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Background: Nowadays, the incidence of perihilar cholangiocarcinoma (PHCC) is increasing yearly, 
and biliary fistula is a common complication. However, there are few reports on the factors affecting the 
occurrence of biliary fistula. This study aimed to analyze the risk factors for the occurrence of biliary fistula 
after radical surgery for PHCC in elderly patients to provide a reference basis for improving the prognosis.
Methods: From April 2016 to April 2021, we randomly included 250 elderly patients with pathologically 
diagnosed PHCC. Based on our established inclusion and exclusion criteria, we included 211 patients finally 
Bile drainage for 3 consecutive days after abdominal drainage or single bile drainage ≥100 mL/d was used as 
the diagnostic criteria for biliary fistula. Multiple logistic regression was used to analyze the independent risk 
factors for biliary fistula after radical surgery for PHCC. Besides, the Prognostic Score (PS), the Karnofsky 
performance score (KPS), and the quality of life (QOL) score were used to assess the patients’ postoperative 
recovery, and survival curves were drawn to reflect their 1-year survival rate, using overall survival.
Results: The statistical results showed a 36.5% incidence of biliary fistula. Our study showed that 
preoperative cholangitis, number of biliary anastomoses, etc. were independent risk factors for grade B 
and grade C biliary fistula. Besides, the presence of intraoperative hemorrhage (OR =0.223, P=0.006) and 
γ-glutamyl transpeptidase (γ-GT) on the first postoperative day (OR =1.011, P=0.013) were still independent 
risk factors for grade B biliary fistula, while C-reactive protein (CRP) (OR =1.026, P=0.011) and total 
bilirubin (TBil) (OR =0.003, P=1.066) on the first postoperative day and bile duct diameter (OR =0.299, 
P=0.020) were independent risk factors for grade C biliary fistula. Analysis of variance (ANOVA) showed 
statistically significant differences (P<0.05) between the three groups in terms of PS (P=0.000), KPS (P=0.001), 
and QOL scores (P=0.000). 
Conclusions: The incidence of postoperative biliary fistula remains high in elderly patients treated 
with radical surgery for PHCC and seriously affects their prognosis. Therefore, focusing on the clinical 
characteristics and risk factors of patients, improving surgical precision and enhancing postoperative patient 
care to reduce the likelihood of postoperative biliary fistula, thereby prolonging patient life.
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Introduction

Cholangiocarcinoma (CCA) accounts for nearly 15% of 
all primary liver cancers worldwide and 2% of all cancer-
related deaths (1). Perihilar cholangiocarcinoma (PHCC), 
which occurs between the level of the opening of the bile 
duct and the opening of the right and left hepatic duct 
secondary branches, is a common malignancy of the biliary 
system, accounting for 50–70% of all biliary tract tumors (1).  
According to the Bismuth-Corlette typing method (2), 
PHCC can be divided into the following types: type I, where 
the tumor is located at the bifurcation of the common hepatic 
duct and the left and right hepatic ducts are connected; type 
II, where the tumor is located at the confluence of the left 
and right hepatic ducts and the left and right hepatic ducts 
are not connected; type IIIa, where the tumor invades the 
right hepatic duct; type IIIb, where the tumor invades the 
left hepatic duct; and type IV, where both hepatic ducts 
are involved. PHCC is more likely to occur in middle-
aged and elderly people aged 50 to 70 years old, and the 
physical condition of elderly patients is generally poorer 
based on the combination of some underlying diseases, and 
the postoperative complications of biliary fistula are more 
serious to them. The early symptoms of PHCC are non-
specific, such as poor appetite, decreased appetite, aversion 
to greasy food, indigestion, and epigastric distention (3). 
Owing to its high malignancy, early lymph node metastasis, 

caudate lobe invasion, and nerve infiltration, and its special 
location (adjacent to the hepatic vessels and bile ducts), 
PHCC is difficult to treat and has a low cure rate is low (only 
about 30%) (4). With the improvement of China’s economic, 
development, and medical levels, the average life expectancy 
in the country has greatly increased. The proportion of the 
elderly population is gradually increasing but the trend of 
elderly patients with PHCC is also on the rise. Due to the 
influence of degenerative changes in physiological function 
and lowered immunity, the treatment of PHCC in elderly 
patients is more difficult, involving more postoperative 
complications and a shorter survival period.

Currently, complete surgical resection is the only 
treatment that is recognized to achieve a radical cure and 
maintain long-term survival (5). Since PHCC occurs in 
the core part of the biliary system and tends to extensively 
invade the surrounding blood vessels, nerve tissues, and 
major liver parenchyma, the surgical procedure is complex 
and technically difficult, and thus, open resection is mainly 
performed. Minimally invasive resection can be achieved 
only in limited cases (6). Local simple PHCC is only 
applicable to a small number of Bismuth-Corlette type I, 
and the vast majority of patients require radical surgery 
including liver resection. Radical surgery for PHCC consists 
of the following components: resection of the extrahepatic 
bile duct (including the right and left hepatic ducts at the 
confluence, the extrahepatic bile duct at the superior margin 
of the pancreas, the gallbladder, and the cystic duct), the 
segment of the liver lobe involved in the tumor, regional 
lymph node dissection (groups 8a, 8b, 9, 12, and 13a), the 
resection and reconstruction of the invasive hepatic artery 
and portal vein, as well as bile intestinal anastomosis (7,8). 

Radical surgical liver resection is extensive, risky, and 
has a high incidence of postoperative complications, mainly 
including biliary fistula, liver failure, pleural effusion, 
abdominal infection, and adhesive bowel obstruction (9). 
Among these, as radical surgery involves a biliary incision, 
suturing, anastomosis, and drainage, poor biliary healing, 
and bile leakage may occur if there is a mistake or due to 
other patient-specific factors, which eventually leads to 
postoperative biliary fistula. According to the International 
Study Group for Liver Surgery (ISGLS) (10), postoperative 
biliary fistulas are graded as grade A fistulas, which are 
mild and hardly affect the prognosis of patients, while 
patients with grade B and C fistulas have a longer course 
and significantly impact the prognosis of patients. In recent 
years, although the medical level and surgical operation 
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level have improved, the incidence of postoperative 
biliary fistula after radical surgery for PHCC is still as 
high as 31.5–38.9%, which is much higher than that of 
hepatectomy alone (4.8–14.0%) (11-14). Postoperative 
biliary fistula can have a serious impact on the quality of 
life (QOL) as well as the prognostic outcomes of patients, 
resulting in a considerable economic, physical, and mental 
health burden on patients and their families (15). Similarly, 
a previous study (16) pointed out that postoperative biliary 
fistula can also affect the long-term survival of patients. 
However, there are few reports on the risk factors affecting 
the development of postoperative biliary fistula and the 
impact of biliary fistula on the prognosis of patients. 
Therefore, there is a pressing need to further clarify the 
independent risk factors for the development of biliary 
fistula after radical surgery for PHCC and the impact of 
postoperative biliary fistula on the prognosis of elderly 
patients. Also, targeted preventive measures according to 
the stratification of relevant risk factors at an early stage are 
needed to provide a basis for preventing the occurrence of 
postoperative biliary fistula and improving the prognosis 
of elderly patients. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://jgo.amegroups.com/article/view/10.21037/jgo-
23-34/rc).

Methods

Research participants

A total of 211 elderly patients who underwent radical 

surgery for PHCC at the First Affiliated Hospital of 
Nanjing Medical University from April 2016 to April 2021 
were included in this study.

The inclusion criteria were as follows: (I) pathological 
diagnosis of PHCC; (II) patients aged ≥65 years, both 
sexes; (III) undergoing radical surgery including partial 
hepatectomy, extrahepatic bile duct resection, regional 
lymph node dissection, and Roux-en-Y biliary intestinal 
anastomosis; (IV) awake patients who were able to 
cooperate and complete the questionnaire; (V) complete 
clinicopathological data.

The exclusion criteria were as follows: (I) pathological 
diagnosis is not PHCC; (II) patients aged <65 years; (III) 
not having undergone radical surgery; (IV) suffering from 
mental illness or unable to communicate normally in 
language; (V) missing clinicopathological data (Figure 1).

According to whether the patients developed a biliary 
fistula and the grading of biliary fistula after surgery, we 
defined patients with grade A biliary fistula and no biliary 
fistula as the non-biliary fistula group, while grade B and 
C biliary fistulas were defined as the grade B and C biliary 
fistula groups, respectively. Finally, 211 elderly patients 
treated with radical surgery for PHCC were included in this 
study, according to the inclusion and exclusion criteria. 

The incidence of biliary fistula was an important 
outcome indicator in this study. According to the review 
of previous studies (11-14), the incidence of biliary fistula 
in patients with PHCC is about 30%. The general rule 
of logistic regression requires a ratio of item number to 
sample size of 1:5–1:10 and our research factors are about 
11. Therefore, the sample size of the study population 
planned for this study was 250 cases. There were 39 cases of 
actual attrition and missing part of cases, and 211 cases were 
finally counted.

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study was 
approved by the Ethics Committee of The First Affiliated 
Hospital of Nanjing Medical University (No. LC2021165). 
Informed consent was obtained from all patients.

General information questionnaire

The general information questionnaire included demographic 
data [e.g., gender, age, body mass index (BMI)] and clinical 
data [e.g., presence of hypertension and diabetes mellitus, 
Bismuth-Corlette staging, preoperative combined cholangitis 
or not, intraoperative hemorrhage or not, whether the 

Exclude:
9: Pathological diagnosis is not PHCC
12: Patients < 65 years old
6: Have not received radical surgery
1: Suffer from mental illness or unable to 
communicate normally in language
11: Questionnaires were not returned

250 elderly patients undergoing radical 
surgery for perihilar cholangiocarcinoma 

(April 2016 to April 2021)

Accept questionnaire survey (n=211)

Figure 1 Study flowchart. Elderly patients in PHCC. PHCC, 
perihilar cholangiocarcinoma.

https://jgo.amegroups.com/article/view/10.21037/jgo-23-34/rc
https://jgo.amegroups.com/article/view/10.21037/jgo-23-34/rc
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surgery time was >6 h, the number of biliary anastomoses, 
whether the American Society of Anesthesiologists (ASA) 
score was ≥3, whether the serum albumin was <34 g/L, 
whether the specimen cut edge was R0, the extent of liver 
resection, preoperative biliary drainage or not, and whether 
the bile duct diameter was >1.5 cm].

Prognostic Score (PS)

The Eastern Cooperative Oncology Group (ECOG) PS is 
a common index for clinical evaluation of the daily activity 
level of cancer patients, which can predict the patients’ 
ability to tolerate treatment and reflect the quality of survival 
of cancer patients. The specific criteria are as follows:  
0 point: normal mobility, no difference compared to the 
mobility before the disease; 1 point: free to walk and engage 
in light physical activities, including general household or 
office work but cannot engage in heavy physical activities; 
2 points: free to walk and take care of themselves, but have 
lost the ability to work, and can get up and move around at 
least half of the day; 3 points: only partially able to take care 
of themselves, and more than half of the day is spent in bed 
or a wheelchair; 4 points: bedridden, unable to take care of 
themselves; 5 points: death.

Postoperative follow-up was conducted for 1 year by 
telephone, e-mail, and outpatient review. The last follow-up 
visit occurred in April 2022.

Karnofsky performance score (KPS)

The KPS is based on the patients’ condition, ability to 
perform normal activities, and degree of self-care. Higher 
scores indicate a better health status and ability to tolerate 
the side effects of treatment. The scores are as follows: 100: 
normal with no signs and symptoms; 90: able to perform 
normal activities with minor signs and symptoms; 80: 
barely able to perform normal activities with some signs 
and symptoms; 70: able to take care of himself/herself but 
cannot maintain normal life and work; 60: able to take care 
of himself/herself mostly but needs occasional help; 50: 
often needs care; 40: unable to take care of himself/herself 
and needs special care and assistance; 30: seriously unable 
to take care of himself/herself; 20: seriously ill, requiring 
hospitalization and active supportive treatment; 10: critically 
ill, near death; 0: death. 

Postoperative follow-up was conducted for 1 year by 
telephone, e-mail, and outpatient review. The last follow-up 

visit occurred in April 2022.

QOL score

The QOL score is commonly used for oncology patients; 
it is a comprehensive assessment based on a total of 12 
aspects, including appetite, sleep, spirit, fatigue, pain, family 
understanding and cooperation, colleagues’ understanding 
and cooperation, own knowledge of cancer, attitude toward 
treatment, daily life, side effects of treatment, and facial 
expression. It is calculated as a total score of 60, with a score 
≤20 being very poor, 21–30 being poor, 31–40 being fair, 
41–50 being good, and 51–60 being excellent.

Postoperative follow-up was conducted for 1 year by 
telephone, e-mail, and outpatient review. The last follow-up 
visit occurred in April 2022.

Kaplan-Meier survival curve

Postoperative follow-up was conducted for 1 year by 
telephone, e-mail, and outpatient review, which included a 
routine physical examination and tumor marker test. The 
patients were instructed to visit the hospital at any time if 
there was any discomfort. The follow-up ended with the 
patients’ death, and the follow-up deadline was April 2022.

Statistical analysis

The results of each scale were entered into the computer 
for score conversion, and statistical analysis was performed 
using SPSS 26 (IBM SPSS, USA). Measured data were 
expressed as the mean and standard deviation and count 
data were expressed as the frequency and percentage. 
Statistical analysis between the groups was performed using 
t-test, analysis of variance (ANOVA), and chi-square test, 
and factors influencing the occurrence of postoperative 
biliary fistula were analyzed by multiple logistic regression. 
Survival curves were plotted using the Kaplan-Meier 
method using Log-rank (Mantel-Cox) test. A two-sided 
P<0.05 was considered statistically significant.

Results

Baseline data

The baseline characteristics of the patients are shown in 
Table 1. A total of 211 elderly patients who underwent radical 
surgery for hilar CCA were included in this study. In the non-
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Table 1 Comparison of the clinical features of patients after radical resection of PHCC

Item Biliary fistulas group, N (%) No biliary fistula group, N (%) χ2 P

Gender 0.566 0.452

Male 50 (64.9) 80 (59.7)

Female 27 (35.1) 54 (40.3)

Age (years) 0.262 0.609

<75 61 (79.2) 110 (82.1)

≥75 16 (20.8) 24 (17.9)

BMI, kg/m2 23.894 0.000

<18 3 (3.9) 12 (9.0)

18–24 32 (41.6) 93 (69.4)

>24 42 (54.5) 29 (21.6)

Diabetes 11.262 0.001

Yes 39 (50.6) 37 (27.6)

No 38 (49.4) 97 (72.4)

Hypertension 0.238 0.626

Yes 20 (26.0) 39 (29.1)

No 57 (74.0) 95 (70.9)

Type of Bismuth-Corlette 1.767 0.778

I 30 (39.0) 53 (39.6)

II 13 (16.9) 31 (23.1)

IIIa 15 (19.5) 24 (17.9)

IIIb 12 (15.6) 15 (11.2)

IV 7 (9.0) 11 (8.2)

Preoperative cholangitis 14.179 0.000

Yes 29 (37.7) 20 (14.9)

No 48 (62.3) 114 (85.1)

Major bleeding during the operation 4.040 0.044

Yes 23 (29.9) 24 (17.9)

No 54 (70.1) 110 (82.1)

Operation time >6 h 4.891 0.027

Yes 24 (31.2) 24 (17.9)

No 53 (68.8) 110 (82.1)

Number of biliary anastomoses 20.408 0.000

≤1 37 (48.1) 105 (78.4)

≥2 40 (51.9) 29 (21.6)

Table 1 (continued)
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biliary fistula group, there were 110 (82.1%) patients aged 
<75 years and 24 (17.9%) patients aged ≥75 years, including 
80 (59.7%) male patients and 54 (40.3%) female patients. 
In the biliary fistula group (including grade B and C biliary 
fistulas), there were 61 (79.2%) patients <75 years old and  
16 (20.8%) patients ≥75 years old, including 50 (64.9%) male 
patients and 27 (35.1%) female patients. In the non-biliary 
fistula group, 37 (27.6%) patients had diabetes and 39 (29.1%) 
patients had hypertension. In the biliary fistula group, 39 
(50.6%) patients had diabetes and 38 (49.4%) patients did 
not have diabetes; 20 (26.0%) patients had hypertension and 
57 (74.0%) patients did not have hypertension. According 
to Bismuth-Corlette typing, in the non-biliary fistula group, 
53 (39.6%) patients were type I, 31 (23.1%) patients were 
type II, 24 (17.9%) patients were type IIIa, 15 (11.2%) 
patients were type IIIb, and 11 (8.2%) patients were type IV. 
Meanwhile, in the biliary fistula group, 30 (39.0%) patients 
were type I, 13 (16.9%) patients were type II, 15 (19.5%) 

patients were type IIIa, 12 (15.6%) patients were type IIIb, 
and seven (9.0%) patients were type IV. As for the extent of 
liver resection, in the non-biliary fistula group, 22 (16.4%) 
patients had a small area of liver resected, 65 (48.5%) patients 
had a triple area resected, and 47 (35.1%) patients had an 
extended hemi-hepatectomy; in the biliary fistula group, 18 
(23.4%) patients had a small area of liver resected, 33 (42.9%) 
patients had a triple area resected, and 26 (33.7%) patients 
had an extended hemi-hepatectomy. Moreover, in the non-
biliary fistula group, 20 (14.9%) patients had preoperative 
biliary ductitis, 57 (42.5%) patients had preoperative 
biliary drainage, 24 (17.9%) patients had intraoperative 
major bleeding, and 29 (21.6%) patients had ≥2 biliary 
anastomoses; while in the biliary fistula group, 29 (37.7%) 
patients had preoperative biliary ductitis, 50 (64.9%) patients 
had preoperative biliary drainage, 23 (29.9%) patients had 
intraoperative major bleeding, and 40 (51.9%) patients had 
biliary anastomoses ≥2.

Table 1 (continued)

Item Biliary fistulas group, N (%) No biliary fistula group, N (%) χ2 P

ASA score ≥3 0.759 0.384

Yes 45 (58.4) 70 (52.2)

No 32 (41.6) 64 (47.8)

Alb 4.684 0.030

<34 g/L 35 (45.5) 41 (30.6)

≥34 g/L 42 (54.5) 93 (69.4)

Cut edge of specimen 0.003 0.958

R0 56 (72.7) 97 (72.4)

R1 21 (27.3) 37 (27.6)

Scope of liver resection 1.609 0.447

≤three hepatic segments 18 (23.4) 22 (16.4)

Fall in between three hepatic segments and hemihepatic 33 (42.9) 65 (48.5)

Hemihepatic or enlarged hemihepatic 26 (33.7) 47 (35.1)

Preoperative biliary drainage 9.815 0.002

Yes 50 (64.9) 57 (42.5)

No 27 (35.1) 77 (57.5)

Bile duct diameter >1.5 cm 4.798 0.028

Yes 30 (39.0) 33 (24.6)

No 47 (61.0) 101 (75.4)

PHCC, perihilar cholangiocarcinoma; BMI, body mass index; ASA, American Society of Anesthesiologists; Alb, albumin.
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Comparison of the laboratory indexes before and on the 
first day after radical surgery for PHCC among the three 
groups

According to ANOVA, there were no differences in the 
preoperative laboratory indexes among the non-biliary 
fistula group, the grade B biliary fistula group, and the 
grade C biliary fistula group, while postoperative the 
laboratory indexes of γ-glutamyl transpeptidase (γ-GT), 
TBil (total bilirubin), and C-reactive protein (CRP) were 
statistically significant among the three groups (P<0.05). 
Further two-by-two comparison revealed that CRP indexes 
were significantly different between the non-biliary fistula 
group and the grade B or C biliary fistula groups (P<0.05), 
and CRP indexes were significantly lower in the non-biliary 
fistula group than in the grade B or C biliary fistula groups 
on the first day after surgery. Meanwhile, γ-GT were 
significantly lower in the non-biliary fistula group than in 
the grade B biliary fistula group and there was a significant 
difference between them (P<0.05); TBil was also the lowest 
in the non-biliary fistula group, and there was a significant 
difference between the non-biliary fistula group and the 
grade C biliary fistula group (P<0.05) (Tables 2,3, Figure 2).

Multiple logistics regression analysis between the non-
biliary fistula group and grade B and C biliary fistula 
group

Multiple logistic regression analysis showed that BMI, 
diabetes, preoperative cholangitis, number of biliary 
anastomosis and preoperative biliary drainage were common 
independent risk factors for both grade B and C biliary 
fistulas; while intraoperative major bleeding and γ-GT on 
the first postoperative day were independent risk factors for 
the grade B biliary fistulas. Also, bile duct diameter, CRP, 
and TBil on the first postoperative day were independent 
risk factors for grade C biliary fistulas (Table 4, Figure 3).

Comparison of the PS, KPS, and QOL Scores among the 
three groups after radical resection of PHCC

According to ANOVA, there were significant differences in 
the PS, KPS, and QOL scores among the three groups after 
radical surgery for PHCC (P<0.05). Further two-by-two 
comparison revealed significant differences between the two 
groups in terms of the PS scores, and the non-biliary fistula 
group had lower scores than the grade B or C biliary fistula 
group. As for the KPS and QOL scores, the non-biliary 

fistula group was significantly higher than the grade B or C 
biliary fistula group, and the differences were statistically 
significant (P<0.05) (Tables 5,6, Figure 4).

Comparison of the Kaplan-Meier survival curves between 
the Grade B, C biliary fistula group and non-biliary fistula 
group

The follow-up lasted for 1 year, and the difference in 
cumulative survival function between the non-biliary 
fistula group and the grade B or C biliary fistula group was 
statistically significant (P<0.05). However, there was no 
significant difference in the survival function between the 
grade B biliary fistula group and the grade C biliary fistula 
group (Figure 5).

Discussion

PHCC is a biliary tumor that invades the proximal 
extrahepatic bile duct, accounting for 50–70% of all biliary 
tract tumors (1). The treatment and management of PHCC 
remain challenging, especially considering its aggressive 
nature and complex anatomical relationships (17). The 
current treatment of patients with PHCC is mainly based 
on hepatic resection and extrahepatic biliary resection, 
and despite the increasing technological advances in 
medical treatment and experience in hepatic resection, the 
postoperative complication rates (4.09–47.7%) and mortality 
rates (0.24–9.7%) remain high (18). Common postoperative 
complications include fever, bleeding, biliary fistula, liver 
failure, pleural effusion, and subdiaphragmatic infection, 
with biliary fistula exhibiting a high incidence (19-22). 
The common causes of postoperative biliary fistula are as 
follows: (I) truncation of the distal duct of the residual liver, 
which is the most common cause; (II) leakage from the bile 
duct-intestinal anastomosis, or incomplete suturing around 
the t-tube; (III) bile duct injury due to improper surgical 
technique. In addition, biliary fistula has adverse effects on 
both the near and long-term prognosis of patients (12,13,23). 

In this study, the incidence of biliary fistula complicating 
radical surgery for PHCC was 36.49%. There were 
significant differences (P<0.05) between the biliary fistula 
group and the non-biliary fistula group in terms of BMI 
and whether they had diabetes or preoperative cholangitis. 
Among these, diabetes, as a common underlying disease 
in elderly patients, leads to suboptimal tolerance of the 
patient’s body, as diabetes and PHCC are both metabolic 
diseases. High blood sugar, as a source of energy, leads to 
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the continuous growth and reproduction of cancer cells, 
which aggravates the degree of impaired liver function; the 
continued impairment of liver function in turn aggravates 
diabetes, resulting in glucose metabolism disorders 
and decreased glucose tolerance. This leads to further 
aggravation of diabetes, thus forming a vicious circle and 
seriously damaging the health of patients (24). Therefore, 
early identification, diagnosis, and intervention for high-
risk patients in the clinical treatment process will provide 
positive clinical outcomes.

In this study, we retrospectively analyzed the independent 
risk factors for biliary fistula in 211 elderly patients after 
radical surgery for PHCC and showed that BMI, diabetes, 
the number of biliary anastomoses, whether the patient had 
preoperative cholangitis, and whether preoperative biliary 
drainage was present were common independent risk factors 
for grade B and C biliary fistulas, according to the multiple 
logistic regression analysis. Preoperative cholangitis can 
contribute to the formation of small abscesses and edema 
in the bile duct wall, which, together with local trauma 

and irritation caused by the surgical procedure, makes 
postoperative stump healing more difficult, thus increasing 
the risk of infection and making patients more susceptible 
to postoperative biliary fistula (25). Cassani et al. (26) 
pointed out that biliary drainage could effectively reduce 
the incidence of cholangitis and improve the survival of 
PHCC patients. Also, preoperative biliary drainage is an 
irreplaceable tool for the treatment of acute cholangitis, as it 
can both monitor the pathogenesis and guide the selection 
of antibiotics. 

In addition, the number of biliary anastomoses correlates 
with the risk of postoperative biliary fistula via biliary 
anastomosis. Hemihepatic and triple resection are the most 
commonly used surgical approaches for hilar CCA, with 
the advantages of easy access to R0 resection, absence of 
large hepatic branches in the liver section, a relatively small 
number of bile duct openings [1–2], and simpler biliary 
anastomosis (27). Several studies have confirmed the safety 
and effectiveness of extensive hepatic resection (28-30). 
Therefore, if the condition allows, choosing a wide range 
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Figure 2 Comparison of the laboratory indexes before and on the first day after surgery of PHCC among the three groups (A-C). 
Comparison of TBil, γ-GT, and CRP before and on the first day after surgery of PHCC among the three groups. *, P<0.05. TBil, total 
bilirubin; γ-GT, γ-glutamyl transpeptidase; CRP, C-reactive protein; PHCC, perihilar cholangiocarcinoma.
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of hepatectomy can effectively reduce the number of biliary 
anastomoses and the difficulty of biliary anastomosis, thereby 
reducing the risk of biliary fistula, especially clinically 
relevant biliary fistula after surgery for PHCC. This study 
also found that intraoperative major bleeding and first-day 
postoperative γ-GT were independent risk factors for grade B 
biliary fistulas. In a retrospective analysis of 505 hepatectomy 
cases, Yoshioka et al. (31) found that intraoperative bleeding 
≥775 mL was an independent risk factor for postoperative 
biliary fistula. Yamashita et al. (22) showed that in high-risk 
procedures, there may be many opportunities to disrupt 
the Glisson sheath around the hepatoportal, leading to 
intraoperative bleeding or large surgical wounds, and damage 

to the small bile ducts in the separated segment of the liver 
may lead to non-connection with the main bile duct, and 
thus, biliary leakage. Atahan et al. (32) showed that γ-GT 
plays an important role in predicting postoperative “occult 
biliary fistula” in patients with hepatic echinococcosis. 
However, the exact mechanism of the association between 
γ-GT and postoperative biliary fistula has not been reported 
in the literature and needs to be further investigated. 

Finally, the present study also identified that CRP and 
TBil on the first postoperative day, as independent risk 
factors for grade C biliary fistula, are sensitive indicators 
for the diagnosis of early inflammatory infections. They 
are produced by the induction of inflammatory cytokines, 

Table 4 Multivariate logistic regression of biliary fistula after radical surgery for PHCC

Item Related factor B SE Wald P OR
95% CI

Upper Lower

Non-biliary fistula 
group and grade 
B biliary fistulas 
group

BMI 0.202 0.061 10.985 0.001 1.224 1.379 1.086

Diabetes or not −1.507 0.479 9.901 0.002 0.222 0.566 0.087

Preoperative cholangitis or not −1.116 0.521 4.591 0.032 0.328 0.909 0.118

Major intraoperative bleeding or not −1.500 0.550 7.424 0.006 0.223 0.656 0.076

CRP on the first day after surgery 0.015 0.009 2.794 0.095 1.015 1.033 0.997

TBil on the first day after surgery 0.035 0.019 3.484 0.062 1.035 1.074 0.998

γ-GT on the first day after surgery 0.11 0.004 6.214 0.013 1.011 1.020 1.002

Alb −0.039 0.034 1.320 0.251 0.961 1.028 0.899

Number of biliary enterostomy 1.077 0.385 7.817 0.005 2.935 6.242 1.380

Preoperative biliary drainage or not −1.433 0.497 8.305 0.004 0.239 0.632 0.090

Bile duct diameter >1.5 cm or not −0.652 0.468 1.941 0.164 0.521 1.304 0.208

No biliary fistula 
group and grade 
C biliary fistulas 
group

BMI 0.219 0.067 10.697 0.001 1.245 1.419 1.092

Diabetes or not −1.410 0.539 6.852 0.009 0.244 0.702 0.085

Preoperative cholangitis or not −1.544 0.559 7.625 0.006 0.214 0.639 0.071

Major intraoperative bleeding or not −1.116 0.629 3.145 0.076 0.328 1.125 0.095

CRP on the first day after surgery 0.025 0.010 6.424 0.011 1.026 1.046 1.006

TBil on the first day after surgery 0.064 0.021 9.002 0.003 1.066 1.112 1.022

γ-GT on the first day after surgery 0.002 0.005 0.129 0.720 1.002 1.012 0.992

Alb −0.032 0.039 0.694 0.405 0.968 1.045 0.898

Number of biliary enterostomy 1.385 0.424 10.676 0.001 3.995 9.170 1.741

Preoperative biliary drainage or not −1.348 0.547 6.080 0.014 0.260 0.758 0.089

Bile duct diameter >1.5 cm or not −1.207 0.520 5.387 0.020 0.299 0.829 0.108

PHCC, perihilar cholangiocarcinoma; BMI, body mass index; CRP, C-reactive protein; TBil, total bilirubin; γ-GT, γ-glutamyl transpeptidase; 
Alb, albumin; SE, standard error; OR, odds ratio; CI, confidence interval.
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Figure 3 Multivariate logistic regression analysis between three groups (A,B). Multivariate logistic regression analysis between the non-
biliary fistula group and grade B, C biliary fistula group, respectively. BMI, body mass index; TBil, total bilirubin; CRP, C-reactive protein; 
γ-GT, γ-glutamyl transpeptidase; OR, odds ratio.

Table 5 PS, KPS, and QOL scores of patients after radical surgery for PHCC

Item PS KPS QOL score

Grade B biliary fistulas group, (x±s) 2.64±0.830 48.22±11.137 28.44±6.055

Grade C biliary fistulas group, (x±s) 3.16±1.051 43.13±19.417 25.97±11.020

Non-biliary fistula group, (x±s) 2.25±0.753 52.84±12.177 31.69±6.289

F 16.877 7.622 9.840

P 0.000 0.001 0.000

PS, Prognostic Score; KPS, Karnofsky performance score; QOL, quality of life; PHCC, perihilar cholangiocarcinoma.
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Table 6 Pairwise comparison of PS, KPS, and QOL scores among the three groups after radical surgery for PHCC

Item

PS KPS QOL score

P
Mean 
range

95% CI
P

Mean 
range

95% CI
P

Mean 
range

95% CI

Upper Lower Upper Lower Upper Lower

Grade C and B biliary fistulas 
group

0.008 0.512 0.89 0.14 0.503 −4.875 4.59 −14.34 0.587 −2.476 2.85 −7.80

Grade B biliary fistulas group 
and non-biliary fistula group

0.006 0.391 0.67 0.11 0.048 −4.836 −0.03 −9.65 0.009 −3.242 −0.67 −5.81

Grade C biliary fistulas group 
and non-biliary fistula group

0.000 0.903 1.22 0.58 0.030 −9.711 −0.73 −18.69 0.023 −5.718 −0.65 −10.78

PS, Prognostic Score; KPS, Karnofsky performance score; QOL, quality of life; PHCC, perihilar cholangiocarcinoma.
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Figure 4 Comparison of the prognostic scores among three groups (A-C). Comparison of the PS, KPS, and QOL scores among three 
groups after radical resection of PHCC, respectively. *, P<0.05; **, P<0.01; ***, P<0.001. PS, prognostic score; KPS, Karnofsky performance 
score; QOL, quality of life; PHCC, perihilar cholangiocarcinoma. 
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mainly in hepatocytes. Under normal conditions, CRP 
is present in trace amounts in the serum of healthy 
individuals ,  which has the abi l i ty to activate the 
complement and promote the phagocytosis of granulocytes 
and macrophages. CRP levels increase significantly when 
there is acute inflammation, trauma, or infarction in the 
organism, and it will decrease rapidly after the clearance 
of inflammation and tissue cells (33). According to the 
statistical results of this study, the postoperative CRP levels 
in all groups were significantly higher than the preoperative 
levels, which could be attributable to the fact that patients 
underwent radical surgery for PHCC and had considerable 
liver trauma and bile duct injury, leading to the occurrence 
of local inflammatory reactions, thus increasing the risk of 
postoperative biliary fistula. The postoperative TBil levels 
were also significantly higher than the preoperative levels, 
which may be due to the bile duct injury that caused the 
patient's bile to leak into the abdominal cavity and the 
abdominal absorption into the blood, resulting in increased 
TBil in the blood after surgery.

According to the PS, KPS, and QOL scores, this study 
found that there was a significant difference between the 
grade B biliary fistula group, the grade C biliary fistula 
group, and the non-biliary fistula group (P<0.05). This 
indicates that the occurrence of biliary fistula after radical 
surgery for PHCC would have a significant impact on the 
prognosis of patients, especially in terms of their physical 
status, daily activities, and QOL. Therefore, we should 
focus on high-risk patients during clinical treatment and 
perform early and effective treatment measures based on 
the relevant risk factors to reduce the occurrence of biliary 
fistula, so as to improve the prognosis and postoperative 

survival quality of patients.
Studies (34,35) have reported that the 1-year survival 

rate after radical surgery for PHCC is around 50–60%; 
the results in the present study were higher than these 
previously reported findings, indicating that the survival 
rate of patients after radical surgery for PHCC is still low, 
and the occurrence of biliary fistula after surgery seriously 
affects the prognosis of patients.

Finally, the main drawback of this study was the small 
number of cases counted and the relatively short follow-up 
period due to time and manpower limitations. Therefore, 
it is recommended that longer follow-up periods should be 
applied in future studies.

Conclusions

The incidence of postoperative biliary fistula remains 
high in elderly patients treated with radical surgery for 
PHCC, seriously affecting the prognosis of patients and 
reducing their survival and QOL. Therefore, individualized 
preventive measures should be performed according to the 
clinical characteristics and risk factors of patients to hinder 
the possibility of postoperative biliary fistula, which will 
improve their prognosis and prolong their life expectancy.
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