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Abstract
Background/Purpose: Quality	measures	in	surgery	are	important	to	establish	
appropriate	levels	of	care	and	to	develop	improvement	strategies.	The	purpose	of	
this	study	was	to	provide	risk-	adjusted	outcome	measures	after	laparoscopic	liver	
resection	(LLR).
Methods: Data	from	a	prospective,	multicenter	database	involving	4318	patients	
submitted	 to	 LLRs	 in	 41	 hospitals	 from	 an	 intention-	to-	treat	 approach	 (2014–	
2020)	 were	 used	 to	 analyze	 heterogeneity	 (I2)	 among	 centers	 and	 to	 develop	 a	
risk-	adjustment	model	on	outcome	measures	through	multivariable	mixed-	effect	
models	to	account	for	confounding	due	to	case-	mix.
Results: Involved	hospitals	operated	on	very	different	patients:	the	largest	het-
erogeneity	 was	 observed	 for	 operating	 in	 the	 presence	 of	 previous	 abdominal	
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1 	 | 	 INTRODUCTION

Measurements	 of	 surgical	 care	 outcomes	 serve	 many	
purposes.	 Performance	 appraisal	 is	 used	 by	 providers	 to	
establish	appropriate	levels	of	care,	as	well	as	for	the	de-
velopment	 and	 monitoring	 of	 improvement	 strategies.	
Additionally,	providing	potential	consumers	with	aware-
ness	 of	 hospital	 performance	 serves	 to	 gain	 confidence	
in	 the	 healthcare	 system	 and	 inform	 patients	 about	 ex-
pected	outcomes	after	surgery.	However,	direct	compari-
son	of	outcome	measures	between	different	centers	may	
discourage	 some	 healthcare	 professionals	 from	 treating	
patients	considered	to	be	at	high	risk,	particularly	in	the	
case	of	low-	volume	activities,	due	to	the	need	to	meet	pre-
cisely	these	predetermined	outcome	levels,	ensuing	a	risk-	
avoidance	perspective.1

In	this	context,	laparoscopic	liver	resection	(LLR)	has	
evolved	 considerably	 in	 the	 last	 decade,	 expanding	 on	
the	 territory	 and	 facing	 increasingly	 complex	 cases.2–	5	
With	 the	 recognized	 benefits	 of	 the	 minimally	 invasive	
approach	 and	 widespread	 knowledge	 in	 the	 population,	
more	 and	 more	 surgical	 centers	 modified	 their	 clinical	
practice	to	offer	it	to	patients	in	need.	As	a	result,	several	
hospitals	now	offer	and	perform	LLR,	with	different	pa-
tient	selection	and	technical	approaches.

Risk	 adjustment	 is	 an	 analytical	 process	 that	 starts	
from	the	study	of	the	association	between	potential	con-
founders	and	desired	outcomes,	in	order	to	compare	ho-
mogeneous	 groups	 with	 respect	 to	 their	 “a	 priori”	 risk	
of	 encountering	 the	 studied	 results.6,7	 In	 other	 words,	
it	 allows	 to	 isolate	 the	 hospital	 effect	 by	 analyzing	 the	

case-	mix	 of	 patients	 treated	 in	 each	 hospital.	 For	 LLRs	
there	are	some	data	on	the	expected	outcomes	of	operat-
ing	in	the	best	patient	in	the	best	clinical	circumstances,8	
but	 this	 does	 not	 represent	 routine	 clinical	 practice.9–	11	
Previously,	some	risk	adjustment	was	attempted	to	extend	
the	 estimates	 of	 expected	 outcomes	 to	 a	 larger	 surgical	
population,	but	without	solving	 the	problem	of	compar-
ing	various	centers	with	different	volumes,	attitudes	and	
experience.10

In	the	present	study	we	aimed	to	evaluate	the	hetero-
geneity	of	clinical	conditions	influencing	outcomes	after	
LLR	in	different	surgical	centers.	This	heterogeneity	was	
then	 used,	 using	 a	 risk-	adjustment	 approach,	 to	 isolate	
and	quantify	the	variance	in	desired	outcomes	due	to	the	
hospital	effect.	Finally,	a	standardized	direct	comparison	
between	participating	centers	was	provided	with	the	aim	
of	establishing	desired	expected	outcomes	and	identifying	
potential	health	care	provider	outliers.

2 	 | 	 METHODS

The	 study	 population	 derived	 from	 the	 Italian	 “I	 Go	
MILS”	registry.5,10	This	 is	a	prospective	registry	 imple-
mented	 at	 the	 end	 of	 2014	 collecting	 data	 from	 LLRs	
from	 54	 surgical	 centers	 in	 an	 intention-	to-	treat	 ap-
proach.	 Participation	 in	 this	 register	 does	 not	 depend	
on	 the	 number	 of	 procedures	 performed	 or	 registered.	
Its	completeness	is	periodically	monitored	by	an	exter-
nal	 provider	 and	 cases	 with	 missing	 data	 are	 reported	
to	the	participating	center	asking	for	it	to	be	completed.	

surgery	 (I2:79.1%),	 in	 cirrhotic	 patients	 (I2:89.3%)	 suffering	 from	 hepatocellu-
lar	 carcinoma	 (I2:88.6%)	 or	 requiring	 associated	 intestinal	 resections	 (I2:82.8%)	
and	 in	 regard	 to	 technical	 complexity	 (I2	 for	 the	 most	 complex	 LLRs:	 84.1%).	
These	aspects	determined	substantial	or	 large	heterogeneity	 in	overall	morbid-
ity	 (I2:84.9%),	 in	 prolonged	 in-	hospital	 stay	 (I2:86.9%)	 and	 in	 conversion	 rate	
(I2:73.4%).	Major	complication	had	medium	heterogeneity	(I2:46.5%).	The	hetero-
geneity	of	mortality	was	null.	Risk-	adjustment	accounted	for	all	of	this	variability	
and	the	final	risk-	standardized	conversion	rate	was	8.9%,	overall	morbidity	was	
22.1%,	major	morbidity	was	5.1%	and	prolonged	in-	hospital	stay	was	26.0%.	There	
were	no	outliers	among	the	41	participating	centers.	An	online	tool	was	provided.
Conclusions: A	 benchmark	 for	 LLRs	 including	 all	 eligible	 patients	 was	 pro-
vided,	suggesting	that	surgeons	can	act	accordingly	in	the	interest	of	the	patient,	
modifying	their	approach	in	relation	to	different	indications	and	different	experi-
ence,	but	finally	providing	the	same	quality	of	care.

K E Y W O R D S

heterogeneity,	laparoscopic	liver	resection,	mortality,	morbidity,	risk-	adjustment
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This	register	is	approved	by	the	Ethics	Committee	of	the	
promoting	 center	 and	 shared	 among	 the	 participants	
(IGOMILS	-		OSR	of	March	6,	2014	–		available	at:	https://
www.cr-	techn	ology.com/igomi	ls/eclin	ical/websi	te/
docum	ents.aspx).	 All	 entries	 had	 informed	 consent	
signed	 for	 the	 use	 of	 personal	 data.	 The	 present	 study	
fulfilled	the	Regulation	(EU)	2016/679	of	the	European	
Parliament	and	of	the	Council	of	April	27,	2016	on	the	
protection	 of	 natural	 persons	 regarding	 the	 processing	
of	personal	data.

At	the	time	of	data	extraction	(January	31,	2021),	the	
database	had	5015	unique	entries	since	November	2014.	
Cases	 still	 in	 the	 completion	 phase	 were	 excluded	 from	
the	analysis.	This	led	to	a	first	selection	of	4463	patients	
with	complete	data	entries.	Risk	adjustment	requires	that	
the	outcomes	of	interest	must	be	present	in	the	study	co-
hort.	 For	 this	 reason,	 we	 were	 forced	 to	 exclude	 centers	
with	a	low	number	of	cases	where	the	possible	occurrence	
of	the	desired	outcomes	might	not	be	observable.	This	was	
achieved	by	limiting	the	study	population	to	centers	that	
provided	cases	≥25th	percentile	(24	cases	per	center),	with	
the	consequent	exclusion	of	13	centers	for	a	total	of	145	
cases,	which	however	represented	only	3.2%	of	the	over-
all	 cohort.	 The	 final	 study	 population	 consisted	 of	 4318	
patients	undergoing	LLR	in	41	hospitals	with	an	intent-	to-	
treat	approach.

2.1	 |	 Definitions and outcome measures

The	 outcome	 measures	 considered	 were	 conversion	
rate,	 morbidity,	 major	 morbidity,	 mortality,	 and	 pro-
longed	 hospital	 stay.	 All	 of	 these	 outcomes	 were	 re-
corded	within	90	days	of	surgery.	Morbidity	included	all	
postoperative	complications	and	has	been	classified	ac-
cording	to	the	Clavien-	Dindo	classification,	with	grade	
III	 or	 higher	 being	 defined	 as	 major	 complications.12	
Prolonged	hospital	 stay	was	defined	based	on	 the	75th	
percentile	of	 the	median	values	 for	post-	operative	hos-
pital	 stays	 in	 each	 centre.8	 The	 technical	 complexity	
of	 LLR	 was	 defined	 according	 to	 the	 Kawaguchi	 clas-
sification13:	 grade	 I	 included	 wedge	 resection	 and	 left	
lateral	 sectionectomy;	 grade	 II	 included	 anterolateral	
segmentectomy	and	left	hepatectomy;	and	grade	III	in-
cluded	posterosuperior	 segmentectomy,	 right	posterior	
sectionectomy,	right	hepatectomy,	central	hepatectomy	
and	extended	left/right	hepatectomy.

2.2	 |	 Statistical analysis

As	the	 first	aim	of	 the	study	was	 to	assess	heterogene-
ity	of	clinical	characteristics,	 these	were	reported	after	

pooling	across	center	through	a	random-	effect	model.14	
This	 approach	 returned	 appropriate	 weighted	 values	
and	I2	values,	a	measure	of	heterogeneity	which	was	in-
terpreted	according	to	Higgins	as	follows:	<25% = low	
heterogeneity;	 25%–	50%  =  medium,	 51%–	75%  =  sub-
stantial	and	>	75% = considerable.15	The	same	was	ap-
plied	 for	 weighted	 estimation	 of	 outcome	 measures	
considered.

The	potential	impact	of	each	clinical	variable	on	the	
desired	outcomes	was	then	investigated	through	multi-
level	 mixed-	effects	 logistic	 regression.	 This	 analysis	 is	
used	when	some	sort	of	clustering	in	the	data	exists	(as	
in	the	present	study	where	clusters	were	represented	by	
different	 hospitals)	 considering	 that	 observations	 from	
the	same	cluster	are	usually	more	similar	to	each	other	
than	 observations	 from	 different	 clusters.	 It	 contains	
both	fixed	and	random	effects. The fixed part models vari-
ables as a common logistic regression, whereas the ran-
dom part introduces intercepts that are different for each 
cluster considered. The analysis of the variance of the 
random intercept finally provides how much of it is due 
to clustering, providing	 the	intraclass	correlation	coeffi-
cient	(ICC),	that	is	the	heterogeneity	of	the	outcome	due	
to	the	hospital’s	effect.	This	analysis	produced	expected	
outcomes	 for	 each	 center	 accounting	 for	 the	 case-	mix.	
Subsequently,	 expected	 and	 observed	 outcomes	 were	
compared	 returning	 the	 risk-	standardized	 outcome	 for	
each	 center	 involved.	 No	 a-	priori	 level	 of	 significance	
was	set16	and	single	variables	were	considered	for	mul-
tivariable	 regressions	 when	 their	 confidence	 intervals	
(CI)	 did	 not	 include	 the	 1.	 Collinearity	 was	 checked	
through	 Variance	 Inflation	 Factor	 (VIF)	 evaluation.	
Analyses	were	performed	using	R-	Project	3.2.5	(R	Core	
Team	[2016].	R:	A	language	and	environment	for	statisti-
cal	computing.	R	Foundation	for	Statistical	Computing,	
Vienna,	Austria)	and	STATA	(StataCorp.	2017.	Release	
15.	College	Station,	TX:	StataCorp	LLC.).

3 	 | 	 RESULTS

The	median	number	of	cases	per	center	was	62	(range:	
24–	548).	 The	 characteristics	 of	 the	 study	 population	
are	 described	 in	 Table  1	 where	 the	 distributions	 are	
weighted	 among	 the	 participating	 centers.	 Almost	 all	
the	parameters	considered	have	substantial	(I2 = 51%–	
75%)	or	 considerable	 (I2 >	75%)	heterogeneity,	 arguing	
that	different	centers	operate	on	very	different	patients.	
The	parameter	with	the	lowest	heterogeneity	is	the	pres-
ence	 of	 a	 previous	 liver	 resection	 (I2  =  31.4%).	 In	 this	
context,	also	the	outcome	measures	(Table 2),	with	the	
exception	of	mortality	 (I2 = 0.0%),	are	 influenced	by	a	
great	heterogeneity,	being	the	weighted	conversion	rate	

https://www.cr-technology.com/igomils/eclinical/website/documents.aspx
https://www.cr-technology.com/igomils/eclinical/website/documents.aspx
https://www.cr-technology.com/igomils/eclinical/website/documents.aspx
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of	8.1%,	the	morbidity	of	the	21.8%,	the	greater	morbid-
ity	of	5.9%,	the	mortality	of	0.7%	and	the	prolonged	post-
operative	hospital	stay	of	27.1%.	Since	the	heterogeneity	
of	mortality	is	nil,	it	was	excluded	in	subsequent	regres-
sion	and	risk	adjustment	models.

3.1	 |	 Predictors of conversion

Results	 from	 multivariable	 mixed-	effects	 model	 are	
shown	in	Table 3.	Conversion	rate	increased	in	presence	
of	 previous	 liver	 resection	 (P	<	0.001),	 of	 being	 operated	
for	metastases	(P	<	0.001	compared	to	benign	disease),	for	
hepatocellular	 carcinoma	 (HCC;	 P	<	0.001)	 or	 for	 chol-
angiocarcinoma	(CCC;	P	<	0.001).	The	need	 for	multiple	
liver	 resections	 also	 increased	 the	 odds	 of	 conversion,	
along	with	 the	 increase	 in	diameter	 (P	<	0.001	 for	both).	
Technical	 difficulty	 increased	 conversion	 rate	 (P	<	0.001	
for	each	Kawaguchi	grade	compared	to	easier	resections).	

Variable
Weighted values 
(95%C.I.)

Heterogeneity 
(I2)*

Age	(years) 64.6	(64.0–	65.4) 59.1%

Male 58.2%	(55.6–	60.7) 52.3%

BMI	(kg/m2) 25.6	(25.4–	25.8) 58.0%

Previous	abdominal	surgery 50.7%	(46.5–	54.9) 79.1%

Hepatic	resection 14.8%	(13.3–	16.4) 31.4%

Gastrointestinal 28.0%	(24.0–	32.3) 78.3%

Cirrhosis 25.8%	(21.0–	31.3) 89.3%

Diagnosis

Hepatocellular	carcinoma 37.0%	(31.8–	42.6) 88.6%

Metastases 30.9%	(26.0–	36.2) 89.9%

Benign 20.5%	(18.0–	23.3) 76.9%

Cholangiocarcinoma 7.2%	(5.9–	8.7) 53.8%

Multiple	lesions 12.5%	(10.5–	14.8) 73.5%

Diameter	of	the	largest	(cm) 4.1	(3.9–	4.2) 70.9%

≥3 cm 57.8%	(55.2–	60.4) 60.3%

Technical	complexity†

Grade	I 70.9%	(65.6–	75.7) 89.6%

Grade	II 16.7%	(14.2–	19.6) 74.7%

Grade	III 12.0%	(9.5–	15.2) 84.1%

Associated	intestinal	resection 15.9%	(13.0–	19.3) 82.8%

Values	are	weighted	proportions	or	weighted	means	estimated	through	random	effect	model.	Continuity	
correction	of	0.5	in	studies	with	zero	cell	frequencies	was	adopted.
*I2	statistic	can	be	interpreted	as	follows:	values	of	<25% = low	heterogeneity;	25%	-		50% = medium,	51%	
-		75% = substantial	and	>	75% = considerable	heterogeneity.
†Based	on	Kawaguchi	classification	as	follows:	Grade	I = wedge	resection	or	left	lateral	sectionectomy;	
Grade	II = anterolateral	segmentectomies	or	left	hepatectomy;	Grade	III = posterosuperior	
segmentectomy,	right	posterior	sectionectomy,	right	hepatectomy,	central	hepatectomy	or	extended	left/
right	hepatectomy.

T A B L E  1 	 Baseline	weighted	
characteristics	of	the	4318	patients	
submitted	to	laparoscopic	liver	resection	
at	41	Italian	surgical	centers	between	
November	2014	and	January	2021

T A B L E  2 	 Outcome	measures	of	the	4318	patients	submitted	to	
laparoscopic	liver	resection	at	41	Italian	surgical	centers	between	
November	2014	and	January	2021

Outcome
Weighted values 
(95%C.I.)

Heterogeneity 
(I2)*

Conversion 8.1%	(6.5–	10.) 73.4%

Any	complication 21.8%	(18.5–	25.5) 84.9%

Major	complications 5.9%	(4.9–	7.1) 46.5%

Mortality 0.7%	(0.5–	1.1) 0.0%

LOS	(days) 6.0	(5.6–	6.3) 88.5%

>6	days† 27.1%	(23.2–	31.3) 86.9%

Values	are	weighted	proportions	estimated	through	random	effect	model.	
Continuity	correction	of	0.5	in	studies	with	zero	cell	frequencies	was	
adopted.
*I2	statistic	can	be	interpreted	as	follows:	values	of	<25% = low	
heterogeneity;	25%	-		50% = medium,	51%	-		75% = substantial	
and	>	75% = considerable	heterogeneity.
†Based	on	the	75th	percentile	of	the	median	values	of	each	center.
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Finally,	the	need	for	concomitant	bowel	resection	also	in-
creased	conversion	rate	(P	<	0.001).	The	model	estimated	
that	the	variance	in	the	conversion	rate	was	attributable	to	
the	operating	hospital	for	the	15.3%.

3.2	 |	 Predictors of morbidity

As	reported	in	Table 3,	overall	morbidity	increased	in	pres-
ence	of	cirrhosis	(P = 0.006).	Patients	operated	for	benign	
disease	 and	 metastasis	 shared	 similar	 risk,	 with	 respect	
to	which	HCC	and	CCC	increased	the	risk	(P = 0.001	for	
both).	The	need	for	multiple	resections	also	increased	mor-
bidity	(P	<	0.001)	as	well	as	technical	difficulty	(P	<	0.001	
for	each	Kawaguchi	grade).	Finally,	the	need	for	concomi-
tant	 gastrointestinal	 resection	 also	 increased	 morbidity	
(P	<	0.001).	The	10.9%	of	the	residual	variance	in	overall	
morbidity	was	attributable	to	the	operating	hospital.

3.3	 |	 Predictors of major complications

Being	operated	for	metastases	increased	major	complications	
(P = 0.017)	as	well	as	being	operated	for	HCC	(P = 0.007)	or	
for	CCC	(P	<	0.001)	when	compared	to	patients	with	benign	
disease	 (Table  3).	 Major	 complications	 also	 increased	 for	

more	complex	liver	resections	(P	<	0.001	for	each	Kawaguchi	
grade),	and	in	presence	of	concomitant	gastrointestinal	sur-
gery	 (P	<	0.001).	 The	 residual	 variance	 observed	 in	 major	
morbidity	was	attributable	to	hospitals	for	5.1%.

3.4	 |	 Predictors of prolonged  
in- hospital stay

Aging	 increased	 the	 odds	 of	 prolonged	 hospitalization	
(P	<	0.001;	Table 3).	Being	operated	for	metastases	also	in-
creased	hospitalization	(P = 0.016)	as	well	as	being	oper-
ated	for	HCC	(P = 0.002)	or	for	CCC	(P	<	0.001).	The	need	
for	multiple	resections	also	prolonged	subsequent	hospi-
talization	(P = 0.002)	as	well	as	the	increase	of	technical	
difficulty	(P = 0.006	for	Kawaguchi	grade	II	and	P	≤	0.001	
for	the	grade	III)	and	in	presence	of	concomitant	gastroin-
testinal	surgery	(P	<	0.001).	The	residual	variance	in	major	
morbidity	was	attributable	to	hospitals	for	11.6%.

3.5	 |	 Risk- adjusted analyses

As	 detailed	 in	 Figure  1,	 after	 risk-	adjustment,	 the	 stand-
ardized	 conversion	 rate	 was	 8.9%,	 the	 overall	 morbidity	
was	 22.1%,	 major	 morbidity	 was	 5.1%	 and	 the	 prolonged	

T A B L E  3 	 Results	from	multivariable	mixed-	effect	model	on	outcome	measures

Variable
Conversion OR 
(95%C.I.)

Any complication OR 
(95%C.I.)

Major complications 
OR (95%C.I.)

LOS >6 days 
OR (95%C.I.)

Age	(years) -	 -	 -	 1.02	(1.01–	1.03)

Previous	hepatic	resection 1.78	(1.34–	2.36) -	 -	 -	

Cirrhosis -	 1.39	(1.10–	1.75) -	 -	

Diagnosis

Benign Ref. Ref. Ref. Ref.

Metastases 2.27	(1.50–	3.44) Ref. 1.82	(1.11–	2.98) 1.37	(1.06–	1.76)

Hepatocellular	carcinoma 2.59	(1.67–	4.01) 1.47	(1.17–	1.85) 1.94	(1.20–	3.15) 1.49	(1.16–	1.91)

Cholangiocarcinoma 3.32	(2.00–	5.53) 1.62	(1.22–	2.13) 3.35	(1.90–	5.91) 1.83	(1.32–	2.56)

Multiple	resected	lesions 2.79	(2.11–	3.68) 1.51	(1.22–	1.87) -	 1.41	(1.14–	1.74)

Diameter	of	the	largest	(cm) 1.09	(1.06–	1.14) -	 -	 -	

Technical	complexity†

Grade	I Ref. Ref. Ref. Ref.

Grade	II 2.04	(1.52–	2.75) 1.58	(1.29–	1.93) Ref. 1.34	(1.09–	1.64)

Grade	III 3.13	(2.35–	4.18) 2.29	(1.86–	2.81) 1.80	(1.31–	2.49) 2.83	(2.31–	3.47)

Associated	intestinal	resection 1.83	(1.37–	2.42) 2.06	(1.70–	2.51) 2.15	(1.56–	2.94) 3.46	(2.85–	4.19)

Constant 0.01	(0.01–	0.02) 0.13	(0.10–	0.17) 0.17	(0.06–	0.47) 0.04	(0.02–	0.06)

Intraclass	correlation	coefficient 15.3%	(8.8–	25.2) 10.9%	(6.4–	17.8) 5.1%	(1.9–	12.7) 11.6%	(7.2–	18.2)

Mortality	was	not	estimated	due	to	small	number	of	cases	and	the	absence	of	heterogeneity	among	participating	centers.	It	was	included	in	“any	
complications”	and	“major	complications”	count.	Variables	not	reported	were	not	related	to	the	outcome	measures.
Intraclass	correlation	coefficient	(ICC)	estimates	the	proportion	of	the	total	residual	variance	due	to	center	effect.
AUC/Slope	values	for	conversion:	0.776/1.08,	for	any	complication:	0.719/1.08,	for	major	morbidity:	0.717/1.14;	for	prolonged	in-	hospital	stay:	0.752/1.06.



526 |   CUCCHETTI et al.

hospital	stay	was	26.0%,	being	their	95%	CIs	related	to	the	
size	of	samples	considered.	As	can	be	seen	in	each	panel,	
all	standardized	risks	fall	within	the	95%	CI,	supporting	the	
fact	that	all	participating	centers	can	provide	similar	results	
when	adjusted	 for	 the	patient’s	case	mix.	Details	on	how	
data	were	calculated	and	a	tool	for	eventual	comparison	of	
an	additional	center	were	provided	in	Data	S1	and	Data	S2

4 	 | 	 DISCUSSION

The	 increase	 in	 the	demand	 for	minimally	 invasive	 sur-
gery	led	laparoscopic	liver	resection	outside	large	tertiary	
university	hospitals	towards	smaller	volumes	distributed	
throughout	the	territory.	This	forms	the	basis	of	the	con-
siderable	 heterogeneity	 of	 the	 indications	 and	 results	

F I G U R E  1  Risk-	standardized	conversion	rate,	overall	morbidity,	major	morbidity	and	prolonged	in-	hospital	stay	prevalence.	
Noticeably,	all	participating	centers	fall	within	95%	confidence	intervals,	supporting	that	despite	different	patients	and	interventions,	all	
surgeons	can	accordingly	act	to	produce	similar	safety	outcomes
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observed	in	the	present	study.	While	this	may	seem	like	
a	potential	flaw,	it	represents	the	opportunity	to	examine	
these	differences	and	to	correlate	them	with	the	outcome	
of	LLRs	between	different	providers.

First,	 if	 all	 participating	 centers	 shared	 similar	 indi-
cations	 and	 expertise,	 the	 heterogeneities	 would	 all	 be	
<25%,	but	this	was	not	observed	for	any	of	the	parameters	
considered.	The	feature	with	the	lowest	heterogeneity	was	
the	 presence	 of	 previous	 hepatic	 resection	 (I2  =  31.4%),	
suggesting	 that	 previous	 liver	 surgery	 is	 the	 most	 resis-
tant	 concern	 in	 electing	 patients	 to	 the	 laparoscopic	 ap-
proach,	due	to	the	higher	conversion	risk	expected.17	On	
the	 contrary,	 all	 the	 other	 characteristics	 are	 affected	 by	
a	substantial	and	considerable	variance.	This	is	likely	the	
consequence	 of	 the	 spread	 of	 LLR	 outside	 of	 teaching/
high-	volume	hospitals	that	kicked	off	the	learning	curve	
in	 neighboring	 centers.	 The	 learning	 curve	 of	 LLR	 has	
been	extensively	studied,	with	several	procedures	gradu-
ally	 approached	 from	 the	 simplest	 to	 the	 most	 difficult,	
with	a	higher	percentage	of	patients	undergoing	anatomic	
resections,	and	with	the	inclusion	of	more	patients	with	
cirrhosis	in	the	subsequent	experience.18	The	remarkable	
heterogeneity	observed	 for	 technical	complexity	and	cir-
rhosis	 (I2  >	75.0%),	 argues	 that	 the	 case-	mix	 presented	
here	is	the	sum	of	several	learning	curves.	The	next	neces-
sary	step	is	to	evaluate	the	impact	of	this	heterogeneity	on	
the	desired	outcomes.

Predictors	 of	 conversion,17,19	 morbidity	 and	 pro-
longed	 hospital	 stay10,20	 were	 expected.	 However,	 the	
present	 analysis	 adds	 important	 information	 with	 the	
intra-	class	correlation	coefficient	(ICC),	which	is	useful	
to	understand	how	much	of	 the	overall	variance	of	re-
sults	 is	 the	simple	consequence	of	clustering.	For	con-
version,	 overall	 morbidity	 and	 prolonged	 hospital	 stay	
the	 ICC	 was>10%,	 corresponding	 to	 the	 percentage	 of	
variance	related	to	the	hospital	effect,	assuming	a	simi-
lar	covariates	distribution.	Thus,	along	with	heterogene-
ity	on	indications	and	learning	curve,	there	is	an	effect	of	
individual	surgeons	in	obtaining	the	desired	outcomes.	
This	 creates	 additional	 bias	 when	 comparing	 results	
from	different	hospitals	if	no	adjustment	is	applied.	It	is	
also	likely	that	for	complications	some	variance	can	be	
related	to	their	different	recording,	however	conversion	
and	prolonged	hospital	stay	are	objective	measures,	and	
for	these	two	outcomes	the	estimated	variance	has	to	be	
considered	robust.

The	graphs	in	Figure 1	show	two	very	important	results.	
First,	all	desired	outcomes	had	values	comparable	or	even	
lower	than	those	reported	from	other	national	databases.	
The	 present	 standardized	 conversion	 rate	 of	 8.9%	 was	
slightly	lower	than	conversion	rate	of	13%	reported	from	
20	Dutch	centers.20	The	overall	morbidity	was	22.1%,	very	
similar	 to	 the	 Dutch	 experience	 of	 25%;	 however,	 major	

complication	was	5.1%,	lower	than	the	11%	reported	from	
the	National	Clinical	Database	of	Japan21	and	of	the	10%	
reported	from	the	Netherlands	database.20	Additionally,	in	
all	cases	mortality	was	lower	than	1%	since	2014	onwards	
(start	 date	 of	 I	 Go	 MILS	 database).	 These	 observations	
provide	 robust	 evidence	 of	 the	 goodness	 of	 our	 clinical	
and	 surgical	 approach.	 Second,	 all	 centers	 are	 within	
confidence	bands.	This	means	 that	different	 indications,	
different	clinical	approaches	and	different	skills	produced	
homogeneous	end-	results.	All	participating	centers,	with	
different	volumes	of	cases	provided,	are	around	the	aver-
age,	 depending	 on	 their	 distance	 by	 the	 size	 of	 the	 vol-
ume	itself.	Consequently,	two	conclusions	can	be	drawn.	
First,	 surgeons	 in	 different	 realities	 worked	 conscien-
tiously,	 recognizing	 their	 own	 limitations	 in	 accordance	
with	the	relevant	guidelines.22-	24	Secondly,	risk	avoidance	
was	present	but	not	aimed	at	rigid	compliance	with	pre-
defined	standards,	but	in	the	interest	of	the	patient.	The	I	
Go	MILS	promoted,	since	its	foundation,	hands-	on	train-
ing	 courses,	 inter-	hospitals	 partnerships	 with	 itinerant	
surgeons,	as	well	as	webinars	and	labs,	with	the	ultimate	
goal	of	developing	LLR	while	minimizing	the	risks	for	the	
patients.

Considering	 all	 of	 these	 aspects,	 risk-	adjustment	 re-
sults	 seem	 more	 suited	 to	 provide	 reference	 values	 than	
the	benchmark	approach	based	on	the	“best patient in the 
most expert centre”.10,11	 For	 laparoscopic	 right	 hepatec-
tomy	and	left	lateral	sectionectomy,	an	attempt	was	made	
on	 behalf	 of	 the	 French	 surgical	 association.8	 Without	
attempting	to	standardize	risks	among	eight	experienced	
French	centers,	the	proposed	references	based	on	the	“best 
patient in the most expert center”	 seem	hardly	applicable	
in	external	validation	cohorts.11	In	other	words,	any	even-
tual	external	validation	must	strictly	meet	inclusion	crite-
ria	(i.e.	it	should	be	an	expert	center)	and	distributions	of	
covariates	 (i.e.	 age,	 tumor	characteristics	and	 liver	char-
acteristics)	 for	 a	 reliable	 comparison.	 Consequently,	 any	
attempt	at	comparison	outside	of	this	approach	would	be	
unreliable.	 Rossler	 et	 al.	 analyzed	 major	 hepatectomies	
collected	 from	 living	 donors	 for	 liver	 transplantation	 to	
measure	and	define	the	best	achievable	results.25	Liver	do-
nors	are	ideal	candidates	because	they	are	young,	without	
comorbidities	or	liver	disease,	so	that	outside	of	living	do-
nation	programs,	it	would	be	virtually	impossible	to	meet	
these	prerequisites	and	produce	reliable	external	compar-
isons.11	Any	attempt	without	criticism	would	lead	to	the	
avoidance	of	the	risk	in	the	sole	interest	of	complying	with	
this	type	of	benchmark.	The	final	step	of	the	present	anal-
ysis	tried	to	give	an	answer	to	this	latter	aspect,	through	
provision	of	a	tool	for	external	risk-	standardized	calcula-
tion	of	centers’	outcomes.

An	 example	 is	 introduced	 in	 the	 attached	 spread-
sheet Data	S1	and	Data	S2.	Suppose	a	new	center	wants	
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to	 compare	 its	 conversion	 rate	 in	 its	 initial	 100	 LLR	 ex-
perience.	 This	 new	 center	 operated	 only	 benign	 lesions	
located	in	easily	accessible	liver	segments,	such	as	left	lat-
eral	segmentectomy.	This	center	converted	seven	patients,	
with	an	observed	conversion	rate	of	7.0%.	This	may	seem	
like	a	good	result	since	the	conversion	rate	was	below	the	
weighted	present	value	of	8.1%	of	Table 2,	and	in	line	with	
the	French	surgical	association	which	suggested	a	bench-
mark	 of	 7.2%.8	 However,	 this	 center	 operated	 the	 best	
clinical	situation,	and	assuming	that	the	other	covariates	
were	as	in	Figure 2,	the	number	of	expected	conversions	
would	 be	 2,	 returning	 a	 standardized	 conversion	 risk	 of	
29.3%	with	a	lower	confidence	band	of	11.8%.	As	the	latter	
is	higher	 than	 the	 standardized	conversion	 rate	of	8.9%,	
it	can	be	concluded	that	this	new	center	did	not	perform	
optimally.

The	 present	 study	 suffers	 from	 at	 least	 two	 technical	
limitations.	 First,	 at	 the	 time	 of	 writing	 operative	 diffi-
culty	was	assessed	in	the	I	Go	MILS	database	through	the	
Kawaguchi	 classification,	 whereas	 more	 comprehensive	
scores,	 such	 as	 Iwate	 criteria,26,27	 would	 have	 provided	
more	granular	data.	This	availability	could	have	increased	
the	 reliability	of	 the	 risk-	adjusted	model.	Unfortunately,	
while	some	centers	already	have	included	this	detail	in	the	
database,	the	exclusion	of	missing	cases	from	the	analysis	
would	have	returned	a	considerable	decrease	of	the	sample	
size,	thus,	reducing	the	robustness	of	the	analysis	itself.	It	

is	advisable	for	future	studies	to	complete	this	classifica-
tion	in	our	database	on	which	we	have	been	working	for	
years.	However,	it	should	be	noted	that	available	evidence	
did	not	prove	superior	ability	of	Iwate	criteria	in	the	pre-
diction	of	post-	operative	outcomes.28,29	Second,	the	model	
included	cases	from	hospitals	located	in	a	single	country,	
thus,	present	risk-	adjusted	outcomes	may	not	be	applica-
ble	to	foreign	centers.	However,	the	present	model	served	
to	 compare	 performances	 between	 different	 providers,	
rather	 than	produce	a	predictive	model,	but	 it	would	be	
desirable	for	future	risk-	adjusted	analyses	to	include	dif-
ferent	 countries	 as	 potential	 modifiers	 of	 the	 outcome.	
Another	limitation	is	that	the	evaluation	of	the	outcome	
is	 restricted	 to	 safety	 measures	 only,	 without	 efficacy	
analysis,	and	this	is	of	importance	for	malignant	lesions.	
However,	the	introduction	of	efficacy	measures	needs	to	
be	focused	on	the	indication	to	the	LLRs.	For	benign	le-
sions,	the	quality	of	life	should	be	a	valuable	measure	of	
efficacy,	for	HCC	this	should	be	the	margin	status,	for	CCC	
both	 the	margin	status	and	 the	number	of	 lymph	nodes	
retrieved	 and,	 finally,	 for	 metastases	 the	 efficacy	 would	
be	further	complex	because	it	would	require	a	balance	be-
tween	parenchymal	and	vascular	margins	and	response	to	
chemotherapy.	As	a	result,	 it	was	virtually	 impossible	 to	
summarize	all	of	 these	different	aspects	 in	one	measure	
of	effectiveness.	Further	stratified	analyses	are	 therefore	
needed	 to	 address	 this	 problem	 and	 despite	 an	 attempt	

F I G U R E  2  Exemplification	of	how	the	risk	standardization	model	works,	and	how	an	additional	center	can	compare	its	performance	
against	that	of	the	I	go	MILS.	An	excel	spreadsheet	for	calculation	is	provided	as	Data	S1	and	Data S2.
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being	provided	in	the	literature30	this	unfortunately	lacks	
in-	hospital	analyses	and	modeling.

In	 conclusion,	 we	 have	 shown	 here	 in	 a	 national	 co-
hort,	that	surgeons	can	act	according	to	guidelines	in	the	
interest	of	the	patient,	modifying	their	approach	in	rela-
tion	to	different	indications	and	different	experiences,	but	
ultimately	 providing	 the	 same	 quality	 of	 care.	 The	 cal-
culator	 provided	 for	 risk-	standardization	 outcomes	 can	
be	 a	 valuable	 tool	 for	 monitoring	 LLR	 performance	 and	
for	taking	timely	health	measures	to	correct	any	eventual	
underperformance.
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