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            Abstract

            
               
Background: The aim is to compare outcome of early and delayed repair of bile duct injuries. Subjects and Methodology: Sixty- four patients of bile duct injuries of either gender were divided into group I (Early repair) and group II (Delayed
                  repair). Operative findings such as injury classification and procedural variables, and postoperative course including 30-day
                  readmission and 90-day mortality were recorded. Results: Etiology was cholecystectomy in 25 and 21, abdominal trauma in 7 and 8 and non-biliary abdominal procedures in 2 and 5 in
                  group I and II respectively. There were 18 males and 14 females and 16 males and 16 females in group I and II respectively.
                  Hospital length of stay was 7.1 days in group I and 8.4 days, 30 days of re- admission was seen in 3 and 4 and 90 days of
                  mortality was seen in 2 in group I and 1 in group II. Strasburg-Bismuth classification showed A in 1 and 2, B in 3 and 4,
                  C in 8 and 1, D in 6 and 4, E1 in 4 and 4, E2 in 3 and 5, E3 in 4 and 6, E4 in 3 and 4, E5 in 2 and 3 and X in 0 and 1 in
                  group I and II respectively. Preoperative PTC catheter placement was seen in 0 and 18, preoperative percutaneous transabdominal
                  drain placement was seen in 0 and 12 in group I and II respectively. Conclusion: Early repair found to be better as compared to delayed repair of bile duct injury. 
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               Introduction

            Injury to the extrahepatic biliary tree is a well-described complication of cholecystectomy. Though a recent publication describes
               a decreasing rate of CBDI associated with laparoscopic cholecystectomy, CBDI remains a serious concern for patients and surgeons.[1,2] Despite studies identifying patient and surgeon-related factors associated with CBDI including inflammation and conversion
               to open cholecystectomy, approximately 30% of CBDI are not identified during the index operation and may not be recognized
               until several days after the initial injury.[3]

            Bile duct injuries can range from very minor accessory duct injuries to complicated hilar injuries as described. These injuries
               can have significant morbidity in post-op period and also can have late complications such as anastomotic bile duct strictures
               or secondary biliary cirrhosis resulting in lifelong disability.[4] The optimal management of these patients require multimodality care with surgical, radiologic and endoscopic collaboration.
               Among hepatobiliary surgeons, debates exist regarding the optimal timing for repair of BDIs. It is generally accepted that
               if an injury is identified intraoperatively, then immediate repair by a hepatobiliary surgeon is the best approach.[5]

            Both early and delayed repair of CBDI are described. Because no guideline exists to guide the timing of repair, the decision
               for timing of repair in a patient equally eligible for early or delayed repair should be based on the predicted success of
               the procedure and patient safety.[6] If equivalent technical and morbidity outcomes can be achieved, patient quality of life and efficient healthcare resource
               utilization should be considered.[7] Given the frequency with which cholecystectomy is performed worldwide, even a low rate of CBDI presents a tremendous potential
               healthcare burden.[8] The present study was conducted to compare outcome of early and delayed repair of bile duct injuries.
            

         

         
               Subjects and Methods

            A total of sixty- four patients of bile duct injuries of either gender in age ranged 18-58 years were recruited for the study.
               All patients were made aware of the study and their written consent was obtained. Ethical approval was obtained from institutional
               review board.
            

            A thorough clinical examination was carried. Patients were divided into group I (Early repair) and group II (Delayed repair).
               Patient demographics, time elapsed from index procedure, operative findings such as injury classification and procedural variables,
               and postoperative course including 30-day readmission and 90-day mortality were recorded. Frequency of radiographic and endoscopic
               biliary instrumentation prior to and following definitive repair was recorded. CBDI type was reported according to the Strasberg
               Bismuth classification system. Study findings were clubbed together and assessed statistically. P value less than 0.05 was
               considered significant.
            

         

         
               Results

            
                  
                  Table 1

                  
                     
                     Comparison of parameters
                     
                  

               

               
                     
                        
                           	
                              
                           
                            Parameters

                           
                        
                        	
                              
                           
                            Variables

                           
                        
                        	
                              
                           
                            Group I

                           
                        
                        	
                              
                           
                            Group II

                           
                        
                        	
                              
                           
                            P value

                           
                        
                     

                     
                           	
                              
                           
                            Etiology

                           
                        
                        	
                              
                           
                            Cholecystectomy

                           
                        
                        	
                              
                           
                            25

                           
                        
                        	
                              
                           
                            21

                           
                        
                        	
                              
                           
                            <0.05

                           
                        
                     

                     
                           	
                              
                           
                            Abdominal trauma

                           
                        
                        	
                              
                           
                            7

                           
                        
                        	
                              
                           
                            8

                           
                        
                     

                     
                           	
                              
                           
                            Non-biliary abdominal procedures

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            5

                           
                        
                     

                     
                           	
                              
                           
                            Gender

                           
                        
                        	
                              
                           
                            Males

                           
                        
                        	
                              
                           
                            18

                           
                        
                        	
                              
                           
                            16

                           
                        
                        	
                              
                           
                            >0.05

                           
                        
                     

                     
                           	
                              
                           
                            Females

                           
                        
                        	
                              
                           
                            14

                           
                        
                        	
                              
                           
                            16

                           
                        
                     

                     
                           	
                              
                           
                            Hospital length of stay

                           
                        
                        	
                              
                           
                            Days

                           
                        
                        	
                              
                           
                            7.1

                           
                        
                        	
                              
                           
                            8.4

                           
                        
                        	
                              
                           
                            >0.05

                           
                        
                     

                     
                           	
                              
                           
                            30 days of re- admission

                           
                        
                        	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            >0.05

                           
                        
                     

                     
                           	
                              
                           
                            90 days of mortality

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            <0.05

                           
                        
                     

                  
               

            

            Etiology was cholecystectomy in 25 and 21, abdominal trauma in 7 and 8 and non-biliary abdominal procedures in 2 and 5 in
               group I and II respectively. There were 18 males and 14 females and 16 males and 16 females in group I and II respectively.
               Hospital length of stay was 7.1 days in group I and 8.4 days, 30 days of re- admission was seen in 3 and 4 and 90 days of
               mortality was seen in 2 in group I and 1 in group II. A significant difference was observed (P< 0.05) [Table 1, Figure 1].
            

            
                  
                  Figure 1

               
[image: https://s3-us-west-2.amazonaws.com/typeset-prod-media-server/d9321e4a-a169-4f6c-ae1c-f40abb717eabimage1.png]

            
                  
                  Table 2

               

               
                     
                        
                           	
                              
                           
                            Parameters

                           
                        
                        	
                              
                           
                            Variables

                           
                        
                        	
                              
                           
                            Group I

                           
                        
                        	
                              
                           
                            Group II

                           
                        
                        	
                              
                           
                            P value

                           
                        
                     

                     
                           	
                              
                           
                            Strasburg-Bismuth classification

                           
                        
                        	
                              
                           
                            A

                           
                        
                        	
                              
                           
                            1

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            >0.05

                           
                        
                     

                     
                           	
                              
                           
                            B

                           
                        
                        	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            4

                           
                        
                     

                     
                           	
                              
                           
                            C

                           
                        
                        	
                              
                           
                            8

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            D

                           
                        
                        	
                              
                           
                            6

                           
                        
                        	
                              
                           
                            4

                           
                        
                     

                     
                           	
                              
                           
                            E1

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            4

                           
                        
                     

                     
                           	
                              
                           
                            E2

                           
                        
                        	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            5

                           
                        
                     

                     
                           	
                              
                           
                            E3

                           
                        
                        	
                              
                           
                            4

                           
                        
                        	
                              
                           
                            6

                           
                        
                     

                     
                           	
                              
                           
                            E4

                           
                        
                        	
                              
                           
                            3

                           
                        
                        	
                              
                           
                            4

                           
                        
                     

                     
                           	
                              
                           
                            E5

                           
                        
                        	
                              
                           
                            2

                           
                        
                        	
                              
                           
                            3

                           
                        
                     

                     
                           	
                              
                           
                            X

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            1

                           
                        
                     

                     
                           	
                              
                           
                            Preoperative PTC catheter placement

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            18

                           
                        
                        	
                              
                           
                            <0.05

                           
                        
                     

                     
                           	
                              
                           
                            Preoperative percutaneous transabdominal drain placement 

                           
                        
                        	
                              
                           
                            0

                           
                        
                        	
                              
                           
                            12

                           
                        
                        	
                              
                           
                            <0.05

                           
                        
                     

                  
               

            

            Strasburg-Bismuth classification showed A in 1 and 2, B in 3 and 4, C in 8 and 1, D in 6 and 4, E1 in 4 and 4, E2 in 3 and
               5, E3 in 4 and 6, E4 in 3 and 4, E5 in 2 and 3 and X in 0 and 1 in group I and II respectively. Preoperative PTC catheter
               placement was seen in 0 and 18, preoperative percutaneous transabdominal drain placement was seen in 0 and 12 in group I and
               II respectively. A significant difference was observed (P< 0.05) [Table 2].
            

         

         
               Discussion

            Iatrogenic bile duct injuries are a major concern for both patient and surgeon. In the present era, almost all the injuries
               take place during laparoscopic cholecystectomy.[9] Although prevention would be ideal, limiting morbidity is critical.[10] It requires multispecialty care at a tertiary care centre with adequate armamentarium to stabilize the patient and simultaneously
               identify the type of injury and offer appropriate treatment.[11,12] The present study was conducted to compare outcome of early and delayed repair of bile duct injuries.
            

            We observed that etiology was cholecystectomy in 25 and 21, abdominal trauma in 7 and 8 and non-biliary abdominal procedures
               in 2 and 5 in group I and II respectively. There were 18 males and 14 females and 16 males and 16 females in group I and II
               respectively. Hospital length of stay was 7.1 days in group I and 8.4 days, 30 days of re- admission was seen in 3 and 4 and
               90 days of mortality was seen in 2 in group I and 1 in group II. Kirks et al,[13] conducted a study in which patients with CBDI managed surgically were retrospectively reviewed. Outcomes of patients undergoing
               early (<48 h from injury) and delayed (>48 h) repair were compared. In total, 61 patients underwent surgical biliary reconstruction.
               Between the early and delayed repair groups, no differences were found in patient demographics, injury classification subtype,
               vasculobiliary injury (VBI) incidence, hospital length of stay, 30-day readmission rate, or 90-day mortality rate. Patients
               undergoing delayed repair exhibited increased chance of readmission if VBI was present or if multiple endoscopic procedures
               were performed prior to repair. A predictive model was constructed with these variables (ROC 0.681).
            

            We found that Strasburg-Bismuth classification showed A in 1 and 2, B in 3 and 4, C in 8   and 1, D in 6 and 4, E1 in 4 and
               4, E2 in 3 and 5, E3 in 4 and 6, E4 in 3 and 4, E5 in 2 and 3 and X in 0 and 1 in group I and II respectively. Preoperative
               PTC catheter placement was seen in 0 and 18, preoperative percutaneous transabdominal drain placement was seen in 0 and 12
               in group I and II respectively. Rao et al,[14] assessed the outcome of early (up to 7 days) and delayed (after 6 weeks) definitive repair of BDIs. The patients who underwent
               surgical management of bile duct injuries were part of the study. A total of 50 patients were part of the study, out of which
               15 underwent early and 35 underwent delayed repair. Mean follow-up of patients was 10.8 months (1–24 months). Bile duct injuries
               were classified as per Strasberg classification. It included 7 patients with E1, 15 patients of E2, 20 patients of E3, 5 E4
               and 3 patients with type D injuries. The surgical reconstruction done was hepaticojejunostomy (HJ) in 48 and primary repair
               in 2 patients. The post-op complication observed were post-op bile leak in 4 patients (3 in early and 1 in delayed group,
               p = 0.041) and cholangitis in 3 patients (1 in early group and 2 in delayed group, p = 0.897). On comparison of stricture
               rate with post-op bile leak and cholangitis, both variables had significantly high stricture rate (p = 0.014 and p = 0.002,
               respectively). The grades of repair as per Mc Donald’s grading was grade A in 30, B in 16, C in 1 and D in 3 patients. The
               stricture was seen in 2 patients of early group and 1 patient in delayed group (p = 0.153). 
            

            Ianneli et al,[15] noticed that late group had higher post-operative complication, but it did not reach statistical significance. Post-operative
               complication in immediate (at the time of cholecystectomy) and early group (within 1–45 days) was significantly higher as
               compared with late group (beyond 45 days).
            

         

         
               Conclusion

            Early repair found to be better as compared to delayed repair of bile duct injury. 

         

      

      
         
               References

            
                  
                  
                     
                        1 
                              

                     

                     Mangieri C. C.  W., Hendren B. B.  P., Strode M. M.  A., Bandera B. B.  C., Faler B. B.  J.. Bile duct injuries (BDI) in the advanced laparoscopic cholecystectomy era. Surg Endosc. 2019;33(3):724–730. Available from:
                        https://doi.org/10.1007/s00464-018-6333-7

                  

                  
                     
                        2 
                              

                     

                     Strasberg S. S.  M., Hertl M. M., Soper N. N.  J.. An analysis of the problem of biliary injury during laparoscopic cholecystectomy. J Am Coll Surg. 1995;180:101–125.
                     

                  

                  
                     
                        3 
                              

                     

                     Carroll B. B.  J., Birth M. M., Phillips E. E.  H.. Common bile duct injuries during laparoscopic cholecystectomy that result in litigation. Surg Endosc. 1998;12(4):310–314.
                        Available from: https://doi.org/10.1007/s004649900660

                  

                  
                     
                        4 
                              

                     

                     Reuver P. P.  R.  D., Grossmann I. I., Busch O. O.  R., Obertop H. H., Gulik T. T.  M.  V., Gouma D. D.  J.. Referral pattern and timing of repair are risk factors for complications after reconstructive surgery for bile duct injury.
                        Ann Surg. 2007;245(5):763–770. Available from: https://doi.org/10.1097/01.sla.0000252442.91839.44

                  

                  
                     
                        5 
                              

                     

                     Thomson B. B.  N., Parks R. R.  W., Madhavan K. K.  K., Wigmore S. S.  J., Garden O. O.  J.. Early specialist repair of biliary injury. Br J Surg. 2006;93(2):216–220. Available from: https://doi.org/10.1002/bjs.5194

                  

                  
                     
                        6 
                              

                     

                     Stewart L. L., Way L. L.  W.. Laparoscopic bile duct injuries: timing of surgical repair does not influence success rate. A multivariate analysis of factors
                        influencing surgical outcomes. HPB 2009;11(6):516–522. Available from: https://doi.org/10.1111/j.1477-2574.2009.00096.x

                  

                  
                     
                        7 
                              

                     

                     Mcdonald M. M.  L., Farnell M. M.  B., Nagorney D. D.  M., Ilstrup D. D.  M., Kutch J. J.  M.. Benign biliary strictures: repair and outcome with a contemporary approach. Surgery. 1995;118(4):582–591. Available from:
                        https://doi.org/10.1016/s0039-6060(05)80022-4

                  

                  
                     
                        8 
                              

                     

                     Caputo L. L., Aitken D. D.  R., Mackett M. M.  C., Robles A. A.  E.. Iatrogenic bile duct injuries. The real incidence and contributing factors-implications for laparoscopic cholecystectomy.
                        Am Surg. 1992;58(12):766–771.
                     

                  

                  
                     
                        9 
                              

                     

                     Strasberg S. S.  M., Hertl M. M., Soper N. N.  J.. An analysis of the problem of biliary injury during laparoscopic cholecystectomy. J Am Coll Surg. 1995;180(1):101–125.
                     

                  

                  
                     
                        10 
                              

                     

                     Halbert C. C., Pagkratis S. S., Yang J. J., Meng Z. Z., Altieri M. M.  S., Parikh P. P.. Beyond the learning curve: incidence of bile duct injuries following laparoscopic cholecystectomy normalize to open in the
                        modern era. Surg Endosc. 2016;30(6):2239–2243. Available from: https://doi.org/10.1007/s00464-015-4485-2

                  

                  
                     
                        11 
                              

                     

                     Georgiades C. C.  P., Mavromatis T. T.  N., Kourlaba G. G.  C., Kapiris S. S.  A., Bairamides E. E.  G., Spyrou A. A.  M.. Is inflammation a significant predictor of bile duct injury during laparoscopic cholecystectomy? Surg Endosc. 2008;22(9):1959–1964.
                        Available from: https://doi.org/10.1007/s00464-008-9943-7

                  

                  
                     
                        12 
                              

                     

                     Strasberg S. S.  M.. Error traps and vasculo-biliary injury in laparoscopic and open cholecystectomy. J Hepatobiliary Pancreat Surg 2008;15:284–292.
                     

                  

                  
                     
                        13 
                              

                     

                     Kirks R. R.  C., Barnes T. T.  E., Lorimer P. P.  D., Cochran A. A., Siddiqui I. I., Martinie J. J.  B., et al. Comparing early and delayed repair of common bile duct injury to identify clinical drivers of outcome and morbidity. HPB.
                        2016;18(9):718–743. Available from: https://dx.doi.org/10.1016%2Fj.hpb.2016.06.016

                  

                  
                     
                        14 
                              

                     

                     Rao P. P.  P., Singh A. A., Singh K. K.  J.. Bile Duct Injuries: Outcome of Early and Delayed Repair at a Tertiary Care Centre. Indian J Surg. 2021;83:1–7. Available
                        from: https://doi.org/10.1007/s12262-020-02393-7

                  

                  
                     
                        15 
                              

                     

                     Iannelli A. A., Paineau J. J., Hamy A. A., Schneck A. A.  S., Schaaf C. C., Gugenheim J. J.. Primary versus delayed repair for bile duct injuries sustained during cholecystectomy: results of a survey of the Association
                        Francaise de Chirurgie. HPB (Oxford). 2013;15(8):611–616. Available from: https://doi.org/10.1111/hpb.12024

                  

               

            

         

      

      

   EPUB/nav.xhtml

    
      


      
        		
          Content
        


      


    
  

