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Abstract

The use of minimally invasive surgery has become widely accepted in many gastrointestinal fields, even in patients with malignancy. However, performing laparoscopic resection for the treatment of hilar cholangiocarcinoma is still not universally accepted as an alternative approach to open surgery, and only a limited number of such procedures have been reported due to the difficulty of performing oncologic resection and the lack of consensus regarding the adequacy of this approach. Laparoscopy was initially limited to staging, biopsy and palliation. Recent technological developments and improvements in endoscopic procedures have greatly expanded the applications of laparoscopic liver resection and lymphadenectomy, and some reports have described the use of laparoscopic or robot-assisted laparoscopic resection for hilar cholangiocarcinoma as being feasible and safe in highly selected cases, with the ability to obtain an adequate surgical margin. However, the benefits of major laparoscopic surgery have yet to be conclusively proven, and carefully selecting patients is essential for successfully performing this procedure.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Recent technological developments and improvements in endoscopic procedures have greatly expanded the applications of laparoscopic liver resection and lymphadenectomy, and some reports have described the use of laparoscopic or robot-assisted laparoscopic resection for hilar cholangiocarcinoma as being feasible and safe in highly selected cases, with the ability to obtain an adequate surgical margin. However, the benefits of major laparoscopic surgery have yet to be conclusively proven, and carefully selecting patients is essential for successfully performing this procedure.
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INTRODUCTION
Hilar cholangiocarcinoma is the most common malignant neoplasm of the biliary tract. Only complete tumor resection enables the long-term survival of patients with hilar cholangiocarcinoma, and the use of major hepatic resection is often required to perform curative surgical resection[1-3]. However, major hepatic resection is reported to be closely associated with postoperative complications such as liver failure, sepsis and anastomotic leakage. Given the high surgical morbidity and mortality rates even at specialized high-volume centers[4], performing this procedure remains a formidable challenge for many surgeons. The recent rapid development of technological innovations, improvements in surgical skills and accumulation of extensive experience by surgeons have improved the feasibility and safety of laparoscopic surgery, and the applications for laparoscopic liver resection have therefore recently been greatly expanded[5-9]. Even major laparoscopic hepatectomy has been accepted to be a superior alternative to conventional open hepatectomy[10-13]. However, laparoscopic resection for hilar cholangiocarcinoma is still not universally accepted as an alternative approach to open surgery due to the difficulty in performing oncologic resection and the lack of consensus regarding the adequacy of this approach[14-16]. In the present paper, we review the current status of laparoscopic resection for hilar cholangiocarcinoma in the advanced laparoscopic era.
REVIEW STRATEGY
A computerized search of all the English literature cited in the PubMed database was performed using the search words “laparoscopy” and “hilar cholangiocarcinoma.” Relevant articles were retrieved and further references were obtained using manual cross-referencing.
STAGING LAPAROSCOPY
Despite advances in preoperative imaging, a number of patients with hilar cholangiocarcinoma are found to have unresectable advanced tumors or occult metastases during surgical exploration. A few studies of staging laparoscopy in patients with hilar cholangiocarcinoma have reported an overall yield and accuracy of 14%-45% and 32%-71%, respectively (Table 1)[17-22]. The use of staging laparoscopy is recommended to avoid unnecessary laparotomy, particularly in patients with T2/3 disease on radiological imaging[17,18]. Although laparoscopic intraoperative ultrasonography is useful for detecting new liver nodules[23] and identifying locally advanced lesions, particularly when assessing vascular involvement, its accuracy is often limited by inflammation secondary to the placement of biliary stents[17]. In addition, the yield of laparoscopy for hilar cholangiocarcinoma has decreased due to improvements in the accuracy of imaging techniques, bringing into question its routine use in preoperative staging[21,24]. Clearly, prospective studies of larger series are needed to elucidate the appropriate indications and effects of staging laparoscopy in patients with hilar cholangiocarcinoma.
LAPAROSCOPIC PORTAL VEIN LIGATION
Portal vein embolization (PVE), a procedure devised by Makuuchi et al[25,26] and Kinoshita et al[27] is widely performed as a presurgical treatment in patients undergoing extended hepatectomy in order to minimize postoperative liver dysfunction. The use of staging laparoscopy prior to PVE is recommended to avoid unnecessary PVE[28]. Patients who are determined to be candidates for major hepatectomy at the time of staging laparoscopy, undergo PVE as an additional procedure at a later stage as PVE is usually performed through the ipsilateral or contralateral liver lobe via the transhepatic approach. The use of laparoscopic portal vein ligation (LPVL) can potentially avoid this additional procedure or unnecessary PVE[29,30]. Are et al[29] reported, according to the volumetric data for six patients treated with LPVL, a mean increase from 209.1 cc+/-97.76 to 495.83 cc+/-310.91 (an increase of 181.5%). Meanwhile, Ayiomamotis et al reported that no intra- or postoperative complications in six patients, among whom all procedures were completed laparoscopically. In that study, repeat imaging of the liver resulted in a median (range) degree of hypertrophy of the future liver remnant of 24.5% (range, 20.7%-33.1%) in the six patients[30]. In the hands of experienced laparoscopic hepatobiliary surgeons, LPVL is therefore considered to be a feasible and safe surgical modality in a select group of patients as an alternative to subsequent PVE. 
LAPAROSCOPIC PALLIATION
In patients with hilar cholangiocarcinoma, the use of R1 resection is justified as a very efficient palliation[31]. Therefore, the laparoscopic approach may be accepted as palliative therapy, even if the surgical margins are not histologically clear. However, there are few reports regarding the use of laparoscopic palliation for hilar cholangiocarcinoma. Although the laparoscopic approach in biliary bypass surgery is safe and exhibits a high initial success rate, low reintervention rate, and low morbidity and mortality rates in patients with malignant distal biliary obstruction[32], non-surgical biliary stenting is the first choice for palliative biliary drainage in patients with hilar cholangiocarcinoma[31]. 
LAPAROSCOPIC RESECTION
Although recent rapid developments in technological innovations, improvements in surgical techniques and the accumulation of extensive experience by surgeons have improved the feasibility and safety of laparoscopic major hepatectomy and extended the applications of lymphadenectomy (Figure 1), technical limitations and oncologic concerns have hindered the use of minimally invasive surgery in the treatment of hilar cholangiocarcinoma. Only a limited number of procedures have been reported (Table 2). Yu et al[33] performed laparoscopic local hilar resection and choledochojejunostomy in seven patients with Bismuth type I disease, laparoscopic combined partial liver resection and hepaticojejunostomy in five patients with type II disease, and palliative surgical bypass in two patients with more advanced hilar cholangiocarcinoma. The mean operative time and amount of blood loss were 305 minutes and 386 ml, respectively. Furthermore, the R0 resection rate was 100% and 60% in the patients with type I and II tumors, with in-hospital mortality and morbidity rates of 0% and 35.7%, respectively. Meanwhile, port-site recurrence was detected in two patients with type II tumors. The authors concluded that laparoscopy can be used as the first choice treatment for preoperative Bismuth type I cholangiocarcinoma. In contrast, Donati et al[34] reported that it was difficult to accept Yu’s assertion that laparoscopy is a potentially effective first choice therapy for preoperative Bismuth type I cholangiocarcinoma. In Yu’s article, no caudate resection was performed due to technical difficulties, thus resulting in a lack of radicality. In addition, it is very difficult for surgeons to assess the resectability and radicality (R0) of the hilar structures without using palpation to make important treatment decisions in patients with hilar cholangiocarcinoma. Therefore, the minimally invasive approach should be abandoned due to the lack of radicality and the unacceptable recurrence rate, including that of port-site recurrence. Gumbs et al[35] reported the use of a minimally invasive approach to treating extrapancreatic cholangiocarcinoma. In that study, five of 29 patients underwent laparoscopic resection for hilar cholangiocarcinoma. Three patients had Blumgart T1 lesions and two had T2 lesions, requiring concomitant laparoscopic right and left hepatectomy, respectively. One of the patients (20%) was converted to an open procedure due to concerns of portal vein involvement. The mean amount of blood loss was 240 mL (range, 0-400 mL) and the median length of stay was 15 d (range, 11-21 d). The patient with AJCC stage IV disease underwent R1 resection based on the final pathology, while all other patients received R0 resection. None of the five patients developed port-site recurrence. Machado et al[36] performed laparoscopic left hepatectomy with lymphadenectomy and extrahepatic bile duct resection in a 43-year-old female with left sided hilar cholangiocarcinoma. Biliary reconstruction was performed using the hybrid method. The operative time was 300 min with minimum blood loss, and the patient’s recovery was uneventful. While caudate resection was not performed, the patient received R0 resection and was found to be well without recurrence 18 mo after the surgery. The authors stressed that the use of a hybrid method for biliary reconstruction is needed. We performed pure laparoscopic hepato-pancreaticoduodenectomy, including left hepatectomy, caudate resection, and pylorus-preserving pancreaticoduodenectomy, in an 80-year-old female with hilar cholangiocarcinoma exhibiting widespread infiltration[37]. The procedure took 629 min, and the amount of operative bleeding was 200 mL. The patient was discharged on the 28th postoperative day due to the development of biliary leakage that later resolved spontaneously. A histological examination showed well differentiated tubular adenocarcinoma. Although the tumor had widely infiltrated to the extrahepatic bile duct, the surgical margins were histologically clear (R0 resection). No recurrence has been detected during the 24-mo follow-up.
ROBOT-ASSISTED LAPAROSCOPIC RESECTION
Giulianotti reported performing robot-assisted laparoscopic resection for hilar cholangiocarcinoma using the da Vinci Robotic Surgical System (Intuitive Surgical, Sunnyvale, CA)[38]. Following percutaneous external biliary drainage and PVE, a 66-year-old male underwent extended right hepatectomy with left hepaticojejunostomy. The operative time and amount of blood loss were 540 minutes and 800 mL, respectively. One unit of red blood cells was transfused. Caudate resection was not performed.  The histopathologic examination revealed a 22-mm moderately differentiated cholangiocarcinoma on the hilar bile duct confluence extending into the right hepatic duct without lymph node metastasis (T2N0). The surgical margins were free of tumor tissue. The patient’s postoperative course was uneventful, and was discharged on postoperative day 11.
CONCLUSION 
The use of minimally invasive surgery for hilar cholangiocarcinoma is still not universally accepted as an alternative approach to open surgery. Aggressive surgery, including major hepatectomy with combined caudate resection, has become widely accepted as a standard treatment for hilar cholangiocarcinoma[39-43]. Better results have been obtained in terms of survival among patients with hilar cholangiocarcinoma by combining caudate resection. However, in previous reports of minimally invasive surgery for hilar cholangiocarcinoma, there were only a few descriptions concerning the decision to resect the caudate lobe. In experienced hands, laparoscopic caudate resection can be a safe and feasible procedure[37,44]. Despite concerns regarding technical feasibility and theoretical possibilities, the use of laparoscopic resection to treat hilar cholangiocarcinoma remains experimental. In fact, only 40%-50% of patients explored with curative intent are ultimately found to be resectable[45]. The intraoperative determination of resectability, which is usualy established by the surgeon following careful palpation and dissection of the liver hilum, is often crucial. Although the laparoscopic approach may favor an early safe discharge and prompt recovery in highly selected patients, the benefits of laparoscopic resection for hilar cholangiocarcinoma have yet to be conclusively proven, and carefully selecting patients is essential for successfully performing this procedure.
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Figure 1 Dissection of the hepato-duodenal ligament. Laparoscopic skeletonization of the hepato-duodenal ligament was performed laparoscopically. CHA: common hepatic artery, PHA: proper hepatic artery, GDA: gastroduodenal artery, RHA: right hepatic artery, LHA: left hepatic artery, PV: portal vein.
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Table 1 Summary of literature reporting staging laparoscopy for hilar cholangiocarcinoma
	Ref.
	N 
	Yield 

	Accuracy 


	Weber et al[17] 2002                             
	56
	25%
	42%

	Tilleman et al[18] 2002                 
	1101
	41%
	59%

	Connor et al[19] 2005
	84
	42%
	53%

	Goere et al[20] 2006                         
	20
	25%
	45%

	Ruys et al[21] 2011
	175
	14%
	32%

	Balrow et al[22] 2013
	100
	45%
	71%


1Included six patients with gallbladder cancer.
Table 2 Summary of literature reporting laparoscopic resection for hilar cholangiocarcinoma
	Ref. 
	N
	Surgical 

approach


	Surgical procedure

BD, PR, HH, C
	OperativeTime(min
	Bleeding (g)


	Complication

	R0/R1



	Yu et al[25] 2011                         
	14
	TL
	7, 5, 0, (-)               
	mean 305      
	mean386          
	35.7%            
	10/2        

	Gumbs et al[27] 2013           
	5
	TL
	0, 0, 5, NA                  
	NA
	mean240             
	0%
	4/1         

	Machado et al[28] 2012     
	1
	H
	0, 0, 1, (-)                  
	300
	minimum            
	0%
	1/0         

	Cho et al[29] 20131                    
	1
	TL
	TL 0, 0, 1, (+)                
	629
	200
	100%
	1/0         

	Giulianotti et al[30] 2010      
	1
	R
	0, 0, 1, (-)          
	540
	800
	0%
	1/0         


1Hepato-pancreaticoduodenectomy. BD: Bile duct resection; PR: Partial liver resection; HH: Hemihepatectomy; C: Caudate lobe resection; TL: Totally laparoscopic; H: Hybrid; R: Robotic.
