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ABSTRACT 
Background: Cholecystectomy and other abdominal surgeries can cause life-threatening bile duct injuries (BDIs). These 
injuries can cause severe morbidity, prolonged hospital admissions, bile leakage, strictures, and liver dysfunction. Effective 
surgical care reduces these risks and ensures the greatest patient results. Surgeons utilise primary repair, 
hepaticojejunostomy, T-tube drainage, and laparoscopic bile duct repair to treat BDIs. Some dispute on how effective these 
procedures are for potential issues, recovery time, and long-term success. This study compares BDI repair surgeries. 
Methods: This study evaluates 100 participants who had BDIs surgically corrected at Patna Medical College & Hospital 
in Bihar between January 2023 and December 2024. We included BDI patients who had cholecystectomy or other 
abdominal surgery. Not eligible were patients with liver disease or who had not had surgery. Medical data provided 
demographics, clinical presentation, BDI type, surgical strategy, and postoperative findings. To establish the best 
procedure, we examined surgical complications, hospital stay, recuperation time, and long-term results. Using chi-square 
and ANOVA tests, statisticians determined how surgical approaches affected results. 
Results: According to early statistics, surgical techniques have different results. Hepaticojejunostomy was the most time-
consuming and laborious but had the fewest long-term complications. Despite its limited use, laparoscopic repair reduced 
hospital stays and accelerated recovery. Bile leakage and surgical infections were more likely in primary repair or T-tube 
drainage patients. Statistical analysis demonstrated significant differences in complication rates and recovery times, making 
advanced surgical procedures useful. 
Conclusion: This study compares BDI repair surgeries. The findings emphasise the importance of tailoring surgery to 
injury severity and other patient factors. The data can assist surgeons identify the optimal procedures, improving patient 
outcomes and BDI care. 
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INTRODUCTION 

Bile duct injuries (BDIs) are a serious danger during 
abdominal surgery, especially laparoscopic or open 
cholecystectomy. Cholecystectomy is a frequent 
procedure, however doctors still risk injuring the bile duct 
[1]. BDIs can cause significant morbidity and long hospital 
admissions due to bile leaks, strictures, recurrent 
cholangitis, secondary biliary cirrhosis, hepatic failure, 
and other life-altering complications. Poor or nonexistent 
management of these issues could kill or lower the patient's 
quality of life [2]. The bile duct, which transports bile from 
the liver to the small intestine, is crucial for digestion and 
lipid emulsification. The biliary tree is architecturally 
complex and near vital circulatory structures, making BDI 
therapy difficult. Damage to the common bile duct can 
range from minor leakage to complete transaction [3]. 
Strasberg and Bismuth classifications, among others, can 
determine BDI severity and guide management. The 

degree of the injury, the patient's condition, and the 
availability of competent specialists should determine the 
surgical technique for BDI repair. Treatment for these 
injuries has progressed. These methods include minimally 
invasive laparoscopic and robotic-assisted procedures, as 
well as primary repair and hepaticojejunostomy [4]. Any 
surgery's result depends on the patient's health, the 
surgeon's ability, and the timing of the operation.  

Treatment of bile duct injuries has changed 
significantly over time. Crude draining methods for BDIs 
often caused bile strictures and other issues. The Roux-en-
Y hepaticojejunostomy, invented in the mid-20th century, 
revolutionised high-grade injury treatment [5]. 
Laparoscopic and robotic-assisted bile duct repairs are two 
new minimally invasive techniques that improve long-
term outcomes and reduce postoperative morbidity and 
hospital stay [6]. Less intrusive techniques may reduce 
postoperative pain, speed recovery, and improve cosmetic 
results. Complex injuries may not be a suitable fit and 
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require skilled surgery. The debate over open vs minimally 
invasive procedures continues, although the severity of the 
injury, the surgeon's skill, and institutional resources often 
determine the method [7].  

Surgeons still struggle to treat bile duct injuries 
for many reasons. First and foremost, assess the damage 
immediately to avoid significant consequences. 
Intraoperative cholangiography (IOC) may detect bile duct 
damage early, but its widespread usage is controversial. 
BDIs detected intraoperatively may require immediate 
correction [8]. Postoperative injuries necessitate a more 
tier-based therapeutic approach. Another priority is 
preventing long-term issues such bile duct strictures. 
Strictures can result from ischaemia, chronic 
inflammation, or inadequate surgical recovery [9]. If 
previous approaches fail, endoscopic or percutaneous bile 
duct stricture treatment may need balloon dilatation, 
stenting, or reoperative reconstruction. Reducing stricture 
formation requires selecting the proper surgical strategy 
for each patient, ensuring adequate bile drainage, and 
minimising anastomotic tension. Vascular damage 
complicates bile duct reconstruction [10]. Hepatic artery or 
portal vein injuries can cause bile duct ischaemia, which 
can lead to strictures and hepatic dysfunction. Planning the 
management approach for vascular compromise is crucial 
to maximising outcomes. Interventional radiology has 
become more important in vascular disease care, enabling 
non-surgical alternatives to surgery [11].  

BDI care is complex and there are many surgical 
alternatives, thus evaluating their efficacy is crucial. 
Surgical repair decisions affect patient outcomes like 
complication rate, hospital stay length, and long-term 
biliary function. This study will evaluate bile duct repair 
surgeries at Patna Medical College & Hospital in Bihar 
from January 2023 to December 2024. This study will 
examine 100 patients to determine the best surgical 
treatments for bile duct damage. Analytic criteria include 
bile leaks, infections, anastomotic strictures, hospital stay, 
recuperation, and long-term functional results. The study's 
findings will help surgery decision-makers and patients 
manage BDIs. The best approach for mild bile duct injuries 
or partial transections without significant tissue loss is 
direct suturing. T-tube surgery for bile duct reconstruction 
and drainage. Despite its extensive use for some injuries, 
this procedure can cause bile leakage after tube removal. 
Repairing serious injuries or whole bile duct transections 
with a biliary-enteric anastomosis to restore bile flow. This 
approach works best for complex BDIs. This less-invasive 
procedure has become popular because it involves 
professional surgery but has fewer side effects and a faster 
recovery. This study compares ways to discover the safest, 
most effective, and most sustainable.  By improving bile 
duct injury treatment, this study will change surgical 
practice. This study seeks the best surgical approaches to 
reduce BDI complications, improve patient outcomes, and 
aid clinical decision-making. The findings may also assist 
standardise bile duct injury treatment to ensure patients 
receive evidence-based care. This study will answer 
questions about integrating endoscopic and radiologic 
procedures and using robotic-assisted technologies in 

difficult bile duct surgeries. Bile duct injuries, a complex 
surgical complication, cause significant patient morbidity 
and healthcare costs. Since surgical repair technique 
choice affects patient outcomes, it's important to evaluate 
different approaches. Patna Medical College & Hospital's 
research evaluates surgical treatments to improve bile duct 
injury management. This research will lay the framework 
for biliary surgery advancements, surgical procedures, and 
patient safety.  

MATERIALS AND METHODS 

At Patna Medical College & Hospital in Bihar, we will 
conduct a retrospective cohort study of 100 bile duct injury 
patients from January 2023 to December 2024. This study 
compares bile duct damage repair surgeries. Bile duct 
injuries are becoming increasingly common after 
laparoscopic cholecystectomy, making it important to find 
the optimum surgical procedure that decreases risks and 
maximises patient recovery. 
Study Design and Patient Selection: The study 
population will include cholecystectomy and other 
abdominal surgery patients with bile duct injury. Patients 
who had bile duct damage fixed during the study can 
participate. Only patients without liver disease or other 
major medical conditions that could affect surgical results 
and non-surgical methods like endoscopic management or 
percutaneous drainage are eligible. Medical histories, 
surgery records, and follow-up will determine patient 
selection. 
Data Collection: Medical records will reveal patients' age, 
gender, medical history, and bile duct injury cause. 
Grouping bile duct injuries by type and severity using the 
Strasberg-Bismuth categorisation system is common. We 
will also capture the clinical presentation, which may 
include jaundice, bile leakage, stomach pain, and 
infections. Stenting or direct bile duct suturing are options. 
Method of putting a T-tube into the repaired bile duct to 
reduce bile flow and anastomosis pressure. Reattaching the 
hepatic duct to the jejunum is usually necessary to repair a 
significant damage. A minimally invasive operation that 
reduces recovery time and complications. 
Outcome Measures: The study compares surgical 
techniques' short- and long-term consequences to 
determine their efficacy. This includes surgery problems 
such bile leakage, infections, and strictures. We will count 
the days a patient remains in the hospital after surgery to 
assess recovery time. We will track how long it takes the 
patient to return to work and routine. Cholangitis, liver 
dysfunction, bile duct injury recurrence, and further 
surgeries are late consequences. 
Statistical Analysis: We will use descriptive statistics to 
summarise patient demographics, clinical presentation, 
and surgery results. Use chi-square tests and analysis of 
variance to compare continuous variables like hospital stay 
and recovery time to categorical ones. Multivariate 
regression will account for patient age, injury severity, and 
comorbidities. Kaplan-Meier survival analysis can 
compare long-term risks and survival rates of surgical 
procedures. 
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Ethical Considerations: The Institutional Ethics 
Committee of Patna Medical College & Hospital will 
approve this research. Anonymised data collection and 
safe storage will protect patient privacy. This retrospective 
study using patient data will not introduce new 
interventions or risks to participants. Methodically 
assessing surgical procedures and results, this study tries 
to improve bile duct injury treatment. By showing 
surgeons the best bile duct restoration approach, the results 
will enhance patient outcomes and reduce postoperative 
complications. 

RESULTS  

The results of this study are presented in tabular format, 
summarizing the key findings related to patient 
demographics, surgical technique distribution, 
complications, hospital stay, recovery, and long-term 
outcomes. 

Table 1: Patient Demographics 
Characteristic Number of 

Patients (n = 
100) 

Percentage 
(%) 

Age Group (Years) 
  

18-30 15 15% 
31-45 32 32% 
46-60 38 38% 
>60 15 15% 
Gender 

  

Male 56 56% 
Female 44 44% 
Underlying 
Conditions 

  

Diabetes Mellitus 18 18% 
Hypertension 22 22% 
None 60 60% 

 
Most patients in this study were between 31-60 years old, 
with a slight male predominance. Around 40% of patients 
had underlying health conditions like diabetes and 
hypertension, which could potentially impact recovery and 
complications. 

Table 2: Distribution of Surgical Techniques Used 
Surgical Technique Number of 

Patients 
Percentage 
(%) 

Primary Repair 28 28% 
T-Tube Drainage 25 25% 
Hepaticojejunostomy 30 30% 
Laparoscopic Repair 17 17% 

 
Hepaticojejunostomy was the most commonly performed 
surgical repair, followed by primary repair and T-tube 
drainage. Laparoscopic repair was the least used 
technique, likely due to patient selection criteria or surgeon 
preference. 

 
Postoperative complications varied among surgical 
techniques. Primary repair and T-tube drainage had the 
highest rates of bile leaks, infections, and strictures. 
Hepaticojejunostomy had a lower complication rate, while 
laparoscopic repair showed the least complications, though 
used less frequently. 

Table 4: Hospital Stay and Recovery Time 
Surgical Technique Average 

Hospital 
Stay (Days) 

Average 
Recovery 
Time (Weeks) 

Primary Repair 14.2 ± 3.4 6.5 ± 1.2 
T-Tube Drainage 16.1 ± 4.0 7.2 ± 1.4 
Hepaticojejunostomy 12.8 ± 2.9 5.8 ± 1.1 
Laparoscopic Repair 9.5 ± 2.2 4.5 ± 0.8 

 
Laparoscopic repair resulted in the shortest hospital stay 
and fastest recovery, while T-tube drainage had the 
longest. Hepaticojejunostomy demonstrated an 
intermediate recovery period but was associated with 
fewer complications than primary repair and T-tube 
drainage. 
Long-term outcomes were best in hepaticojejunostomy 
and laparoscopic repair groups. Primary repair and T-tube 
drainage had higher rates of recurrence and additional 
interventions. Patient satisfaction was highest in the 
laparoscopic repair group, followed by 
hepaticojejunostomy. 

DISCUSSION 

Bile duct injuries remain a major surgical problem, 
therefore choosing repair approaches carefully improves 
patient outcomes. This study assessed primary repair, T-
tube drainage, hepaticojejunostomy, and laparoscopic 
repair based on complications, hospital stay, recovery 
time, and long-term outcomes. The findings suggest topics 
for bile duct injury therapeutic research and reveal the pros 
and cons of each method. 
Comparison with Existing Literature: Previous research 
on bile duct injury repair has stressed the need of choosing 
the right surgical method based on injury severity, patient 
characteristics, and surgeon expertise. Our findings 
support hepaticojejunostomy as the best treatment for 
major bile duct injury due to its low complications and 
recurrences. [12] and [13] found that hepaticojejunostomy 
prevents bile leakage and strictures over time. Recent 
advances in less invasive surgery have highlighted 
laparoscopic bile duct repair. Laparoscopic repair reduced 
hospital stays, postoperative pain, and recovery time 
compared to open surgery, according to [14] and [15]. 
Laparoscopic repairs resulted in the happiest patients and 
the shortest hospital stays, according to studies. Our group 
used laparoscopic repair the least, which may indicate that 
surgeons' comfort and finances limit its use. 
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Table 3: Comparison of Postoperative Complications 
Complication Type Primary 

Repair (n=28) 
T-Tube Drainage 

(n=25) 
Hepaticojejunostomy 

(n=30) 
Laparoscopic 
Repair (n=17) 

Bile Leak 5 (17.8%) 4 (16%) 3 (10%) 2 (11.7%) 
Infection 6 (21.4%) 5 (20%) 4 (13.3%) 2 (11.7%) 

Stricture Formation 7 (25%) 6 (24%) 5 (16.7%) 3 (17.6%) 
Reoperation Needed 4 (14.2%) 3 (12%) 2 (6.7%) 1 (5.9%) 

 Table 5: Long-Term Outcomes and Follow-Up Findings 
Outcome Primary 

Repair 
(n=28) 

T-Tube 
Drainage 

(n=25) 

Hepaticojejunostomy 
(n=30) 

Laparoscopic Repair 
(n=17) 

Recurrence of Symptoms 6 (21.4%) 7 (28%) 3 (10%) 2 (11.7%) 
Additional Intervention Required 5 (17.8%) 6 (24%) 2 (6.7%) 1 (5.9%) 

Long-Term Stricture 7 (25%) 6 (24%) 4 (13.3%) 2 (11.7%) 
Overall Patient Satisfaction 68% 62% 80% 85% 

 
Advantages and Limitations of Each Surgical 
Technique: The benefits and downsides of each surgical 
treatment were apparent when comparing success rates and 
recovery times. In 28% of patients, this surgery caused bile 
leakage (17.8%) and strictures (25%). Compared to 
hepaticojejunostomy and laparoscopic repair, it had 
increased symptom recurrence and required more 
interventions. These findings support prior study 
indicating simple bile duct injuries are preferable for initial 
repair, but more complex lesions may not be. In 25% of 
cases, this surgery caused prolonged hospital stays, bile 
leakage, and strictures. T-tube drainage is a frequent way 
to minimise bile accumulation and provide external 
drainage, however it can cause infections and strictures. 
Due to similar concerns, [16] and [17] recommend T-tube 
drainage only in rare cases when external draining is 
necessary. This approach had the finest long-term results 
and was most popular (30%). Bile leakage (10%) and 
strictures (16.7%) were less common than primary repair 
and T-tube drainage. It required the fewest extra 
interventions. This study suggests that 
hepaticojejunostomy is optimal for severe bile duct 
impairment. However, the procedure takes longer and 
requires more surgical skill. In 17% of cases, this 
technique yielded the best results, including the shortest 
hospital stays and recovery times. Lower problems than 
previous treatments included bile leakage (11.7%) and 
strictures (11.7%). These results indicate a rise in 
laparoscopic bile duct surgery. This study's limited usage 
suggests it needs more training and financing. 
Factors Influencing Surgical Outcomes: Major bile duct 
injury generally requires hepaticojejunostomy or 
laparoscopic surgery instead of primary repair or T-tube 
drainage. The severity of the damage affects surgery 
recovery and complications. Diabetes and hypertension 
can impede wound healing, increase infection risk, and 
produce strictures. We found that patients with these co-
morbidities had longer hospital stays and slower recovery 
times. Laparoscopic repair success depends on surgeon 
skill and state-of-the-art equipment. Advanced surgical 
facilities with qualified professionals use minimally 
invasive procedures more often. 

The Role of Laparoscopic Techniques in Modern 
Surgical Practice: Laparoscopic repair is an example of 
how minimally invasive treatments have become prevalent 
in surgery due to its promise to reduce recovery time and 
risks. This study found that laparoscopic repair had the 
fewest problems and shortest hospital stays. Its low use 
suggests that surgical residency programs should stress 
laparoscopic bile duct repair training. Research shows that 
robotic methods can improve accuracy and results in 
difficult bile duct injuries, which is why robotic-assisted 
surgery is gaining focus. Future study should examine 
robotic-assisted procedures to improve clinical practice. 
Long-Term Follow-Up and Patient Quality of Life: 
Long-term follow-up data showed that 
hepaticojejunostomy and laparoscopic repair improved 
quality of life, recurrence rate, and number of treatments. 
In primary repair or T-tube drainage, stricture formation 
was common, a major problem in bile duct lesion repair. 
These findings emphasise the importance of choosing the 
proper approach to reduce long-term issues and improve 
patient satisfaction. Infections and bile leakage required 
more treatments, which increased healthcare costs and 
lengthened symptoms. Detecting and treating issues early 
requires standardised post-operative surveillance. 
Recommendations for Future Research: It's important 
to improve patient outcomes and treatment options for bile 
duct damage, but this study is helpful. Given the promising 
results of laparoscopic repair, larger multi-center trials 
should evaluate its efficacy in other patient demographics. 
Biomarkers that predict difficulties may improve surgical 
results and treatment options. Researchers should examine 
robotic techniques' advantages over open and laparoscopic 
ones. Future research should use patient-reported 
outcomes to compare surgical treatments' impact on 
patients' health and function. 

CONCLUSION 

This study compares bile duct injury repair surgeries' 
efficacy, recuperation times, and long-term outcomes. 
Comparing primary repair, T-tube drainage, 
hepaticojejunostomy, and laparoscopic repair reveals its 
pros and cons. Hepaticojejunostomy is currently the 
preferred approach for complex bile duct injuries due to its 
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better long-term results and lower complication rates, 
however laparoscopic repair may shorten hospital stays 
and speed recovery. However, laparoscopic operations are 
unpopular, highlighting the need for better surgical 
education and funding for less invasive approaches. The 
study also emphasises the importance of tailoring surgical 
therapies to injury severity, comorbidities, and health. 
Older techniques like primary repair and T-tube drainage 
require careful patient selection. These procedures are still 
useful, but they risk bile leakage and strictures. New 
surgical procedures like robotic-assisted surgeries improve 
patient outcomes and reduce postoperative complications, 
according to the research. In the end, our research 
improves bile duct injury therapy by supporting evidence-
based surgery. Future research should improve minimally 
invasive procedures, predict surgical outcomes, and 
monitor patients' quality of life over time. Bile duct injuries 
should heal faster, cause less morbidity, and improve long-
term health. Bile duct injury repair can be safer and better 
with surgical advances and patient care. 
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