.211

Endoscopic 26 (5.2) 13 (5.3) 14 (4.3) 0.553

Radiological 109 (19.0) 40 (16.3) 69 (21.0) 0.164

Reoperation 40 (7.0) 15 (6.1) 25 (7.6) 0.529

In-hospital mortality 8 (1.4) 4 (1.6) 4 (1.2) 0.603

Length of hospital stay, mean (SE) 16.0 (0.6) 14.0 (0.6) 17.4 (1.0) 0.005

Readmission within 30 days after discharge 80 (13.9) 32 (13.0) 48 (14.6) 0.598

Bold numbers indicate statistical significance; numbers in the SEMS and plastic stent group do not always equal the total cohort, because of
rounding due to the imputation.
a SEMS: self-expandable metal stents.
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Several baseline characteristics differed between patients in the
SEMS and plastic stent groups. Differences in pancreatic texture
and site of origin were probably related to neoadjuvant therapy.
The higher ASA score of patients with SEMS remains unex-
plained. The moment of registration of the ASA score is un-
known. It could be that in patients with neoadjuvant therapy the
ASA score increases during treatment and that this score is
registered after treatment shortly before resection. More patients
with a SEMS received neoadjuvant therapy and it might be
speculated that this (partly) causes the higher ASA score.
In this study, a similar rate of overall EBD-related complica-

tions was found in the SEMS and plastic stent groups, but pa-
tients receiving plastic stents had statistically significantly more
EBD-related cholangitis compared to patients receiving SEMS.
This might also be the explanation for the longer time to surgery
in patients with a plastic stent. Surprisingly, the percentage of
reinterventions was not higher in the plastic stent group. This
could have been caused by an under registration, as the DPCA is
a surgical audit in which gastroenterological variables may be
registered less accurate.
It has been shown in previous studies that the frequency of

EBD-related pancreatitis was higher in patients with SEMS as
compared to plastic stents.23,30 SEMS and particularly fully
covered SEMS could hamper pancreatic duct out flow as
compared to plastic stents which could increase the risk of post-
ERCP pancreatitis.31 In this nationwide study, it was not
demonstrated that the post-ERCP pancreatitis rate was higher in
HPB 2021, 23, 270–278 © 2020 The Author(s). Published by Elsevier Ltd on
access
patients with a SEMS, which was also confirmed by several other
studies.32,33 Currently, the multicenter SPHINX trial in the
Netherlands is assessing whether an endoscopic sphincterotomy
prior to biliary fully covered SEMS placement could decrease the
incidence of post-ERCP pancreatitis (NL5130; https://www.
trialregister.nl/trial/5130).
Major postoperative complications were similar between the

SEMS group and plastic stent group. These results were com-
parable to the results of a meta-analysis.18 Literature is contra-
dictive about the association between type of stent and
postoperative pancreatic fistula.18,23,34 In the current cohort,
after adjustment for patient characteristics (i.e. age, sex, BMI,
and ASA score), hospital volume, neoadjuvant therapy, and other
risk factors (i.e. BMI, pancreatic texture, and pancreatic duct
diameter; in accordance with the alternative fistula risk score) in
multivariable analysis, the odds of postoperative pancreatic fis-
tula was statistically significantly lower for patient who received a
SEMS.13 It is thought that the higher odds of postoperative
pancreatic fistula is related to pancreatic texture. The current
binary classification of pancreatic texture does not cover all
variations in pancreatic texture. After expansion of the SEMS, the
pancreatic duct experiences more pressure and therefore fibrosis
of the pancreatic texture increases. More fibrosis is likely related
to less postoperative fistula.
The length of hospital stay was approximately three days

shorter in patients who received a SEMS as compared to a plastic
stent which is clinically relevant, because it reflects improved
behalf of International Hepato-Pancreato-Biliary Association Inc. This is an open
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recovery and may result in decreased hospital costs. This has not
been previously described.35 Although not completely clear this
might be related to an increased rate of postoperative pancreatic
fistula grade A, which is not covered in the Clavien Dindo score
�3, and hence a longer time to functional recovery after surgery
with plastic stents.
This study had several limitations. First, the retrospective

character of this study causes missing information about for
example center of stent placement, exact indication for EBD,
severity of EBD-related complications, details about reinterven-
tions for EBD-related complications, and stent replacement.
Currently, to improve DPCA data quality even further, gastro-
enterological variables and definitions of EBD-related compli-
cations are critically reviewed by gastroenterologists and
surgeons from the Dutch Pancreatic Cancer Group. Second, only
patients who underwent a PD were included and therefore se-
lection bias might have been introduced. Therefore, patients who
had serious complications due to preoperative EBD and were not
able to undergo surgery were not registered in the DPCA. This
proportion of patients might be, however, negligible as in a
randomized setting there was only 1 out of 120 patients who did
not undergo surgery after initial preoperative EBD due to stent
related complications.1,23 The main strength of this study is the
mandatory, nationwide aspect of the DPCA including data on all
pancreatic resections in the Netherlands. A previous study re-
ported a high quality of DPCA data.36

In conclusion, this nationwide study found that EBD prior to
pancreatoduodenectomy still frequently involved plastic stents.
SEMS placement seemed to be associated with lower risks of
cholangitis, less postoperative pancreatic fistula, and a shorter
postoperative hospital stay but not with an increased risk of
pancreatitis. A nationwide implementation strategy addressing
both pancreatic centers and regional referral networks might
increase the use of SEMS, as recommended by the European
guideline.
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