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Abstract  

Purpose: One of the main causes of stricture at hepaticojejunostomy site after surgery for congenital 

biliary dilatation is inflammation or infection associated with bile leak. The aim of this study was to 

determine the risk factors and outcomes of bile leak after laparoscopic surgery. 

Methods: We retrospectively reviewed the demographics and outcomes of patients who underwent 

laparoscopic surgery for congenital biliary dilatation between September 2013 and December 2019. Data 

from patients with bile leak were compared to data from patients without bile leak. 

Results: Fourteen of 78 patients had bile leak. Hepatic duct diameter at anastomosis was the only risk 

factor of bile leak. Patients with the diameter ≤10 mm had higher incidence of bile leak than in patients 

with the diameter >10 mm (P = 0.0023). Among them, bile leak occurred more frequently in patients 

operated on by non-qualified surgeons based on the Japan Society for Endoscopic Surgery endoscopic 

surgical skill qualification system than by qualified surgeons (P = 0.027). However, none of the patients 

with bile leak developed anastomotic stricture afterwards. 

Conclusion: Although good technical skill is necessary to avoid bile leak in narrow hepatic duct cases 

(≤10 mm), slight bile leak may not result in anastomotic stricture. 

 

Keywords: laparoscopic surgery, congenital biliary dilatation, early complication, bile leak 
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Introduction 

Stricture of hepaticojejunostomy is one of the complications of laparoscopic surgery for 

congenital biliary dilatation that should be prevented. Its main causes, as reported in studies, include 

small anastomosis, excessive tension, insufficient blood supply, and inflammation or infection associated 

with bile leak [1-4]. 

In our surgical approach, the common hepatic duct is cut 0.5 cm below the confluence point of 

the right and left hepatic ducts, paying attention not to impair blood supply to the remainder of the hepatic 

duct. Besides, in patients with narrow hepatic ducts, the lateral wall of the hepatic duct is cut to perform a 

wide hilar hepaticojejunostomy [5-8]. Hepaticojejunostomy is performed with 5–0 absorbable 

monofilament sutures in a single-layer interrupted manner also paying attention not to impair blood 

supply to the hepatic duct at the anastomotic site. However, bile leak occurs sometimes. 

To the best of our knowledge, no earlier study has investigated bile leak after laparoscopic 

surgery for congenital biliary dilatation, in detail. The aim of this study was to determine the risk factors 

and outcomes of bile leak at the hepaticojejunostomy site after laparoscopic surgery.  

 

Patients and Methods 

This study was approved by the ethics committee of our hospital (#2019-0467) and conforms to 

the provisions of the Declaration of Helsinki. We retrospectively reviewed the demographics and 
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outcomes of patients who underwent laparoscopic surgery for congenital biliary dilatation with 

Roux-en-Y hepaticojejunostomy between September 2013 and December 2019. All the surgical 

operations were performed or supervised by one qualified surgeon without open conversion. The data of 

patients with postoperative bile leak were compared to those of patients without postoperative bile leak. 

In this study, bile leak was defined as obvious bilious discharge from the drainage tube at the 

hepaticojejunostomy site, or as discharge from the drainage tube of total bilirubin level more than 3 times 

the serum total bilirubin level on postoperative day (POD) 3 as defined by the International Study Group 

of Liver Surgery (ISGLS) [9]. 

Laparoscopic surgery for congenital biliary dilatation was performed as described in our 

previous report [10]. The common hepatic duct was usually cut 0.5 cm below the confluence point of the 

right and left hepatic ducts and 0.5 cm above the point of connection to the pancreatic duct. In cases of 

stenosis or narrow hepatic duct, the lateral wall of the hepatic duct was incised to make a wide hilar 

anastomosis (Lilly’s technique) [1,11,12]. In cases of stenosis in the hepatic or intrahepatic ducts, the 

membrane or septum that caused the stenosis was meticulously probed and resected [10]. The proximal 

jejunum was then exteriorized through the umbilical incision to form a 25 cm Roux loop. The Roux limb 

further introduced to the hilum via the retrocolic route, and Roux-en-Y hepaticojejunostomy in an 

end-to-side manner was performed with 5–0 absorbable interrupted monofilament sutures in a 
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single-layer. Anastomotic stricture and dilatation of intrahepatic bile ducts were regularly assessed using 

ultrasonography and magnetic resonance cholangiopancreatography in the outpatient office. 

In Japan, an endoscopic surgical skill qualification system is provided by the Japan Society for 

Endoscopic Surgery (JSES). To become a qualified pediatric surgeon, extensive experience of advanced 

endoscopic surgery in small children is needed. In this study, the outcomes of qualified surgeons, as 

indicated by the JSES endoscopic surgical skill qualification system, were compared to the outcomes of 

non-qualified surgeons to assess differences that may be attributed to operator skill level. 

 Fisher’s exact test and Mann-Whitney U test were used to compare clinical data. P-values 

<0.05 were considered statistically significant. 

 

Results 

In total, 78 patients underwent laparoscopic repair of congenital biliary dilatation during the 

study period. The median age at operation was 3.12 years, and the median operative time was 389 

minutes. There was no conversion to open surgery. Fourteen patients had bile leak, and one of them 

needed reoperation, while the rest were treated conservatively. 

 We compared the demographic data and outcomes of patients with bile leak to those of patients 

without bile leak after laparoscopic surgery for congenital biliary dilatation (Table 1). There were no 

differences in the age at operation, sex, body weight at operation, type of disease, operative time, 
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intraoperative blood loss volume, incision of the side wall of the hepatic duct for wide hilar anastomosis, 

and resection of membrane or septum in hepatic or intrahepatic duct to remove stenosis. In contrast, 

demographic data showed that hepatic duct diameter at anastomosis was significantly shorter in patients 

with bile leak than in patients without bile leak (P = 0.0032). The distribution of bile leak cases by hepatic 

duct diameter at anastomosis is shown in Fig.1. Considering physical differences, we compared the value 

obtained by dividing the diameter of the hepatic duct at anastomosis by the average diameter of the 

hepatic duct of healthy subjects of the same age. The average diameter of the hepatic duct by ages has 

been investigated in a multicentered study in Japan [13]. This value was also smaller in patients with bile 

leak than in patients without bile leak (P = 0.018). The duration of hospital stay after surgery was also 

significantly longer in patients with bile leak than in patients without bile leak (P = 0.016). The median 

period of drainage tube placement in patients with bile leak was 9.5 days. The median amount of maximal 

discharge per day was 93.5 ml and the median of peak discharge was on the second day after surgery.  

It has been reported that in order to prevent stricture of hepaticojejunostomy, the diameter of 

the hepatic duct in non-neonates should be at least 1 cm [1-4]. Further, we compared the rate of bile leak 

between patients with hepatic duct diameter at anastomosis ≤10 mm and patients with hepatic duct 

diameter at anastomosis >10 mm (Table 2). Bile leak occurred more frequently in patients with hepatic 

duct diameter at anastomosis ≤10 mm than in patients with hepatic duct diameter at anastomosis >10 mm 

(P = 0.0023). To assess the influence of operator skill level, we compared outcomes between qualified 
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and non-qualified surgeons according to the JSES endoscopic surgical skill qualification system. 

Although there was no difference in the total bile leak rate between the two groups (Table 1), for patients 

with hepatic duct diameter at anastomosis ≤10 mm, the rate of bile leak was lower in patients operated on 

by qualified surgeons than in patients operated on by non-qualified surgeons (P = 0.027) (Table 2). This 

highlights the technical difficulty of operating on patients with narrow hepatic ducts. On the other hand, 

incision of the side wall of the hepatic duct did not increase or decrease the rate of bile leak even in cases 

with hepatic duct diameter at anastomosis ≤10 mm (Table 2). To further study the influence of the 

diameter of the hepatic duct at anastomosis, we analyzed bile leak using the value obtained by dividing 

the diameter of the hepatic duct at anastomosis by the average diameter of the hepatic duct of healthy 

subjects of the same age (Table 3). As a reference, the median value of the fusiform type in our series was 

3.9. Patients with values ≥5 had significantly less bile leak than patients with values <5 (P = 0.043). This 

implies that a narrow hepatic duct at anastomosis corrected by patient body size is also a risk factor of 

bile leak. Although the number of patients is small, in patients operated on by qualified surgeons, bile 

leak occurred only in patients with values <4. 

 Finally, we investigated the systemic influence of bile leak by comparing serum C-reactive 

protein (CRP) levels. Patients with other complications (e.g., wound infection, pancreatic fistula, and 

ileus) were excluded from this comparison (Table 4). There was no difference between the serum CRP 

levels of patients with bile leak and of patients without bile leak on POD 1 or POD 3. Similarly, there was 
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no difference in the rate of change of serum CRP level from POD 1 to POD 3 between the two groups. 

None of the patients with bile leak developed anastomotic stricture from then until now. Further, neither 

of the two patients (2.6%) in our series, with stricture of hepaticojejunostomy, had bile leak after surgery.  

 

Discussion 

 Our results showed that hepatic duct diameter at the anastomotic site is the only risk factor of 

bile leak at the hepaticojejunostomy site. Although patients with bile leak needed longer durations of 

hospital stay after surgery, none of them developed anastomotic stricture. Since the serum CRP levels of 

patients with bile leak did not increase compared to those of patients without complications, bile leak in 

our series may not cause inflammation or infection that can lead to anastomotic stricture. Nevertheless, 

bile-tight anastomosis is desirable as long as blood supply to the anastomotic site is not impaired.  

The bile leak rate in our study was 17.9%, and this is higher than the 1.6–6.5% reported in 

previous studies on laparoscopic surgery [1,4,14]. This may have been due to the meticulous stenosis 

release performed on the bile ducts and even on the intrahepatic bile ducts that often led to further 

resection of the common hepatic ducts leaving narrow ducts for anastomosis [10,15-17]. In our series, the 

percentage of patients with hepatic duct diameter at anastomosis ≤10 mm was as high as 47% (37/78). 

Another explanation for this may be the difference in the criteria of bile leak because previous studies did 

not clearly show their criteria of bile leak. Discharge defined as bile leak according to the ISGLS criteria 
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sometimes looked light yellow and did not appear to be bile leak.  

The main causes of bile leak in patients with narrow hepatic ducts include technical difficulty 

and high inner pressure of the bile duct at anastomosis. Although there has been no report that measured 

the inner pressure of bile duct at anastomosis after hepaticojejunostomy, the common bile duct pressure is 

known to decrease after endoscopic papillotomy along with the decrease of Oddi sphincter pressure [18]. 

This implies that the inner pressure of the bile duct at anastomosis would be higher in patients with 

narrow hepaticojejunostomy, especially at an early time after surgery with edematous tissues, when the 

liver size is constant. In fact, the incidence of bile leak was less in patients with high ratios of hepatic duct 

diameter at anastomosis to average hepatic duct diameter of healthy subjects of the same age (≥5) in our 

series (Table 3). Our results also show that the rate of bile leak in patients with hepatic duct diameter at 

anastomosis ≤10 mm and who were operated on by qualified surgeons according to the JSES endoscopic 

surgical skill qualification system, was less than that in the patients who were operated on by 

non-qualified surgeons. This suggests that technical skill should be considered in the laparoscopic 

treatment of patients with narrow hepatic ducts. However, Table 3 shows that in patients with a low ratio 

(<4) of hepatic duct diameter at anastomosis to average hepatic duct diameter of healthy subjects of the 

same age, there is some risk of bile leak even in patients operated on by qualified surgeons. Our study is 

limited by the small number of patients under study, and more data is needed to accurately assess the risk 

factor and the impact on outcomes of bile leak. Some studies have described new and sound anastomotic 
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techniques for the treatment of patients with narrow hepatic ducts [19,20]. These techniques may reduce 

the rate of bile leak in future patients. 

 

Conclusion 

The incidence of bile leak from the hepaticojejunostomy site in patients with hepatic duct 

diameter at anastomosis ≤10 mm was significantly high. The patients with the value ≥5, obtained by 

dividing the diameter of the hepatic duct at anastomosis by the average diameter of the hepatic duct of 

healthy subjects of the same age, had significantly less bile leak than patients with the value <5. This 

implies that a narrow hepatic duct at anastomosis corrected by patient body size is also a risk factor of 

bile leak. However, in our series, bile leak did not cause anastomotic stricture. Nevertheless, bile-tight 

anastomosis is desirable as long as blood supply to the anastomotic site is not impaired and the stenotic 

sites in the hepatic duct are maximally released. Good technical skill is necessary in the treatment of 

patients with narrow hepatic ducts, and novel techniques may be beneficial. 
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Figure legends 

Fig. 1  Histogram of patients with and without bile leak by the hepatic duct diameter at anastomosis. 
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Table 1. Demographic data and outcomes of patients with bile leak and of patients without bile 

leak after laparoscopic surgery for congenital biliary dilatation 

 

 Bile leak (+)  

(n = 14) 

Bile leak (-)  

(n = 64) 

P-value 

Age at operation (years) Median, 3.24 

(range, 0.07–41.8) 

Median, 3.12 

(range, 0.08–55.6) 
0.81 

Sex (male/female) 2/12 14/50 0.72 

Body weight at operation (kg) Median, 12.5 

(range, 3.88–58.4) 

Median, 12.8 

(range, 3.10–63.3) 
0.79 

Cystic type/fusiform type 7/7 48/16 0.10 

Surgery performed by qualified 

pediatric surgeons based on the 

JSES endoscopic surgical skill 

qualification system (%) 

14.3 (2/14) 34.4 (22/64) 0.20 

Incision of the side wall of the 

hepatic duct for wide hilar 

anastomosis (%) 

71.4 (10/14) 73.4 (47/64) 1 

Resection of membrane or 

septum in hepatic or intrahepatic 

duct (%) 

57.1 (8/14) 57.8 (37/64) 1 

Diameter of hepatic duct at 

anastomosis (mm) 

Median, 9 

(range, 4–15) 

Median, 14 

(range, 5–25) 
0.0032 

Diameter of hepatic duct at 

anastomosis/ average diameter 

of the hepatic duct in healthy 

subjects of the same age 

Median, 3.84 

(range, 1.74–7.89) 

Median, 6.0 

(range, 1.43–16.7) 
0.018 

Operative time (minutes) 
Median, 403 

(range, 319–585) 

Median, 389 

(range, 234–852) 
0.60 

Intraoperative blood loss volume 

(mL) 

Median, 44.5 

(range, 5–153) 

Median, 33 

(range, 1–1216) 
0.43 

Duration of hospital stay after 

surgery (days) 

Median, 13 

(range, 7–20) 

Median, 9.5 

(range, 7–28) 
0.016 

 

JSES, Japan Society for Endoscopic Surgery 

The P-value was calculated using Mann-Whitney U test and Fisher’s exact test. 
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Table 2. Comparison of the rates of bile leak after laparoscopic surgery for congenital biliary 

dilatation between patients with hepatic duct diameter at anastomosis ≤10 mm and 

patients with hepatic duct diameter at anastomosis >10 mm 

 

 Patients with hepatic duct 

diameter at anastomosis 

≤10 mm (n = 37) 

Patients with hepatic duct 

diameter at anastomosis 

>10 mm (n = 41) 

P-value 

Bile leak incidences(%) 32.4 (12/37) 4.9 (2/41) 0.0023 

Surgery performed by 

qualified pediatric surgeons 

based on the JSES 

endoscopic surgical skill 

qualification system (%) 

35.1 (13/37) 26.8 (11/41) 0.47 

Bile leak rate after surgeries 

performed by qualified vs 

non-qualified pediatric 

surgeons based on the JSES 

endoscopic surgical skill 

qualification system (%) 

7.7 (1/13) vs 45.8 (11/24) 

(P = 0.027) 

9.1 (1/11) vs 3.3 (1/30) 

(P = 0.47) 
 

Incision of the side wall of 

the hepatic duct (%) 
78.4 (29/37) 68.3 (28/41) 0.44 

Bile leak rate after surgeries 

with vs without incision of 

the side wall of the hepatic 

duct (%) 

31.0 (9/29) vs 37.5 (3/8) 

(P = 0.73) 

3.6 (1/28) vs 7.7 (1/13) 

(P = 0.57) 
 

 

JSES, Japan Society for Endoscopic Surgery 

The P-value was calculated using Fisher’s exact test. 
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Table 3. Rate of bile leak after laparoscopic surgery for congenital biliary dilatation according 

to the value of diameter of hepatic duct at anastomosis/average diameter of the hepatic 

duct in healthy subjects of the same age 

 

 

Rate of bile leak P-value 

Rate of bile leak in patients 

operated on by qualified 

pediatric surgeons based on the 

JSES endoscopic surgical skill 

qualification system 

Diameter of hepatic duct at 

anastomosis/average 

diameter of the hepatic duct 

in healthy subjects of the 

same age 

  

 

 ≥5 4/42 0.043 0/9 

 <5 10/36  2/15 

    

 ≥4 7/55 0.10 0/15 

 <4 7/23  2/9 

 

JSES, Japan Society for Endoscopic Surgery 

The P-value was calculated using Fisher’s exact test. 
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Table 4. Comparison of serum CRP levels between patients with bile leak and patients without 

bile leak after laparoscopic surgery for congenital biliary dilatation 

 

 Bile leak (+)  

(n = 14) 

Bile leak (-)  

(n = 51) 

P-value 

Serum CRP level on POD 1 

(mg/dL) 

Median, 4.65 

(range, 1.74–13.7) 

Median, 3.99 

(range, 1.34–12.1) 
0.12 

Serum CRP level on POD 3 

(mg/dL) 

Median, 2.02 

(range, 0.51–18.0) 

Median, 1.67 

(range, 0.12–7.98) 
0.37 

Serum CRP level at POD 

3/POD 1 

Median, 2.13 

(range, 0.23–8.77) 

Median, 2.08 

(range, 0.55–17.4) 
0.76 

 

Patients with other complications (e.g., wound infection, pancreatic fistula, or ileus) are 

excluded from the analysis presented in this table. 

CRP, C-reactive protein; POD, postoperative day 

The P-value was calculated using Mann-Whitney U test. 

 


