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Abstract 
Iatrogenic bile duct injuries (IBDI) are still a challenge for surgeons. The most frequently, they are caused by laparoscopic cholecystectomy which is one of the commonest surgical procedure in the world. Endoscopic techniques are recommended as initial treatment of IBDI. When endoscopic treatment is not effective, surgery is considered. Different surgical biliary reconstructions are performed in most patients in IBDI. Roux-Y hepaticojejunostomy is the commonest biliary reconstruction for IBDI. In some patients with complex IBDI, hepatectomy is required. Recently, Li et al analyzed the factors that had led to hepatectomy for patients with IBDI after laparoscopic cholecystectomy (LC). Authors concluded that hepatectomy might be necessary to manage early or late complications after LC. The study showed that proximal IBDI (involving hepatic confluence) and IBDI associated with vascular injuries were the two independent risk factors of hepatectomy in this series. Authors distinguished two main groups of patients that require liver resection in IBDI: those with an injury-induced liver necrosis necessitating early intervention, and those in whom liver resection is indicated for treatment of liver atrophy following long-term cholangitis. In this commentary, indications for hepatectomy in patients with IBDI are discussed. Complex biliovascular injuries as indications for hepatectomy are presented. Short- and long-term results in patients following liver resection for IBDI are also discussed. Hepatectomy is not a standard procedure in surgical treatment of IBDI, but in some complex injuries it should be considered.
© 2013 Baishideng. All rights reserved.
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Core tip: Different surgical biliary reconstructions are performed in most patients with iatrogenic bile duct injuries (IBDI). Roux-Y hepaticojejunostomy is the commonest biliary reconstruction. However, in some patients with complex IBDI involving disruption of hepatic confluence and injuries associated with concomitant vascular damage, hepatectomy is required. In this commentary, indications for hepatectomy in patients with IBDI are discussed. Complex biliovascular injuries as indications for hepatectomy are presented. Short- and long-term results in patients following liver resection for IBDI are also discussed. Hepatectomy is not a standard procedure in surgical treatment of IBDI, but in some complex injuries it should be considered. 
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INVITED COMMENTARY ON HOT ARTICLES
I have read with great interest the recent article Li et al[1] analyzing the factors that had led to hepatectomy for patients with bile duct injuries after laparoscopic cholecystectomy (LC). I would strongly recommend this article to the readers.
Iatrogenic bile duct injuries (IBDI) are still a challenge for surgeons. The most frequently, they are caused by laparoscopic cholecystectomy which is one of the commonest surgical procedure in the world [2,3]. The early and proper diagnosis of IBDI is very important for surgeons and gastroenterologists, because unrecognized IBDI lead to serious complications such as biliary cirrhosis, hepatic failure and death [3,4]. Endoscopic techniques are recommended as initial treatment of IBDI. When endoscopic treatment is not effective, surgery is considered. Different surgical biliary reconstructions are performed in most patients in IBDI. Roux-Y hepaticojejunostomy is the commonest biliary reconstruction for IBDI. However, in some patients with complex IBDI, hepatectomy is required. Complex IBDI involve disruption of hepatic confluence and injuries associated with concomitant vascular damage [1,5]. The incidence of arterial injury in patients in IBDI ranges between 12% and 47% [6,7]. Distal IBDI are accompanied by damage of axial arteries (10%-15%) and proximal IBDI are usually associated with damage of the proper hepatic artery and its branches (most frequently right hepatic artery) (40%-60%) [2,6]. The incidence of complex biliovascular injuries has risen since the introduction of LC [8]. According to Li et al[1], most complex IBDI such as Strasberg types E4 and E5 IBDI, either as an isolated condition or in combination with injury to vascular structures, can be effectively repaired by Roux-Y hepaticojejunostomy. However, in some patients with liver necrosis or lobar atrophy and fibrosis, hepatectomy is required [1]. 
In their study, Li et al[1] analyzed the medical records of 76 patients who had received surgery for IBDI following LC from April 1998 to September 2007. Hepatectomy was performed in 10 of 76 patients (13.2%), with IBDI either as isolated damage or in combination with vascular injury (VI). Proximal IBDI (defined as disruption of the biliary confluence) and injury to the right hepatic artery were found to be independent risk factors of hepatectomy. When both injuries occurred, 72.7% (8/11) of their referred patients required hepatectomy. Five patients required early liver resection (within 5 wk post-LC) to control sepsis caused by confluent liver necrosis or bile duct necrosis. In five patients, hepatectomy was indicated during long-term follow-up (over 4 mo post-LC) to effectively manage recurrent cholangitis and liver atrophy. Based on their own observation, authors distinguished two groups of patients with IBDI that require hepatectomy: those with an injury-induced liver necrosis necessitating early intervention, and those in whom liver resection is indicated for treatment of liver atrophy following long-term cholangitis.
Another interesting aspect of this study is analysis of short- and long-term results in 10 patients undergoing hepatectomy. Authors noted high postoperative morbidity (60%) and mortality (10%), and satisfactory long-term results (with median follow-up of 34 mo) with either no or only transitory symptoms in 67% of the patients [1].
There are a number of publications regarding the use of hepatectomy in surgical treatment of complex IBDI [5-22]. Hepatectomy is one of therapeutic possibilities in patients with complex IBDI. Right hepatectomy is the most frequently performed liver resection in patients with IBDI because of the highest incidence injuries of the right hepatic artery [5,6,22]. Li et al[1] presented the following indications for hepatectomy in patients with IBDI: vascular injury causing liver necrosis without the possibility of vascular reconstruction, uncontrolled bile leakage due to a destructed segmental or sectional hepatic duct without the possibility of biliary reconstruction and recurrent cholangitis (more than four episodes) refractory to endoscopic management and not effectively amenable to bilioenteric anastomosis due to imaging evidence of atrophy or cirrhotic changes of the liver parenchyma. These indications are similar to literature data [5-22]. Most frequently, liver atrophy or necrosis, sepsis, and unreconstructable hepatic ducts, as complications of complex IBDI, and multiple failed previous repairs are indications for hepatectomy. Liver resection removes the fibrotic, atrophic segment and the diseased biliary confluence and allows good access to the remnant bile duct for a safe healthy anastomosis [5,6].

Laurent at al[5] presented aims of hepatectomy in patients with complex IBDI involving biliary confluence (Bismuth IV, Strasberg E4). The aim of partial liver resection in patients with complex IBDI was to remove fibrotic and atrophic liver parenchyma with a high risk of secondary complications because of vascular or septic lesions. The other aim of hepatectomy was to remove completely the biliary stricture at the early stages of the disease for preventing progressive liver damage and potential malignancy caused by bile stasis and repeated cholangitis. Authors presented the following indications for hepatectomy: simultaneous ipsilateral portal and arterial injuries, stenosis of the hilar confluence involving secondary biliary confluence; presence of liver atrophy and presence of metallic stent.

Mercado et al[9], based on their 20 years experience in surgical treatment of IBDI including 512 patients with complex IBDI (Strasberg E), performed major hepatectomy in patients with chronic biliary obstruction, liver atrophy, and persistent or recurrent cholangitis, with 1 to 3 previously failed attempts of surgical repair before arriving at their hospital. In remaining patients, Roux-Y hepaticojejunostomy without major liver resection was possible to perform. Authors pointed that in 2 patients, acute recurrent cholangitis, with pericholangitic abscess involving one hemi-liver that had not responded to medical and radiologic treatment, was the indication for major liver resection. In these cases, the liver parenchyma was not possible to rehabilitation, in spite of absence of disruption of hepatic influence. Based on the above mentioned two studies [8,9], complex IBDI involving hepatic influence without vascular injury can be managed successfully with Roux-Y hepaticojejunostomy without major liver resection. 
According to Thomson et al[10], most patients are managed successfully with a Hepp-Couinaud hepaticojejunostomy because the left hepatic duct remains readily accessible. However, complications such as hepatic infarction, sepsis, anastomotic stricture, and intrahepatic stone formation can require hepatic resection, or even transplantation. Authors presented the following indications for hepatectomy in patients with IBDI: vascular injuries leading to partial liver devascularization, major injuries to the right hepatic duct that could not be repaired by conventional methods, and severe atrophy or sepsis of the hepatic lobe resulting from vascular injury or prolonged biliary obstruction that could not be drained effectively by Roux-Y hepaticojejunostomy. Liver transplantation was performed in combined biliary and vascular injuries leading to acute liver failure and in secondary biliary fibrosis with chronic liver failure.
In studies conducted in 1994 by Madariaga et al[14], and in the year 1996 by Majno et al[15], they indicated hepatectomy in cases of liver-infected necrosis. Sauvanet et al[16] described the following indications for hepatectomy: injuries from the confluence or higher with unilateral portal injury, right pedicle destruction, and liver atrophy. Santibanes et al[21] presented algorithm for management of lobar atrophy including patients with IBDI. In asymptomatic cases of lobar atrophy, authors recommended control. Liver resection was indicated for symptomatic lobar atrophy caused by vascular injury, combined vascular and biliary injury, and biliary stenosis not responded to balloon dilatation. According to Truant et al[22] large review, the presence of a Strasberg type E4 or E5 BDI associated with hepatic artery injury was an independent risk factor for hepatectomy. Based on the analyzing studies in PubMed database authors presented the following indications for hepatectomy: recurrent biliary sepsis, biliary strictures caused by continuous cholangitis, intrahepatic abscesses, non-visualization and/or unsuitability of the proximal stump of the injured bile duct(s) for anastomosis, intrahepatic injuries of an aberrant right hepatic duct, anastomotic strictures and intrahepatic lithiasis, right hepatic lobar atrophy, secondary biliary cirrhosis, primary non-diagnosed Klatskin tumor. 
It should be emphasized that immediate arterial reconstruction of biliovascular injuries recognized intraoperatively or at least within 4 days is recommended in order to avoid liver devascularization [8]. In another study, Li et al[11] presented hepatic reartelialization, with vascular revonstruction with or without vascular graft, when it was technically possible. Authors carried out hepatic resection only in patients with partial liver atrophy or necrosis. Only early recognition of vascular injury allows to perform rearterialization. In late recognized injuries, partial hepatectomy is required.
Partial hepatectomy is not only performed in patients with damaged liver parenchyma, such as liver ischemia, atrophy and necrosis. A minor partial hepatectomy is used in order to improve biliary reconstruction in high intrahepatic IBDI. Mercado et al[23-27] described partial liver resection of segments IV and V that allowed adequate exposure of the bile duct at its bifurcation with an anterior approach of the ducts in order to perform a high quality anastomosis. The first partial-segment IV resection was performed in 1994. 

The interesting phenomenon described by Li et al[1] was a higher incidence of vascular injuries, involving a right hepatic artery, in proximal IBDI compared to distal ones. In this series, 11/33 high injuries were associated with arterial injury but only 9/43 distal injuries were. Authors explained this phenomenon by the fact that the high biliary injury involving the confluence was more likely to damage the hilar component of the choledochal hilar plexus and thus prevent compensatory flow from the left artery. A high risk of concomitant vascular injury in patients with proximal IBDI has been also reported in other studies on LC-related complications [11,12, 28-32]. Two arterial plexuses play important roles in adequate vascularization of the extrahepatic biliary system. One is the arterial plexus on the surface of the common bile duct and the common hepatic duct, connecting the posterosuperior pancreaticoduodenal artery and the right hepatic artery (most frequently, the 3 o.clock and 9 o.clock axial arteries). The other one (described by Vellar [33]) is located within hilar plate on the inferior surface of the hilum of the liver. It is formed by the collateral vessels coming from the right hepatic left hepatic arteries [33,34]. In patients with an occluded right hepatic artery combined with major bile duct injury, the arterial plexus on the bile duct is totally transected, and the hilar plate plexus might be jeopardized. In these cases, necrosis of the bile duct, dehiscence and stenosis of the biliary anastomosis, or a syndrome of multiple peripheral strictures within the biliary tree with jaundice and recurrent cholangitis, can occur [11].
In the commented study, high morbidity and mortality rates and good long-term results were reported. It is associated with presence of serious complications in patients with complex IBDI requiring hepatectomy, such as peritonitis, sepsis with multi-organ insufficiency, and liver failure. Good long-term results show that liver resection should be considered in patients with complex IBDI that do not respond to other treatment. According to literature, hepatic resections in patients with IBDI can be performed successfully with low (0%) mortality, although with significant morbidity (50%–60%), and with excellent long-term success of 94% [6]. 
In conclusion, depending on the time of surgical intervention, two groups of indications (early and late) can be distinguished. In the early postoperative period after cholecystectomy, hepatectomy is necessary in patients with liver necrosis or abscesses and bile leakage, in order to control peritonitis and sepsis. In remaining patients, hepatectomy is required in cases of recurrent cholangitis, that do not respond to standard therapy, and symptomatic lobar atrophy. Although hepatectomy is not a standard procedure for patients with IBDI, it should be considered as a part of the surgical armamentarium for the repair of a selected group of patients in post-cholecystectomy injuries.
REFERENCES
1 Li J, Frilling A, Nadalin S, Broelsch CE, Malago M. Timing and risk factors of hepatectomy in the management of complications following laparoscopic cholecystectomy. J Gastrointest Surg 2012; 16: 815-820 [PMID: 22068969 DOI: 10.1007/s11605-011-1769-2]

2 Jabłońska B, Lampe P. Iatrogenic bile duct injuries: etiology, diagnosis and management. World J Gastroenterol 2009; 15: 4097-4104 [PMID: 19725140]

3 Archer SB, Brown DW, Smith CD, Branum GD, Hunter JG. Bile duct injury during laparoscopic cholecystectomy: results of a national survey. Ann Surg 2001; 234: 549-58; discussion 558-9 [PMID: 11573048 DOI: 10.1097/00000658-200110000-00014]

4 Negi SS, Sakhuja P, Malhotra V, Chaudhary A. Factors predicting advanced hepatic fibrosis in patients with postcholecystectomy bile duct strictures. Arch Surg 2004; 139: 299-303 [PMID: 15006888 DOI: 10.1001/archsurg.139.3.299]

5 Laurent A, Sauvanet A, Farges O, Watrin T, Rivkine E, Belghiti J. Major hepatectomy for the treatment of complex bile duct injury. Ann Surg 2008; 248: 77-83 [PMID: 18580210 DOI: 10.1097/SLA.0b013e31817b65f2]

6 Sikora SS. Management of post-cholecystectomy benign bile duct strictures: review. Indian J Surg 2012; 74: 22-28 [PMID: 23372303 DOI: 10.1007/s12262-011-0375-6]

7 Alves A, Farges O, Nicolet J, Watrin T, Sauvanet A, Belghiti J. Incidence and consequence of an hepatic artery injury in patients with postcholecystectomy bile duct strictures. Ann Surg 2003; 238: 93-96 [PMID: 12832970]

8 Addeo P, Oussoultzoglou E, Fuchshuber P, Rosso E, Nobili C, Souche R, Jaeck D, Bachellier P. Reoperative surgery after repair of postcholecystectomy bile duct injuries: is it worthwhile? World J Surg 2013; 37: 573-581 [PMID: 23188533 DOI: 10.1007/s00268-012-1847-y]

9 Mercado MA, Sanchez N, Urencio M. Major hepatectomy for the treatment of complex bile duct injury. Ann Surg 2009; 249: 542-53; author reply 543 [PMID: 19247049 DOI: 10.1097/SLA.0b013e31819aa93d]

10 Thomson BN, Parks RW, Madhavan KK, Garden OJ. Liver resection and transplantation in the management of iatrogenic biliary injury. World J Surg 2007; 31: 2363-2369 [PMID: 17917775]

11 Li J, Frilling A, Nadalin S, Paul A, Malagò M, Broelsch CE. Management of concomitant hepatic artery injury in patients with iatrogenic major bile duct injury after laparoscopic cholecystectomy. Br J Surg 2008; 95: 460-465 [PMID: 18161898 DOI: 10.1002/bjs.6022]

12 Stewart L, Robinson TN, Lee CM, Liu K, Whang K, Way LW. Right hepatic artery injury associated with laparoscopic bile duct injury: incidence, mechanism, and consequences. J Gastrointest Surg 2004; 8: 523-30; discussion 530-1 [PMID: 15239985]

13 Felekouras E, Megas T, Michail OP, Papaconstantinou I, Nikiteas N, Dimitroulis D, Griniatsos J, Tsechpenakis A, Kouraklis G. Emergency liver resection for combined biliary and vascular injury following laparoscopic cholecystectomy: case report and review of the literature. South Med J 2007; 100: 317-320 [PMID: 17396740]

14 Madariaga JR, Dodson T, Selby R, Todo S, Iwatsuki S, Starzl TE. Corrective treatment and anatomic considerations for laparoscopic cholecystectomy injuries. J Am Coll Surg 1994; 179: 321–324 [PMID: 8069429]
15 Majno P, Pretre R, Mentha G, Morel MD. Operative injury to the hepatic artery. Consequences of a biliary-enteric anastomosis and principles for rational management. Arch Surg 1996; 131: 211–215 [PMID: 8611081]
16 Sauvanet A, Watrin T, Nicolet J, Sa Cunha A, Farges O, Belghiti J. Major hepatectomy for bile duct injuries after cholecystectomy. IHPBA 2000; 2: 171–172

17 Truant S, Boleslawski E, Zerbib P, Sergent G, Buob D, Leteurtre E, Pruvot FR. Liver resection in management of post-cholecystectomy biliary injury: a case series. Hepatogastroenterology 2012; 59: 2403-2406 [PMID: 23169176 DOI: 10.5754/hge10804]

18 Heinrich S, Seifert H, Krähenbühl L, Fellbaum C, Lorenz M. Right hemihepatectomy for bile duct injury following laparoscopic cholecystectomy. Surg Endosc 2003; 17: 1494-1495 [PMID: 12820055]

19 Schmidt SC, Langrehr JM, Raakow R, Klupp J, Steinmüller T, Neuhaus P. Right hepatic lobectomy for recurrent cholangitis after combined bile duct and right hepatic artery injury during laparoscopic cholecystectomy: a report of two cases. Langenbecks Arch Surg 2002; 387: 183-187 [PMID: 12172865]

20 Lichtenstein S, Moorman DW, Malatesta JQ, Martin MF. The role of hepatic resection in the management of bile duct injuries following laparoscopic cholecystectomy. Am Surg 2000; 66: 372-36; discussion 377 [PMID: 10776875]

21 de Santibañes E, Palavecino M, Ardiles V, Pekolj J. Bile duct injuries: management of late complications. Surg Endosc 2006; 20: 1648-1653 [PMID: 17063285]

22 Truant S, Boleslawski E, Lebuffe G, Sergent G, Pruvot FR. Hepatic resection for post-cholecystectomy bile duct injuries: a literature review. HPB (Oxford) 2010; 12: 334-341 [PMID: 20590909 DOI: 10.1111/j.1477-2574.2010.00172.x]

23 Mercado MA, Chan C, Salgado-Nesme N, López-Rosales F. Intrahepatic repair of bile duct injuries. A comparative study. J Gastrointest Surg 2008; 12: 364-368 [PMID: 18046611]

24 Mercado MA, Chan C, Orozco H, Villalta JM, Barajas-Olivas A, Eraña J, Domínguez I. Long-term evaluation of biliary reconstruction after partial resection of segments IV and V in iatrogenic injuries. J Gastrointest Surg 2006; 10: 77-82 [PMID: 16368494]

25 Mercado MA, Chan C, Tielve M, Contreras A, Gálvez-Treviño R, Ramos-Gallardo G, Orozco H. [Iatrogenic injury of the bile duct. Experience with repair in 180 patients]. Rev Gastroenterol Mex 2002; 67: 245-249 [PMID: 12653070]

26 Mercado MÁ, Franssen B, Dominguez I, Arriola-Cabrera JC, Ramírez-Del Val F, Elnecavé-Olaiz A, Arámburo-García R, García A. Transition from a low: to a high-volume centre for bile duct repair: changes in technique and improved outcome. HPB (Oxford) 2011; 13: 767-773 [PMID: 21999589 DOI: 10.1111/j.1477-2574.2011.00356.x]

27 Mercado MA, Sánchez N, Ramírez-Del Val F, Cerón R, Urencio J, Domínguez I. [Indications of hepatectomy for iatrogenic biliary injury.]. Rev Gastroenterol Mex 2010; 75: 22-9

28 Frilling A, Li J, Weber F, Frühauf NR, Engel J, Beckebaum S, Paul A, Zöpf T, Malago M, Broelsch CE. Major bile duct injuries after laparoscopic cholecystectomy: a tertiary center experience. J Gastrointest Surg 2004; 8: 679-685 [PMID: 15358328]

29 Gupta N, Solomon H, Fairchild R, Kaminski DL. Management and outcome of patients with combined bile duct and hepatic artery injuries. Arch Surg 1998; 133: 176-181 [PMID: 9484731]

30 Mathisen O, Søreide O, Bergan A. Laparoscopic cholecystectomy: bile duct and vascular injuries: management and outcome. Scand J Gastroenterol 2002; 37: 476-481 [PMID: 11989840]

31 Koffron A, Ferrario M, Parsons W, Nemcek A, Saker M, Abecassis M. Failed primary management of iatrogenic biliary injury: incidence and significance of concomitant hepatic arterial disruption. Surgery 2001; 130: 722-78; discussion 722-78; [PMID: 11602904]

32 Buell JF, Cronin DC, Funaki B, Koffron A, Yoshida A, Lo A, Leef J, Millis JM. Devastating and fatal complications associated with combined vascular and bile duct injuries during cholecystectomy. Arch Surg 2002; 137: 703-78; discussion 703-78; [PMID: 12049542]

33 Vellar ID. The blood supply of the biliary ductal system and their relevance to vasculobiliary injuries following cholecystectomy. Aust NZJ Surg 1999; 69: 816-820 [PMID: 10553973]
34 Jabłońska B. The arterial blood supply of the extrahepatic biliary tract - surgical aspects. Pol J Surg 2008; 80: 593-604 [DOI: 10.2478/v10035-008-0045-y]

P-Reviewers Carnovale CE, Shindoh J S-Editor Song XX L-Editor E-Editor
