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Abstract

Aim: Postoperative pancreatic fistula (POPF) is one of the most common causes of morbidity following pancreaticoduodenectomy
(PD). The optimum way of reducing the prevalence of POPF is to prevent its development. In this study, we attempted to identify the
potential perioperative risk factors of POPF and suggestions were made for its.

Material and Methods: In this study, we included patients who had undergone PD from January 2010 to April 2020. POPF was defined
as per the International Study Group on Pancreatic Fistula. The patients were followed up for 30 days for POPF.

Results: Fifty-two (52) patients whose medical records were available were enrolled. POPF developed in 19 patients (36.5%).
Grade-A POPF developed in six patients (11.5%), Grade-B POPF in eight patients (15.4%), and Grade-C POPF in five patients (9.6%).
Percutaneous drainage was performed in a patient with Grade-B POPF, and reoperation was performed for five patients with Grade-C
POPF. In univariate analysis, female sex (p=0.03), perioperative blood transfusion (p=0.03), and the number of harvested lymph
nodes =12 (p=0.008) were related to POPF. In logistic regression analysis, the number of harvested lymph nodes =12 (p=0.005) and
female sex (p=0.03) were independent risk factors of POPF. Although perioperative blood transfusion increased the POPF risk, the
effect was not statistically significant (p=0.10).

Conclusion: POPF was observed to be the most important cause of morbidity following PD in our study. We also found that reduce
the POPF risk, it is important to avoid blood transfusion whenever possible.
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and recommendations have been established for the
management of risk factors.

MATERIAL and METHODS

Patients and data collection

INTRODUCTION

Pancreaticoduodenectomy (PD) is a standard surgical
procedure for malignant or benign diseases of the
pancreatic head or the periampullary region. Although
the incidence of operative mortality is <5% in patients
undergoing PD, postoperative morbidity can be up to
60% (1). Postoperative pancreatic fistula (POPF) is one
of the most common causes of morbidity following PD

The medical records of patients who had undergone
PD at the Karadeniz Technical University General
Surgery Clinic from January 2010 to April 2020 were

and its prevalence ranges from 6%—25% (2,3). POPF can
cause other abdominal complications, such as abdominal
abscess, delayed gastric emptying, postoperative delayed
bleeding, and pseudoaneurysm, leading to increased
morbidity, mortality, hospital stay, and cost (2,4). Many
methods have been used to prevent the occurrence of
POPF, such as anastomosis techniques, stent use, and
somatostatin use (5-9). Although all these approaches
can lower the severity of POPF, the optimal method has
not been defined yet (10). In this study, perioperative
risk factors that may cause POPF were investigated

scanned. Age; sex; comorbidity; American Society of
Anesthesiologists (ASA) score; body mass index (BMI);

preoperative interventions, such as percutaneous
transhepatic  cholangiography  (PTC), endoscopic
retrograde cholangiopancreatography (ERCP), and

biopsy; preoperative bilirubin values; operation duration;
the degree of intraoperative hemorrhage; pancreatic
anastomosis techniques; diameter of the catheter used in
pancreatic anastomosis; perioperative blood transfusion;
POPF; other postoperative complications; interventions for
postoperative care; length of hospital stay; mortality; and
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results of the pathological examination were examined.
The Clavien Dindo classification was used to evaluate the
postoperative complications. The patients were followed
up for 30 days for POPF and the other complications. This
retrospective study was approved by the Ethics Committee
of the Karadeniz Technical University (decision number:
2020-167). Informed consent was obtained from all the
subjects for study participation.

Surgical approach and technique

Preoperative routine laboratory tests and tumor markers
were evaluated examine the organ functions of patients
for whom a mass had been detected in the periampullary
region following abdominal complaints. Tissue diagnosis
was established with ERCP, endoscopic ultrasonography,
or percutaneous biopsy in 20 patients. The thorax and
abdomen cavity were scanned using tomography to detect
local and distant metastases of pancreatic disease. PTC
or ERCP was performed in patients who had preoperative
jaundice as per the surgeon's preference. Preoperative
enteral and/or parenteral nutrition support was provided
to patients who had experienced nutritional problems.

In all patients, pancreaticoduodenectomy (PD) was
performed. Portal vein (PV) resection was not performed
for any patient. The following stages of surgery differed
as per the surgeon's preference. Pylor-sparing or distal
gastrectomy was performed. Gastrointestinal continuity
was achieved with either pancreaticogastrostomy (PG) or
pancreaticojejunostomy (PJ). The single-loop technique
or dual-loop technique (Roux-en-Y) was used for PJ
that was performed in the form of double-layer mucosa-
mucosa anastomosis. PG was performed in the form
of one layer mucosa-serosa anastomosis. In patients
with a suitable pancreatic duct, a catheter was used for
anastomosis.

Definition of POPF

POPF was defined as per the definition given by the
International Study Group on Pancreatic Fistula as follows
(11): a) Grade-A pancreatic fistula (biochemical leak): any
measurable volume of drainage fluid output via operatively
or postoperatively placed drains on or after postoperative
day three with amylase content >3 times the upper normal
serum value, b) Grade-B pancreatic fistula: persistent
drainage >3 weeks, clinically relevant change in POPF
management, percutaneous or endoscopic drainage,
angiographic procedures for hemorrhage, and a sign of
infections without organ failure, c¢) Grade-C pancreatic
fistula: reoperation, organ failure, and death. The grades
were determined only after the fistula was completely
healed.

Statistical analyses

The data were statistically analyzed using the SPSS 22
software. The Shapiro—Wilk test was used for testing
normality. Measurement data are expressed as the
median (range) values. Fisher chi-square and Mann-
Whitney U tests were used to compare the categorical
and continuous variables of the two groups. All the

variables were incorporated into a univariate analysis.
Statistically significant variables in the univariate analysis
were incorporated into a multivariate logistic regression
analysis to identify the independent risk factors. P values
<0.05 were considered statistically significant.

RESULTS

Atotal of 52 patients whose medical records were available
were included in the study (Table 1). Of these, 31 were men
(59.6%) and 21 were women (40.4%). The mean patient age
was 63 (17-79) years. The most common tumor location
was the head of the pancreas, and the least common
location was the duodenum. No patients had major
vascular invasion [superior mesenteric vein (SMV), PV, and
superior mesenteric artery] and metastasis. While PD with
pylori preservation was performed for 15 patients, and PD
with distal gastrectomy was performed in 36 patients. The
median operative duration was 310 (220—480) min, and
the median amount of intraoperative bleeding was 400
(50-7000) ml. One patient with intraoperative transverse
mesocolon invasion underwent simultaneous right
hemicolectomy. Less than 90°C tumor invasion in the SMV
was detected in four patients. While SMV was seamlessly
dissected from the tumor in two patients, primary repair
was performed to SMV due to iatrogenic injury in two
patients. In one patient with no tumor invasion, primary
repair was performed for PV following iatrogenic injury.
Right nephrectomy was performed in two patients because
they had accompanying renal cell carcinoma, and excision
was performed in one patient with an accompanying
retroperitoneal mass. PG was performed in 27 patients
and PJ was performed in 25 patients for gastrointestinal
reconstruction. Catheters were placed in the pancreatic
duct in 14 patients who underwent PG and in nine patients
who underwent PJ. PJ was performed as a dual-loop
technique (Roux-en-Y) in 18 patients and as a single-loop
technique in seven patients. Postoperative complications
developed in 37 patients (71.6%) (Table 2). The most
common complication was POPF (19/52, 36.5%). Grade-A
POPF developed in six patients (11.5%), Grade-B POPF
developed in eight patients (15.4%), and Grade-C POPF
developedinfive patients (9.6%). Owing to the development
of postoperative complications, eight patients were re-
operated, and percutaneous drainage was performed
in four patients (Table 3). Percutaneous drainage was
performed in a patient who had Grade-B POPF because
of an intra-abdominal abscess. One of five patients with
Grade-C POPF was re-operated postoperatively on the
second day because of upper gastrointestinal bleeding,
one on the 9th day due to bile leakage, and one on the
20th day due to POPF. We performed fistula repair in the
second postoperative month for one POPF patient and
fistulojejunostomy in the seventh postoperative month
for another patient. The median length of hospital stay of
POPF patients was longer by 10 days. Six (11.5%) patients
died during the study period. This included five patients
who died because of intra-abdominal bleeding and
one who died because of PV bleeding. All patients with
mortality had POPF (p=0.001).
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Table 1. Demography of patients who underwent Table 2. Postoperative complications in patients who underwent
pancreaticoduedonectomy pancreaticoduedoectomys

Parameters n=52 TPostoperative complications n=52
Age (years) 63 (17-79) I. Abdominal (n, %) 26 (50.0)
Gender (n, %) Pancreatic fistula 19 (36.5)

Female 21 (40.4) Grade A 6(11.5)

Male 31(59.6) Grade B 8 (15.4)
ASA score (n, %) Grade C 5(9.6)

| 11(19.2) o

Surgical site infection 11(21.2)

::I fﬁ Eg?g; Deep surgical site infection 3(5.8)

W 3(5.8) Organ/space surgical site infection 8(15.4)
Comorbidity (Yes) (n, %) Biliary leak 6 (11.5)

Hypertension 17 (32.7) Gastrointestinal hemorrhage 5(9.6)

Diabetes Mellitus type 2 9(17.3) Intraabdominal hemorrhage 4(7.7)

Chronic obstructive pulmonary disease 3(5.8) Lymphatic leak 1(1.9)

Coronary artery disease 2(3.8) Il. Non-abdominal (n, %) 19 (36.5)

Chronic kidney failure 1(1.9) Atelectasis 6(11.5)

Cerebrovascular accident 1(1.9) Acute renal failure 4(1.7)

Epilepsy 1(1.9) Pneumonia 3(5.8)

Pulmonary embolism 1(1.9) Hypovolemic shock 3(5.8)

Pancytopenia 1(1.9) Urine tract infection 3(5.8)
Preoperative total bilirubin (mg/dL) .8(0.3-27.1) Septic shock 2(3.8)
Preoperative Ca 19.9 (U/L) 52.5(0.6-7590) Multiorgan dysfunction syndrome 1(1.9)
Preoperative interventions (n, %) 33(63.5) Thrombocytopenia 1(1.9)

Percutaneous transhepatic cholangiography 10(19.2) Respiratory failure 1(1.9)

Endoscopic Retrograde Cholangiopancreatog-raphy 23 (44.2) Sl e 1(1.9)
. Biopsyt_ b i s (0,%) zg 8:2 Pulmonary embolism 1(1.9)

reoperative biopsy diagnosis (n, % : .
Adtnocarcino:l o 11(21.6) Gastrl_c - : 1)
Superior mesenteric artery

Dysplasia 4(7.7) thrombosis 1(1.9)

Adenoma 3(5.8) Portal vein thrombosis 1(1.9)

Suspicious cytology 1(1.9) Delirium 1(1.9)

Benign 1(1.9) lleus 1(1.9)
Tumor placement (n, %)

Ampulla of water 21 (40 4 Parameters n=52

Distal choledochus 3(5.8)

Duedonum 101.9) Reoperation (n, %) 8(15.4)
Operation duration (minute) (n, %) 310 (220-480) Biliary leak 4(1.7)
Introperative hemorrhage (ml) (n, %) 400 (50-7000) Gastrointestinal hemorrhage 2(3.8)
Tumor stage (n, %) Postoperative pancreatic fistula 1(1.9)

L 10(19.2) Portal vein hemorrhage 1(1.9)

! 9 (173) Intraabdominal abscess 1(1.9)

2 20 (38.5)

3 9(17.3) Suspected anastomotic leak+ positive physical examination 1 (1.9)

na 4(7.7) Percutaneous drainage (n, %) 4(1.7)
Lenght of stay (day) 16 (1-39) Intrabdominal abscess 2(3.8)
Mortality (Yes) (n, %) 6(11.5) Lymphatic leak 1(1.9)
ASA: American Society of Anesthesiologists Biliary leak 1(1.9)
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Pathologically, the most common diagnosis was
adenocarcinoma (80.8%, 42/52). The other specimen
pathologies were as follows: adenoma in four patients
(7.7%); chronic pancreatitis in two (3.8%); and solid
pseudopapillary tumor, tuberculosis, benign pathology,
and intraductal papillary mucinous neoplasm in one
(1.9%). The median number of harvested lymph nodes
was 14 (2-31).

Table 4. Risk factors for postoperative pancreatic fistula

In one-way analysis, female sex (p=0.01), perioperative
blood transfusion (p=0.03), and the number of harvested
lymph nodes =12 (p=0.002) were related to POPF (Table
4). Inlogistic regression analysis, the number of harvested
lymph nodes =12 (OR: 3.290, p=0.005) and female sex (OR:
2.477, p=0.02) were independent variables for POPF risk.
Although perioperative blood transfusion increased the
risk of POPF, the increase was not significant (OR: 1.411,
p=0.10) (Table 5).

Parameters Pancreatic fistula n=21 No-pancreatic fistula n=31 p
Age (years) 59 (17-75) 60 (36-79) 0.54
Gender (n, %) 0.01
Male 7(22.6) 24 (77.4)
Female 12 (57.1) 9(42.9)
BMI (kg/m2) 25 (21-33) 23 (19-38) 0.07
Comorbidity (Yes) (n, %) 9 (34.6) 17 (65.4) 0.90
ASA score (n, %) 0.11
If 11(29.7) 26 (70.3)
Il 8(53.3) 7(46.7)
Preoperative total bilirubin (mg/dL) 1.9(0.3-12.8) 4.7(0.7-27.1) 0.34
Operation duration (minute) 300 (220-450) 310 (255-460) 0.37
Intraoperative hemorrhage (ml) 400 (50-1300) 350 (50-1100) 0.72
Operation type (n, %) 0.11
Pylor preserving pancreaticoduedonectomy ( 8(53.3) 7(46.7)
Standard pancreaticoduedonectomy 13 (35.1) 24 (64.9)
Anastomosis type (n, %) 0.62
Pancreaticogastrostomy 9(33.3) 18 (66.7)
Pancreaticojejunostomy 10 (40.0) 15 (60.0
Pancreaticojejunostomy (n, %) 0.66
Isolated Roux loop 8 (44.4) 10 (55.6)
Conventional 2 (28.6) 5(71.4)
Use of catheter (Yes) (n, %) 10 (43.5) 13 (56.5) 0.36
Blood transfusion (Yes) (n, %) 13 (52.0) 2 (48.0) 0.03
Additional surgery (Yes) (n, %) 4 (40.0) 6 (60.0) 0.80
Feeding jejunostomy (Yes) (n, %) 1(16.7) 5 (66.7) 0.28
Clavien-Dindo classification (n, %) 0.90
<2 13(37.1) 22 (62.9)
>2 6 (35.3) 11(64.7
Harvested number of lymph nodes (n, %) 0.002
12 11 (47.8) 12 (52.2
212 1(4.8) 20 (95.2
Tumor stage (n, %) 0.22
<2 13(33.3) 26 (66.7)
& 5 (55.6) 4 (44.4)
Lenght of hospital stay (day) 26 (9-37) 16 (7-34) 0.001
Mortality (Yes) (n, %) 6 (100.0) 0 (0) 0.001

BMI: Body mass index, ASA: American Society of Anesthesiologists
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Table 5. Univariate and multivariate analysis for postoperative pancreatic fistula

Univariate analysis

Parameters %95 C.I.
OR
Lower Upper
Female gender 4571 1.368 15.278
Blood transfusion (Yes) 3.792 1.143 12.582
Harvested lymph nodes 212 6.661 1.673 26.118

OR: Odds ratio, C.1.: Confidence imterval

Multivariate analysis

%95 C.1.
P OR p
Lower Upper
0.01 2.477 1.296 109.460 0.02
0.03 1.411 0.751 22.391 0.10
0.002 3.290 2.683 268.285 0.005

DISCUSSION

POPF is one of the most important and potentially severe
complications observed after PD. There is no optimal
method to reduce POPF, and research has focused
on the evaluation of risk factors (10,12,13). Many risk
factors have been reported for POPF, such as age, fat
distribution, operation duration, blood loss, perioperative
blood transfusion, pathological diagnosis, the diameter
of the main pancreatic duct, and texture of pancreatic
parenchyma (14,15). Awareness among physicians about
the risk factors allows early detection and prevention
of POPF. POPF developed in 19 patients (36.5%) who
underwent PD in our study. We found that female sex,
perioperative blood transfusion, and the number of
harvested lymph nodes =12 were risk factors for POPF. It
has been previously reported that male sex is associated
with POPF (54.23% vs. 42.35%, p=0.008) (10). To our
knowledge, this is the first study to report that female sex
is an independent variable for POPF risk (57.1 vs. 22.6%,
p=0.01; respectively). Blood transfusions are performed
for about 50% of PD patients (16). Post-bleeding blood
transfusion benefits by providing tissue perfusion, oxygen
delivery to the tissues, and hemodynamic stability (17).
However, perioperative blood transfusion has been
associated with an increased risk of POPF (18). In our
study, perioperative blood transfusion was an independent
variable for POPF risk (52.0% vs. 22.2%, p=0.03).

The most common surgical procedures for pancreatic
stump reconstruction following PD are PJ and PG.
Both these procedures have a risk of POPF. It is unclear
which procedure is better, and the choice is based on
the surgeon's personal preference (19). Although the
evidence value is low in a Cochrane review, the POPF risk
is reportedly lower in patients with PG (21.4% vs. 24.3%;
respectively) (19). However, many studies have reported
that PG is superior to PJ for the prevention of POPF
following PD (1,20-22). In our study, POPF developed in
nine patients who underwent PG and 10 patients who
underwent PJ. For POPF, there was no difference between
PG and PJ (33.3% vs. 40.0%, p=0.62; respectively).

The single-loop technique and dual-loop technique (Roux-
en-Y) have been used in PJ reconstruction to reduce
POPF after PD. The dual-loop technique is predicted to
achieve PJ anastomosis healing and reduce other intra-

abdominal complications related to pancreatic leakage.
Although several case series have reported convincing
results (23,24), the dual-loop technique (Roux-en-Y) for
PJ is not associated with a lower prevalence of POPF than
the single-loop technique (25,26). In our study, the single-
loop technique was used in 18 of the patients with PJ, and
the dual-loop technique (Roux-en-Y) was used in seven
PJ patients. There was no significant difference between
the single-loop technique and the dual-loop technique
in terms of POPF occurrence (44.4% vs. 28.6%, p=0.66;
respectively).

The most important cause of morbidity and mortality in
patients who performed PJ following PD, especially in
patients with soft pancreas, is POPF, with a prevalence of
5%—40%. Thus, one study has recommended the insertion
of a stent in the pancreatic duct to lower the risk of POPF
(27). However, a Cochrane review reported that the use of
stents had no significant effect on the occurrence of POPF
(28). Winter et al. also reported that the use of stents,
although not statistically significant, was associated with
a lower prevalence rate of POPF in the hard pancreas and
a higher rate in the soft pancreas (8). In our study, we
placed internal stents in the pancreatic duct of 23 patients
who had undergone PJ. We could not detect a significant
effect of stent use on the occurrence of POPF (43.5% vs.
56.5%, p=0.36; respectively).

Standard pancreaticoduodenectomy (SPD) is a
complicated surgery that is performed for treating
pancreatic malignant tumors. Pylorus-preserving
pancreaticoduodenectomy (PPPD) preserves the storage
and digestive functions of the stomach and reduces
postoperative complications of partial gastrectomy,
potentially improving the postoperative life quality of
patients (29). The POPF difference between SPD and
PPPD remains controversial. Lin et al. reported that the
POPF incidence was higher in the SPD group, while Seiler
et al. reported that the incidence of POPF was higher in
the PPPD group (30,31). Some studies have reported that
the POPF incidence is similar to the use of both methods
(29,32). In our study, no difference was found between
PPPD and SPD in terms of POPF incidence (53.3% vs.
35.1%, p=0.11; respectively).

For optimal pancreatic cancer staging, the lymph node
must be removed, containing at least 15 lymph nodes or
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approximately 10 negative LNs for curative intent (33).
When removing the lymph node in pancreatic cancer
surgery, the balance between intraoperative difficulties
and postoperative complications should be ensured.
Because the effect of removing more lymph nodes on the
long-term survival of the patient is limited (34).

Our study has certain limitations: (1) Due to the
retrospective nature of the study, information about
parameters that could affect the POPF risk, such as
pancreatic duct diameter and pancreatic tissue stiffness,
could not be obtained, (2) The relatively small sample size
may have reduced the effectiveness of some subgroup
analyses, and (3) The study was performed at a single
center; therefore, POC and their management protocols
may differ from that followed in other centers.

CONCLUSION

This study showed that POPF was the most common and
most important complication after PD. To reduce the POPF
risk, blood transfusion should be avoided when possible.
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