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Abstract
Background & Aims:	Assessment	of	hepatic	steatosis	by	transient	elastography	(TE)-	
based	controlled	attenuation	parameter	(CAP)	might	predict	hepatic	decompensation.	
Therefore,	we	aimed	to	evaluate	the	prognostic	value	of	CAP	in	patients	with	compen-
sated	advanced	chronic	liver	disease	(cACLD)	and	decompensated	cirrhosis	(DC).
Methods:	A	 total	of	430	patients	who	underwent	TE	 (liver	 stiffness	≥10	kPa)	 and	
CAP	measurements	 were	 included	 in	 this	 retrospective	 analysis.	 Half	 of	 patients	
(n	=	189)	underwent	simultaneous	HVPG	measurement.	In	cACLD	patients,	first	he-
patic	decompensation	was	defined	by	new	onset	of	ascites,	hepatic	encephalopathy	
or	variceal	bleeding.	 In	patients	with	DC,	the	following	events	were	considered	as	
further	hepatic	decompensation:	requirement	of	paracentesis,	admission	for/devel-
opment	of	grade	3/4	hepatic	encephalopathy,	variceal	 (re-	)bleeding	or	 liver-	related	
death.
Results:	First	hepatic	decompensation	occurred	in	25	of	292	(9%)	cACLD	patients,	
while	46	of	138	(33%)	DC	patients	developed	further	hepatic	decompensation	during	
a	median	follow-	up	of	22	and	12	months	respectively.	CAP	was	not	predictive	of	first	
(cACLD;	per	10	dB/m;	hazard	ratio	[HR]:	0.97,	95%	confidence	interval	[95%	CI]:	0.91-	
1.03,	P	=	0.321)	or	further	hepatic	decompensation	(DC;	HR:	0.99,	95%	CI:	0.94-	1.03,	
P	=	0.554)	in	adjusted	analysis.	Using	the	well-	established	CAP	cut-	off	of	≥248	dB/m	
for	hepatic	steatosis,	 the	 incidence	of	 first	 (cACLD;	P	=	0.065)	and	further	hepatic	
decompensation	 (DC;	 P	=	0.578)	 was	 similar	 in	 patients	 with	 hepatic	 steatosis	 or	
without.	Serum	albumin	levels	(per	mg/dL;	HR:	0.83,	95%	CI:	0.77-	0.89,	P	<	0.001)	
and	MELD-	Na	 (per	 point;	 HR:	 1.15,	 95%	 CI:	 1.04-	1.28,	 P	=	0.006)	 in	 cACLD	 and	
MELD-	Na	(per	point;	HR:	1.12,	95%	CI:	1.05-	1.19,	P	<	0.0001)	in	DC	patients	were	
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1  | INTRODUC TION

Portal	hypertension,	as	assessed	by	hepatic	venous	pressure	gradi-
ent	 (HVPG),	 drives	 the	 development	 of	 complications	 (ie,	 hepatic	
decompensation)	 in	 patients	 with	 advanced	 chronic	 liver	 disease	
(ACLD).1-4

Animal	studies	have	shown	that	diet-	induced	steatohepatitis	 is	
associated	with	the	development	of	portal	hypertension	in	the	ab-
sence	of	fibrosis5	by	inducing	sinusoidal	endothelial	dysfunction	and	
thereby	 increasing	 intrahepatic	 vascular	 resistance.6	These	 results	
were	confirmed	in	a	small	series	of	patients	with	noncirrhotic	nonal-
coholic	fatty	liver	disease	(NAFLD)	reporting	an	association	between	
steatosis	and	elevated	portal	pressure.7

Transient	elastography	(TE)	has	been	shown	to	correlate	with	
HVPG8-11	and	the	development	of	complications	of	portal	hyper-
tension.12,13	 TE-	based	 controlled	 attenuation	 parameter	 (CAP)	
measurement	is	a	novel	tool	for	the	quantification	of	hepatic	ste-
atosis,14	and	robust	cut-	offs	for	different	grades	of	hepatic	steato-
sis	 have	previously	 been	 established	by	 individual	 patient-	based	
meta-	analysis.15	 Recently,	CAP	has	 been	 linked	 to	 the	 incidence	
of	 liver-	related	events	 (LRE)	 in	patients	with	compensated	ACLD	
(cACLD).16	Importantly,	this	study	did	not	provide	information	on	
HVPG,	 which	 is	 a	 well-	established	 predictor	 of	 hepatic	 decom-
pensation.13,17	Thus,	it	is	unclear,	whether	CAP	is	an	independent	
predictor	of	LRE.

Another	 recent	 study	did	 not	 observe	 an	 association	between	
CAP	 and	 hepatic	 decompensation	 in	 patients	with	 liver	 disease.13 
However,	the	majority	of	patients	included	in	the	latter	study	did	not	
have	significant	liver	fibrosis,	as	reflected	by	low	median	liver	stiff-
ness	 values.	 Accordingly,	 only	 a	 very	 small	 proportion	 of	 patients	
developed	 hepatic	 decompensation,	which	 substantially	 limits	 the	
generalizability	of	the	findings	to	patients	with	ACLD,13	who	are	at	
considerable	risk	of	LRE.18	In	addition,	the	role	of	CAP	in	predicting	
further	 hepatic	 decompensation	 in	 patients	 with	 decompensated	
cirrhosis	(DC)	remains	unknown.

Therefore,	we	aimed	to	assess	the	prognostic	value	of	CAP	for	
first	 (cACLD)	 and	 further	 (DC)	 hepatic	 decompensation	 in	 a	 thor-
oughly	characterized	cohort	of	ACLD	patients	undergoing	TE	with	
CAP	including	a	large	subgroup	of	patients	who	also	underwent	si-
multaneous	HVPG	measurement.

2  | PATIENTS AND METHODS

2.1 | Study design

Patients	 undergoing	 TE	 and	 CAP	 measurement19	 between	 01	
January	 2014	 to	 31	December	 2016	 at	 the	Medical	University	 of	
Vienna	were	included	in	this	retrospective	analysis.	Clinical	follow-
	up	was	evaluated	by	checking	the	patients’	electronic	reports	until	
31	September	2017.

2.2 | Patients and definitions

Patients	 were	 excluded	 if	 they	 had	 (a)	 invalid	 TE	 measurements	
(nonfasting,	 <10	 valid	measurements,	 IQR/median	 >0.320);	 (b)	 his-
tory	 of	 hepatocellular	 carcinoma	 (HCC),	 hepatitis	 C	 virus	 (HCV)	
treatment,21-24	transjugular	intrahepatic	portosystemic	shunt	(TIPS)	
or	 liver	 transplantation;	 (c)	missing	 data/lack	 of	 clinical	 follow-	up,	
(d)	cardiac	cirrhosis;	or	 (e)	evidence	of	severe	hepatitis/hepatic	 in-
flammation	or	acute	 liver	failure.	Furthermore,	patients	with	base-
line	 liver	 stiffness	 value	 <10	kPa	were	 excluded	 as	 these	 patients	
are	unlikely	to	have	ACLD.25	Patient	characteristics	and	 important	
laboratory	parameters	at	baseline	as	well	as	clinical	follow-	up	were	
evaluated	by	two	authors	separately	(B.S.	and	L.S.)	by	chart	review.	
Patients	were	grouped	according	to	the	presence	(decompensated	
cirrhosis,	DC)	or	absence	(compensated	advanced	chronic	liver	dis-
ease,	 cACLD)	 of	 previous	 hepatic	 decompensation.26	 In	 patients	
with	DC,	 the	 following	events	were	considered	as	 further	hepatic	
decompensation:	requirement	of	paracentesis,	admission	for	grade	
3/4	 hepatic	 encephalopathy,	 variceal	 (re-	)bleeding	 or	 liver-	related	

the	only	parameters	independently	associated	with	first	and	further	hepatic	decom-
pensation,	respectively.
Conclusion:	Controlled	attenuation	parameter	does	not	predict	the	development	of	
first	(cACLD)/further	(DC)	hepatic	decompensation,	while	serum	albumin	levels	and	
MELD-	Na	are	of	prognostic	value.

K E Y W O R D S

compensated	advanced	chronic	liver	disease,	controlled	attenuation	parameter,	
decompensated	cirrhosis,	hepatic	decompensation

Key points

•	 CAP	did	not	predict	 the	occurrence	of	 first	 or	 further	
hepatic	decompensation	in	patients	with	compensated	
advanced	 chronic	 liver	 disease	 or	 decompensated	 cir-
rhosis,	respectively.

•	 Serum	 albumin	 levels	 and	 MELD-Na	 yield	 prognostic	
information.



     |  129SCHEINER Et al.

death.	In	cACLD	patients,	first	hepatic	decompensation	was	defined	
by	 the	 new	 onset	 of	 ascites,	 hepatic	 encephalopathy	 or	 variceal	
bleeding.	Even	though	new	onset	of	jaundice	is	commonly	referred	
to	as	a	decompensating	event,	we	did	not	incorporate	jaundice,	since	
this	term	is	poorly	defined.17	This	is	in	line	with	previous	studies	in-
vestigating	risk	factors	for	hepatic	decompensation.17,27

Acute-	on-	chronic	liver	failure	(ACLF)	was	diagnosed	according	to	
the	EASL-	CLIF	definition.28,29

2.3 | Clinically significant portal hypertension

Clinically	 significant	 portal	 hypertension	 (CSPH)	was	 defined	 as	 a	
HVPG	 ≥10	mm	Hg.	 The	Vienna	Hepatic	Hemodynamic	 Lab	 at	 the	
Medical	University	of	Vienna	performed	the	measurements	accord-
ing	to	a	standardized	operating	procedure.19

2.4 | Noninvasive measurements and cut- offs for 
hepatic steatosis

Hepatic	steatosis	was	assessed	by	TE-	based	CAP	using	a	FibroScan®	
502	Touch	(Echosens,	Paris,	France),	applying	previously	described	
reliability	 criteria	 for	 TE.20	 The	 following	 cut-	offs	 for	 steatosis	
grades	were	derived	from	a	recently	published	meta-	analysis15: any 
steatosis/≥S1	(lipid	accumulation	in	>5%	of	hepatocytes):	≥248	dB/
m2,	 ≥S2	 (>33%	 of	 hepatocytes):	 ≥268	dB/m2	 and	 ≥S3	 (>66%	 of	
hepatocytes):	≥280	dB/m2.

It	is	not	possible	to	obtain	valid	liver	stiffness/CAP	values	by	TE	
in	 most	 patients	 with	 pronounced	 perihepatic	 ascites.	 Moreover,	
based	on	our	experience,	the	presence	of	severe	ascites	makes	cath-
eterization	of	 the	hepatic	 veins	more	difficult.	 Therefore,	 patients	
with	severe	ascites	commonly	undergo	paracentesis	prior	to	HVPG	
measurement.	Importantly,	there	is	evidence	from	both	experimen-
tal	 and	 clinical	 studies	 that	 TE	 provides	 reliable	measurements	 in	
phantoms/patients	with	a	thin	lamella	of	water/ascites.30	However,	

if	we	were	unable	to	obtain	liver	stiffness	measurement	by	TE	(eg,	
due	to	pronounced	perihepatic	ascites),	patients	were	excluded.

2.5 | Statistics

Statistical	 analyses	were	 performed	 using	 IBM	 SPSS	 Statistics	 23	
(SPSS	 Inc.,	 Armonk,	 NY,	 USA)	 and	 GraphPad	 Prism	 6	 (GraphPad	
Software,	 La	 Jolla,	CA,	USA).	Continuous	 variables	were	 reported	
as	 mean	±	standard	 deviation	 (SD)	 or	 median	 (IQR),	 and	 categori-
cal	variables	were	shown	as	numbers	(n)	and	proportions	(%)	of	pa-
tients.	Comparisons	of	continuous	variables	were	performed	using	
Student’s	 t	 test	 or	Mann-	Whitney	U	 test,	 as	 applicable.	 The	 inci-
dence	of	first/further	hepatic	decompensation	was	assessed	by	the	
Kaplan-	Meier	method	and	compared	between	the	two	groups	using	
the	log-	rank	test.	Multivariate	Cox	regression	analysis	with	stepwise	
backward	selection	was	used	to	determine	prognostic	factors	inde-
pendently	 associated	 with	 hepatic	 decompensation.	 Patients	 en-
tered	the	Kaplan-	Meier	analysis	and	Cox	models	at	the	time	of	CAP	
measurement.	 Time	 to	 first/further	 hepatic	 decompensation	 was	
defined	 as	 time	 to	 clinical	 decompensation	 or	 liver-	related	 death.	
Patients	were	censored	at	the	time	of	 liver	transplantation,	end	of	
follow-	up	or	non-	liver-	related	death.	Cox	regression	 included	vari-
ables	 that	showed	differences	between	patients	with	and	without	
first/further	hepatic	decompensation	or	those	which	we	considered	
highly	 relevant	 based	 on	 the	 previous	 literature	 (eg,	HVPG).	 Area	
under	the	receiver	operating	characteristic	curve	(AUROC)	analysis	
was	performed	for	determining	the	optimal	CAP	cut-	off	for	predict-
ing	hepatic	decompensation.	A	two-	sided	P-	value	≤0.05	was	consid-
ered	as	statistically	significant.

2.6 | Ethics

This	 study	was	 approved	 by	 the	 ethics	 committee	 of	 the	Medical	
University	 of	 Vienna	 (EK	 No.:	 2013/2016	 and	 1124/2017).	 Since	

F IGURE  1 Patient	flow	chart	
showing	the	number	of	included	and	
excluded	patients	as	well	as	the	number	
of	patients	assigned	to	the	group	of	
compensated	advanced	chronic	liver	
disease	and	decompensated	cirrhosis.	
CAP,	controlled	attenuation	parameter;	
cACLD,	compensated	advanced	chronic	
liver	disease;	DC,	decompensated	
cirrhosis;	HVPG,	hepatic	venous	pressure	
gradient;	HCC,	hepatocellular	carcinoma;	
HCV,	hepatitis	C	virus;	TE,	transient	
elastography
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this	 is	 a	 retrospective	 analysis,	 the	 requirement	 of	 a	 written	 in-
formed	consent	was	waived	by	the	ethics	committee	of	the	Medical	
University	of	Vienna.

3  | RESULTS

3.1 | Patients

In	 total,	 3601	patients	underwent	 simultaneous	TE	and	CAP	measure-
ments	within	the	inclusion	period	(Figure	1).	As	depicted	in	Figure	1,	2714	
patients	had	to	be	excluded.	Finally,	430	patients	were	included	for	further	
analysis	(Figure	1).	A	total	of	292	patients	were	assigned	to	the	cACLD	and	
138	to	the	DC	group.	Half	of	patients	(n	=	86	in	the	cACLD	and	n	=	103	in	
the	DC	group)	also	underwent	simultaneous	HVPG	measurement.

3.2 | Patient characteristics (Tables 1 and 2)

Patient	characteristics	are	shown	separately	for	cACLD	(Table	1)	and	
DC	patients	(Table	2).	The	majority	of	cACLD	patients	were	male	(65%)	
with	a	mean	age	of	54	±	12	years.	The	cACLD	cohort	comprised	173	

patients	with	chronic	HCV	infection,	30	with	NAFLD,	23	with	chronic	
hepatitis	B	virus	(HBV)	infection,	12	with	alcoholic	liver	disease,	11	with	
cholestatic	 liver	disease,	eight	with	autoimmune	hepatitis	and	35	pa-
tients	had	other	aetiologies	of	liver	disease.	Patients	had	a	high	median	
liver	stiffness	of	18	 (12-	28)	kPa,	and	the	mean	CAP	value	was	 in	the	
range	of	mild	steatosis	(256	±	59	dB/m)	resulting	in	a	prevalence	of	any	
hepatic	steatosis	(≥248	dB/m)	of	60%.	In	the	subgroup	of	patients	with	
information	 on	 HVPG	 (n	=	86),	 median	 HVPG	 was	 14	 (9-	19)	mm	Hg	
with	more	than	two-	thirds	of	patients	presenting	with	CSPH	(69.8%).

Similarly,	more	than	half	of	DC	patients	were	male	(62%)	with	a	
mean	age	of	54	±	12	years.	The	majority	of	patients	(n	=	68)	had	al-
coholic	liver	disease,	followed	by	HCV	infection	(n	=	30),	cholestatic	
liver	disease	 (n	=	6),	NAFLD	(n	=	4),	HBV	 infection	 (n	=	3)	and	other	
aetiologies	of	liver	disease	(n	=	27).	The	most	common	previous	de-
compensating	event	was	ascites	(79%),	followed	by	hepatic	enceph-
alopathy	 (33.0%)	and	variceal	bleeding	 (31%).	The	mean	CAP	value	
was	235	±	66	dB/m,	and	38%	had	any	hepatic	steatosis	(≥248	dB/m).

The	subgroup	of	DC	patients	with	available	HVPG	data	(n	=	103)	
presented	with	pronounced	portal	 hypertension	 as	 indicated	by	 a	
median	HVPG	value	of	19	(15-	23)	mm	Hg.

TABLE  1 Comparison	of	baseline	characteristics	of	patients	with	compensated	advanced	chronic	liver	disease	(cACLD)	with	vs	without	
hepatic	decompensation	during	follow-up

cACLD patients, n = 292
Without first hepatic 
decompensation, n = 267

With first hepatic decompensa-
tion, n = 25 P- value

Sex,	male/female	(%	male) 190/102	(65%) 176/91	(66%) 14/11	(56%) 0.320

Age,	yr 54	±	12 54	±	12 57	±	12 0.197

BMI,	kg/m2 27	±	6 28	±	6 26	±	5 0.177

Aetiology

Viral	hepatitis,	n	(%) 195	(67) 181	(68) 14	(56) 0.097

(N)AFLD,	n	(%) 43	(15) 40	(15) 3	(12)

Other,	n	(%) 38	(13) 34	(13) 4	(16)

Cryptogenic,	n	(%) 16	(5) 12	(4) 4	(16)

Diabetes,	n	(%) 59	(20) 51	(19) 8	(32) 0.125

Fasting	glucose,	mg/dL 107	±	23 106	±	22 112	±	32 0.611

Triglycerides,	mg/dL 115	±	71 116	±	71 99	±	72 0.245

Total	cholesterol,	mg/dL 162	±	52 164	±	52 144	±	40 0.066

Statin	treatment,	n	(%) 26	(9) 22	(8) 4	(16) 0.383

INR 1.2	±	0.3 1.2	±	0.3 1.3	±	0.3 0.095

Albumin,	g/L 42	±	4 42	±	4 37	±	5 <0.001

MELD-	Na	score,	points 9.4	±	3.3 9.1	±	3.2 12.2	±	3.9 0.001

Liver	stiffness,	median	kPa	
(range)

18	(12-	28) 17	(12-	26) 26	(21-	47) 0.001

CAP,	dB/m 265	±	63 266	±	64 246	±	59 0.126

HVPG,	median	mm	Hg	(range)* 14	(9-	19) 13	(8-	18) 17	(11-	22) 0.156

CSPH,	n	(%)* 60	(70) 50	(68) 10	(77) 0.746

BMI,	body	mass	index;	CAP,	controlled	attenuation	parameter;	cACLD,	compensated	advanced	chronic	liver	disease;	CSPH,	clinically	significant	portal	
hypertension;	HVPG,	hepatic	venous	pressure	gradient;	 INR,	 international	normalized	ratio;	MELD-Na,	model	for	end-stage	 liver	disease	 including	
sodium;	(N)AFLD,	(non)alcoholic	fatty	liver	disease.
Statistically	significant	P-values	are	shown	in	bold.
	*Data	were	available	in	86	patients	(n	=	73	without	decompensation	and	n	=	13	with	decompensation).	
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3.3 | Development of first/further hepatic 
decompensation and ACLF (Figure 2)

During	 a	 median	 follow-	up	 of	 22	 (13-	32)	months,	 25	 of	 292	 (9%)	
cACLD	patients	developed	first	hepatic	decompensation	(Figure	2A).	
In	 the	 DC	 group,	 46/138	 (33%)	 patients	 experienced	 further	 he-
patic	decompensation	during	a	median	follow-	up	period	of	12.1	 (6-	
24)	months	(Figure	2B).	The	most	common	decompensating	event	in	
the	cACLD	group	was	new	onset	of	ascites,	which	occurred	in	15	(5%)	
patients,	followed	by	de	novo	hepatic	encephalopathy	(n	=	5,	2%),	and	
first	variceal	bleeding	 (n	=	5,	2%).	 In	 the	DC	group,	 the	major	event	
leading	to	further	hepatic	decompensation	was	requirement	of	para-
centesis	(n	=	19,	14%),	followed	by	hospital	admission	for	hepatic	en-
cephalopathy	grade	3/4	(n	=	13,	9%),	and	variceal	(re-)	bleeding	(n	=	9,	
6%),	and	five	additional	patients	(4%)	died	from	a	liver-	related	cause.

In	 total,	 hepatic	 decompensation	was	 associated	with	ACLF	 in	
four	patients	in	the	cACLD	(<248	dB/m:	1/118	[1%]	vs	≥248	dB/m:	
3/174	 [2%])	 and	11	patients	 in	 the	DC	 (<248	dB/m:	9/85	 [11%]	vs	
≥248	dB/m:	2/53	[4%])	group.

3.4 | Comparison of baseline characteristics between 
patients with and without first/further hepatic 
decompensation during follow- up (Tables 1 and 2)

Patients	with	first	hepatic	decompensation	(cACLD	group)	during	fol-
low-	up	had	significantly	lower	baseline	serum	albumin	levels	(37	±	5	
vs	42	±	4	g/L;	P	<	0.001),	significantly	higher	MELD-	Na	score	(12	±	4	
vs	9	±	3	points;	P	=	0.001)	as	well	as	 significantly	higher	 liver	 stiff-
ness	(26	[21-	47]	vs	17	[12-	26]	kPa;	P	=	0.001).	Apart	from	these	three	
variables,	baseline	characteristics	including	CAP	values	(266	±	64	vs	

TABLE  2 Comparison	of	baseline	characteristics	of	patients	with	decompensated	cirrhosis	with	vs	without	further	decompensation

Decompensated cirrhosis 
patients, n = 138

No further hepatic 
decompensation, n = 92

Further hepatic decompensa-
tion, n = 46 P- value

Sex,	male/female	(%	male) 86/54	(62) 57/35	(62) 27/19	(59) 0.711

Age,	yr 54	±	12 53	±	12 54	±	13 0.808

BMI,	kg/m2 25	±	5 25	±	5 24	±	5 0.771

Aetiology

Virus	hepatitis,	n	(%) 33	(24) 20	(22) 13	(28) 0.738

(N)AFLD,	n	(%) 72	(52) 51	(55) 21	(46)

Other,	n	(%) 17	(12) 11	(12) 6	(13)

Cryptogenic,	n	(%) 16	(12) 10	(11) 6	(13)

Diabetes,	n	(%) 23	(17) 16	(17) 7	(15) 0.747

Fasting	glucose,	mg/dL 101	±	21 99	±	18 122	±	53 0.662

Triglycerides,	mg/dL 91	±	49 90	±	48 94	±	52 0.667

Total	cholesterol	mg/dL 151	±	54 151	±	52 150	±	57 0.870

Statin	treatment,	n	(%) 8	(6) 5	(5) 3	(7) 0.350

History	of	variceal	bleeding,	n	
(%)

43	(31) 24	(26) 19	(41) 0.069

History	of	or	current	ascites

No	ascites 29	(21) 22	(24) 7	(15) 0.422

Mild/moderate	(%) 87	(63) 57	(62) 30	(65)

Severe,	n	(%) 22	(16) 13	(14) 9	(20)

History	of	or	current	hepatic	
encephalopathy,	n	(%)

45	(33) 24	(26) 21	(46) 0.021

INR 1.4	±	0.3 1.3	±	0.3 1.4	±	0.2 0.298

Albumin,	g/L 35	±	6 35	±	4 35	±	6 0.624

MELD-	Na	score,	points 15	±	5 14	±	5 16	±	5 0.004

Liver	stiffness,	kPa 46	(26-	69) 46	(26-	70) 46	(27-	69) 0.895

CAP,	dB/m 235	±	66 238	±	66 231	±	68 0.575

HVPG,	mm	Hg* 19	(15-	23) 19	(15-	22) 21	(17-	25) 0.023

BMI,	body	mass	index;	CAP,	controlled	attenuation	parameter;	cACLD,	compensated	advanced	chronic	liver	disease;	HVPG,	hepatic	venous	pressure	
gradient;	 INR,	 international	 normalized	 ratio;	 MELD-Na,	 model	 for	 end-stage	 liver	 disease	 including	 sodium;	 (N)AFLD,	 (non)alcoholic	 fatty	 liver	
disease.
Statistically	significant	P-values	are	shown	in	bold.
	*Data	were	available	in	103	patients	(n	=	70	without	decompensation	and	n	=	33	with	decompensation).	
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246	±	59	dB/m;	 P	=	0.126)	 were	 comparable	 between	 cACLD	 pa-
tients	with	and	without	first	hepatic	decompensation	(Table	1).

MELD-	Na	 score	 (16	±	5	 vs	 14	±	5	 points;	 P	=	0.004),	 proportion	
of	patients	with	previous	or	current	hepatic	encephalopathy	 (46%	vs	
26%;	P	=	0.021)	 and	 baseline	HVPG	 (21	 [11-	31]	 vs	 19	 [3-	29]	mm	Hg;	
P	=	0.023;	 in	patients	with	available	data)	were	significantly	higher	 in	
patients	presenting	with	further	hepatic	decompensation	(DC	group).	
Again,	CAP	values	(238	±	66	vs	231	±	68	dB/m;	P	=	0.575)	as	well	as	the	
other	evaluated	baseline	characteristics	were	comparable	between	DC	
patients	with	and	without	further	hepatic	decompensation	(Table	2).

3.5 | Predictors of the development of first/further 
hepatic decompensation (Table 3)

Multivariate	 Cox	 regression	 analysis	 evaluating	 predictors	 of	 first	
hepatic	decompensation	in	patients	with	cACLD	showed	that	lower	
serum	albumin	level	(per	g/L;	hazard	ratio	(HR):	0.83	[95%	CI:	0.77-	
0.89];	 P	<	0.001)	 and	 higher	MELD-	Na	 score	 (per	 point;	 HR:	 1.15	
[95%	CI:	1.04-	1.28];	P	=	0.006)	were	independent	predictors	of	he-
patic	decompensation	(Table	3A).	In	contrast,	neither	CAP	nor	liver	
stiffness	was	associated	with	first	hepatic	decompensation.

In	patients	with	DC,	multivariate	Cox	regression	analysis	showed	
that	higher	MELD-	Na	score	(per	point;	HR:	1.12	[95%	CI:	1.05-	1.19];	
P	<	0.001)	was	the	only	independent	predictor	for	the	development	
of	 further	 hepatic	 decompensation	 (Table	3B).	 Moreover,	 history	
of	 or	 current	 hepatic	 encephalopathy	 tended	 to	 increase	 the	 risk	
of	 further	 hepatic	 decompensation	 (HR:	 1.68	 [95%	CI:	 0.94-	3.01];	
P	=	0.082).	However,	neither	CAP	nor	a	history	of	or	current	ascites	
was	independently	predictive	of	further	hepatic	decompensation.

3.6 | Predictors of the development of first/further 
hepatic decompensation in patients with information 
on HVPG (Table S3)

Multivariate	 Cox	 regression	 analysis	 evaluating	 predictors	 of	 first	
hepatic	decompensation	in	patients	with	cACLD	showed	that	lower	

serum	 albumin	 level	 (per	 g/L;	 HR:	 0.850	 [95%	 CI:	 0.745-	0.969];	
P	=	0.015)	and	higher	MELD-	Na	score	(per	point;	HR:	1.251	[95%	CI:	
1.020-	1.533];	P	=	0.032)	were	independent	predictors	(Table	S3A).

In	patients	with	DC,	higher	HVPG	(per	mm	Hg;	HR:	1.079	[95%	
CI:	1.001-	1.164];	P	=	0.047)	and	higher	MELD-	Na	score	 (per	point;	
HR:	1.132	[95%	CI:	1.046-	1.225];	P	=	0.002)	were	independent	pre-
dictors	 for	 the	development	of	 further	hepatic	decompensation	 in	
the	final	step	of	backward	selection	(Table	S3B).

3.7 | First/further hepatic decompensation 
according to the presence/absence of hepatic 
steatosis diagnosed by CAP (Tables S1 and S2, 
Figure 2, Figures S1 and S2)

Baseline	characteristics	of	patients	presenting	with	a	CAP	value	in	
the	steatotic	vs	nonsteatotic	range	were	comparable,	apart	from	a	
higher	BMI	 (cACLD:	29	±	7	vs	25	±	4	kg/m2,	P	<	0.001;	DC:	26	±	6	
vs	24	±	4	kg/m2,	P	=	0.005),	 a	higher	 albumin	 level	 (cACLD:	43	±	4	
vs	 41	±	5	 g/L,	 P	=	0.007),	 higher	 triglyceride	 levels	 (DC:	 102	±	56	
vs	 85	±	43	 md/dL,	 P	=	0.045),	 as	 well	 as	 a	 lower	MELD-	Na	 score	
(cACLD:	 9	±	3	 vs	 10	±	4	 points,	P	=	0.001)	 in	 the	 CAP	 ≥248	dB/m	
subgroups	(Table	S1).	Furthermore	and	not	surprisingly,	the	propor-
tion	of	 patients	with	 (N)AFLD	was	 significantly	 higher	 in	 the	CAP	
≥248	dB/m	 subgroup	 (cACLD:	 20%	 vs	 8%,	 P	=	0.037;	 Table	 S2).	
Importantly,	 in	 the	 subgroup	 of	 patients	 who	 underwent	 HVPG	
measurement,	 HVPG	was	 comparable	 between	 patients	with	 and	
without	any	hepatic	steatosis	 (CAP	<248	dB/m:	18	 (13-	22)	vs	CAP	
≥248	dB/m:	16	(11-	21);	P	=	0.296).

We	 used	 Kaplan-	Meier	 analysis	 and	 log-	rank	 test	 to	 compare	
the	 incidence	 of	 first/further	 hepatic	 decompensation.	 As	 shown	
in	 Figure	2,	 there	 was	 no	 difference	 in	 the	 incidence	 of	 first/fur-
ther	hepatic	decompensation,	neither	 in	the	cACLD	(log-	rank	test:	
P	=	0.065),	 nor	 in	 the	 DC	 group	 (log-	rank	 test:	 P	=	0.578).	 When	
using	a	CAP	cut-	off	≥220	dB/m,	CAP	even	had	a	protective	effect	
for	 the	development	of	 first	 hepatic	decompensation	 as	 shown	 in	
Figure	S2	(log-	rank	test:	P	=	0.021).

F IGURE  2  Incidence	of	first/further	hepatic	decompensation	according	to	baseline	CAP	</≥248	dB/m	in	(A)	patients	with	compensated	
advanced	chronic	liver	disease	and	(B)	patients	with	decompensated	cirrhosis.	CAP,	controlled	attenuation	parameter;	M,	months
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Finally,	 AUROC	 analysis	 was	 performed	 to	 determine	 whether	
CAP	predicts	clinical	decompensation,	 if	analysed	as	a	dichotomous	
variable	 (Figure	S1).	The	AUROC	values	were	0.397	(95%	CI:	0.282-	
0.513; P	=	0.090)	in	the	cACLD	group	and	0.472	(95%	CI:	0.368-	0.577;	
P	=	0.599)	in	the	DC	group.	Therefore,	CAP	had	no	predictive	value	for	
first/further	hepatic	decompensation,	independently	of	the	cut-	off.

3.8 | Impact of aetiological and supportive 
treatment (Table S4A-D)

Furthermore,	as	aetiological	and	supportive	treatments	might	have	
impacted	our	results,	the	number	of	patients	receiving	vs	not	receiv-
ing	anti-	HCV	and	non-selective	beta-blocker	(NSBB)	therapy	during	
follow-	up	was	compared	 (Table	S4A-D).	 In	 the	cACLD	group,	80%	
(n	=	64)	of	HCV-infected	patients	with	a	CAP	<248	dB/m	and	88%	
(n	=	82)	of	HCV-infected	patients	with	a	CAP	≥248	dB/m	(P	=	0.140)	
achieved	 sustained	 virologic	 response	 (SVR)	 to	 anti-	HCV	 therapy	
during	the	study	period.	In	the	DC	group,	results	were	comparable,	
n	=	14	(70%)	vs	n	=	6	(60%;	P	=	0.690)	had	SVR.

Additionally,	NSBB	treatment	was	equally	distributed	between	
patients	with	a	CAP	<248	dB/m	vs	patients	with	a	CAP	≥248	dB/m	
(cACLD	group:	40	(34%)	vs	53	(31%),	P	=	0.536;	DC	group:	55	(65%)	
vs	35	(66%),	P	=	0.873).

4  | DISCUSSION

The	 development	 of	 noninvasive	 tools	 for	 the	 diagnosis	 of	 por-
tal	hypertension	and	prediction	of	complications	 is	of	great	clinical	

relevance.	TE	has	been	shown	to	be	a	useful	method	for	predicting	
CSPH25,31	 and	 liver-	related	events.12,13	Besides	 liver	 stiffness,	CAP	
has	recently	been	proposed	as	an	 independent	predictor	of	clinical	
decompensation	in	patients	with	cACLD.16	The	results	of	Margini	and	
co-	workers	indicate	that	CAP	is	particularly	useful	for	subclassifying	
patients	with	liver	stiffness	values	suggestive	of	CSPH	(ie,	≥21	kPa).16 
In	their	study,	a	CAP	value	≥220	dB/m	seemed	to	be	an	excellent	pre-
dictor	of	first	hepatic	decompensation,16	which	was	explained	by	the	
potential	role	of	hepatic	steatosis	for	liver	disease	progression.

In	our	cohort,	we	studied	the	prognostic	impact	of	CAP	using	a	
cut-	off	of	≥248	dB/m.	This	value	was	chosen	as	it	has	recently	been	
shown	to	be	the	optimal	cut-	off	for	diagnosing	hepatic	steatosis	in	
an	 individual	 patient	 data	meta-	analysis.15	 Interestingly,	 using	 this	
cut-	off,	CAP	had	no	impact	on	the	incidence	of	first	hepatic	decom-
pensation	 in	 patients	 with	 cACLD,	 even	 after	 adjusting	 for	 other	
important	prognostic	parameters	(eg,	MELD-	Na,	serum	albumin	lev-
els,	as	well	as	HVPG	in	a	subgroup	of	patients).	Furthermore,	HVPG	
values	were	comparable	between	patients	with	and	without	hepatic	
steatosis,	suggesting	that	hepatic	steatosis	does	not	aggravate	por-
tal	hypertension.

Since	aetiological	treatment	(eg,	HCV	therapy24)	as	well	as	NSBB	
use32	could	potentially	have	influenced	our	results,	the	proportions	
of	patients	achieving	SVR	or	receiving	NSBB	treatment	were	com-
pared.	 Importantly,	 these	 treatments	were	 equally	 distributed	be-
tween	patients	with	CAP	</≥248	dB/m,	and	thus,	it	is	unlikely	that	
they	had	an	impact	on	our	results.

Interestingly,	 we	 even	 observed	 a	 trend	 towards	 a	 lower	 inci-
dence	 of	 first	 hepatic	 decompensation	 among	 patients	 with	 he-
patic	steatosis.	Histological	steatosis	frequently	regresses	with	liver	

Patient 
characteristics

Multivariate, first step Multivariate, final step

HR 95%CI P- value HR 95%CI P- value

(A)

Albumin,	per	g/L 0.84 0.77– 0.92 <0.001 0.83 0.77– 0.89 <0.001

MELD-	Na,	per	
point

1.14 1.02– 1.27 0.022 1.15 1.04–	1.28 0.006

CAP,	per	
10	dB/m

0.97 0.91– 1.03 0.321 -	

TE,	per	kPa 1.02 1.00–	1.04 0.108 -	

(B)

History	of	or	
current	hepatic	
encephalopathy

1.81 1.00– 3.28 0.052 1.68 0.94–	3.01 0.082

History	of	or	
current	ascites

1.64 0.72– 3.75 0.237 -	

MELD-	Na,	per	
point

1.11 1.05– 1.19 0.001 1.12 1.05– 1.19 <0.001

CAP,	per	10	
dB/m

0.99 0.94–	1.03 0.554 -	

95%CI,	95%	confidence	interval;	CAP,	controlled	attenuation	parameter;	HR,	hazard	ratio;	
MELD-Na,	model	for	end-stage	liver	disease	including	sodium.

Statistically	significant	P-values	are	shown	in	bold.	

TABLE  3 Predictors	of	the	
development	of	(further)	hepatic	
decompensation	in	(A)	patients	with	
compensated	advanced	chronic	liver	
disease	and	(B)	decompensated	cirrhosis
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fibrosis	 progression,	 and	 thus,	 patients	with	 hepatic	 steatosis	 had	
less	 severe	 liver	 disease	 at	 baseline,	 as	 indicated	 by	 higher	 serum	
albumin	levels	and	lower	MELD-	Na.33-35	Importantly,	after	adjusting	
for	these	and	other	potentially	relevant	baseline	characteristics,	we	
observed	 no	 independent	 association	 between	 CAP	 and	 first	 he-
patic	decompensation.

In	contrast	to	the	study	by	Margini	et	al,16	our	study	comprised	
a	subgroup	of	patients	with	information	on	HVPG,	which	is,	based	
on	the	literature,	a	highly	relevant	predictor	of	hepatic	decompen-
sation17	and	liver-	related	mortality.26,36	Although	the	authors	tried	
to	account	for	the	severity	of	portal	hypertension	by	adjusting	for	
liver	 stiffness,16	 the	well-	established	 impact	 of	 high	HVPG	 values	
was	neglected	 in	 their	 study,	 since	 the	 correlation	with	 liver	 stiff-
ness	 becomes	 weaker	 in	 patients	 with	 HVPG	 ≥10-	12	mm	Hg.21,37 
Our	findings	are	in	line	with	Liu	et	al,13	who	also	did	not	report	an	
association	between	CAP	values	 and	 the	 incidence	of	hepatic	de-
compensation	 in	 a	 large	 cohort	 of	 patients	 at	 different	 stages	 of	
liver	disease.	However,	the	majority	of	patients	included	in	the	latter	
study	did	not	have	significant	liver	fibrosis.	Thus,	both	malignancies	
other	than	HCC	and	cardiovascular	events	were	more	common	than	
LRE.	Unfortunately,	the	authors	did	not	perform	a	subgroup	analysis	
in	patients	with	cACLD	who	are	at	considerable	risk	for	developing	
hepatic	decompensation	in	the	short	term.13

Compensated	 and	 DC	 are	 two	 pathophysiologically	 distinct	
stages	of	liver	disease.26,29,38,39	This	is	the	first	study	to	evaluate	the	
prognostic	 impact	of	CAP	in	DC	by	investigating	the	determinants	
of	further	hepatic	decompensation	in	a	separate	analysis.	However,	
similar	to	patients	with	cACLD,	CAP	≥248	dB/m	was	not	predictive	
for	further	hepatic	decompensation.

While	we	could	not	find	any	impact	of	CAP	on	hepatic	decom-
pensation,	we	were	able	to	confirm	the	results	of	previous	studies	on	
predictors	of	first/further	hepatic	decompensation	in	patients	with	
compensated	and	DC:	Low	serum	albumin	level	and	high	MELD-	Na	
were	 independently	predictive	for	first	hepatic	decompensation	 in	
the	 setting	 of	 cACLD,	 which	 is	 in	 line	 with	 previous	 reports.26,40 
Furthermore,	MELD-	Na	and	HPVG	(in	the	subgroup	of	patients	with	
available	HVPG	measurement)	were	independent	predictors	of	fur-
ther	hepatic	decompensation	in	patients	with	DC.2

We	have	to	acknowledge	several	limitations	of	our	study.	First,	
a	considerable	number	of	patients	were	excluded	from	analysis.	As	
a	 consequence,	 sample	 size	was	 limited.	However,	 the	 absence	of	
an	 association	 between	CAP	 and	 hepatic	 decompensation	 cannot	
be	 explained	 by	 this	 limitation,	 since	 the	 rates	 of	 hepatic	 decom-
pensation	 were	 even	 numerically	 (and	 statistically	 significantly)	
lower	in	cACLD	patients	with	CAP	≥248	dB/m	or	CAP	≥220	dB/m.	
Second,	only	a	low	number	of	patients	with	(N)AFLD	aetiology	were	
included;	 therefore,	we	cannot	exclude	 that	CAP	has	a	prognostic	
impact	 on	 hepatic	 decompensation	 in	 these	 patients.	 Lastly,	 our	
study	is	limited	by	its	retrospective	single-	centre	design.	However,	
clinical	events	were	reviewed	by	two	authors	separately.	Moreover,	
the	incidence	rates	of	first/further	hepatic	decompensation	was	in	
line	with	the	literature,17,26,41,42	with	ascites	being	the	most	common	
decompensation	event.39

In	 conclusion,	 CAP	 does	 not	 predict	 first/further	 hepatic	 de-
compensation	 in	 cACLD	 or	 in	 patients	 with	 DC.	 Serum	 albumin	
level	and	MELD-	Na	score	are	important	independent	predictors	of	
first	hepatic	decompensation	in	cACLD,	while	MELD-	Na	and	HVPG	
predicted	further	hepatic	decompensation	in	patients	with	DC.
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