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Abstract

Background: The high levels of bilirubin in patients with periampullary cancers may increase the morbidity or mortality after
curative surgery.

Objectives: We aimed at evaluating the predictive power of preoperative serum total bilirubin for the outcomes after pancreatico-
duodenectomy (PD) in resectable periampullary cancers.

Methods: The data of 80 patients, who had undergone PD, were retrospectively analyzed. Regarding the preoperative bilirubin, we
opted for 20 mg/dL as the cut-off value to divide patients into two groups to be subjected to simple and multiple logistic regression.
Results: A total of 80 patients with a mean age of 54.90 £ 14.33 years underwent PD. The median preoperative bilirubin level was 4.7
mg/dL and the majority of cases (88.8%) had bilirubin < 20 mg/dL. While there was no significant difference in the mortality between
bilirubin groups (P = 0.266), bilirubin>20 mg/dL remarkably increased the postoperative morbidity (P = 0.012, Odds ratio = 3.04);
57.5% of cases underwent biliary drainage before surgery, which did not impact the mortality and morbidity. Multiple analysis by
a logistic regression model disclosed that the only statistically significant variable for mortality was the total operative time (P =
0.038) and among all factors, total bilirubin level was the only independent predictor for the morbidity status (P=0.009).
Conclusions: This study suggested that preoperative biliary drainage should only be limited to patients with high bilirubin levels
(> 20 mg/dL) or expected delayed surgeries.
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1. Background vestigations, there has been no significant relationship be-
tween biliary drainage and mortality rate (5-9).

Obstructive jaundice is known as the most common
presentation in patients with periampullary tumors. Re-
lieving jaundice is assumed to be accompanied by more
favorable postoperative outcomes since progressive high
bilirubin levels are associated with the pro-inflammatory
state resulting from the portal and systemic endotoxemia,
as well as bacterial translocation, which may lead to in-
ducing an uncontrolled inflammatory cascade developing
complications (1-3).

Since surgery in patients with jaundice has been con-
sidered accompanied by the increased rate of mortality
and morbidity, preoperative biliary drainage (PBD) was in-

Contamination of bile may occur after biliary
drainage, especially when a stent is placed. In a long
period of stenting (more than 4 weeks), an extensive
inflammatory reaction to foreign bodies occur in the bil-
iary tract that provides a suitable condition for bacterial
colonization in the biliary tree leading to stent occlusion
and eventually, a great risk for anastomosis leakage after
surgery. However, the quality of drainage, duration, and
method of drainage is implicated (10).

In recent years, several studies have suggested that not
only will PBD decrease mortality and morbidity rates, but

troduced to improve the outcomes following surgery (4, 5).

Primarily studies have suggested that PBD in patients
with obstructive jaundice decreased the rate of postoper-
ative mortality and complications. However, in recent in-

it could also be harmful in some cases since there would be
worries about drainage-induced complications, increased
positive intraoperative biliary cultures, and postoperative
infections (11).
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2. Objectives

This retrospective study aimed at evaluating the pre-
dictive power of preoperative bilirubin for the outcomes
of patients with periampullary tumors undergoing pan-
creaticoduodenectomy (PD), as well as the effect of PBD on
postoperative outcomes.

3. Methods

3.1. Study Design

This observational retrospective study was conducted
on admitted patients with a confirmed diagnosis of pe-
riampullary tumors, who had undergone PD at the De-
partment of Surgery of Imam Reza Hospital, Mashhad
University of Medical Sciences in the recent 4 years from
March 2013 to March 2017. The study was approved by the
ethics committee of Mashhad University of Medical Sci-
ences (code: IRMUMS.fm.REC.1396.446).

As a matter of routine, periampullary tumors are pri-
marily diagnosed by clinical and radiological manifesta-
tions. Surgery was performed on patients, whose clini-
cal and radiological symptoms matched those of the peri-
ampullary cancers and the diagnosis was confirmed with
specimen postoperatively. Sampling was performed in
cases, where there was a diagnosticambiguity or those bor-
derline resectable cases candidate for neoadjuvant treat-
ment.

Patients who underwent palliative surgeries as well as
those whose data were incomplete were excluded. In total,
110 patients underwent PD (international classification of
diseases [ICD]-9, 52.6), and 80 cases were included in this
study.

All medical records of the cases, including demo-
graphic data, medical history, preoperative variables such
as biliary drainage and instrumentation, type and stage of
the tumor (based on the pathology reports), total and di-
rect serum bilirubin levels (within 1 week from the opera-
tion), and liver function tests, were extracted and analyzed.

Intraoperative variables, including the type of proce-
dure, total operative time in addition to postoperative
complications such as surgical site infection, hemorrhage,
pancreatic fistula, ascites, intra-abdominal abscess, deep
vein thrombosis (DVT), and pulmonary emboli, were also
reviewed and analyzed. The duration of hospital stay and
intensive care unit (ICU) stay, as well as the need for re-
laparotomy and re-admission, were collected as well.

Preoperative biliary instrumentation was defined as
the nonsurgical insertion of the cannula in the biliary tract

by either endoscopic retrograde cholangiopancreatogra-
phy (ERCP) or percutaneous transhepatic cholangiogra-
phy (PTC).

Early mortality was defined as any death noted within
30 days postoperatively or upon primary admission. Early
morbidity was described as one or more postoperative
complications within 30 days from the operation or before
discharge from the hospital.

In previous studies (12-14), “preoperative serum total
bilirubin” has been widely used as an appropriate variable
in determining prognosis in these patients.

Regarding the serum total bilirubin levels, based on
the credible research done by Billingsley et al. (12), we used
the cut-off value of 20 mg/dL to divide patients into two
groups to be subjected to logistic regression analysis.

3.2. Patients’ Follow-Up

All “perioperative” medical records of cases were ex-
tracted and analyzed by reviewing hospital documents;
to register 30-day mortality and morbidities and re-
admission, patients were followed-up by referring to sur-
gical clinics. Some patients were followed by phone calls.

3.3. Statistical Analysis

For statistical analysis, we used IBM SPSS 21. Continu-
ous variables were expressed as means =+ standard devia-
tion (SD) or medians and interquartile ranges (IQRs) when
applicable. The relationship among categorical variables
was performed by Pearson Chi-square analysis and Fisher’s
exact test. Also, either an independent sample t-test or
Mann-Whitney test was applied for continuous variables.

If multiple variables were confirmed to be statistically
significant by the simple analysis, then, we would apply a
binary logistic regression model for multiple analyses of
all factors. Significance was considered at the probability
level of 0.05.

Receiver operating characteristics (ROC) analysis of
preoperative bilirubin was performed to determine the op-
timal cut-off value for predicting postoperative mortality.

4. Results

In our primary assessment, 110 cases were admitted
with the confirmed diagnosis of periampullary tumors
and undergoing surgery from March 2013 to March 2017
in 4 years. Of them, 5 cases underwent total pancreatec-
tomy, and 10 patients had palliative surgeries as a result of
being identified as having unresectable tumors; also, pre-
operative data were not available for 15 patients, who were
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excluded from the study. A total of 80 patients were in-
cluded. The demographic and clinical characteristics of 80
patients are shown in Table 1.

The mean £ SD (min-max)age of the patients was 54.90
=+ 14.33 years (22 - 82), 40 (50%) of whom were male and
40 (50%) were female. We divided patients into 3 groups
regarding their ages; 60% of all cases had the age range
of 40 to 65 years, 16.2% were younger than 40 years old,
and 23.8% were older than 65 years old. The majority of
patients (61.3%) had jaundice as the presenting symptom
at the time of admission. Although presenting jaundice
on admission did not impact the postoperative outcomes,
jaundiced patients had a significantly higher probability
to develop wound infection after surgery (P = 0.047).

Based on the pathology reports, the prominent diag-
nosed tumor was cancer of the head of the pancreas in
40 patients (50%) and ampullary tumors with an incidence
rate of 30% (24/80) occupied the second position. Accord-
ing to the American Joint Committee on Cancer (AJCC)
TNM staging system, the major number of the patients
(32.5%) had the tumor in stage IIB followed by stage IB with
arate of 27.5%. The median preoperative Aspartate Amino-
transferase (AST) level was 63 IU[L (13- 483 IU/L), and the me-
dian alanine aminotransferase (ALT) level was 69 IUJL (9 -
570 IU[L).

The type of operation performed was classified into
pylorus-preserving PD in 49 (61.2%) patients and classic PD
in 38.8% of cases. There was no significant association be-
tween the type of procedure and postoperative mortality
and complications.

On univariate analysis, none of the age, sex, comorbidi-
ties, preoperative liver function tests, pathological type
and stage of tumors, and type of procedure had a statisti-
cally significant effect on the morbidity and mortality sta-
tus (Table 2).

The median total operative time was 420 minutes (270 -
630 min), which significantly affected the mortality status
(P=0.033).

Totally, 88.7% (71/80) of all patients recovered and 11.3%
(9/80) died within 30 days of the operation due to surgical
and cardiac complications. A detailed description of the
mortality is summarized in Table 3.

The overall postoperative morbidity was 37.5%. The
main postoperative complication occurred was wound
infection in 25% of patients (20/80) followed by intra-
abdominal collection in 7.5% (6/80) and hemorrhage in
6.3% (5/80). Among all major complications, only the hem-
orrhage significantly correlated with postoperative mor-
tality (P=0.009, Table 3).

The median length of hospital stay was 12 days (3 -
49 days) and was significantly increased by the develop-
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ment of complications and undergoing re-laparotomy (P
=0.003, 0.020, respectively). Although the duration of ICU
admittance was slightlylonger in patients with total biliru-
bin > 20 mg/dL, both ICU and total hospital stay were not
affected by total bilirubin levels (P = 0.145, 0.400, respec-
tively).

A total of 7 (8.8%) cases required postoperative ex-
ploratorylaparotomy due to complications, which notably
correlated with the mortality rate (P=0.028).

In this study, median serum total bilirubin level was
4.70 mg/dL (0.30 - 33.20 mg/dL) and median direct biliru-
bin level was 2.90 mg/dL (0.10 - 24.10 mg/dL). On univariate
analysis, total bilirubin levels had no significant relation-
ship with the mortality status (P=0.283), but it remarkably
impacted the morbidity status (P=0.003).

Preoperative total bilirubin levels were categorized
into two groups with a cut-off value of 20 mg/dL. The ma-
jority of cases (88.8%) had a total bilirubin of less than 20
mg/dL. Although there was a tendency for the rate of mor-
tality to be slightly higher in patients with bilirubin >
20 mg/dL (22% vs. 9% for the group with bilirubin < 20
mg/dL), no significant correlation was observed between
these two bilirubin groups and 30-day mortality status (P
= 0.266); however, bilirubin > 20 mg/dL significantly in-
creased morbidity following PD by almost 3 times (P =
0.012, Odd ratio =3.04, 95% CI 0.887 t0 10.438).

Multiple analysis of potential variables in association
with the postoperative mortality and morbidity status by
a logistic regression model disclosed that the only statisti-
cally significant variable for mortality was the total opera-
tive time (P = 0.038) and among all factors, total bilirubin
level was the only independent predictor for the morbidity
status (P=0.009) (Table 4).

A total of 46 (57.5%) patients had a history of PBD; 43
patients underwent ERCP with the biliary tract instrumen-
tation before surgery and only 3 cases (6.5%) had a history
of preoperative percutaneous biliary drainage with PTC.
Postoperative mortality and morbidity status were not sig-
nificantly different in patients, who underwent PBD and
patients with early surgery without drainage (P = 0.999,
0.304, respectively). Also, the method of PBD (endoscopic
vs. percutaneous)did not affect the outcomes following PD
(P> 0.05).

The ROC analysis of preoperative bilirubin was per-
formed to determine the optimal cut-off value of preoper-
ative serum bilirubin for predicting postoperative mortal-
ity. The area under the ROC curve for predicting mortal-
ity and the optimal cut-off value of preoperative bilirubin
level was 0.5994 mg/dL and 5.15 mg/dL, respectively (Figure

1).
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Table 1. Clinical and Demographic Characteristics and Associated Postoperative Mortality Status

Characteristics Postoperative Mortality
No. (%)
No. (%) P Value
Sex 0.999
Male 40(50) 4(44.4)
Female 40(50) 5(55.6)
Age groups, y 0.301
<40 13(16.2) 1(111)
40-65 48(60) 4(44.4)
> 65 19 (23.8) 4(44.4)
Jaundice 49 (61.3) 6(66.7) 0.999
Medical history 0.437
No history 61(76.3) 6(66.7)
DM 4(5) 0(0)
HTN 8(10) 1(11.1)
CAD 3(3.8) 1(111)
DM + HIN + CAD 4(5) 1(11.1)
Type of tumor 0348
Pancreatic 40 (50) 6(66.7)
Ampullary 24(30) 1(111)
Duodenal 10 (12.5) 2(22.2)
Biliary 6(7.5) 0(0)
Stage of tumor 0.120
0 7(8.8) 0(0)
1A 13(163) 1(111)
1B 22(27.5) 1(111)
1A 7(8.8) 0(0)
1B 26(32.5) 5(55.6)
I 5(6.3) 2(22.2)
Preoperative biliary drainage 46 (57.5) 6(66.7) 0.726
Type of drainage (n =46) 0.433
Endoscopic 43(93.5) 5(55.6)
Percutaneous 3(6.5) 1(11.1)
Type of PD
Pylorus preserving PD 49(61.2) 6(66.7) 0.999
Classic PD 31(38.8) 3(333)
Morbidity 30 (37.5) 8(88.9) 0.001

Postoperative complications (n=30)

Pancreatic fistula 2(2.5) 0(0)

Hemorrhage 5(63) 3(333)

Ascites 3(3.8) 1(11.1)

Intra-abdominal abscess 6(7.5) 2(222)

Wound infection 20(25) 4(44.4)

DVT 1(13) 0(0)

Pulmonary emboli 2(2.5) 0(0)
Re-laparotomy 7(8.8) 3(333) 0.028
Re-admission 19 (23.8) 2(22.2) 0.999
Preoperative total bilirubin, mg/dL 0.266

<20 71(88.8) 2(222)

> 20 9(11.2) 7(77.8)

Abbreviations: CAD, cardiovascular disease; DM, diabetes mellitus; DVT, deep vein thrombosis; HTN, hypertension; PD, pancreaticoduodenectomy.
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Table 2. Clinical and Demographic Characteristics and Associated Postoperative Mortality Status®

Characteristics Range Live Patients Died Patients PValue
Age,y 22-82 54.94 1 14.53 54.56 &+ 13.41 0.940
Preoperative AST, IU/L 13-483 61.5(74) 138 (185) 0.110
Preoperative ALT, IU/L 9-570 68(87) 79 (160) 0.517
Preoperative total bilirubin, mg/dL 03-33.2 4.4(9.3) 7.46 (17.7) 0.283
Preoperative direct bilirubin, mg/dL 0.1-24.1 2.9(6.9) 4.1(11.13) 0.248
Total operative time, min 270-630 38111 & 56.44 432.04 * 66.73 0.033
Length of ICU stay, d 1-12 1(1) 2(7) 0.065
Length of hospital stay, d 3-49 1(9) 7 (14) 0.691
Abbreviations: ALT, alanine transaminase; AST, aspartate transaminase; IQR: interquartile range; SD, standard deviation.
Values are expressed as mean =+ SD or median (IQR).
Table 3. Operative and Postoperative Comparison Based on two Preoperative Bilirubin Groups®
Bilirubin < 20, mg/dL Bilirubin > 20, mg/dL PValue
Operative time, min 420 (270-630) 420 (390-480) 0.972
Overall postoperative morbidity 23(28.8) 7(8.8) 0.012
Pancreatic fistula 2(25) 0(0) 0.999
Hemorrhage 5(6.2) 0(0) 0.999
Ascites 2(2.5) 1(1.2) 0.304
Intraabdominal 5(6.2) 1(1.2) 0.523
Abscess 16 (20) 4(5) 0.217
Wound infection 1(1.2) 0(0) 0.999
Deep vein thrombosis 2(2.5) 0(0) 0.999
Pulmonary emboli
Length of ICU admittance, d 1(1-12) 2(1-1) 0.145
Hospital stay,d 11(3-49) 14 (8-30) 0.400
Postoperative deaths 7(7.8) 2(2.5) 0.266
Re-laparotomy 6(7.5) 1(1.2) 0.581
Re-admission 16 (20) 3(3.8) 0.437

?Values are expressed as No. (%) or median (range).

5. Discussion

In recent decades, the curative and palliative effects of
PBD for periampullary tumors have been discussed. One
of the large prospective randomized clinical studies was
performed by Pitt et al. (15) on 79 consecutive cases of ob-
structive jaundice. It was performed to assess the effect of
preoperative percutaneous trans-hepatic biliary drainage
(PTBD) on the outcomes of surgery. Although the mortality
and morbidity rates were not significantly different in the
PTBD group, the length of hospital stay was longer. The pro-
longed hospitalization produced higher costs for patients.
Therefore, investigators concluded that not only preoper-
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ative PTD reduce mortality and complications, but it may
also increase in-patient costs and should not be adminis-
tered routinely.

By retrospectively looking at 285 cases with or without
jaundice, undergoing Whipple surgery for benign and ma-
lignant pancreatic tumors, Trede and Schwall (16) stated
that regardless of the severity of jaundice, postoperative
mortality and morbidity were considerably lower in pa-
tients with PBD.

Although in the present study the overall postopera-
tive morbidity and mortality status was not significantly
differentin jaundiced patients, they were more likely to de-
velop wound infection after surgery.
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Table 4. Logistic Regression Model on Preoperative Variables and 30-Day Postoperative Morbidity®

95% Confidence Interval

Variables B Standard Error PValue 0dds Ratio
Lower Upper

Age -0.018 0.030 0.559 0.982 0.926 1.043
Sex

Female Referent

Male -0.727 0.813 0.371 0.483 0.098 2380
Comorbidities

Yes Referent

No -0.797 0.842 0.344 0.451 0.087 2349
Tumor origin

Head of pancreas Referent

Duodenum -1.477 1.368 0.280 0.228 0.016 3.336

Ampulla of Vater -2.351 1797 0.191 0.095 0.003 3.227

Common bile duct -1.780 1.467 0.255 0.169 0.010 2.990
Staging

1A Referent

1B 0.661 1797 0.713 1.936 0.057 65.578

1A -0.322 1.522 0.832 0.725 0.037 14.316

11B 2.510 2.044 0.219 12311 0.224 676.461

11 2.228 1.406 0.113 9.282 0.590 146.068

0] 0.554 1.935 0.775 1740 0.039 77.204
Preoperative biliary
drainage

Yes Referent

No -0.188 0.791 0.813 0.829 0.176 3.910
Type of Whipple

Pylorus Preserving Referent

Classic 1216 1190 0307 3374 0.327 34.770
Operative time -0.003 0.006 0.629 0.997 0.985 1009
ALT 0.010 0.007 0.164 1010 0.996 1024
AST -0.004 0.008 0.615 0.996 0.981 1omn
Preoperative total 0.149 0.057 0.009 1161 1.038 1.299
bilirubin

*Early morbidity was described as one or more postoperative complications within 30 days from the operation or before discharge from the hospital.

The high levels of preoperative serum bilirubin should
notbe considered the only proper indication for PBD, since
drainage may interrupt the postoperative course with in-
fections resulting in higher morbidity.

Previous studies have shown that serum bilirubin >
10 mg/dL is an apparent risk factor for postoperative com-
plications (17, 18). In an investigation conducted by Lai et
al. (7), no considerable differences were found in mortality
and morbidity status between patients with bilirubin 6.20

mg/dL to 11.50 mg/dL and those with bilirubin 13 mg/dL to
18 mg/dL.

Astudy carried out from 2004 to 2009 by Sauvanetetal.
(19) on 1200 patients, who underwent PD, suggests that ob-
structive jaundice was associated with an increase in post-
operative morbidityand a decrease in the rate of long-term
survival.

In a10-year analysis in 123 veterans affairs’ medical cen-
ters from 1990 to 2000 by Billingsley et al. (12) on the out-
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Figure 1. Reciever operating characteristics (ROC) analysis of preoperative total
bilirubin

comes following Whipple procedure, the preoperative to-
tal bilirubin level was shown to be one of the significant
predictors for postoperative outcomes in a way that levels
higher than 20 mg/dL effectively increased 30-day postop-
erative mortality.

In the present study, we primarily opted for 20 mg/dL
as a cut-off value to divide patients according to their total
serum bilirubin levels. However, there was a tendency for
postoperative mortality to be higher in patients with pre-
operative bilirubin > 20 mg/dL (22% vs. 9% for the group
with bilirubin < 20 mg/dL), the relationship was not sta-
tistically significant. In contrast, in both univariate and
multivariate analyses, preoperative serum bilirubin was
observed to be the only independent variable affecting 30-
day postoperative morbidity status. The risk of a compli-
cated postoperative course was 3 times higher for patients,
whose bilirubin was > 20 mg/dL.

Since this cut-off value could not predict postoperative
mortality in our study, we attempted to determine an opti-
mal cut-off value based on the preoperative bilirubin levels
of our patients for predicting mortality status. Regarding
this investigation, the area under the ROC curve was 0.6,
and 5.15 mg/dL was set to be the optimal value for serum
bilirubin with 55% sensitivity and 78% specificity. This cut-
off value could not predict the mortality accurately since
the area under the ROC curve represents that “preoperative
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bilirubin” may be a “poor test” for predicting mortality.

The impacts of percutaneous and endoscopic drainage
on the restoration of the enterohepatic cycle are different.
Currently, ERCP as a less invasive procedure is preferable to
PTC.Percutaneous drainage is usually reserved when endo-
scopic is not successful.

In our investigation, the prominent method of
drainage was endoscopic via ERCP in 96.7% of all patients
undergoing PBD. There was no considerable difference
in overall postoperative mortality and morbidity status
between patients who underwent PBD (endoscopic or per-
cutaneous) and patients with early surgery without PBD.
Based on the findings, undergoing biliary drainage before
operation did not impact the postoperative outcomes;
however, it might have delayed the curative surgery.

In several analyses, PBD either endoscopic or percuta-
neous was not found beneficial for the outcome improve-
ment of surgery, but significantly prolonged hospitaliza-
tion and consequently increased costs (9, 15).

In the recent systematic review of Cochrane database
(20) of 6 randomized trials including 4 studies on percuta-
neous drainage and 2 studies on endoscopic stenting and
sphincterotomy as a method of PBD, however, the overall
mortality did not differ between drainage groups and early
surgery group; the serious morbidity and hospitalization
were exceeded in the patients undergoing drainage.

In Iran, patients with periampullary malignancies usu-
ally are visited by general practitioners or internists for the
first time, and most often diagnostic less-invasive methods
such as MRI or MRCP are not available. There also may take
a considerable amount of time for referring patients to an
experienced surgical center, where they can undergo PD;
consequently, the majority of the patients undergoing PD
may receive biliary drainage before surgery.

Early ERCP, not only as a precious available diagnostic
mode butalso a palliative and therapeutic modality for the
prevention of cholangitis or other obstructive jaundice-
related complications, has been recommended.

By considering drainage-induced complications and
surgery delays, routine biliary drainage may be disadvan-
tageous; however, PBD should be taken into account for
those patients requiring further diagnostic evaluations be-
fore surgery or staying on a long surgical waiting list or in
the occasion of any delay that is inevitable in their disease
courses.

Based on the findings, we adopted an algorithm for the
medical approach to surgical candidates of periampullary
tumors, by considering preoperative bilirubin levels and
other conditions causing delays in surgery as factors deter-
mining whether they need to undergo biliary drainage be-
fore surgery (Figure 2).
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without PBD
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Figure 2. Algorithm of approach to resectable periampullary tumors based on total bilirubin

The present study was conducted retrospectively, and
it may be limited in the description of details. Also, all PDs
were performed in the same institution; on the contrary,
multicenter prospective studies are more advantageous.

However, our surgical ward as a high-volume surgical
center with annually 30 cases of periampullary tumors re-
ferring to, undergoing PD in the east of Iran, provided ad-
equate sample size to be subjected for credible statistical
analysis; also, including patients operated on by the same
surgical team eliminates biases.

5.1. Conclusions

This study suggested that the PBD should not be part
of the routine medical approach to surgical candidates of
periampullary tumors, unless in cases with high bilirubin
levels (> 20 mg/dL) or expected delayed surgeries.
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