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Abstract

Background: To investigate the risk factors of Pancreatic Fistula (PF)
after Pancreatoduodenectomy (PD) and to summarize the strategies for early
diagnosis, prevention, and treatment.

Methods: Retrospective analysis was performed for clinical data of the 203
patients who underwent PD between October 2009 and October 2015. Clinical,
surgical, and pathological characteristics were collected. The patients were
divided into the PF group and the control group. Analyses were performed to
identify the risk factors for PF after PD.

Results: The overall complication incidence was 27.6% (56/203) and the
incidence of pancreatic fistula was 9.9% (20/203). The patients with PF showed
a higher frequency of preoperative serum bilirubin 2171 pmol/L, preoperative
serum albumin <35 g/L, postoperative serum albumin <35 g/L, soft texture of the
pancreas, and diameter of the pancreatic duct <3 mm, as well as higher BMI.
There were no differences in gender, age, history of diabetes, operation time,
blood loss, and blood transfusion between the two groups.

Conclusion: Patients with PF after PD showed a higher frequency of
preoperative serum bilirubin 2171 pmol/L, preoperative serum albumin <35
g/L, postoperative serum albumin <35 g/L, soft texture of the pancreas, and

diameter of the pancreatic duct <3 mm, as well as higher BMI.
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Introduction

Pancreatoduodenectomy (PD) is a major and complex abdominal
surgery. During PD, a part of the pancreas, the lower end of the
nearby common bile duct, a part of the stomach, and the upper ends
of the duodenum and jejunum are resected; in addition, the common
bile duct, pancreatic duct, stomach, and jejunum are anastomosed
[1,2]. In 1909, Kaush performed the first case of PD in Germany.
Since the late 20" century, PD has been extensively developed, and
it has become the preferred surgery for lower end of the common
bile duct tumors, pancreas head tumors, and duodenal periampullary
tumors [3].

Though the incidence of surgical complications has significantly
reduced as well [3-5], the incidence of postoperative complications is
still as high as 20-70% [6-8]. Because these procedure often performed
on people suffering from malnutrition, impaired liver function,
and poor general condition, [9] Post pancreaticoduodenectomy
complications include Pancreatic Fistula (PF), biliary fistula,
abdominal bleeding, and abdominal infection. Among these
complications, PF is the most common and fatal complication.
There are two main manifestations of PF: 1) pancreatic anastomotic
leakage, which refers to trypsin activated by intestinal juice in
the intestinal cavity entering into the abdominal cavity from the
weakness of the stoma or from incompletely sealed anastomosis; 2)

pure leakage of pancreatic juice [10]. According to ISGPF grades,
post Pancreaticoduodenectomy Pancreatic Fistula (POPF) were
graded as Grade A, B and C. Grade B and C POPF can lead to fatal
complications, such as abdominal infection and bleeding, while the
Grade A can heal by itself [10]. Early-stage symptoms of PF may
include abdominal distension, abdominal pain, fever, and increased
abdominal drainage fluid and amylase levels in the drainage fluid
were three times of the Upper Limit of Normal (ULN) three days after
surgery and the daily amount of fluid is >50 ml [11-15].

Documents showed that POPF is 5-25% and the mortality is
20-40% [16-18]. The causes of POPF are complex. Risk factors
include gender, age, history of diabetes, operation time, amount
of intraoperative bleeding, amount of intraoperative transfusion,
pathological ~diagnosis, preoperative serum bilirubin levels,
preoperative serum albumin levels, postoperative serum albumin
levels, texture of the pancreas, and diameter of the pancreatic duct
[11-14].

Early diagnosis of PF after PD is important, but in clinical practice,
the prevention of postoperative pancreatic fistula is more important,
and could effectively improve the survival of the patients and their
postoperative quality of life [10]. Therefore, the present study aimed
to investigate the risk factors of PF after PD and to summarize the
strategies for early diagnosis, prevention, and treatment.
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Table 1: Complications after PD.

Type of complications N
Systemic complications

Respiratory failure 3(3)
Septic shock 3(3)
Local complications

Pancreatic fistula 20
Biliary fistula 7
Intra-abdominal infection 25
Abdominal hemorrhage 6(2)
Gastrointestinal hemorrhage 5(1)
Intrahoracic infection 25
Stress ulcer 4
Delayed gastric emptying 3
Other minor complications 9

“The numbers inside the brackets are the number of deaths.

Materials and Methods

Ethic statement

The study protocol was approved by the ethics committee of the
Shandong Provincial Hospital Affiliated to Shandong University. All
participants or relatives provided a written informed consent for their
inclusion in the data analysis.

Study design and patients

This was a retrospective analysis of 203 patients who underwent
PD in the hepatobiliary Department and Organ Transplantation
Center of Shandong Provincial Hospital between October 2009 and
October 2015. The inclusion criteria were: 1) pathological diagnosis
of periampullary carcinoma; and 2) underwent PD. The exclusion
criteria were: 1) incomplete medical chart.

Data collection

Based on the literature about PF after PD and clinical practices of
our center, the following variables were selected to perform statistical
analysis [11-14]: patient characteristics (gender, age, history of
diabetes, preoperative serum bilirubin levels, and preoperative
serum albumin levels), operative data (operation time, amount of
intraoperative blood loss, amount of intraoperative transfusion,
texture of the pancreas, and diameter of pancreatic duct), and
postoperative data (serum albumin levels and pathological diagnosis).
The texture of pancreatic were assessed using methods as described
[19].

Clinical staging for the patients with malignant tumors was
based on the sixth edition of the TNM staging [20]. The diagnostic
criteria for PF after PD were: 1) meeting the diagnostic criteria by
the International Study Group on Pancreatic Fistula (ISGPF) [21]; 2)
amylase levels in the drainage fluid that are still >3 times the Upper
Limit of Normal (ULN) three days after surgery and if the daily
amount of fluid is >50 ml; or 3) leakage of pancreatic juice by imaging
examination.

Preoperative preparation

Preoperative relevant auxiliary examinations were performed.

Liver and kidney function and blood coagulation were examined.
Active treatment was performed for patients combined with other
disease, and related departments were asked to assist the treatment.
Functions of major organs were examined and evaluated. Chest X-ray
examination was performed and patients with metastatic lesions were
excluded. The nutritional status of the patients was improved, and
electrolyte imbalance was corrected. Hepatoprotective treatment was
performed for patients with obstructive jaundice. Injection of vitamin
K or plasma transfusion was performed to improve the coagulation
function. Prophylactic use of antibiotics was performed before the
operation. All patients with jaundice did not receive Percutaneous
Transhepatic Cholangial Drainage (PTCD) or Endoscopic Nasal
Biliary Drainage (ENBD). For patients with chronic diseases (such as
diabetes and hypertension), blood glucose and blood pressure were
controlled before the operation.

Pancreaticoduodenectomy
PD was performed as previously described [9,11,22-25].

Postoperative management

Routine treatments included liver protection, anti-inflammation,
acid suppression, fluid replacement therapy, and maintenance of the
water-electrolyte and acid-base balances. After the operation, enteral
nutrition was supplemented as early as possible. Somatostatin was
routinely administered. Serum albumin (10-30 g) was administrated
for patients with low serum albumin levels before the operation and
the patients with low serum albumin levels after the operation. The
drainage tube was removed for patients without PF and biliary fistula
after no liquid outflew from the abdominal drainage tube. For patients
with obstructed drainage of PF and biliary fistula, percutaneous
peritoneal drainage was performed.

Statistical analysis

All patients were divided into the PF group and the control
group based on whether they met criteria for postoperative PF. For
continuous data meeting the normal distribution (according to the
Kolmogorov-Smirnov test), Analysis of Variance (ANOVA) was
used to compare the groups. If the data did not meet the normal
distribution, the Wilcoxon rank sum test was used. Categorical data
were analyzed using the Fisher exact test. SPSS 19.0 (IBM, Armonk,
NY, USA) was used for statistical analysis. Two-sided P-values <0.05
were considered to be statistically significant.

Results

Characteristics of the patients

There were 126 males and 77 females, for a male-to-female ratio
of 1.64:1. The patients were 37-84 (mean, 62.9) years of age. There
were 71 (71/203, 34.9%) patients with distal bile duct cancer, 60
(60/203, 29.6%) with pancreatic head carcinoma, 39 (39/203, 19.2%)
with periampullary cancer, 30 (30/203, 14.8%) with malignant tumor
of the duodenum, and 3 (3/203, 1.5%) of benign pancreatic head
tumor. There were 100 patients whose serum albumin levels were
low (<35 g/L) and 113 whose Total Bilirubin Levels (TBIL) were
high (2171 umol/L). There were 130 patients whose carbohydrate
antigen 19-9 levels (CA19-9) were high (>40 U/ml) and 195 whose
Carcinoembryonic Antigen Levels (CEA) were high (>5 ug/L).
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Table 2: Factors associated with PF.

Table 3: Pathological characteristics of malignant tumors with PF.

Postoperative PF and other complications

Table 1 showed the complications after PD. There were 20 patients
(9.9%) suffered POPF. Nine patients died post PD. The causes of
death were as follow: respiratory failure (n=3), septic shock (n=3),
abdominal hemorrhage (n=2), and gastrointestinal hemorrhage
(n=1).

Associations between clinical factors and postoperative
PF

Table 2 presents the analyses of the factors associated with PF.
The patients with PF showed a higher frequency of preoperative
serum bilirubin 2171 pmol/L (90.0% vs. 51.9%, P=0.01), preoperative
serum albumin <35 g/L (75.0% vs. 46.4%, P=0.03), postoperative
serum albumin <35 g/L (75.0% vs. 48.1%, P=0.01), soft texture of the
pancreas (85.0% vs. 37.2%, P=0.02), and diameter of the pancreatic
duct <3 mm (70.0% vs. 41.0%, P=0.03), as well as higher BMI
(23.8+3.6 vs. 22.4+3.5 kg/m?, P=0.008). There were no differences in
gender, age, history of diabetes, operation time, blood loss, and blood
transfusion between the two groups.

Factors PF n=20 P Factors Controls n=181 P

Gender 0.14 Depth of tumor invasion 0.1

Male 11 (55.0%) Limited to the base layer 49 (27.1%)

Female 9 (45.0%) Full-thickness 92 (67.4%)

Age(years) 61 0.25 Full-thickness and surrounding organ 10(5.5%)

History of diabetes 0.18 Tumor size 0.99

Yes 11 (55.0%) >3cm 73(40.3%)

No 9 (45.0%) <3cm 104(59.7%)

Preoperative serum bilirubin levels 0.01

<A71umoliL 2 (10.0%) Assomatlons between pathological factors and
postoperative PF

2171 pmol/L 18 (90.0%) . ) )

: : In the present series, there were 200 cases with malignant tumors.
Preoperative serum albumin levels 0.03 There were no differences in depth of tumor invasion and tumor size
235g/L 5 (25.0%) between the two groups (Table 3).

0, - -
<35g/L 15 (75.0%) Discussion
Postoperative serum albumin levels 0.01
The causes of PF after PD are complex, and PF may lead to

>35g/L 5 (25.0%) o i . .

other complications. In addition, risk factors vary among available
<35g/L 15 (75.0%) studies [13,14,18,24,26] Therefore, this study aimed to investigate
Operation time 0.35 the risk factors of PF after PD and to summarize the strategies for
>6h 13 (65.0%) early diagnosis, prevention, and treatment. The results showed that
<oh 7 (35.0%) the patients with PF showed a higher frequency of preoperative

. 0,

serum bilirubin 2171 pmol/L, preoperative serum albumin <35 g/L,
Amount of intraoperative blood loss (ml) 400.5+100.0 025 postoperative serum albumin <35 g/L, soft texture of the pancreas,
Amount of intraoperative transfusion (ml) 500.6+120.3 0.15 and diameter of the pancreatic duct <3 mm, as well as higher BMI.
Texture of the pancreas 0.02 Previous studies have shown that relevant factors related to the
Hard 3 (15.0%) incidence of PF after PD include gender, age, history of diabetes,
Soft 17 (85.0%) operation time, amount of intraoperative bleeding, amount of
Diameter of the pancreatic duct 0.03 bk).od .transfus1on, pathgloglcal d1agnos1s., preoperative serl.lm

bilirubin levels, preoperative serum albumin levels, postoperative

0,

=3mm 6 (30.0%) serum albumin levels, texture of the pancreas, and diameter of the
<3mm 14 (70.0%) pancreatic duct [11-14]. However, these risk factors vary among
Body mass index (kg/m?) 23.8+3.6 0.008 studies and countries. Hu et al. [14] showed that male gender, high

BMI, anastomosis type, small pancreatic duct diameter, and soft
pancreas were risk factors for PF after PD. Lerut et al. [27] showed
that emergency of the procedure, age, serum bilirubin, quality of the
pancreatic tissue, and renal insufficiency were associated with PF. Liu
etal. [13] showed that small pancreatic duct diameter was a risk factor
for PF. On the other hand, Matsusue et al. [17] showed that no factor
apart age was associated with PF after PD. Van Bergen Henegouwen
et al. [23] showed that only small pancreatic duct size and ampullary
carcinoma diagnosis were associated with PF after PD. Finally, Yang
et al. [24] showed that only the pancreatic duct size and pancreatic
tissue texture affected the incidence of PF. In the present study,
duodenal tumors, diameter of the pancreatic duct <3 mm, internal
pancreatic drainage, external pancreatic drainage, soft texture of the
pancreas, and BMI were associated with the incidence of PF after
PD. Discrepancies among studies may be due to a number of factors,
including ethnicity, surgical experience, and economic status, among
others.

Matsusue et al. [17] has found that patient age >70 years old is a
risk factor for pancreatic fistula, [17] supported by Lerut et al. [27]
Older age can be associated with a number of factors leading to poor
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surgical outcomes (all types together) such as malnutrition, impaired
liver function, and poor general condition [6-8]. In the present study,
age was not associated with the incidence of PF after PD.

Lerut et al. [27] showed that the incidence of PF after PD was
increased in patients with preoperative total bilirubin levels >102.6
pmol/L. Therefore, it has been suggested that jaundice should first be
controlled before PD can be performed. On the other hand, Pisters et
al. [28] reported 300 cases of PD, and the results suggest that except
an increase of wound infection, the incidence of other complications
(including PF) in the jaundice-reducing group was not different
from that of the non-jaundice-reducing group [28]. In the present
series, no jaundice-reducing treatments were given before PD. In the
PF group, there were [18] (90.0%) patients with high preoperative
total bilirubin levels (=171 pmol/L), while 51.9% of the controls had
elevated total bilirubin. Nevertheless, the discrepancy among studies
could be used to the methods of measuring total bilirubin, as well as
to the cut-off levels used.

Low preoperative serum albumin levels reflect the degree of liver
damage [29]. Hypoproteinemia can affect anastomotic healing [30]
because of reduced tissue regeneration and repair. In the present
study, 75% of the patients with PF had low albumin levels before
surgery compared to 46.4% in controls.

Many studies have reported that the texture of pancreas
is an important factor affecting the occurrence of PF after PD
[10,14,17,18,24]. It may be because that a soft pancreas will increase
of difficulty of anastomosis and increased space between threads of
suture is likely to cause leakage of pancreatic juice, thereby resulting
in PF. This kind of pancreas is easy to be lacerated when performing
PD. Yeo et al. [15] reported that the incidence of PF of patients with
hard pancreas was lower than for the patients with soft pancreatic
parenchyma. In the present study, there were three patients with hard
texture of pancreas and PF, accounting for 15.0% of the patients with
PF, compared to 62.8% in the control group.

Many studies showed that a high risk factor for PF is a pancreatic
duct with a diameter <3 mm, [13,14,23,24] leading to difficult suture
and the end-to-side anastomosis with the jejunal mucosa cannot
be directly performed. Moreover, due to the secretion of pancreatic
juice, it is difficult to heal if the anastomosis is lost. Pancreatic juice
secreted by the pancreas contains a large amount of proteolytic
enzymes, and the tissue around the anastomosis can be digested. In
this study, there were 114 patients with pancreatic duct diameter >3
mm, and there were six patients (5.3%) with PF, compared to 15.7%
among the patients with a pancreatic duct diameter <3 mm.

In the present study, both internal and external drainage were
associated with PF after PD, but external drainage was associated with
a higher risk of PF. Meng et al. [31] showed that external drainage was
associated with a lower likelihood of PF after PD. This discrepancy
could be due to a number of factors, including the characteristics of
the patients and diseases, and the surgical experience, among others.

The present study has some limitations. The sample size was small
and from a single center. In addition, the retrospective nature of the
study limited the variables that could be evaluated. Additional studies
are necessary to adequately determine the risk factors for PF after PD.

Conclusion

In conclusion, patients with PF showed a higher frequency of
preoperative serum bilirubin >171 pmol/L, preoperative serum
albumin <35 g/L, postoperative serum albumin <35 g/L, soft texture
of the pancreas, and diameter of the pancreatic duct <3 mm, as well
as higher BML
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