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Abstract
Accumulation of experiences and technological advances after the first report of laparoscopic liver resection (LLR) are now revealing the characteristics and specific advantages of this approach, especially for hepatocellular carcinoma (HCC) patients with chronic liver diseases (CLD). In laparoscopic approach, there are minimum needs for (1) laparotomy and dissection of the attachments and adhesion which may cause destructions in the collateral blood and lymphatic flows and (2) compression of the liver which may cause parenchymal damage for the liver resection (LR). These are especially beneficial for the patients with CLD. LLR results in minimal postoperative ascites and the other complications, which could potentially lead to lowering the risk of fatal liver failure. These characteristics of LLR facilitate surgical treatment application to the patients of HCC with background CLD. Laparoscopic approach also results in improved vision and manipulation in a small operative field under several conditions, including the cases where it is necessary to perform repeat LR between adhesions. These characteristics make LLR safer and more accessible to the repeat treatment, such as multicentric and metachronous lesions in the cirrhotic liver. These advantages of LLR indicate it is a superior method than open LR under certain conditions in patients of HCC with background CLD.
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Core tip: In laparoscopic approach, there are minimum needs for (1) laparotomy and dissection of the attachments/adhesion which may cause destructions in the collateral blood/lymphatic flows and (2) compression of the liver which may cause parenchymal damage for liver resection (LR). Therefore, laparoscopic liver resection (LLR) results in minimal postoperative ascites and following fatal complications in the patients with hepatocellular carcinoma and chronic liver disease. Laparoscopic approach also results in improved vision and manipulation in a small operative field in the case of repeat LR between adhesions. These characteristics make LLR safer and more accessible to the repeat treatment, such as multicentric/metachronous lesions in cirrhotic liver. 

Kawabe N, Morise Z, Tomishige H, Nagata H, Kawase J, Arakawa S, Isetani M. Laparoscopic liver resection for the treatment of hepatocellular carcinoma. World J Surg Proced 2015; In press

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common cancer and the third most common cause of cancer-related deaths[1,2]. Treatment options for HCC include liver resection (LR)[3], liver transplantation[4], transarterial chemoembolization (TACE), and local ablation therapy[5]. Most experts think LR and liver transplantation are the best hopes for cure. However, patients with HCC usually have underlying chronic liver disease (CLD), and hence are at high risk of developing significant postoperative complications and also multicentric/metachronous lesions. Although liver transplantation should be considered in patients with deteriorating liver function according to the Milan criteria[6], LR should be considered as a primary therapy in patients with well-preserved liver function[7,8]. When considering the treatment of HCC in patients with CLD, the degree of invasive surgical stress[9], especially to the background liver, should be considered in addition to the oncological effects. Patients with CLD have high rates of morbidity and mortality at surgery[10], which increase according to Child-Pugh class of the patients[11]. Even limited open LR often develops refractory ascites, which leads to fatal liver failure in severe CLD patients[12,13]. 
In Japan, criteria is based on three parameters for selecting patient eligibility for LR: (1) the presence or absence of ascites; (2) total serum bilirubin level; and (3) indocyanine green retention rate at 15 minutes (ICG R15)[14]. Although there are other treatment options for HCC, local ablation therapy and TACE, depending on the tumor condition and the liver function, a large number of patients with severe CLD are still not able to undergo those treatment modalities. This is especially true in the condition of patients that need repeat treatments for multicentric metachronous lesions occurring in chronic impaired liver. For those patients, “less invasive” laparoscopic LR (LLR) may provide a good option. 
Since the ﬁrst successful report of laparoscopic liver wedge resection in 1992[15], LLR is thought to be a “less invasive” procedure than open LR (OLR)[16]. In a comprehensive meta-analysis study, LLR was compared to OLR in 1678 patients across 26 studies. While it is associated with longer operating times and no differences in oncological outcomes, it is advantageous in several aspects, such as reduced amount of bleeding, decreased time of application of Pringle’s maneuver, decreases in morbidity rate, and shorter hospital stay[17]. Recent technological development of devices and accumulation of experiences have facilitated the expansion of LLR indication[18,19]. In addition to common advantages of laparoscopic surgery[20], accumulation of experiences is now revealing specific advantages of LLR, especially for HCC and CLD patients. 
The characteristics and advantages of LLR for HCC patients are discussed in this review.

LLR FOR HCC PATIENTS: AN OVERVIEW
LLR may be particularly advantageous for cirrhotic patients, given the potential for lower levels of parietal and hepatic injury, which leads to the preservation of venous/lymphatic collateral circulation. Several studies have shown the safety and feasibility and its short-term benefits of LLR for HCC patients[21-28]. To date, several studies[29-33], in which the groups of laparoscopic and open LR in comparison had comparable background liver condition, have investigated the major differences between the groups (Table 1)[29,34-41]. Favorable short-term results, including fewer incidences of ascites and liver failure, and shorter hospital stays, correlate with the laparoscopic procedure without the compromise of overall survival (Table 1). In addition to usual advantages of laparoscopic surgery, LLR has the advantage of minimal ascites, due to lower damage on venous/lymphatic collateral circulation, which leads to lower risk of fatal liver failure. This feature of LLR could be one of the most remarkable specific advantage. 
When patients undergo LR, they are exposed three types of stresses: (1) general, whole-body surgical stress; (2) reduced liver function due to resected liver volume; and (3) surgery-induced injury to the environment around the liver caused by laparotomy and mobilization of the liver and to the liver parenchyma caused by compression of the liver. Reduction of the third injury with LLR lowers the risk of fatal complications for patients with severe CLD. 
We also experienced that HCC patients with severe CLD (Child-Pugh class B/C and ICG R15 of ≥ 40%) who underwent LLR had favorable and comparable perioperative outcomes to patients with mild/moderate CLD[42]. As of June 2014, 53 patients with HCC and CLD underwent LLR in our hospital. Nine out of 53 patients had severe CLD (Child-Pugh class B/C and ICG R15 of ≥ 40%). These nine and 41 patients (Child-Pugh class A and ICG R15 of 10.1%-27.4%; three patients were excluded from analysis because of concomitant combined surgery) were compared in short-tem outcomes. The results, such as operative bleeding, day of oral intake restored, postoperative drain discharge, morbidity and mortality, were comparable in the groups. Among these nine patients, one underwent living-related liver transplantation 20 mo after hepatectomy. 
This extensive review of the literature in combination with our experiences indicates that LLR is the better therapeutic option for severe CLD patients with tumors on the surface of the liver, especially after repeat treatments. LLR for severe CLD patients may also prove to be an advantageous option in bridging therapy to liver transplantation.

LLR FOR HCC PATIENTS: ADVANTAGES AND DISADVANTAGES IN TECHNICAL ASPECTS
At the introduction of LLR in 1997, we selected the patients who could undergo adequate oncological LLR for cancers. The indication of LLR had been gradually extended from liver surface partial resection to large anatomical resection (right/left hepatectomy and posterior/anterior/median sectionectomy). The inclusion criteria are now a tumor size less than 15 cm without severe adhesion, invasion to major vessels, or a need for reconstruction of vessels or biliary tract. 
As of June 2014, we have performed 53 of LLR for HCC and CLD patients, including 17 cases of anatomical resections and 9 cases of repeat hepatectomy (including 1 patient of 4th laparoscopic hepatectomy). There was no operative-mortality and the rate of morbidity (Clavien-Dindo Grade II or above) was 17.0%. Tumor numbers are 1-4 and sizes are 0.8-14.5 cm. The median of their operating time and blood loss was 315 min and 100 mL. From these and the other experiences, we propose advantages and disadvantages of LLR in technical aspects, listed in Table 2. 
The subphrenic space is the cage with the liver inside. In the laparoscopic approach of LR, a laparoscope and forceps are entering into the cage directly from caudal direction and obtain a good vision/manipulation for resection in the small field (Figure 1). On the other hand in open approach, the cage is opened with the big subcostal incision and the liver is picked up with the dissection of retroperitoneal attachments before resection. Therefore, in the laparoscopic approach, there are minimum needs for (1) dissection of the attachments/adhesions which may cause destructions of the collateral blood and lymphatic flows and (2) compression of the liver which may cause parenchymal damage, in addition to the minimum abdominal wall incision. There characteristics lead to two advantages especially beneficial for HCC patients with CLD: (1) Advantageous for repeat procedures: Repeat LLR for patients with CLD and repeat lesions was feasible and safe. The procedure resulted in less adhesion and good vision/manipulation in the small area between adhesions; and (2) Minimal invasion due to good vision and manipulation in small operative fields (a minimum need for extended dissection of attachments and adhesions): With adequate port arrangement and positioning of patients[41,42], the manipulation in the small operative field is facilitated by good vision of the peri-inferior vena cava (IVC) area, subphrenic space, the area next to the attachment of retro-peritoneum, and the area between the adhesions. Therefore, there is a minimum need for dissection/adhesiolysis that could cause destructions of the collateral blood and lymphatic flows. 

CONCLUSION
There are minimum needs in laparoscopic approach for (1) laparotomy and dissection of the attachments/adhesion which may cause destructions in the collateral blood/lymphatic flows and (2) compression of the liver which may cause parenchymal damage in laparoscopic approach. These are especially beneficial for CLD patients. LLR results in minimal postoperative ascites, which could potentially lead to lower risk of fatal complications. These characteristics of LLR facilitate the surgical treatments for HCC/CLD patients. 
LLR also results in improved vision and manipulation in a small operative field under several conditions, including the cases where it is necessary to perform repeat hepatectomy between adhesions, such as multicentric/metachronous lesions in the cirrhotic liver. These characteristics could make LLR a safer and more accessible approach for patients with repeat treatments. 
These advantages of LLR indicate it is a superior method when compared to OLR under certain conditions in patients with HCC and CLD.
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Table 1 Recent reports of laparoscopic and open liver resction comparative studies for hepatocellular carcinoma

	Ref.
	% of LC patients
	Ascites
	Liver failure
	Hospital stay 
(d, mean ± SD)
	Mortality
	Overall survival (5-yr, %)

	
	LLR
	OLR
	LLR
	OLR
	LLR
	OLR
	LLR
	OLR
	LLR
	OLR
	LLR
	OLR

	Lai et al[34] 2009   
	92
	93.94
	NA
	NA
	NA
	NA
	NA
	NA
	0/25
	1/33
	60 (3-yr)
	NA

	Aldrighetti et al[35] 2010   
	56.25
	56.25
	0/16
	1/16
	NA
	NA
	6.3 ± 1.7
	9 ± 3.8
	0/16
	0/16
	(no significant difference )

	Tranchart et al[36] 2010   
	73.81
	80.95
	3/42
	11/42
	0/36
	4/53
	6.7 ± 5.9
	9.6 ± 3.4
	1/42
	1/42
	59.5
	47.4

	Kim et al[37] 2011   
	92.31
	86.21
	0/26
	1/29
	NA
	NA
	11.08 ± 4.96
	16.1 ± 10.7
	0/26
	0/29
	84.6 (2-yr RFS)
	82.8 (2-yr RFS)

	Lee et al[38] 2011   
	84.85
	64
	0/33
	2/50
	NA
	NA
	NA
	NA
	0/33
	0/50
	76.0
	76.1

	Truant et al[39] 2011   
	100
	100
	5/36
	12/53
	NA
	NA
	6.5 ± 2.7
	9.5 ± 4.8
	0/36
	4/53
	70
	46

	Ker et al[29] 2011   
	NA
	NA
	2/116
	26/208
	NA
	NA
	6.2 ± 3
	12.4 ± 6.8
	0/116
	6/208
	62.2
	71.8

	Kanazawa et al[40] 2013   
	100
	100
	3/28
	18/28
	0/28
	0/28
	10 (6-25)1
	19 (8-49)1
	0/28
	0/28
	NA
	NA

	Cheung et al[41] 2013   
	87.5
	71.9
	0/32
	1/64
	NA
	NA
	4 (2-16)1
	7 (4-42)1
	2/32
	12/64
	76.6
	57.0



1Median (range). LC: Liver cirrhosis; NA: Not available; RFS: Recurrence free survival; LLR: Laparoscopic liver resection; OLR: Open LR.



Table 2 Advantages and disadvantages of laparoscopic liver resection in technical aspects
Advantages
Good view and manipulation in a small operative field-Minimum damages on the environment around the liver
Meticulous manipulation under magnified view
Less adhesion after surgery
Good view in the dorsal area of the liver around inferior vena cava
Dissection and handling organs/tumors using postural change and the gravity with the maintenance of similar view by the laparoscopic adjustments[43,44] 
Less venous bleeding under the pneumo-peritoneal pressure

Disadvantages
Restrictions on the movements of forceps
Difficulties of handling large-sized/volume organs and tumors
These should be conquered with port arrangements and dissection and handling organs/tumors using postural change and the gravity

Lack of tactile sensation
Lack of overview of whole operative field
These easily lead to disorientation during surgery and should be conquered with preoperative (MDCT) simulation plus intraoperative US navigation
[image: ]

Figure 1 The subphrenic space is the cage with the liver inside. In the laparoscopic approach of hepatectomy, a laparoscope and forceps are entering into the cage directly from caudal direction and obtain a good vision and manipulation in the small operative field for resection. 
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