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Abstract 

Background:  Biliary obstruction which is a major complication of pancreas and periampullary tumors could result in 
cholangitis, coagulopathies, gastrointestinal symptoms, and impaired wound healing. Pancreaticoduodenectomy (PD) 
is still the standard approach for pancreas resection and imposes high risk of morbidity and mortality to patients. To 
reduce the high risk of PD and address the biliary obstruction, the use of preoperative biliary stenting was increased. 
However, available literature doubts its efficiency.

Methods:  A total of 147 patients who underwent PD between September 2012, and February 2022, at three medical 
centers were identified. Patients were grouped based on biliary stent placement. Non-jaundiced patients with and 
without preoperative biliary drainage (PBD) were compared.

Results:  The incidence of overall complications (34.2% versus 45.8%) and mortality (17.8% versus 24.3%) did not 
differ in the PBD group compared to the no PBD group. There was no difference in complications and mortality in 
non-jaundiced patients with and without PBD. Patients with drainage duration of > 30 days experienced more overall 
complications compared to patients with less than 30 days drainage duration (12 (50.0%) and three (15.8%) patients, 
respectively, p-value = 0.019).

Conclusions:  PBD does not significantly increase the post-operative burden on patients who undergo PD. However, 
we cannot overlook the financial burden that PBD places on the patient and the healthcare system, as well as the dif-
ficulties related to endoscopic retrograde cholangiopancreatography (ERCP). Therefore, biliary stenting should not be 
routinely practiced in the absence of a valid indication, such as severe jaundice, pruritus, cholangitis, delayed surgery 
for neoadjuvant treatment, or referral to a tertiary facility.
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Introduction
One of pancreatic and periampullary tumors’ main com-
plications is biliary obstruction [1], which could result in 
cholangitis, coagulopathies, and gastrointestinal symp-
toms. Cholestasis precipitates bacterial growth within the 
bile. Bacteria enter circulation after elevated biliary pres-
sure have damaged the hepatic cell and bile microduct 
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barrier. Ensuing reduction in hepatic blood circulation 
impairs liver metabolic and synthetic function, which 
in turn results in a chain of events including oxidative 
stress, decreased plasma albumin, impaired coagulation 
cascade, and immune system disturbances. Due to the 
bile salts deficiency, gut normal flora grows excessively, 
and subsequent intestinal mucosal barrier disruption 
causes bacterial translocation, and increased endotoxin 
concentration which ultimately impairs wound healing 
[2].

Pancreaticoduodenectomy (PD) which is the standard 
procedure for resecting pancreatic and periampullary 
tumors, is associated with high mortality and morbidity 
[3, 4]. According to the above-mentioned reasons, hyper-
bilirubinemia was hypothesized to be a determining fac-
tor in PD outcome. Thus, it was believed that addressing 
biliary obstruction with preoperative biliary drainage 
(PBD) would reduce the post-operative complications [5].

In the initial studies, performing PBD yielded promis-
ing results. PBD can be accomplished by biliary stenting 
using endoscopic retrograde cholangiopancreatography 
(ERCP) or by placement of a percutaneous transhepatic 
catheter (PTC) [6]. However, given the preoperative com-
plications of PBD, the benefits of this method have been 
doubted. Throughout the last decade numerous stud-
ies have published to address the diversity of outcomes 
and to reach an agreement. Limited studies have stated 
favorable effects of PBD on postop outcome in selected 
patients [7–9], while others report equivalent or even 
adverse effects of PBD on postoperative complications 
[10–12]. Latest guidelines suggest selective use of PBD 
in the following circumstances: cholangitis, neoadjuvant 
therapy, delayed surgery, and bilirubin level of ≥ 15  mg/
dL [13].

Recent studies are coming to an agreement that per-
forming PBD neither improves nor harms the outcome 
of PD. However, many studies are single-centered, and 
there is limited evidence from developing countries 
where patients have difficulty accessing a pancreatic sur-
geon. Furthermore, decisive variables, such as duration 
between onset of symptoms and operation, and drainage 
duration, have not been fully addressed. We have con-
ducted this study to report the result of PBD in an Ira-
nian population.

Methods
Study design
This is a retrospective study of patients who underwent 
PD between September 2012, and February 2022, at Sha-
hid Modarres, Taleghani, and Shohada medical centers in 
Tehran, Iran. All three hospitals are university hospitals 
with Taleghani being a medium-volume center for pan-
creatic surgery (11–19 annually performed PDs) [14]. 

The participants were identified by extensive review of 
medical records.

Inclusion criteria were patients undergoing PD with 
periampullary neoplasm or other benign pathologies. 
Exclusion criteria were combination of PD with other 
surgeries and placement of PTC prior to surgery. One 
patient underwent simultaneous PD and liver transplant, 
and 23 patients with PTC placement were excluded from 
the study.

To reduce the effect of biliary obstruction, we further 
divided the study population into two groups based on 
biliary obstruction and then assessed variables within the 
obstructed patients. Biliary obstruction was defined as a 
subjective report of jaundice prior to admission or a total 
bilirubin level of > 2 mg/dL. Then patients were grouped 
based on their PBD situation. Patients who received pre-
operative biliary stenting were referred to as the PBD 
group.

Jaundice management
Most of the patients underwent ERCP and stent place-
ment as part of a gastroenterology assessment before 
referral to a pancreatic surgeon. Stent size and type 
(metallic or plastic) were decided by the gastroenterolo-
gist. In the event of unsuccessful biliary stenting, PTC 
was employed. Stent exchange was performed either due 
to stent disfunction or cholangitis.

Operation
During the study period, PDs were performed by 12 
surgeons who used similar techniques. Prophylactic 
intravenous antibiotics were administered prior to sur-
gery. Based on the surgeon’s opinion either a classic or a 
pylorus-preserving Whipple was performed. Following 
resection, pancreaticojejunostomy, choledochojejunos-
tomy, and gastrojejunostomy were performed sequen-
tially. At the end of the procedure surgical drains were 
placed. Patients were admitted to the intensive care unit 
(ICU) for at least 24 h following surgery and were given 
prophylactic antibiotics.

Variables
Data of patients’ demographic, symptoms, past medical 
history, and the American Society of Anesthesiologists 
(ASA) score were extracted from medical records. Pre-
operative assessments included preoperative laboratory 
values within a week prior to surgery, and pathology eval-
uation. Furthermore, operation duration, estimated blood 
loss, and postoperative complications were collected.

A weight loss of > 10% in six months was documented. 
Drainage duration was computed from the date of initial 
placement until the surgery date. Length of hospital stay 
was considered the hospitalization days after the surgery. 
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Surgery duration was calculated from the start of anes-
thesia until the dressing of the surgical wound. Postop-
erative complications within 30  days after surgery or 
during hospitalization were recorded. Primary surgical 
complications were defined as the occurrence of severe 
postoperative complications (Clavien–Dindo ≥ 3) [15]. 
Secondary surgical Complications included delayed gas-
tric emptying (DGE), postoperative hemorrhage, post-
operative pancreatic fistula (POPF), intraabdominal 
abscess, and wound infection. Presence of grade C DGE 
[16], severe postoperative hemorrhage [17], and grade C 
POPF [18] according to the International Study Group of 
Pancreatic Society (ISGPS) criteria, were extracted from 
the medical records. Overall complications were defined 
as the sum of all complications. Mortality was defined as 
deaths within 90 days after surgery.

Ethics
Research Medical Ethics Committee of Shahid Beheshti 
university of medical sciences reviewed and approved this 
study (approval number: IR.SBMU.MSP.REC.1398.1008). 
This study was conducted in accordance with the Decla-
ration of Helsinki and institutional ethics guidelines. For 
the use of clinical data, written informed consent was 
obtained from the patients.

Statistical analysis
Hospitalization was reported as median and interquartile 
range (IQR). Other continuous variables were presented 
as mean ± standard deviation (SD). Categorical variables 
were shown as count (percentage). Kolmogorov–Smirnov 
test was applied to evaluate continuous variables for nor-
mal distribution. Comparisons of parametric and non-
parametric continuous variables were executed using 
Student t-test and Mann–Whitney U test, respectively. 
Categorical variables were analyzed using Chi-square or 
Fisher’s exact test. Also, the effect of different risk factors 
on overall morbidity and mortality was evaluated using 
univariate and multivariate analyses. Risk factors with a 
p-value of less than 0.1 in the univariate analysis, were 
used for multivariate regression modeling. Data were 
analyzed with SPSS version 26 (IBM, Armonk, NY, USA). 
A p-value of < 0.05 was considered statistically significant.

Results
Overall, 147 patients were included in the study with 
mean age of 57.4 ± 12.3 (range 20–87, median = 58.0) 
years. Ninety-six (65.3%) patients were male. The most 
prevalent symptoms were jaundice, abdominal pain, and 
weight loss, respectively. Eight patients undergoing PBD 
experienced fever, and two of them developed cholangi-
tis prior surgery. Hypertension and diabetes were most 

prevalent comorbidities. Detailed description of patients 
characteristics is shown in Table1.

Seventy-three patients received preoperative bil-
iary stenting, among them five (7.2%) patients received 
stent exchange once, and one (1.4%) patient received 
stent exchange twice. The mean of drainage period 
was 96 ± 121 (range 5–440, median = 41.5) days. Also, 
24 (56%) patients had drainage duration of more than 
30  days. Plastic stent was used for 32 (84.2%) patients, 
and metallic for six (15.8%).

All patients
Concerning patient demographics, the only signifi-
cant differences between PBD and no PBD groups 
were prevalence of jaundice (p-value < 0.001) and fever 
(p-value = 0.03) before surgery. Also, no PBD group 
had significantly higher levels of WBC (p-value = 0.02), 
bilirubin (p-value < 0.001), and alkaline phosphatase 
(p-value < 0.001) compared to PBD group.

Patients with biliary obstruction
After excluding non-obstructed patients, there was no 
significant difference in symptoms and medical his-
tory between PBD and no PBD groups. the mean dura-
tion of symptoms was considerably longer in PBD group 
(136 ± 149 versus 67 ± 50). Patients undergoing PBD 
had lower total bilirubin and alkaline phosphatase levels 
(p-value < 0.001) before surgery (Table2).

Postoperative outcome
Overall postoperative morbidity and mortality was 40.7% 
and 21.1%, respectively. Primary surgical complications 
rate was 15.0% and wound infection was the most com-
mon secondary surgical complication with 14.8% inci-
dence. Other common complications were hemorrhage, 
intraabdominal abscess, POPF, and DGE, respectively.

There was no difference in post-operative morbidity 
and mortality between PBD and no PBD group (Table 3).

Bilirubin level of > 15  mg/dl was correlated with 
higher overall complications (63.6% versus 33.0%, 
p-value = 0.008).

Surgery duration was significantly longer in patients 
with wound infection (p-value = 0.002  m), intraabdomi-
nal abscess (p-value = 0.003 m), DGE (p-value = 0.003 m), 
secondary complications (p-value = 0.001  m), overall 
complications (p-value = 0.005 m).

Postoperative outcome in patients with biliary obstruction
Post-operative morbidity and mortality were similar 
between PBD and no PBD group in patients with biliary 
obstruction (Table 4).

Symptom duration was not associated with increased 
risk of mortality, overall morbidity, primary surgical 
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Table 1  Detailed patients characteristics

Bold p-values represent p-values <0.05

WBC white blood cells, LN lymph node

Characteristics Total
(n = 147)

PBD group
(n = 73)

No PBD group (n = 74) p-value

Age, mean ± SD, year 57.4 ± 12.3 57.7 ± 10.8 57.0 ± 13.8 0.862

Male gender, no. (%) 96 (65.3) 52 (71.2) 44 (59.5) 0.134

Symptoms

 Duration, mean ± SD, days 106 ± 120 134 ± 148 76 ± 71 0.050

 Jaundice, no. (%) 92 (82.1) 60 (98.4) 32 (62.7)  < 0.001
 Abdominal pain, no. (%) 63 (64.9) 34 (68.0) 29 (61.7) 0.516

 Weight loss, no. (%) 41 (43.6) 22 (44.9) 19 (42.2) 0.794

 Malaise, no. (%) 28 (30.4) 17 (36.2) 11 (24.4) 0.222

 Nausea/vomiting, no. (%) 17 (18.1) 10 (20.4) 7 (15.6) 0.541

 Fever, no. (%) 9 (8.7) 8 (15.1) 1 (2.0) 0.032
Medical history

 Diabetes, no. (%) 26 (18.7) 15 (21.4) 11 (15.9) 0.407

 Hypertension, no. (%) 36 (26.1) 20 (29.0) 16 (23.2) 0.438

 Coronary artery disease, no. (%) 15 (11.0) 8 (11.8) 7 (10.3) 0.782

 Thyroid disease, no. (%) 7 (5.1) 2 (2.9) 5 (7.4) 0.441

 Chronic renal failure, no. (%) 0 0 0 –

 Liver disease, no. (%) 0 0 0 –

 Neoadjuvant therapy, no. (%) 8 (5.7) 6 (8.5) 2 (2.9) 0.275

 ASA score > 2 49 (35.8) 26 (36.6) 23 (34.8) 0.900

Preop lab

 WBC, mean ± SD, × 109 cells/l 7.5 ± 1.2 6.8 ± 2.5 8.4 ± 3.0 0.020
 Lymphopenia, no. (%) 10 (14.3) 3 (8.1) 7 (21.2) 0.173

 Total bilirubin, mean ± SD, mg/dl 6.9 ± 8.5 3.45 ± 4.5 10.9 ± 10.2  < 0.001
 Total bilirubin > 10 mg/dl, no. (%) 31 (25.4) 4 (6.1) 27 (48.2)  < 0.001
 Alkaline phosphatase, mean ± SD, U/l 701.6 ± 630.0 492.5 ± 403.1 914.7 ± 743.0  < 0.001
 Albumin, mean ± SD, g/dl 3.8 ± 0.5 3.8 ± 0.6 3.7 ± 0.5 0.510

 Total protein, mean ± SD, 6.4 ± 0.9 6.3 ± 0.9 6.5 ± 0.9 0.454

 Creatinine, mean ± SD, mg/dl 0.88 ± 0.29 0.92 ± 0.26 0.86 ± 0.30 0.120

Histopathology

Histology 0.034
 Pancreatic adenocarcinoma, no. (%) 42 (34.1) 25 (39.7) 17 (28.3) –

 Ampullary cancer, no. (%) 41 (33.3) 26 (41.3) 15 (25.0) –

 Duodenal cancer, no. (%) 10 (8.1) 5 (7.9) 5 (8.3) –

 Neuroendocrine tumor, no. (%) 7 (5.7) 1 (1.6) 6 (10.0) –

 Distal cholangiocarcinoma, no. (%) 6 (4.9) 2 (3.2) 4 (6.7) –

 Other, no. (%) 12 (9.8) 3 (4.8) 9 (15.0) –

 Unknown, no. (%) 5 (4.1) 1 (1.6) 4 (6.7) –

Tumor size, mean ± SD, mm 35 ± 19 29 ± 16 41 ± 20 0.005
Operation

 Harvested LNs, mean ± SD 9.7 ± 7.0 9.5 ± 6.5 9.9 ± 7.5 0.814

 Estimated blood loss, mean ± SD, ml 951 ± 499 1003 ± 538 894 ± 453 0.458

 Surgery duration, mean ± SD, minutes 464 ± 151 477 ± 147 450 ± 155 0.486
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Table 2  Detailed characteristics of patients with biliary obstruction

Bold p-values represent p-values <0.05

WBC white blood cells, LN lymph node

Characteristics Total
(n = 120)

PBD group
(n = 72)

No PBD group (n = 48) p-value

Age, mean ± SD, year 56.8 ± 11.9 57.4 ± 10.6 56.0 ± 13.8 0.641

Male gender, no. (%) 83 (69.2) 51 (70.8) 32 (66.7) 0.629

Symptoms

 Duration, mean ± SD, days 109 ± 125 136 ± 149 67 ± 50 0.031
 Jaundice, no. (%) 92 (98.9) 60 (100) 32 (97.0) 0.355

 Abdominal pain, no. (%) 51 (64.6) 33 (67.3) 18 (60.0) 0.508

 Weight loss, no. (%) 37 (48.7) 22 (45.8) 15 (53.6) 0.515

 Malaise, no. (%) 25 (33.8) 17 (37.0) 8 (28.6) 0.460

 Nausea/ vomiting, no. (%) 16 (20.8) 10 (20.8) 6 (20.7) 0.988

 Fever, no. (%) 9 (10.7) 8 (15.4) 1 (3.1) 0.143

Medical history

 Diabetes, no. (%) 24 (21.1) 15 (21.7) 9 (20.0) 0.824

 Hypertension, no. (%) 31 (27.4) 20 (29.4) 11 (24.4) 0.562

 Coronary artery disease, no. (%) 13 (11.7) 8 (11.9) 5 (11.4) 0.926

 Thyroid disease, no. (%) 5 (4.5) 2 (3.0) 3 (6.8) 0.383

 Chronic renal failure, no. (%) 0 0 0 –

 Liver disease, no. (%) 0 0 0 –

 Neoadjuvant therapy, no. (%) 7 (6.1) 6 (8.6) 1 (2.2) 0.275

 ASA score > 2 43 (39.1) 26 (38.2) 17 (40.5) 0.815

Preop lab

 WBC, mean ± SD, × 109 cells/l 7.3 ± 2.7 6.8 ± 2.6 8.1 ± 2.8 0.078

 Lymphopenia, no. (%) 7 (11.9) 3 (8.1) 4 (18.2) 0.407

 Total bilirubin, mean ± SD, mg/dl 7.9 ± 8.8 3.5 ± 4.6 14.9 ± 9.4  < 0.001
 Total bilirubin > 10 mg/dl, No. (%) 31 (29.5) 4 (6.2) 27 (67.5)  < 0.001
 Alkaline phosphatase, mean ± SD, U/l 761 ± 641 487 ± 405 1139 ± 716  < 0.001
 Albumin, mean ± SD, g/dl 3.8 ± 0.5 3.8 ± 0.6 3.7 ± 0.5 0.473

 Total protein, mean ± SD, g/dl 6.4 ± 0.9 6.3 ± 0.9 6.5 ± 0.8 0.588

 Creatinine, mean ± SD, mg/dl 0.87 ± 0.23 0.92 ± 0.26 0.79 ± 0.15 0.044
Histopathology

Histology 0.150

 Pancreatic adenocarcinoma, no. (%) 39 (39.0) 25 (40.3) 14 (36.8) –

 Ampullary cancer, no. (%) 33 (33.0) 25 (40.3) 8 (21.1) –

 Duodenal cancer, no. (%) 10 (10.0) 5 (8.1) 5 (13.2) –

 Neuroendocrine tumor, no. (%) 4 (4.0) 1 (1.6) 3 (7.9) –

 Distal cholangiocarcinoma, no. (%) 6 (6.0) 2 (3.2) 4 (10.5) –

 Other, no. (%) 5 (5.0) 3 (4.8) 2 (5.3) –

 Unknown, no. (%) 3 (3.0) 1 (1.6) 2 (5.3) –

Tumor size, mean ± SD, mm 31 ± 15 29 ± 16 35 ± 12 0.063

Operation

 Harvested LNs, mean ± SD 9.8 ± 6.9 9.7 ± 6.4 10.0 ± 7.7 0.820

 Estimated blood loss, mean ± SD, ml 978 ± 509 1012 ± 540 921 ± 457 0.577

 Surgery duration, mean ± SD, minutes 474 ± 143 480 ± 147 464 ± 139 0.925



Page 6 of 11Bineshfar et al. BMC Surgery          (2022) 22:399 

complications, or any secondary surgical complications 
(p-value > 0.05).

PBD subgroup analysis
In the PBD group, bilirubin level of > 10 mg/dl was asso-
ciated with higher secondary surgical complications 
(75.0% versus 21.0%, p-value = 0.041). In the no PBD 
group, mortality rate was higher in patients with a bili-
rubin level of greater than 15 mg/dl (40.0% versus 11.1%, 
p-value = 0.018).

Drainage duration was not associated with increase in 
primary surgical complications, wound infection, hemor-
rhage, intraabdominal abscess, POPF, DGE, mortality, or 
hospitalization (p-value > 0.05 m). However, patients with 
drainage duration of > 30  days significantly experienced 
more overall complications compared to patients with 
less than 30  days drainage duration (12 (50.0%) versus 
three (15.8%) patients, respectively, p-value = 0.019).

Patients with plastic and metallic stent did not dif-
fer in any complications, mortality, or hospitaliza-
tion (p-value > 0.05). Patients with stent exchange 
were comparable to patient without exchange 

regarding complications, mortality, and hospitalization 
(p-value > 0.05).

Univariate and multivariate analyses in all patients
Univariate and multivariate analyses were conducted to 
detect independent predictors of outcomes in all patients 
(Table 5). In univariate analysis, total bilirubin, estimated 
blood loss and surgery duration affected overall morbid-
ity; however, these variables did not significantly increase 
or decrease the probability of overall morbidity. In addi-
tion, no predictors were identifiable in the multivariate 
analysis of overall morbidity. In univariate and multivari-
ate analyses of mortality, no risk factors were identified.

Univariate and multivariate analyses in patients 
with biliary obstruction
Univariate and multivariate analyses were carried out 
to identify independent predictors of outcomes in 
obstructed patients (Table 6). Although stent placement, 
nausea and vomiting, total bilirubin, estimated blood 
loss and surgery duration were selected for multivariate 
analysis of overall morbidity, these risk factors did not 

Table 3  Postoperative outcomes

IQR interquartile range, POPF postoperative pancreatic fistula, DGE delayed gastric emptying

Postop outcomes Total
(n = 147)

PBD group
(n = 73)

No PBD group (n = 74) p-value

Hospitalization, median (IQR), day 12 (8–21) 12 (9–18) 12 (7–23) 0.696

Primary surgical complications, no. (%) 22 (15.0) 9 (12.3) 13 (17.6) 0.489

Wound infection, no. (%) 21 (14.8) 9 (12.7) 12 (16.9) 0.478

Hemorrhage, no. (%) 13 (9.2) 6 (8.6) 7 (9.9) 0.792

Intraabdominal abscess, no. (%) 12 (8.5) 8 (11.3) 4 (5.6) 0.228

Grade C POPF, no. (%) 9 (6.3) 4 (5.6) 5 (7.0) 1.000

Grade C DGE, no. (%) 8 (5.6) 6 (8.5) 2 (2.8) 0.275

Overall morbidity, no. (%) 58 (40.7) 25 (34.2) 33 (45.8) 0.177

Mortality, no. (%) 31 (21.1) 13 (17.8) 18 (24.3) 0.333

Table 4  Postoperative outcomes of patients with biliary obstruction

IQR interquartile range, POPF postoperative pancreatic fistula

Postop outcomes Total
(n = 120)

PBD group
(n = 72)

No PBD group (n = 48) p-value

Hospitalization, median (IQR), day 12 (8–21) 12 (9–18) 12 (7–23) 0.776

Primary surgical complications, no. (%) 22 (15.0) 9 (12.5) 10 (20.8) 0.221

Wound Infection, no. (%) 21 (14.8) 9 (12.9) 8 (17.4) 0.499

Hemorrhage, no. (%) 13 (9.2) 6 (8.7) 6 (13) 0.539

Intraabdominal abscess, no. (%) 12 (8.5) 8 (11.4) 2 (4.3) 0.311

Grade C POPF, no. (%) 9 (6.3) 4 (5.7) 3 (6.5) 1.000

Delayed gastric emptying, no. (%) 8 (5.6) 6 (8.6) 1 (2.2) 0.241

Overall morbidity, no. (%) 58 (40.7) 25 (34.7) 24 (51.1) 0.077

Mortality, no. (%) 31 (21.1) 13 (18.1) 13 (27.1) 0.240
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significantly change the possibility of overall morbidity. 
In univariate and multivariate analyses of morbidity, no 
risk factor significantly impacted the outcomes.

Discussion
Obstructive, painless jaundice is still the most typical 
scenario of periampullary malignancies. Before being 
referred to a pancreatic surgeon, most patients had 
already undergone biliary stenting during an upper 
endoscopy as part of a malignancy workup. Attempts 

to alleviate blockage with regular preoperative bil-
iary drainage (PBD) have failed to show an advantage 
in patient outcomes, although previous research had 
previously revealed that impaired hepatic function and 
nutritional state are induced by cholestasis.

In this retrospective study, the incidence of postop-
erative complications of PD was compared between 
patients receiving endoscopic retrograde biliary drain-
age (ERBD) and patients without PBD. Regarding 
postoperative complications, there was no associa-
tion between stent placement and incidence of wound 

Table 5  Univariate and multivariate analyses of risk factors for overall morbidity and mortality in all patients (n = 147)

Bold p-values represent p-values <0.05

WBC white blood cells, LN lymph node

Characteristics Overall morbidity Mortality

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Age 1.004 (0.976–1.032) 0.796 1.028 (0.993–1.064) 0.117

Male gender 1.000 (0.497–2.012) 1.000 0.957 (0.418–2.193) 0.917

Stent placement 1.625 (0.832–3.174) 0.156 0.674 (0.303–1.502) 0.334

Symptoms

 Duration 0.999 (0.996–1.003) 0.623 0.999 (0.995–1.004) 0.789

 Jaundice 0.447 (0.137–1.458) 0.182 2.500 (0.535–11.692) 0.244

 Abdominal pain 1.028 (0.421–2.512) 0.951 1.365 (0.437–4.261) 0.592

 Weight loss 0.834 (0.349–1.995) 0.683 1.185 (0.413–3.400) 0.752

 Malaise 0.704 (0.274–1.814) 0.468 2.037 (0.672–6.171) 0.208

 Nausea/vomiting 4.286 (0.913–20.126) 0.065 4.726 (0.534–41.834) 0.163 0.238 (0.029–1.934) 0.179

 Fever 0.595 (0.149–2.377) 0.463 2.265 (0.514–9.970) 0.280

Medical history

 Diabetes 0.838 (0.352–1.991) 0.688 0.674 (0.212–2.144) 0.504

 Hypertension 0.610 (0.282–1.317) 0.208 1.556 (0.626–3.865) 0.341

 Coronary artery disease 1.270 (0.409–3.948) 0.679 0.622 (0.131–2.942) 0.549

 Thyroid disease 0.817 (0.175–3.804) 0.796 1.750 (0.320–9.567) 0.518

 Neoadjuvant therapy 0.650 (0.156–2.714) 0.555 2.446 (0.549–10.900) 0.241

 ASA score > 2 0.839 (0.411–1.713) 0.631 1.670 (0.726–3.842) 0.228

Preop lab

 WBC 1.000 (1.000–1.000) 0.306 1.000 (1.000–1.000) 0.122

 Lymphopenia 2.667 (0.521–13.655) 0.239 1.250 (0.230–6.786) 0.796

 Total bilirubin 0.952 (0.911–0.994) 0.026 0.966 (0.907–1.030) 0.294 1.043 (0.994–1.094) 0.089 1.072 (0.981–1.171) 0.126

 Alkaline phosphatase 1.000 (0.999–1.000) 0.408 1.000 (0.999–1.001) 0.941

 Albumin 1.574 (0.661–3.748) 0.305 0.792 (0.291–2.154) 0.648

 Total protein 0.809 (0.387–1.691) 0.574 2.979 (0.900–9.865) 0.074 3.191 (0.890–11.449) 0.075

 Creatinine 1.084 (0.243–4.833) 0.916 2.372 (0.452–12.452) 0.307

Histopathology

 Tumor size 1.304 (0.933–1.822) 0.120 0.798 (0.535–1.188) 0.266

Operation

 Harvested LNs 0.998 (0.940–1.059) 0.938 1.026 (0.958–1.100) 0.461

 Estimated blood loss 0.999 (0.998–1.000) 0.015 0.999 (0.996–1.001) 0.346 1.001 (1.000–1.002) 0.105

 Surgery duration 0.997 (0.994–0.999) 0.008 1.001 (0.993–1.009) 0.783 1.002 (1.000–1.005) 0.106
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infection, hemorrhage, intraabdominal abscess, POPF, 
and DGE. Primary, secondary, and overall surgical 
complications, as well as mortality, were not signifi-
cantly different between ERBD and no PBD groups.

Despite a growing body of evidence showing no advan-
tage for routine PBD, in practice, PBD continues to be 
widely performed. Several studies have even shown the 
inferiority of PBD compared to surgery first approach. 
Fang et al. in a meta-analysis study, showed that the rela-
tive risk of overall complications is higher in the ERBD 
group compared to people without ERBD (rate ratio 1.66; 

95% confidence interval (CI):1.28–2.16; p-value = 0.001) 
[19]. Similarly, PBD using stent placement was associated 
with an increased risk of overall complications compared 
with immediate surgery in a meta-analysis conducted 
by Scheufele et  al. (odds ratio 1.40; CI: 1.14–1.72; 
p-value = 0.002) [20]. However, in our study, the inci-
dence of overall complications was not significantly dif-
ferent in the ERBD group compared to the no PBD group 
(34.2% versus 45.8%).

Interestingly, in more updated studies, complica-
tions tend to be milder and limited to wound infection. 

Table 6  Univariate and multivariate analyses of risk factors for overall morbidity and mortality in patients with biliary obstruction 
(n = 120)

Bold p-values represent p-values <0.05

WBC white blood cells, LN lymph node

Characteristics Overall morbidity Mortality

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

OR (95% CI) p OR (95% CI) p OR (95% CI) p OR (95% CI) p

Age 1.015 (0.983–1.048) 0.357 1.018 (0.980–1.058) 0.349

Male gender 1.029 (0.465–2.277) 0.943 0.801 (0.319–2.013) 0.637

Stent placement 1.962 (0.927–4.153) 0.078 0.229 (0.050–1.037) 0.056 0.593 (0.247–1.423) 0.242

Symptoms

 Duration 0.999 (0.995–1.002) 0.419 1.000 (0.995–1.004) 0.956

 Abdominal pain 0.798 (0.301–2.116) 0.650 1.650 (0.472–5.766) 0.433

 Weight loss 1.034 (0.404–2.647) 0.945 0.904 (0.292–2.804) 0.862

 Malaise 0.862 (0.313–2.370) 0.773 1.618 (0.492–5.320) 0.428

 Nausea/vomiting 4.861 (1.014–23.296) 0.048 5.215 (0.522–52.122) 0.160 0.224 (0.027–1.847) 0.164

 Fever 0.703 (0.174–2.842) 0.621 2.000 (0.448–8.936) 0.364

Medical history

 Diabetes 0.933 (0.374–2.329) 0.882 0.700 (0.214–2.285) 0.555

 Hypertension 0.513 (0.222–1.185) 0.118 1.554 (0.583–4.140) 0.378

 Coronary artery disease 1.552 (0.447–5.388) 0.489 0.306 (0.038–2.486) 0.268

 Thyroid disease 0.984 (0.158–6.143) 0.987 2.867 (0.449–18.308) 0.266

 Neoadjuvant therapy 0.516 (0.156–2.714) 0.401 2.932 (0.611–14.071) 0.179

 ASA score > 2 1.167 (0.535–2.544) 0.697 1.051 (0.422–2.613) 0.916

Preop lab

 WBC 1.000 (1.000–1.000) 0.501 1.000 (1.000–1.000) 0.343

 Lymphopenia 4.065 (0.456–36.255) 0.209 0.796 (0.085–7.447) 0.842

 Total bilirubin 0.953 (0.911–0.998) 0.039 1.013 (0.934–1.097) 0.759 1.039 (0.998–1.093) 0.134

 Alkaline phosphatase 1.000 (0.999–1.000) 0.608 1.000 (0.999–1.001) 0.908

 Albumin 1.514 (0.588–3.900) 0.391 1.231 (0.421–3.604) 0.704

 Total protein 0.923 (0.418–2.036) 0.843 4.679 (0.952–23.004) 0.058 3.931 (0.058–266.177) 0.524

 Creatinine 4.730 (0.475–47.094) 0.185 0.524 (0.034–8.110) 0.644

Histopathology

 Tumor size 1.286 (0.843–1.964) 0.243 0.826 (0.507–1.348) 0.445

Operation

 Harvested LNs 0.994 (0.931–1.062) 0.861 1.033 (0.959–1.112) 0.391

 Estimated blood loss 0.999 (0.998–1.000) 0.023 0.999 (0.996–1.002) 0.369 1.001 (1.000–1.002) 0.053 1.004 (0.990–1.017) 0.620

 Surgery duration 0.997 (0.994–1.000) 0.023 1.000 (0.991–1.009) 0.977 1.004 (1.000–1.007) 0.029 0.995 (0.950–1.042) 0.830
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A large-scale cohort by Garcia-Ochoa et  al. within the 
American College of Surgeons National Surgical Qual-
ity Improvement Program (ACS NSQIP) registry dem-
onstrated that the ERBD group compared to the no 
ERBD group, had a 55% and 53% risk of postoperative 
complication, respectively (risk ratio 1.04; CI: 0.97–1.11; 
p-value = 0.23) [21]. Based on a recent cohort by Webra 
et  al., PBD, accomplished either by PTC or ERBD, was 
shown to have an equivalent risk of developing major 
morbidity and mortality in patients undergoing PD. How-
ever, PBD imposed 40% higher odds of superficial surgi-
cal site infection (SSI) to patients with biliary obstruction 
(odds ratio 1.40; CI: 1.04–1.89; p-value = 0.026) [22]. 
Additionally, some studies report similar results regard-
ing wound infection [20, 23–25]. Nevertheless, in our 
study, there was no difference in the incidence of wound 
infection between groups.

Regarding postoperative hemorrhage, intraabdominal 
abscess, POPF, and DGE, our results were similar to a 
retrospective study conducted at Massachusetts General 
Hospital, showing no considerable difference between 
patients who received ERBD and no PBD patients [23]. 
Although some studies have reported an increase in post-
operative DGE [24, 26], we did not observe any signifi-
cant difference between ERBD and no PBD groups.

We did not found any difference in postoperative hos-
pitalization between PBD and no PBD groups (median 
of 12 and 12 days, respectively), which is comparable to 
the results of Webra et al. [22]. However, one study has 
reported a shorter length of hospital stay in patients 
receiving biliary stating [21], and conversely, a rand-
omized trial by van der Gaag et al. demonstrated signifi-
cantly longer hospitalization in the PBD group [25].

Although operation duration was associated with an 
increased risk of developing wound infection, intraab-
dominal abscess, DGE, secondary surgical complications, 
and overall complications, stent placement did not signif-
icantly affect surgery duration.

Based on our study, severe hyperbilirubinemia (biliru-
bin > 15 mg/dl), regardless of stent placement, was asso-
ciated with higher overall complications. Furthermore, 
our study highlights the risk of secondary surgical com-
plications in patients with bilirubin level of > 10 mg/dl in 
the PBD group due to stent failure. Consistently, in pre-
vious studies a bilirubin level of greater than 7.5–15 mg/
dl is reported to be associated with higher rates of post 
operative complications [1, 27–29]. Interestingly a recent 
meta-analysis revealed that in bilirubin level of > 15 mg/
dl, surgery outcomes do not differ in the PBD and no 
PBD groups [30].

Based on our observation, patients with drainage dura-
tion of more than 30 days experienced more overall com-
plications. However, a retrospective study on 304 patients 

by Scheufele et  al. showed that patients with drainage 
duration of > 4 weeks and < 4 weeks did not differ in sur-
vival [31].

Our study did not identify any difference in surgery 
outcomes between metallic or plastic stent use. This is 
comparable with the results of a recent meta-analysis 
by Watanabe et  al., which demonstrated no significant 
difference in stent-related (risk ratio 0.74; CI: 0.32–
1.71) and postoperative complications (risk ratio  0.73; 
CI: 0.45–1.17) [32]. However, the results of a prospective 
study demonstrated that PBD-related complication rates 
were higher in patients receiving plastic stents compared 
to the metallic stent (46% versus 24%) (relative risk of 
plastic stent use 1.9, CI: 1.1–3.2; p-value = 0.011) [33]. 
Moreover, in a network meta-analysis, Lee et al. revealed 
that metallic stents have fewer stent-related complica-
tions than plastic stents. Whereas the postoperative out-
comes were comparable in both groups (odds ratio 0.99; 
CI:0.65–1.49; p-value > 0.05) [34].

The PBD group had a higher prevalence of ampullary 
and pancreatic tumors, whereas the no PBD group had 
a higher prevalence of neuroendocrine tumors. The ana-
tomical origins of neuroendocrine tumors and the fact 
that they are less prone to result in obstructive jaundice 
might be the reasons for this variation.

The current study had some limitations, including its 
retrospective nature, limited capacity to detect mild out-
comes, lack of access to the patients’ medical records 
prior to stent placement, and inability to diagnose POPF 
at its initial stage.

Conclusions
In conclusion, PBD does not significantly increase the 
post-operative burden on patients who undergo PD. 
However, we cannot overlook the financial burden that 
PBD places on the patient and the healthcare system, as 
well as the difficulties related to ERCP. Therefore, biliary 
stenting should not be routinely practiced in the absence 
of a valid indication, such as severe jaundice, pruritus, 
cholangitis, delayed surgery for neoadjuvant treatment, 
or referral to a tertiary facility.

Acknowledgements
The authors gratefully acknowledge the contributions of the patients and the 
staff members of Modarres, Taleghani, and Shohada General Hospitals.

Author contributions
Conceptualization: NB, AZ, NMA; Methodology: NB, AZ; Formal analysis: NB; 
Data curation: AM, NB; Writing (original draft): NB; Writing (review and editing): 
AM, AZ, NMA, TR. All authors contributed to the article, read and approved the 
final manuscript.

Funding
The authors declare that no funds, grants, or other support were received dur-
ing the preparation of this manuscript.



Page 10 of 11Bineshfar et al. BMC Surgery          (2022) 22:399 

Availability of data and materials
The data that support the findings of this study are available from Shahid 
Beheshti University of Medical Sciences, but restrictions apply to the avail-
ability of these data, which were used under license for the current study, and 
so are not publicly available. Data are however available from the correspond-
ing author upon reasonable request and with permission of Shahid Beheshti 
University of Medical Sciences.

Declarations

Ethics approval and consent to participate
The study was conducted in accordance with the Declaration of Helsinki and 
institutional ethics guidelines. The study protocol was reviewed and approved 
by the Research Medical Ethics Committee of Shahid Beheshti University of 
Medical Sciences, approval number: IR.SBMU.MSP.REC.1398.1008. Written 
informed consent was obtained from all the patients for the use of clinical 
data and blood samples.

Consent for publication
Not applicable.

Competing interests
The authors have no relevant financial or non-financial interests to disclose.

Author details
1 Ophthalmic Research CenterResearch Institute for Ophthalmology and Vision 
ScienceShahid Beheshti University of Medical Sciences, Tehran, Iran. 2 Depart-
ment of General Surgery, Modarres Hospital, Shahid Beheshti University 
of Medical Sciences, Saadat Abad Blvd., Tehran 1998734383, Iran. 3 Department 
of Pathology, School of Medicine, Shahid Beheshti University of Medical Sci-
ences, Tehran, Iran. 4 Bone, Joint and Related Tissues Research Center, Akhtar 
Orthopedic Hospital, Shahid Beheshti University of Medical Sciences, Tehran, 
Iran. 5 Clinical Research and Development Center, Modarres Hospital, Shahid 
Beheshti University of Medical Sciences, Tehran, Iran. 6 Critical Care and Quality 
Improvement Research Center, Shahid Modarres Hospital, Shahid Beheshti 
University of Medical Sciences, Tehran, Iran. 

Received: 9 September 2022   Accepted: 14 November 2022

References
	1.	 Shen Z, Zhang J, Chen H, Wang W, Xu W, Lu X, et al. Does pre-operative 

biliary drainage influence long-term survival in patients with obstructive 
jaundice with resectable pancreatic head cancer? Front Oncol. 2020;10: 
575316.

	2.	 Pavlidis ET, Pavlidis TE. Pathophysiological consequences of obstructive 
jaundice and perioperative management. Hepatobiliary Pancreat Dis Int. 
2018;17(1):17–21.

	3.	 Ammori JB, Choong K, Hardacre JM. Surgical therapy for pancreatic and 
periampullary cancer. Surg Clin N Am. 2016;96(6):1271–86.

	4.	 Michalski CW, Liu B, Heckler M, Roth S, Sun H, Heger U, et al. Underutiliza-
tion of surgery in periampullary cancer treatment. J Gastrointest Surg. 
2019;23(5):959–65.

	5.	 Sauvanet A, Boher JM, Paye F, Bachellier P, Sa Cuhna A, Le Treut YP, et al. 
Severe jaundice increases early severe morbidity and decreases long-
term survival after pancreaticoduodenectomy for pancreatic adenocarci-
noma. J Am Coll Surg. 2015;221(2):380–9.

	6.	 Umeda J, Itoi T. Current status of preoperative biliary drainage. J Gastro-
enterol. 2015;50(9):940–54.

	7.	 Shen Z, Zhang J, Zhao S, Zhou Y, Wang W, Shen B. Preoperative biliary 
drainage of severely obstructive jaundiced patients decreases overall 
postoperative complications after pancreaticoduodenectomy: a 
retrospective and propensity score-matched analysis. Pancreatology. 
2020;20(3):529–36.

	8.	 Sewnath ME, Birjmohun RS, Rauws EA, Huibregtse K, Obertop H, 
Gouma DJ. The effect of preoperative biliary drainage on postopera-
tive complications after pancreaticoduodenectomy. J Am Coll Surg. 
2001;192(6):726–34.

	9.	 Moole H, Bechtold M, Puli SR. Efficacy of preoperative biliary drainage in 
malignant obstructive jaundice: a meta-analysis and systematic review. 
World J Surg Oncol. 2016;14(1):182.

	10.	 Ozgun YM, Colakoglu MK, Oter V, Piskin E, Aydin O, Aksoy E, et al. Biliary 
stenting prior to pancreaticoduodenectomy and its effects on postopera-
tive outcome. Twenty years of experience with 805 patients. Arch Iran 
Med. 2021;24(10):771–8.

	11.	 Lee H, Han Y, Kim JR, Kwon W, Kim SW, Jang JY. Preoperative biliary 
drainage adversely affects surgical outcomes in periampullary cancer: 
a retrospective and propensity score-matched analysis. J Hepatobiliary 
Pancreat Sci. 2018;25(3):206–13.

	12.	 El Nakeeb A, Salem A, Mahdy Y, El Dosoky M, Said R, Ellatif MA, et al. 
Value of preoperative biliary drainage on postoperative outcome 
after pancreaticoduodenectomy: a case-control study. Asian J Surg. 
2018;41(2):155–62.

	13.	 Lassen K, Coolsen MM, Slim K, Carli F, de Aguilar-Nascimento JE, 
Schäfer M, et al. Guidelines for perioperative care for pancreaticoduo-
denectomy: enhanced recovery after surgery (ERAS®) society recom-
mendations. World J Surg. 2013;37(2):240–58.

	14.	 de Wilde RF, Besselink MG, van der Tweel I, de Hingh IH, van Eijck CH, 
Dejong CH, et al. Impact of nationwide centralization of pancreati-
coduodenectomy on hospital mortality. Br J Surg. 2012;99(3):404–10.

	15.	 Dindo D, Demartines N, Clavien PA. Classification of surgical complica-
tions: a new proposal with evaluation in a cohort of 6336 patients and 
results of a survey. Ann Surg. 2004;240(2):205–13.

	16.	 Wente MN, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, Izbicki JR, et al. 
Delayed gastric emptying (DGE) after pancreatic surgery: a suggested 
definition by the International Study Group of Pancreatic Surgery 
(ISGPS). Surgery. 2007;142(5):761–8.

	17.	 Wente MN, Veit JA, Bassi C, Dervenis C, Fingerhut A, Gouma DJ, et al. 
Postpancreatectomy hemorrhage (PPH): an International Study Group 
of Pancreatic Surgery (ISGPS) definition. Surgery. 2007;142(1):20–5.

	18.	 Bassi C, Marchegiani G, Dervenis C, Sarr M, Abu Hilal M, Adham M, et al. 
The 2016 update of the International Study Group (ISGPS) definition 
and grading of postoperative pancreatic fistula: 11 years after. Surgery. 
2017;161(3):584–91.

	19.	 Fang Y, Gurusamy KS, Wang Q, Davidson BR, Lin H, Xie X, et al. 
Meta-analysis of randomized clinical trials on safety and efficacy of 
biliary drainage before surgery for obstructive jaundice. Br J Surg. 
2013;100(12):1589–96.

	20.	 Scheufele F, Schorn S, Demir IE, Sargut M, Tieftrunk E, Calavrezos L, et al. 
Preoperative biliary stenting versus operation first in jaundiced patients 
due to malignant lesions in the pancreatic head: a meta-analysis of cur-
rent literature. Surgery. 2017;161(4):939–50.

	21.	 Garcia-Ochoa C, McArthur E, Skaro A, Leslie K, Hawel J. Pre-operative 
stenting and complications following pancreatoduodenectomy for 
pancreatic cancer: an analysis of the ACS-NSQIP registry. Surg Endosc. 
2021;35(12):6604-6611.

	22.	 Werba G, Napolitano MA, Sparks AD, Lin PP, Johnson LB, Vaziri K. Impact 
of preoperative biliary drainage on 30 Day outcomes of patients 
undergoing pancreaticoduodenectomy for malignancy. HPB (Oxford). 
2022;24(4):478–88.

	23.	 Sahora K, Morales-Oyarvide V, Ferrone C, Fong ZV, Warshaw AL, Lillemoe 
KD, et al. Preoperative biliary drainage does not increase major complica-
tions in pancreaticoduodenectomy: a large single center experience 
from the Massachusetts General Hospital. J Hepatobiliary Pancreat Sci. 
2016;23(3):181–7.

	24.	 Gong L, Huang X, Wang L, Xiang C. The effect of preoperative biliary 
stents on outcomes after pancreaticoduodenectomy: a meta-analysis. 
Medicine. 2020;99(42): e22714.

	25.	 van der Gaag NA, Rauws EA, van Eijck CH, Bruno MJ, van der Harst E, Kub-
ben FJ, et al. Preoperative biliary drainage for cancer of the head of the 
pancreas. N Engl J Med. 2010;362(2):129–37.

	26.	 Chu J, He S, Ke Y, Liu X, Wang P, Zhang W, et al. The effect of preoperative 
biliary drainage with or without pancreatic stenting on complications 
after pancreatoduodenectomy: a retrospective cohort study. Biomed Res 
Int. 2021;2021:5572395.

	27.	 De Pastena M, Marchegiani G, Paiella S, Malleo G, Ciprani D, Gasparini C, 
et al. Impact of preoperative biliary drainage on postoperative outcome 
after pancreaticoduodenectomy: an analysis of 1500 consecutive cases. 
Digest Endosc. 2018;30(6):777–84.



Page 11 of 11Bineshfar et al. BMC Surgery          (2022) 22:399 	

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	28.	 Gao Z, Wang J, Shen S, Bo X, Suo T, Ni X, et al. The impact of preoperative 
biliary drainage on postoperative outcomes in patients with malignant 
obstructive jaundice: a retrospective analysis of 290 consecutive cases at 
a single medical center. World J Surg Oncol. 2022;20(1):7.

	29.	 Bolm L, Petrova E, Woehrmann L, Werner J, Uhl W, Nuessler N, et al. The 
impact of preoperative biliary stenting in pancreatic cancer: a case-
matched study from the German nationwide pancreatic surgery registry 
(DGAV StuDoQ|Pancreas). Pancreatology. 2019;19(7):985–93.

	30.	 Gong S, Song S, Cheng Q, Huang Y, Tian H, Jing W, et al. Efficacy and 
safety of preoperative biliary drainage in patients undergoing pancrea-
ticoduodenectomy: an updated systematic review and meta-analysis. 
Expert Rev Gastroenterol Hepatol. 2021;15(12):1411–26.

	31.	 Scheufele F, Aichinger L, Jäger C, Demir IE, Schorn S, Demir E, et al. INR 
and not bilirubin levels predict postoperative morbidity in patients with 
malignant obstructive jaundice. Am J Surg. 2021;222(5):976–82.

	32.	 Watanabe J, Miki A, Sasanuma H, Kotani K, Sata N. Metal vs plastic stents 
for preoperative biliary drainage in patients with periampullary cancer: an 
updated systematic review and meta-analysis. J Hepatobiliary Pancreat 
Sci. 2022;00:1–15.

	33.	 Tol JA, van Hooft JE, Timmer R, Kubben FJ, van der Harst E, de Hingh IH, 
et al. Metal or plastic stents for preoperative biliary drainage in resectable 
pancreatic cancer. Gut. 2016;65(12):1981–7.

	34.	 Lee PJ, Podugu A, Wu D, Lee AC, Stevens T, Windsor JA. Preoperative 
biliary drainage in resectable pancreatic cancer: a systematic review and 
network meta-analysis. HPB (Oxford). 2018;20(6):477–86.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	The effect of preoperative biliary drainage on postoperative complications of pancreaticoduodenectomy: a triple center retrospective study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Methods
	Study design
	Jaundice management
	Operation
	Variables
	Ethics
	Statistical analysis

	Results
	All patients
	Patients with biliary obstruction
	Postoperative outcome
	Postoperative outcome in patients with biliary obstruction
	PBD subgroup analysis
	Univariate and multivariate analyses in all patients
	Univariate and multivariate analyses in patients with biliary obstruction

	Discussion
	Conclusions
	Acknowledgements
	References


