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Abstract
Background and Aim: Postoperative pancreatic fistula (POPF) is an important cause
of major morbidity and mortality after pancreaticoduodenectomy. We intend to esti-
mate the incidence and study the risk factors and outcomes of patients who developed
this dreaded complication.
Methods: This is a retrospective observational study. We included all patients who
underwent pancreaticoduodenectomy at a specialized surgical unit of a single tertiary
care cancer center in Northeast India. The period of study was from 23 April 2012 to
27 December 2019. The 2016 update on the definition of POPF by the International
Study Group for Pancreatic Fistula was used to define the complication. Chi-square
test and Fischer’s exact test were applied to categorical variables. t-test was used to
quantify mean difference among continuous variables. P value <0.05 was considered
statistically significant at 95% confidence interval.
Results: A total of 59 patients underwent pancreaticoduodenectomy during the study
period with almost equal distribution among males and females (29 and 30 patients
respectively). The mean age of the patients was 54.0 years (range 20–72). Grade A,
B, and C pancreatic fistulas were seen in five (8.5%), three (5.1%), and two (3.4%)
patients, respectively. Preoperative hyperbilirubinemia, pancreatic duct size ≤3 mm,
hypoalbuminemia, preoperative biliary decompression, and prolonged duration of sur-
gery were identified as risk factors for POPF. POPF also resulted in increased 90-day
mortality (20%).
Conclusion: POPF remains a potentially life-threatening complication of pan-
creaticoduodenectomies. The knowledge and management of modifiable risk factors for
this condition may help in mitigating this problem.

Introduction
Postoperative pancreatic fistula (POPF) is associated with
increased morbidity and postoperative mortality and prolongs
intensive care unit (ICU) and hospital stay, which takes its toll
on the financial condition of the family and the resources of the
hospital.1–3 A fistula is an abnormal connection between two
epithelialized surfaces. A pancreatic fistula can drain a pure pan-
creatic juice or mixed contents.

POPF is defined as any amount of drain output with amy-
lase content of the drain being three times above the serum
amylase levels.4 The daily drain effluent determines whether a
pancreatic fistula is low or high output. When the drain output is
more than 200 mL over 24 h it is termed as high output fistula,
and when it is less than 200 mL it is termed as low output
fistula.5

The 2016 update of the International Study Group
(ISGPS) definition of POPFs defines a clinically relevant POPF
as drain amount of any output with amylase levels of three times
above the serum levels with a clinically relevant condition, which
is directly associated with pancreatic fistula. So, grade-A fistula
is considered as biochemical leak as it does not lead to any clini-
cally relevant condition. Grade B requires reposition of drains by
endoscopic or percutaneous method or the drains are left in place
for more than 3 weeks. Grade C leads to multi-organ failure and
requires surgical intervention.6

The known risk factors associated with POPFs are
advanced age (age >70 years), soft texture of pancreas,
intraoperative blood loss, obstructive jaundice, preoperative bili-
ary stenting, small pancreatic duct diameter, and preoperative
malnutrition.7–13

doi:10.1002/jgh3.12609

JGH Open: An open access journal of gastroenterology and hepatology 5 (2021) 1009–1014

© 2021 The Authors. JGH Open published by Journal of Gastroenterology and Hepatology Foundation and John Wiley & Sons Australia, Ltd.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the

original work is properly cited.

1009

https://orcid.org/0000-0003-3547-3345
mailto:srinivasbannoth@gmail.com
http://creativecommons.org/licenses/by/4.0/


Methods
This is a single-institutional, retrospective observational
study. We included all consecutive patients who underwent
pancreaticoduodenectomy in a specialized surgical unit of a
tertiary care referral cancer center in Northeast India. The
study period was from 23 April 2012 to 27 December 2019.

Classification and management. POPF was defined
according to the 2016 update of the ISGPS of Pancreatic Fistula.
Drain fluid amylase level more than three times the upper limit
of the normal value of serum amylase level at the laboratory of
our institution was considered as significant. Risk factor variables
as given in Table 2 for fistula formation were studied.

The serum and drain fluid amylase levels were analyzed
on postoperative days 3, 5, and 7 to confirm or rule out the pres-
ence of POPF.

Patients in fistula group-A (biochemical leak) were man-
aged conservatively, and patients in fistula group-B were those
who needed prolonged drainage of intra-abdominal amylase-rich
effluents. Surgical exploration was the treatment modality for
grade C fistula.

Pancreaticojejunostomy technique. We performed
end-to-side duct-to-mucosa pancreaticojejunostomy anastomosis
for all our patients. Duct-to-mucosa anastomosis was done with
either 4–0 or 5–0 synthetic, absorbable monofilament suture
(polydioxanone). Sutures from pancreatic parenchyma and cap-
sule are taken with seromuscular layer of jejunal limb with either
polyglactin(vicryl) or polydioxanone suture. The number of
sutures depends on size of the duct. An infant feeding tube was
used as pancreatic duct stent (Figs 1, 2).

Statistical analysis. Data were collected from hospital
records and computer-based online hospital reporting system.
The statistical analysis was performed using Statistical Package
for the Social Sciences (SPSS) statistics version 17.0. Chi-square
tests and Fischer’s exact test were applied to categorical vari-
ables. t-test was used to calculate mean difference among contin-
uous variables. A P value <0.05 was considered statistically
significant at 95% confidence interval.

Results
A total of 59 patients underwent pancreaticoduodenectomy dur-
ing the study period (Fig. 3) with almost equal distribution
among males and females (29 and 30 patients respectively). The
mean age of the patients was 54.0 years (range 20–72 years).
Grade A, B, and C pancreatic fistulas were seen in five (8.5%),
three (5.1%), and two (3.4%) patients, respectively (Table 1).
Variables for different grades of POPFs in our study population
are presented in Table 2.

Patients in the fistula group had a mean age more than
their counterparts who did not develop fistula. The mean age of
patients in fistula group was 50.0 years. The mean age of patients
without fistula was 46.7 years. Male-to-female ratio in the fistula
group was 1:1, whereas in without fistula group was 0.9:1.

The mean albumin level in patients in the group of
patients who developed fistula was 3.03 g/dL with SD of 0.27,
whereas in patients without fistula, it was 3.34 g/dL with SD of
0.44. Albumin level of ≤3.02 � 0.27 was associated with
increased rate of POPF with a P value of 0.034, which was sta-
tistically significant (Table 3).

Around 90% of patients with fistula had hyper-
bilirubinemia compared with 30.6% in those who did not
develop POPF. A large number of patients (60% of total) who
developed POPF had preoperative biliary decompression in the
form of endoscopic retrograde cholangiopancreaticography
(ERCP) guided stenting. This is in contrast to only 10.2% of
patients in the other group who did not have POPF (Table 3).

The procedure that was performed was invariably classical
pancreaticoduodenectomy except in two patients in whom pylo-
rus preserving pancreaticoduodenectomy was done.

Around 30% of patients in the fistula group had soft pan-
creatic texture compared with 10.2% of patients in the other
group. Main pancreatic duct size was ≤3 mm in 75% of patients
with fistula group where it was 15.6% in patients with no-fistula
group with a P value of 0.0003. The mean duration of surgery
was also longer (7.3 � 1.21 h and 5.95 � 0.91 h respectively;
P value of 0.001). It was also noted that the patients in the fistula
group had significantly higher intraoperative blood loss
(805 � 181.7 mL and 451 � 135.3 mL respectively, with a
P value <0.0001) (Table 3). Preoperative blood transfusion was
done in 10% of patients in the fistula group compared with
17.2% of the other group. Patients with fistula had significantly

Figure 1 Intraoperative pictures of pancreaticoduodenectomy.
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prolonged mean hospital stay (14.7 � 3.3 days and 12.7 � 2.1 days
respectively, with a P value of 0.035 (Table 3).

The coexisting morbidities that were encountered in our
patients included delayed gastric emptying, hemorrhage, surgical
site infections, and biliary leak. These complications were signifi-
cantly higher in the group with POPF. The 90-day mortality in
fistula group was 20%, whereas in no fistula group it was 4%
(Table 4).

Discussion
In our study, the overall incidence of POPF was 17.0% with half
of them being biochemical (grade A) leaks not requiring any
additional management. As noted previously, the comparison of
serum and drain fluid amylase was done on postoperative day
3, day 5, and day 7, following institutional protocol. The mean
age of patients in our study for fistula group was 50 years, and
that of without fistula was 46.5 years. Thus, the patients with fis-
tula had higher mean age with difference of 3.5 years.

Although not clearly understood, male patients have
higher fistula rates.8 In our study, however, no sex predilection

showed up. In view of low volume of subjects in our study at
present, further validation of impact of sex on POPF will be con-
sidered with future follow-up studies from our institute.

Soft pancreatic texture has high risk of POPFs compared
with hard pancreas. The studies of Yeo et al. support this as none
of their patients out of 53, with hard pancreatic texture developed
any fistula, whereas 25% of patients with soft pancreas devel-
oped POPFs.8 Small-sized pancreatic duct is also a risk factor for
POPFs with ducts less than 3 mm having a higher rate of fistu-
las.14 In our study, pancreatic duct size was available in 53 out
of 59 patients, among them 75% of patients in the fistula group
had duct size less than or equal to 3 mm, whereas in non-fistula
group, duct size less than 3 mm was seen in 15.6% of patients
with a statistically significant P value of 0.0003. Soft texture of
pancreas posing a higher risk to POPF is also supported in our
study, as it was seen in 30% of patients in fistula group, whereas
it was only in 10.2% in the non-fistula group.

There is no consensus regarding the type of anastomotic
technique. Retrospective studies, which compared duct-to-
mucosa anastomosis with dunking technique, did not find any
statistically significant POPF rates.15 Metanalysis of 2361

Figure 2 Intraoperative pictures of pancreaticoduodenectomy.

Figure 3 Year-wise distribution of number of pancreaticoduodenectomies (n = 59).
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patients comparing duct-to-mucosa anastomosis with end-to-side
invagination showed that the latter was associated with increased
fistula rates.9

Studies of Giacomo Batignani et al. also found similar
results with side-to-side duct-to-mucosa anastomosis having less
fistula rate when compared with invagination.15 Though previous
single institutional studies and meta-analysis showed that pan-
creaticogastrostomy was better than pancreaticojejunostomy in
terms of leak rate, a recent meta-analysis established that there
were no statistically significant differences between the two tech-
niques for development of POPFs, and mortality and morbidity
between two groups were similar.16–20 We performed duct-to-
mucosa pancreaticojejunostomy anastomosis for all our patients
uniformly and considering the POPFs noted, we believe that
irrespective of the anastomotic technique, multiple factors coexist
and play roles in the development of POPF.

Preoperative hyperbilirubinemia is a risk factor for fistula for-
mation. Obstructive jaundice is associated with reduced levels of
intestinal bile salts leading to increased gut bacterial microflora and
translocation by increased intestinal permeability. Obstructive jaun-
dice is also associated with increased inflammatory response with
endotoxemia. Both bacterial translocation and endotoxemia lead to
inflammatory cascade and increased infectious complications, which
can be a risk factor for POPFs. A total of 90% of our patients in the
fistula group had jaundice, whereas that percentage in the non-fistula
group was 30.6%. A study from Hopkins Institute suggested that
preoperative biliary drainage was associated with increased biliary
fistula rate.21 In contrast, Lin et al. indicated that there was no

difference in patients with or without preoperative stenting,22 and
similar findings were reported by Aranha et al.23 In our study, pre-
operative biliary drainage was associated with increased rates of
POPF, with 60% of patients in fistula group underwent preoperative
decompression, whereas in non-fistula group only 10.2% underwent
preoperative decompression (Table 2). Preoperative biliary drainage
along with stenting can cause increased rates of POPFs due to pan-
creatic ductal inflammation and stent induced duct injury along with
contamination of bile and pancreatic fluids.

Our patients underwent classical pancreaticoduoden-
ectomy except in two patients in whom pylorus-preserving
pancreaticoduodenectomy was done. Prolonged surgery and
increased blood loss may increase risk for POPFs as these two
factors usually indicate the level of complexity of surgery and
relative ischemia. With increased mean duration of surgery,
there was increased rate of POPF with a significant P value of
0.001 in our study.

Five patients with biochemical leaks were conservatively
managed and these patients were discharged in healthy condition
without any untoward events. In three patients with grade B pan-
creatic fistula, there was persistent peri-pancreatic drainage for
more than 3 weeks with serum amylase of fluid three times of
upper limit of baseline. The drains were in place for more than
3 weeks in all of these patients. They were discharged with the
drain once their general condition was acceptable and they were
kept under close follow-up, and the drain was removed at various
time period for each patient when the output was negligible.

Twenty percent of patients in the fistula group expired.
This included patients who were re-explored for secondary
hemorrhage.

POPF leads to increased morbidity and mortality with pro-
longed hospital stay, leading to decreased immediate postopera-
tive quality of life apart from increased financial burden to
patients and increased hospital resources. In our study, POPF
was associated with increased rate of other complications. Post-
operative hemorrhage was seen in 30% of patients in the fistula
group and 4.1% of patients in the non-fistula group with a
P value of 0.0079. Delayed gastric emptying was seen in 80% of
patients in fistula group, whereas it was seen in 37% of non-
fistula group with P value of 0.0127. The incidence of surgical
site infections were also more than double in the fistula group
compared with the other group.

Apart from increasing morbidity and immediate postopera-
tive quality of life, POPF also increases mortality rate after
pancreaticoduodenectomy. Data from our study also support the
above, as 90-day mortality rate of our patients in fistula group
was around 20%, which was five times higher than the other
group.

Surgeon experience and center volume. Our institute
is a tertiary cancer care center in Northeast part of India. Major-
ity of hepato-pancreatico-biliary cases present in advanced stage
at our institute and very low percentage of cases present in opera-
ble stages. Most of these surgeries were performed by consul-
tants who were trained at high volume centers for pancreatic
surgery. The mean surgical oncology experience of surgeons
who performed these surgeries at the end of the study was
17.4 years (range: 8–30 years). The year wise distribution of
number of pancreaticoduodenectomies performed and percentage

Table 1 Grades of fistula (n = 59)

Grade n (%)
Amylase = 3� upper limit of

baseline

A (biochemical
leak)

5 (8.5%) Yes

B 3 (5.1%) Yes
C 2 (3.4%) Yes

Table 2 Variables for different grades of postoperative pancreatic fis-
tulas in study population (n = 10)

Grades of
pancreatic fistula Variables

Grade-A Amylase levels three times upper limit of normal
Grade-A Amylase levels three times upper limit of normal
Grade-A Amylase levels three times upper limit of normal
Grade-A Amylase levels three times upper limit of normal
Grade-A Amylase levels three times upper limit of normal
Grade-B Persisting pancreatic drainage >3 weeks,

octreotide administration
Grade-B Guided drainage of collection, persistent

drainage >3 weeks, total parenteral nutrition
Grade-B Persistent drainage >3 weeks, octreotide

administration
Grade-C Re-operation for bleed on postoperative day-1

(POD-1), death on POD-3
Grade-C Sepsis with organ failure, postoperative death
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of POPFs are represented in Figures 3 and 4. As seen in
Figure 3, the number of cases performed in the last 2 years of
study period was doubled from an average of five surgeries per
year to 12 cases per year. Residency training program in surgical
oncology started at our institute in the year 2016. As seen in
Figure 4, there was gradual decrease in fistula rate from 20%
in the year 2012 to 14.3% in the year 2015. Though the number
of cases increased in year 2018 to 2019, fistula rate again
increased to 18.2%. This increased trend could be explained by
participation and performance of surgeries by surgical residents
who had ≤3 years of experience in surgical oncology and pancre-
atic surgeries.

The reported postoperative fistula rates at three other centers
from India were 15%, 15.39%, and 12% respectively,24–26 and the
fistula rate at our center was 17.0%. Studies have shown that high
volume centers and high volume surgeons provide best outcomes
after pancreaticoduodenectomy.25,27,28 Pancreaticoduodenectomy is
associated with major postoperative complications. At high volume

centers, apart from availability of enough resources, they are usually
equipped with experienced team (critical care team, intervention
radiologists, experienced surgeons, and nursing staff), which can
improve postoperative outcomes of patients by timely identification
and intervention for management of these complications.29 A study
from India has shown that even at low volume centers, outcomes of
patients after pancreatic surgery are minimally affected if hospital is
equipped with better infrastructure and experienced team who can
manage postoperative complications.25 We consider our institute in
a transition phase from low volume to high volume center. Though
fistula rate at our center was around 17%, about 50% of these cases
had only biochemical leak without any change in their postoperative

Table 3 Characteristics of patients (n = 59)

Characteristics

Fistula group (n = 10) No fistula (n = 49)

P valuen (%/SD) n (%/SD)

Age (mean) in years 50 46.7
Sex (M:F) 1:1 0.9:1
Mean albumin (g/dL) 3.02 � 0.27 3.34 � 0.4 0.034
Preoperative jaundice 9 (90%) 15 (30.6%) 0.0006
Preoperative biliary decompression 6 (60%) 5 (10.2%) 0.0003
History of transfusion 10% 17.2% 0.5745
Surgery
Classical 9 48
Pylorus preserving 1 1

Pathology
Periampullary carcinoma 6 35
Cholangiocarcinoma 2 2
Carcinoma head of pancreas 2 12

Duration of surgery (h) 7.3 � 1.2 5.95 � 0.9 0.001
Soft pancreatic texture 3 (30%) 5 (10.2%) 0.098
Main pancreatic duct size (mm)
≤3 mm 6 (75%) 7 (15.6%) 0.0003
>3 mm 2 (25%) 38 (84.4%)

Blood loss (mL) 805 � 181.7 451 � 135.3 0.0001
Postoperative hospital stay (days) 14 � 3.3 12.7 � 2.1 0.035

Table 4 Complications (n = 59)

Complications

Fistula
group (n = 10)

No fistula
group (n = 49)

P
valuen (%) n (%)

Delayed gastric
emptying

8 (80%) 18 (37%) 0.0127

Hemorrhage 3 (30%) 2 (4.1%) 0.0079
Surgical site

infections (SSI)
5 (50%) 11 (22.4%) 0.0759

Bile leak 2 (20%) 4 (8.2%) 0.2653
90-day mortality 2 (20%) 2 (4.1%) 0.071

Figure 4 Year-wise percentage of postoperative pancreatic fistulas.
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course when compared with no fistula group, and patients with
grade-B fistula were managed successfully with timely intervention
in postoperative period.

Our study has helped us in identifying some key factors that
can be modified with a goal of achieving favorable perioperative
outcomes, especially with respect to POPF rates and severity. Devis-
ing and practicing methods in active pursuit of nutritional improve-
ment during the period of evaluation of the patient until the time of
surgery in a concerted attempt to optimize the objective indicators
like serum albumin level is one of the well understood but very
often-neglected interventions. Although technical difficulties faced
during the surgery by virtue of inherent complexities like the tumor
and nodal status or the pancreas texture and duct diameter are deter-
minants of duration of surgery, intraoperative blood loss, and out-
comes as described above; increased surgical volume is certainly a
positive way out of this. Our expectation is to witness decreased
rates as our experience grows as a specialized unit.

Conclusion
POPF remains a potentially life-threatening complication of pan-
creaticoduodenectomies. Treatment duration is prolonged with
increased financial burden to patients and increased consumption
of hospital resources. The knowledge and management of modifi-
able risk factors for this condition may help in mitigating this
problem.
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