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Surgical	resection	is	the	only	cure	for	primary,	and	secondary,	neoplasms	of	the	liver.	A	minimally	

invasive	 approach	 to	 liver	 resections	 improves	 post-operative	 outcomes	 and	 as	 a	 result	 the	

uptake	of	laparoscopic	liver	surgery	is	increasing	worldwide.	However,	concerns	persist	regarding	

variations	in	practice,	conversion	rates	and	the	protracted	learning	curve	that	are	associated	with	

worse	patient	outcomes.		

The	absence	of	clinical	guidelines,	a	limited	comprehension	of	the	risk	factors	for	conversion	and	

the	 lack	of	a	pre-operative	 risk	stratification	 tool	 to	enable	 informed	case	selection	hamper	 the	

safe	expansion	of	laparoscopic	liver	surgery.	

To	address	the	variations	 in	clinical	practice	we	created	The	Southampton	Consensus	Guidelines	

the	first	evidence-based,	expert	validated	guidelines	for	laparoscopic	liver	surgery.	Following	this	

we	defined	the	risk	factors	for	conversion	using	the	largest,	international,	multi-centre	cohort	of	

patients	 undergoing	 laparoscopic	 liver	 resections.	 This	 demonstrated	 that	 both	 patient	 and	

surgical	 factors	affect	the	risk	of	conversion	and	highlighted	that	the	timing	of	conversion	had	a	

significant	impact	on	post-operative	outcomes.	

In	order	 to	predict	 the	 complexity	of	 a	 resection,	 and	allow	case	 selection	based	upon	 surgeon	

experience,	 we	 developed	 and	 validated	 The	 Southampton	 Laparoscopic	 Liver	 Difficulty	 Score.	

Finally,	 we	 demonstrated	 that	 specific	 training	 in	 the	 form	 of	 laparoscopic	 liver	 fellowships	

significantly	 reduces	 the	 learning	 curve	 for	 surgeons	 that	 in	 turn	 improves	 outcomes	 in	 those	

undergoing	minimally	invasive	liver	resections.	

In	 conclusion,	 contemporary	 clinical	 guidelines	 used	 in	 conjunction	 with	 specific	 training,	

informed	 case	 selection	 and	 a	 low	 threshold	 for	 conversion	 should	 result	 in	 improved	 patient	

outcomes	in	those	undergoing	laparoscopic	liver	resections.	
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Chapter	1: Introduction	

1.1 The	liver	

1.1.1 Gross	anatomy	

The	 liver	 is	 the	 second	 largest	 organ	 in	 the	 body	 and	 accounts	 for	 approximately	 2.5%	 of	 an	

adult’s	body	weight.	The	 liver	 is	 located	within	the	right	upper	quadrant	of	 the	abdomen	and	 is	

protected	by	 the	 thoracic	 cage.	As	an	 intra-peritoneal	organ	 the	surface	anatomy	of	 the	 liver	 is	

dependent	upon	the	diaphragmatic	position,	and	hence	the	phase	of	respiration.	However,	it	may	

generally	be	considered	as	occupying	the	space	deep	to	ribs	7-11	on	the	patient’s	right	side.	The	

entirety	of	its	anterior	surface	is	covered	by	the	thoracic	cage	as	it	crosses	the	midline	anterior	to	

the	stomach	extending	as	far	laterally	as	the	left	nipple	(1).		

	

Figure	1-1.	Gross	surface	anatomy	of	the	superior	aspect	of	the	liver.	Adapted	from	Standring	

(2015).	

The	liver	has	a	smooth	convex	diaphragmatic	surface	with	a	flat	or	concave	visceral	surface	that	

are	 separated	 from	 one	 another	 anteriorly	 and	 inferiorly	 by	 a	 sharp	 boarder	 that	 runs	 parallel	
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with	 the	 costal	 margin.	 The	 liver	 is	 covered	 in	 its	 entirety	 by	 peritoneal	 reflections	 with	 the	

exception	of	the	gallbladder	fossa	and	the	“bare	area”,	which	sits	between	the	coronary	ligaments	

posteriorly.	 The	 liver	 is	 broadly	 divided	 into	 imbalanced	 anatomical	 lobes	 by	 the	 falciform	

ligament	(figure	1-1)	that	contains	the	embryological	remnant	of	the	umbilical	vein	(as	the	round	

ligament)	at	its	inferior	aspect	(1).		

	

1.1.2 Segmental	anatomy	

Although	not	apparent	externally	the	liver	consists	of	eight	anatomical	segments	based	upon	their	

venous	 drainage.	 In	 1954	 Couinaud	 proposed	 that	 the	 three	major	 hepatic	 veins	 (right,	middle	

and	left)	that	drain	into	the	inferior	vena	cava	(IVC)	effectively	divide	the	liver	into	four	sectors	or	

sections	 (figure	 1-2)	 (2).	 Each	 of	 these	 sectors	 can	 be	 further	 subdivided	 into	 two	 anatomical	

segments	based	upon	 the	major	 tributaries	of	 the	 venous	drainage.	 The	 segments	may	also	be	

delineated	from	one	another	by	their	blood	supply	and	biliary	drainage,	which	are	closely	related	

and	respectively	enter	and	leave	the	liver	via	the	hilum.	

	

Figure	1-2.	The	four	sectors	of	the	liver	derived	by	the	hepatic	veins	as	described	by	Couinaud	and	

the	Principle	plane	as	described	by	Cantlie.	Adapted	from	Jarnagin	(2012).	
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1.1.3 Anatomical	considerations	for	liver	surgery	

Since	 the	 first	 documented	 liver	 resections	 a	major	 cause	 of	morbidity	 and	mortality	 has	 been	

blood	loss	(3-10).	Thus	knowledge	of	the	segmental	anatomy	and	the	vasculature	of	the	liver	is	of	

paramount	importance.	The	absence	of	valves	within	the	hepatic	veins,	and	the	IVC,	result	in	an	

uninterrupted	column	of	fluid	that	transmits	pressure	from	the	right	atrium	of	the	heart	directly	

into	 the	 liver.	 Therefore	 regulation	 of	 the	 Central	 Venous	 Pressure	 (CVP)	 during	 resection	 is	 of	

critical	importance	and	maybe	regarded,	along	with	inflow	control	and	a	meticulous	attention	to	

local	haemostasis,	as	one	of	the	corner	stones	of	haemorrhage	control	during	liver	surgery	(3,	11-

17).	

	

Figure	1-3.	Illustration	of	the	vasculature	of	the	liver.	Adapted	from	Glisson	(1654).	

The	liver	receives	approximately	25%	of	the	cardiac	output	under	normal	physiological	conditions.	

The	 liver	 has	 a	 dual	 blood	 supply,	 a	 feature	 that	 it	 shares	with	 the	 lungs,	 receiving	 blood	 from	

both	 the	portal	vein	and	 the	hepatic	artery.	The	hepatic	artery	arises	 from	the	coeliac	axis	 that	

originates	from	the	aorta	at	the	level	of	the	twelfth	thoracic	vertebral	body,	while	the	portal	vein	



Chapter	1	

4	

is	 formed	 at	 the	 confluence	 of	 the	 superior	 mesenteric	 and	 splenic	 veins	 (1).	 The	 portal	 vein	

provides	 between	 75-80%	 of	 the	 blood	 flow	 to	 the	 liver	 with	 the	 hepatic	 artery	 providing	 the	

remainder	(18).	

Relative	to	the	arterial	supply	the	venous	supply	of	the	liver	is	partly	deoxygenated,	however	due	

to	the	high	flow	rate	(90ml/min	per	100g	of	parenchyma)	in	the	portal	system	it	is	able	to	supply	

50-70%	of	the	liver’s	oxygen	requirement.	Blood	from	the	hepatic	artery	and	the	portal	vein	are	

mixed	in	the	sinusoids	of	the	liver	that	are	in	turn	drained	by	tributaries	of	the	hepatic	veins	that	

emerge	from	the	parenchyma	of	the	liver	on	its	superior	aspect	to	drain	into	the	IVC	(3).	

	

1.1.4 Liver	function	and	neoplasms	of	the	liver	

The	liver	is	the	second	largest	organ	in	the	body	(1)	and	is	responsible	for	(19):	

I. The	regulation	of	metabolism	by	glyconeogenesis,	de-amination	of	amino	acids	and	the	

processing	of	dietary	fats	to	lipoproteins	

II. The	synthesis	of	proteins	including:	albumin,	globulins,	fibrinogen,	clotting	factors	and	

Copper	/	Iron	binding	proteins	

III. Bile	synthesis	

IV. The	storage	of	fat	soluble	vitamins	(especially	A,	B12	and	D),	glycogen	and	Copper	/	Iron	

V. The	deactivation	and	excretion	of	toxic	metabolites,	hormones	and	drugs,	including	the	

conversion	of	ammonia	to	urea	

Disruption	of	these	functions	can	have	catastrophic	results	for	patients.	The	liver	has	the	potential	

to	develop	primary	neoplasms,	including	hepatocellular	carcinoma	(HCC)	and	cholangiocarinoma,	

and	as	a	result	of	its	blood	supply	from	the	portal	vein	it	 is	a	common	site	of	metastatic	disease	

from	the	gastrointestinal	tract	(18-20).		

Colorectal	cancer	is	the	fourth	most	common	primary	neoplasm	in	the	UK	with	over	41,000	new	

cases	diagnosed	each	year	(21).	At	presentation	30%	of	these	patients	will	have	metastatic	spread	

with	the	liver	being	the	most	common	site	of	secondaries.	In	addition,	a	further	20%	will	go	on	to	

develop	metastases	during	their	follow-up.	As	such	colorectal	 liver	metastases	(CRLM)	represent	

the	 greatest	 disease	within	 the	 liver	 burden	 in	 the	UK	 (22,	 23).	While	 chemotherapy	 has	 been	

demonstrated	to	improve	patient	and	disease	free	survival	in	those	with	CRLM	(24,	25)	resection	

remains	 the	 only	 curative	 treatment	 available	 for	 malignancies,	 both	 primary	 and	 secondary,	

within	the	liver.		
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1.2 The	history	of	liver	surgery	

Dr	Luis	performed	 the	 first	documented	 liver	 resection	 in	1886.	However,	 the	patient	died	as	a	

result	of	catastrophic	haemorrhage	within	six	hours	of	 the	operation.	Following	on	 from	this	Dr	

Langenbuch	described	the	first	“successful”	liver	resection	in	1888,	however	the	patient	required	

a	 return	 to	 theatre	 for	 haemorrhage	 control	 (3).	 	 These	 initial	 difficulties	 did	 not	 dissuade	

surgeons	 from	pursuing	a	greater	understanding	of	 the	 liver	and	 its	anatomy.	As	a	 result	of	his	

findings	during	autopsy	in	1897	Dr	Cantlie	described	a	plane,	referred	to	as	“Cantlie’s	Line”	or	the	

Principle	plane	(figure	1-2)	that	functionally	separates	the	liver	into	right	and	left	hemi-livers.	The	

plane	 he	 described	 runs	 from	 the	 IVC	 on	 the	 cranial	 aspect	 of	 the	 liver,	 to	 the	 fundus	 of	 the	

gallbladder	on	the	caudal	aspect	of	the	liver	(26).	This	observation	was	based	upon	the	finding	of	

a	hypertrophic	 left	hemi-liver	that	was	attributed	to	a	compensatory	response	to	atrophy	of	the	

right	hemi-liver	as	a	result	of	an	infection.	Thus,	he	proposed	that	the	principle	plane	of	the	liver,	

rather	than	the	anatomical	division	made	by	the	umbilical	fissure,	represented	the	true	functional	

division.	He	went	on	 to	 corroborate	 this	observation	by	 injecting	 coloured	dye	 through	 the	 left	

and	right	portal	systems	and	found	the	areas	supplied	by	these	systems	met	at	the	principle	plane	

(27).	Although	made	famous	by	Dr	Cantlie	this	anatomy	had	been	described	as	early	as	1888	by	Dr	

Rex	 (figure	1-4	 (28))	whom	also	proposed	 the	sectoral	anatomy	of	 the	 liver	and	as	a	 result	was	

highly	praised	for	his	efforts		by	Dr	Couinaud	(29,	30).	
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Figure	1-4.	The	vascular	anatomy	of	the	liver.	Adapted	from	Rex	(1888).	
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As	 a	 result	 of	 his	 experience	 treating	 traumatic	 liver	 injuries	 Dr	 Pringle	 was	 aware	 of	 the	

difficulties	 of	 controlling	blood	 loss	 during	 liver	 surgery.	He	described	 a	manoeuvre	 that	 halted	

blood	 loss	 sufficiently	 for	 him	 to	 propose	 it	 as	 a	means	 of	 inflow	 control	 during	 liver	 surgery,	

which	involved	digital	compression	of	the	portal	vein	and	hepatic	artery	at	anterior	boundary	of	

The	Foramen	of	Winslow	(14).	In	1952,	armed	with	the	knowledge	of	their	predecessors	Dr	Lortat-

Jacob	 and	 Dr	 Robert	 performed	 the	 first	 true	 anatomical	 right	 hepatectomy,	 using	 individual	

ligation	of	the	 inflow	to	the	right	side	of	the	 liver	(31);	a	procedure	that	has	since	been	cited	as	

the	origin	of	modern	open	liver	surgery	(6,	29).		

From	this	point	refinements	in	access,	an	increased	understanding	of	a	patient’s	physiology,	and	

advances	in	parenchymal	resection	techniques	and	instrumentation,	have	allowed	for	a	reduced	

morbidity	and	mortality	with	high-volume	centres	in	the	1990s	typically	reporting	mortality	rates	

under	5%	(5,	16,	32-35).	
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1.3 The	introduction	of	a	minimally	invasive	approach	to	liver	surgery	

1.3.1 The	first	cases	of	minimally	invasive	liver	resections	

The	first	endoscopic	examination	of	the	abdomen	dates	back	to	1901,	when	Dr	Kelling	performed	

a	procedure	that	would	later	became	known	as	“celioscopy”.	Using	rudimentary	equipment,	and	

without	 a	 pneumoperitoneum,	 he	 was	 able	 to	 visually	 inspect	 the	 abdominal	 organs	 using	 an	

endoscope.	 By	 the	 1930’s	 minor	 procedures,	 such	 as	 biopsies	 and	 adhesiolysis	 were	 being	

performed	endoscopically	 (36).	However,	 it	was	not	until	 1985	 that	 laparoscopy	was	applied	 to	

the	 hepatopancreatobiliary	 (HPB)	 system.	 On	 September	 12th	 1985	 Prof	 Muhe	 of	 Boblingen,	

Germany,	 performed	 the	 first	 laparoscopic	 cholecystectomy	 -	 an	 achievement	 that	 was	 not	

recognised	by	the	Society	of	American	Gastrointestinal	Surgeons	until	as	late	as	1994	(36-38).	

In	spite	of	the	first	 laparoscopic	cholecystectomy	being	performed	in	1985	 it	was	not	until	1992	

that	 Gagner	 and	 colleagues	 (39)	 described	 the	 first	 minimally	 invasive	 liver	 resection.	 They	

describe	performing	a	non-anatomical	wedge	resection	of	a	6cm	focal	nodular	hyperplasia	using	

an	ultrasonic	dissector,	monopolar	electrocautery	and	clip	applicators.	Four	years	later	Azagra	and	

colleagues	 (40)	 reported	 their	 experience	 of	 performing	 a	 left	 lateral	 sectionectomy	 for	 a	

symptomatic	adenoma,	and	the	following	year	Huscher	and	colleagues	 (1997)	reported	the	first	

anatomically	major	resection	(41).		

	

1.3.2 The	IDEAL	paradigm	of	surgical	innovation	

In	2009	The	Lancet	published	a	series	of	papers	exploring	 the	evolution	of	surgical	practice	and	

proposed	a	framework	to	describe	the	process	of	surgical	 innovation	(The	IDEAL	paradigm).	The	

series	 was	 produced	 by	 the	 Balliol	 Collaboration	 that	 included	 research	 methodologists	 and	

clinicians	who	 collectively	 spent	 2-years	 developing	 and	 refining	 the	 recommendations	 (42-44).	

The	 IDEAL	 paradigm	 proposes	 four	 progressive	 stages	 from	 “idea”	 to	 “surveillance”	 with	 each	

being	typified	by	differing	case	types,	evolutions	in	practice	and	the	role	of	the	surgeons	in	each	

stage	(table1-1).		

A	minimally	invasive	approach	to	liver	resections	should	be	regarded	as	a	novel	surgical	practice,	

rather	than	an	evolution	of	open	liver	surgery,	due	to	the	differing	technical	requirements.	Hence,	

the	 initial	 reports	 of	 minimally	 invasive	 liver	 resections	 represent	 the	 very	 first	 stage	 in	 the	

innovation	of	laparoscopic	liver	surgery	(LLS)	as	defined	by	IDEAL	(42).		
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Table	1-1.	IDEAL	stages	of	surgical	innovation	

	 1	 2a	 2b	 3	 4	

Stage	 Idea	 Development		 Exploration	 Assessment	 Surveillance	

Type	of	cases	
Highly	
selected	
cases	

Limited	to	
selected	cases		

Many,	with	
broadening	
indication	

Many,	
expansion	of	
indications	

Limited	
exclusion	
criteria	

Publication	
of	results	 Case	Reports	 Case	Series	

Non-
randomised	
comparative	
studies	

Randomised	
controlled	
trials	

National	/	
International	
databases	

Evolution	 Inception	of	
concept	

Procedure	
development	

Procedure	
refinement	

Stable,	minor	
optimisation	
of	procedure	

Stable	

Roll	of	
surgeon	 Innovator	 Pioneer	 Early	

adopter	
Established	
practice	

Adapted	from	McCulloch	et	al.	(2009)	

	

1.3.3 The	evolution	of	minimally	invasive	liver	surgery	

By	the	early	2000’s	case	series,	and	small	multi-centre	studies,	were	emerging	that	reported	that	

LLS	 was	 both	 safe	 and	 feasible	 for	 selected	 resections	 (45-49).	 At	 this	 time	 laparoscopic	 liver	

resections	(LLRs)	were	limited	to	the	antero-inferior	segments	(II,	III,	IVb,	V	and	VI)	of	the	liver	as	

these	were	 the	most	 amenable	 to	 a	minimally	 invasive	 approach,	 whilst	 those	 in	 the	 postero-

superior	segments	(IVa,	VII	and	VIII)	were	contra-indicated	(50).	With	an	increased	uptake	and	a	

wider	dissemination	LLS	moved	from	the	“idea”	phase	of	surgical	innovation	(stage	1	of	the	IDEAL	

paradigm)	 to	 the	 “development”	and	 “exploration”	phase	 (stage	2	of	 the	 IDEAL	paradigm)	with	

several	pioneering	 surgeons	beginning	 to	push	 the	boundaries	of	what	was	considered	possible	

laparoscopically	(51-53).		

The	 first	 consensus	meeting	 regarding	 LLS	 was	 held	 in	 Louisville	 2008	with	 the	 specific	 aim	 to	

summarise	 the	 then	 current	 world	 position	 on	 LLS	 (54).	 The	 Louisville	 Statement,	 2008,	

documented	 the	 conclusions	 from	 the	 meeting	 and	 highlighted	 the	 safety	 and	 feasibility	 of	 a	

minimally	 invasive	 approach	 to	 liver	 resections.	 They	 defined	 anatomically	 minor	 and	 major	

laparoscopic	 resections	 (involving	 ≤2	 or	 ≥3	 Couinaud	 segments	 respectively),	 proposed	 that	 a	

minimally-invasive	approach	to	left	lateral	sectionectomies	be	considered	a	standard	practice	and	

suggested	that	major	resections	be	limited	to	experienced	surgeons	and	centres.	In	addition,	the	
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report	noted	that	the	level	of	evidence	available	to	support	their	conclusions	was	limited	to	case	

series,	and	stressed	the	need	for	randomised	controlled	trials	(RCTs).	

Following	on	 from	The	Louisville	Consensus	Meeting	Nguyen	and	colleagues	 (2009)	published	a	

systematic	review	of	all	studies	reporting	minimally-invasive	liver	surgery,	in	English,	available	on	

Pubmed	 (55).	 Following	 the	 removal	 of	 duplicated	 cases	 the	 study	 reported	 2,804	 procedures.	

75%	were	performed	laparoscopically	in	their	entirety;	50%	were	for	malignancies	and	45%	were	

either	 wedge	 resections	 or	 segmentectomies.	 The	 overall	 conversion	 rate	 from	 laparoscopy	 to	

open	was	4.1%.	The	authors	concluded:	

“In	experienced	hands,	laparoscopic	liver	resections	are	safe	with	acceptable	morbidity	

and	mortality	for	both	minor	and	major	hepatic	resections.	Oncologically,	3-	and	5-year	

survival	rates	reported	for	hepatocellular	carcinoma	and	colorectal	cancer	metastases	

are	comparable	to	open	hepatic	resection,	albeit	in	a	selected	group	of	patients.”	

Nyguyen	et	al.	(2009)	

Six	 years	 after	 the	 Louisville	 Consensus	 Meeting	 it	 was	 the	 turn	 of	 Morioka	 to	 host	 the	

International	 Consensus	Conference	 for	 Laparoscopic	 Liver	 Surgery	 (56).	While	 the	 focus	of	 the	

first	consensus	meeting	was	to	establish	the	safety	and	feasibility	of	LLS,	the	focus	of	the	Morioka	

Consensus	Meeting	was	to	establish	the	place	of	a	minimally	invasive	approach	to	liver	resections	

within	liver	surgery.	The	expert	jury	concluded	that	a	minimally	invasive	approach	be	considered	

as	a	standard	of	care	for	all	minor	resections,	however	major	resections	should	be	pursued	with	

caution	as	they	remained	 in	the	“exploratory”	phase	of	the	 IDEAL	paradigm	(42-44).	Once	again	

the	expert	called	for	higher	levels	of	evidence	in	the	form	of	RCTs	and	highlighted	the	difficulties	

associated	with	the	steep	learning	curve	of	LLS.	
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1.4 The	current	status	of	laparoscopic	liver	surgery	

Review	 of	 the	 Nationwide	 Inpatient	 Sample	 (between	 2000-2012)	 and	 the	 National	 Surgical	

Quality	Improvement	Project	(between	2005-2012)	demonstrates	that	the	number	of	LLRs	in	the	

United	States	increased	over	this	time	period	and	also	found	that	LLS	was	associated	with	a	lower	

mortality,	 reasonable	morbidity	 and	a	decreased	 length	of	 inpatient	 stay	 compared	 to	 an	open	

approach	(57,	58).	By	2007	laparoscopic	left	lateral	sectionectomies	had	become	commonplace	in	

many	leading	centres	(53,	59).	

In	2009	Dagher	and	colleagues	(60)	highlighted	that	several	centres	worldwide	were	successfully	

performing	 laparoscopic	major	 hepatectomies.	 The	 study	 reported	 the	 outcomes	 of	 210	major	

LLRs	from	six	centres	between	1997	and	2008.	The	authors	found	that	with	increasing	experience	

outcomes	improved	and	concluded	that	major	resections	were	feasible	in	selected	patient	groups	

but	 stressed	 the	 need	 for	 advanced	 skills	 in	 laparoscopy	 and	 open	 hepatobiliary	 surgery.	 Five	

years	later	Dagher	and	colleagues	(61)	went	on	to	publish	further	data	from	18	centres	in	Europe,	

Asia	and	Australasia.	The	authors	found	that	5,388	LLRs	had	been	performed	between	1996	and	

2014,	which	 included	 1,184	major	 LLRs	 (21.9%),	 highlighting	 the	 progression	 in	 the	 field	 in	 the	

previous	five	years.	

More	 recently	 Ciria	 and	 colleagues	 (2016)	 published	 a	 comprehensive	meta-analysis	 comparing	

the	 short-term	outcomes	of	 laparoscopic	 and	open	 liver	 resections.	 Their	 review	 returned	data	

from	 179	 centres	 worldwide	 who	 collectively	 had	 performed	 9,527	 LLRs.	 Their	 meta-analysis	

grouped	 like	 cases	 by	 resection	 extent	 (minor	 or	 major)	 and	 found	 significantly	 fewer	

complications	and	a	shorter	hospital	stay	associated	with	LLRs	(62).	The	overwhelming	majority	of	

studies	 included	 in	 the	meta-analysis	were	 level	3	evidence	suggesting	that	at	 the	point	of	data	

collection	LLS	was	in	stage	2	of	the	IDEAL	paradigm	(table	1-1).		

The	recent	publication	of	data	from	the	OSLO-COMET	Trial	(63)	and	currently	recruiting	Orange	2+	

(clinicaltrials.gov	 identifier	 NCT01441856)	 and	 Orange	 Segments	 (clinicaltrials.gov	 identifier	

NCT03270917)	RCTs	suggests	that	LLS	is	now	moving	from	stage	2	to	stage	3	of	its	innovation.	The	

OSLO-COMET	Trial	 (63)	 has	 reinforced	 the	 findings	of	 previous	 studies	by	demonstrating	 that	 a	

laparoscopic	 approach	 to	 liver	 resections	 for	 colorectal	 metastases	 results	 in	 a	 significant	

reduction	in	peri-operative	morbidity,	in	terms	of	post-operative	complication	rates,	and	results	in	

a	 significant	 reduction	 in	post-operative	hospital	 stay	when	measured	 in	hours.	 In	addition,	 the	

trial	 also	 found	 an	 equivocal	 performance	 between	 laparoscopic	 and	 open	 approaches	 to	 liver	

resections	in	terms	of	blood	loss,	operative	duration,	resection	margin	and	90-day	mortality.	
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While	the	OSLO-COMET	trial	supports	the	notion	that	a	laparoscopic	approach	to	liver	resections	

results	 in	 a	 reduction	 in	 post-operative	 morbidity,	 with	 equivocal	 histopathological	 resection	

margins	(63),	no	long-term	survival	data	is	available	to	demonstrate	the	oncological	efficiency	of	a	

minimally	 invasive	approach.	 It	 is	not	until	 the	 long-term	results	of	 this	 study,	and	 those	of	 the	

Orange	 Trials,	 are	 available	 that	 a	 minimally	 invasive	 approach	 to	 liver	 resections	 will	 be	

completely	accepted	as	a	viable	alternative	to	open	resections.	
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1.5 The	difficulties	of	laparoscopic	liver	surgery	

Laparoscopic	liver	surgery	has	demonstrated	improved	short-term	outcomes	in	terms	of	reduced	

intra-operative	blood	loss,	rates	of	complications	and	inpatient	stay	with	comparable	oncological	

outcomes	and	cost-neutrality	when	compared	with	open	 liver	resections	 (47,	48,	50,	52,	53,	55,	

59,	 61,	 62,	 64-78).	 However,	 the	 acceptance	 of	 LLS	 as	 a	 standard	 of	 practice	 and	 its	 wider	

dissemination	has	lagged	behind	other	minimally-invasive	specialities	(58,	79,	80)	due,	in	part,	to	

the	technical	difficulties	of	the	procedures;	the	requirement	of	both	advanced	hepatobiliary	and	

complex	 laparoscopic	 skills	 and	 initial	 fears	 regarding	 tumour	 dissemination	 and	 inadequacy	 of	

margins	(81).	However,	with	persistence	LLS	has	now	become	accepted	as	a	standard	of	practice	

for	minor	 resections	 (56)	 and	 as	 a	 treatment	option	 in	many	 centres	 for	major	 resections	 (61).	

This	is	not	to	say	that	it	is	not	without	its	difficulties	that	include	the	control	of	bleeding,	access	to	

the	postero-superior	segments,	the	possible	need	for	conversion,	and	the	long	learning	curve.	

	

1.5.1 Bleeding	and	haemostasis	

The	dangers	of	blood	 loss	during	open	surgery	have	already	been	highlighted	and	these	remain	

ever	present	during	LLRs.	However,	 these	concerns	are	exacerbated	by	a	 laparoscopic	approach	

due	to	the	 inability	of	 the	surgeon	to	perform	direct	manual	compression	to	bleeding	points.	 In	

addition,	an	obstructed	view	due	to	bleeding	and	concerns	of	gas	emboli	as	a	result	of	damage	to	

the	major	hepatic	veins	remain	as	causes	of	concern	(82).		

Numerous	centres	have	adapted	and	altered	inflow	control	manoeuvre’s	similar	to	that	described	

by	Pringle,	in	1908	(14,	17,	83,	84).	It	is	accepted	that	an	intermittent	Pringle’s	manoeuvre	has	no	

detrimental	effect	on	post-operative	 transaminase	 levels,	 suggesting	 that	 temporary	 impedance	

to	flow	does	not	cause	significant	damage	to	liver	parenchyma	(83).	However,	at	present	there	is	

no	 universal	 agreement	 as	 to	 the	 best	method	 (85).	 The	 current	 vogue	 in	 Europe	 is	 complete,	

intermittent	 inflow	 control	 (82,	 86,	 87)	 while	 in	 Asia	 surgeons	 tend	 to	 opt	 for	 a	 continuous,	

ipsilateral	 hemi-hepatic	 inflow	 control	 (85,	 88).	 In	 addition	 to	 inflow	 control,	 meticulous	

haemostasis	during	the	transection	phase	helps	to	minimise	blood	loss.	This	can	be	achieved	using	

a	variety	of	methods	and	transection	devices	including	advanced	energy	devices	and	staplers	(89),	

however	 several	 authors	 have	 stressed	 that	 these	 instruments	 are	 only	 effective	 when	 used	

appropriately	and	as	indicated	(82,	87,	90).		
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The	final	component	in	bleeding	control	during	LLRs	is	a	differential	in	the	pressure	between	the	

hepatic	 veins,	 and	 hence	 the	 IVC,	 and	 the	 pneumoperitoneum.	 Guidance	 from	 the	 Morioka	

Consensus	 Meeting	 suggests	 that	 the	 patient’s	 CVP	 should	 be	 maintained	 below	 5cmH20	

(3.7mmHg)	in	order	to	reduce	back	bleeding	from	the	hepatic	veins	(91,	92)	and	patients	may	be	

placed	 in	 a	 reverse	 Trendelenburg	 position	 to	 further	 reduce	 their	 CVP	 (56).	 A	

pneumoperitoneum	 between	 10-14mmHg	 reduces	 bleeding	 (93)	 as	 the	 pressure	 differential	

between	the	pneumoperitoneum	and	the	hepatic	veins	causes	an	inward	pressure	that	effectively	

prevents	 blood	 escaping	 from	 damaged	 vessels	 (94).	 However,	 this	 differential	 in	 pressures	

theoretically	increases	the	risk	of	gas	emboli	if	the	veins	have	been	damaged.		The	use	of	a	Carbon	

Dioxide	 (CO2)	 pneumoperitoneum	 has	 abated	 fears	 of	 catastrophic	 gas	 emboli	 thanks	 to	 its	

increased	solubility	in	blood	relative	to	air	(95).		

A	 pressure	 differential	 between	 the	 pneumoperitoneum	 and	 the	 CVP	 is	 therefore	 one	 of	 the	

recognised	 advantages	 of	 a	minimally	 invasive	 approach	 to	 liver	 resections.	 (93).	 	 Although	 no	

formal	evidence	is	available	many	centres	are	currently	trialling	a	reduced	positive	end-expiratory	

pressure	 (PEEP)	during	 the	 resection	phase	as	a	means	of	 reducing	 intra-thoracic	pressure,	 and	

hence	CVP.	This	effectively	 recreates	 the	pressure	differential	between	 the	pneumoperitoneum	

and	the	major	hepatic	veins	without	the	need	for	high	pneumoperitoneum	pressures.	

	

1.5.2 Conversion	

Whilst	there	are	techniques	available	to	minimise	blood	 loss	during	LLS	(14,	56,	89)	the	need	to	

halt	uncontrollable	bleeding	remains	the	most	common	cause	of	conversion	to	an	open	approach	

(9,	10,	82,	87,	96-98).	To	date	the	majority	of	published	studies	regarding	conversion	are	based	

upon	case-series	that	highlight	a	number	of	factors	suggested	to	increase	the	rate	of	conversion	

including:	patient	age,	cirrhosis,	lesion	size	/	location,	and	Body	Mass	Index	(BMI).	However,	these	

factors	 are	 variably	 reported	 and	 conversion	 rates	 range	 from	 4.1%	 to	 15.4%	 -	 a	 finding	 that	

maybe	 due	 to	 the	 variability	 in	 techniques	 used,	 centre	 and	 surgeon	 experience,	 and	 the	

characteristics	of	the	patient	cohorts	within	the	case-series	(9,	10,	55,	68,	78,	87,	96,	97,	99-101).	

The	 largest	multi-centre	 study	 to	date,	based	on	 retrospective	data	 regarding	major	anatomical	

resections,	 suggests	 that	 the	 conversion	 rate	 is	 10%	 (61).	 It	 is	 note	 worthy	 that	 conversion	 is	

associated	 with	 higher	 intra-operative	 blood	 loss,	 post-operative	 morbidity	 and	 mortality,	 and	

prolonged	 inpatient	 stay	 (97),	 although	 when	 compared	 with	 equivalent	 planned	 open	 liver	

resections	 the	 outcomes	 are	 similar	 (10).	 With	 increasing	 surgeon	 and	 centre	 experience	
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conversion	rate	declines	demonstrating	the	learning	curve	within	LLS	(60,	64,	68,	78,	97,	100,	102,	

103).	

	

1.5.3 The	“difficult”	segments	

The	 Louisville	 Statement,	 2008	 (54)	 classified	 LLRs	 into	 2	 categories	 –	 anatomically	 minor	

resections	(involving	two	or	less	Couinaud	segments)	and	anatomically	major	resections	(involving	

three	or	more	contiguous	Couinaud	segments).	This	 stood	as	 the	only	means	of	classifying	LLRs	

until	 2014	 when	 Di	 Fabio	 and	 colleagues	 (69)	 proposed	 a	 further	 category	 –	 technically	major	

resections.	 These	 resections	 do	 not	 have	 an	 anatomical	 volume	 requirement	 instead	 they	

incorporate	 the	 location,	 highlighting	 the	 difficulty	 of	 resections	 performed	 in	 the	 postero-

superior	segments	(IVa,	VII	and	VIII)	and	segment	I.	This	difficulty	is	a	result	of	the	limited	access	

provided	by	a	trans-abdominal	approach,	due	to	the	dome	of	the	liver,	and	the	close	proximity	to	

the	diaphragm.	Based	upon	their	outcomes	these	resections	sit	within	the	hierarchy	of	complexity	

between	anatomically	minor	and	major	resections.	The	difficulty	of	resections	performed	within	

these	 segments	 was	 evidenced	 by	 Troisi	 and	 colleagues	 (2014)	 and	 Teo	 and	 colleagues	 (2015)	

who	 found	 that	 resections	 within	 these	 segments	 were	 associated	with	 increased	 conversion	

rates	 (9,	 98).	 This	 finding	 has	 been	 validated	 by	 Kawaguchi	 and	 colleagues	 (2017)	 who	

demonstrated	 higher	 blood	 loss,	 increased	 operative	 time	 and	 higher	 conversion	 rates	 than	

comparable	resections	in	the	antero-lateral	segments	(69,	104).		

	

1.5.4 The	learning	curve	for	laparoscopic	liver	surgery	

The	acquisition	of	a	complex	skill,	such	as	LLS,	 is	conventionally	achieved	 in	a	step-wise	fashion,	

requiring	 the	 initial	mastery	 of	 simple	 tasks	with	 the	 addition	 of	 increasingly	 complex	 steps	 to	

achieve	 proficiency	 in	 more	 complex	 skills.	 Thus,	 an	 objective	 classification	 of	 LLRs	 is	 of	

paramount	 importance	 in	 the	 training	 of	 surgeons	 as	 it	 is	 permits	 case	 selection	 to	 allow	 for	 a	

step-wise	progression	from	simple	to	more	complex	procedures	(64,	102,	103,	105-107).	

The	 earliest	 work	 regarding	 learning	 curves	 in	 LLRs	 was	 published	 in	 2009	 by	 Vigano	 and	

colleagues	 (100).	 They	 divided	 their	 patient	 cohort	 (n	 =	 174)	 into	 3	 groups,	 based	 on	 the	

experience	of	the	centre	and	the	surgeon,	and	using	cumulative	sum	(CUSUM)	analysis	examined	

the	 learning	 curve	 for	minor	 LLRs.	 They	 found	 that	 with	 increasing	 experience	 operative	 time,	
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blood	 loss,	 pedicle	 clamping	 time	and	 conversion	 rates	decreased.	 They	demonstrated	 that	 the	

learning	 curve	 for	 minor	 LLS	 was	 60	 cases;	 this	 figure	 has	 recently	 been	 corroborated	 by	

Hasegawa	and	 colleagues	 (2017)	 (108).	However,	 several	 authors	 report	 improved	outcomes	 in	

left	lateral	sectionectomies	after	as	little	as	15	cases,	citing	the	standardisation	of	technique	as	an	

important	 factor	 in	 the	 reproducibility	of	outcomes	 (53,	109-111).	 The	 learning	 curve	 for	major	

resections	appears	 to	be	similar	having	already	achieved	proficiency	with	minor	 resections	with	

authors	reporting	figures	between	50	and	75	cases	(78,	103,	105).	
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1.6 Improving	outcomes	in	laparoscopic	liver	surgery	

Currently	 there	 is	 a	 paucity	 of	 high-level	 evidence	 regarding	 LLS	with	 the	majority	 of	 published	

work	coming	from	single	 institutions	case-series.	The	publication	of	data	from	the	OSLO-COMET	

Trial	(63)	and	actively	recruiting	Orange	2+	(clinicaltrials.gov	identifier	NCT01441856)	and	Orange	

Segments	(clinicaltrials.gov	 identifier	NCT03270917)	RCTs	aim	to	rectify	this	(112).	However,	the	

results	of	 these	studies	will	 likely	only	serve	to	confirm	what	has	already	been	demonstrated	 in	

multiple	smaller	studies	that	a	laparoscopic	approach	is	associated	with	improved	post-operative	

outcomes	 in	 terms	 of	 morbidity	 and	mortality	 with	 comparable	 oncological	 outcomes	 at	 cost-

neutrality	when	compared	to	an	open	approach	(52,	62,	65-67,	71,	74,	75,	77,	113-115).	

With	the	on	going	expansion	of	a	minimally	invasive	approach	to	liver	resections	a	set	of	clinical	

guidelines	are	 required	 to	ensure	 that	 training	and	experienced	surgeons	alike	are	practicing	 to	

the	 highest	 possible	 standards	with	 patient	 outcomes	 at	 the	 forefront	 of	 their	 decision-making	

(116).	Additionally,	 review	of	 the	previously	highlighted	difficulties	of	LLS	must	be	performed	 in	

order	that	they	may	be	targeted	to	improve	patient	outcomes.	Thus,	the	focus	of	this	thesis	is	the	

creation	 of	 a	 set	 of	 evidence-based,	 expert	 validated	 clinical	 guidelines,	 the	 assessment	 of	 risk	

factors	 for	 conversion,	 the	 creation	 of	 an	 objective	 pre-operative	 difficulty	 scoring	 system	 to	

permit	case	selection,	and	a	contemporary	assessment	of	the	learning	curve	to	establish	the	role	

of	training	in	LLS	in	order	to	optimise	patient	outcomes.	
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Chapter	2: The	Southampton	Consensus	Guidelines	For	

Laparoscopic	Liver	Surgery	

2.1 Introduction	

The	first	two	consensus	meetings	marked	significant	points	in	the	progression	of	LLS.	The	first	was	

held	 in	 Louisville,	 in	 2008,	 and	 addressed	 the	 feasibility	 of	 LLS	 (54).	While	 the	 second,	 held	 in	

Morioka	in	2014,	focused	primarily	on	comparisons	with	an	open	approach	to	liver	resections	in	

order	 to	 establish	 the	 place	 of	 a	 minimally	 invasive	 approach	 to	 liver	 resections	 within	 HPB	

surgery	(56).		

During	 the	 Louisville	 Consensus	Meeting	 evidence	was	 presented	 by	 a	 group	 of	 experts	 (45	 in	

total)	 who	 were	 considered	 to	 be	 the	most	 experienced	 laparoscopic	 and	 open	 liver	 surgeons	

worldwide.	These	presentations	were	supplemented	by	discussions	that	were	guided	by	an	expert	

panel	to	cover	controversial	topics	in	minimally	invasive	liver	surgery.	The	final	step	was	to	open	

these	 discussions	 to	 the	 floor	 in	 an	 attempt	 to	 reach	 a	 consensus	 on	 each	 topic.	 The	meeting	

concluded	that	resections	should	be	broadly	divided	into	2	categories:	minor	resections,	including	

wedges,	biopsies	and	resections	in	the	anterior	(IVb,	V	and	VI)	and	lateral	(II	and	III)	segments	and	

major	 resections,	 including	 trisectionectomies,	 hemi-hepatectomies	 and	 resections	 within	 the	

postero-superior	(IVa,	VII	and	VIII)	segments.	In	addition,	it	was	proposed	that	the	best	indications	

for	 LLS	were	 solitary	 lesions	 less	 5cm	 in	 diameter	 in	 the	 antero-lateral	 segments	 (II	 –	 VI),	 that	

there	 was	 no	 one	 method	 of	 transection	 that	 clearly	 performed	 better	 than	 others	 and	 thus	

operative	approach	should	be	based	upon	surgeon	preference,	and	that	major	resections	should	

be	limited	to	world-leading	centres.		

Due	to	the	rapid	expansion,	broadening	 indications,	and	technological	advances	 in	LLS	a	second	

consensus	meeting	was	held	 in	Morioka	 in	2014	(56).	The	methodology	of	this	meeting	differed	

from	 that	of	 the	previous	 consensus	meeting	 as	 it	 attempted	 to	use	objective	 classifications	 to	

define	both	the	quality	of	the	evidence	available	(using	the	GRADE	(Grading	of	Recommendations	

Assessment,	Development	and	Evaluation)	classification	(117))	and	the	status	of	LLS	in	terms	of	its	

evolution	 (using	 the	 IDEAL	paradigm	(44)).	These	objective	classifications	were	bolstered	by	 the	

use	 of	 the	 Zurich-Danish	 consensus	 conference	 model	 (118),	 which	 aims	 to	 provide	 a	 rigid	

structure	 for	 the	 presentation	 of	 evidence	 during	 a	 meeting	 in	 order	 to	 reduce	 biases	 in	 the	

conclusions.	The	Zurich-Danish	consensus	conference	model	requires	the	presentation	of	data	by	
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experts	to	an	independent	jury	who	must	ultimately	draw	the	final	recommendations	based	upon	

the	 evidence	 presented.	 Importantly,	 the	 jury	 must	 consist	 of	 experts	 whom	 have	 sufficient	

background	knowledge	in	order	that	they	can	represent	the	stakeholders	but	must	not	be	directly	

involved	in	the	topic	being	evaluated.	The	conclusions	drawn	during	the	Morioka	consensus	were	

that	minor	LLR	should	be	considered	a	standard	of	practice	(IDEAL	stage	3),	while	major	LLR	were	

still	in	a	development	phase	(IDEAL	stage	2)	and	required	further	refinement.	In	addition,	the	jury	

concluded	that	the	training	of	laparoscopic	liver	surgeons	was	of	paramount	importance,	as	was	

the	development	of	an	objective	scoring.	

Concurrent	with	the	Morioka	consensus	meeting	Dagher	and	colleagues	(2014)	published	a	paper	

entitled	“International	experience	of	laparoscopic	major	liver	resection”	(61).	The	paper	reported	

the	 largest	multi-centre	 study	on	 LLS	 and	 included	data	 from	18	 international	 centres	 between	

1996	 and	2014.	 The	 study	 reported	 that	 5,388	 LLRs	 had	been	performed,	 of	which	 1,184	were	

major	resections.	Only	two	years	later	Ciria	and	colleagues	(2016)	published	a	meta-analysis	that	

included	 9,527	 LLRs	 demonstrating	 the	 exponential	 expansion	 of	 LLS	 in	 the	 intervening	 time.	

While	 the	 feasibility	 and	 comparative	 benefits	 of	 LLRs	 were	 covered	 during	 the	 previous	

consensus	meetings	there	remains	an	absence	of	evidence-based,	expert	validated	guidelines	to	

ensure	 that	 surgeons	are	practicing	 to	 the	highest	possible	 standards	with	patient	outcomes	at	

the	 forefront	of	 their	decision-making.	Therefore	 the	 focus	of	 the	European	Guidelines	Meeting	

for	 Laparoscopic	 Liver	 Surgery	 (EGMLLS)	 was	 to	 perform	 a	 systematic	 review	 of	 the	 current	

evidence	 base	 and	 combine	 this	 with	 expert	 opinion	 to	 produce	 a	 set	 of	 clinical	 guidelines	 to	

ensure	the	safe	expansion	and	dissemination	of	LLS	in	this	time	of	rapid	uptake.		

Clinical	guidelines	have	been	shown	to	improve	the	quality	of	care	received	by	patients	(119,	120)	

and	may	provide	direction	in	the	setting	of	clinical	uncertainty	(121).	However,	guidelines	based	

purely	 upon	 consensus	 opinion	 or	 on	 non-systematic	 literature	 reviews	 have	 previously	 been	

criticised	(122,	123)	and	the	need	for	objectivity	and	external	validation	stressed	(118).	In	spite	of	

the	 evidence	 suggesting	 that	 guidelines	 improve	 the	 quality	 of	 care	 received	 by	 patients	

adherence	among	clinicians	is	often	poor	(124,	125).	This	has,	in	part,	been	attributed	to	a	lack	of	

agreement	with	the	recommendations	made	within	guidelines	(126).	Hence,	a	novel	methodology	

was	required	to	incorporate	the	opinions	of	current	experts	and	relevant	stakeholders	to	increase	

the	uptake	and	adherence	of	the	guidelines	produced.	
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2.2 Method	

2.2.1 Development	of	Domains,	Topics	and	Key	Questions	

To	 produce	 a	 set	 of	 contemporary,	 evidence-based,	 expert	 validated	 guidelines	 for	 LLS	 a	 novel	

methodology	 was	 developed	 that	 incorporated	 the	 Scottish	 Intercollegiate	 Guidelines	 Network	

(SIGN)	 guidance	 for	 the	 evaluation	 of	 evidence	 and	 development	 of	 guidelines	 (127)	 and	 the	

Delphi	 Method	 to	 establish	 expert	 consensus	 opinion	 (128-131).	 In	 addition,	 an	 objective	

assessment	tool	 in	 the	form	of	 the	AGREE	 II-Global	Rating	Scale	 (GRS)	was	used	to	examine	the	

quality	of	the	methodology	used	in	the	production	of	the	guidelines	(132-135).		

The	SIGN	guidance	states	that	guidelines	are	necessary	within	a	speciality	if	one	of	the	following	

criteria	are	met	(127):	

• An	area	of	clinical	uncertainty	-	as	evidenced	by	wide	variation	in	practice	or	outcomes.	

• A	condition	where	effective	treatment	is	proven	and	where	mortality	or	morbidity	can	be	

reduced.	

• An	iatrogenic	disease	or	intervention	carrying	significant	risks.	

• A	perceived	need	for	the	guideline,	as	indicated	by	a	network	of	relevant	stakeholders.	

With	 the	 rapid	 expansion	 of	 LLS	 (57,	 58),	 the	 lack	 of	 standardisation	 of	 techniques	 between	

centres	(53,	59,	68,	136,	137)	and	a	morbidity	that	has	been	demonstrated	to	fall	with	increasing	

experience	 and	 standardisation	 of	 technique	 (68,	 78,	 102,	 105,	 106,	 109,	 111,	 138)	 the	

development	of	a	set	of	guidelines	was	essential.	

The	 SIGN	 guidance	 recommends	 that	 guideline	 be	 developed	 by	 multidisciplinary	 groups	 with	

representation	of	all	stakeholders,	 including	patients	(127).	Hence,	the	panel	responsible	for	the	

development	of	the	guidelines	consisted	of:		

• A	 committee	 chairman,	 who	 would	 oversee	 the	 development	 of	 the	 guidelines	 and	

coordinate	the	efforts	of	the	steering	committee.	

• A	 steering	 committee	 that	 was	 selected	 based	 upon	 their	 wealth	 of	 knowledge	 and	

experience	with	minimally	 invasive	 liver	resections.	Each	member	would	oversee	one	of	

the	5	working	groups,	and	along	with	the	committee	chairman	were	responsible	for	the	

development	of	the	Domains,	Topics	and	Key	Questions.	

• 18	experts	 in	 the	 field	of	LLS	who	would	make	up	 the	working	groups	 that	were	 tasked	

with	developing	the	provisional	recommendations	that	would	answer	the	Key	Questions.	
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• A	panel	of	7	junior	experts,	who	would	perform	the	systematic	review	and	using	the	SIGN	

guidance	would	assess	and	summarise	the	available	evidence.	

• An	 independent	 validation	 committee	 that	 consisted	 of	 a	 group	 of	 11	 experts	 with	

expertise	 in	 open	 and	 minimally	 invasive	 HPB	 surgery,	 and	 liver	 transplantation	 who	

would	assess	the	provisional	recommendations	and	the	quality	of	the	methodology	using	

the	AGREE	II-GRS	tool.	

• Two	patient	representatives.	

	

	

	

Figure	 2-1.	 Arrangement	 of	 the	 committee	 responsible	 for	 developing	 the	 provisional	

recommendations.		
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The	5	domains	of	the	Southampton	Consensus	Guidelines	for	Laparoscopic	Liver	Surgery	were	

selected	by	the	committee	chairman	and	the	steering	committee	and	were	as	follows:	

1. Indications	for	resection	

2. Patient	selection	and	complex	diseases	

3. Application	of	procedures	

4. Technical	aspects	of	laparoscopic	liver	resections	

5. Implementation.	

Each	domain	was	subdivided	into	topics	to	allow	for	details	specific	to	that	area	of	interest	to	be	

considered	under	the	umbrella	of	the	domain,	for	example	within	the	“indications	for	resection”	

domain	were	the	following	topics:	“colorectal	 liver	metastases”,	“hepatocellular	carcinoma”	and	

“benign	and	other	 rare	 liver	metastases”.	Once	 the	 topics	were	established	key	questions	were	

produced	 to	ensure	 that	 all	 areas	of	 interest	were	 covered.	 These	 key	questions	were	 selected	

based	upon	the	PICO	format	(139):	

Patients	or	population	to	which	the	question	applies	

Intervention	being	considered	in	relation	to	these	patients	

Comparison(s)	 to	 be	made	 between	 those	 receiving	 the	 intervention	 and	 another	 group	

who	do	not	receive	the	intervention	

Outcome(s)	to	be	used	to	establish	the	size	of	any	effect	caused	by	the	intervention	

Guidelines	based	purely	upon	consensus	opinion,	or	on	non-systematic	 literature	 reviews,	have	

previous	been	criticised	(122,	123).	Thus,	following	the	selection	of	the	key	questions	a	systematic	

literature	 review	 was	 performed	 to	 provide	 an	 evidence	 base	 for	 the	 development	 of	 the	

provisional	guidelines.	In	accordance	with	the	guidance	from	SIGN	the	publications	incorporated	

in	the	evidence	base	used	for	the	development	of	guidelines	must	be	(127):		

• Identified	according	to	an	explicit	search	strategy	

• Selected	according	to	defined	inclusion	and	exclusion	criteria	

• Evaluated	against	consistent	methodological	standards.	

The	literature	search	was	performed	in	accordance	with	the	PRISMA	guidelines	(140)	using	Ovid	

Medline,	Pubmed,	The	Cochrane	Library	and	Web	of	Science	 in	 July	2016	and	was	 repeated,	 to	

capture	new	publications,	in	January	2017.	Key	word	searches	were	used	to	identify	manuscripts	

relating	to	the	topics	and	any	review	articles	were	examined	for	additional	references	not	found	
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during	the	initial	search.	For	example,	to	address	the	key	questions	relating	to	the	“colorectal	liver	

metastasis”	 topic	 within	 the	 “indications	 for	 resections”	 domain	 the	 following	 search	 was	

performed:	

(Liver	 OR	 Hepatic)	 AND	 (Sugery	 OR	 Resection	 OR	 Hepatectomy)	 AND	 (minimally-invasive	 OR	

Laparoscopy	 OR	 Laparoscopic	 OR	 key-hole	 OR	 Hybrid	 Or	 Hand-assisted)	 AND	 (Colorectal	

Metastasis	OR	Colorectal	liver	metastasis).	

All	manuscripts	meeting	the	following	criteria	were	included	in	the	systematic	review:	

• Manuscripts	referring	to	liver	resections	

• Manuscripts	referring	to	a	minimally-invasive	approach		

• Human	studies	only	

• Manuscripts	published	in	English	only	

• More	than	10	cases	reported	within	the	series.	

The	exclusion	criteria	were:	

• Manuscripts	unrelated	to	minimally-invasive	liver	resections	

• Laboratory	or	animal	studies	

• Manuscripts	published	in	a	language	other	than	English	

• Fewer	than	10	cases	reported	within	the	series.	

After	 the	 initial	 literature	 search	 duplicated	 manuscripts	 (identified	 by	 matching	 of	 author’s	

names	and	publication	centres)	were	removed	and	the	exclusion	criteria	applied.	The	remaining	

manuscripts	were	then	 filtered	by	 title	and	subsequently	abstract	before	being	evaluated	using	

the	SIGN	methodology.	



Chapter	2	

	

25	

	

	

	

Figure	2-2.	PRISMA	diagram	of	manuscripts	included	in	the	summary	of	evidence	produced	from	

the	literature	review	

	 	

Papers	meeting	inclusion	criteria:	22,009 

After	removal	of	duplication:	12,267 

After	exclusion	criteria:	8,986 

Following	review	of	titles	and	abstracts:	3,256 

Included	in	summaries	for	guideline	production:	674 

	

	

	

	

Indications:	5,805	 Patients	Selection:	9,508 

Procedures:	3,493 Technique:	1,062 

Implementation:	2,141 
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2.2.2 SIGN	methodology	for	the	evaluation	of	the	quality	of	evidence	

Upon	completion	of	the	literature	search	each	study	was	assessed	to	ensure	its	validity	prior	to	its	

inclusion	in	the	evidence	base	summary.	The	assessment	of	the	studies	was	based	on	a	number	of	

criteria	that	vary	with	the	differing	study	types	(due	to	the	variability	of	study	designs),	with	the	

ultimate	aim	of	reducing	the	risk	of	reporting	bias	in	the	results.	SIGN	produced	checklists	for	the	

assessment	of	systematic	reviews	and	observational	studies	based	upon	the	AMSTAR	(Assessing	

the	Methodological	 Quality	 of	 Systemic	 Reviews)	 tool	 (141,	 142)	 and	 the	MERGE	 (Method	 for	

Evaluating	Research	and	Guidelines	Evidence)	checklist	(143),	respectively.	Randomized	controlled	

trials	were	assessed	using	a	checklist	produced	internally	by	SIGN	(144).	All	manuscripts	selected	

to	be	 included	 in	the	evidence	base	were	appraised	by	at	 least	 two	of	 the	 junior	experts	as	 the	

subjective	 nature	 of	 critical	 appraisal	 increases	 the	 risk	 of	 biases	 and	 inconsistencies.	 If	

discrepancies	 were	 found	 between	 the	 appraisals	 of	 the	 original	 two	 junior	 experts	 the	

manuscript	was	submitted	to	a	third,	independent,	junior	expert	to	reduce	inconsistencies.	

Following	the	appraisals	of	the	manuscripts	evidence	tables	were	produced	that	summarised	the	

study	details	(including	a	methodological	evaluation);	study	type	/	evidence	level;	study	details	/	

limitations;	 patient	 characteristics	 and	 important	 findings	 (table	 2-1).	 All	 of	 the	 manuscript	

summaries	 that	 related	 to	 a	 specific	 key	 question	 were	 then	 grouped	 and	 assessed	 using	 the	

GRADE	classification	 (117,	145)	 to	establish	 the	quality	of	evidence	available	 (ranging	 from	very	

low	to	high).		
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Table	2-1.	Example	of	evidence	table	used	to	summaries	studies	included	in	the	systematic	review	

Guideline	topic:	Laparoscopic	Liver	Surgery	

Question:	 	

Author(s)	
Manuscript	title	(Journal.	Year	of	Publication;	Vol	(Issue):	Pages)	

Study	Type	/	Evidence	
level	

Study	details	/	
Limitations	

Patient	characteristics	 Intervention(s)	

	 	 	 	

Notes:	 Author’s	Conclusions:	
	
	
	
	

	

Adapted	from	SIGN	50:	A	guideline	developer’s	handbook	

	

The	 final	 step	 in	 the	production	of	 the	provisional	 recommendations	was	 the	use	of	considered	

judgement	 forms	 developed	 by	 SIGN	 (127)	 to	 summarise	 all	 the	 evidence	 relating	 to	 each	 key	

question.	 These	 summaries	were	 used	 to	make	 a	 provisional	 recommendation	 based	 upon	 the	

evidence	provided.	Part	A	of	the	form	assesses:		

• The	reliability	of	the	studies	in	the	body	of	evidence	

• Whether	the	studies	are	consistent	in	their	conclusions	

• If	the	studies	are	relevant	to	our	target	population	

• If	there	are	concerns	of	publication	bias	

While	Part	B	considers:	

• Balancing	of	benefits	and	harm	

• Impact	on	patients	

• Feasibility	of	implementation	

• Recommendations	
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The	 outcome	 of	 the	 SIGN	 considered	 judgement	 forms	 were	 combined	 with	 the	 GRADE	

classification	 to	 provide	 a	 strength	 to	 the	 recommendation	 made	 in	 response	 to	 each	 key	

question.	The	strengths	of	recommendations	could	be	either	“conditional”	or	“strong”.		

A	strong	recommendation	was	made	if:	

• The	evidence	is	of	high	quality		

• Estimates	 of	 the	 effect	 of	 an	 intervention	 are	 precise	 (i.e.	 there	 is	 a	 high	 degree	 of	

certainty	that	effects	will	be	achieved	in	practice)	

• There	are	few	downsides	of	therapy	

• There	is	a	high	degree	of	acceptance	among	patients.	

A	conditional	recommendation	was	if:	

• There	are	weaknesses	in	the	evidence	base	

• There	is	a	degree	of	doubt	about	the	size	of	the	effect	that	can	be	expected	in	practice	

• There	is	a	need	to	balance	the	upsides	and	downsides	of	therapy	

• There	are	likely	to	be	varying	degrees	of	acceptance	among	patients.	

Having	 produced	 a	 set	 of	 the	 provisional	 recommendations	 /	 guidelines	 the	 SIGN	methodology	

stresses	that	these	should	be	reviewed	with	a	wider	audience	prior	to	formalisation.	 	
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2.2.3 Delphi	methodology	for	establishing	consensus	opinion	

The	 Delphi	 Methodology	 was	 developed	 by	 The	 Rand	 Corporation	 in	 1962	 as	 a	 means	 of	

establishing	 the	 opinions	 of	 experts	 (128).	 Prior	 to	 this	 “brainstorming”	 and	 round-table	

discussion	 were	 the	 primary	 methods	 used	 to	 establish	 the	 collective	 opinion	 of	 a	 group	 of	

experts,	 however	 these	 were	 plagued	 with	 problems.	 Group	 dynamics	 often	 inhibit	 the	

deliverance	 of	 a	 true	 collective	 opinion	 due	 to	 the	 interplay	 of	 several	 psychological	 factors	

including:	 the	 presence	 of	 a	 dominant	 figure,	 persuasive	 personalities,	 a	 desire	 to	 obtain	 the	

approval	of	 the	group,	and	 reluctance	 to	 change	an	opinion	 that	has	previously	been	publically	

expressed	(129).	The	Delphi	methodology	removes	the	need	for	group	discussion,	and	hence	the	

associated	 psychological	 factors,	 allowing	 for	 the	 most	 reliable	 opinion	 consensus	 to	 be	

established.	

Once	the	junior	experts	had	surmised	the	evidence	from	the	literature	review	and	completed	the	

related	 considered	 judgement	 forms	 for	 each	 of	 key	 questions	 these	 were	 presented	 to	 the	

working	 group	 responsible	 for	 that	 topic.	 The	 working	 group,	 under	 the	 supervision	 of	 their	

respective	 member	 of	 the	 steering	 committee,	 then	 produced	 an	 evidence-based	

recommendation	to	answer	the	key	question.	

Following	 on	 from	 this	 all	 the	 provisional	 recommendations	 were	 combined	 into	 a	 single	

document	 that	was	 distributed	 to	 each	 expert	within	 the	working	 groups.	 Only	 one	 individual,	

who	was	independent	from	the	process	of	developing	the	recommendations	knew	the	identities	

of	 those	 producing	 them	 and	 hence	 was	 able	 to	 collect	 and	 distribute	 the	 provisional	

recommendations,	 and	 feedback,	 without	 concerns	 of	 bias.	 The	 experts	 were	 offered	 the	

opportunity	 to	either	accept	each	provisional	 recommendation	 in	 its	 current	 form	or	 to	decline	

the	 recommendation	 and	 offer	 a	 possible	 alternative.	 The	 responses	 from	 the	 experts	 were	

returned	 to	 the	 independent	 coordinator	 who	 collated	 the	 feedback.	 Any	 recommendation	

meeting	a	95%	agreement	was	accepted	into	the	guidelines	for	presentation	during	the	meeting.	

Those	 failing	 to	 meet	 this	 requirement	 were	 returned	 to	 the	 original	 working	 group,	 with	 the	

anonymised	feedback	in	order	that	revisions	could	be	made.	

Once	 the	 statements	 that	had	 failed	 to	 reach	a	95%	consensus	had	been	revised	 in	accordance	

with	the	feedback	they	were	re-distributed	to	the	group	of	experts	and	the	process	of	accepting	

or	declining	was	repeated.	This	process	was	repeated	until	all	recommendations	had	been	revised	

and	accepted	or	had	reached	an	impasse	and	were	removed	from	the	guidelines	altogether.	
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The	Delphi	methodology	allows	each	expert	within	a	group	 to	express	 their	opinion	 in	 isolation	

and	hence	removes	the	negative	ramifications	associated	with	group	discussions	thereby	allowing	

the	 true	 group	 opinion	 to	 emerge.	 However,	 several	 issues	 have	 been	 raised	 as	 potential	

drawbacks	 of	 this	 method	 that	 include	 a	 reliable	 definition	 of	 the	 term	 “expert”,	 sample	

hetrogeneity	/	homogeneity,	participant	feedback	and	attrition	in	latter	rounds	(146).	Each	expert	

was	selected	by	the	committee	chairman	based	on	the	following	requirements:	a	current	practice	

as	a	laparoscopic	liver	surgeon,	active	contribution	to	academia	in	the	field	of	minimally	invasive	

liver	 surgery	 and	 a	 senior	 position	 within	 a	 national	 /	 international	 surgical	 committee.	

Furthermore	 surgeons	 from	 Europe,	 Asia,	 North	 America	 and	 Australasia	 were	 all	 represented	

within	 the	committee	 to	accommodate	 the	variations	seen	 in	 the	practices	of	different	 regions.	

Finally,	 to	 combat	 biases	 and	 falling	 responses	 rates	with	 subsequent	Delphi	 rounds	 all	 experts	

were	 required	 to	 submit	 completed	 responses	 before	 the	Delphi	 could	progress	 to	 ensure	 that	

every	recommendation	in	each	round	was	fully	assessed	by	all	of	the	experts.	
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Figure	2-3.	Flow	diagram	of	production	of	recommendations	during	European	Guidelines	Meeting	

for	Laparoscopic	Liver	Surgery	

Systematic	review	and	appraisal	of	evidence	 

Development	of	domains,	topics	and	key	questions 

Selection	of	steering	committee 

Production	of	provisional	recommendations	with	strengths 

Delphi	review	and	revisions	to	recommendations 

Presentation	at	EGMLLS	and	review	by	validation	committee	using	AGREE	II-GRS	assessment 

Final	revisions	of	recommendations	and	publication 
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2.2.4 Independent	validation	and	AGREE-II	Global	Rating	Scale	(GRS)	

The	 European	Guidelines	Meeting	 for	 Laparoscopic	 Liver	 Surgery	was	 held	 in	 February	 2017	 in	

Southampton,	UK.	At	the	meeting	the	complete	set	of	recommendations	were	presented,	along	

with	the	evidence	to	support	them,	to	the	11	 independent	experts	on	the	validation	committee	

and	all	those	in	attendance.		

The	validation	committee	were	provided	with	the	AGREE	II-GRS	(Appraisal	of	Guidelines,	REsearch	

and	Evaluation	II-Global	Rating	Scale)	instrument	to	provide	a	standardised	structure	to	examine	

the	methodology	used	in	the	production	of	the	recommendations.	The	original	AGREE	instrument	

was	produced	by	The	AGREE	collaboration	in	2003	(132).	The	instrument	was	designed	to	assess	

the	methodology	of	guideline	development	and	the	reporting	of	 the	process.	 It	does	not	assess	

the	quality	of	evidence	used	 to	produce	 the	guidelines	nor	 the	 clinical	 content,	however	 this	 is	

covered	by	strict	adhesion	to	the	guidance	laid	out	by	SIGN	(127).			

Since	 2003	 the	 AGREE	 instrument	 has	 undergone	 two	 significant	 revisions	 to	 become	 the	

currently	 recognised	 AGREE	 II-GRS	 (134,	 135,	 147)	 that	 has	 marginally	 sacrificed	 some	 of	 the	

sensitivity	of	the	previous	iterations	but	has	far	greater	usability	and	is	less	time	intensive	making	

its	use	more	efficient.	Compared	with	the	performance	of	the	AGREE	II,	the	GRS	has	shown	a	good	

predictive	 nature	 in	 terms	 of	 important	 outcomes	 related	 to	 users’	 ultimate	 acceptance	 and	

potential	adoption	of	guidelines	(147).	Rather	than	assessing	twenty-three	items,	as	in	the	AGREE-

II,	 the	 GRS	 was	 designed	 to	 be	 a	 four-item	 global	 assessment	 of	 the	 methods,	 reporting,	

presentation	 and	 recommendations.	 Each	 item	 is	 evaluated	 on	 a	 seven-point	 response	 scale	

(ranging	from	strongly	disagree	[1]	to	strongly	agree	[7])	prior	to	the	experts	making	a	collective	

decision	regarding	the	recommendation	in	question	(133).	 	
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2.3 Results	/	Guidelines	

Three	Delphi	rounds	were	held	prior	to	the	EGMLLS	resulting	in	66	provisional	recommendations	

being	 accepted	 for	 presentation	 to	 the	 validation	 committee.	 At	 the	 pre-assembly	 meeting	 a	

fourth	Delphi	round	was	held	to	discuss	the	outstanding	3	provisional	recommendations	with	all	

experts	responsible	for	the	provisional	guidelines	in	attendance.	In	addition,	the	strength	of	each	

recommendation	was	reviewed,	assessed	and	modified	(if	required)	to	ensure	the	strength	of	the	

recommendation	neither	over-	nor	under-represented	by	the	level	of	evidence	it	was	based	upon.	

Decisions	regarding	the	strength	of	recommendations	were	made	not	only	based	upon	the	level	

of	 evidence	 provided	 but	 also	 upon	 the	 importance	 of	 key	 question	 and	 the	 relevance	 of	 the	

implications	 to	 clinical	 practice.	 Following	 the	 fourth	 Delphi	 round	 2	 of	 the	 3	 outstanding	

provisional	 recommendations	were	 removed	 as	 they	 failed	 to	 reach	 at	 95%	 consensus.	 Thus,	 a	

total	 of	 67	 provisional	 recommendations	 were	 accepted	 for	 presentation	 to	 the	 independent	

validation	committee	and	those	in	attendance	of	EGMLLS.		

The	 two	 statements	 that	 failed	 to	 reach	 a	 95%	 consensus	 after	 4	 Delphi	 rounds	 were	 both	

recommendations	 within	 the	 implementation	 domain.	 The	 first	 related	 to	 the	 specific	

requirements	 that	 must	 be	 held	 by	 a	 mentor	 prior	 to	 undertaking	 their	 role	 as	 a	 trainer.	 The	

failure	 of	 this	 recommendation	 to	 achieve	 a	 consensus	 was	 due	 to	 the	 emphasised	 placed	 on	

differing	qualities	that	must	be	possessed	to	qualify	for	the	role.	The	second	statement	that	failed	

to	reach	a	consensus	related	to	the	development	of	single	unifying	group	that	would	oversee	the	

on	 going	 safe	 development	 of	 LLS.	 This	 statement	 failed	 to	 reach	 a	 consensus	 as	many	 of	 the	

experts	felt	that	further	amalgamation	would	have	poor	uptake	/	adherence	due	to	financial	and	

time	constraints	on	the	members.	

The	 2-day	 meeting	 was	 attended	 by	 190	 specialists,	 from	 23	 different	 countries,	 all	 with	 an	

interest	 in	 liver	 surgery.	 During	 the	 conference	 the	 highest-level	 evidence	 supporting	 each	

recommendation	 and	 the	 strength	 of	 the	 recommendation	was	 presented	 to	 all,	 including	 the	

independent	validation	committee.	During	the	meeting,	each	recommendation	was	opened	to	a	

vote	by	all	those	in	attendance	(228	surgeons	including	the	faculty).	The	median	agreement	was	

88%	 (with	 at	 least	 160	 surgeons	 responding	 to	 each	 vote),	 demonstrating	 the	 support	 of	 these	

guidelines	by	those	with	a	special	interest	in	liver	surgery.		

Using	the	AGREE-II	GRS	the	validation	committee	considered	the	production	of	the	guidelines,	the	

evidence	 providing	 during	 the	 presentations	 and	 the	 evidence	 summaries	 produced	 during	 the	

systematic	 literature,	 as	 well	 as	 the	 opinions	 of	 the	 patient	 representatives	 and	 proposed	 a	
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number	of	minor	 changes	 to	 recommendations	before	granting	endorsement.	The	expert	panel	

accepted	all	 the	recommendations	proposed	by	the	 independent	validation	committee	resulting	

in	the	following	guidance	(a	complete	set	of	guidelines	is	available	as	appendix	A1).	
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2.3.1 Section	1:	Indications	

2.3.1.1 Topic	1:	Colorectal	Liver	Metastases	(CRLM)	

Are	Laparoscopic	Liver	Resections	(LLR)	Indicated	for	the	management	of	CRLM?		

The	literature	suggests	improved	short-term	outcomes	for	LLR	of	CRLM	compared	with	open	liver	

resection	(OLR)	with	similar	 long-term	outcomes.	A	recent	meta-analysis	 found	a	reduced	blood	

loss	and	need	for	transfusion	with	comparable	operative	times	and	length	of	hospital	stay	in	the	

laparoscopic	 group.	Overall	 survival	 and	disease-free	 survival	were	 similar	 between	 the	 groups,	

and	a	lower	incidence	of	R1	resections	was	observed	in	the	laparoscopic	group	(148).	Preliminary	

results	 from	 the	 first	 large-scale	 prospective	 randomized	 control	 trial	 (OSLO-COMET)	 (112)	

comparing	 laparoscopic	and	OLRs	 for	CRLM	have	shown	 improved	short-term	outcomes	 for	 the	

laparoscopic	 approach,	 which	 is	 supported	 by	 previous	 propensity	 score-matched	 studies	 (74).	

Other	studies	report	similar	benefits	 in	those	aged	over	70	(113).	 Increasing	margin	width	 in	R0	

resections	 did	 not	 significantly	 correlate	 with	 better	 overall	 survival	 (149),	 and	 as	 such,	 the	

guidelines	 confirm	 that	 parenchymal	 sparing	 resections	 should	 continue	 to	 be	 the	 basis	 of	

treatment	 of	 CRLM.	 The	 guidelines	 conclude	 that	 with	 appropriate	 expertise,	 the	 laparoscopic	

approach	is	a	valid	alternative	to	the	treatment	of	CRLM.	

	

What	is	the	Role	of	Laparoscopy	in	the	Management	of	simultaneous	Colonic	and	Liver	Resection	

for	Synchronous	Colorectal	Metastases?		

A	laparoscopic	approach	was	associated	with	a	shorter	hospital	stay	than	an	open	approach	with	

no	difference	in	overall	survival	for	patients	with	synchronous	hepatectomy	and	colectomy	(150).	

There	 is,	 however,	 insufficient	 comparative	 data	 for	 combined	 major	 liver	 and	 colorectal	

resections.	The	experts	agreed	that	combined	laparoscopic	major	liver	and	colonic	resections	are	

complex	 and	 lengthy	 procedures	 with	 the	 potential	 for	 increased	 operative	 risks.	 However,	

simultaneous	 resections	 for	 non-rectal	 primaries	 with	 peripheral	 liver	 lesions	 requiring	 limited	

hepatectomy	or	left	lateral	sectionectomy	were	considered	a	good	treatment	option.	Systematic	

review	 suggests	 that	 the	 timing	 of	 liver	 resection	 for	 synchronous	 liver	 metastasis	 should	 be	

decided	according	to	technical	and	oncological	considerations	(151).	The	guidelines	emphasize	a	

need	for	a	multidisciplinary	approach	to	these	patients.	
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2.3.1.2 Topic	2:	Benign	and	Rare	Non-colorectal	Metastases	

What	 is	 the	 Role	 of	 LLR	 in	 the	 Management	 of	 Benign	 Disease	 and	 Rare	 Non-colorectal	

Metastases?		

Operative	 trends	 for	 benign	 disease	 demonstrate	 that	 the	 proportion	 of	 cases	 performed	

laparoscopically	 is	 increasing	 (152).	 LLR	 for	 benign	 lesions	 has	 lower	 intraoperative	 blood	 loss,	

frequency	 of	 complications,	 postoperative	 analgesic	 requirements,	 time	 to	 oral	 intake,	 and	 a	

shorter	hospital	stay	(153).	With	respect	to	neuroendocrine	tumours	(NETs),	observational	studies	

(154)	 highlight	 the	 feasibility,	 safety,	 and	 oncological	 efficiency	 of	 LLR	 for	NETs	 and	 other	 non-

colorectal	liver	metastasis	when	clinically	indicated.	

	

2.3.1.3 Topic	3:	Hepatocellular	Carcinoma	(HCC)	

Is	LLR	Indicated	for	the	Management	of	HCC?		

Meta-analysis	and	 large	propensity	 score-matched	studies	of	open	vs	LLS	 for	HCC	have	strongly	

suggested	that	LLR	for	HCC	is	associated	with	reduced	blood	loss,	transfusion	rate,	postoperative	

ascites,	and	 liver	 failure	and	hospital	stay	with	comparable	operation	time,	disease-free	margin,	

and	recurrence	rates	(155,	156).	This	has	been	confirmed	for	major	resections	 in	a	recent	series	

(157).	For	minor	resections,	a	laparoscopic	approach	was	found	to	be	the	only	independent	factor	

to	reduce	the	complication	rate	in	resections	for	HCC	(75).	

	

What	is	the	Role	of	LLR	in	Cirrhotic	Patients?		

No	 differences	 in	 operative	 time,	 blood	 loss,	 intraoperative	 complications,	 hospital	 stay,	 and	

morbidity	 were	 found	 in	 LLR	 for	 cirrhotics	 compared	 with	 non-cirrhotics	 (158).	 A	 laparoscopic	

approach	 appears	 to	 reduce	 the	 incidence	 of	 postoperative	 ascites,	 liver	 failure	 (159),	 and	

morbidity	assessed	in	terms	of	‘‘Comprehensive	Complication	Index,’’	with	no	difference	in	overall	

or	 disease-free	 survival	 at	 2	 years	 (160).	 The	 evidence	 for	 both	 LLR	 in	 patients	with	 significant	

portal	hypertension,	ascites,	and	Child-Pugh	B	cirrhosis	is	limited	to	single	studies	(161,	162),	and	

as	such	the	guidelines	recommend	caution	with	these	patient	cohorts.	
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2.3.1.4 Topic	4:	Living	Donor	

What	is	the	Role	of	the	Laparoscopic	Technique	for	Living	Donor	Hepatectomy	(LDH)?	

The	evidence	suggests	 that	 there	 is	an	 improved	quality	of	 life	with	LLS	 for	LDH	that	 includes	a	

shorter	hospital	 stay	and	an	earlier	 return	 to	work	 (163).	 The	experts	discussed	 the	differences	

between	 left	 lateral	 graft	 retrieval	 for	 paediatric	 transplantation	 and	 full	 right	 or	 full	 left	

hepatectomy	for	adult	transplantation.	It	was	highlighted	that	the	evidence	for	full	right	and	full	

left	hepatectomy	is	primarily	based	on	laparoscopic-assisted	procedures	(hybrid)	with	only	limited	

studies	 focusing	 on	 pure	 laparoscopic	 donor	 hepatectomy	 and	 hence	minimally	 invasive	 donor	

major	hepatectomy	has	not	yet	been	standardized	and	should	be	restricted	to	expert	centres.	
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2.3.2 Section	2:	Patients	and	Complex	Diseases	

2.3.2.1 Topic	5:	High-risk	Patients	

Are	There	Contraindications	 for	 LLR	 in	Elderly	and	High	Body	Mass	 Index	 (BMI)	Patients	 (Fragile	

Patients)?		

LLS	 for	 elderly	 patients	 has	 demonstrated	 lower	 intraoperative	 blood	 loss,	 hospital	 stay,	 and	

morbidity,	with	comparable	oncological	outcomes	to	OLR	(73,	113).	There	are	limited	comparative	

studies	 regarding	LLR	 in	obese	patients,	but	evidence	suggests	 that	 in	 selected	patients,	 it	 is	an	

appropriate	treatment	strategy	(76).	

	

2.3.2.2 Topic	6:	Redo	Liver	Resections	

Are	LLRs	Feasible	in	Patients	With	Previous	Liver	Resection?	

Evidence	 suggests	 that	 LLR	 for	 re-do	 liver	 surgery	 is	 an	 appropriate	 option,	 although	 repeat	

resections	 have	 greater	 operative	 time	 and	 blood	 loss	 than	 primary	 resections	 (164,	 165).	 The	

experts	 suggested	 that	 an	 initial	 laparoscopic	 resection	 may	 facilitate	 repeated	 resections	 by	

limiting	the	amount	of	adhesions,	thereby	providing	an	important	advantage.	

	

2.3.2.3 Topic	7:	Technically	Complex	Settings	

Is	There	a	Role	for	LLR	in	Patients	Requiring	2-Stage	Hepatectomy?	

There	 are	 limited	 comparative	 studies	 specifically	 regarding	 LLR	 for	 2-stage	 hepatectomies.	

Observational	 studies	 suggests	 it	 is	 feasible	 and	 without	 detrimental	 effects	 on	 long-term	

outcomes	(166,	167).	

	

Is	LLR	Feasible	in	Patients	With	Large	Lesions	and	Lesions	in	Close	Proximity	to	Major	Vessels?		

Reports	 from	 cohort	 studies	 of	 large	 (5–10	 cm)	 and	 giant	 (>10	 cm)	 tumours	 suggest	 that	 the	

resection	 of	 such	 lesions	 can	 be	 addressed	 laparoscopically	 with	 no	 increased	 morbidity.	

However,	 greater	 operative	 time	 and	 blood	 loss	 was	 observed	 when	 compared	 with	 LLS	 for	

smaller	tumours	(87,	168).	Other	reports	have	shown	that	in	expert	hands,	lesions	located	in	close	

proximity	to	the	major	vasculature	can	be	addressed	laparoscopically	without	detrimental	effects	

(169).	
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2.3.3 	Section	3:	Procedures	

2.3.3.1 Topic	8:	Major	Hepatectomies	

What	is	the	Role	of	the	Laparoscopic	Technique	for	Right	Hemi-hepatectomies?		

The	 largest	 meta-analysis	 to	 date	 has	 shown	 that	 laparoscopic	major	 hepatectomies	 have	 less	

blood	 loss,	 morbidity,	 and	 length	 of	 stay	 with	 similar	 operative	 times,	 transfusion	 rates,	 and	

completeness	 of	 resection	 compared	 with	 OLR	 (62).	 The	 expert	 panel	 suggested	 that	 the	

feasibility,	 reproducibility,	 and	 implementation	 of	 left	 and	 right	 hepatectomies	 is	 sufficiently	

different	 that	 they	 should	 be	 considered	 separately.	 In	 experienced	 hands,	 laparoscopic	 right	

hemi-hepatectomies	 are	 associated	 with	 reduced	 hospital	 stay	 and	 blood	 loss.	 Mortality	 and	

completeness	of	resection	are	comparable	with	an	open	approach	(115,	170).	

	

What	is	the	Role	of	the	Laparoscopic	Technique	for	Left	Hemihepatectomies?	

Compared	with	an	open	approach,	a	laparoscopic	approach	is	associated	with	reduced	blood	loss,	

morbidity,	 and	 hospital	 stay	 with	 comparable	 operative	 times,	 completeness	 of	 resection,	 and	

mortality	(171,	172).	

	

2.3.3.2 Topic	9:	Minor	Resections,	Resections	on	Difficult	Segments,	Parenchymal	

Sparing/Anatomical	Segmentectomies	

What	is	the	Role	of	the	Laparoscopic	Technique	for	Minor	Liver	Resections?	

Meta-analysis	reports	lower	blood	loss,	transfusions	rates,	morbidity,	and	length	of	hospital	stay	

for	 laparoscopic	minor	 resections	 compared	with	open	 resections	 (62).	 Laparoscopic	 left	 lateral	

sectionectomies	are	consistently	associated	with	 shorter	hospital	 stay	when	compared	with	 the	

open	approach	 (173).	The	evidence	 for	a	 laparoscopic	approach	to	segments	4b,	5,	and	en	bloc	

cholecystectomy	for	gallbladder	cancer	is	limited,	but	suggests	similar	perioperative	outcomes	to	

the	open	approach	for	T1	and	T2	gallbladder	cancers	(174,	175).	
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What	is	the	Role	of	the	Laparoscopic	Technique	for	Liver	Resections	in	the	‘‘Difficult	Segments	(I,	

IVa,	VII,	and	VIII)’’?		

The	expert	panel	 acknowledged	 that	 resections	 in	 these	 segments,	 especially	when	anatomical,	

are	highly	complex	and	require	advanced	expertise	in	LLS.	Minor	LLRs	in	segment	I,	 IVa,	VII,	and	

VIII	 are	associated	with	greater	operative	 time	and	blood	 loss	 than	equivalent	 resections	 in	 the	

anterolateral	segments.	However,	mortality	and	morbidity	 is	not	different	(176).	Compared	with	

OLR,	LLR	is	associated	with	reduced	blood	loss	and	hospital	stay	(177).	A	transthoracic	approach	

and	modifications	to	the	patient’s	position	may	be	useful	alternatives	to	the	classic	approach	to	

the	 postero-superior	 segments	 (178,	 179).	 The	 perioperative	 outcomes	 of	 robotic	 and	

laparoscopic	resections	of	the	postero-superior	segments	appear	to	be	similar	 in	terms	of	blood	

loss,	hospital	stay,	morbidity,	and	completeness	of	resection	(180).	

	

Is	LLR	Applicable	for	Parenchyma-sparing	Procedures	and	Anatomic	Segmentectomies?		

Laparoscopic	and	open	sectionectomies	have	been	found	to	have	similar	perioperative	outcomes	

(170).	 	 Various	 techniques,	 including	 a	 Glissonian	 approach,	 staining	 and	 indocyanine	 green	

fluorescence	 imaging	have	been	 suggested	 to	 facilitate	a	 true	anatomical	 segmentectomy	 (181-

183).	 Evidence	 for	 parenchyma-sparing	 LLR	 for	 centrally	 located	 lesions	 is	 limited.	 However,	

studies	document	R0	and	recurrence	rates	that	fall	within	the	average	published	data	(72,	184).	
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2.3.4 Section	4:	Technique	

2.3.4.1 Topic	10:	Minimally	Invasive	Approaches,	Surgical	Devices,	Intraoperative	Staging,	

and	Planning	

What	is	the	Role	of	the	Hand-assisted	Technique	and	Hybrid	Procedures	for	Liver	Resections?		

The	evidence	suggests	that	no-one	approach	(open,	hybrid,	HALS,	or	pure	laparoscopic)	is	totally	

superior	in	terms	of	operative	or	postoperative	factors,	but	it	has	been	suggested	that	HALS	and	

hybrid	 techniques	may	 serve	as	a	bridge	 from	open	 to	 laparoscopic	 surgery	during	 the	 learning	

curve	(185).	

	

What	is	the	Role	of	the	Robotic	Approach	for	Liver	Resections?	

The	robotic	approach	has	a	longer	operative	time	and	higher	costs	compared	with	a	laparoscopic	

approach,	but	comparable	blood	loss,	length	of	stay,	resection	margins,	and	morbidity	(186,	187).	

Compared	 with	 an	 open	 approach,	 a	 study	 found	 total	 in-hospital	 cost	 to	 be	 reduced	 despite	

elevated	operative	cost	(188).	

	

What	is	the	Role	of	Intraoperative	Ultrasound	for	LLR?		

The	 increased	sensitivity	of	 intraoperative	ultrasound	(compared	with	preoperative	 imaging	and	

diagnostic	 laparoscopy)	 has	 been	 strongly	 suggested	 by	 numerous	 studies	 (189,	 190).	Multiple	

technical	papers	describe	ultrasound	as	a	necessary	tool	to	investigate	liver	anatomy	and	tumour	

location,	and	to	plan	transection	lines	and	margins	(136,	191).	

	

What	are	the	Available	Techniques	for	Parenchymal	Transection?	

Multiple	 technical	 and	 comparative	 papers	 highlight	 the	 roles	 of	 differing	 transection	 devices.	

However,	there	is	no	universal	agreement	regarding	the	optimal	technique	(137,	192,	193).	
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2.3.4.2 Topic	11:	Anatomic	Major	Resection	(Formal	Right	/	Left	Hemi-hepatectomies)	

What	are	the	Available	Safe	Techniques	for	Inflow	Control	During	Major	Anatomical	Resections?	

The	 majority	 of	 European	 centres	 have	 a	 preference	 for	 the	 hilar	 approach,	 regularly	

demonstrating	 its	 safety	 and	 reproducibility	 (194).	 However,	 several	 centres	 outside	 of	 Europe	

report	good	outcomes	with	a	Glissonian	approach	(181).	

	

What	are	the	Available	Safe	Techniques	During	Right	Hemi-hepatectomy?	

Although	 the	 anterior	 approach	 to	 liver	 transection,	 without	 prior	 liver	mobilization,	 has	 been	

recommended	by	many	a	conventional	approach	with	liver	mobilization	before	transection	is	also	

possible	 and	 recommended	 by	 others.	 The	 choice	 between	 the	 2	 techniques	 depends	 on	

surgeon’s	preference,	tumour	size,	and	liver	fragility.	Whereas	the	hanging	manoeuvre	has	been	

used	 and	 recommended	 by	 some	 surgeons	 its	 reproducibility	 has	 not	 yet	 been	 demonstrated	

(195,	196).	

	

2.3.4.3 Topic	12:	Bleeding	Control/Conversion	

What	are	the	Haemostatic	Techniques	During	Laparoscopic	Liver	Resections?		

The	use	of	an	intermittent	Pringle	manoeuvre	has	been	reported	to	have	no	detrimental	effects	

on	postoperative	 liver	 function	(83).	Continuous	hemi-hepatic	 inflow	control	has	been	shown	to	

reduce	 blood	 loss	 compared	 with	 an	 intermittent	 Pringle	 manoeuvre	 with	 no	 detriment	 to	

postoperative	liver	function	(85).	Several	technical	papers	highlight	the	importance	of	a	sufficient	

cuff	of	tissue	when	applying	clips	and	endovascular	staplers	(82).	Lower	intraoperative	blood	loss	

is	 reported	 in	 patients	 with	 a	 central	 venous	 pressure	 (CVP)	 lower	 than	 5	 cm	 H2O	 (13).	 The	

efficacy	of	 stroke	volume	variation	as	an	alternative	 to	CVP	monitoring	has	been	demonstrated	

(197).	

	

When	and	How	Should	Conversions	to	Open	Surgery	Be	Considered?		

Conversion	during	LLR	is	associated	with	higher	postoperative	morbidity;	however,	in	comparison	

to	planned	OLR,	the	outcomes	were	found	to	be	similar	(10).	Risk	factors	for	conversion	include	

an	increasing	BMI,	tumour	size,	and	resection	extent,	and	also	resections	in	the	postero-superior	
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segments	 and	 cirrhosis	 (9,	 87,	 99).	 In	 the	 case	 of	 conversion	 for	 significant	 vascular	 injury,	

temporary	control	of	the	bleeding	source	before	conversion	is	highly	recommended.	
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2.3.5 Section	5:	Implementation	

2.3.5.1 Topic	13:	Surgeon	/Centre	/	Learning	Curves	

What	 Training	 and	 Preparation	 Should	 Surgeons	 Pursue	 Before	 Performing	 Minor,	 Major,	 and	

Complex	Liver	Resections?	

With	experience	both	operative	 time	and	blood	 loss	decreases	 (61,	100)	and	experience	gained	

during	minor	resections	may	shorten	the	 learning	curve	for	major	resections	(108).	The	 learning	

curve	 for	minor	resections	 is	suggested	to	be	60	cases	 (102)	and	that	 for	major	resections	 is	55	

(having	already	developed	experience	on	minor	resections)	(78).	

	

Which	Centres	Should	Be	Performing	Laparoscopic	Liver	Resections?		

LLS	 should	 not	 be	 developed	 in	 isolation	 from	 an	 open	 liver	 program.	Major	 and	 complex	 LLS	

should	 be	 gradually	 implemented	with	 increasing	 collective	 expertise	 for	 safe	 patient	 selection	

and	management	(102).	

	

Should	Laparoscopic	Liver	Resection	Become	Adopted	in	All	Liver	Surgical	Centres?	

A	meta-analysis	has	found	that	the	laparoscopic	approach	offers	fewer	complications,	decreased	

blood	loss,	and	a	shorter	hospital	stay	with	comparable	oncological	outcomes	in	selected	patients	

(62).	 Therefore,	 the	guidelines	 confirm	 that	all	 centres	 should	 implement	a	program	of	 LLS	and	

offer	 it	 to	 patients	 with	 the	 appropriate	 indications	 according	 to	 the	 local	 level	 of	 proficiency.	

Ideally,	at	least	2	surgeons	proficient	in	LLS	in	each	centre	are	recommended.	

	

2.3.5.2 Topic	14:	Training/Registries	

Who	Should	Be	Undertaking	Training	and	Mentoring	Roles	in	LLR?		

With	regards	 to	 trainers	 /	mentors	and	registries	 /	 learned	societies,	no	evidence-based	studies	

are	 available.	 However,	 the	 learning	 curve	 for	 minor	 resections	 can	 significantly	 reduced	 by	

surgeons	 assisting	 one	 another	 (97).	 The	 recommendation	 of	 the	 experts	 is	 that	 mentors	 and	

trainers	must	be	experienced	surgeons	with	a	current	and	up-to-date	knowledge	of	the	literature,	

whereas	registries	are	necessary	for	evaluation	of	LLR	and	individual	surgeons	/	centres	alike.	
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Discussion	

The	European	Guidelines	Meeting	for	LLS	was	devised	to	produce	specific	guideline	statements	to	

ensure	the	safe	progression	and	dissemination	of	LLS.	The	guidelines	produced	further	the	work	

of	 the	 previous	 consensus	meetings	 by	 providing	 specific	 guidance	 to	 both	 expert	 and	 training	

laparoscopic	 liver	 surgeons.	 The	 67	 recommendations	 combine	 the	 most	 up-to-date	 evidence	

with	expert	opinion	to	guide	the	dissemination	of	LLS.		

The	EGMLLS	explored	new	areas	in	the	application	of	laparoscopy	in	an	ever-increasing	cohort	of	

patients,	 and	provided	 guidance	 to	 the	 appropriateness	 of	 LLR	 for	 specific	 diseases.	 Indications	

have	been	refined	taking	into	account-specific	subcategories	of	high-risk	patients	and	technically	

complex	 disease.	 Moreover,	 the	 guidelines	 re-define	 the	 classification	 of	 resections	 adding	

‘‘technically	major’’	resections,	such	as	those	in	the	postero-superior	segments,	to	the	established	

anatomical	minor	and	major	resections.		

The	Southampton	Guidelines	state	that	when	performed	by	expert	surgeons,	LLR	offers	significant	

advantages	 in	 terms	 of	 a	 reduced	 risk	 of	 postoperative	 ascites	 and	 liver	 decompensation	 in	

patients	with	cirrhosis.	For	patients	with	CRLM,	LLR	was	deemed	an	appropriate	option	that	offers	

significant	benefits	in	terms	of	a	shorter	hospital	stay	and	lower	complication	rate.	However,	the	

need	to	adhere	to	a	parenchymal	sparing	approach	was	stressed.	The	use	of	LLR	for	living	donor	

hepatectomy	is	 limited	to	a	few	highly	specialized	centres	worldwide,	but	may	now	be	regarded	

as	standard	practice	for	left	lateral	sectionectomy	in	adult-to-paediatric	donation.	

The	 Southampton	 Guidelines	 advocate	 that	 the	 laparoscopic	 approach	 should	 be	 considered	

standard	 practice	 for	 lesions	 in	 the	 left	 lateral	 and	 the	 anterior	 segments.	 The	 guidelines	 state	

that	 in	 expert	 hands,	 LLR	 for	 lesions	 in	 the	 postero-superior	 segments	 may	 maintain	 the	

advantages	seen	in	the	anterolateral	segments.	Subcategories	of	‘‘high-risk’’	patients,	such	as	the	

elderly	 and	 patients	 with	 high	 BMI,	 were	 no	 longer	 considered	 as	 contra-indications	 to	 LLR.	

Technically	challenging	resections	such	as	repeat	resections	or	2-stage	hepatectomies,	resections	

for	 large	 lesions,	 and	 lesions	 in	 close	 proximity	 to	 the	 hilum	 are	 now	 considered	 possible	 by	

surgeons	with	extensive	experiences	in	LLS.	

The	 Southampton	 Guidelines	 highlight	 the	 difference	 in	 difficulty	 and	 outcomes	 between	

laparoscopic	left	and	right	hemi-hepatectomies.	Hence,	it	was	advised	that	their	uptake	occur	at	

different	points	in	the	learning	curve.	Regarding	inflow	control	and	parenchymal	transection,	the	

guidelines	 state	 that	 the	choice	of	 technique	 is	dependent	on	 the	characteristics	of	 the	disease	

and	the	surgeon’s	preference.	Pringle	manoeuvre	and	the	management	of	 intravascular	volume	
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to	provide	a	low	CVP	are	both	essential	to	reduce	blood	loss	during	transection.	And,	as	in	open	

liver	surgery,	the	need	for	intraoperative	ultrasound	was	considered	essential.	

The	guidelines	regarding	the	implementation	of	LLS	are	of	paramount	importance	in	the	EGMLLS.	

A	 background	 in	 open	 liver	 surgery	 and	 advanced	 laparoscopic	 skills	 before	 starting	 LLR	 are	

considered	essential.	The	guidelines	recommend	fellowships,	courses,	and	proctored	programs	to	

facilitate	 the	 training	and	development	of	 laparoscopic	 liver	 surgeons.	These	 fellowships	 should	

be	 conducted	 in	 established,	 high-volume	 centres	 that	 routinely	 perform	 minor,	 major,	 and	

complex	 major	 resections.	 Those	 providing	 supervision,	 as	 mentors	 and	 proctors,	 should	

themselves	have	already	reached	competency	and	are	thus	able	to	provide	safe	guidance	during	

the	training	of	 less	experienced	surgeons.	 Importantly,	 it	was	recommended	that	each	specialist	

centre	should	offer	a	 laparoscopic	approach	as	part	of	 its	multidisciplinary	management	of	 liver	

disease	and	should	ideally	have	a	minimum	of	2	surgeons	competent	in	LLS	to	support,	assist,	and	

critique	each	other	to	aid	development.	

It	is	important	to	note	that	the	majority	of	the	evidence	used	in	the	production	of	the	guidelines	

reports	data	from	specialist	 liver	centres,	which	may	represent	a	publication	bias.	However,	this	

factor	is	of	critical	importance,	as	these	guidelines	should	not	be	misconstrued	as	an	invitation	to	

begin	performing	LLS	in	the	absence	of	experience	and	support.	It	is	important	to	stress	that	LLS	is	

complex	 and	 requires	 advanced	 laparoscopic	 skills,	 comprehensive	 experience	 of	 open	 liver	

surgery,	and	the	support	of	an	experienced	team.		

Other	 significant	 limitations	 of	 these	 guidelines	 include	 the	 selection	 of	 expert	 panel	 and	

validation	 committee,	 as	well	 as	 the	 absence	 of	 robotic	 approaches	 to	minimally	 invasive	 liver	

resections.	 The	 former	 limitation	 represents	 a	 form	 of	 selection	 bias	 as	 the	 expert	 panel	were	

selected	based	upon	their	active	involvement	in	minimally	invasive	liver	surgery	and	hence	have	a	

vested	 interest	 in	 its	 on	 going	 progression.	 This	 was	 offset	 to	 some	 extent	 by	 the	 use	 of	 an	

objective	 validation	 tool	 in	 the	 form	 of	 the	 AGREE	 II-GRS	 and	 the	 inclusion	 of	 open	 liver	 and	

transplant	surgeons	within	the	validation	committee.	While	the	latter,	the	limited	attention	given	

to	 robotic	 approaches	 to	 liver	 resections,	 was	 due	 to	 the	 limited	 evidence	 available	 regarding	

outcomes	at	the	time	of	the	guidelines	development.	While	evidence	in	the	area	remains	limited	

it	is	likely	that	robotics	will	come	to	represent	a	significant	step	forward	in	minimally	invasive	liver	

resections,	particularly	those	involving	biliary	and	vascular	reconstruction.	

The	production	of	these	guidelines	represents	a	significant	step	toward	the	safe	implementation	

and	 dissemination	 of	 LLS.	 However,	 they	 also	 highlight	 the	 relatively	 low	 quality	 evidence	

available	for	several	key	topics	within	LLS	 including	conversion,	evaluating	the	difficulty	of	cases	

and	the	learning	curve	in	differing	stages	of	the	innovation	of	LLS.	With	specific	regard	to	the	safe	
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implementation	 of	 LLS	 and	minimising	 harm	 to	 patient	 it	 is	 critically	 important	 to	 address	 this	

short-comings	 with	 higher	 quality	 evidence	 in	 order	 that	 definitive	 conclusion,	 that	 are	 widely	

applicable,	may	be	drawn.	
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Chapter	3: Conversion	During	Laparoscopic	Liver	

Resections	

3.1 Introduction	

Following	 the	 advent	 of	 laparoscopic	 abdominal	 surgery	 in	 the	1980s	 (198),	 it	was	 a	 significant	

step	 to	 the	 first	 minimally	 invasive	 liver	 resection	 to	 be	 performed.	 In	 1992,	 Gagner	 and	

colleagues	(39)	described	the	first	laparoscopic	non-anatomical	wedge	resection	of	focal	nodular	

hyperplasia	 and	 4	 years	 later	 Azagra	 and	 colleagues	 (40)	 reported	 the	 first	 anatomical	 liver	

resection.	

A	significant	body	of	work	already	exists	that	demonstrates	that	LLS	reduces	intraoperative	blood	

loss,	hospital	stay	and	morbidity	while	maintaining	comparable	oncological	and	survival	outcomes	

with	similar	financial	cost	to	its	open	counter-part	(52,	65-67,	71,	74,	114,	115).	

As	with	 open	 liver	 surgery,	 bleeding	 still	 remains	 a	 concern	 for	 surgeons	 performing	 LLS	 and	 it	

represents	the	most	common	cause	of	conversion	to	open	surgery	(82,	97).	The	largest	case	series	

to	date	suggests	that	the	average	conversion	rate	is	10%,	based	on	retrospective	analysis	of	1,184	

major	resections	between	1996	and	2014	(61).	Other	studies	have	reported	increased	conversion	

rates	 in	 the	 following:	 patients	 aged	 over	 75,	 patients	 having	 received	 neoadjuvant	

chemotherapy,	patients	with	a	high	body	mass	 index	(BMI),	 increasing	lesion	size,	 lesions	within	

the	postero-superior	segments,	the	presence	of	cirrhosis,	the	need	for	Pringle	manoeuvre,	higher	

intraoperative	blood	loss	and	surgeons	in	the	early	phases	of	the	learning	curve	(9,	61,	75,	77,	78,	

84,	87,	98).	However,	these	studies	are	all	limited	by	their	relatively	small	patient	cohorts.	A	few	

of	 these	studies	have	highlighted	 that	conversion	does	not	 increase	operative	 time;	however,	 it	

results	in	the	loss	of	the	beneficial	aspects	of	laparoscopic	surgery,	in	terms	of	reduced	morbidity,	

blood	loss,	hospital	stay,	and	mortality.	

At	present,	there	is	a	lack	of	a	large	cohort	study	that	assesses	the	risk	factors	for	conversion	and	

more	specifically	whether	conversion	is	 independently	associated	with	a	worse	patient	outcome	

or	whether	the	cause,	and	hence	the	timing,	of	conversion	is	also	important.	
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3.2 Aim	

The	 aim	 of	 this	 study	 is	 to	 investigate	 the	 risk	 factors	 for	 conversion	 and	 its	 effect	 on	 patient	

outcome	 in	 a	 large	 cohort	 of	 patients.	 Postoperative	 outcomes	 of	 conversion	 for	 unfavourable	

intraoperative	findings	will	be	compared	to	conversion	for	unfavourable	intraoperative	events	to	

establish	 if	 the	 cause,	 and	 hence	 the	 timing,	 of	 conversion	 are	 related	 to	 patient	 outcome.	 In	

addition,	the	impact	of	the	learning	curve	on	the	risk	factors	for	conversion	will	be	assessed.	
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3.3 Method	

The	electronically	stored,	prospectively	maintained	databases	of	seven	tertiary	liver	centres	were	

compiled	 for	 statistical	 analysis.	 The	 centres	 included	 were:	 University	 Hospital	 Southampton,	

Southampton,	United	Kingdom;	San	Raffaele	Hospital,	Milan,	Italy;	Oslo	University	Hospital,	Oslo,	

Norway;	 Ghent	 University	 Hospital,	 Ghent,	 Belgium;	 Antoine-Beclere	 Hospital,	 Paris,	 France;	

University	 of	 Navarra	 Hospital,	 Pamplona,	 Spain	 and	 Groeninge	 Hospital,	 Kortrijk,	 Belgium.	 LLS	

was	 first	 undertaken	 in	 these	 centres	 in	 2003,	 1997,	 1998,	 1999,	 1999,	 2004,	 and	 2011,	

respectively.	 All	 the	 patients	 undergoing	 planned	 LLRs	 from	 the	 first	 implementation	 of	 LLS	 in	

each	centre	until	October	31,	2016	were	 included.	The	protracted	data	collection	period	of	 this	

study	has	resulted	in	an	evolution	of	the	indications	for	resections.	However,	the	practice	of	each	

centre	 was	 guided	 by	 the	 most	 contemporary	 consensus	 guidelines	 available	 and	 hence	 were	

similar	in	all	the	institutions.	All	the	patients	were	discussed	in	local	multidisciplinary	meetings	to	

assess	 the	 feasibility	 of	 the	 laparoscopic	 approach,	 dependent	 on	 disease	 characteristics,	 local	

expertise,	 and	 available	 resources.	 Absolute	 contra-indications	 to	 the	 laparoscopic	 approach	

included	the	need	of	vascular	resection	and	reconstruction;	the	need	for	hepato-jejunostomy;	the	

need	 for	 en-bloc	multi-visceral	 resection	 and	 resections	 for	 Hilar	 Cholangiocarcinoma.	 Patients	

undergoing	 planned	 hybrid/hand-assisted	 resections;	 cyst	 fenestrations;	 resections	 for	 living	

donor	 hepatectomy	 and	 those	 under	 18	 were	 not	 included.	 No	 patients	 were	 excluded	 based	

upon	age,	BMI,	cirrhosis,	or	American	Society	of	Anaesthesia	(ASA)	grade.	

Data	 collected	 included:	 patient	 demographics,	 medical	 and	 surgical	 history,	 tumour	

characteristics,	 operative	 details,	 postoperative	 inpatient	 details,	 and	 30	 and	 90-day	mortality.	

The	 nomenclature	 for	 the	 description	 of	 segments	 and	 resections	 is	 based	 upon	 the	 Brisbane	

2000	Classification	(International	Hepato-Pancreato-Biliary	Association)	(199).	The	classification	of	

resections	 (minor	 vs	 major)	 is	 based	 upon	 the	 largest	 volume	 liver	 resection	 and	 reflects	 the	

proposal	from	The	Louisville	Statement	2008	(54).	In	addition	to	this	classification	technical	major	

resections,	 which	 do	 not	 meet	 the	 criteria	 of	 anatomical	 major	 resections	 but	 include	 the	

technically	 demanding	 segments	 1,	 4a,	 7,	 and	 8	 (69)	 have	 been	 included.	 Secondary	 smaller-

volume	liver	resections	were	classified	as	concurrent	procedures	and	this	category	also	 includes	

bowel	 resection;	 stoma	 creation	 or	 closure;	 hernia	 repair;	 lymphadenectomy;	 nephrectomy	 /	

adrenalectomy;	oophorectomy	and	Microwave	/	Radio	Frequency	Ablation.	No	biliary	or	vascular	

reconstructions	were	performed	 laparoscopically	 in	 this	 study.	 The	postoperative	 complications	

were	 based	 upon	 the	most	 severe	 postoperative	 complication	 and	 are	 graded	 on	 the	 Clavien–

Dindo	Classification;	grades	1	–	3a	represent	minor	complications	requiring	only	medical	therapies	
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as	treatment,	and	grades	3b	–	5	represent	complications	requiring	surgical	 intervention,	the	use	

of	organ	support,	and	fatality	(200,	201).	

Statistical	 analysis	 was	 performed	 using	 IBM	 SPSS	 Statistics	 version	 24.	 Univariate	 analysis	 for	

binary	 data	 was	 performed	 using	 χ2	 and	 /	 or	 Fisher’s	 exact	 tests.	 Tests	 for	 normality	 were	

performed	 using	 Kolmogorov–Smirnov	 and	 Shapiro–Wilk	 tests.	 The	Mann–Whitney	 U	 test	 was	

used	for	nonparametric	outcomes	of	binary	variables.	Multivariate	analysis	was	performed	using	

Logistic	 regression.	All	 percentages	 are	 listed	 to	1	decimal	 place	 and	 statistical	 significance	was	

defined	by	a	P	value	<0.05.	

Previous	literature	would	suggest	that	the	learning	curve	for	laparoscopic	minor	liver	resections	is	

approximately	 50	 procedures,	 similar	 to	 that	 for	major	 hepatectomies	 having	 already	 achieved	

competency	 with	 minor	 resections	 (68,	 78,	 100,	 105,	 202).	 Thus,	 to	 negate	 the	 effect	 of	 the	

learning	curve,	a	secondary	analysis	was	performed	after	the	exclusion	of	the	first	100	LLRs	from	

each	centre.	This	subset	was	analysed	using	the	same	statistical	methodology	as	the	analysis	for	

the	 entire	 cohort,	 performing	univariate	 and	 then	 subsequent	multivariate	 analysis	 to	 establish	

the	risk	factors	for	conversion.	

Following	on	from	the	initial	analyses	of	risk	factors,	an	analysis	was	performed	to	investigate	the	

effect	 on	 outcome	 of	 a	 conversion	 to	 open	 surgery.	 Outcomes	 for	 patients	 who	 required	

conversion	 were	 compared	 to	 those	 patients	 who	 had	 had	 their	 operation	 completed	

laparoscopically.	This	was	followed	by	a	subgroup	analysis	examining	the	cause	of	conversion	and	

its	effect	on	outcome.	Patients	who	had	undergone	a	conversion	were	separated	by	the	indication	

for	 conversion	 into	 2	 groups	 to	 establish	 if	 the	 cause	 of	 the	 conversion	 affected	 the	 outcome.	

Dense	adhesions,	poor	access,	inability	to	progress,	concern	of	remnant	liver	volume,	and	concern	

of	 margin	 prior	 to	 resection	 were	 classified	 as	 unfavourable	 intraoperative	 findings	 (UIF).	

Bleeding,	damage	to	surrounding	organs,	and/or	major	vessels	and	concern	of	margin	during	or	

after	 resection	were	considered	unfavourable	 intraoperative	events	 (UIE).	Mann–Whitney	U,	 χ2	

and	/	or	Fisher’s	exact	test	were	used	to	analyse	these	2	subgroups.	
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3.4 Results	

There	were	222	conversions	 from	a	 total	 cohort	of	2861	cases	 resulting	 in	a	 conversion	 rate	of	

7.8%.	The	commonest	causes	for	conversion	were	bleeding	(36.5%),	oncological	concern	(19.8%),	

adhesions	(18.9%),	and	poor	access	(10.8%)	(table	3-1).	

	

Table	3-1.	Causes	of	conversion	during	laparoscopic	liver	resections	

Classification	 Cause	of	Conversion	 Absolute	frequency	(%)	 Total	

Unfavourable	
intra-
operative	
findings	

Adhesions	 42	(18.9%)	 123	

Oncological	concern	prior	to	
resection	

32	(14.4%)	

Poor	access	 24	(10.8%)	

Poor	liver	quality	(e.g.	
cirrhosis	/	steatosis)		

3	(1.4%)	

Other	(e.g.	aberrant	hilar	
anatomy,	inability	to	locate	
lesion,	biliary	obstruction)	

22	(9.9%)	

Unfavourable	
intra-
operative	
events	

Bleeding	 81	(36.5%)	 99	

Oncological	concern	during	
/	after	resection	

12	(5.4%)	

Damage	to	surrounding	
structures	

3	(1.4%)	

Cardiovascular	instability	
upon	induction	of	
pneumoperitoneum	

3	(1.4%)	

	

3.4.1 Univariate	analysis	of	risk	factors	for	conversion	(entire	cohort)	

Patient	demographics	can	be	found	in	table	3-2.	The	conversion	rate	in	males	was	7.6%	and	7.8%	

in	females	(p	=	0.841).	The	median	age	was	64	years	old	(range	34	–	80,	5th	–	95th	centiles).	Age	as	

a	continuous	variable	did	not	affect	conversion	 rate	 (p	=	0.828)	nor	did	 it	when	 it	was	grouped	

into	brackets	(<65,	65–69,	70	74,	and	>75	(p	=	0.941)).	BMI	was	categorized	into	underweight	(<20	

kg/m2),	normal	weight	 (20–30	kg/m2),	obese	 (>30	kg/m2),	and	morbidly	obese	 (>35	kg/m2)	and	

the	median	BMI	was	26	kg/m2.	BMI	was	not	associated	with	an	 increase	 in	conversion	rate	(p	=	

0.825).	
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Table	3-2.	Patient	demographics	

Patient	demographic	 Value	(median)	

Age	 64	years	old	
(range	34-80,	5th-95th	centiles)	

BMI	

<20:	4.2%	
20-30:	77.3%	
>30:	13.9%	
>35:	4.6%	
Median:	26kg/m2	

Gender	 Male:	1,471	(51.4%)		
Female:	1,390	(48.6%)	

ASA	 Grade	I	or	II:	1,750	(61.2%)	
Grade	III	or	IV:	1,111	(38.8%)	

Cirrhosis	
Non-cirrhotic:	2,531	(88.5%)	
Child	Pugh	A:	319	(11.1%)	
Child	Pugh	B:	11	(0.4%)	

Lesion	type	 Benign:	25.3%	
Malignant:	74.7%	

Number	of	lesions	 1	(range	1-4)	

Tumour	size	 27mm	 (range	 6-100mm,	 5th-95th	
centiles)	

Histopathology	

Adenoma:	3.8%	
Haemangioma:	3.9%	
FNH:	4.2%	
Inflammatory:	4.4%	
Other	(including	no	lesion):	9.0%	
Cholangiocarcinoma:	2.5%	
NET:	3.3%	
HCC:	6.6%	
CRLM:	57.0%	
Non-colorectal	mets:	5.3%	

Uni-lobar	disease	
Bi-lobar	disease	

92.8%	
7.2%	

Neoadjuvant	
chemotherapy	

Not	received:	1,943	(67.9%)	
Received:	918	(32.1%)	

	

Patients	with	ASA	grade	I	or	II	(1,750	patients	(61.2%))	had	a	conversion	rate	of	9.2%	while	those	

with	 ASA	 grade	 III	 or	 IV	 (1,111	 patients	 (38.8%))	 had	 a	 conversion	 rate	 of	 5.9%	 (p	 =	 0.002).	

However,	63.0%	of	 the	procedures	performed	for	patients	with	ASA	grades	 III	or	 IV	were	minor	

resections	whereas	this	accounted	for	only	34.1%	of	the	procedures	performed	for	patients	with	

ASA	grade	I	or	II.	

A	 total	 of	 330	 (11.5%)	 patients	 had	 cirrhosis.	 Patients	 with	 cirrhosis	 had	 a	 conversion	 rate	 of	

11.1%,	 compared	 with	 non-cirrhotic	 patients	 who	 had	 a	 conversion	 rate	 of	 7.3%	 (p	 =	 0.002).	

Patients	who	had	undergone	neoadjuvant	chemotherapy	(918	patients	(32.1%))	had	a	conversion	
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rate	 of	 10.6%,	 which	 was	 higher	 than	 the	 conversion	 rate	 of	 patients	 who	 had	 not	 received	

chemotherapy	(6.5%	(P	<	0.001)).	

The	 conversion	 rate	 in	 patients	who	 had	 previously	 undergone	 laparoscopic	 surgery	was	 8.7%,	

compared	 with	 7.5%	 in	 patients	 who	 had	 not	 (p	 =	 0.327).	 Similarly,	 previous	 open	 upper	

abdominal	 surgery	 was	 not	 a	 risk	 factor	 for	 conversion	 (7.4%	 in	 patients	 who	 had	 not	 had	

previous	 open	 upper	 abdominal	 surgery	 compared	 with	 8.9%	 in	 those	 who	 had	 (p	 =	 0.203)).	

However,	 previous	 liver	 resection	 was	 found	 to	 increase	 the	 likelihood	 of	 conversion,	 with	

increasing	 numbers	 of	 resections	 increasing	 the	 possibility	 of	 conversion	 (odds	 ratio	 1.988,	 P	 <	

0.001	(table	3-3)).	

	

Table	3-3.	Conversion	rates	with	respect	to	previous	liver	resection,	lesion	size,	resection	extent	

and	resection	classification	

Factor	 Conversion	rate	(n)	

Previous	liver	resection	(n)	 	

No	previous	resections	(2,606)	 7.0%	(182)	

1	previous	liver	resection	(241)	 13.7%	(33)	

2	previous	liver	resections	(26)	 23.1%	(6)	

3	previous	liver	resections	(4)	 25.0%	(1)	

Lesion	Size	(n)	 	

<3cm	(1,518)	 6.0%	(92)	

3	–	5cm	(755)	 8.5%	(64)	

>5cm	(588)	 11.2%	(66)	

Resection	Extent	/	Volume	(n)	 	

Wedge	/	Atypical	segmentectomy	(1,283)	 5.6%	(71)	

Anatomical	segmentectomy	(435)	 9.5%	(41)	

Bisegmentectomy	/	Sectionectomy	(713)	 5.5%	(39)	

Trisegmentectomy	/	Hemi-hepatectomy	(410)	 16.6%	(68)	

Extended	Hepatectomy	(19)	 15.8%	(3)	

Resection	classification	(n)	 	

Minor	(1,720)	 4.4%	(76)	

Technical	Major	(anatomically	minor	resections	

involving	segments	1,	4a,	7	or	8)	(712)	

10.7%	(76)	

Anatomical	major	(429)	 16.3%	(70)	
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In	 2,138	 cases	 (74.7%)	 the	 indication	 for	 liver	 resection	 was	 a	 malignant	 lesion(s),	 which	 was	

associated	with	a	conversion	rate	of	8.9%.	Resections	for	benign	lesions	had	a	conversion	rate	of	

3.8%	 (P	<	0.001).	 Lesions	were	grouped	according	 to	 their	 size	 (<3cm,	3	–	5cm,	and	>5cm)	and	

increasing	size	was	found	to	increase	the	likelihood	of	conversion	(odds	ratio	1.442,	P	<	0.001).	An	

increase	 in	 the	 extent	 of	 the	 resection	 (wedge,	 segmentectomy,	 bisegmentectomy,	

trisegmentectomy	 /	 hepatectomy	 and	 extended	hepatectomy)	was	 also	 found	 to	 be	 associated	

with	 an	 increased	 conversion	 rate	 (P	 <	 0.001).	 The	 classification	of	 resection	 (minor	 /	 technical	

major	 /	 anatomical	 major)	 also	 contributed	 to	 the	 rate	 of	 conversion	 (P	 <	 0.001	 (table	 3-3)).	

Patients	undergoing	minor	resections	had	a	conversion	rate	of	4.4%	while	for	technical	major	and	

anatomical	 major	 resections	 were	 10.7%	 and	 16.3%	 respectively.	 There	 was	 a	 trend	 toward	

lesions	 deeper	 than	 1cm	 from	 the	 capsular	 surface	 having	 a	 higher	 conversion	 rate	 (10.0%	

compared	 with	 8.3%	 in	 superficial	 lesions	 (p	 =	 0.320)).	 A	 higher	 conversion	 rate	 was	 noted	 in	

lesions	at	less	than	2cm	from	major	vascular	structures	(13.9%),	compared	with	lesions	more	than	

2	cm	from	major	vascular	structures	(7.9%	(p	=	0.002)).	The	presence	of	a	concurrent	procedure	

did	not	statistically	affect	the	likelihood	of	conversion	(p	=	0.657).		

	

3.4.2 Multivariate	analysis	of	risk	factors	for	conversion	(entire	cohort)	

Multivariate	 analysis	 using	 logistic	 regression	 demonstrates	 that	 the	 presence	 of	 cirrhosis,	

neoadjuvant	 chemotherapy,	 a	 lower	 ASA,	 previous	 liver	 resection,	 resections	 for	 malignant	

lesions,	 larger	 lesions,	 increasing	 volume	 of	 resection	 and	 resection	 within	 the	 ‘‘difficult	

segments’’	are	all	statistically	significant	factors	that	increase	the	likelihood	of	conversion	(shown	

in	 table	 3-4).	 Age,	 BMI,	 gender,	 previous	 laparoscopic	 or	 open	 upper	 abdominal	 surgery,	

concurrent	procedures	and	depth	of	 lesion	were	not	significant	 factors	on	multivariate	analysis.	

Interestingly,	 the	 effect	 of	 lesions	 less	 than	 2	 cm	 from	 the	 IVC	 /	 Hilar	 structures	 lost	 their	

statistical	significance	during	multivariate	analysis.	

	

3.4.3 Results	after	a	learning	curve	of	100	cases	

After	each	centre	had	gained	the	experience	of	100	LLRs,	the	conversion	rate	decreased	to	6.7%	

from	11.1%	(P	<	0.001).	Having	completed	100	cases,	the	following	were	confirmed	as	being	risk	

factors	for	conversion	on	univariate	analysis:	ASA	grade	(with	a	higher	conversion	rate	again	seen	

in	those	with	an	ASA	grade	I	or	II	(p	=	0.004)),	neoadjuvant	chemotherapy	(P	<	0.001),	resection	of	

malignant	lesions	(P	<	0.001),	previous	open	upper	abdominal	surgery	(p	=	0.004),	previous	liver	
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resection	(P	<	0.001),	lesions	<	2	cm	from	the	IVC	/	hilum	(p	=	0.003),	the	extent	(P	<	0.001)	and	

classification	of	the	resection	(P	<	0.001).	However,	cirrhosis	and	the	size	of	the	lesion	were	not	

significant	 factors	 (p	 =	 0.404	 and	 p	 =	 0.115	 respectively)	 once	 the	 centre	 had	 performed	more	

than	100	LLRs	cases.	The	results	of	the	multivariate	analysis	are	documented	below	(table	3-4).	

	

Table	3-4.	Results	of	the	multivariate	analysis	for	risk	factors	for	conversion	during	laparoscopic	

liver	resection	

Variables	 p	value	
(entire	
cohort,		

n	=	2,861)	

Odds	Ratio	(95%	C.I.)	
for	entire	cohort	

p	value	
(after	100	
cases,		

n	=	2,161)	

Odds	Ratio	(95%	C.I.)	
after	100	cases	

Age	 n/s	 	 n/s	 	

Gender	 n/s	 	 n/s	 	

BMI	 n/s	 	 n/s	 	

Previous	
Laparoscopic	Surgery	

n/s	 	 n/s	 	

Previous	Open	Upper	
Abdominal	Surgery	

n/s	 	 n/s	 	

Deep	Lesions	(>1cm	
from	capsule)	

n/s	 	 n/s	 	

Close	proximity	to	
IVC	/	Hilar	structures	

n/s	 	 n/s	 	

Concurrent	
Procedure		

n/s	 	 n/s	 	

Lesion	Size	 0.001	 1.423	(1.163	–	1.741)	 n/s	 	

Presence	of	Cirrhosis	 0.013	 1.750	(1.127	–	2.717)	 n/s	 	

ASA	(Low	/	High)	 0.032	 0.680	(0.478	–	0.967)	 0.009	 0.569	(0.371	–	0.871)	

Resection	Extent	 0.003	 1.236	(1.072	–	1.424)	 0.002	 1.291	(1.101	–	1.514)	

Neoadjuvant	
Chemotherapy	

0.038	 1.460	(1.021	–	2.088)	 0.016	 1.628	(1.097	–	2.417)	

Classification	of	
Resection	

<0.001	 1.712	(1.430	–	2.049)	 <0.001	 1.870	(1.494	–	2.340)	

Malignant	Lesions	 0.033	 1.721	(1.045	–	2.835)	 0.047	 1.922	(1.008	–	3.662)	

Previous	Liver	
Resection	

<0.001	 2.266	(1.626	–	3.157)	 <0.001	 2.345	(1.598	–	3.441)	
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3.4.4 Analysis	of	outcomes	

Patients	 who	 had	 a	 conversion	 had	 an	 increased	 in	 length	 of	 stay	 in	 high	 dependency	 units	

compared	with	those	who	had	their	case	completed	laparoscopically	(2	days	compared	with	0	(P	<	

0.001)).	The	same	pattern	was	seen	in	the	length	of	hospital	stay	(7	vs	4	days	(P	<	0.001)).	Analysis	

of	 the	 complications	 demonstrates	 that	 patients	 who	 required	 a	 conversion	 had	 a	 statistically	

higher	complication	 rate	 (39.1%	vs	17.1%,	 (P	<	0.001))	and	 that	 the	severity	 (based	on	Clavien–

Dindo	 classification)	 of	 these	 complications	 was	 higher	 (P	 <	 0.001).	 Conversion	 was	 associated	

with	a	trend	toward	higher	readmission	rates	(5.4%	vs	3.0%	(p	=	0.179)).	Importantly,	conversion	

was	associated	with	a	higher	30-day	(3.5%	vs	0.6%	(P	<	0.001))	and	90-day	mortality	(5.6%	vs	1.0%	

(P	 <	 0.001)).	With	 the	 exception	 of	 extended	 hepatectomies	 patients	who	 required	 conversion	

had	 longer	 operations	 with	 higher	 intraoperative	 blood	 loss	 (with	 respect	 to	 resection	 extent)	

than	those	who	had	their	cases	completed	laparoscopically	(table	3-5).	

	

Table	3-5.	Intra-operative	blood	loss	and	duration	of	cases	completed	laparoscopically	and	those	

requiring	conversion	with	respect	to	extent	of	resection.	Interquartile	range	(IQR).	

Resection	Extent	 Laparoscopic	
(IQR)	

Converted	
(IQR)	

P	value	

Median	estimated	blood	loss	(ml)	
Wedge	/	Atypical	
segmentectomy	

150	
(50	–	250)	

350	
(150-710)	

<0.001	

Anatomical	segmentectomy	 250	
(100	–	495)	

400	
(210	–	625)	

<0.001	

Bisegmentectomy	/	
Sectionectomy	

200	
(50	–	350)	

600	
(450	–	1,110)	

<0.001	

Trisegmentectomy	/	Hemi-
hepatectomy	

350	
(200	–	650)	

650	
(500	–	1,425)	

<0.001	

Extended	Hepatectomy	 750	
(525	–	1,200)	

800	
(550	–	1,435)	

0.712	

Median	intra-operative	time	(mins)	
Wedge	/	Atypical	
segmentectomy	

145	
(90	–	200)	

213	
(130	–	340)	

<0.001	

Anatomical	segmentectomy	 200	
(140	–	260)	

265	
(226	–	338)	

0.006	

Bisegmentectomy	/	
Sectionectomy	

180	
(120	–	240)	

290	
(218	–	357)	

<0.001	

Trisegmentectomy	/	Hemi-
hepatectomy	

298	
(260	–	360)	

310	
(260	–	392)	

0.001	

Extended	Hepatectomy	 376	
(350	–	420)	

335	
(310	–	388)	

0.171	
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3.4.5 Patient	outcomes	following	conversion:	a	subgroup	analysis	

Subgroup	analysis	was	performed	between	the	patients	who	had	a	conversion	for	an	UIF	and	the	

patients	having	a	conversion	for	an	UIE.	Patients	requiring	conversion	for	an	unfavourable	finding	

had	a	median	HDU	stay	of	1	day	(range	0	–	17),	compared	to	of	2	days	(range	0	–	44)	for	patients	

who	had	a	conversion	for	an	unfavourable	event	(p	=	0.001).	Patients	who	had	a	conversion	for	an	

unfavourable	 finding	 had	 a	median	 hospital	 stay	 of	 6	 days	 (range	 1	 –	 57)	 compared	 to	 8	 days	

(range	 2	 –	 91)	 for	 the	 patients	 requiring	 conversion	 for	 an	 unfavourable	 event	 (p	 =	 0.001).	

Although	the	incidence	of	postoperative	complications	was	not	statistically	different	between	the	

2	 subgroups	 (p	 =	 0.157)	 patients	 requiring	 conversion	 for	 an	 unfavourable	 event	 had	 higher	

grades	of	 complications	 (p	=	0.026).	 Importantly,	 a	 trend	 toward	a	higher	30-day	mortality	was	

noted	in	the	group	requiring	conversion	for	an	unfavourable	event	(5.5%	vs	1.9%	(p	=	0.165))	and	

was	definitively	associated	with	a	higher	90-daymortality	 (10.0%	vs	1.9%	 (p	=	0.013))	compared	

with	conversion	for	an	unfavourable	finding.	

	

3.4.6 Comparison	of	cases	completed	laparoscopically	and	those	requiring	conversion	for	

unfavourable	intra-operative	findings	

Patients	who	had	 a	 conversion	 for	 an	UIF	 had	 a	 longer	HDU	and	 total	 hospital	 stay	 than	 those	

having	their	cases	completed	laparoscopically	(HDU:	1	day	vs	0	days	(p	=	0.006)	and	total	hospital	

stay:	6	days	vs	4	days	(P	<	0.001).	Those	requiring	conversion	for	an	unfavourable	finding	also	had	

a	higher	 complication	 rate	 (35.0%	vs	 17.1%	 (P	 <	 0.001))	 and	 grade	of	 complication	 (P	 <	 0.001).	

There	 was	 no	 difference	 in	 the	 readmission	 (p	 =	 0.171)	 or	 30-day	mortality	 rate	 between	 the	

groups	 (p	 =	 0.095).	 Conversion	 for	 unfavourable	 findings	 was	 associated	 with	 a	 higher	 90-day	

mortality	 than	 those	 cases	 that	 were	 completed	 laparoscopically	 (1.9%	 vs	 1.0%	 (P	 <	 0.001)),	

however	 this	 is	 far	 lower	 than	 that	 seen	 for	 conversion	 for	 unfavourable	 events	 (10.0%	 (p	 =	

0.013)).	
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3.5 Discussion	

The	move	 from	minimally	 invasive,	 non-anatomical	 peripheral	 wedge	 resections	 to	major	 liver	

resections	 over	 the	 last	 20	 years	 represents	 the	 evolution	 of	 surgical	 technique,	 technological	

development	 and	 an	 increased	 understanding	 of	 patient	 physiology.	 Although	 many	 studies	

report	 the	 benefits	 of	 laparoscopic	 surgery	 in	 terms	 of	 decreased	 intraoperative	 blood	 loss,	 a	

shorter	hospital	stay,	reduced	morbidity,	and	comparable	long-term	outcomes	(52,	65-67,	71,	74,	

115)	 there	 is	 currently	 limited	 evidence	 evaluating	 the	 potential	 negative	 outcomes	 associated	

with	conversion	to	open	surgery	(10,	96,	97).	

The	 current	 study	 represents	 the	 largest	 of	 its	 kind	 combining	 pre-,	 intra-,	 and	 postoperative	

information	from	7	tertiary-referral	centres	to	provide	data	on	2,861	cases.	The	conversion	rate	

for	the	entire	cohort	was	7.8%.	This	is	higher	than	the	conversion	rate	of	4.1%	noted	by	Nguyen	

and	colleagues	(2009),	however,	this	contained	a	higher	proportion	of	minor	resections	and	pure	

laparoscopic	resections	only	accounted	for	75%	of	cases	(55).	The	conversion	rate	in	the	current	

study	is	lower	than	that	reported	by	Dagher	and	colleagues	at	10%,	which	is	likely	due	to	the	fact	

that	 they	examined	only	major	hepatectomies	 (61)	while	 the	current	work	 included	both	minor	

and	major	resections.	Of	note,	we	have	demonstrated	a	reduction	in	the	conversion	rate	(11.1%	

to	6.7%	(P	<0.001))	after	excluding	the	first	100	LLRs	in	each	centre	highlighting	the	considerable	

impact	of	the	learning	curve	on	LLS.	

The	commonest	cause	of	conversion	was	found	to	be	bleeding,	which	was	responsible	for	36.5%	

of	 all	 conversions,	 which	 corroborates	 the	 findings	 of	 previous	 studies	 (82,	 97).	 Multivariate	

analysis	found	that	age,	gender,	BMI,	and	concurrent	procedures	had	no	effect	on	the	likelihood	

of	conversion.	

Interestingly,	previous	laparoscopic	or	open	upper	abdominal	surgery	was	not	found	to	have	any	

effect	 on	 the	 likelihood	 of	 conversion.	 However,	 adhesions	 were	 responsible	 for	 18.9%	 of	

conversions.	This	may	be	explained	by	 the	 finding	 that	previous	 liver	 resection	was	significantly	

associated	with	an	increased	risk	of	conversion	on	both	univariate	and	multivariate	analyses,	thus	

suggesting	 that	 adhesions	 from	 previous	 liver	 resection,	 rather	 than	 adhesions	 from	 previous	

abdominal	surgery,	increase	the	likelihood	of	conversion.	

The	 results	 from	 the	 entire	 cohort	 demonstrate	 that	 patients	 with	 an	 ASA	 grade	 I	 or	 II	 had	 a	

conversion	rate	of	9.5%,	compared	with	5.6%	in	patients	with	an	ASA	grade	III	or	IV.	However,	this	

is	 likely	 due	 to	 the	 fact	 that	 63.0%	 of	 patients	 with	 a	 high	 ASA	 grade	 underwent	 minor	 liver	

resections	compared	with	only	34.1%	of	patients	with	a	low	ASA	grade.	Cirrhosis	and	neoadjuvant	

chemotherapy	 were	 both	 found	 to	 increase	 the	 likelihood	 of	 conversion,	 a	 finding	 that	 is	
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supported	 by	 other	 studies	 (84,	 96).	 This	 finding	 is	 most	 likely	 due	 to	 increased	 difficulty	 of	

parenchymal	 transection	 in	 cirrhotic	 and	 post-chemotherapy	 patients.	 However,	 once	 the	

learning	curve	was	overcome	the	presence	of	cirrhosis	was	no	longer	significantly	associated	with	

an	 increased	 risk	of	 conversion.	Resections	 for	malignant	 lesions	had	a	 conversion	 rate	of	8.9%	

compared	with	 3.8%	 for	 benign	 lesions,	 an	 increase	 that	 is	 likely	 to	 be	 related	 to	 a	 number	 of	

factors	including	the	need	for	clear	resection	margins,	neoadjuvant	chemotherapy,	cirrhosis,	and	

previous	liver	resection.	

The	increased	difficulty	of	resecting	large	lesions	has	been	previously	documented	(10,	87)	and	is	

supported	by	the	results	of	our	study,	which	demonstrated	that	in	surgeons	still	overcoming	the	

learning	curve,	an	 increase	 in	 lesion	 size	 is	associated	with	an	 increased	 risk	of	 conversion.	The	

classification	 of	 resections	 into	minor,	 technically	major,	 and	 anatomical	major	 proposed	 by	Di	

Fabio	and	colleagues	also	had	a	statistically	significant	effect	on	the	likelihood	of	conversion	(69).	

Our	study	is	one	of	the	first	to	include	‘‘technically	major’’	resections	in	its	analysis	and	it	confirms	

the	 importance	 of	 this	 classification	 as	 resections	with	 a	 comparable	 volume	 in	 the	 technically	

challenging	 segments	 had	 a	more	 than	2-fold	 increase	 in	 the	 rate	 of	 conversion.	 This	 finding	 is	

supported	 by	 the	 work	 of Kawaguchi	 and	 colleagues	 who	 classified	 resections	 in	 the	 postero-

superior	segments	among	the	most	 technically	challenging	resections	and	found	that	 they	were	

associated	with	 higher	 conversion	 rates	 than	 those	 in	 the	 antero-lateral	 segments	 (104).	Other	

studies	 have	 suggested	 that	 patients	 requiring	 conversion	 had	 worse	 postoperative	 outcomes	

than	 patients	 who	 had	 their	 case	 complete	 laparoscopically	 (10,	 97).	 The	 results	 of	 our	 study	

confirm	this—the	patients	who	required	a	conversion	had	a	 longer	HDU	and	total	hospital	stay,	

more	frequent	and	severe	complications	and	a	higher	30	and	90-day	mortality.	

The	most	important	finding	of	this	study	is	from	the	subgroup	analysis	performed	on	the	cohort	of	

patients	 who	 underwent	 conversion.	 Patients	 who	 had	 a	 conversion	 secondary	 to	 an	

unfavourable	 event	 had	 significantly	 worse	 outcomes	 than	 those	 who	 had	 conversions	 for	 an	

unfavourable	 finding.	 Conversions	 related	 to	 an	 unfavourable	 event	 were	 associated	 with	 a	

significantly	longer	HDU	stay	(1	vs	2	day)	and	inpatient	stay	(6	vs	8	days).	Although	the	frequency	

of	 complications	 did	 not	 vary	 between	 the	 2	 groups,	 it	 was	 noted	 that	 patients	 who	 had	

conversions	 for	 unfavourable	 events	 had	 higher	 grades	 of	 complications	 and	 most	 notably	 a	

higher	 90-day	 mortality	 (10.0%	 vs	 1.9%).	 Conversion	 due	 to	 “cardiovascular	 instability	 upon	

induction	of	the	pneumoperitoneum”	has	been	grouped	with	the	UIEs	as	 it	an	 indication	that	 is	

considered	an	emergency.	However,	 it	will	 have	 resulted	 in	a	 conversion	early	 in	 the	operation	

and	hence	is	likely	to	share	similar	outcomes	with	the	indication	classified	as	UIFs.	Hence,	if	they	

were	 to	 be	 removed	 from	 the	 UIEs	 group	 ever	 worse	 outcomes	 could	 be	 expected	 from	 this	
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group.	 It	 is	 noteworthy	 that	 conversion	 for	 unfavourable	 findings	 had	 comparable	 readmission	

and	 30-day	 mortality	 rates	 as	 those	 cases	 completed	 laparoscopically	 and	 although	 it	 was	

associated	 with	 a	 higher	 90-day	 mortality	 this	 was	 far	 lower	 than	 that	 associated	 with	

unfavourable	events.	

The	 results	 indicate	 that	 several	 factors,	 other	 than	 tumour	 characteristics,	 influence	 the	

likelihood	of	conversion	and	should	be	considered	during	preoperative	planning.	The	finding	that	

morbidity	 and	 mortality	 are	 increased	 in	 patients	 who	 required	 conversion	 can	 be	 expected.	

However,	the	vast	difference	in	patient	outcomes	between	those	that	have	a	conversion	related	

to	 an	 unfavourable	 events	 such	 as	 bleeding,	 accidental	 damage	 to	 surrounding	 structures	 or	

concerns	of	a	 compromised	 resection	margin	 (after	a	 lengthy	 laparoscopic	 resection)	 compared	

with	 those	 converted	 electively	 for	 unfavourable	 findings	 is	 novel	 and	 hugely	 important.	 Our	

findings	highlight	the	 importance	of	patient	selection	 in	the	early	phase	of	 the	 learning	curve,	a	

cautious	 approach	 in	 the	 implementation	 of	 new	 laparoscopic	 liver	 services	 and	 a	 judicious	

surgical	attitude	toward	conversion.	

At	 this	 time	difficulty	 scores	 for	 LLS	 focus	 specifically	 on	 liver	 and	 tumour	 factors	 and	overlook	

patient	 and	 surgical	 characteristics	 such	 as	 previous	 liver	 resections	 and	 neoadjuvant	

chemotherapy	that	this	study	clearly	demonstrates	have	an	effect	on	the	rate	of	conversion	and	

hence	 patient	 outcome.	 The	 results	 of	 this	 study	 stress	 the	 need	 for	 a	 comprehensive	 scoring	

system	that	can	be	produced	preoperatively	to	establish,	not	only	the	risk	of	conversion,	but	also	

the	difficulty	of	 a	 case	based	upon	patient,	 surgical,	 and	 tumour	 factors	 in	order	 that	 surgeons	

and	centres	have	a	tool	for	case	selection	to	minimize	the	risk	to	patients	from	conversion	due	to	

UIEs.	In	the	meanwhile,	conversion	should	not	be	seen	as	a	failure	of	the	laparoscopic	approach	

but	must	be	considered	as	soon	as	the	surgeon	perceives	increased	difficulty	or	fails	to	progress	

as	 it	 is	of	uttermost	 importance	 that	 if	 conversion	 is	 required	 it	occurs	prior	 to	an	UIE.	 Thus,	 it	

must	 be	 stressed	 that	 surgeons	 are	 aware	 of	 their	 own	 limitation	 and	 progress	 through	 the	

learning	curve	in	a	step-wise	manner	in	order	that	cases	beyond	their	current	capabilities	are	not	

undertaken.	
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Chapter	4: The	Perception	Of	Difficulty	Of	Laparoscopic	

Liver	Surgery	

4.1 Introduction	

The	acquisition	and	mastery	of	a	complex	skill	 is	conventionally	achieved	 in	a	step-wise	fashion,	

requiring	 the	 initial	mastery	 of	 simple	 tasks	with	 the	 addition	 of	 increasingly	 complex	 steps	 to	

achieve	proficiency	with	more	complex	skills.	LLS	has	enjoyed	an	increase	in	its	uptake	in	recent	

years	(55)	as	a	result	of	its	excellent	short	and	long-term	outcomes	(62,	70,	74,	113).	However,	its	

dissemination	has	been	far	slower	than	that	seen	with	other	laparoscopic	specialities.	Whilst,	over	

40%	of	colorectal	resections	are	performed	laparoscopically	(203,	204),	the	same	can	not	be	said	

for	LLS	(107),	which	 is	still	 limited	to	a	handful	of	specialist	tertiary	 liver	centres	due,	 in	part,	 to	

the	difficulty	of	the	procedures	(205,	206).	

The	EGMLLS	was	held	 in	February	2017	with	the	specific	 intent	of	developing	guidelines	 for	 the	

safe	 expansion	 of	 LLS	 (116).	 During	 the	 meeting	 the	 need	 for	 a	 stepwise	 progression	 in	 the	

training	of	 laparoscopic	 liver	 surgeons	was	 specifically	highlighted.	While	 the	EGMLLS	produced	

the	 first	 evidence-based	 and	 expert	 validated	 clinical	 practice	 recommendations	 (11)	 earlier	

publications	have	supported	the	notion	of	incremental	 increases	in	difficulty	in	order	to	develop	

technical	competency	prior	to	progressing	to	more	complex	resections	(102,	107).	

In	order	 that	progressive	steps	may	be	taken	during	the	training	of	a	 laparoscopic	 liver	surgeon	

there	must	 be	 an	objective	means	of	 pre-operatively	 attributing	difficulty	 to	 a	 given	operation.	

Ban	 and	 colleagues	 (2014)	 proposed	 “a	 novel	 difficulty	 scoring	 system	 for	 laparoscopic	 liver	

resection”	that	highlighted	five	factors	that	made	the	resection	of	a	neoplasm	more	difficult	(207).		

This	has	been	followed	recently	by	a	classification	system	proposed	by	Kawaguchi	and	colleagues	

(2017),	 which	 groups	 operations	 by	 difficulty	 to	 allow	 for	 patient	 selection	 based	 on	 the	

experience	 of	 the	 surgeon	 (104).	 These	 classifications	 correlate	 well	 with	 one	 another	

demonstrating	that	small	peripheral	resections	in	the	left	liver	are	less	complex	than	large,	central	

or	 postero-superior	 resections	 on	 the	 right.	 However,	 while	 these	 difficulty	 scoring	 systems	

provide	 useful	 guidance	 they	 are	 inadequate	 as	 they	 focus	 entirely	 on	 tumour	 factors	 and	

resection	 type	 and	overlook	 several	 patient	 factors	 that	 have	been	previously	 demonstrated	 to	

affect	 the	 difficulty	 of	 a	 LLR	 including	 neoadjuvant	 chemotherapy,	 repeated	 resection,	 body	

habitus	/	Body	Mass	Index	(BMI),	Age	and	diabetes	(10,	96,	99,	101,	165,	208).		
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The	 recent	 publication	 by	 van	 der	 Poel	 and	 colleagues	 (2017)	 re-enforces	 the	 importance	 of	 a	

step-wise	progression	in	the	training	of	a	 laparoscopic	liver	surgeon	(209)	and	the	ability	to	pre-

operatively	estimate	of	the	difficulty	of	a	specific	resection	is	integral	to	this.	The	current	absence	

of	 a	difficulty	 score	 that	 incorporates	patient,	 surgeon	and	 tumour	 factors	 suggests	 that	not	all	

the	important	variables	have	been	adequately	recognised.		
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4.2 Aim	

The	 aim	 of	 this	 study	was	 to	 assess	 the	 opinion	 of	 international	 laparoscopic	 liver	 surgeons	 to	

establish	the	currently	held	beliefs	as	to	which	factors	affect	the	difficulty	of	a	laparoscopic	liver	

resection	 and	 hence	 which	 factors	 should	 be	 considered	 for	 incorporation	 in	 future	 difficulty	

scoring	systems.	

	 	



Chapter	4	

66	

4.3 Method	

To	 establish	 which	 factors	 are	 currently	 regarded	 as	 influencing	 the	 difficulty	 of	 LLRs	 a	

comprehensive	literature	review	was	performed	using	Ovid	Medline	and	Pubmed	in	July	2016.	All	

studies	in	English	with	more	than	10	patients	describing	“difficult”	resections	and	those	requiring	

“conversion”	during	LLS	were	reviewed.	The	results	of	this	literature	review	were	used	to	produce	

of	 an	 online	 survey	 of	 26	 factors	 that	 was	 sent	 directly	 to	 190	 established	 laparoscopic	 liver	

surgeons	and	was	disseminated	through	the	E-AHPBA	website	to	its	members.	

The	survey	required	the	recipients	to	use	a	modified	Visual	Analogue	Scale	(VAS)	to	rate	how	the	

26	 factors	 found	 during	 the	 literature	 review	 affected	 the	 difficulty	 of	 a	 resection.	 A	 VAS	 was	

selected	as	it	has	been	demonstrated	to	be	simple	to	use,	reproducible	and	allow	the	production	

of	quantitative	data	from	subjective	opinion	(210).	The	scale	ranged	from	0	(the	associated	factor	

does	not	affect	the	difficulty	of	a	LLR)	through	to	5	(the	associated	factor	adds	maximal	difficulty	

to	a	LLR).	In	addition,	the	respondents	were	also	asked	to	provide	an	estimate	of	how	many	LLRs	

they	had	personally	performed.	

Although	 it	 is	 not	 possible	 to	 attribute	 a	 single,	 specific	 value	 to	 the	 number	 of	 procedures	 a	

laparoscopic	liver	surgeon	must	perform	to	be	proficient	numerous	papers	have	reported	that	the	

learning	 curve	 for	 minor	 resections	 is	 between	 20	 and	 60	 procedures,	 while	 that	 for	 major	

resections	 is	between	30	and	60	procedures	 (61,	78,	100,	108).	Hence,	a	subgroup	analysis	was	

performed	 comparing	 the	 responses	 of	 those	 surgeons	 who	 had	 performed	 less	 than	 100	

procedures	 (still	 on	 the	 learning	 curve)	 with	 those	 who	 have	 performed	 more	 than	 100	

procedures	(completed	the	learning	curve)	to	establish	the	effect	of	increasing	experience	on	the	

perception	of	difficulty	in	LLS.	

For	descriptive	purposes	 the	VAS	 scores	were	 grouped	as	 follows:	 0	 and	1	 representing	 factors	

“adding	 no	 or	 minimal	 difficulty	 to	 a	 laparoscopic	 liver	 resection”;	 2	 and	 3	 “adding	 moderate	

difficulty	 to	 a	 laparoscopic	 liver	 resection”	 and	 4	 and	 5	 “adding	 maximal	 difficulty	 to	 a	

laparoscopic	 liver	 resection”	 with	 the	 mode	 (most	 frequent	 response)	 reported.	 A	 clinically	

significant	change	was	defined	as	a	categorical	change	e.g.	from	“adding	no	or	minimal	difficulty	

to	a	laparoscopic	liver	resection”	to	“adding	moderate	difficulty	to	a	laparoscopic	liver	resection”.	

Statistical	 analysis	 was	 performed	 on	 the	 original	 ungrouped	 data	 using	 IBM	 SPSS	 Statistics	

version	 24.	 Tests	 for	 normality	 were	 performed	 using	 Kolmogorov–Smirnov	 and	 Shapiro–Wilk	

tests.	
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The	Mann–Whitney	U	 test	was	used	 for	non-parametric	outcomes	of	binary	 variables	and	one-

way	 ANOVA	 was	 used	 for	 comparison	 of	 multiple	 variables.	 Percentages	 are	 listed	 as	 whole	

numbers.	Statistical	significance	was	defined	as	p	<0.05.	
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4.4 Results	

The	 survey	 returned	 80	 responses	 (42%	 response	 rate)	 from	 a	mixed	 cohort	 of	 surgeons	 from	

Europe,	Northern	America	and	Asia	with	a	collective	experience	of	7,196	LLRs.	The	median	(range)	

was	34	(<10	to	>650)	LLRs.	Nineteen	respondents	(24%)	had	performed	over	100	procedures	and	

were	 responsible	 collectively	 for	 5,090	 (71%)	 procedures,	 while	 9	 respondents	 (11%)	 had	 a	

personal	 experience	 of	 over	 200	 procedures	 and	 between	 them	 had	 a	 collective	 experience	 of	

3,810	(53%)	procedures.	Regarding	centres	the	median	(range)	was	80	(5	to	>300)	liver	resections	

annually	with	5	–	65%	of	these	performed	laparoscopically.	

	

	

Table	4-1.	Visual	Analogue	Scale	responses	from	the	entire	cohort	(n	=	80)	

Category	 Factors	 Percentage	response	
	 	 Adds	no	/	minimal	

difficulty	
(VAS	0	&	1)	

Adds	moderate	
difficulty	

(VAS	2	&	3)	

Adds	maximal	
difficulty	

(VAS	4	&	5)	

Patient	factors	

BMI	>30	 40	 51	 9	

BMI	>35	 11	 48	 41	

Male	gender	 79	 21	 0	

Age	>	65	 85	 13	 2	

Age	>75	 71	 21	 8	

ASA	>3	 45	 36	 19	

Cirrhosis	 4	 31	 65	

Neo-adjuvant	Chemotherapy	 21	 58	 21	

Surgical	history	

Previous	laparoscopic	
surgery	

69	 26	 5	

Previous	open	surgery	 23	 65	 12	

Previous	liver	resection	 1	 51	 48	

Two	previous	liver	resections	 0	 19	 81	

Tumour	factors	

Benign	lesion	 96	 4	 0	

Lesion	size	<3cm	 96	 4	 0	

Lesion	size	3-5cm	 64	 36	 0	

Lesion	size	>5cm	 24	 54	 22	

Deep	location	(>1cm	from	
capsule)	

35	 50	 15	

Lesion	<2cm	from	hilum/IVC	 14	 42	 44	
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Category	 Factors	 Percentage	response	
	 	 Adds	no	/	minimal	

difficulty	
(VAS	0	&	1)	

Adds	moderate	
difficulty	

(VAS	2	&	3)	

Adds	
maximal	
difficulty	

(VAS	4	&	5)	

Planned	
operation	

Wedge	resection	 78	 22	 0	

Anatomical	Segmentectomy	 41	 48	 11	

Left	Lateral	Sectionectomy	 91	 5	 4	

Left	Hepatectomy	 31	 54	 15	

Right	Hepatectomy	 14	 47	 39	

Anterior	Sectionectomy	 15	 41	 44	

Posterior	Sectionectomy	 9	 27	 64	

Concurrent	procedure	 41	 53	 6	

	

The	 responses	 of	 the	whole	 cohort	 are	 shown	 in	 table	 4-1.	 Factors	 associated	with	 a	 clinically	

significant	 change	 in	 VAS	 are	 shown	 in	 figures	 4-1	&	 4-2.	 Subgroup	 analysis	 comparing	median	

VAS	of	the	factors	between	surgeons	with	a	personal	experience	of	less	than	or	greater	than	100	

LLRs	is	shown	in	table	4-2.	
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Figure	4-1.	Box-and-whisker	plot	of	Visual	Analogue	Scale	responses	reported	by	surgeons	of	

difficulty	added	by	repeated	resection	

		

	

Figure	4-2.	Box-and-whisker	plot	of	Visual	Analogue	Scale	responses	reported	by	surgeons	of	

difficulty	added	by	tumour	size	
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Table	4-2.	Comparative	Visual	Analogue	Scale	responses	between	surgeons	with	a	personal	

experience	of	less	than	100	laparoscopic	liver	resections	and	more	than	100	

laparoscopic	liver	resections	

Factor	 Median	(IQR)	VAS	for	
surgeons	with	<100	
procedures	(n	=	61)	

Median	(IQR)	VAS	for	
surgeons	with	>100	
procedures	(n	=	19)	

p-value	

BMI	>30	 2	(0	–	3)	 2	(0	–	3)	 0.903	

BMI	>35	 3	(2	–	4)	 3	(2	–	4)	 0.436	

Male	gender	 0	(0	–	1)	 0	(0	–	1)	 0.573	

Age	>	65	 0	(0)	 0	(0	–	1)	 0.767	

Age	>75	 0	(0	–	2)	 1	(0	–	2)	 0.510	

ASA	>3	 2	(1	–	3)	 1	(1	–	3)	 0.367	

Cirrhosis	 4	(3	–	5)	 4	(3	–	4)	 0.661	

Neo-adjuvant	
Chemotherapy	

2	(2	–	3)	 3	(2	–	4)	 0.186	

Previous	laparoscopic	
surgery	

1	(0	–	2)	 1	(1	–	2)	 0.190	

Previous	open	surgery	 3	(1	–	3)	 3	(2	–	3)	 0.519	

Previous	liver	resection	 3	(3	–	4)	 3	(3	–	4)	 0.719	

Two	previous	liver	
resections	

4	(4	–	5)	 4	(4	–	5)	 0.767	

Benign	Lesion	 0	(0	–	1)	 0	(0)	 0.186	

Lesion	size	<3cm	 0	(0)	 0	(0)	 0.94	

Lesion	size	3-5cm	 1	(1	–	2)	 1	(0	–	1)	 0.020	

Lesion	size	>5cm	 2	(2	–	4)	 2	(1	–	2)	 0.070	

Deep	location	(>1cm	
from	capsule)	

2	(1	–	3)	 1	(1	–	2)	 0.045	

Lesion	<2cm	from	
Hilum	/	IVC	

4	(2	–	4)	 3	(2	–	3)	 0.153	

Wedge	resection	 1	(0	–	2)	 0	(0)	 0.012	

Anatomical	
segmentectomy	

2	(1	–	3)	 2	(1	–	3)	 0.902	

Left	lateral	
sectionectomy	

0	(0	–	1)	 0	(0)	 0.043	

Left	Hepatectomy	 2	(1	–	3)	 2	(1	–	3)	 0.206	

Right	Hepatectomy	 3	(2	–	4)	 3	(2	–	4)	 0.987	

Anterior	sectionectomy	 3	(2	–	5)	 3	(3	–	4)	 0.911	

Posterior	
sectionectomy	

4	(3	–	5)	 4	(3	–	5)	 0.183	

Concurrent	Procedure	 2	(1	–	3)	 2	(1	–	2)	 0.661	

IQR	denotes	inter-quartile	range	 	
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4.5 Discussion	

This	 survey	 provides	 an	 accurate	 representation	 of	 the	 current	 opinion	 of	 international	

laparoscopic	liver	surgeons,	both	in	terms	of	experienced	and	more	junior	surgeons.	It	reports	the	

opinions	 of	 surgeons	 whom	 are	 collectively	 responsible	 for	 7,196	 procedures	 (at	 the	 time	 of	

survey).	When	this	is	considered	with	respect	to	the	largest,	and	most	recent,	meta-analysis	of	LLS	

that	 reports	 9,527	 procedures	 (62)	 it	 is	 reasonable	 to	 conclude	 that	 this	 survey	 provides	 a	 fair	

representation	of	the	currently	held	beliefs.	

The	 results	 highlight	 that	 both	 patient	 and	 tumour	 factors	 are	 believed	 to	 contribute	 to	 the	

difficulty	 of	 a	 LLR.	 Among	 the	 factors	 believed	 to	 add	 moderate	 difficulty	 to	 a	 LLR	 were	 an	

elevated	 BMI;	 neoadjuvant	 chemotherapy;	 previous	 open	 abdominal	 surgery	 and	 concurrent	

procedures.	Whilst	 previous	 liver	 resections	 and	 a	 close	 proximity	 to	 the	major	 hilar	 structures	

were	 felt	 to	 add	 maximal	 difficulty.	 These	 results	 are	 supported	 by	 previous	 studies	 that	

demonstrated	that	these	factors	increase	the	likelihood	of	conversion	during	of	LLRs	(10,	96,	99,	

101,	165,	208)	however	they	have	not	been	included	in	the	previous	difficulty	scores	proposed	by	

Ban	and	colleagues	(2014)	and	by	Kawaguchi	and	colleagues	(2017)	(104,	207).	

Interestingly,	the	majority	of	factors	were	attributed	the	same	difficulty	ratings	on	the	VAS	within	

the	 sub-group	 analysis	 performed	 between	 surgeons	 whom	 had	 performed	 less	 than	 100	

procedures	and	those	with	more	than	100	procedures.	The	only	differences	arose	with	respect	to	

wedge	 resections;	 left	 lateral	 sectionectomies;	 the	 resections	of	 lesions	between	3	and	5	 cm	 in	

diameter	and	those	deeper	than	1	cm	from	the	liver	capsule	that	were	attributed	higher	difficulty	

rating	by	less	experienced	surgeons.	

The	current	results	suggest	that	both	experienced,	and	relatively	inexperienced,	laparoscopic	liver	

surgeons	believe	multiple	 factors	affect	 the	difficulty	of	 a	 LLR.	However,	 the	 currently	 available	

scoring	systems	used	to	estimate	the	difficulty	of	LLS	do	not	take	into	account	all	the	factors	that	

are	believed	to	affect	difficulty.	With	the	fundamental	need	to	quantify	the	difficulty	of	a	LLR	to	

enable	 pre-operative	 patient	 selection	 this	 study	 calls	 for	 the	 development	 of	 a	 new	 scoring	

system	that	incorporates	patient	factors,	surgical	history,	as	well	as	tumour	and	operative	factors.	
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Chapter	5: The	Development	And	Validation	Of	A	

Difficulty	Score	For	Laparoscopic	Liver	Surgery	

5.1 Introduction	

Laparoscopic	 liver	surgery	has	been	demonstrated	to	reduce	 intraoperative	blood	 loss,	duration	

of	 hospital	 stay	 and	 morbidity,	 while	 maintaining	 the	 oncological	 efficiency	 of	 its	 open	

counterpart	at	a	similar	financial	cost	(52,	62,	65-67,	71,	74,	75,	77,	104,	113-115).	However,	there	

is	 considerable	 variation	 in	 the	 technical	 complexity	 of	 different	 procedures	 (104,	 207)	 and	 a	

substantial	 learning	 curve	 to	 overcome	 (78,	 100,	 105,	 108).	 Previous	 studies	 (102,	 107)	 have	

highlighted	the	need	for	a	stepwise	progression	through	the	learning	curve	in	order	to	minimize	

morbidity,	 and	 this	 sentiment	 was	 reinforced	 during	 the	 European	 Guidelines	Meeting	 for	 LLS	

(11).	

Conversion	 during	 LLS	 should	 not	 be	 viewed	 as	 a	 failure	 of	 the	 operation	 as	 in	 certain	

circumstances	it	 is	necessary	for	safe	progression	and	to	ensure	adequate	oncological	clearance.	

However,	recent	work	(208)	has	demonstrated	that	patients	requiring	conversion	to	open	surgery	

have	 worse	 outcomes	 than	 those	 who	 whose	 resection	 is	 completed	 laparoscopically.	 This	 is	

especially	 true	 if	 the	 reason	 for	 conversion	 is	an	UIE.	Therefore,	 case	 selection	 is	of	paramount	

importance	 to	 ensure	 that	 the	 difficulty	 of	 a	 procedure	 is	 matched	 to	 the	 experience	 of	 the	

surgeon,	particularly	during	the	learning	curve.	

To	 ensure	 that	 resections	 of	 appropriate	 difficulty	 are	 selected	 for	 individual	 surgeons,	 an	

objective	means	of	preoperative	stratification	of	difficulty	is	required.	Ban	and	colleagues	(2014)	

(207)	proposed	a	difficulty	scoring	system	for	LLS	that	highlighted	five	factors	that	increased	the	

difficulty	 of	 resection	 of	 liver	 tumours.	 However,	 this	 score	 was	 developed	 based	 upon	 the	

subjective	 interpretation	 of	 difficulty	 of	 86	 LLRs	 at	 three	 separate	 centres	 by	 four	 different	

surgeons.	 In	 addition,	 all	 patients	 were	 from	 an	 Asian	 population	 with	 a	 higher	 incidence	 of	

cirrhosis	and	hepatocellular	carcinoma	and	 lower	BMI	than	would	be	expected	 in	Europe.	More	

recently	Kawaguchi	and	colleagues	(2017)	proposed	a	classification	of	laparoscopic	resections	that	

incorporated	 the	 location	 and	 extent	 of	 resection,	 and	 included	 technically	 complex	 resections	

(69,	104).	This	classification	grouped	resections	by	complexity	to	allow	case	selection.	However,	

although	this	study	reported	data	from	a	European	population,	it	was	based	on	data	from	a	single	

institution	and	only	took	type	of	resection	into	account;	patient	and	tumour	factors	were	ignored.	
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These	 scoring	 systems	 correlate	 well	 with	 one	 another,	 suggesting	 that	 resections	 of	 a	 small	

peripheral	 lesions,	 in	 the	anterolateral	 segments,	are	more	straightforward	 than	 resections	of	a	

large	 lesions	 in	 the	 central	 or	 postero-superior	 segments,	 but	 both	 are	 limited	 by	 assessing	

tumour	factors	alone.	

Using	 conversion	 as	 a	 marker	 of	 complexity,	 previous	 studies	 (9,	 10,	 96,	 99,	 101,	 208)	 have	

highlighted	several	factors	that	increase	the	complexity	of	LLS	including:	increasing	age,	diabetes,	

high	 BMI,	 neoadjuvant	 chemotherapy	 and	 repeated	 resection.	 In	 addition,	 excessive	 blood	 loss	

has	 been	 associated	 with	 worse	 patient	 outcomes	 (8)	 and	 thus	 should	 also	 be	 considered	 a	

marker	of	intraoperative	complexity.	The	current	lack	of	a	pre-operative	difficulty	scoring	system	

that	 incorporates	 all	 factors	 believed	 to	 alter	 the	 difficulty	 of	 a	 LLR	 (211)	 mandates	 the	

development	 of	 such	 a	model	 to	 enable	 case	 selection	 to	 reduce	 intra-operative	 complications	

and	in	turn	improve	patient	outcomes.	
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5.2 Aim	

To	 develop	 and	 validate	 a	 multi-centre	 European	 difficulty	 scoring	 system	 to	 predict	 intra-

operative	complications	based	on	patient,	tumour	and	surgeon	factors	to	enable	case	selection.	
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5.3 Method	

The	methodology	documented	in	the	TRIPOD	(Transparent	Reporting	of	a	multivariate	prediction	

model	 for	 individual	 prognosis	 or	 diagnosis)	 statement	 was	 observed	 to	 ensure	 the	 quality	 of	

reporting	and	reduce	the	potential	of	bias	(212).	To	develop	and	validate	a	predictive	model	for	

the	 risk	 of	 intraoperative	 complications	 during	 LLS,	 the	 electronically	 stored,	 prospectively	

maintained	 databases	 of	 seven	 tertiary	 liver	 centres	 were	 compiled	 for	 statistical	 analysis.	

Consecutive	patients	undergoing	planned	purely	LLRs,	from	the	first	implementation	of	LLRs,	were	

included	 in	 the	 following	 centres:	 University	 Hospital	 Southampton,	 Southampton,	 UK;	 San	

Raffaele	Hospital,	Milan,	Italy;	Oslo	University	Hospital,	Oslo,	Norway;	Ghent	University	Hospital,	

Ghent,	 Belgium;	 Antoine-Béclère	 Hospital,	 Paris,	 France;	 University	 of	 Navarra	 Hospital,	

Pamplona,	 Spain;	 and	 Groeninge	 Hospital,	 Kortrijk,	 Belgium.	 LLS	 was	 first	 undertaken	 in	 these	

centres	in	2003,	1997,	1998,	1999,	1999,	2004	and	2011	respectively.	Data	were	collected	until	31	

October	 2016.	 In	 each	 centre,	 the	majority	 of	 operations	were	 performed	 by	 a	 single	 surgeon	

responsible	 for	 the	 laparoscopic	 liver	 programme	 within	 that	 centre.	 Hence,	 this	 data	 set	

represents	procedures	from	every	stage	of	the	learning	curve	for	LLS.	The	local	ethics	committees	

of	each	centre	granted	approval	for	the	review	and	auditing	of	data	for	research	purposes.	

The	indications	for	laparoscopy	were	similar	in	all	institutions.	All	patients	were	discussed	in	local	

multidisciplinary	team	meetings	to	assess	the	feasibility	of	the	laparoscopic	approach,	depending	

on	 disease	 characteristics,	 local	 expertise	 and	 resources	 available.	 Included	 in	 the	 study	 were	

patients	undergoing	planned	LLS	for	benign	or	malignant	lesions.	There	were	no	exclusion	criteria	

based	on	BMI,	increasing	age,	ASA	fitness	grade,	number	and	distribution	of	lesions,	and	extent	of	

resection.	Absolute	contraindications	to	the	laparoscopic	approach	included	the	need	for	vascular	

resection	and	reconstruction,	hepatojejunostomy,	en	bloc	multi-visceral	resection	and	resections	

for	hilar	cholangiocarcinoma.	Patients	undergoing	planned	hybrid	/	hand-assisted	resections,	cyst	

fenestrations	 /	 biopsies	 or	 resections	 for	 living	 donor	 hepatectomy,	 and	 those	 aged	 under	 18	

years	were	not	included.	

Surgical	 techniques	 and	 intraoperative	 management	 were	 similar	 in	 all	 centres.	 A	

pneumoperitoneum	 of	 12–14mmHg	 and	 a	 central	 venous	 pressure	 less	 than	 5cmH2O	 was	

maintained	 during	 liver	 transection.	 Postoperative	 management	 protocols	 were	 similar	 in	 all	

centres.	

Data	 collected	 included:	 patient	 demographics,	 medical	 and	 surgical	 history,	 tumour	

characteristics,	 operative	 details,	 postoperative	 inpatient	 details,	 and	 30-	 and	 90-day	mortality.	

The	 type	 of	 resection	 was	 categorized	 into	 three	 groups	 (minor,	 technically	 major	 and	

anatomically	 major)	 based	 on	 the	 Louisville	 consensus	 classification	 (54),	 with	 the	 additional	
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classification	 of	 technically	major	 resections	 (104,	 167).	 Technically	major	 resections	 are	 those	

that	 would	 be	 considered	 minor	 resections	 anatomically	 (involving	 only	 1	 or	 2	 Couinaud	

segments)	 but	 are	 located	 in	 areas	 of	 the	 liver	 that	 are	 difficult	 to	 access	 laparoscopically	

(segments	 I,	 IVa,	 VII	 and	 VIII).	 Simultaneous	 small-volume	 liver	 resections	 were	 classified	 as	

concurrent	procedures,	as	were	simultaneous	bowel	resection,	stoma	creation	or	closure,	hernia	

repair,	lymphadenectomy,	nephrectomy,	adrenalectomy,	oophorectomy,	microwave	ablation	and	

radiofrequency	 ablation.	 Postoperative	morbidity	 was	 based	 on	 the	most	 severe	 complication,	

and	graded	according	to	the	Clavien–Dindo	classification	(200,	201).	

	

5.3.1 Outcome	

The	objective	marker	of	a	complex	operation	was	an	intraoperative	complication,	as	described	in	

the	modified	Satava	classification	(table	5-1)	(213).	Key	markers	were	blood	loss	over	the	normal	

range,	unintentional	damage	to	surrounding	structures	and	conversion	to	hand-assisted/hybrid	or	

open	 approaches.	 To	 establish	 ‘blood	 loss	 over	 the	 normal	 range’,	 a	 coordinate	 analysis	 of	 a	

receiver	operating	characteristic	 (ROC)	curve	of	blood	 loss	compared	with	30-day	mortality	was	

used	(area	under	the	ROC	curve	(AUC)	0.716,	95%	confidence	interval	(C.I.)	0.574	to	0.857).	This	

demonstrated	an	 increase	 in	30-day	mortality	that	corresponded	to	a	blood	 loss	of	775	ml.	This	

value	was	used	 to	stratify	operations	as	 ‘normal’	or	 ‘over	 the	normal	 range’	 for	blood	 loss.	The	

study	 was	 based	 on	 the	 intention-to-treat	 principle	 and	 so	 any	 operation	 planned	 to	 be	

completed	 laparoscopically	 was	 included.	 Conversion	 was	 defined	 as	 a	 decision	 to	 change	 the	

operative	approach	to	hand-assisted	/	hybrid	or	laparotomy.	
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Table	5-1.	Satava	Classficaition	of	Intra-operative	complications.		

Grade	 Description	of	Intra-operative	complication	
Grade	1	 Incidents	 managed	 without	 change	 of	 operative	 approach	 and	 without	

further	consequences	for	the	patient.	This	 includes	minor	 injury	of	adherent	
or	 adjacent	 organs	 and	minimal	 change	 of	 intraoperative	 tactics	 and	 cases	
with	blood	loss	over	normal	range*.	

Grade	2	 Incidents	 with	 further	 consequences	 for	 the	 patient	 This	 includes	 cases	
requiring	 limited	 resection	 of	 intraoperatively	 injured	 organs	 or	 cases	 with	
blood	 loss	 which	 is	 appreciably	 over	 normal	 range*.	 For	
laparoscopic/thoracoscopic/endoscopic	 surgery	 it	 includes	 intraoperative	
incidents	requiring	conversion.	

Grade	3	 Incident	leading	to	significant	consequences	for	patient.	

Adapted	 from	 Kazaryan	 et	 al.	 (2013).	 Asterisks	 (*)	 blood	 loss	 over	 the	 normal	 range	 that	 was	

defined	as	775ml	as	ROC	curve	demonstrated	that	this	was	associated	with	a	significantly	higher	

30-day	mortality	

	

5.3.2 Predictors	

To	 establish	 factors	 currently	 regarded	 as	 influencing	 the	 difficulty	 of	 LLRs,	 a	 comprehensive	

literature	 review	 was	 performed	 using	 Ovid	MEDLINE	 and	 PubMed	 in	 July	 2016.	 All	 studies	 in	

English	with	more	than	ten	patients	describing	difficult	resections	and	those	requiring	conversion	

during	 LLS	were	 reviewed.	The	 results	of	 this	 literature	 review	were	used	 to	produce	an	online	

survey	 of	 26	 factors	 that	 was	 sent	 directly	 to	 190	 established	 laparoscopic	 liver	 surgeons,	

disseminated	 through	 the	European–African	Hepato-Pancreato-Biliary	Association	website	 to	 its	

members.	In	brief,	the	survey	returned	80	responses	(42.1%	response	rate)	from	a	mixed	cohort	

of	surgeons	from	Europe,	Northern	America	and	Asia,	with	a	collective	experience	of	7,196	(211).	

The	results	demonstrated	that	multiple	variables,	 including	patient,	surgical	and	tumour	factors,	

altered	the	difficulty	of	LLRs.	All	risk	factors	associated	with	an	increased	difficulty	of	LLS	from	the	

literature	review	and	subsequent	survey	were	included	in	an	initial	univariate	analysis.	To	reduce	

overfitting	of	 the	predictive	model,	 factors	not	 found	 to	be	statistically	 significant	on	univariate	

analysis	were	excluded	from	the	subsequent	multivariate	analysis.	

It	was	assumed	that	missing	data	occurred	in	a	random	fashion	with	respect	to	clinical	variables,	

so	 patients	 were	 excluded	 by	 listwise	 deletion	 before	 the	 multivariate	 analysis	 to	 allow	 for	

complete-case	 analysis.	 Type	of	 resection	was	 categorized	 into	 three	 groups:	minor,	 technically	

major	and	anatomically	major	(69).	This	was	chosen	above	extent	of	resection,	according	to	the	

Brisbane	2000	 classification	 (199),	 as	 it	 performed	better	 on	ROC	 curve	 analysis	 in	 its	 ability	 to	
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predict	 intraoperative	 complications	 (AUC	 for	 type	 of	 resection	 0.632,	 95%	 C.I.	 0.605	 to	 0.658;	

AUC	for	extent	of	resection	0.586,	0.558	to	0.614).	Lesion	size	was	categorized	into	three	groups	

(less	than	3	cm,	3	–	5	cm	and	more	than	5	cm)	(207).	All	other	risk	factors	were	assessed	as	binary	

variables.	

	

5.3.3 Statistical	analysis	

Binary	analysis	was	performed	using	χ2	and	/	or	Fisher’s	exact	test.	Analysis	of	ordinal	data	with	

binary	outcomes	was	done	using	Mann–Whitney	U	 test.	Binary	 logistic	 regression	was	used	 for	

multivariate	analysis.	Linear	trend	analysis	was	carried	out	by	means	of	a	Mantel–Haenszel	test.	

The	ability	of	a	continuous	variable	to	predict	a	binary	outcome	(including	testing	of	the	model)	

was	assessed	from	the	AUC	on	ROC	curve	analysis.	Spearman	rank	correlation,	χ2	test	and	Mann–

Whitney	 U	 tests	 were	 used	 for	 analysis	 of	 outcomes.	 P	 <0.050	 was	 considered	 statistically	

significant.	SPSS®	version	24	was	used	for	statistical	analysis	(IBM,	Armonk,	New	York,	USA).	

	

5.3.3.1 Model	building	

Univariate	analysis	of	 risk	 factors	 for	 intraoperative	 complications	was	performed	on	 the	entire	

study	group.	Statistically	significant	risk	factors	(P	<0.050)	were	subjected	to	listwise	deletion	and	

included	 in	 the	 subsequent	 analysis.	 Using	 the	 SPSS®	 randomization	 function,	 two	 separate	

cohorts	were	 developed	 (214),	 one	 for	 the	 development	 and	 calibration	 of	 the	 scoring	 system	

(consisting	of	two-thirds	of	the	cohort)	and	a	second	for	the	internal	validation	(one-third	of	the	

cohort).	

Using	 the	 Framingham	 Heart	 Study	 methodology	 (215),	 a	 points	 system	 was	 developed	 to	

estimate	 the	 risk	 of	 an	 intraoperative	 complication.	 Binary	 logistic	 regression	 was	 used	 to	

establish	 the	 independent	 risk	 factors	 (i)	 for	 intraoperative	 complications	 and	 their	 regression	

coefficients	(Bi).	Following	this,	risk	factors	were	categorized	to	mirror	clinically	meaningful	states.	

The	 base	 category	 (that	 with	 the	 lowest	 risk)	 for	 each	 factor	 was	 used	 as	 the	 reference	 value	

(WiREF),	and	was	assigned	0	points.	Higher-risk	categories	were	assigned	progressively	 increasing	

reference	values	 (Wij)	 to	 reflect	an	 increased	risk.	The	reference	values	 for	dichotomized/binary	

variables	such	as	neoadjuvant	chemotherapy	were	assigned	0	for	‘no’	and	1	for	‘yes’.	Continuous	

variables,	 such	 as	 lesion	 size,	were	 grouped	by	 the	 value	of	 the	midpoint	of	 each	 category	 (for	

example,	4	cm	represented	the	midpoint	of	the	group	that	contained	lesions	ranging	in	size	from	
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3	to	5	cm).	Following	this,	the	difference	in	terms	of	regression	units	between	each	category	was	

established	by	 subtracting	 the	base	 reference	value	 (WiREF)	 from	 the	 reference	value	of	 interest	

(Wij)	and	multiplying	this	by	the	regression	coefficient	(Bi):	

Regression	units	=	Bi(Wij–WiREF)	

To	 establish	 the	 constant	 (B)	 the	 number	 of	 regression	 units	 that	 corresponded	 to	 a	 1-point	

increase	in	the	score	was	used.	This	was	the	increased	risk	associated	with	a	change	from	‘no’	to	

‘yes’	for	the	lowest-risk	dichotomized	factor	(neoadjuvant	chemotherapy).	The	number	of	points	

associated	 with	 a	 category	 change	 for	 each	 factor	 was	 calculated	 by	 dividing	 the	 number	 of	

regression	units	for	that	categorical	change	by	the	constant:	

Pointsij	=	Bi(Wij	–	WiREF)	∕	B	

The	points	for	each	categorical	change	were	rounded	to	the	nearest	integer	(table	5-4).	

Once	 the	 point	 system	 had	 been	 established,	 the	 risk	 associated	 with	 each	 points	 total	 was	

calculated	 using	 exponentiation	 of	 the	 linear	 model,	 taking	 into	 account	 the	 intercept,	 the	

product	of	 the	points	 total	and	the	constant	and	base	values	 for	 the	continuous	risk	 factors.	As	

per	 the	Framingham	Heart	Study	methodology	 (215)	 the	estimation	of	 risk	 from	a	point	 system	

established	using	multiple	logistic	regression	calls	for	the	use	of	the	following	equation:	

	

	 	 	 	 Risk	=	

is	 defined	 as	 the	 sum	of	 the	 intercept	 (established	during	multivariabe	 analysis	 as	 -

3.302),	 the	 reference	 base	 values	 of	 the	 continuous	 variables	 multiplied	 by	 their	 regression	

coefficient	and	the	product	of	the	points	total	in	question	and	the	constant	(B).		

Therefore:	

	 	 	 =		-3.302	+	0.186(1.5)	+	0.583(1)	+	0.294(score)	

Which	can	be	simplified	to:	

	 	 	 =	-2.44	+	0.294(score).	

Therefore,	the	estimate	of	risk	for	each	point	total	was	calculated	using:		

Risk	=	1	/	(1+exp	(-(-2.44	+	0.294(score))	



Chapter	5	

	

81	

In	order	 to	ensure	 that	no	 loss	of	accuracy	had	occurred	during	 the	development	of	 the	points	

system	 the	 risk	 predicted	 by	 the	 logistic	 model	 was	 also	 calculated	 for	 each	 score.	 This	 same	

formula	as	above	was	applied	with	Bi(Wij-WiREF)	with	replacing	0.294(score).		

Calibration	 of	 the	 points	 system	 was	 undertaken	 graphically	 by	 the	 comparison	 of	 actual	

frequency	of	intraoperative	complications	with	the	risk	predicted	by	the	scoring	system.	Following	

calibration,	the	points	totals	were	grouped	based	on	risk	of	intraoperative	complications	into	low	

(less	 than	 10%),	medium	 (10	 –	 20%)	 and	 high	 (20	 –	 50%)	 risk.	 In	 addition,	 a	 further	 category,	

extremely	 high	 risk,	 was	 added,	 which	 included	 those	 with	 a	 greater	 than	 50%	 risk	 of	

intraoperative	complications.	

Following	 development	 of	 the	 scoring	 system,	 the	 model	 was	 validated	 internally	 on	 the	

validation	group	of	patients	 that	was	not	used	 in	 the	development	of	 the	scoring	system,	using	

Mantel–Haenszel	test	and	ROC	curve	analysis.	
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5.4 Results	

A	 total	 of	 2,856	 patients	 were	 enrolled	 in	 the	 study,	 of	 whom	 2,409	 were	 randomized	 to	 the	

development	(1,606)	or	the	validation	(803)	cohort	(figure	5-1).	Some	541	of	the	2856	procedures	

(18.9%)	were	 associated	with	 intraoperative	 complications.	Of	 these,	 319	were	 grade	 I	 (59.0%)	

and	 222	 (41.0%)	 grade	 II	 (requiring	 conversion	 to	 open	 operation).	 Those	 with	 intraoperative	

complications	 had	 higher	 postoperative	 complication	 rates	 (32.5%	 vs	 15.5%	 %	 (p	 <0.001)),	 a	

longer	duration	of	hospital	stay	(5	vs	4days	(p	<0.001)),	and	higher	30-day	(3.0	vs	0.3	%	(p	<0.001))	

and	90-day	(3.8	vs	0.8	%	(p	<0.001))	mortality	rates.	

	

	

Figure	5-1.	Flow	of	patients	through	model	development	

	

Patient	demographics	and	univariate	analysis	of	risk	 factors	 for	 intraoperative	complications	are	

shown	 in	 table	 5-2.	 Multivariate	 analysis	 found	 that	 neoadjuvant	 chemotherapy	 (p	 =	 0.013),	

previous	open	liver	resection	(P	<0.001),	increasing	lesion	size	(P	<0.001),	resection	of	malignant	

lesions	 (P	<0.001)	and	 increasing	classification	of	 resection	 (P	<0.001)	were	all	 independent	 risk	

factors	for	intraoperative	complications	(table	5-3).	
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Table	 5-2.	 Baseline	 characteristics	 of	 the	 whole	 cohort	 (n	 =	 2,856)	 with	 univariate	 analysis	 for	

“difficult	operations”	as	defined	by	intra-operative	complications	

Predictor	 Distribution	of	predictor	 Normal	Difficulty	 High	difficulty	 p-value	

Sex	 Female:	1,378	(48.6%)	
Male:	1,459	(51.4%)	

1,121	
1,179	

257	
280	

	
0.713	

Age	(years)	 Median:	64	
(range	17	-	89)	

Median:	63	
(range	17	-	89)	

Median:	65	
(range	21	-	86)	

	
0.071	

BMI	 Median:	25	
(range	14.1	-	56.8)	

Median:	25	
(range	14.4	-	56.8)	

Median:	25	
(range	16.3	-	49.8)	

	
0.365	

ASA	Grade	 ASA	1	/	2:	1,679	(61.5%)	
ASA	3	/	4:	1,067	(38.9%)	

1,378	
849	

301	
218	

	
0.102	

Cirrhosis	

Non-cirrhotic:	2,438	(88.4%)	
Cirrhotic:	320	(11.6%)	
-	Child	Pugh	A:	307	
-	Child	Pugh	B:	13	

1,981	
251	

457	
69	

	
0.228	

Neo-adjuvant	
chemotherapy	

No	chemotherapy:	1,807	(68.0%)	
Neoadjuvant	chemotherapy:	849	(32.0%)	

1,516	
638	

291	
211	

	
<0.001	

Previous	
laparoscopy	
(non-liver	
cases)	

Absent:	2,298	(83.1%)	
Present:	467	(16.9%)	

1,873	
375	

425	
92	

	
0.542	

Previous	
laparoscopic	
liver	resection	

Absent:	2,687	(94.1%)	
Present:	167	(5.9%)	

2,176	
138	

511	
29	

	
0.597	

Previous	open	
abdominal	
surgery	(non	
liver	cases)	

Absent:	2,214	(80.6%)	
Present:	534	(19.4%)	

1,819	
415	

395	
119	

	
0.018	

Previous	open	
liver	resection	

Absent	2,753	(96.5%)	
Present:	101	(3.5%)	

2260	
54	

493	
47	

	
<0.001	

Lesion	type	 Benign:	699	(24.7%)	
Malignant:	2,136	(75.3%)	

626	
1675	

73	
461	

	
<0.001	

Lesion	size	
<3cm:	1,267	(48.7%)	
3	-	5cm:	735	(28.3%)	
>5cm:	599	(23.0%)	

1,055	
580	
475	

212	
155	
123	

	
	
0.012	

Lesion	depth	 <1cm	from	capsular	surface:	1,754	(68.4%)	
>1cm	from	capsular	surface:	810	(31.6%)	

1,450	
642	

304	
168	

	
0.144	

Proximity	to	IVC	
/	Hilum	

>2cm:	2,064	(80.5%)	
<2cm:	500	(19.5%)	

1,729	
363	

335	
137	

	
<0.001	

Resection	
Extent	

Wedge	/	atypical:	1,255	(43.9%)	
Anatomical	segmentectomy:	446	(15.6%)	
Bisegmentectomy:	690	(24.2%)	
Trisegmentectomy:	446	(15.6%)	
Extended:	19	(0.7%)	

1,063	
369	
570	
306	
7	

192	
77	
120	
140	
12	

	
	
	
	
<0.001	

Resection	
classification	

Minor:	1,664	(58.3%)	
Technically	Major:	727	(25.5%)	
Anatomically	Major:	465	(16.2%)	

1,455	
547	
313	

209	
180	
152	

	
	
<0.001	

Concurrent	
procedure(s)	

Absent:	2,350	(84.0%)	
Present:	446	(16.0%)	

1,915	
359	

435	
87	

	
0.621	
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Table	 5-3.	 Results	 of	 binary	 logistic	 regression	 of	 significant	 risk	 factors	 for	 intra-operative	

complications	based	on	the	development	cohort	(n	=	1,606).		

Asterisks	 (*)	 denotes	 variables	 not	 incorporated	 into	 the	model	 due	 statistical	 insignificance	 or	

improved	performance	of	a	comparable	variable.	

	 	

Risk	factor	 Regression	coefficient	
(Bi)	

p-value	 Odds	Ratio	 95%	C.I.	

Intercept	 -3.302	 <0.001	 0.037	 -	

Proximity	to	IVC	*	 0.113	 0.529	 1.120	 0.787	-	1.593	

Previous	open	surgery	(non-
liver	cases)	*	 0.051	 0.361	 1.435	 0.998	-	2.062	

Neo-adjuvant	chemotherapy	 0.294	 0.013	 1.342	 1.065	-	1.691	

Previous	open	liver	resection	 1.401	 <0.001	 4.057	 2.494	-	6.600	

Lesion	type	 0.659	 <0.001	 1.932	 1.408	-	2.652	

Lesion	size	 0.186	 <0.001	 1.205	 1.051	-	1.382	

Resection	extent	*	 0.260	 <0.001	 1.296	 1.180	-	1.424	

Resection	classification	 0.583	 <0.001	 1.792	 1.568	-	2.047	
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Table	 5-4.	 Reference	 values	 (Wij)	 with	 the	 reference	 base	 value	 (WiREF)	 of	 each	 predictor,	 the	

regression	coefficient	and	the	points	attributed	to	each	factor	based	on	the	constant	

(i)	 was	 used	 denote	 the	 risk	 factor.	 The	 base	 category	 for	 each	 risk	 factor	 was	 used	 as	 the	
reference	value	 for	 that	 risk	 factor	 (WiREF)	and	 is	assigned	0	points.	 	Higher	 risk	categories	were	
assigned	progressively	increasing	reference	values	(Wij)	to	reflect	an	increased	risk.	The	regression	
coefficient	 of	 each	 risk	 factor	 was	 established	 during	 binary	 logistic	 regression	 (Bi).	 Regression	
units	for	a	categorical	change	were	established	by	subtracting	the	base	reference	value	from	the	
reference	value	of	interest	and	multiplying	this	by	the	regression	co-efficient	((Bi	(Wij	–	WiREF)).	The	
increased	risk	associated	with	a	change	 from	absent	 to	present	of	 the	 lowest	 risk	dichotomised	
factor	 was	 used	 as	 the	 constant	 (B)	 and	 is	 marked	 with	 an	 *.	 The	 points	 assigned	 to	 each	
categorical	 change	 were	 established	 by	 dividing	 the	 number	 of	 regression	 units	 for	 that	
categorical	change	by	the	constant	(Bi	(Wij	-	WiREF)/B).	

	

	

	 	

Risk	factor	(i)	 Risk	factor	category	 Reference	
value	

Regression	
coefficient	(Bi)	

Regression	units	

(Bi	(Wij	–	WiREF))	

Points	assigned	

(Bi	(Wij	–	WiREF))/B	

Neoadjuvant	
chemotherapy	

Absent	 0	(WiREF)	 0.294	

	

0	 0	

Present	 1	(Wij)	 0.294*	 1	

Previous	open	
liver	resection	

Absent	 0	(WiREF)	
1.401	

0	 0	

Present	 1	(Wij)	 1.401	 5	

Lesion	type	
Benign	 0	(WiREF)	 0.659	

	

0	 0	

Malignant	 1	(Wij)	 0.659	 2	

Lesion	size	

<3cm	 1.5	(WiREF)	

0.186	

0	 0	

3-5cm	 4	(Wij)	 0.465	 2	

>5cm	 6.5	(Wij)	 0.930	 3	

Resection	
classification	

Minor	 1	(WiREF)	

0.583	

0	 0	

Technically	Major	 2	(Wij)	 0.583	 2	

Anatomically	Major	 3	(Wij)	 1.166	 4	
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Table	5-5.	Grouping	of	points	into	risk	groups	based	on	post-calibration	risk	of	intraoperative	

complications	predicted	by	the	model	

	

	 	Points	total	 Post-calibration	risk	(%)	 Group	

0	 0.5	 Low	

1	 3.0	 Low	

2	 6.1	 Low	

3	 9.9	 Moderate	

4	 14.5	 Moderate	

5	 20.0	 Moderate	

6	 26.2	 High	

7	 33.1	 High	

8	 40.3	 High	

9	 47.6	 High	

10	 54.7	 Extremely	high	

11	 61.3	 Extremely	high	

12	 69.8	 Extremely	high	

13	 72.4	 Extremely	high	

14	 76.7	 Extremely	high	

15	 80.2	 Extremely	high	
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With	 an	 increasing	 total	 score,	 the	 likelihood	 of	 an	 intraoperative	 complication	 increased	 (P	

<0.001).	 Scores	 of	 0	 –	 2	 were	 associated	 with	 a	 less	 than	 10	 %	 (low)	 risk	 of	 intraoperative	

complications,	scores	of	3	–	5	with	a	10	–	20%	(moderate)	risk	and	scores	of	6	–	9	with	a	20	–	50%	

(high)	risk	of	intraoperative	complications.	Finally,	scores	of	10	or	more	were	associated	with	an	

extremely	high	risk	of	intraoperative	complication	(over	50	%)	(table	5-5).	

Graphical	 comparison	 of	 the	 risk	 predicted	 by	 the	 points	 system	 and	 the	 actual	 frequency	 of	

intraoperative	complications	in	the	development	cohort	(n	=	1,606)	demonstrated	near-identical	

regression	 coefficients	 (r	 =	 0.056	 for	 the	 points	 system	 vs	 r	 =	 0.055	 for	 the	 actual	 risk),	with	 a	

higher	y-axis	 intercept	 (representing	a	higher	baseline	 risk	predicted	by	 the	model)	 (figure	5-2).	

Calibration	 of	 the	 model	 resulted	 in	 improved	 matching	 with	 the	 actual	 risk	 of	 intraoperative	

complications	(figure	5-3)	in	comparison	to	the	development	cohort.	

	

	

Figure	5-2.	Graphical	representation	of	the	predicted	risk	(pre-calibration)	and	actual	frequency	of	

intra-operative	complications	within	the	development	cohort	(n	=	1,606).	

The	dark	blue	diamonds	 (y	=	0.056x	+	0.020)	 represent	 the	 risk	predicted	by	 the	points	 system	
prior	to	calibration	and	the	light	blue	squares	(y	=	0.055x	-	0.057)	represents	the	actual	frequency	
of	intra-operative	complications	within	this	cohort.		
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Figure	5-3.	Graphical	representation	of	the	predicted	risk	(post-calibration)	and	actual	frequency	

of	intra-operative	complications	within	the	development	cohort	(n	=	1,606).		

The	dark	blue	diamonds	(y	=	0.056x	–	0.055)	represents	the	risk	predicted	by	the	points	system	
following	 calibration	 and	 the	 light	 blue	 squares	 (y	 =	 0.055x	 –	 0.057)	 represents	 the	 actual	
frequency	of	intra-operative	complications	within	this	cohort.		

	

Although	the	risk	predicted	by	the	scoring	system	(y	=	0.056x	–	0.055)	closely	correlates	well	with	

the	actual	 risk	witnessed	 in	 the	development	 cohort	 (y	 =	0.055x	 –	0.057)	 the	 coefficient	of	 the	

determinant	(denoted	r2)	is	substantially	lower	for	the	actual	risk	seen	in	the	development	cohort	

when	compared	with	the	risk	predicted	by	the	scoring	system	(r2	=	0.61	compared	with	r2	=	0.99,	

respectively).	Review	of	Figure	5-2	and	5-3	demonstrates	that	the	data	points	for	scores	of	10	and	

above	in	the	development	cohort	does	not	fit	well	with	the	line	of	regression,	causing	the	lower	r2	

value.	This	finding	is	the	result	of	the	limited	number	of	cases	available	for	scores	≥10	within	the	

development	 cohort	 (n	=	13).	 Thus,	while	 the	model	 is	 able	 to	predict	 risk	 at	higher	 scores	 the	

ability	of	the	development	cohort	to	corroborate	this	is	limited.	

Within	 the	 validation	 cohort	 (n	=	803)	 linear	 trend	analysis	 of	 the	points	 system	using	Mantel–

Haenszel	test	demonstrated	that	the	likelihood	of	an	intraoperative	complication	increased	with	

an	increasing	score	(P	<0.001).	Additionally,	The	points	system	was	able	to	predict	intraoperative	

complications	 with	moderate	 accuracy	 (AUC	 0.677,	 95%	 C.I.	 0.647	 to	 0.706).	 Interestingly,	 the	
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points	system	was	also	able	 to	predict	90-day	mortality,	with	an	AUC	of	0.769	 (0.681	to	0.858).	

Coordinate	 analysis	 also	 demonstrated	 a	 cut-off	 value	 of	 5,	 corresponding	 to	 the	 move	 from	

moderate-	to	high-risk	procedures.	
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5.5 Discussion	

LLS	 is	 currently	undergoing	exponential	 growth.	 It	 is	 envisaged	 that	more	 surgeons	and	centres	

will	 expand	 their	 practice	 to	 incorporate	 this	 approach	 into	 their	 services	 within	 the	 next	 few	

years.	 At	 the	 EGMLLS	 (11)	 it	 was	 pointed	 out	 that	 the	 acquisition	 of	 a	 complex	 skill	 must	 be	

undertaken	 in	 a	 stepwise	 fashion,	 building	 complexity	 into	 progressive	 levels	 until	 mastery	 is	

achieved.	 Traditional	 advice	 would	 suggest	 starting	 with	 minor	 resections	 and	 subsequently	

proceeding	 to	major	 resections	 as	 experience	 increases.	 However,	 this	 simplification	 overlooks	

factors	that	have	been	demonstrated	to	affect	the	difficulty	of	LLS.	Hence	a	simple,	objective	and	

robust	preoperative	difficulty	scoring	system	that	encompasses	all	factors	proven	to	increase	the	

difficulty	of	a	LLR	may	help	surgeons	adopt	a	stepwise	progression.	

The	 development	 of	 the	 present	 scoring	 system	 is	 unlike	 any	 other	 as	 it	 examined	 all	 factors	

suggested	 to	 increase	 the	 likelihood	 of	 intraoperative	 complications	 during	 LLS.	 The	 scoring	

system	 was	 developed	 and	 validated	 in	 a	 large	 European	 multicentre	 cohort.	 The	 results	

demonstrate	 that	 five	 factors	 are	 independently	 associated	 with	 an	 increased	 risk	 of	

intraoperative	 complications	 during	 LLR.	 Resections	 of	malignant	 lesions,	 increasing	 lesion	 size,	

neoadjuvant	chemotherapy,	previous	open	liver	resections	and	the	classification	of	the	resection	

(which	 can	be	 viewed	as	 an	 amalgamation	of	 lesion	 location	 and	 volume	of	 resection)	were	 all	

found	 to	 be	 independently	 associated	 with	 an	 increased	 risk	 of	 intraoperative	 complications	

during	LLRs.	

The	results	demonstrate	that	patients	who	had	intraoperative	complications	had	worse	outcomes	

in	 terms	of	duration	of	hospital	 stay,	 a	higher	 complication	 rate,	 and	higher	30-day	and	90-day	

mortality	rates.	A	higher	score	corresponded	to	an	increased	risk	of	intraoperative	complications.	

Testing	 of	 the	 model	 demonstrated	 that	 the	 accuracy	 of	 the	 points	 system	 is	 maintained	

compared	 with	 the	 logistic	 model.	 Thus,	 considering	 the	 ease	 of	 use	 of	 a	 points	 system,	 this	

should	probably	be	adopted	in	favour	of	the	logistic	model.	

Grouping	 of	 scores	 into	 risk	 brackets	 was	 performed	 in	 order	 to	 guide	 surgeons	 through	 the	

learning	curve.	The	learning	curve	for	minor	resections	is	between	20	and	60	procedures	(68,	100,	

108,	 110),	whereas	 that	 for	major	 resections	 is	 between	30	 and	60	procedures	 (102,	 103,	 105,	

106,	 209,	 216).	 Therefore,	 those	 at	 the	 beginning	 of	 the	 learning	 curve	 (first	 40	 procedures)	

should	 be	 undertaking	 low-risk	 procedures	 (score	 0	 –	 2)	 before	 moving	 to	 moderate-risk	

procedures	(score	3	–	5)	for	the	second	part	of	the	learning	curve.	High-risk	procedures	(score	6	–	

9)	that	include	complex	resections	with	multiple	predictors	of	difficulty	should	be	attempted	only	

by	those	who	have	overcome	the	learning	curve	for	minor	and	major	resections	(more	than	100	
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procedures	with	at	least	50	of	moderate	difficulty).	Procedures	in	the	extremely	high-risk	category	

should	be	considered	by	only	 leaders	 in	 the	 field,	 and	 for	 the	majority	of	 surgeons	and	centres	

could	be	considered	unsuitable	for	LLR.	It	is	noteworthy	that	within	the	development	cohort	(n	=	

1,606)	 there	were	 only	 13	 cases	with	 scores	 ≥10	 demonstrating	 that	 the	 “extremely	 high	 risk”	

category	 is	 in	 fact	 considered	 by	 many	 to	 represent	 resections	 that	 are	 too	 complex	 to	 be	

performed	using	a	minimally	invasive	approach.	

The	present	scoring	system	correlates	well	with	the	other	scores	(104,	207).	It	demonstrates	that	

the	extent	and	 location	of	the	resection,	as	well	as	 lesion	size,	affect	the	difficulty	of	a	LLR.	The	

classification	proposed	by	Ban	and	colleagues	(207)	uses	 left	 lateral	sectionectomies	and	simple	

hepatectomies	 as	 the	 cut-off	 between	 low-	 and	moderate-risk	 procedures	 and	moderate-	 and	

high-risk	 procedures	 respectively.	 The	 present	 scoring	 system	 classifies	 a	 left	 lateral	

sectionectomy	 as	 low	 risk	 and	 a	 simple	 hepatectomy	 as	 moderate	 risk	 based	 solely	 on	

classification	of	resection.	However,	with	additional	risk	factors,	these	would	represent	moderate-	

and	high-risk	procedures	respectively.	The	inclusion	of	all	factors	found	to	independently	increase	

the	likelihood	of	an	intraoperative	complication	by	the	present	model	allows	surgeons	precisely	to	

gauge	 the	 difficulty	 of	 a	 LLR	 before	 undertaking	 the	 procedure.	 This	 in	 turn	 should	 enable	

appropriate	case	selection	with	respect	to	the	current	experience	of	a	surgeon,	which	may	in	turn	

reduce	intraoperative	complications.	

The	lack	of	statistical	significance	of	cirrhosis	in	the	present	model	is	noteworthy.	In	contrast,	the	

scoring	 system	of	Ban	 and	 co-workers	 (207)	 highlighted	 that	 cirrhosis,	 specifically	 Child–Pugh	B	

compared	with	Child–Pugh	A,	increased	the	perceived	difficulty	of	a	LLR.	This	may	be	explained	by	

the	higher	population	incidence	of	cirrhosis	in	their	study	cohort.	Another	possible	explanation	for	

the	inconsistency	between	the	two	models	is	the	small	cohort	used	by	Ban	and	colleagues,	such	

that	 the	 model	 may	 have	 suffered	 from	 overfitting	 and	 hence	 may	 have	 attributed	 statistical	

significance	 inappropriately.	 Regardless	 of	 the	 reason,	 taken	 the	 limited	 proportion	 of	 patients	

with	cirrhosis	in	the	present	study,	the	use	of	this	model	in	populations	with	a	higher	incidence	of	

cirrhosis	should	be	restricted	until	the	score	has	been	validated	in	a	representative	population.	

While	this	study	goes	some	way	to	enabling	case	selection	for	surgeons	at	differing	stages	of	the	

learning	 curve	 the	data	 that	 these	 conclusions	are	based	upon	are	dated	as	 they	 represent	 LLS	

early	 in	 its	 surgical	 innovation.	 Hence,	 with	 the	 progression	 of	 LLS	 it	 is	 likely	 that	 the	 specific	

guidance	offered	by	this	model,	with	respect	to	surgeons	in	differing	stages	of	the	learning	curve,	

is	 already	 dated.	 	 Therefore,	 there	 is	 a	 requirement	 to	 analyse	 the	 current	 learning	 curves	 for	

laparoscopic	 surgery	 as	 the	 sub-speciality	 has	 progressed	 along	 its	 innovation	 and	 as	 such	 the	
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available	evidence-base	no	longer	provides	an	actuate	representation	of	the	contemporary	status	

of	skill	acquisition.	 	
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Chapter	6: The	Learning	Curve	Of	Laparoscopic	Liver	

Surgeons	In	Differing	Stages	of	the	IDEAL	Paradigm	

6.1 Introduction	

The	 IDEAL	 recommendations	 for	 surgical	 innovation	 define	 4	 stages	 in	 the	 evolution	 of	 novel	

surgical	practice	(table	6-1)	(42,	44).	The	first	minimally	invasive	liver	resections	date	back	to	the	

early	1990’s	(39,	40,	217)	and	can	be	regarded	as	representing	IDEAL	stage	1	(42,	44).	Since	then,	

there	 has	 been	 a	 slow	 but	 continuous	 uptake	 of	 this	 approach	 to	 liver	 resections	 (55,	 62).	

Numerous	case-series	have	demonstrated	excellent	short-	and	long-term	outcomes	of	minimally	

invasive	liver	resections,	as	well	as	cost	neutrality	when	compared	to	an	open	approach	(62,	70,	

74,	113,	114).	 It	 is	 therefore	expected	that	a	wider	adoption	of	a	 laparoscopic	approach	to	 liver	

surgery	will	be	seen	in	the	next	few	years.	

The	recent	Southampton	Consensus	Guidelines	on	Laparoscopic	Liver	Surgery	acknowledged	the	

benefits	 of	 this	 approach	 when	 experts	 apply	 it	 to	 selected	 patients	 and	 encouraged	 its	

dissemination	to	liver	resections	(11),	adding	weight	to	the	conclusions	drawn	during	the	Morioka	

consensus,	 2014	 (56).	 Both	 these	 guidelines	 stressed	 the	 need	 for	 an	 incremental,	 step-wise,	

progression	through	the	learning	curve	in	order	to	minimise	harm	to	patients,	a	recommendation	

that	has	been	validated	in	single	centres	(209).	

Several	working	groups	have	attempted	to	classify	the	difficulty	of	LLRs	to	aid	case	selection	(104,	

207,	218)	based	upon	previously	published	data	regarding	the	learning	curves	for	LLS	(68,	78,	100,	

105,	216).	However,	as	 is	often	the	case	with	surgical	 innovations,	these	learning	curve	analyses	

occurred	 in	 stage	 2	 of	 the	 IDEAL	 classification	 that	 is	 regarded	 as	 the	 “development”	 and	

“exploration”	stage	(42-44)	(table	6-1)	that	is	often	associated	with	obstacles	and	challenges	not	

experienced	in	the	latter	stages	of	surgical	innovation	and	as	such	may	have	overestimated	of	the	

length	of	the	learning	curve	for	LLS.	
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Table	6-1.	IDEAL	stages	of	surgical	innovation	

	 1	 2a	 2b	 3	 4	

Stage	 Idea	 Development		 Exploration	 Assessment	 Surveillance	

Type	of	cases	
Highly	
selected	
cases	

Limited	to	
selected	cases		

Many,	with	
broadening	
indication	

Many,	
expansion	of	
indications	

Limited	
exclusion	
criteria	

Publication	
of	results	 Case	Reports	 Case	Series	

Non-
randomised	
comparative	
studies	

Randomised	
controlled	
trials	

National	/	
International	
databases	

Evolution	 Inception	of	
concept	

Procedure	
development	

Procedure	
refinement	

Stable,	minor	
optimisation	
of	procedure	

Stable	

Roll	of	
surgeon	 Innovator	 Pioneer	 Early	

adopter	
Established	
practice	

Adapted	from	McCulloch	et	al.	(2009)	

	

Stage	 2	 of	 the	 IDEAL	 classification	 of	 surgical	 innovation	 is	 defined	 by	 the	 development	 and	

refinement	of	 surgical	 technique	by	surgeons	who	may	be	 regarded	as	“pioneers”.	This	 stage	 is	

typified	 by	 evidence	 from	 case-series	 and	 is	 plagued	 by	 hurdles	 such	 as	 continuously	 evolving	

indications;	a	lack	of	specific	instrumentation	and	a	necessity	to	develop	novel	techniques.	LLS	is	

now	in	stage	3	of	its	evolution	that	is	defined	by	the	optimisation	of	techniques	with	the	surgeons	

practicing	 in	 this	 stage	 being	 regarded	 as	 “early	 adopters”.	 This	 stage	 is	 typified	 by	 evidence	

provided	by	 randomised	 controlled	 trials	 (table	6-1)	 such	as	 the	 recently	published	Oslo	Comet	

Trial	 (63)	 and	 the	 current	 running	 Orange	 2+	 (clinicaltrials.gov	 identifier	 NCT01441856)	 and	

Segments	Trials	(clinicaltrials.gov	identifier	NCT03270917).	Concurrent	with	the	wider	acceptance	

of	 a	minimally-invasive	 approach	 to	 liver	 resections	 several	 leading	 centres	 and	 surgeons	 have	

been	 providing	 proctoring	 and	 training	 by	 means	 of	 fellowships,	 courses	 and	 mentored	

programmes	to	the	“early	adopters”	(219).	The	guidance	offered	by	these	“pioneering”	surgeons	

and	 centres	 should	 remove	 the	need	 for	 the	 “early	 adopters”	 to	 rely	 on	 the	previously	 utilised	

method	 of	 “trial	 and	 error”	 as	 they	 can	 proffer	 from	 the	 lessons	 learnt	 by	 their	 predecessors.	

Furthermore,	 those	 practising	 in	 stage	 3	 should	 benefit	 from	 being	 able	 to	 focus	 solely	 on	 the	

acquisition	 and	development	of	 their	 skills	 as	many	of	 the	obstructions	 encountered	 in	 stage	2	

have	 been	 overcome	 (42-44).	 Thus,	 surgeons	 practicing	 in	 stage	 3	may	 overcome	 the	 learning	

curve	faster	than	that	suggested	by	previous	publications	as	these	studies	were	based	upon	data	

from	stage	2,	which	as	previously	highlighted,	 is	plagued	by	hurdles	that	may	have	resulted	 in	a	
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protracted	 learning	 curve.	 Instead	 trainees,	 and	all	 surgeons	undertaking	novel	practice,	 should	

compare	 their	 learning	 curves	with	 the	most	 up-to-date	 information	 available	 that	 reflects	 the	

stage	of	surgical	innovation	in	which	they	are	practicing.	

The	learning	curve	for	LLS	has	previously	been	investigated	using	intra-operative	markers	such	as	

blood	 loss,	operative	 time	and	conversion	 rate	 (68,	78,	100,	105,	216).	However,	 recent	studies	

have	suggested	that	these	parameters	alone	do	not	give	an	accurate	representation	of	the	quality	

of	 care	 a	 patient	 receives.	 Instead	 studies	 have	 proposed	 using	 both	 short-	 and	medium-term	

outcome	markers	such	as	post-operative	morbidity	and	mortality	as	well	as	post-operative	length	

of	stay	to	provide	an	insight	into	a	surgeon’s,	and	a	centre’s,	performance	(220,	221).	

The	 focus	of	 the	 current	 study	 is	 therefore	 to	 compare	 the	 learning	 curves	of	 the	 “pioneering”	

surgeons	whom	were	self-taught	and	developed	their	practice	in	stage	2	with	the	“early	adopters”	

whom	have	received	specific	training	and	developed	their	practice	 in	stage	3	to	assess	to	roll	of	

specific	 training,	 technological	 innovations	and	 the	standardisation	of	 techniques	on	 the	 rate	of	

proficiency	gain	and	hence	the	learning	curve	for	LLR.	While	the	focus	of	the	current	study	is	LLS	

the	 findings	 should	be	widely	applicable	 to	all	 surgical	 specialities	 that	are	current	experiencing	

shifts	in	their	practice	from	one	stage	of	their	evolution	to	another.	
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6.2 Aim	

To	 compare	 the	 learning	 curves	 of	 the	 self-taught	 “pioneers”	 of	 LLS	 whom	 developed	 their	

practice	 in	 stage	 2	 with	 those	 of	 the	 “early	 adopters”	 who	 received	 specific	 training,	 and	

developed	their	practice	in	stage	3,	to	establish	if	the	learning	curve	can	be	reduced	with	specific	

training,	technological	innovations	and	the	standardisation	of	techniques.	
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6.3 Method	

6.3.1 Patients	

A	 retrospective	 review	 of	 the	 prospectively	 maintained	 databases	 of	 all	 consecutive	 patients	

undergoing	LLRs	in	8	different	centres	from	7	countries	was	performed.	Only	cases	performed	by	

the	 surgeon	 responsible	 for	 the	 implementation	 of	 LLS	 in	 each	 centre	 were	 included	 in	 the	

analysis.	Data	collection	occurred	from	the	date	of	the	first	LLS	in	each	centre	until	July	31st	2017.	

The	8	surgeons	have	been	grouped	according	to	the	presence	or	absence	of	specific	training	in	LLS	

i.e.	the	4	“pioneers”	(from	4	centres	in	4	countries)	had	no	specific	training	and	as	such	are	self-

taught,	while	the	4	“early	adopters”	(from	4	centres	in	4	countries)	have	received	specific	training	

for	LLS	in	the	form	of	fellowships,	proctored	programmes	and	courses.		

All	 patients	 were	 discussed	 in	 local	 multi-disciplinary	 meetings	 to	 assess	 the	 feasibility	 of	 the	

laparoscopic	 approach,	 dependent	 on	 disease	 characteristics,	 local	 expertise	 and	 available	

resources.	In	each	centre	the	members	of	multidisciplinary	team	meeting	included	both	open	and	

laparoscopic	liver	surgeons,	interventional	radiologists	with	a	specialist	interest	in	HPB	pathology,	

hepatologists,	 oncologists	 and	 histopathologists.	 In	 addition,	 each	 centre	 had	 in	 place	 an	

experienced	 open	 liver	 resection	 /	 transplant	 service	 prior	 to	 initiating	 a	 minimally	 invasive	

approach	to	liver	resections	and	hence	the	infrastructure	required	to	manage	patients	undergoing	

liver	resections	was	already	established.	It	is	noteworthy	that	during	stage	2	of	the	innovation	of	

LLR	specific	guidelines	regarding	feasibility	and	difficulty	scores	were	not	available	and	hence	the	

operating	surgeon	ultimately	made	the	decision	of	feasibility.	However,	with	passage	of	time	and	

dissemination	of	LLR	specific	evidence-based	guidelines	(11)	and	difficulty	scores	(207,	218)	have	

become	available	to	guide	case-selection	in	stage	3.		

	The	inclusion	criteria	for	the	study	were:	those	undergoing	planned	LLS	for	benign	or	malignant	

lesions.	 There	 were	 no	 exclusion	 criteria	 based	 on	 Body	 Mass	 Index	 (BMI),	 increasing	 age,	

American	Society	of	Anaesthesia	 (ASA)	grade,	number	and	distribution	of	 lesions	and	resections	

extent.	Absolute	contra-indications	 to	 the	 laparoscopic	approach	 included	the	need	 for	vascular	

resection	 and	 reconstruction;	 the	 need	 for	 hepato-jejunostomy;	 the	 need	 for	 en-bloc	 multi-

visceral	 resection	 and	 resections	 for	 hilar	 cholangiocarcinoma.	 Patients	 undergoing	 planned	

hybrid	 /	 hand-assisted	 resections;	 cyst	 fenestrations	 /	 biopsies;	 resections	 for	 living	 donor	

hepatectomy	and	those	under	18	were	not	included.	Post-operative	length	of	stay	was	defined	as	

the	time	from	completion	of	the	operation	to	discharge.	In	each	centre	patients	were	discharged	

when	 the	 following	criteria	were	met:	able	 to	 tolerate	oral	 fluids	and	solid	diet	 in	order	 that	 IV	
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fluid	 supplementation	 is	 not	 required,	 pain	 controlled	 with	 oral	 analgesics,	 mobility	 at	 pre-

operative	level	and	normalised	or	improving	liver	function	tests.	

	

6.3.2 Data	collection	

Data	 collected	 included	 patient	 demographics,	 medical	 and	 surgical	 history,	 tumour	

characteristics,	 operative	 details,	 post-operative	 inpatient	 details	 and	 30	 and	 90-day	mortality.	

The	 type	of	 resection	was	 categorised	 into	3	groups	 (minor,	 technically	major	and	anatomically	

major)	based	upon	the	classification	from	the	Louisville	Consensus	2008	(54)	with	the	additional	

classification	of	technically	major	resections	(69,	104).	Technically	major	resections	are	those	that	

anatomically	would	be	considered	minor	resections	(i.e.	involving	only	1	or	2	Couinaud	segments)	

but	are	located	in	areas	of	the	liver	that	are	difficult	to	access	laparoscopically	(segments	1,	4a,	7	

and	8).	 Secondary	 smaller-volume	 liver	 resections	were	classified	as	concurrent	procedures	and	

this	 category	 also	 includes:	 bowel	 resection;	 stoma	 creation	 or	 closure;	 hernia	 repair;	

lymphadenectomy	and	Microwave	Ablation	/	Radio	Frequency	Ablation.	Post-operative	morbidity	

was	 based	 on	 the	 most	 severe	 post-operative	 complication,	 as	 graded	 by	 the	 Clavien-Dindo	

Classification	 (201);	 grades	 1	 –	 3a	 representing	minor	 complications	 that	 only	 required	medical	

therapies	 as	 treatment,	 and	 grades	 3b	 –	 5	 representing	 complications	 that	 required	 surgical	

intervention,	the	use	of	organ	support	and	fatality.	

	

6.3.3 Statistical	analysis	

Data	 from	 all	 cases	 were	 combined	 to	 perform	 univariate	 and	 subsequent	 multiple	 linear	

regression	 to	 establish	 the	 effect	 of	 confounding	 factors	 on	 post-operative	 length	 of	 stay.	 All	

clinically	significant	factors	on	univariate	(i.e.	those	making	a	difference	to	post-operative	length	

of	 stay	 by	 at	 least	 1	 day)	 were	 incorporated	 into	 the	 multivariate	 analysis.	 The	 confounding	

factors	found	to	independently	alter	post-operative	length	of	stay	were:	age,	lesion	type	(benign	

vs	 malignant)	 and	 classification	 of	 resection	 (table	 6-2).	 Risk-adjusted	 cumulative	 sum	 (RA-

CUSUM)	curves	were	created	to	establish	the	proficiency	gain	curves	for	post-operative	length	of	

stay	following	LLR	based	upon	the	constant	and	the	regression	coefficients	established	during	the	

multiple	linear	regression	(222-227).	The	cases	of	each	centre	were	arranged	chronologically	with	

the	 first	 case	 being	 assigned	 the	 number	 one,	 with	 each	 subsequent	 case	 being	 assigned	 a	

successive	number.	The	first	cases	from	each	surgeon	within	a	group	(either	“pioneer”	or	“early	

adopter”)	 were	 combined	 with	 equal	 weighting	 in	 order	 that	 that	 data	 point	 represents	 the	
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performance	of	group	rather	than	an	individual	surgeon.	This	was	repeated	for	every	subsequent	

case	to	produce	the	RA-CUSUM.	The	RA-CUSUM	plot	 is	based	upon	the	difference	between	the	

expected	 and	 actual	 post-operative	 length	 of	 stay	 and	 was	 calculated	 using	 the	 following	

equation:	

CUSUMn	=	CUSUMn	–	1	+	(ΣE-ΣA)	

ΣE	is	the	sum	of	expected	post-operative	length	of	stay	following	risk-adjustment,	ΣA	is	the	actual	

post-operative	 length	of	 stay.	 Based	on	 this	 equation	 if	 a	 patient	 is	 discharged	earlier	 than	 the	

predictive	model	would	 suggest	 then	 the	 curve	moves	 in	 an	 upward	 direction,	whilst	 a	 patient	

discharged	later	than	predicted	results	in	a	downward	direction.	A	plateau	in	the	curve	represents	

performance	matching	predictions.	The	expectation	 is	 that	with	 increasing	experience	 the	post-

operative	length	of	stay	should	decrease	as	the	centre’s	ability	to	manage	patients	improves.	The	

change	 points	 in	 performance	 were	 therefore	 identified	 by	 the	 curve	 changing	 direction	 or	

reaching	a	plateau.	The	significance	of	these	points	was	analysed	by	comparing	clinical	outcomes	

before	 and	 after	 these	 points.	 The	 use	 of	 this	 method	 allows	 for	 direct	 comparison	 of	 each	

sequential	 case	between	 the	 two	groups	 to	establish	 the	difference	 in	 the	 length	of	proficiency	

gain	curves.	

	

Table	6-2.	Univariate	and	multivariate	analysis	of	cofounding	factors	with	clinically	significant	

increase	in	post-operative	length	of	stay	(entire	cohort,	n	=	1,736)	

Confounding	
factor	

Median	Inpatient	
stay	(days)	

Univariate	p-
value	

Multivariate	
p-value	

Regression	
coefficient	

95%	Confidence	
Interval	

Age		 0.083	(correlation)	 0.001	 0.040	 0.024	 0.001	-	0.046	

Lesion	type	 Benign:	3	
Malignant:	4	

<0.001	 0.024	 0.912	 0.123	-	1.702	

Neo-
adjuvant	
Chemo	

Absent:	4	
Present:	5	

0.003	 0.764	 -	 -	

Classification	
of	resection	

Minor:	4	
Technical	Major:	5	
Anatomical	Major:	5	

<0.001	 <0.001	 1.111	 0.748	-	1.474	

Concurrent	
procedure	

Absent:	4	
Present:	5	

0.003	 0.474	 -	 -	

Constant	 -	 -	 0.023	 1.594	 0.219	-	2.969	

The	 base	 value	 (or	 lower	 risk	 state)	 for	 each	 variable	was	 assigned	 0.	 Progressively	 higher	 risk	
states	 (e.g.	 malignant	 lesions	 compared	 to	 benign	 lesions)	 were	 attributed	 sequentially	 higher	
values	 for	 the	 risk	 adjustment.	 The	predicted	 risk-adjusted	 inpatient	 stay	was	 established	using	
the	following	equation:	
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RA	inpatient	stay	=	1.594	+	(Age	x	0.024)	+	(lesion	type	x	0.912)	+	(Resection	classification	x	1.111)	

Statistical	analysis	was	performed	using	IBM	SPSS	Statistics	v.24.	Non-parametric	continuous	data	

is	represented	by	the	median	(range).	Univariate	analysis	of	binary	data	was	performed	using	χ2	

and	/	or	Fisher’s	Exact	Test,	Mann-Whitney	U	Test	was	used	for	the	comparison	of	dichotomised	

groups	with	 continuous	outcomes,	Kruskal-Wallis	 Test	was	used	 for	 the	 comparison	of	multiple	

groups	with	continuous	outcomes.		Analysis	of	proportions	was	preformed	using	χ2	test	for	trend	

with	 degrees	 of	 freedom	 listed.	 Pearson’s	 correlation	 was	 used	 for	 bivariate	 comparison	 of	

continuous	 variables.	 Spearman	 Rank	 Test	 was	 used	 for	 comparison	 of	 ordinal	 and	 continuous	

data.	 Multivariate	 regression	 was	 performed	 using	 multiple	 linear	 regression.	 Percentages	 are	

listed	to	1	decimal	place	and	statistical	significance	was	defined	as	p	<0.05.	 	
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6.4 Results	

In	 total,	 data	 from	 1,736	 patients	 undergoing	 LLR	 were	 included.	 The	 patient	 demographics,	

tumour	characteristics	and	operative	details	of	the	procedures	performed	by	each	group	can	be	

found	in	table	6-3.	

	

Table	6-3.	Patient	demographics,	tumour	characteristics	and	operative	details	of	procedures	

performed	by	"pioneers"	and	"early	adopters"	

Demographic	 Pioneers	
(n	=	1,402)	

Early	adopters	
(n	=	334)	

p-value	

Age	(years)	 64	(18	–	89)	 61	(20	–	85)	 0.285	
Gender	
(Male	/	Female)	

721	(51.4%)	/	687	(48.6%)	 168	(50.3%)	/	166	(49.7%)	 0.845	

BMI	(kg/m2)	

<20:	12	(1.2%)	
20-30:	783	(81.0%)	
>30:	128	(13.2%)	
>35:	44	(4.6%)	

<20:	12	(4.5%)	
20-30:	199	(74.8%)	
>30:	44	(16.5%)	
>35:	11	(4.1%)	

0.003	
(χ2=14.17,	
3	d.f.)	

ASA	score	
(Low	/	High)	

1,210	(89.7%)	/	139	(10.3%)	 216	(64.7%)	/	118	(35.3%)	 <0.001	

Lesion	type	
(Benign	/	Malignant)	

396	(28.6%)	/	987	(71.4%)	 77	(23.1%)	/	257	(76.9%)	 <0.001	

Neo-adjuvant	
chemotherapy	
(No	/	Yes)	

848	(68.2%)	/	396	(31.8%)	 227	(68.0%)	/	107	(32.0%)	 0.944	

Cirrhosis	
(No	/	Yes)	

1081	(82.2%)	/	233	(17.7%)	 297	(88.9%)	/	37	(11.1%)	 0.003	

Previous	liver	
resection	

No	previous:	1,294	(92.9%)	
1st	re-resection:	94	(6.7%)	
2nd	re-resection:	5	(0.4%)	

No	previous:	304	(91.0%)	
1st	re-resection:	27	(8.1%)	
2nd	re-resection:	3	(0.9%)	

0.289	
(χ2=2.480,		
2	d.f)	

Lesion	size	
<3cm:	519	(39.0%)	
3	–	5cm:	409	(30.7%)	
>5cm:	404	(30.3%)	

<3cm:	204	(61.4%)	
3	–	5cm:	77	(23.2%)	
>5cm:	51	(15.4%)	

<0.001	
(χ2=57.828,	
2	d.f.)	

Lesion	depth	
(<1cm	/	>1cm)	

1040	(74.3%)	/	359	(25.7%)	 146	(44.4%)	/	183	(55.6%)	 <0.001	

Proximity	to	IVC	
(>2cm	/	<2cm)	

1140	(81.4%)	/	260	(18.6%)	 200	(71.9%)	/	78	(28.1%)	 0.001	

Resection	classification	
Minor:	841	(60.0%)	
Technical	Major:	291	(20.7%)	
Anatomical	Major:	270	(19.3%)	

Minor:	150	(45.0%)	
Technical	Major:	126	(37.8%)	
Anatomical	Major:	57	(17.4%)	

<0.001	
(χ2=43.839,	
2	d.f.)	

Concurrent	procedure	
(No	/	Yes)	

1272	(90.7%)	/	130	(9.3%)	 233	(71.7%)	/	92	(28.3%)	 <0.001	

χ2	 result	 and	 degrees	 of	 freedom	 (d.f.)	 are	 listed	 for	 variables	 with	 more	 than	 1	 degree	 of	

freedom.	
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Analysis	of	the	RA-CUSUM	curves	demonstrates	2	performance	change	points	in	both	groups.	The	

“pioneering”	 surgeons	 have	 performance	 change	 points	 at	 50	 and	 135	 procedures	 (figure	 6-1),	

while	the	“early	adopters”	have	theirs	at	17	and	46	cases	(figure	6-2).	

	

	

Figure	6-1.	RA-CUSUM	of	the	“pioneers”	with	changes	in	performance	seen	at	50	and	135	cases.	

Number	of	cases	plotted	on	the	x-axis	with	RA-CUSUM	on	the	y-axis.	

	

	

Figure	 6-2.	 RA-CUSUM	of	 the	 "early	 adopters"	with	 changes	 in	 performance	 seen	 at	 17	 and	46	

cases.	Number	of	cases	plotted	on	the	x-axis	with	RA-CUSUM	on	the	y-axis.	
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Figure	6-3.	RA-CUSUM	comparing	the	first	50	cases	of	the	"pioneers"	with	"early	adapters".	Cases	

performed	by	the	pioneers	are	represents	by	the	blue	line,	while	those	performed	by	

the	early	adopters	are	represented	by	the	red	line.	Number	of	cases	plotted	on	the	x-

axis	with	RA-CUSUM	on	the	y-axis.	

	

Direct	 visual	 comparison	 of	 the	 RA-CUSUM	 of	 the	 pioneers	 and	 early	 adopters	 (figure	 6-3)	

demonstrates	 that	 at	 50	 cases	 performance	 is	 similar	 meaning	 that	 after	 risk-adjustment	 the	

surgeons’	and	centres’	performances	are	near	equivocal.	This	suggests	that	while	start	points,	in	

terms	 of	 complexity	 of	 cases	 being	 undertaken,	 are	 different	 the	 rate	 of	 skill	 acquisition	 is	

comparable	between	the	groups.	 	
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Table	6-4.	Patient,	tumour	and	surgical	factors	with	outcomes	of	laparoscopic	liver	resections	

performed	by	"pioneer"	surgeons	with	respect	to	changes	in	performance	on	RA-

CUSUM	analysis	

Factor	 First	50	cases	
(n	=	200)	

51-135	cases	
(n	=	340)	

After	135	cases	
(n	=	862)	

p-value	

Age	(years)	 60	 63	 64	 0.003	
Lesion	type	
(Benign	/	
malignant)	

95	(47.5%)	/	105	
(52.5%)	

110	(32.4%)	/	230	
(67.6%)	

202	(23.4%)	/	660	
(76.6%)	

<0.001	
(χ2=48.041,	
2	d.f.)	

Lesion	size	
<3cm:	62	(31.0%)	
3-5cm:	64	(32.0%)	
>5cm:	74	(37.0%)	

<3cm:	140	(41.3%)	
3-5cm:	104	(30.6%)	
>5cm:	96	(28.1%)	

<3cm:	344	(39.9%)	
3-5cm:263	(30.5%)	
>5cm:	255	(29.6%)	

0.108	
(χ2=7.588,	
4	d.f.)	

Classification	of	
resection	

Minor:	141	(70.5%)	
Technical	Major:	30	
(15%)	
Anatomical	Major:	
29	(14.5%)	

Minor:	220	(64.7%)	
Technical	Major:	57	
(16.8%)	
Anatomical	Major:	63	
(18.5%)	

Minor:	480	(55.7%)	
Technical	Major:	204	
(23.7%)	
Anatomical	Major:	178	
(20.6%)	

<0.001	
(χ2=20.238,	
4	d.f.)	

Blood	loss	(ml)	 200	 200	 300	 <0.001	
Operative	time	
(mins)	

200	 200	 225	 <0.001	

Conversion	rate	 18	(9%)	 28	(8.2%)	 96	(11.1%)	 0.235	
Major	
complications	
(Clavien-Dindo	
>2)	

16	(8%)	 26	(7.6%)	 46	(5.3%)	 0.139	

Inpatient	stay	
(days)	

4	 4	 4	 0.645	

30-day	mortality	 3	(1.5%)	 3	(0.9%)	 10	(1.2%)	 0.857	
90-day	mortality	 3	(1.5%)	 4	(1.2%)	 14	(1.6%)	 0.867	

χ2	 result	 and	 degrees	 of	 freedom	 (d.f.)	 are	 listed	 for	 variables	 with	 more	 than	 1	 degree	 of	

freedom.	

Analysis	of	the	operative	trends	of	the	“pioneering”	surgeons	(table	6-4)	demonstrates	that	prior	

to	 completing	 50	 procedures	 70.5%	 of	 cases	 were	 minor	 resections	 for	 lesions	 located	 in	 the	

antero-lateral	 segments	with	benign	disease	 representing	 the	 indication	 for	 resection	 in	 almost	

half	of	cases	(47.5%).	With	 increasing	experience	the	number	of	technical	and	anatomical	major	

resections	 increased	 (p	 <0.001)	 with	 a	 corresponding	 increase	 in	 the	 proportion	 of	 resections	

performed	for	malignant	lesions	(p	<0.001).		

These	changes	were	associated	with	an	increased	intra-operative	blood	loss	from	200ml	to	300ml	

(P	<0.001),	however	the	clinical	relevance	of	this	was	minimal	as	conversion	rate	(p	=	0.235),	post-

operative	length	of	stay	(p	=	0.645),	major	complication	rate	(defined	by	a	Clavien-Dindo	score	>2)	

(p	=	0.139)	and	mortality	 (p	=	0.857	and	p	=	0.867	 for	30-	and	90-	days	 respectively)	 remained	

unchanged.	
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Table	6-5.	Patient,	tumour	and	surgical	factors	with	outcomes	of	laparoscopic	liver	resections	

performed	by	"early	adopter"	surgeons	with	respect	to	changes	in	performance	on	

RA-CUSUM	analysis	

Factor	 First	17	cases		
(n	=	68)	

17-46	cases	
(n	=	116)	

After	46	cases	
(n	=	150)	

p-value	

Age	(years)	 65	 67	 61	 0.170	

Lesion	type	
(Benign	/	
Malignant)	

15	(22.1%)	/	53	
(77.9%)	

24	(20.7%)	/	92	
(79.3%)	

38	(25.3%)	/	112	
(74.7%)	

0.656	
(χ2=0.843,	
2	d.f.)	

Lesion	size	
<3cm:	44	(64.7%)	
3-5cm:	15	(22.1%)	
>5cm:	9	(13.2%)	

<3cm:	69	(59.5%)	
3-5cm:	31	(26.7%)	
>5cm:	16	(13.8%)	

<3cm:	91	(60.7%)	
3-5cm:	33	(22.0%)	
>5cm:	26	(17.3%)	

0.795	
(χ2=1.676,	
4	d.f.)	

Classification	of	
resection	

Minor:	33	(48.5%)	
Technical	Major:	22	
(32.4%)	
Anatomical	Major:	13	
(19.1%)	

Minor:	56	(48.3%)	
Technical	Major:	36	
(31.0%)	
Anatomical	Major:	24	
(20.7%)	

Minor:	62	(41.3%)	
Technical	Major:	68	
(45.3%)	
Anatomical	Major:	20	
(13.4%)	

0.117	
(χ2=7.389,	
4	d.f.)	

Blood	loss	(ml)	 375	 425	 250	 0.038	

Operative	time	
(mins)	

180	 155	 160	 0.512	

Conversion	rate	 3	(4.4%)	 11	(9.4%)	 4	(2.7%)	 0.047	

Major	
complications	
(Clavien-Dindo	>2)	

5	(7.3%)	 6	(5.2%)	 8	(5.3%)	 0.801	

Inpatient	stay	
(days)	

5	 5	 4	 0.986	

30-day	mortality	 0	(0)	 2	(1.7%)	 1	(0.7%)	 0.450	
90-day	mortality	 0	(0)	 2	(1.7%)	 2	(1.3%)	 0.553	

χ2	 result	 and	 degrees	 of	 freedom	 (d.f.)	 are	 listed	 for	 variables	 with	 more	 than	 1	 degree	 of	

freedom.	

Conversely,	the	analysis	of	the	operative	trends	of	the	“early	adopters”	(table	6-5)	does	not	show	

any	statistically	significant	differences	between	the	resection	classifications	performed	in	each	of	

the	3	 stages	of	 the	curve	 (<17	cases,	17	–	46	cases	and	>46	cases)	 (p	=	0.123)	nor	 the	 types	of	

lesions	 being	 resected	 (p	 =	 0.656).	 Interestingly,	 when	 the	 initial	 procedures	 of	 the	 “early	

adopters”	(<17	procedures	performed)	are	compared	with	the	latter	procedures	of	the	“pioneer”	

surgeons	 (i.e.	 >150	 procedures	 performed)	 there	 are	 no	 differences	 in	 the	 classification	 of	

resection	being	performed,	nor	the	type	of	lesion	resected	(p	=	0.271	and	p	=	0.856	respectively).	

It	 is	 note	 worthy	 that	 although	 not	 statistically	 significant	 these	 initial	 cases	 had	 higher	major	

complication	rates	(7.3%	vs	5.3%	(p	=	0.488))	and	longer	post-operative	length	of	stay	(5	days	vs	4	

days	 (p	 =	 0.877))	 than	 the	 latter	 cases	 performed	 the	 “pioneering”	 surgeons.	 However,	 upon	
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completion	 of	 46	 procedures	 the	 major	 complication	 rate	 (5.3%	 vs	 5.3%	 (p	 =	 0.989)),	 post-

operative	length	of	stay	(4	days	vs	4	days	(p	=	0.371)),	30-	and	90-	day	mortality	(0.7%	vs	1.2%	(p	=	

0.521)	and	1.3%	vs	1.6%	(p	=	0.744)	respectively)	were	nearly	identical	to	those	achieved	by	the	

“pioneering”	surgeons	in	their	latter	cases.	
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6.5 Discussion	

The	implementation	of	LLS	dates	back	to	the	early	1990s	(39,	40,	217)	however	its	acceptance	as	a	

standard	of	practice	has	only	occurred	relatively	 recently	 (11,	54,	56).	Previous	 literature	would	

suggest	 that	 the	 learning	 curve	 for	 laparoscopic	 minor	 liver	 resections	 is	 approximately	 50	

procedures,	 similar	 to	 that	 for	major	 hepatectomies	 having	 already	 achieved	 competency	with	

minor	 resections	 (68,	 78,	 100,	 105,	 202).	 However,	 these	 figures	 do	 not	 simply	 represent	 the	

learning	 curve	 for	 the	 acquisition	 of	 a	 complex	 skill	 as	 they	 report	 data	 from	 surgeons	 in	 the	

“development”	and	“exploration”	stages	 (stage	2a	and	2b)	of	 the	 IDEAL	classification	of	surgical	

innovation	 (42,	 44).	 As	 such,	 this	 group	 of	 “pioneering”	 surgeons	 had	 to	 overcome	 several	

additional	 factors	 such	as	 the	 initial	 scepticism	as	 to	 the	 feasibility	 and	 safety	of	 a	 laparoscopic	

approach;	evolving	indications;	a	lack	of	specific	instrumentation	and	the	necessity	to	invent	new	

techniques	 to	 approach	 the	 liver.	 Thus,	 the	 reported	 figures	 represent	 the	 development	 of	 an	

entirely	new	sub-speciality	rather	than	the	learning	curve	of	an	already	established	practice.	The	

results	 of	 the	 current	 study	 should	 alter	 surgeons’	 perceptions	 of	 the	 learning	 curve	 as	 they	

demonstrate	 that	 the	 rate	 of	 proficiency	 gain	 is	 reduced	 through	 the	 progressive	 stages	 of	

innovation	and	can	be	altered	with	specific	training	and	mentoring.	

To	our	knowledge	this	study	is	the	first	to	compare	and	contrast	the	learning	curves	of	surgeons	

during	different	stages	of	the	IDEAL	paradigm	of	surgical	innovation	(42,	44).	The	outcome	of	this	

work	is	made	all	the	more	significant	by	the	limited	data	available	on	learning	curves	during	the	

latter	stages	of	surgical	innovation	due	to	the	saturation	of	published	data	from	the	earlier	stages.	

The	 results	 of	 this	 study	 demonstrate	 that	 the	 indications	 and	 application	 of	 LLS	 have	 evolved	

significantly	between	stage	2	and	3.	A	finding	that	can	be	explained	by	the	experience	amassed	by	

the	 “pioneering”	 surgeons	 since	 starting	 their	 practice	 (79).	 The	 guidance	 from	 two	 consensus	

meetings	(54,	56)	and	the	EGMLLS,	2017	(11)	demonstrate	that	the	contra-indications	to	LLS	are	

being	 relaxed	 as	 evidence	 becomes	 available	 that	 a	 laparoscopic	 approach	 is	 both	 safe	 and	

feasible	 in	patients	with	worse	pre-morbid	 states	 (in	 terms	of	age,	BMI	and	ASA	grade)	and	 for	

increasing	 complex	 resections	 such	 as	 those	 in	 the	 postero-superior	 segments	 and	 in	 close	

proximity	to	the	hilum	of	the	liver	and	Inferior	vena	cava.	Additionally,	the	theoretical	reduction	

of	post-operative	adhesions	offered	by	a	minimally-invasive	approach	has	encouraged	surgeons	

to	be	perform	parenchymal-sparing	resections	 (72,	149,	228,	229)	as	demonstrated	here	by	 the	

relative	 increase	 in	 frequency	 of	 technically	 major	 resections	 compared	 to	 anatomically	 major	

resections	with	the	passage	of	time.	
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The	 objective	 nature	 of	 post-operative	 length	 of	 stay	 and	 post-operative	 complication	 rate	 are	

frequently	used	as	 short-	 and	medium-term	outcome	markers	of	 surgical	 treatments.	However,	

their	 simple	 nature	 belies	 a	 far	more	 complex	 picture.	 Post-operative	 length	 of	 stay	 and	 post-

operative	morbidity	 can	be	 closely	 related	and	are	dependent	on	 the	pre-morbid	 fitness	of	 the	

patient	 (7,	 230-232);	 intra-operative	 complications	 (10,	 208)	 and	 centre’s	 specific	 experience	

managing	 similar	 post-operative	 patients	 (233,	 234).	 Hence,	 they	 represents	 not	 only	 the	

development	of	a	surgeon’s	competency	but	also	that	of	the	institution	in	which	they	work	and	as	

such	is	of	critical	importance	when	considering	the	safe	dissemination	of	LLS.	

The	 results	 of	 the	 RA-CUSUM	 curves	 and	 subsequent	 analysis	 demonstrate	 that	 among	 the	

“pioneering”	 surgeons	 there	 was	 a	 likely	 a	 deliberate	 selection	 bias	 in	 the	 first	 phase	 of	 the	

learning	 curve	 (<50	 procedures)	 as	 this	 group	 contained	 significantly	 younger	 patients	 with	 a	

higher	proportion	of	minor	 resections	 for	benign	 lesions.	The	comparable	outcomes	 in	 terms	of	

morbidity,	post-operative	length	of	stay	and	mortality	between	the	phases	of	the	learning	curve	

(<50	procedure,	50	–	135	procedures	and	>135	procedures)	 suggests	 that	 the	progression	 from	

minor	to	major	and	finally	complex	major	resections	has	occurred	at	appropriate	time	 intervals.	

Hence	 the	 learning	 curve	 for	 the	 “pioneering”	 surgeons	 and	 centres,	 based	 upon	 risk-adjusted	

post-operative	 length	of	stay,	 is	50	cases	for	minor	resections	and	85	cases	for	major	resections	

(having	overcome	 the	earlier	 learning	 curve).	With	 respect	 to	 the	 “early	 adopters”	 there	was	 a	

trend	 toward	 an	 increased	 proportion	 of	 major	 resections	 (both	 technical	 and	 anatomical)	

throughout	the	phases	of	the	learning	curve,	although	this	did	not	reach	statistical	significance	as	

this	group	of	surgeons	were	performing	a	high	proportion	of	these	cases	at	the	beginning	of	their	

practice.	There	were	significant	decreases	in	intra-operative	blood	loss	and	conversion	rates	with	

increasing	 experience,	 which	 again	 suggests	 that	 the	 move	 to	 more	 complex	 cases	 was	 timed	

correctly.	On	initial	inspection	the	comparable	resection	classifications	of	the	“early	adopters”	in	

the	initial	part	of	their	practice	with	that	of	latter	part	of	the	“pioneering”	surgeons	would	suggest	

that	 the	 learning	 curve	 for	 LLS	 is	 overcome	 prior	 to	 17	 procedures.	 However,	 this	 should	 be	

viewed	 with	 caution	 as	 it	 is	 only	 with	 increasing	 experience	 (>46	 procedures)	 that	 the	 post-

operative	 outcomes	 of	 the	 “early	 adopters”	 become	 comparable	 with	 that	 seen	 in	 the	 latter	

experience	 of	 the	 “pioneers”.	 This	 suggests	 that	 the	 training	 received	 by	 the	 “early	 adopters”	

provides	the	skills	required	to	perform	LLS	early	 in	their	 independent	practice	and	that	they	are	

able	to	reach	a	comparable	proficiency	with	the	“pioneering”	surgeons	having	completed	only	46	

procedures.	

It	 is	 note-worthy	 that	 the	 learning	 curve	 for	 the	 “pioneering”	 surgeons	 demonstrated	 by	 this	

study	is	similar	to	previous	early	literature	from	other	surgeons	performing	LLR	(68,	78,	100,	105,	

202)	indicating	that	our	study	gives	a	fair	representation	of	the	international	learning	curves	seen	
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in	other	“pioneering”	surgeons.	There	is	very	limited	data	examining	the	learning	curves	of	“early	

adopting”	 surgeons	 however	 it	 seems	 that	 for	 minor	 resections	 the	 learning	 curve	 data	 is	

comparable	to	that	highlighted	here	(110).	

Comparison	of	the	RA-CUSUM	between	the	groups	provides	an	interesting	insight	into	the	rate	of	

skill	 acquisition,	 as	 once	 the	 complexity	 of	 the	 cases	 has	 been	 accounted	 for	 the	 performance	

between	pioneers	and	early	adopters	is	comparable	after	50	cases.	This	suggests	that	the	rate	of	

skill	acquisition	is	comparable	between	the	groups	and	that	the	reduction	in	the	learning	curve	is	

likely	as	a	result	of	the	standardisation	of	operative	techniques	and	the	training	provided	during	

the	fellowships.	Similar	results	have	been	observed	in	other	specialties,	most	notably	laparoscopic	

colorectal	 surgery,	with	 self-taught	 surgeons	 requiring	 between	 88	 and	 150	 cases	 to	 overcome	

the	learning	curve	(235),	while	those	who	had	received	specific	training	required	between	40	and	

60	cases	(236-238).	

The	 results	 of	 the	 current	 study	 suggests	 that	 the	 training	 received	by	 the	 “early	 adopters”,	 as	

well	 as	 the	 absence	 of	 the	 afore	mentioned	 obstacles,	 is	 effective	 in	 the	 reducing	 the	 learning	

curve	and	improving	post-operative	morbidity.	Of	note,	the	basic	surgical	and	non-hepato-biliary	

specific	 training	 received	 by	 the	 “early	 adopters”	 contained	 large	 proportions	 of	 laparoscopic	

cases	as	 this	approach	has	become	more	popular	 for	operations	such	as	cholecystectomies	and	

appendicectomies.	 For	 comparison	 sake,	 prior	 to	 undertaking	 their	 first	 LLR,	 the	 “pioneering”	

surgeons	 had	 each	 performed	more	 than	 300	 open	 liver	 resections,	 between	 50	 and	 500	 liver	

transplants	and	at	least	500	advanced	laparoscopic	cases	(including	upper	/	lower	gastrointestinal	

resections	and	bariatric	procedures).	While	 the	higher	 training	 received	by	 the	“early	adopters”	

prior	to	undertaking	their	independent	LLR	included	on	average	60	open	liver	resections,	70	liver	

transplants,	250	advanced	laparoscopic	cases	and	50	supervised	LLRs.	The	training	undertaken	by	

the	 “early	 adopters”	 has	 resulted	 in	 a	 group	 of	 surgeons	 whom	 were	 able	 to	 perform	

(unsupervised)	both	minor	and	major	resections	upon	starting	their	independent	practice	and	are	

able	to	achieve	similar	outcomes	to	vastly	experienced	surgeons	after	only	46	cases.	However,	it	is	

not	possible	 to	 give	 a	 specific	 and	 rigidly	defined	 criteria	 (in	 terms	of	 the	number	and	 types	of	

cases	 that	 a	 trainee	 must	 have	 performed	 during	 their	 higher	 training)	 to	 safely	 commence	

training	 in	 LLR	 as	 the	 response	 to	 training	 stimuli	 will	 vary	 between	 trainees.	 However,	 the	

authors	believe	 that	 the	 following	are	necessities	 in	a	 trainee’s	preparation	 to	 safely	undertake	

training	 in	 LLR:	 a	 satisfactory	 performance	 on	 a	 liver	 resection	 /	 transplant	 team	 in	 a	 tertiary	

referral	 centre	 that	 should	be	documented	by	a	 reference	 from	 the	head	of	 the	department,	 a	

formal	higher	qualification	 in	HPB	 surgery	 that	 can	be	demonstrated	by	 the	European	Board	of	

Surgery	 Qualification	 /	 Fellowship	 of	 the	 Royal	 College	 of	 Surgeons	 or	 equivalent,	 a	
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comprehensive	knowledge	of	the	current	literature	and	advanced	skills	in	laparoscopy	than	other	

an	HPB.	

The	current	study	is	unique	in	that	it	is	the	first	to	compare	learning	curves	from	differing	stages	

of	 surgical	 innovation	 and	 importantly	 is	 one	of	 the	only	 studies	 to	 report	 data	 from	 the	 latter	

stages	of	surgical	innovation	in	any	speciality.	The	use	of	risk-adjusted	CUSUM	analysis	allows	for	

non-identical	cases	to	be	matched	and	hence	permits	a	direct	comparison	of	chronological	cases	

during	the	learning	curves	of	both	groups.	Finally,	and	most	importantly	the	results	of	the	current	

work	highlight	the	importance	of	training	and	mentoring	in	the	acquisition	of	complex	skills	such	

as	LLS	and	ultimately	should	deter	all	practitioners	from	the	“trial	and	error”	approach	that	was	

previously	utilised	(43).	The	reduction	 in	the	 learning	curve	seen	within	this	study	 is	 likely	to	be	

proportional	to	the	exposure	of	the	trainee	to	LLR	and	the	authors	would	advocate	a	fellowship	

(either	locally	or	internationally)	as	the	gold	standard	of	training.	However,	such	resources	are	not	

always	available	and	hence	alternatives	such	as	proctored	programmes	or	courses	should	be	sort	

out.	While	 these	 resources	 will	 undoubtedly	 reduce	 the	 learning	 curve	 of	 trainee	 laparoscopic	

liver	surgeons	the	effect	maybe	less	significant	than	that	seen	in	those	undertaking	fellowships.	

The	 limitations	of	 this	 study	 include	 its	 retrospective	nature	and	 the	 limited	cohort	of	 surgeons	

examined.	 In	 addition,	 post-operative	 length	 of	 stay	 is	 subject	 to	 an	 element	 of	 variability	 as	 a	

result	 of	 multiple	 factors	 including,	 but	 not	 limited	 to,	 personal	 and	 centre	 experience;	 the	

implementation	 of	 enhanced	 recovery	 programmes	 and	 the	 provision	 of	 local	 resources.	

However,	the	combination	of	data	from	multiple	centres	in	different	countries	within	each	group	

goes	 some	way	 to	 balancing	 the	 differing	 practices	 in	 each	 centre.	 However,	 in	 spite	 of	 these	

shortcomings	the	previously	published	data	supports	that	the	results	of	this	study.		

Our	work	demonstrates	that	 it	 is	possible	to	dramatically	reduce	the	 learning	curve	of	surgeons	

and	improve	post-operative	outcomes	with	specific	training	in	LLS.	Currently	there	is	a	paucity	of	

evidence	available	for	other	surgical	specialities	however	it	 is	 likely	that	these	findings	would	be	

applicable	to	all	specialities	that	are	current	experiencing	shifts	in	their	practice	from	one	stage	of	

their	innovation	to	another	and	thus	these	results	re-enforce	the	need	for	specific	training	during	

the	 introduction	 of	 novel	 approaches	 and	 techniques.	 At	 present	 there	 is	 no	 proven	 model	

however	 the	 involvement	 of	 laparoscopy	 from	 an	 early	 stage	 of	 training	 and	 speciality	 specific	

advanced	training	were	all	features	shared	by	the	“early	adopters”	in	this	study.	
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Chapter	7: Closing	

7.1 Conclusion	

The	 liver	 is	 the	 second	 largest	 organ	 in	 the	 body	 (1)	 and	 plays	 a	 vital	 role	 in	 the	 regulation	 of	

metabolism,	 the	 synthesis	 of	 bile	 and	 proteins,	 the	 storage	 of	 fat	 soluble	 vitamins,	 and	 the	

deactivation	 and	 excretion	 of	 toxic	 metabolites.	 Unfortunately,	 the	 liver	 has	 the	 potential	 to	

develop	 primary	 neoplasms	 and	 as	 a	 result	 of	 its	 blood	 supply	 is	 a	 common	 site	 of	metastatic	

disease	 from	the	gastrointestinal	 tract	 (18-20).	Whilst	chemotherapy	has	been	demonstrated	to	

improve	 patient	 and	 disease	 free	 survival	 in	 those	 with	 colorectal	 liver	 metastases	 (24,	 25)	

resection	remains	the	only	curative	treatment	for	malignancies.	

Early	 case	 series	 demonstrated	 the	 potential	 for	 improved	 patient	 outcomes	 (45-49)	 and	 as	 a	

result	 the	use	of	a	minimally	 invasive	approach	 to	 liver	 resections	has	grown	exponentially	 (57,	

58,	61,	152).	The	largest,	and	most	contemporary,	meta-analysis	reported	the	outcomes	of	over	

9,000	 LLRs	 demonstrating	 the	 widespread	 uptake	 of	 this	 approach	 and	 confirming	 its	 benefits	

with	respect	to	post-operative	outcomes	(62).	

While	 the	 feasibility	 and	comparative	benefits	of	 LLS	were	highlighted	during	 the	 Louisville	 and	

Morioka	Consensus	Meetings	(54,	56)	there	remains	a	paucity	of	evidence-based,	expert	validated	

guidelines	 to	ensure	 that	 surgeons	are	practicing	 to	 the	highest	possible	 standards	with	patient	

outcomes	 at	 the	 forefront	 of	 their	 decision-making.	 Thus	 the	 development	 of	 a	 set	 of	 clinical	

guidelines	was	mandated	to	ensure	the	on	going	safe	expansion	of	LLS	with	patient	outcomes	at	

its	heart.		

The	 Southampton	 Consensus	 Guidelines	 (11)	 represent	 the	 conclusions	 from	 The	 European	

Guidelines	Meeting	 for	 Laparoscopic	Liver	Surgery.	The	67	guidelines	provide	 recommendations	

regarding	 an	 increased	 cohort	 of	 patients,	 including	 those	 previously	 thought	 to	 be	 “high-risk”,	

refined	 the	 classification	 of	 resections	 to	 incorporate	 the	 “difficult”	 postero-superior	 segments,	

standardised	operative	techniques	and	defined	the	appropriateness	of	a	laparoscopic	approach	to	

specific	diseases.	Among	the	most	significant	topics	to	arise	from	the	EGMLLS	was	the	provision	of	

appropriate	training	as	well	as	careful	case	selection	to	allow	for	a	stepwise	progression	through	

the	learning	curve.	

Multiple	publications	have	highlighted	the	need	for	a	step-wise	progression	through	the	learning	

curve	of	LLS	in	order	to	minimise	harm	to	patients	(68,	100,	102,	105).	However,	 in	order	that	a	
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progressive	 approach	may	 be	 adopted	 an	 objective	means	 of	 defining	 difficulty	 is	 required.	 In	

2014	 Ban	 and	 colleagues	 proposed	 “a	 novel	 difficulty	 scoring	 system	 for	 laparoscopic	 liver	

resections”	to	predict	the	difficulty	of	a	resection	to	allow	for	case	selection	(207).	However,	this	

scoring	 system	 was	 limited	 by	 its	 subjective	 assessment	 of	 difficulty,	 its	 small	 development	

cohort,	and	its	lack	of	validation.	While	the	demographics	and	disease	characteristics	of	the	Asian	

population	 used	 in	 its	 development	 make	 it	 non-applicable	 to	 European	 patients.	 Thus	 within	

Europe	there	remains	a	need	for	a	simple,	objective	scoring	system	to	predict	the	difficulty	of	LLRs	

to	permit	case	selection	with	respect	to	surgeon	experience.	

Conversion	 to	 an	 open	 approach	 during	 a	 minimally	 invasive	 operation	 can	 be	 regarded	 as	 a	

marker	of	excessive	 intra-operative	complexity.	While	 the	 literature	suggests	 that	conversion	to	

an	open	approach	does	not	adversely	effect	operative	time	for	LLS	(96)	it	does	result	in	a	lose	of	

the	beneficial	effects	of	a	minimally	invasive	approach.	Current	data	regarding	conversion	during	

LLR	 is	 limited	 to	 small	 studies	 reporting	 a	 myriad	 of	 possible	 factors	 that	 may	 increase	 the	

likelihood	of	conversion	 (9,	61,	75,	77,	78,	84,	87,	98).	While	admirable	 in	their	 intent	the	small	

patient	cohorts	and	 the	single	centre	nature	of	 these	studies	has	 likely	 resulted	 in	 findings	 that	

have	suffered	from	statistical	overfitting	and	lack	generalisability	to	other	centres.		

The	data	presented	here	represents	the	largest	cohort	of	European	patients	undergoing	LLR	ever	

reported	 and	 its	 multicentre	 nature	 allow	 for	 the	 findings	 to	 be	 widely	 applicable	 to	 other	

European	centres.	The	results	demonstrate	that	the	overall	conversion	rate	is	7.8%.	The	reduction	

in	 the	overall	 conversion	 rate	 compared	 to	 the	data	provided	by	Dagher	and	 colleagues	 (2014)	

demonstrates	the	on	going	improvements	in	outcomes	in	LLS	in	spite	of	the	increasing	complexity	

of	resections	that	are	being	undertaken	(61).	

The	 factors	 found	 to	 independently	 increase	 the	 likelihood	 of	 conversion	 during	 LLR	 were	 the	

presence	 of	 cirrhosis,	 neoadjuvant	 chemotherapy,	 previous	 liver	 resection(s),	 resections	 for	

malignant	lesions,	larger	lesions,	increasing	volume	of	resection	and	resection	within	the	postero-

superior	segments.	These	results	validate	several	of	findings	from	previous	studies,	however	the	

most	 important	 finding	 is	 that	 the	cause	and	hence	 the	 timing	of	 conversion	significantly	effect	

patient	 outcomes	 (208).	 This	 raises	 two	 important	 points,	 firstly	 it	 stresses	 the	 need	 for	 a	 low	

threshold	 for	 early	 conversion	 in	 cases	 that	 have	 the	 potential	 to	 be	 difficult	 and	 secondly	 it	

reiterates	 the	 need	 for	 a	 tool	 to	 estimate	 the	 difficulty	 of	 a	 LLR	 pre-operatively	 in	 order	 that	

appropriately	trained	surgeons	perform	cases.	

The	 development	 of	 a	 predictive	 model	 requires	 an	 objective	 outcome	 against	 which	 a	 set	 of	

factors	may	be	tested.	In	order	to	capture	the	current	perceptions	of	the	minimally	invasive	liver	

surgery	community	a	survey	was	produced.	Those	returning	completed	surveys	were	responsible	
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for	over	7,000	LLRs.	The	results	highlighted	that	the	factors	believed	to	increase	the	difficulty	of	a	

LLR	were	 consistent	 globally	 and	 varied	 only	 slightly	with	 increasing	 experience	 in	 LLS	 (211).	 In	

addition	to	the	factors	 found	to	 increase	the	risk	of	conversion,	and	those	proposed	by	the	Ban	

and	colleagues	 (2014)	as	 increasing	 the	difficulty	of	a	LLR,	were	several	other	 factors	 that	were	

subsequently	incorporated	into	the	development	of	the	predictive	model	(207,	208).	

The	development	and	validation	of	the	predictive	model	was	guided	by	the	TRIPOD	checklist	(212)	

and	 was	 based	 upon	 the	methodology	 of	 the	 Framingham	 Heart	 Score	 (215)	 that	 enables	 the	

creation	of	scoring	system	based	on	 integers	to	 facilitate	ease	of	use.	The	results	demonstrated	

that	 patients	 who	 had	 intraoperative	 complications	 had	 worse	 outcomes,	 with	 higher	 scores	

corresponding	 to	 an	 increasing	 risk	 of	 intraoperative	 complications.	 The	 five	 factors	 found	 to	

independently	 increase	 the	 risk	 of	 intraoperative	 complications	 during	 LLR	 were:	 resections	 of	

malignant	 lesions,	 increasing	 lesion	 size,	 neoadjuvant	 chemotherapy,	 previous	 open	 liver	

resection(s)	and	the	classification	of	 the	resection	 (which	can	be	viewed	as	an	amalgamation	of	

lesion	location	and	volume	of	resection).	This	scoring	system	correlates	well	with	those	currently	

available	 (104,	207)	 and	 thanks	 to	 its	 large,	multicentre	 cohort	 and	 independent	 validation	 it	 is	

widely	 applicable	 throughout	Europe.	When	 this	model	 is	 combined	with	 learning	 curve	data	 it	

allows	for	case	selection	with	respect	to	surgeon	experience	that	should	reduce	the	likelihood	of	

intra-operative	events	during	LLR	and	hence	improve	patient	outcomes.		

Learning	curve	analyses	suggest	that	60	minor	and	50	major	resections	are	required	to	overcome	

the	learning	curve	for	LLR	(68,	78,	100,	105,	216).	However,	these	analyses	occurred	while	LLS	was	

in	stage	2	of	the	IDEAL	paradigm	of	surgical	innovation.	LLS	is	currently	in	stage	3	and	many	of	the	

challenges	incurred	in	the	earlier	stages	have	now	been	removed	(42-44).	In	the	absence	of	these	

hurdles	 it	 can	 be	 expected	 that	 learning	 curve	 for	 LLS	 will	 be	 reduced.	With	 appropriate	 case	

selection	being	dependent	on	the	experience	of	a	surgeon	and	the	difficulty	of	the	resection	it	is	

imperative	that	learning	curves	are	assessed	using	contemporary	data.		

Using	inpatient	stay	as	a	marker	of	proficiency	the	results	presented	here	demonstrate	that	those	

whom	are	practicing	in	stage	3	of	the	IDEAL	paradigm,	and	have	received	specific	training	in	the	

form	 of	 LLS	 fellowships,	 have	 a	 dramatically	 reduced	 learning	 curve	 (239).	 It	 is	 not	 possible	 to	

delineate	 the	 effect	 of	 specific	 training	 from	 the	 removal	 of	 the	 afore	 mentioned	 hurdles.	

However,	it	is	a	common	theme	that	those	surgeons	trained	in	stage	3	had	an	early	exposure	to	

minimally	invasive	abdominal	operations,	had	comprehensive	training	in	open	HPB	and	advanced	

laparoscopic	surgery,	and	undertook	fellowships	in	LLS.	
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In	 summary,	 the	 use	 of	 contemporary	 clinical	 guidelines	 in	 conjunction	 with	 specific	 training,	

appropriate	 case	 selection	 using	 pre-operative	 risk	 stratification	 and	 a	 low	 threshold	 for	

conversion	 may	 result	 in	 improved	 patient	 outcomes	 in	 those	 undergoing	 laparoscopic	 liver	

resections.	
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7.2 Projects	for	the	future	

7.2.1 Revision	of	the	Southampton	Consensus	Guidelines	

As	per	 the	SIGN	protocol	 the	Southampton	Consensus	Guidelines	must	be	 revised	and	updated	

after	a	period	of	time	deemed	appropriate	based	upon	the	rate	of	progress	of	minimally	invasive	

liver	surgery.		

Points	 for	 consideration	 during	 the	 revision	 would	 be	 the	 selection	 of	 the	 expert	 panel,	 the	

methodology	used	for	the	development	of	the	provisional	guidelines	and	presentation	of	data	to	

the	 validation	 committee.	 While	 the	 guidelines	 were	 developed	 specifically	 at	 the	 “European	

Guidelines	 Meeting	 for	 Laparoscopic	 Liver	 Surgery”	 the	 revised	 guidelines	 may	 wish	 to	 be	

extended	to	encompass	a	wider	cohort	of	patients,	specifically	those	in	Asia	and	North	America,	

as	the	centres	and	surgeons	within	these	regions	have	produced	a	wealth	of	techniques	and	data	

that	is	invaluable	and	thus	should	be	incorporated	into	future	guidelines.	For	this	to	be	achieved	

there	 must	 be	 proportional	 representation	 of	 Asian	 and	 North	 American	 surgeons	 within	 the	

expert	panel	and	validation	committee.		

Secondly,	 while	 the	 Delphi	 methodology	 has	 several	 benefits,	 including	 the	 removal	 of	

psychological	 factors	associated	with	group	dynamics,	 it	 is	 inefficient	and	time	consuming	when	

used	 for	 large	 groups	 especially	 given	 the	 number	 of	 recommendations	 within	 the	 current	

guidelines.	 Thus	 a	 novel	 method	 that	 permits	 anonymity	 of	 opinions	 with	 greater	 efficiency	

should	be	sort	out.		

Finally,	 whilst	 the	 presentation	 of	 the	 guidelines	 at	 the	 EGMLLS	 allowed	 for	 concurrent	

presentation	to	the	validation	committee	and	relevant	stakeholders	(a	SIGN	requirement)	the	vast	

amount	 of	 information	 provided	 in	 such	 a	 short	 space	 of	 time	 may	 have	 resulted	 in	 assessor	

fatigue.	Thus,	with	a	revision	in	mind	it	maybe	prudent	to	present	the	guidelines	to	the	validation	

committee	ahead	of	the	meeting	 in	order	that	guidelines	maybe	digested	fully	 thereby	allowing	

the	validation	committee	greater	time	analysis	the	methodology	used	during	the	presentations.	

In	 addition,	 the	 revision	 will	 likely	 require	 specific	 guidance	 on	 robotic	 liver	 surgery	 as	 this	

continues	to	develop	a	foothold	within	minimally	invasive	approaches	to	liver	resections.	
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7.2.2 Validation	of	the	difficulty	scoring	system	

A	 notable	 finding	 during	 the	 development	 of	 the	 difficulty	 scoring	 system	 was	 a	 lack	 of	

significance	 of	 cirrhosis	 as	 a	 parameter	 that	 increased	 difficulty	 during	 LLRs.	 This	 finding	 is	

noteworthy	as	the	work	produced	by	Ban	and	colleagues	found	cirrhosis	(particularly	Child-Pugh	B	

compared	 with	 Child-Pugh	 A)	 to	 significantly	 increase	 the	 difficulty	 of	 laparoscopic	 liver	

resections.	 Possible	 explanations	 for	 this	 disparity	 are	 that	 the	 study	 performed	 by	 Ban	 and	

Colleagues	suffered	from	overfitting	due	to	the	small	cohort	(n	=	86)	used	and	hence	attributed	

significance	 inappropriately	 or	 that	 cirrhosis	 is	 underrepresented	 within	 the	 European	 cohort	

(being	present	 in	 only	 320	 cases	 of	 a	 total	 of	 2,856)	 and	hence	has	 suffered	 from	underfitting.	

With	this	in	mind,	and	for	the	on	going	safe	dissemination	of	LLS,	 it	 is	of	paramount	importance	

that	 the	 Southampton	 difficulty	 score	 be	 validated	 on	 cohorts	 from	Asia	 and	North	 America	 in	

order	to	clarify	the	significance	of	Cirrhosis	in	the	difficulty	of	laparoscopic	liver	resections.	

In	order	to	perform	this	external	validation	collaboration	with	minimally	invasive	centres	in	North	

America	and	Asia	that	already	have	established	registries	is	required.	While	it	is	unlikely	that	there	

will	be	notable	differences	in	the	performance	of	the	scoring	system	within	differing	populations	

it	would	be	prudent	to	create	new	models	specific	to	the	population	in	question	should	this	occur.	

With	the	increasing	prevalence	of	non-alcoholic	steatohepatitis	(NASH)	cirrhosis	secondary	to	the	

obesity	epidemic	in	North	America	it	is	likely	HCC	will	overtake	CRLM	as	the	primary	indication	for	

liver	resections	in	the	future.	Thus,	it	may	become	necessary	to	create	2	separate	difficulty	scoring	

systems	based	upon	the	underlying	pathology	for	resections	as	many	of	the	factors	such	as	repeat	

resections	and	chemotherapy	are	less	relevant	in	the	setting	of	treating	HCC.	

	

7.2.3 Investigation	of	varying	training	models	in	the	development	of	laparoscopic	liver	

surgeons:		

The	 finding	 that	 the	 learning	curve	 is	 reduced	with	specific	 training	 is	of	enormous	significance,	

particularly	in	light	of	the	finding	that	patient	outcomes	are	significantly	worse	during	the	learning	

curve	 (Chapter	 2).	 However,	 this	 finding	 is	 not	 unique	 to	 LLS	 as	 other	 specialities,	 such	 as	

laparoscopic	 colorectal	 surgery,	 have	 demonstrated	 that	 with	 the	 standardisation	 of	 operative	

technique	and	mentoring	the	learning	curve	can	be	shortened.	However,	at	present	it	is	not	clear	

what	 is	 the	optimal	method	of	 training.	 Thus	 further	 investigation	 into	 the	 training	 received	by	

laparoscopic	 liver	 surgeons	 is	 required	 to	 establish	 if	 there	 is	 an	 optimal	 training	 method	 or	

whether	exposure	to	numerous	cases	should	remain	the	mainstay	of	training.		
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The	 evidence	 from	 this	 study,	 and	 others,	 suggests	 that	 once	 a	 standardised	 and	 reproducible	

technique	 is	established	then	the	 learning	curve	can	be	overcome	with	approximately	50	cases.	

Thus,	investigation	into	the	role	of	training	should	initially	be	undertaken	in	a	single	stage	of	the	

IDEAL	 paradigm	 (stage	 3	would	 be	 best	 suited	 to	 this)	 to	 reduce	 confounding	 factors	 that	may	

alter	the	learning	curve.		

In	order	that	this	investigation	could	be	undertaken	with	minimal	variables,	and	harm	to	patients,	

it	 should	 be	 undertaken	 using	 simulation	 programmes.	 An	 additionally	 advantage	 of	 such	

simulation	 programmes	 would	 be	 the	 ability	 to	 test	 trainees	 on	 identical	 cases	 thus	 further	

reducing	 variability.	 Those	 partaking	 in	 the	 experiment	would	 need	 to	 be	 grouped	 based	 upon	

their	training	with	a	baseline	skills	assessment	performed	in	order	to	establish	a	reference	point	

for	any	improvements	seen.	
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Appendices	

A.1 The	RAND	Corporation	Delphi	Methodology	
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A.2 The	Appraisal	of	Guidelines	for	Research	&	Evaluation	Instrument	II	

Global	Rating	System	(AGREE	II-GRS)	
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A.3 The	Southampton	Consensus	Guidelines	for	Laparoscopic	Liver	

Surgery	
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A.4 Presentation	of	multivariate	data	for	clinical	use:	The	Framingham	

Study	risk	score	functions	
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Glossary	of	Terms	

Framingham	 Heart	 Score	 –	 The	 Framingham	 Risk	 Score	 was	 first	 developed	 based	 on	 data	

obtained	from	the	Framingham	Heart	Study,	to	estimate	the	10-year	risk	of	developing	coronary	

heart	disease.	

Major	Liver	Resection	–	Resection	of	three	or	more	contiguous	Couinaud	segments	

Minor	Liver	Resection	–	Resection	of	two	or	less	contiguous	Couinaud	segments	

Technically	Major	Resection	–	Resection	involving	two	or	less	Couinaud	segments	within	the	areas	

of	the	liver	that	may	be	considered	as	difficult	to	access	laparoscopically	(segments	I,	Iva,	VII	and	

VIII)	
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