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Transection methods and hemostasis achievement have an impact on blood loss, and consequently on outcome and survival. Despite, no consensus exist on parenchymal transection or hemostasis techniques in laparoscopic liver resection (LLR). The aim of this review is to clarify the role of energy devices (ED) in LLR.

ED is a generator of mechanic or electric energy transfer to an operating tool, used for transection, sealing or both.

Searches were performed in PubMed, PubMed Central, Cochrane, Embase, Google Scholar in human or animal. Each study quality was graded following the GRADE system.

From 1996 to 2014, 30 studies were found: 5 comparative, 1 prospective, 2 case-control, 16 case-series and some casereports, with level of evidence ranging from Moderate to Very Low.

Since 2012, the Research and Development of new tools raised quicker than clinical studies could follow. The two mains techniques emerged are blind transection versus sharp dissection: due to the low quality and heterogeneity of the studies, no firm conclusion can be drown, but meticulous dissection of vessels usually never leads to vascular damage. As a matter of fact ED, even efficient and reliable, cannot replace the basic skills of hepatic surgery: sharp dissection, vascular control and elective sealing.

Introduction

Blood loss is one of the main cause that affects surgical outcome and survival rates. Transection methods and hemostasis achievement during parenchymal transection have obviously an impact on bleeding. Consequently, addressing the question of energy devices (ED) that might influence hemostasis quality appears a relevant issue.

Interestingly, there is no consensual method to perform neither liver transection nor hemostasis by open approach. The Cochrane database recently analyzed 7 trials randomizing 556 patients (1). Only one randomized trial (2) included a significant number of patients and used a wide range of transection methods. This latter trial showed a superiority of the crush technique to reduce blood loss and to enhance transection velocity by open.

However, it should be noted that Kellyclasy was mostly associated to Pringle maneuver while sharp dissection using CUSA was performed without clamping. This latter bias (mixing two modalities of clamping) renders this study less powerful.

Drawing recommendations for laparoscopic approach appears then tough, since the overall experience is weaker than open approach, and relies on a shorter follow-up. However, some principles of transection and hemostasis could be proposed based on this initial experience and may guide and help the beginners to start such laparoscopic liver resection (LLR) program. The pneumoperitoneum has a significant conceptual difference from open approach, because of its impact on backflow bleeding. Then, transposing open approach methods to laparoscopic approach should be done with caution. In this view, we realized a comprehensive review of the literature in order to give an overview of the different techniques and results: since ED are a small room, will also address or "cross the line" of transection. It should be emphasized that technology has continuously evolved during the last decade to a point that some tools may already appeared obsolete while others have just come up into the field. This rapid but exciting evolution often leads to report small series even sometime case reports.

However, general rules of liver resection should be respected when a LLR is envisioned : meticulous dissection (sharp dissection), vessels and plans identification, elective hemostasis remain the cornerstones and the basic skills of LLR irrespective of the tools used. Definition of Energy Devices For sake of clarity, ED in this study will be defined as any generator responsible of a mechanic or electric energy transfer to an operating tool. ED could be used as transection tools, sealing tools or both. The association of the different types of devices (two ED during the same procedure, or two ED integrated in a unique tool) and the various conditions of use (during a pure, hand assisted or hybrid LLR) lead to confusion. This heterogeneity makes the interpretation of the literature sometime difficult and represents a major limitation of all the publications. Table 2 gives a summary of the different types of devices according to their main function and the energy, which they are based on. We decide to focus on ED that deliver coagulation function. However, these devices could also be used as a dissection tool (bipolar, LigaSure™,

Ultracision ™, etc…). Results

From 1996 to 2014, 30 studies were found and are summarized in Table 3 and 4. To date, neither meta-analysis nor Cochrane review have been focusing on transection or hemostatic ED in laparoscopic liver surgery. Most of the publications report retrospective single-center experience. There are 5 comparative studies with one prospective. Two case-control studies, 16 animals or human case-series and some case reports were found. Only one randomized, prospective, single blind study was found: two groups of 12 patients each were prospectively allocated to a bipolar (LigaSure TM) versus ultrasonic forceps group, but laparoscopic resection was realized only in two patients, one each group. This latter study could not be considered as high-grade trial due to methodological bias. Overall, according to the GRADE system (3), the level of evidence ranges from Moderate to Very Low. Discussion:

Due to the heterogeneity of the studies and owing to the variety and/or association of the devices, this comprehensive review failed to demonstrate the superiority of a specific technique over another. Overall, two mains techniques have emerged: blind transection using stapler or radiofrequency-assisted device and sharp dissection using ultrasound dissector (CUSA™) or crush with bipolar, sealing or ultrasonic shears. It should be stressed that the former technique may lead to severe bleeding by vascular injury or misfiring, during deep parenchymal transection (12,20,23,[START_REF] Sarpel | Choice of device for parenchymal transection in laparoscopic hepatectomy[END_REF][START_REF] Hompes | Laparoscopic liver resection using radiofrequency coagulation[END_REF]31). If a sharp dissection is applied with vessels identification first, followed by control and sealing, no superiority among the different tools can be stated. The efficiency depends on the vessels diameter with new devices allowing to seal up to 7 mm.

Comparing the results of pure LLR with pneumoperitoneum (that may have an independent impact on bleeding) and other assisted techniques (that are theoretically less effective on the venous backflow) (23, 28) render more complex the interpretation of the ED results. Most available data are from case-series, retrospective and comparative studies with only one prospective. The study by Campagnacci et other reported experience is low or very low according to the GRADE system (3).

However, some advices and tendencies could be provided. Meticulous dissection of the vessel usually never leads to vascular damage: for this reason, blind manipulation should never be attempted (7, 23, 34). As well as open liver surgery, respecting the basics with sharp dissection, visualization of the vascular structures, control and their elective sealing appear to be the safest method especially as a beginner. As a matter of fact ED, even efficient and reliable, cannot replace the acquisition of basic skills of hepatic surgery. The main reason to privilege an ED is the ability to provide a precise dissection to separate vascular structures in a controlled fashion: in this context, all the sealing and ED seem equally efficient on vessels hemostasis until to reach 5 mm diameter. For sake of safety, blind use of the ultrasonic shears should be limited to superficial layers of the parenchyma. In the same trend, blind transection and hemostasis using stapler or radiofrequency should be limited to experienced surgeons who can face a massive bleeding with confidence (23, 27). Caution should be made with the use of Argon Beam: particularly for beginners in LLR, we recommend to avoid its use since this latter has been associated to five life-threatening events and 2 deaths, directly related to gas embolism (18). Analysis of the literature and experienced surgeons propose its use respecting some rules: avoiding direct application close to the parenchymal surface, no pulverization on small hepatic veins holes, and venting the abdomen (open trocars) in order to decrease the intraperitoneal pressure (18 

Table 1 :

 1 ). No serious bleeding can be controlled by Argon Beam, and it need to be fixed by elective hemostasis, with stiches, clips or bipolar coagulation. Backflow bleeding could be immediately managed by a temporary increase of pneumoperitoneum pressure up-to 20 mmHg. Last, if some of the analyzed ED have been used to transect portal structures, none of them have been clearly assessed for biliostasis(5, 8, 9, 12 -15, 17, 20, 21, 23, 24, 26, 31, 32). A specific trial focusing on ED and biliostasis is highly required. Since 2012, the Research and Development of new tools has raised quicker than clinical studies could follow. From this comprehensive review, no specific type of ED has clearly emerged and none is recommended over another, in laparoscopic surgery, according to the literature. The level of evidence is however low, and prospective controlled trials are still required. Respecting basics of HPB surgery is the rule, and emerged as the safest method irrespective of the ED used for transection: sharp dissection, vascular control and elective sealing. Raferences Bachellier P, Ayav A, Pai M, Weber JC, Rosso E, Jaeck D et al. Laparoscopic liver resection assisted with radiofrequency. 2007 Am J Surg; 193:427-430 (12) Yao P, Gunasegaram A, Ladd LA, Chu F, Morris DL. Inline radiofrequency ablation-assisted laparoscopic liver resection: first experiment with stapling device. ANZ J Surg 2007; (13) Tsalis K, Blouhos K, Vasiliadis K, Kalfadis S, Tsachalis T, Savvas I, et al. Bloodless laparoscopic liver resection using radiofrequency thermal energy in the porcine model. Surg Laparosc Endoscop Percutan Tech 2007; 17:22-25 (14) Dulucq JL, Wintringer P, Rashid LM. Virtually bloodless laparoscopic liver resection of recurrent hepatoma with a new laparoscopic sealer device. Surg Laparosc Endosc Percutan Tech 2007; 17:413-415 GRADE System classification
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Table 2 :

 2 Energy devices classification

Table 3 :

 3 Case reports, Case series (Human/Animal), Reviews.

Table 4 :

 4 Randomized Clinical Trial, Comparative, Case-Control studies.

Table 1 GRADE SYSTEM Quality of Evidence Definition High

  Quality Further research is very unlikely to change our confidence in the estimate of effect Medium QualityFurther research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate Low QualityFurther research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate

	Very Low Quality	Any estimate of effect is very uncertain	
	Instrument	Way of use	Drawbacks	Example
	Precoagulators	Blind	Structure injuries	Radiotherapy Assisted
				Device
	Ultrasonic shears	Blind or elective	Injury of biliary or vessels structure	Ultracision™
			if blind but applicable for superficial	
			parenchyma	
			Not applicable for diameter larger	
			than 5 mm	
	Vessels sealing device			
	Bipolar	Elective or crush	Useful for small vessels less than 5	Bipolar forceps
		Sealing or transection	mm	
		tool	Caution on vena cava	
	Sealing	Elective coagulation	Caution when blind dissection with	Ligasure™
		or crush	vascular structure	Enseal™
		Section after		Thunderbeat™: sealing alone
		coagulation		possible, section only with
		7mm of diameter		sealing
		possible		
	Sealing simultaneous or	7 mm possible	Caution to Injury when blind and	Thunderbeat™
	sequential section	Elective or crush	deep transection	
		Efficient on small		
		branches of the vena		
		cava		

TABLE 3 . Case reports, Case series (Human/Animal), Reviews.

 3 LQ Low Quality, VLQ Very Low Quality, LS LigaSure, US Ultrasonic Scalpel, HS Harmonic Scalpel, Stap Stapler Hepatectomy, RFAD Radio Frequency Assisted Device, ER Electronic resection, VS Vessel Sealer, Conv Converted, Hem & Bil Hemostasis and Biliostasis, M major hepatectomy, m minor hepatectomy

	Author	Ref.	Year	Study type	Animal Human	Study device	Associated devices	Endpoint	Hemostasis Biliostasis	Hepatectomy		Patients		Indication	Blood loss mL (mean)	Surgery Duration min (mean)	GRADE	Conclusions
											n	Lap	Open	Benign	Malign	Lap	Open	Lap	Open	
	Weber JC	4	2003	case report Human	RFAD		Transection Sealing	Hemostasis	?	1	1	\	1	\	75	\	300	\	VLQ	Radiofrequency assisted is useful
																					Ligasure feasible for
	Imura S.	5	2008	case report Human	LS vs CUSA		Transection Sealing	Hem & Bil	M & m	4	?	?	0	4	247	\	350	\	VLQ	sealing glissonian pedicle and hepatic
																					veins UNDER PRINGLE
																					Ultrasonic scalpel is
	Sotiropulos GC.	6	2013	case report Human	US		Transection	Hemostasis	M	1	1	\	1	\	400	\	240	\	VLQ	effective in transection and sealing of small
																					elements
																					Laparoscopic liver
																					resection is feasible with
	Matern U.	7	1996	case-series Animal	CUSA		Transection	\	m	7	7	0	\	\	400	\	160	\	LQ	proper dissection of
																					intrahepatic bile ducts
																					and blood vessels.
	Croce E.	8	2003	case-series Human	LS		Transection Sealing	Hem & Bil	m	7	7	0	5	2	120	\	90	\	LQ	Ligasure laparoscopic hepatectomy is useful
	Felekouras E.	9	2005	case-series Animal	RFAD		Transection Sealing	Hem & Bil	m	8	8	0	\	\	45-60	\	90	\	LQ	Left lateral section is feasible with the Radiofrequency device
																					Minor laparoscopic
	Totama Y.	10	2005	case-series Human	Ultrasonic activated device + Microwave device		Transection Sealing	Hemostasis	m	9	9	0	0	9	77	\	113	\	LQ	hepatectomies with 3 ports is feasible with ultrasonically activated
																					device
																					Radiofrequency device
																					useful for liver
	Bachellier P.	11	2007	case-series Human	RFAD	RFAD + scissors	Sealing	Hemostasis	m	18	18	3 (conv)	3	15	121	\	213	\	LQ	transection and sealing
																					during laparoscopic
																					hepatectomies
																					InlineRFA combined
	Yao P.	12	2007	case-series Animal	RFAD	RFAD+Diathermy RFA+Stap Diathermy Stap	Sealing	Hem & Bil	M & m	8	8	0	\	\	variable	\	NA	\	LQ	with stapler or diathermy coagulation is effective in lowering blood loss during laparoscopic
																					hepatectomy
																					Laparoscopic
	Tsalis K.	13	2007	case-series Animal	RFAD	RFAD used as CUSA	Transection Sealing	Hem & Bil	M & m	15	15	0	\	\	27	\	119	\	LQ	Radiofrequency assisted heaptectomy in animal
																					is feasible and safe
	Dulucq JL.	14	2007	case-series Human	RFAD		Transection Sealing	Hem & Bil	m	2	2	0	0	2	low	\	NA	NA	VLQ	Radiofrequency device render laparoscopic hepatectomies easier

TABLE 4 . Randomized Clinical Trial, Comparative, Case-Control studies.

 4 MQ Moderate Quality, LQ Low Quality, VLQ Very Low Quality, LS LigaSure, US Ultrasonic Scalpel, HS Harmonic Scalpel, Stap Stapler Hepatectomy, RFAD Radio Frequency Assisted Device, ER Electronic resection, VS Vessel Sealer, Conv Converted, Hem & Bil Hemostasis and Biliostasis, M major hepatectomy, m minor hepatectomy

	Author	Ref.	year	study type	Animal human	Study device	Associated devices	Endpoint	Hemostasis Biliostasis	Hepatectomy		Patients		Indication	Blood loss mL (mean)	Surgery Duration min (mean)	GRADE	Conclusions
											n	Lap	Open	Benign Malign	Lap	Open	Lap	Open		
	Campagnacci R	26	2007	RCT	Human	LS vs HS		Transection Sealing	Hem & Bil	M & m	24	2	22	3	21	210 LS vs 485 HS	\	136 LS vs 187 HS	\	MQ	Ligasure hepatectomy is safe and effective with less blood loss
																					RF assisted device
																					does not reduce
																		105			blood loss in major
																200 RFAD -		RFAD -			hepatectomy
	Hompes D	27	2007	Comparative	Human	RFAD	CUSA +/-RFAD	Transection	Hemostasis	M & m	45	42	3	10	35	vs	\	vs	\	LQ	(10 pt with
																200 RFAD +		120			intraoperative
																		RFAD+			haemorrhage,
																					blood loss 850 -4000
																					ml)
																					Feasibility of
	Kamiyama T	28	2005	Comparative	Human	HS Bipolar Stap		Transection Sealing	Hemostasis	m	18	8	10 (from another study)	0	8	177	\	181	\	LQ	Laparoscopic Left lateral section with Harmonic scalpel and bipolar + minilaparotomy and
																					open instruments
																					Transection with
	Mbah NA	29	2011	Comparative	Human	Bipolar compression device vs US		Transection Sealing	Hemostasis	M & m	54	54	0	0	54	100 bip vs 175 US	\	130 bip vs 180 US	\	LQ	Bipolar compression device is shorter than Ultrasonic Scalpel in laparoscopic major and minor
																					hepatectomies
	Nanashima A	30	2013	Comparative	Human	LS vs crushclamping		Transection Sealing	Hemostasis	M & m	150	21	129	30	120	279 LS vs 1040 crush	\	300 LS vs 418 crush	\	MQ	LS reduce blood loss, transection time and hospital stay.
																		156			Lower blood loss,
	Buell J	31	2013	Comparative	Human Electrosurgery vs Stap		Transection Sealing	Hem & Bil	M & m	1499	1471	28 (conv)	738	761	100 Stap vs 200 ER	\	Stap vs 186	\	MQ	operative time, length of stay, with SH than EH at univariate
																		ER			analysis.
																		289			
	Berber E	32	2013	case-control	Human	Vessel sealer + Vs Vessel sealer -		Transection Sealing	Hem & Bil	m	14	14	\	3	11	194 VS+ vs 233 VS-	\	VS+ vs 430	\	LQ	Shorter transection time with Vessel Sealer
																		VS-			
	Frenken C	33	2014	case-control	Human	Lap vs Open CUSA or LS	Electrocautery Clips SH	Transection Sealing	Hemostasis	M & m	104	52	52	21	83	237	387	219	198	MQ	Less bleeding in LH
	RCT Randomized Clinical Trial,																		
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