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Abstract
Liver resection for hepatocellular carcinoma (HCC) is currently known to be a safer procedure than it was before because of technical advances and improvement in postoperative patient management and remains the first-line treatment for HCC in compensated cirrhosis. The aim of this review is to assess current indications, advantages and limits of laparoscopic surgery for HCC resections. We also discussed the possible evolution of this surgical approach in parallel with new technologies.
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Core tip: We assess in this review current indications, advantages and limits of laparoscopic surgery for hepatocellular carcinoma. We also discuss the possible evolution of this surgical approach in parallel with new technologies.
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INTRODUCTION
Hepatocellular carcinoma (HCC) represents the fifth most frequent cancer[1], and the third most widespread cause of cancer-related deaths in the world[2]. Most HCCs develop within chronic liver disease, mainly chronic hepatitis and cirrhosis. Screening for HCC among patients with chronic liver disease facilitates the early detection of small tumors, increasing the number of curative therapeutic options available. Liver transplantation appears most attractive since it treats both the cancer and the underlying disease. However, the scarcity of donors does not permit transplantation in all patients with early HCC[3]. Liver resection for HCC is currently known to be a safer procedure than it was before because of technical advances and improvement in postoperative patient management[4-7] and remains the first-line treatment for HCC in compensated cirrhosis in many centers. 

Many types of liver resections, including major hepatectomies, are now performed by laparoscopy in specialized centers[8]. Since 2000, more than 600 cases of laparoscopic resection for HCC have been reported. Recent studies have confirmed that laparoscopic HCC resection is safe and seems to additionally improve the postoperative course particularly for cirrhotic patients[9-11]. Follow-up data from a few study groups have suggested that the long-term oncologic outcome has not been compromised by the laparoscopic approach compared with open resection[9,11-13]. 

The aim of this review is to assess current indications, advantages and limits of laparoscopic surgery for HCC resections. We also discussed the possible evolution of this surgical approach in parallel with new technologies. The information in this review was extracted from the literature after a Medline search.

INDICATIONS AND CURRENT ROLE OF LAPAROSCOPY

There are presently no formalized indications for laparoscopic liver resection (LLR) and selection criteria may be varied among institutes. A consensus of experts who met in Louisville, Kentucky, United States in 2008, said the best indications for laparoscopy were solitary lesions, less than 5 cm, located in the anterior segments, at a distance from the line of transection, the hepatic hilum, and the vena cava[14]. Ever since this consensus conference took place, surgical indications have continued to evolve: tumor size on its own is no longer a contraindication to laparoscopic surgery[15] and experienced centers perform LLR for tumors in the posterior segments or central liver[16,17]. Although tumors should be located at a safe distance from the potential transection line on preoperative imaging, close proximity to the portal pedicle has also become a debatable limit as laparoscopic magnification allows very precise extrahepatic portal dissection[18]. Furthermore, a recent study by Yoon[19] show that LLR can be safely performed in selected patients with centrally located tumors close to the major hepatic veins, or the inferior vena cava. Of course, open approach is still required for some patients necessitating complex liver resection or additional procedures such as vascular or biliary reconstruction.

Most surgical teams consider non-compensated cirrhosis as a contraindication for liver resection and thereby for LLR[20]. An uncontrolled portal hypertension (esophageal varices > grade 1, platelet count < 8 × 1010 /L) is usually considered as an exclusion criterion for the laparoscopic approach[8]. Patients presenting an American Society of Anesthesiologists (ASA) score ≥ 3 and/or a major vascular invasion are also generally excluded[8]. Moreover, neither previous upper abdominal surgery[21] nor overweight is a contraindication to laparoscopic resection.

Although parenchymal-sparing resection is required by the presence of underlying liver disease, anatomic resection is preferred when liver surgery is performed with a curative intent for hepatocarcinoma due to the tumor’s high propensity to invade the portal vein branches[22,23]. Indeed, anatomic resection independently improves long-term survival for patients with HCC, particularly in the case of tumors more than 2 cm in diameter[24]. Laparoscopy allows anatomical resections for HCC[20] with a previous control of portal pedicles including major hepatectomies[8]. Our team even advocated that atypical resections are paradoxically the most difficult and require previous experience in minor anatomic LLR (left lateral sectionectomy)[18]. 

Laparoscopy is well known for making subsequent surgical procedures easier since intra-abdominal adhesions are reduced after laparoscopic surgery compared with open surgery[20]. Although liver transplantation is considered the best treatment for patients with early HCC, resection may be the initial treatment in some patients, allowing salvage transplantation in case of delayed and limited recurrences within the Milan criteria, or being a selection tool providing complete information about the pathology and prognostic characteristics of the resected tumour, and thus facilitating the selection of the best candidates for further liver transplantation[25,26]. Performing the initial HCC resection by laparoscopy could facilitate a subsequent liver transplantation. In a study by Laurent et al[27], it has been shown that when the initial liver resection is done by laparoscopy, the subsequent salvage transplantation is associated with reduced operative time, blood loss, and transfusion requirements.

Screening and treatment of recurrence is another major issue. Repeated hepatectomy is a potentially curative therapy, and offers patients the possibility of long-term survival[28]. In a study by Dagher et al[8], re-resection after initial LLR was possible in 18.7% of recurrences. The difficulty of reintervention is increased by modifications of the anatomy and the formation of adhesions that can make a new surgical procedure more difficult and less safe. Two studies comparing laparoscopic and open redo surgery for recurrent HCC are available in the literature[29,30]. Laparoscopic redo procedure was associated with lower intraoperative blood loss, transfusion rates, postoperative morbidity, ascites and shorter hospital stay compared with open redo procedures whatever the initial approach. Moreover, the operating time for patients who underwent laparoscopic primary approach was significantly shorter compared to patients who were treated by primary open liver resection. With a minimally invasive approach, the formation of postoperative adhesions seems to be minimized, and the adhesiolysis procedure seems to be faster and safer in terms of blood loss and risk of visceral injuries, as previously reported[31]. Therefore, the laparoscopic approach for the treatment of HCC in cases of cirrhosis seems to be advisable as the first procedure whenever feasible.

OUTCOMES

Nineteen retrospective comparative studies of patients undergoing liver resection for HCC are available in the literature (Table 1), and five published meta-analysis have investigated the advantages and disadvantages of the LLR for HCC[32-36]. No randomized controlled trials comparing open to LLR have been reported.

Operative outcomes

LLR is associated with signiﬁcantly less intraoperative blood loss and blood transfusion requirement, which can partly be explained by the hemostatic effect of pneumoperitoneum[18] and the magnified vision afforded by laparoscopy[9,18,34]. Besides, transfusion rates have been identified as an independent prognostic factor for disease-free survival in HCC[37,38], and blood loss was shown to be independently associated with recurrence and decreased survival rates after resection of HCC[39]. By decreasing the risk of transfusion, laparoscopy should improve the prognosis of patients undergoing liver resection for HCC[8].

Several transection devices, developed specifically for LLR, were reported[40-44]. However, the superiority of new hemostatic devices for parenchymal transection over the conventional clamp crushing method[45] has yet to be demonstrated. In a multicentric international retrospective study, Buell et al[43] advocated that stapler laparoscopic hepatectomy might provides several advantages including diminished blood loss and transfusion requirements however concerns existed regarding  smaller surgical margins in the stapler hepatectomy group 

In a recent study by Soubrane et al[20], conversion to laparotomy was necessary in 13% of 351 LLR performed for HCC in nine French tertiary centers. An underlying liver disease was observed in 85% of patients. The main cause for conversion was bleeding. It is important to note that conversion rates are not significantly different in patients with cirrhosis compared with non-cirrhotic patients, as reported by Dagher et al[8]. 

There was no significant difference in operative time in most studies[35], as observed in other indications.

Postoperative outcomes

Of all advantages of laparoscopy, the decrease of perioperative morbidity is paramount (Table 2). In a recent meta-analysis by Yin et al[35], postoperative morbidity rates after laparoscopic resections of HCC were significantly decreased compared with open surgery. Ker et al[46] have published the largest series and found a similar postoperative morbidity result. Postoperative outcomes identified in the recent French survey[20] found a 30-d postoperative mortality rate of 2% and an overall morbidity rate of 22%.

The main clinical advantage of laparoscopy for cirrhotic patients is probably the significantly lower rate of postoperative ascitic decompensation which was reported in four comparative studies[9,10,46-48] and three meta-analysis[32-34]. This finding could be explained by the preservation of portosystemic venous collateral circulation around the liver and parietal abdominal wall, limited mobilization and manipulation of the liver, restricted fluid requirements and decreased blood loss[34]. Cannon et al[49] advocated that the positive pressure of the pneumoperitoneum might exert a tamponade effect on bleeding from intra-abdominal varices which are a low pressure system, decreasing blood loss. Lower blood transfusion requirement is also an advantage of the laparoscopic approach in this very risky group of patients[9]. 

The incidence of liver failure was also reported as lower after LLR when compared to open liver resection[9,32,34]. No significant difference was reported regarding the incidence of other specific complications such as bile leakage and postoperative hemorrhage[10,32]. Concerning general complications, the rate of pulmonary complications appears significantly lower after laparoscopic resection[33].

Meta-analysis reporting on length of hospital stay are consistently favorable for LLR[32-36], consequently shortened by lower overall morbidity and incidence of intractable ascites.

Oncologic outcomes

The main concern about the use of laparoscopic procedure for malignancies is the risk of inadequate tumor resection. A positive histologic margin was associated with a higher incidence of postoperative HCC recurrence[50], and a wide margin (2 cm) was reported to be preferable to the conventional 1-cm margin[51]. Most authors found that rates of positive margins after LLR were lower or similar to those after open hepatectomy, supporting that a good surgical margin is provided by the appropriate preoperative choice of the type of resection[9].

Laparoscopic surgery also was feared to increase the risk of peritoneal carcinomatosis and trocar-site deposits[52,53]. In the series reviewed in this study, we observed neither peritoneal carcinomatosis nor port-site recurrence.

Furthermore, in all studies comparing laparoscopic and open liver resection for HCC, there was no significant difference in recurrence-free or overall survival, suggesting that laparoscopic surgery does not compromise oncological principles (Table 3).

LIMITATIONS

Patient selection for laparoscopic hepatic resection is challenging but the most important prerequisite of good outcomes. Stringent selection criteria based on surgeon experience, patient clinical characteristics, lesion size and location must be employed. Thus, only 27% of patients with HCC who are candidates for resection could be operated via laparoscopy in an experienced team[9].

It was initially feared that laparoscopic liver resection would decrease the surgical margin due to the lack of palpation, except in the case of intra-abdominal hand-assisted LLR, though the haptic feedback transmitted through laparoscopic graspers is limited. However, manual exploration of cirrhotic liver can be difficult even during open surgery, and palpation probably is less important when an anatomic resection is planned. Intraoperative ultrasound should be systematically used to locate the tumor, making it possible to keep the intended margin. Therefore, a recent comparative study showed that sensitivity and specificity of intra-operative sonography were equivalent, whether performed via laparoscopy or laparotomy[54].

Fear of uncontrollable major bleeding or gas embolism explains the initial slow development of the laparoscopic approach. Nonetheless, there have not been any intra-operative deaths reported in the largest study on major LLR[55] and though frequent embolisms of CO2 have been shown to occur[56], it is without any clinical repercussion, as shown in animal[57] as well as human studies[58].

The main criticism to LLR is its low reproducibility and its confinement in few expert centers. The reasons for such a limitation are 2-fold: the need of expertise in both laparoscopic and hepatic surgery and the expected long learning curve[14,59]. Vigano et al[60] observed a clear “learning curve” effect over a 13-year period of 60 procedures before a significant improvement in terms of operative time, conversion rate, blood loss, morbidity, and hospital stay, suggesting that LLR is reproducible in centers regularly performing liver surgery, but requires specific training in advanced laparoscopy. 

PERSPECTIVES

Minimally invasive surgery

In an effort to make laparoscopy less and less invasive, surgeons have tried to decrease the number of trocars necessary to perform an operation. Several teams have reported their experience with single incision LLR for HCC[61,62]. The resections reported so far have mainly been small, atypical resections or left lobectomies, although in a recent case series, single port laparoscopic major hepatectomy was performed in 2 patients with HCC[62]. 

A few cases of Natural Orifice Translumenal Endoscopic Surgery LLR have also been reported[63]. However, this approach is still anecdotal.

The use of these minimally invasive approaches for more complex operations is certainly conceivable and will probably be extended with robotic assistance.

Robotic surgery

Robots are an inevitable part of the future of surgery and liver laparoscopy will undoubtedly follow along this road. Lai et al[64] reported the largest series of robot-assisted laparoscopic liver resection for HCC. In a subgroup analysis of minor liver resection, the robotic group had similar blood loss, morbidity rate, mortality rate, and R0 resection rate when compared with the conventional laparoscopic approach. However a significantly longer operative time was observed. Robotic assistance in liver surgery could clearly allow simplification of certain complex procedures such as major LLR and could facilitate additional procedures such as vascular or biliary reconstruction. It is possible that the learning curve for robotic resections may be shorter than that of conventional laparoscopic liver surgery, because the three dimensional imaging camera, wristed instruments, and better ergonomics will help already experienced laparoscopic surgeons to quickly familiarize themselves with the robotic procedure[65]. Most of the series reporting on robotic liver resection have focused on short-term perioperative outcomes. Long-term results and cost-effectiveness are necessary before the advantages and disadvantages of robotic liver resection can be conclusively stated.

Intra-operative guidance

LLR for small HCC remains a challenge because of limited tactile sensation, unidentifiable tumors, and complex liver anatomy. Therefore, intra-operative guidance during LLR is a future topic of interest. Intra-operative sonography has already been alluded to, but newer ingenious procedures to guide the surgeon are under investigation.

Innovations in this direction have actually been attempted. Chopra et al[66] reported five case of LLR under intra-operative MRI guidance in a porcine model without employing ferromagnetic material, and Kenngott et al[67] recently used robotic C-arm cone-beam computed tomography in a hybrid operating room for computer-assisted guidance during laparoscopic resection for HCC in man. Aside from some interferences between the camera and the magnetic field in the first study and additional radiation exposure for the patient and the need for the surgical team to leave the operating room while performing imaging in the second, the operations were performed under good conditions.

The use of fluorescent imaging technique for detecting HCC has also been reported. Ishizawa et al[68] have developed the use of indocyanine green (ICG), which has been intravenously injected for a preoperative liver function test, as a fluorescent source that enables the realtime identification of HCC during surgery. Since well or moderately differentiated HCC tissues retain portal uptake of ICG despite the lack of biliary excretion, small HCC located just beneath the liver surface were detected using a near-infrared light camera system, with high sensibility.

CONCLUSION

Review of the literature shows that in highly selected patients LLR for HCC seems to be superior to the open liver resection in terms of perioperative results without compromising the oncological outcomes, especially in cirrhotic patients, in whom postoperative ascites is decreased by the use of laparoscopy. A prospective comparative study should be designed to confirm the advantages of laparoscopy for the management of HCC. The development of new technologies and robotics will certainly expand the use of laparoscopy in the multimodal management of hepatocarcinoma. 

REFERENCES
1
El-Serag HB, Rudolph KL. Hepatocellular carcinoma: epidemiology and molecular carcinogenesis. Gastroenterology 2007; 132: 2557-2576 [PMID: 17570226 DOI: 10.1053/j.gastro.2007.04.061]

2
Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma. Lancet 2012; 379: 1245-1255 [PMID: 22353262 DOI: 10.1016/S0140-6736(11)61347-0]

3
Llovet JM, Bruix J. Novel advancements in the management of hepatocellular carcinoma in 2008. J Hepatol 2008; 48 Suppl 1: S20-S37 [PMID: 18304676 DOI: 10.1016/j.jhep.2008.01.022]

4
Fan ST, Lo CM, Liu CL, Lam CM, Yuen WK, Yeung C, Wong J. Hepatectomy for hepatocellular carcinoma: toward zero hospital deaths. Ann Surg 1999; 229: 322-330 [PMID: 10077043 DOI: 10.1097/00000658-199903000-00004]

5
Jaskille A, Schechner A, Park K, Williams M, Wang D, Sava J. Abdominal insufflation decreases blood loss and mortality after porcine liver injury. J Trauma 2005; 59: 1305-1308; discussion 1308 [PMID: 16394901]

6
Poon RT, Fan ST, Lo CM, Ng IO, Liu CL, Lam CM, Wong J. Improving survival results after resection of hepatocellular carcinoma: a prospective study of 377 patients over 10 years. Ann Surg 2001; 234: 63-70 [PMID: 11420484 DOI: 10.1097/00000658-200107000-00010]

7
Belghiti J, Regimbeau JM, Durand F, Kianmanesh AR, Dondero F, Terris B, Sauvanet A, Farges O, Degos F. Resection of hepatocellular carcinoma: a European experience on 328 cases. Hepatogastroenterology 2002; 49: 41-46 [PMID: 11941981]

8
Dagher I, Belli G, Fantini C, Laurent A, Tayar C, Lainas P, Tranchart H, Franco D, Cherqui D. Laparoscopic hepatectomy for hepatocellular carcinoma: a European experience. J Am Coll Surg 2010; 211: 16-23 [PMID: 20610244]

9
Tranchart H, Di Giuro G, Lainas P, Roudie J, Agostini H, Franco D, Dagher I. Laparoscopic resection for hepatocellular carcinoma: a matched-pair comparative study. Surg Endosc 2010; 24: 1170-1176 [PMID: 19915908 DOI: 10.1007/s00464-009-0745-3]

10
Kanazawa A, Tsukamoto T, Shimizu S, Kodai S, Yamazoe S, Yamamoto S, Kubo S. Impact of laparoscopic liver resection for hepatocellular carcinoma with F4-liver cirrhosis. Surg Endosc 2013; 27: 2592-2597 [PMID: 23392977 DOI: 10.1007/s00464-013-2795-9]

11
Cheung TT, Poon RT, Yuen WK, Chok KS, Jenkins CR, Chan SC, Fan ST, Lo CM. Long-term survival analysis of pure laparoscopic versus open hepatectomy for hepatocellular carcinoma in patients with cirrhosis: a single-center experience. Ann Surg 2013; 257: 506-511 [PMID: 23299521 DOI: 10.1097/SLA.0b013e31827b947a]

12
Lee KF, Chong CN, Wong J, Cheung YS, Wong J, Lai P. Long-term results of laparoscopic hepatectomy versus open hepatectomy for hepatocellular carcinoma: a case-matched analysis. World J Surg 2011; 35: 2268-2274 [PMID: 21842300 DOI: 10.1007/s00268-011-1212-6]

13
Truant S, Bouras AF, Hebbar M, Boleslawski E, Fromont G, Dharancy S, Leteurtre E, Zerbib P, Pruvot FR. Laparoscopic resection vs. open liver resection for peripheral hepatocellular carcinoma in patients with chronic liver disease: a case-matched study. Surg Endosc 2011; 25: 3668-3677 [PMID: 21688080 DOI: 10.1007/s00464-011-1775-1]

14
Buell JF, Cherqui D, Geller DA, O’Rourke N, Iannitti D, Dagher I, Koffron AJ, Thomas M, Gayet B, Han HS, Wakabayashi G, Belli G, Kaneko H, Ker CG, Scatton O, Laurent A, Abdalla EK, Chaudhury P, Dutson E, Gamblin C, D’Angelica M, Nagorney D, Testa G, Labow D, Manas D, Poon RT, Nelson H, Martin R, Clary B, Pinson WC, Martinie J, Vauthey JN, Goldstein R, Roayaie S, Barlet D, Espat J, Abecassis M, Rees M, Fong Y, McMasters KM, Broelsch C, Busuttil R, Belghiti J, Strasberg S, Chari RS. The international position on laparoscopic liver surgery: The Louisville Statement, 2008. Ann Surg 2009; 250: 825-830 [PMID: 19916210 DOI: 10.1097/SLA.0b013e3181b3b2d8]

15
Tzanis D, Shivathirthan N, Laurent A, Abu Hilal M, Soubrane O, Kazaryan AM, Ettore GM, Van Dam RM, Lainas P, Tranchart H, Edwin B, Belli G, Campos RR, Pearce N, Gayet B, Dagher I. European experience of laparoscopic major hepatectomy. J Hepatobiliary Pancreat Sci 2013; 20: 120-124 [PMID: 23053354]

16
Yoon YS, Han HS, Cho JY, Ahn KS. Total laparoscopic liver resection for hepatocellular carcinoma located in all segments of the liver. Surg Endosc 2010; 24: 1630-1637 [PMID: 20035349 DOI: 10.1007/s00464-009-0823-6]

17
Ishizawa T, Gumbs AA, Kokudo N, Gayet B. Laparoscopic segmentectomy of the liver: from segment I to VIII. Ann Surg 2012; 256: 959-964 [PMID: 22968066 DOI: 10.1097/SLA.0b013e31825ffed3]

18
Tranchart H, Di Giuro G, Lainas P, Pourcher G, Devaquet N, Perlemuter G, Franco D, Dagher I. Laparoscopic liver resection with selective prior vascular control. Am J Surg 2013; 205: 8-14 [PMID: 23245433 DOI: 10.1016/j.amjsurg.2012.04.015]

19
Yoon YS, Han HS, Cho JY, Kim JH, Kwon Y. Laparoscopic liver resection for centrally located tumors close to the hilum, major hepatic veins, or inferior vena cava. Surgery 2013; 153: 502-509 [PMID: 23257080 DOI: 10.1016/j.surg.2012.10.004]

20
Soubrane O, Goumard C, Laurent A, Tranchart H, Truant S, Gayet B, Salloum C, Luc G, Dokmak S, Piardi T, Cherqui D, Dagher I, Boleslawski E, Vibert E, Sa Cunha A, Belghiti J, Pessaux P, Boelle PY, Scatton O. Laparoscopic resection of hepatocellular carcinoma: a French survey in 351 patients. HPB (Oxford) 2014; 16: 357-365 [PMID: 23879788]

21
Ahn KS, Han HS, Yoon YS, Cho JY, Kim JH. Laparoscopic liver resection in patients with a history of upper abdominal surgery. World J Surg 2011; 35: 1333-1339 [PMID: 21452069 DOI: 10.1007/s00268-011-1073-z]

22
Hasegawa K, Kokudo N, Imamura H, Matsuyama Y, Aoki T, Minagawa M, Sano K, Sugawara Y, Takayama T, Makuuchi M. Prognostic impact of anatomic resection for hepatocellular carcinoma. Ann Surg 2005; 242: 252-259 [PMID: 16041216 DOI: 10.1097/01.sla.0000171307.37401.db]

23
Regimbeau JM, Kianmanesh R, Farges O, Dondero F, Sauvanet A, Belghiti J. Extent of liver resection influences the outcome in patients with cirrhosis and small hepatocellular carcinoma. Surgery 2002; 131: 311-317 [PMID: 11894036 DOI: 10.1067/msy.2002.121892]

24
Wakai T, Shirai Y, Sakata J, Kaneko K, Cruz PV, Akazawa K, Hatakeyama K. Anatomic resection independently improves long-term survival in patients with T1-T2 hepatocellular carcinoma. Ann Surg Oncol 2007; 14: 1356-1365 [PMID: 17252289 DOI: 10.1245/s10434-006-9318-z]

25
Sala M, Fuster J, Llovet JM, Navasa M, Solé M, Varela M, Pons F, Rimola A, García-Valdecasas JC, Brú C, Bruix J. High pathological risk of recurrence after surgical resection for hepatocellular carcinoma: an indication for salvage liver transplantation. Liver Transpl 2004; 10: 1294-1300 [PMID: 15376311 DOI: 10.1002/lt.20202]

26
Scatton O, Zalinski S, Terris B, Lefevre JH, Casali A, Massault PP, Conti F, Calmus Y, Soubrane O. Hepatocellular carcinoma developed on compensated cirrhosis: resection as a selection tool for liver transplantation. Liver Transpl 2008; 14: 779-788 [PMID: 18508370 DOI: 10.1002/lt.21431]

27
Laurent A, Tayar C, Andréoletti M, Lauzet JY, Merle JC, Cherqui D. Laparoscopic liver resection facilitates salvage liver transplantation for hepatocellular carcinoma. J Hepatobiliary Pancreat Surg 2009; 16: 310-314 [PMID: 19280110 DOI: 10.1007/s00534-009-0063-0]

28
Minagawa M, Makuuchi M, Takayama T, Kokudo N. Selection criteria for repeat hepatectomy in patients with recurrent hepatocellular carcinoma. Ann Surg 2003; 238: 703-710 [PMID: 14578733 DOI: 10.1097/01.sla.0000094549.11754.e6]

29
Kanazawa A, Tsukamoto T, Shimizu S, Kodai S, Yamamoto S, Yamazoe S, Ohira G, Nakajima T. Laparoscopic liver resection for treating recurrent hepatocellular carcinoma. J Hepatobiliary Pancreat Sci 2013; 20: 512-517 [PMID: 23404252 DOI: 10.1007/s00534-012-0592-9]

30
Belli G, Cioffi L, Fantini C, D’Agostino A, Russo G, Limongelli P, Belli A. Laparoscopic redo surgery for recurrent hepatocellular carcinoma in cirrhotic patients: feasibility, safety, and results. Surg Endosc 2009; 23: 1807-1811 [PMID: 19277781 DOI: 10.1007/s00464-009-0344-3]

31
Gutt CN, Oniu T, Schemmer P, Mehrabi A, Büchler MW. Fewer adhesions induced by laparoscopic surgery? Surg Endosc 2004; 18: 898-906 [PMID: 15108105 DOI: 10.1007/s00464-003-9233-3]

32
Fancellu A, Rosman AS, Sanna V, Nigri GR, Zorcolo L, Pisano M, Melis M. Meta-analysis of trials comparing minimally-invasive and open liver resections for hepatocellular carcinoma. J Surg Res 2011; 171: e33-e45 [PMID: 21920552 DOI: 10.1016/j.jss.2011.07.008]

33
Zhou YM, Shao WY, Zhao YF, Xu DH, Li B. Meta-analysis of laparoscopic versus open resection for hepatocellular carcinoma. Dig Dis Sci 2011; 56: 1937-1943 [PMID: 21259071 DOI: 10.1007/s10620-011-1572-7]

34
Xiong JJ, Altaf K, Javed MA, Huang W, Mukherjee R, Mai G, Sutton R, Liu XB, Hu WM. Meta-analysis of laparoscopic vs open liver resection for hepatocellular carcinoma. World J Gastroenterol 2012; 18: 6657-6668 [PMID: 23236242 DOI: 10.3748/wjg.v18.i45.6657]

35
Yin Z, Fan X, Ye H, Yin D, Wang J. Short- and long-term outcomes after laparoscopic and open hepatectomy for hepatocellular carcinoma: a global systematic review and meta-analysis. Ann Surg Oncol 2013; 20: 1203-1215 [PMID: 23099728 DOI: 10.1245/s10434-012-2705-8]

36
Li N, Wu YR, Wu B, Lu MQ. Surgical and oncologic outcomes following laparoscopic versus open liver resection for hepatocellular carcinoma: A meta-analysis. Hepatol Res 2012; 42: 51-59 [PMID: 21988222 DOI: 10.1111/j.1872-034X.2011.00890.x]

37
Matsumata T, Ikeda Y, Hayashi H, Kamakura T, Taketomi A, Sugimachi K. The association between transfusion and cancer-free survival after curative resection for hepatocellular carcinoma. Cancer 1993; 72: 1866-1871 [PMID: 8395966]

38
Yamamoto J, Kosuge T, Takayama T, Shimada K, Yamasaki S, Ozaki H, Yamaguchi N, Mizuno S, Makuuchi M. Perioperative blood transfusion promotes recurrence of hepatocellular carcinoma after hepatectomy. Surgery 1994; 115: 303-309 [PMID: 8128355]

39
Katz SC, Shia J, Liau KH, Gonen M, Ruo L, Jarnagin WR, Fong Y, D’Angelica MI, Blumgart LH, Dematteo RP. Operative blood loss independently predicts recurrence and survival after resection of hepatocellular carcinoma. Ann Surg 2009; 249: 617-623 [PMID: 19300227 DOI: 10.1097/SLA.0b013e31819ed22f]

40
Berber E, Akyuz M, Aucejo F, Aliyev S, Aksoy E, Birsen O, Taskin E. Initial experience with a new articulating energy device for laparoscopic liver resection. Surg Endosc 2014; 28: 974-978 [PMID: 24232045 DOI: 10.1007/s00464-013-3262-3]

41
Zacharoulis D, Sioka E, Tzovaras G, Jiao LR, Habib N. Laparoscopic left lateral sectionectomy with the use of Habib 4X: technical aspects. J Laparoendosc Adv Surg Tech A 2013; 23: 549-552 [PMID: 23621832 DOI: 10.1089/lap.2012.0464]

42
Mbah NA, Brown RE, Bower MR, Scoggins CR, McMasters KM, Martin RC. Differences between bipolar compression and ultrasonic devices for parenchymal transection during laparoscopic liver resection. HPB (Oxford) 2012; 14: 126-131 [PMID: 22221574 DOI: 10.1111/j.1477-2574.2011.00414.x]

43
Buell JF, Gayet B, Han HS, Wakabayashi G, Kim KH, Belli G, Cannon R, Saggi B, Keneko H, Koffron A, Brock G, Dagher I. Evaluation of stapler hepatectomy during a laparoscopic liver resection. HPB (Oxford) 2013; Epub ahead of print [PMID: 23458439 DOI: 10.1111/hpb.12043]

44
Kaneko H, Otsuka Y, Tsuchiya M, Tamura A, Katagiri T, Yamazaki K. Application of devices for safe laparoscopic hepatectomy. HPB (Oxford) 2008; 10: 219-224 [PMID: 18773101 DOI: 10.1080/13651820802166831]

45
Ikeda M, Hasegawa K, Sano K, Imamura H, Beck Y, Sugawara Y, Kokudo N, Makuuchi M. The vessel sealing system (LigaSure) in hepatic resection: a randomized controlled trial. Ann Surg 2009; 250: 199-203 [PMID: 19638927 DOI: 10.1097/SLA.0b013e3181a334f9]

46
Ker CG, Chen JS, Kuo KK, Chuang SC, Wang SJ, Chang WC, Lee KT, Chen HY, Juan CC. Liver Surgery for Hepatocellular Carcinoma: Laparoscopic versus Open Approach. Int J Hepatol 2011; 2011: 596792 [PMID: 21994865 DOI: 10.4061/2011/596792]

47
Kim H, Suh KS, Lee KW, Yi NJ, Hong G, Suh SW, Yoo T, Park MS, Choi Y, Lee HW. Long-term outcome of laparoscopic versus open liver resection for hepatocellular carcinoma: a case-controlled study with propensity score matching. Surg Endosc 2014; 28: 950-960 [PMID: 24149856 DOI: 10.1007/s00464-013-3254-3]

48
Belli G, Fantini C, D’Agostino A, Cioffi L, Langella S, Russolillo N, Belli A. Laparoscopic versus open liver resection for hepatocellular carcinoma in patients with histologically proven cirrhosis: short- and middle-term results. Surg Endosc 2007; 21: 2004-2011 [PMID: 17705086 DOI: 10.1007/s00464-007-9503-6]

49
Cannon RM, Saggi B, Buell JF. Evaluation of a laparoscopic liver resection in the setting of cirrhosis. HPB (Oxford) 2014; 16: 164-169 [PMID: 23600851 DOI: 10.1111/hpb.12098]

50
Poon RT, Fan ST, Ng IO, Wong J. Significance of resection margin in hepatectomy for hepatocellular carcinoma: A critical reappraisal. Ann Surg 2000; 231: 544-551 [PMID: 10749616 DOI: 10.1097/00000658-200004000-00014]

51
Shi M, Guo RP, Lin XJ, Zhang YQ, Chen MS, Zhang CQ, Lau WY, Li JQ. Partial hepatectomy with wide versus narrow resection margin for solitary hepatocellular carcinoma: a prospective randomized trial. Ann Surg 2007; 245: 36-43 [PMID: 17197963 DOI: 10.1097/01.sla.0000231758.07868.71]

52
Schaeff B, Paolucci V, Thomopoulos J. Port site recurrences after laparoscopic surgery. A review. Dig Surg 1998; 15: 124-134 [PMID: 9845574 DOI: 10.1159/000018605]

53
Silecchia G, Perrotta N, Giraudo G, Salval M, Parini U, Feliciotti F, Lezoche E, Morino M, Melotti G, Carlini M, Rosato P, Basso N. Abdominal wall recurrences after colorectal resection for cancer: results of the Italian registry of laparoscopic colorectal surgery. Dis Colon Rectum 2002; 45: 1172-117; discussion 1177 [PMID: 12352231 DOI: 10.1007/s10350-004-6386-7]

54
Viganò L, Ferrero A, Amisano M, Russolillo N, Capussotti L. Comparison of laparoscopic and open intraoperative ultrasonography for staging liver tumours. Br J Surg 2013; 100: 535-542 [PMID: 23339035 DOI: 10.1002/bjs.9025]

55
Dagher I, Di Giuro G, Dubrez J, Lainas P, Smadja C, Franco D. Laparoscopic versus open right hepatectomy: a comparative study. Am J Surg 2009; 198: 173-177 [PMID: 19268902]

56
Schmandra TC, Mierdl S, Hollander D, Hanisch E, Gutt C. Risk of gas embolism in hand-assisted versus total laparoscopic hepatic resection. Surg Technol Int 2004; 12: 137-143 [PMID: 15455318]

57
Jayaraman S, Khakhar A, Yang H, Bainbridge D, Quan D. The association between central venous pressure, pneumoperitoneum, and venous carbon dioxide embolism in laparoscopic hepatectomy. Surg Endosc 2009; 23: 2369-2373 [PMID: 19266234 DOI: 10.1007/s00464-009-0359-9]

58
Poon JT, Law WL, Chow LC, Fan JK, Lo SH. Outcome of laparoscopic resection for colorectal cancer in patients with high operative risk. Ann Surg Oncol 2011; 18: 1884-1890 [PMID: 21225352 DOI: 10.1245/s10434-010-1530-1]

59
Chang S, Laurent A, Tayar C, Karoui M, Cherqui D. Laparoscopy as a routine approach for left lateral sectionectomy. Br J Surg 2007; 94: 58-63 [PMID: 17054316 DOI: 10.1002/bjs.5562]

60
Vigano L, Laurent A, Tayar C, Tomatis M, Ponti A, Cherqui D. The learning curve in laparoscopic liver resection: improved feasibility and reproducibility. Ann Surg 2009; 250: 772-782 [PMID: 19801926 DOI: 10.1097/SLA.0b013e3181bd93b2]

61
Chang SK, Mayasari M, Ganpathi IS, Wen VL, Madhavan K. Single port laparoscopic liver resection for hepatocellular carcinoma: a preliminary report. Int J Hepatol 2011; 2011: 579203 [PMID: 21994864]

62
Shetty GS, You YK, Choi HJ, Na GH, Hong TH, Kim DG. Extending the limitations of liver surgery: outcomes of initial human experience in a high-volume center performing single-port laparoscopic liver resection for hepatocellular carcinoma. Surg Endosc 2012; 26: 1602-1608 [PMID: 22179464 DOI: 10.1007/s00464-011-2077-3]

63
Truong T, Arnaoutakis D, Awad ZT. Laparoscopic hybrid NOTES liver resection for metastatic colorectal cancer. Surg Laparosc Endosc Percutan Tech 2012; 22: e5-e7 [PMID: 22318081 DOI: 10.1097/SLE.0b013e31823f7596]

64
Lai EC, Yang GP, Tang CN. Robot-assisted laparoscopic liver resection for hepatocellular carcinoma: short-term outcome. Am J Surg 2013; 205: 697-702 [PMID: 23561638 DOI: 10.1016/j.amjsurg.2012.08.015]

65
Ho CM, Wakabayashi G, Nitta H, Ito N, Hasegawa Y, Takahara T. Systematic review of robotic liver resection. Surg Endosc 2013; 27: 732-739 [PMID: 23232988 DOI: 10.1007/s00464-012-2547-2]

66
Chopra SS, Schmidt SC, Eisele R, Teichgräber U, Van der Voort I, Seebauer C, Streitparth F, Schumacher G. Initial results of MR-guided liver resection in a high-field open MRI. Surg Endosc 2010; 24: 2506-2512 [PMID: 20229210 DOI: 10.1007/s00464-010-0994-1]

67
Kenngott HG, Wagner M, Gondan M, Nickel F, Nolden M, Fetzer A, Weitz J, Fischer L, Speidel S, Meinzer HP, Böckler D, Büchler MW, Müller-Stich BP. Real-time image guidance in laparoscopic liver surgery: first clinical experience with a guidance system based on intraoperative CT imaging. Surg Endosc 2014; 28: 933-940 [PMID: 24178862 DOI: 10.1007/s00464-013-3249-0]

68
Ishizawa T, Fukushima N, Shibahara J, Masuda K, Tamura S, Aoki T, Hasegawa K, Beck Y, Fukayama M, Kokudo N. Real-time identification of liver cancers by using indocyanine green fluorescent imaging. Cancer 2009; 115: 2491-2504 [PMID: 19326450 DOI: 10.1002/cncr.24291]

69
Hu BS, Chen K, Tan HM, Ding XM, Tan JW. Comparison of laparoscopic vs open liver lobectomy (segmentectomy) for hepatocellular carcinoma. World J Gastroenterol 2011; 17: 4725-4728 [PMID: 22180716 DOI: 10.3748/wjg.v17.i42.4725]

70
Kim HH, Park EK, Seoung JS, Hur YH, Koh YS, Kim JC, Cho CK, Kim HJ. Liver resection for hepatocellular carcinoma: case-matched analysis of laparoscopic versus open resection. J Korean Surg Soc 2011; 80: 412-419 [PMID: 22066068 DOI: 10.4174/jkss.2011.80.6.412]

71
Aldrighetti L, Guzzetti E, Pulitanò C, Cipriani F, Catena M, Paganelli M, Ferla G. Case-matched analysis of totally laparoscopic versus open liver resection for HCC: short and middle term results. J Surg Oncol 2010; 102: 82-86 [PMID: 20578084 DOI: 10.1002/jso.21541]

72
Lai EC, Tang CN, Ha JP, Li MK. Laparoscopic liver resection for hepatocellular carcinoma: ten-year experience in a single center. Arch Surg 2009; 144: 143-147; discussion 148 [PMID: 19221325 DOI: 10.1001/archsurg.2008.536]

73
Endo Y, Ohta M, Sasaki A, Kai S, Eguchi H, Iwaki K, Shibata K, Kitano S. A comparative study of the long-term outcomes after laparoscopy-assisted and open left lateral hepatectomy for hepatocellular carcinoma. Surg Laparosc Endosc Percutan Tech 2009; 19: e171-e174 [PMID: 19851245 DOI: 10.1097/SLE.0b013e3181bc4091]

74
Sarpel U, Hefti MM, Wisnievsky JP, Roayaie S, Schwartz ME, Labow DM. Outcome for patients treated with laparoscopic versus open resection of hepatocellular carcinoma: case-matched analysis. Ann Surg Oncol 2009; 16: 1572-1577 [PMID: 19259738 DOI: 10.1245/s10434-009-0414-8]

75
Lee KF, Cheung YS, Chong CN, Tsang YY, Ng WW, Ling E, Wong J, Lai PB. Laparoscopic versus open hepatectomy for liver tumours: a case control study. Hong Kong Med J 2007; 13: 442-448 [PMID: 18057432]

76
Kaneko H, Takagi S, Otsuka Y, Tsuchiya M, Tamura A, Katagiri T, Maeda T, Shiba T. Laparoscopic liver resection of hepatocellular carcinoma. Am J Surg 2005; 189: 190-194 [PMID: 15720988]

77
Laurent A, Cherqui D, Lesurtel M, Brunetti F, Tayar C, Fagniez PL. Laparoscopic liver resection for subcapsular hepatocellular carcinoma complicating chronic liver disease. Arch Surg 2003; 138: 763-769; discussion 769 [PMID: 12860758 DOI: 10.1001/archsurg.138.7.763]

78
Shimada M, Hashizume M, Maehara S, Tsujita E, Rikimaru T, Yamashita Y, Tanaka S, Adachi E, Sugimachi K. Laparoscopic hepatectomy for hepatocellular carcinoma. Surg Endosc 2001; 15: 541-544 [PMID: 11591936 DOI: 10.1007/s004640080099]

P- Reviewers: Hsieh CC, Kikuchi L, Ko S    S- Editor: Wen LL    L- Editor: A    E- Editor: Wang CH  



�











Table 3  Postoperative outcomes in retrospective comparative studies concerning liver resection for hepatocellular carcinoma via laparoscopy or open approach 


  Ref.


�
Laparoscopies (n)


�
Postoperative morbidity


�
Ascites


�
Mean postoperative hospital stay, d


�
�
�
�
L


�
O


�
P value


�
L


�
O


�
P value


�
L


�
O


�
P value


�
�
  Cheung et al[11], 2013


�
  32


�
     6.3%


�
   18.8%


�
NS


�
   31.1%


�
     6.2%


�
    0.871


�
  4


�
  7


�
    < 0.0001


�
�
  Kanazawa et al[10], 2013


�
  28


�
   10.7%


�
   71.4%


�
  < 0.0001


�
  3%


�
18%


�
   < 0.0001


�
10


�
19


�
    < 0.0001


�
�
  Lee et al[12], 2011


�
  33


�
     6.1%


�
24%


�
    0.033


�
-


�
-


�
-


�
  5


�
  7


�
    < 0.0005


�
�
  Ker et al[46], 2011


�
116


�
  6%


�
   30.2%


�
< 0.001


�
     1.7%


�
   12.5%


�
    0.002


�
     6.2


�
   12.4


�
      0.001


�
�
  Hu et al[69], 2011


�
  30


�
   13.3%


�
10%


�
NS


�
-


�
-


�
-


�
13


�
20


�
< 0.01


�
�
  Kim et al[70], 2011


�
  26


�
     3.8%


�
   24.1%


�
NS


�
-


�
-


�
-


�
11


�
16


�
      0.034


�
�
  Truant et al[13], 2011


�
  36


�
25%


�
   35.8%


�
NS


�
   13.9%


�
   22.6%


�
0.3


�
     6.5


�
     9.5


�
      0.003


�
�
  Tranchart et al[9], 2010


�
  42


�
   21.4%


�
   40.5%


�
NS


�
     7.1%


�
   26.1%


�
  0.03


�
     6.7


�
     9.6


�
    < 0.0001


�
�
  Aldrighetti et al[71], 2010


�
  16


�
25%


�
   43.7%


�
NS


�
0%


�
  1%


�
NS


�
     6.3


�
  9


�
      0.039


�
�
  Belli et al[30], 2009


�
  54


�
19%


�
36%


�
 0.02


�
-


�
-


�
-


�
     8.4


�
     9.2


�
NS


�
�
  Lai et al[72], 2009


�
  25


�
16%


�
15%


�
NS


�
-


�
-


�
-


�
  7


�
  9


�
      0.008


�
�
  Endo et al[73], 2009


�
  10


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
< 0.05


�
�
  Sarpel et al[74], 2009


�
  20


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
�
  Belli et al[48], 2007


�
  23


�
13%


�
   47.8%


�
 0.01


�
13%


�
   39.1%


�
    0.043


�
     8.2


�
12


�
      0.048


�
�
  Lee et al[75], 2007


�
  25


�
  4%


�
  4%


�
NS


�
�
�
�
4


�
  7


�
  < 0.001


�
�
  Kaneko et al[76], 2005


�
  30


�
10%


�
18%


�
NS


�
-


�
-


�
-


�
   14.9


�
   21.6


�
  < 0.005


�
�
  Laurent et al[77], 2003


�
  13


�
36%


�
50%


�
NS


�
  8%


�
36%


�
  0.15


�
   15.3


�
   17.3


�
NS


�
�
  Shimada et al[78], 2001


�
  17


�
     5.9%


�
   10.5%


�
NS


�
-


�
-


�
NS


�
12


�
22


�
  < 0.001


�
�
L: Laparoscopy; O: Open; NS: Non significant.








Table 2  Oncologic outcomes in retrospective comparative studies concerning liver resection for hepatocellular carcinoma via laparoscopy or open approach


  Ref.


�
Laparoscopies (n)


�
Positive surgical margin


�
Overall survival


�
Recurrence-free survival


�
�
�
�
L


�
O


�
P value


�
L


�
O


�
P value


�
L


�
O


�
P value


�
�
  Cheung et al[11], 2013


�
  32


�
-


�
-


�
-


�
   76.6%5


�
57%5


�
NS


�
   54.5%7


�
   44.3%7


�
NS


�
�
  Kanazawa et al[10], 2013


�
  28


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
-


�
�
  Lee et al[12], 2011


�
  33


�
     3.0%1


�
     2.0%1


�
NS


�
76%5


�
   76.1%5


�
NS


�
   45.3%7


�
   55.9%7


�
NS


�
�
  Ker et al[46], 2011


�
116


�
�
�
�
   62.2%5


�
   71.8%5


�
NS


�
-


�
-


�
-


�
�
  Hu et al[69], 2011


�
  30


�
-


�
-


�
-


�
50%5


�
   53.3%5


�
NS


�
-


�
-


�
-


�
�
  Kim et al[70], 2011


�
  26


�
     3.8%1


�
    3.4%


�
NS


�
-


�
-


�
-


�
  84.6%


�
  82.8%


�
NS


�
�
  Truant et al[13], 2011


�
  36


�
-


�
-


�
-


�
70%5


�
46%5


�
NS


�
   35.5%7


�
   33.6%7


�
NS


�
�
  Tranchart et al[9], 2010


�
  42


�
-


�
-


�
-


�
   59.5%5


�
   47.4%5


�
NS


�
   60.9%6


�
   54.3%6


�
NS


�
�
  Aldrighetti et al[71], 2010


�
  16


�
  0%1


�
   18.7%1


�
NS


�
-


�
-


�
NS


�
-


�
-


�
NS


�
�
  Belli et al[30], 2009


�
  54


�
  0%1


�
   40.8%1


�
NS


�
67%4


�
-


�
NS


�
52%6


�
-


�
NS


�
�
  Lai et al[72], 2009


�
  25


�
-


�
-


�
-


�
60%4


�
-


�
-


�
52%6


�
-


�
-


�
�
  Endo et al[73], 2009


�
  10


�
-


�
-


�
-


�
-


�
-


�
NS


�
-


�
-


�
NS


�
�
  Sarpel et al[74], 2009


�
  20


�
10%1


�
   26.8%1


�
NS


�
-


�
-


�
NS


�
-


�
-


�
NS


�
�
  Belli et al[48], 2007


�
  23


�
     8.6%3


�
  0%3


�
NS


�
  86.9%


�
  82.6%


�
NS


�
-


�
-


�
-


�
�
  Lee et al[75], 2007


�
  25


�
-


�
-


�
-


�
-


�
-


�
NS


�
-


�
-


�
NS


�
�
  Kaneko et al[76], 2005


�
  30


�
-


�
-


�
-


�
61%5


�
62%5


�
NS


�
31%7


�
29%7


�
NS


�
�
  Laurent et al[77], 2003


�
  13


�
   15.4%1


�
   14.3%1


�
NS


�
89%4


�
55%4


�
0.04


�
46%6


�
44%6


�
NS


�
�
  Shimada et al[78], 2001


�
  17


�
   41.2%2


�
50%2


�
NS


�
-


�
-


�
NS


�
-


�
-


�
-


�
�
1Tumor at surgical surface; 2Tumor invasion < 5 mm; 3Tumor invasion < 1 cm; Overall survival at 2, 34 or 55 years; Recurrence-free survival at 2, 36 or 57 years. L: Laparoscopy; O: Open; NS: Non significant.





Table 1  Intraoperative outcomes in retrospective comparative studies concerning liver resection for hepatocellular carcinoma via laparoscopy or open approach 


  Ref.


�
Laparoscopies (n)


�
Median blood loss, mL


�
Blood transfusion


�
Median operative time, min


�
�
�
�
L


�
O


�
P value


�
L


�
O


�
P value


�
L


�
O


�
P value


�
�
  Cheung et al[11], 2013


�
  32


�
  150


�
  300


�
0.001


�
  0%


�
     4.7%


�
NS


�
204


�
232


�
NS


�
�
  Kanazawa et al[10], 2013


�
  28


�
    88


�
  505


�
0.0003


�
  0%


�
  4%


�
     0.0379


�
228


�
236


�
NS


�
�
  Lee et al[12], 2011


�
  33


�
  150


�
  240


�
NS


�
     6.1%


�
10%


�
NS


�
225


�
195


�
0.019


�
�
  Ker et al[46], 2011


�
116


�
  139


�
1147


�
< 0.001


�
     6.9%


�
   50.9%


�
< 0.001


�
156


�
190


�
NS


�
�
  Hu et al[69], 2011


�
  30


�
     520 g


�
     480 g


�
NS


�
-


�
-


�
-


�
180


�
170


�
NS


�
�
  Kim et al[70], 2011


�
  26


�
-


�
-


�
-


�
   19.2%


�
   24.1%


�
NS


�
147


�
220


�
0.031


�
�
  Truant et al[13], 2011


�
  36


�
  452


�
  447


�
NS


�
     2.8%


�
     3.8%


�
NS


�
193


�
215


�
NS


�
�
  Tranchart et al[9], 2010


�
  42


�
  364


�
  723


�
< 0.0001


�
     9.5%


�
   16.7%


�
NS


�
233


�
221


�
NS


�
�
  Aldrighetti et al[71], 2010


�
  16


�
  258


�
  617


�
0.008


�
  4%


�
  6%


�
NS


�
150


�
240


�
0.044


�
�
  Belli et al[30], 2009


�
  54


�
  297


�
  580


�
< 0.01


�
11%


�
   25.6%


�
 0.03


�
167


�
185


�
0.012


�
�
  Lai et al[72], 2009


�
  25


�
-


�
-


�
-


�
-


�
-


�
-


�
150


�
135


�
NS


�
�
  Endo et al[73], 2009


�
  10


�
-


�
-


�
NS


�
-


�
-


�
-


�
-


�
-


�
-


�
�
  Sarpel et al[74], 2009


�
  20


�
-


�
-


�
-


�
-


�
-


�
NS


�
161


�
165


�
NS


�
�
  Belli et al[48], 2007


�
  23


�
  260


�
  377


�
NS


�
  0%


�
   17.3%


�
   0.036


�
148


�
125


�
0.016


�
�
  Lee et al[75], 2007


�
  25


�
  100


�
  250


�
0.012


�
  4%


�
  0%


�
NS


�
220


�
195


�
NS


�
�
  Kaneko et al[76], 2005


�
  30


�
  350


�
  505


�
NS


�
-


�
-


�
-


�
182


�
210


�
NS


�
�
  Laurent et al[77], 2003


�
  13


�
  620


�
  720


�
NS


�
  4%


�
   28.6%


�
NS


�
267


�
182


�
0.006


�
�
  Shimada et al[78], 2001


�
  17


�
     400 g


�
     800 g


�
NS


�
     5.9%


�
   10.5%


�
NS


�
325


�
280


�
NS


�
�
L: Laparoscopy; O: Open; NS: Non significant.











