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Abstract
Background  Historically, pre-operative biliary stenting has been associated with higher infectious complication rates fol-
lowing pancreatoduodenectomy. However, alleviation of biliary obstruction is necessary for consideration of pre-operative 
chemotherapy, which may improve disease-free survival, or for mitigation of symptoms while awaiting surgery. Our aim is 
to compare contemporary post-operative complication risk among patients with pre-operative endoscopic retrograde chol-
angiopancreatography (ERCP) stenting compared to those without.
Methods Patients who underwent a pancreatoduodenectomy for pancreatic cancer with biliary obstruction within the ACS-
NSQIP registry from 2014 to 2017 were identified. The primary outcome was to compare the risk of 30-day complication 
(composite outcome) between patients with and without pre-operative ERCP stenting. Propensity score matching was used 
to ensure balanced baseline characteristics and log-binomial regression models were used to estimate risk ratios for overall 
perioperative complication between groups.
Results From 6073 patients with obstructive jaundice undergoing pancreatoduodenectomy for pancreatic cancer, 92% (5564) 
were eligible for the study. After performing a propensity score matching on 20 baseline characteristics, 952 patients without 
stenting were matched to up to four patients who received pre-operative ERCP stenting (n = 3467) for a matched cohort of 
4419. A total of 1901 (55%) patients with pre-operative ERCP stenting experienced a post-operative complication compared 
to 501 (53%) patients without stenting (risk ratio 1.04, 95% CI 0.97–1.11, p = 0.23).
Conclusion Pre-operative ERCP stenting was not associated with an increased risk of post-operative complication in patients 
undergoing pancreatoduodenectomy with obstructive jaundice. Biliary stenting may be safely considered for symptom relief 
and to potentially facilitate pre-operative chemotherapy for pancreatic cancer.
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IPMN  Intraductal papillary mucinous neoplasm
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SIRS  Systemic inflammatory response syndrome

Pancreatic cancer located within the head of the pancreas 
commonly presents with obstructive jaundice. Endoscopic 
retrograde cholangiopancreatography (ERCP) is a common 
diagnostic modality that can obtain tissue for definitive diag-
nosis and alleviate biliary obstruction via stent insertion [1]. 
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If pre-operative chemotherapy is a consideration due to bor-
derline resectability, cholestasis must be addressed to avoid 
augmented hepatotoxicity related to chemotherapy. Moreo-
ver, hyperbilirubinemia has been associated with a greater 
perioperative risk of blood transfusion, immune dysregula-
tion, and renal impairment following pancreatoduodenec-
tomy [2, 3]. However, this must be tempered against a higher 
risk of infectious complications associated with biliary stent-
ing prior to pancreatoduodenectomy [4].

Previously, there has been conflicting evidence regarding 
the safety of ERCP stenting prior to pancreatoduodenectomy 
[4–6]. Despite an aggressive surgical approach, outcomes 
for pancreatic cancer remain poor, leading to an increasing 
utilization of biliary stenting to facilitate wider use of pre-
operative chemotherapy and a delay in surgical intervention 
[7–9]. Current guidelines do not recommend routinely use 
of ERCP stenting prior to surgery, however, stent placement 
may be considered with severe symptomatic jaundice, chol-
angitis or expected delay in surgery, such as neoadjuvant 
therapy [10].

In this study, we examined whether ERCP stenting in con-
temporary practice was associated with an increased risk of 
complications among patients with pancreatic cancer and 
obstructive jaundice.

Materials and methods

Design, setting and participants

The National Surgical Quality Improvement Project 
(NSQIP) was implemented in the United States in all Veter-
ans Affairs hospitals in 1994 to study the ratio of observed 
to expected adverse events and identify areas for quality 
improvement [11]. In 2001 the American College of Sur-
geons (ACS) launched a pilot to enroll NSQIP into private 
sector hospitals and by 2004 ACS-NSQIP became the first 
program “to measure and improve the quality of surgical 
care across the private sector” [12]. Currently, more than 
600 ACS-NSQIP participating hospitals in U.S. and Can-
ada perform a systematic review of all surgical procedures 
for improvement of quality of care and research purposes 
[13]. Data is collected prospectively by a surgical clinical 
reviewer (registered nurses or data analysts) on pre-oper-
ative, intraoperative and post-operative occurrences up to 
30 days after the operation. Data reliability is rigorously 
maintained by external inter-rater reliability audits and by 
internal data validation audits [14]. Ethics approval was 
obtained from Western University’s Research Ethics Board 
and there was no need for written consents.

The ACS-NSQIP demographic data file and the proce-
dure targeted participant use data file for pancreatectomy 
from 2014 to 2017 was used. All participants were 18 years 

of age or older and underwent a total or subtotal proximal 
pancreatectomy for pancreatic cancer (current procedural 
terminology codes: 48,150, 48,152, 48,153, 48,154, 48,155). 
Patients without obstructive jaundice or with a diagnosis 
other than ampullary carcinoma, distal cholangiocarcinoma, 
invasive intraductal papillary mucinous neoplasm or pancre-
atic adenocarcinoma were excluded. The results presented 
here are reported following the STROBE (Strengthening the 
Reporting of Observation Studies in Epidemiology) (eTa-
ble 1) [15].

Data collection and measures

Demographic characteristics in the ACS-NSQIP data 
included age, sex, race, and Body Mass Index (BMI). 
Pre-operative characteristics, including previous health 
(tumor–node–metastasis [TNM] stage, diabetes mellitus, 
insulin dependence, current smoker, etc.), pre-operative 
laboratory values and pre-operative treatments were col-
lected. The primary outcome was a composite of post-
operative complications within 30 days after surgery. The 
composite encompassed a total of 21 complications (twelve 
major and nine minor); major and minor complications were 
classified based on Clavien-Dindo ≥ III and < III complica-
tions, respectively [16]. Overall codes and definitions are 
provided in eTables 2, 3, 4. Secondary outcomes included 
all individual complications, length of stay and the compre-
hensive complication index (CCI). This index, developed by 
Slankamenac et al., was created to calculate the sum of all 
post-operative complications weighting them by their sever-
ity (using Clavien-Dindo classification). The index assigns 
patients a score between 0 and 100 based on their burden of 
all complications; 0 equal to no complication and 100 equals 
to death [17].

Statistical analysis

Patients characteristics are summarized using the median 
(25th, 75th percentile) or frequency (percentage). A logis-
tic regression model was used to estimate propensity scores 
of not being stented based on 20 baseline characteristics 
(demographics, pre-operative characteristics, and opera-
tive characteristics [laparoscopic and emergency case]) 
(Table 1). Patients with pre-operative jaundice were identi-
fied through the variable ‘PAN_JAUNDICE’; however, exact 
levels of bilirubin before and after ERCP stenting were not 
available. For this reason, bilirubin levels were not included 
in the propensity score model. A greedy matching algorithm 
without replacement, and a caliper width of 0.2 standard 
deviations of the logit of the propensity score were used to 
match patients without stenting to ≤ 4 patients with stenting 
[18]. Weighted standardized differences were used to com-
pare baseline characteristics between matched groups and 
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any difference greater than 10% was considered significant 
[19].

Log-binomial regression, with generalized estimat-
ing equations (GEE) accounting for the correlation within 
matched sets, was used to estimate risk ratios (RRs) for post-
operative complication, major complication and mortality 
within 30-days in patients that received a pre-operative bil-
iary stent compared to those who did not. Binomial regres-
sion with an identity link function was used to estimate risk 
differences and their 95% confidence intervals, with GEE 
used to account for correlation within matched sets.

As an exploratory analysis, negative binomial regression 
was used to compare the comprehensive complication index 
between groups and a log-binomial model to examine the 
individual components of the composite outcome. To com-
pare the length of stay between groups a negative binomial 
regression was also employed, as the variance was expected 
to exceed the mean and therefore be over-dispersed for a 
Poisson distribution.

A two-tailed p-value less than 0.05 was considered statis-
tically significant for all analyses. Analyses were conducted 
using Statistical Analysis Software (SAS©, version 9.4).

Table 1  Baseline characteristics among unmatched and matched patients with pre-operative stenting vs. patients without

ASA American Society of Anesthesiologists, IPMN intraductal papillary mucinous neoplasm, SIRS systemic inflammatory response syndrome
a Systemic sepsis within 48 h before surgery
b Transfusion ≥ 1 units PRBCs in 72 h before surgery

Matched variables Before matching Standard-
ized differ-
ences

After matching Standard-
ized dif-
ferencesPatients with pre-

operative stenting
Patients without 
pre-operative 
stenting

Patients with pre-
operative stenting

Patients without 
pre-operative 
stenting

n = 4576 n = 988 n = 3467 n = 952

Demographics
 Age (years), median (25th, 75th 

percentiles)
67 (60, 74) 67 (60, 74) 1% 67 (60, 74) 67 (60, 74) 0%

 Female 1929 (42%) 459 (46%) 9% 1551 (45%) 441 (46%) 1%
 Caucasian 3488 (76%) 708 (72%) 10% 2582 (74%) 700 (74%) 1%
 Body Mass Index ≥ 30 kg/m2 1166 (26%) 220 (23%) 7% 814 (23%) 217 (23%) 1%

Pre-operative health
 Hypertension requiring medica-

tion
2477 (54%) 520 (53%) 3% 1875 (54%) 500 (53%) 1%

 Current smoker within one year 815 (18%) 166 (17%) 3% 604 (17%) 164 (17%) 0%
 Diabetes mellitus insulin depend-

ent
630 (14%) 146 (15%) 3% 494 (14%) 141 (15%) 0%

 Bleeding disorder 124 (3%) 28 (3%) 1% 98 (3%) 27 (3%) 1%
 Steroid use for chronic condition 101 (2%) 20 (2%) 1% 73 (2%) 19 (2%) 0%
 Tumor stage (T3) 3706 (81%) 814 (82%) 4% 2865 (83%) 780 (82%) 3%
 Node stage (N1) 3226 (70%) 706 (71%) 2% 2490 (72%) 675 (71%) 1%
 ASA physical status ≥ 3 3592 (78%) 810 (82%) 9% 2802 (81%) 775 (81%) 1%

  > 10% weight loss in last 
6 months

959 (21%) 212 (21%) 1% 735 (21%) 202 (21%) 0%

 Systemic  sepsisa 15 (0%) 7 (1%) 1% 13 (0%) 6 (1%) 0%
 Pathology
  Adenocarcinoma 3641 (80%) 835 (84%) 12% 2921 (84%) 803 (84%) 1%
  Ampullary 588 (13%) 107 (11%) 6% 391 (11%) 105 (11%) 2%
  Cholangiocarcinoma 288 (6%) 28 (3%) 16% 103 (3%) 27 (3%) 1%
  IPMN-Invasive 59 (1%) 18 (2%) 4% 52 (2%) 17 (2%) 1%

Pre-operative treatment
 Pre-operative chemotherapy 667 (15%) 58 (6%) 29% 239 (7%) 57 (6%) 1%
 Blood  transfusionb 34 (1%) 17 (2%) 9% 32 (1%) 14 (1%) 0%

Operative characteristics
 Laparoscopic surgery 93 (2%) 18 (2%) 2% 68 (2%) 18 (2%) 0%
 Emergency case 12 (0%) 19 (2%) 16% 7 (0%) 4 (0%) 1%
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Results

Patient selection is presented in Fig. 1. A total of 6073 cases 
with pancreatic carcinoma and obstructive jaundice were 
identified using the procedure targeted participant use data 
file for pancreatectomy from 2014 to 2017. Patients with a 
percutaneous or unknown stent status (n = 474), or without 
a proximal pancreatectomy (n = 35) were excluded. From 
5564 patients with obstructive jaundice undergoing pancrea-
toduodenectomy for pancreatic cancer, 952 patients without 
stenting were matched to up to four patients who received 
pre-operative ERCP stenting (n = 3467), for a matched 
cohort of 4419.

Baseline characteristics

Before matching, there were 4576 patients with pre-opera-
tive stenting and 988 patients without. The median age in 
both groups was 67 years (60, 74), and patients with pre-
operative stenting had 4% less females, 4% more Cauca-
sians and 3% had a BMI ≥ 30 kg/m2 than those patients 
without stenting. Pre-operative chemotherapy was given to 
667 (15%) patients with pre-operative stenting vs. 58 (6%) 
patients without.

Pre-operative baseline characteristics between pre-
matched and matched patients are shown in Table 1. After 
matching, patients had a median age of 67 years (60, 74), 
about half were women (45%), almost three-quarters were 
Caucasian (74%) and 23% had a BMI of ≥ 30 kg/m2. Accord-
ing to the tumor–node–metastasis (TNM) classification, 
most patients had stage IIB disease (T3 [83%], N1 [72%] 
and M0 [99%]) [20, 21]. Pre-operative chemotherapy was 
given in up to 7% of the patients and most operations were 
open (98%). From 4419 pancreatectomies, 59% were total 
pancreaticoduodenectomies and 41% were subtotal. After 
matching, all 20 measured baseline characteristics were well 
balanced between the two groups, with all standardized dif-
ferences less than 10%.

Overall post‑operative complications

Post-operative complications in the first 30 days after sur-
gery are shown in Table 2. From 4419 patients, 2402 (54%) 
patients experienced a total of 4760 perioperative compli-
cations, 26% of patients had one complication and 28% had 
two or more complications (Fig. 2). The most common type 
of complication was an intra or post-operative blood transfu-
sion (21%), followed by delayed gastric emptying (16%) and 
deep incisional SSI (13%).

Fig. 1  Participant selection



6608 Surgical Endoscopy (2021) 35:6604–6611

1 3

Post‑operative complications between patients 
with or without pre‑operative ERCP stenting

Out of 3467 patients that underwent pre-operative ERCP 
stenting, 1901 (55%) experienced a perioperative complica-
tion, compared to 501 (53%) of 952 patients without stenting 
(RR 1.04, 95% CI 0.97–1.11, p = 0.23).

Major complications were present in 19% of patients 
with stent and in 16% of patients without (RR 1.16, 95% CI 
0.99–1.36, p = 0.06). Minor complications were present in 
36% of patients with and without a stent (RR 0.98, 95% CI 
0.89–1.08, p = 0.80) (Table 2).

Post-operative mortality within 30-days was comparable 
among patients with a pre-operative stent (61 [1.7%]) and 
without (17 [1.7%) (RR 0.99, 95% CI 0.58–1.68, p = 0.96).

Secondary measures

Patients with a stent had a median comprehensive compli-
cation index of 21 (0–48) compared to patients without a 
stent who had a median CCI of 9 (0–47), (RR 1.05, 95% CI 
0.96–1.15, p = 0.20) (eTable 5).

An exploratory analysis of all the individual compli-
cations can be found in appendix 1 (eTable 6). A slightly 
increased risk of sepsis in patients with a stent (10%) com-
pared to patients without (7%) was observed, (RR 1.51, 95% 
1.17–1.94), and the risk of pancreatic fistula was also 2% 
higher in patients with a stent compared to patients without 
(RR 1.45, 95% 1.01–2.08).

Pre-operative stenting was associated with a shorter 
length of hospital stay for patients with a stent, with a 
median of 8 (6, 13) days compared to a median of 9 (7, 15) 
days for those without stent (RR 0.89, 95% CI 0.84–0.95).

Discussion

In this cohort between 2014 and 2017, encompassing more 
than one-hundred centers across U.S. and Canada, the risk of 
peri-operative complication was compared between patients 
who received an ERCP stenting before pancreatoduodenec-
tomy for pancreatic cancer, and those who did not receive 
stenting. Overall, major, and minor complications between 
patients with or without pre-operative ERCP stenting were 
not significantly different.

Table 2  Risk of complication 
within 30 days of surgery 
between patients with and 
without pre-operative stenting

Complications With pre-
operative 
stenting

Without 
pre-operative 
stenting

Risk difference (95% CI) Risk ratio (95% CI) p-value

n = 3467 n = 952

Overall 1901 (55%) 501 (53%) 0.02 (− 0.01, 0.06) 1.04 (0.97–1.11) 0.23
Major 656 (19%) 155 (16%) 0.02 (− 0.00, 0.05) 1.16 (0.99–1.36) 0.06
Minor 1245 (36%) 346 (36%) − 0.00 (− 0.03, 0.03) 0.98 (0.89–1.08) 0.80

Fig. 2  Number of complications 
(with pre-operative stenting vs. 
without pre-operative stenting)
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Previous studies have shown that routine pre-operative 
ERCP stenting in patients with pancreatic adenocarcinoma 
is not beneficial and poses a higher risk of post-operative 
complication compared to surgery alone [3–5, 20]. In our 
study, the relative risk of overall peri-operative complication 
in patients with pre-operative ERCP stenting was lower (RR 
1.04, 95% CI 0.97–1.10, p = 0.23) than that reported by Fang 
et al. (rate ratio 1.66, 95% CI 1.28 to 2.16, p < 0.001). This 
meta-analysis included six randomized control trials from 
1982 to 2010 and compared the outcomes between patients 
with pre-operative stenting vs. those without; all included 
patients presenting with obstructive jaundice [5]. Reasons 
for this variation may be explained by the years of the trials 
(1982–2010), and the increased use of percutaneous drain-
age in the intervention group (67% of the studies).

Our study shows an overall complication rate of 55% for 
patients with stent compared to 53% for patients without; 
this differs from that published by Scheufele et al. in 2017. 
They conducted a meta-analysis encompassing 25 studies 
(22 retrospective and 3 randomized control trials) with a 
sample size of 6214 patients. They included patients with 
obstructive jaundice and pancreatic head tumors and com-
pared morbidity and mortality between patients with pre-
operative stenting and those without. The study showed 
an increased incidence of post-operative complications 
in patients receiving pre-operative stenting compared to 
patients without (49% vs. 43%, respectively, [OR 1.40, 95% 
CI 1.14–1.72, p = 0.002]). Some of the limitations of this 
study are the inclusion of older retrospective studies (median 
year of publication 2005 [25–75th percentile, 2001–2010]), 
and a high ratio of retrospective studies vs. randomized con-
trol trials (22 vs. 3). Older studies may have had different 
practices (preferential use of plastic stent over metal stent) 
that lead to an increased incidence of complications com-
pared to contemporary practices [22]. This study also reports 
odds ratios rather than risk ratios, which may overestimate 
the relative risk considering the outcome is not rare.

Our study showed no significant differences for major 
complications (Clavien-Dindo ≥ 3) between patients with 
and without stents (19% vs. 16%, p-value = 0.06, respec-
tively) [16]. This differs from a randomized control trial 
published in 2010. This study, with a cohort of 196 patients, 
reported higher serious complications (74% vs. 39%, 
p-value < 0.01) between patients with pre-operative ERCP 
stenting compared to patients without, respectively [4]. A 
possible reason for their higher rate for some of these serious 
complications could be the exclusive use of plastic stents and 
the lack of routine prophylactic antibiotics [23]. Multiple 
studies have shown that plastic stents compared to metal 
stents are associated with more complications (46% vs. 24%, 
respectively), such as stent occlusion, reintervention, and 
cholangitis [6, 9, 24–27].

Even though our study did not show statistical differ-
ences between the rate of overall and major complications 
between groups, pre-operative stenting was associated with 
shorter length of hospital stay compared to those without 
stenting (median of 8 [6, 13] vs. 9 [7, 15] days, respec-
tively, p-value < 0.01). This is statistically significant, but 
is unlikely to be clinically significant, which might be 
explained due to the large sample size. As such, our study 
also had overall shorter length of stay compared to the rand-
omized control trial published in 2010; the patients included 
in this study also seem to differ from ours, as patients with 
pre-operative stenting had longer length of stay compared to 
patients without stenting (median of 15 [10, 20] vs. 13 [11, 
22] days, respectively); the longer length of stay in patients 
with pre-operative stenting could be attributed to their 
higher rate of major complications compared to patients 
without stenting [4].

The exploratory analysis showed a slight increased risk 
of sepsis in patients with stent (10%) compared to patients 
without (7%), (RR 1.51, 95% 1.17–1.94). This resembles a 
meta-analysis from 2015, which included a total of 44 stud-
ies (eight RCTs, 13 prospective studies and 23 retrospective 
studies), with a total population of 6286. From the 44 stud-
ies, only 7 trials reported the incidence of sepsis. Overall 
sepsis occurred in 10% of patients with pre-operative biliary 
drainage compared to 7% without (OR 1.70, CI 0.75 to 3.85; 
p = 0.20). Although the sepsis rates were similar between our 
study and the meta-analysis, our study was statistically sig-
nificant. This did not seem to statistically increase the rate of 
major complications (19% vs. 16%), the length of stay (8 vs. 
9 days, respectively), nor the mortality rate (1.7% vs. 1.7%, 
respectively) among groups. Although this was not studied, 
there is some potential for some patients to encounter delay 
to adjuvant treatments as a result of a septic insult [28].

A meta-analysis published in 2011, composed of 1826 
patients with malignant obstructive jaundice from fourteen 
retrospective studies, reported no increased risk of post-
operative abdominal abscess or delayed gastric emptying. 
Similar to this, our study did not find increased risk for these 
complications [29].

ACS-NSQIP registry provides well-controlled and 
audited recording of post-operative complications and treat-
ments, which enabled us to calculate a score like the CCI. 
The CCI has been externally validated and it reduces the 
risk of minimizing complications [30]. Most studies that 
assess post-operative complications tend to report the most 
severe complication per patient rather than the accumula-
tion of complications. The CCI allowed the comparison of 
the number and severity of multiple complications between 
patients with and without stenting and no significant differ-
ence between them was evident (RR 1.05, 95% CI 0.96–1.15, 
p = 0.20).
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This study has several strengths. The large sample size 
obtained from over one-hundred hospitals from U.S. and 
Canada increases the heterogeneity of the population, 
permits generalizability of conclusions and gives enough 
power to detect small differences between groups. Data is 
prospectively collected and its high quality is maintained 
by detailed, strict clinical definitions, rather than just codes, 
and it has tight controls over data collection and continuous 
auditing [31]. By matching on propensity scores estimated 
using 20 pre-operative variables, the possibility of bias due 
to confounding was reduced.

This study has some limitations. Having data collected 
anonymously from many centers impeded making more 
inquiries regarding important data (e.g. the type of stent 
used [plastic/metallic], number of pre-operative ERCPs, 
number of stents used and low vs. high-volume ERCP cent-
ers). This prevented comparing post-operative complica-
tions between types of stent. Data regarding complications 
post-ERCP stenting, and pre-surgery, were not captured, 
which increases the chance of underestimating the resultant 
number of complications from pre-operative ERCP stenting. 
Even though post-operative complications were available for 
analysis, ACS-NSQIP does not provide a standardized post-
operative complication classification and the treatment pro-
vided to treat these complications is not reported. As in all 
non-randomized studies, confounding by indication might 
affect certain results. In this study, confounding by indica-
tion can occur with obstructive jaundice and ERCP stent-
ing. The indication for stenting (obstructive jaundice) might 
precipitate the outcome, rather than the exposure (stenting) 
itself. To adjust for this, a matched population was used and 
all patients without jaundice were excluded [32]. To keep 
anonymity within centers, ACS-NSQIP registry does not 
provide specific characteristics from each center, which 
prevented comparing outcomes between community vs. 
academic hospitals and low vs. high-volume ERCP centres.

Conclusion

This study observed a similar risk of overall post-opera-
tive complication in pancreatoduodenectomy patients that 
received pre-operative ERCP stenting compared to patients 
that did not receive stenting. Contemporary ERCP stenting 
to alleviate biliary tract obstruction appears safe and affords 
the opportunity to consider pre-operative chemotherapy and 
improved pre-operative clinical status.
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