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1  | BACKGROUND

Atrial	fibrillation	(AF)	is	the	most	common	sustained	arrhythmia.	It	con-
stitutes	an	increased	risk	of	stroke	due	to	formation	of	atrial	thrombi,	
usually	in	the	left	atrial	appendage	(LAA).	In	AF	patients,	reduced	LAA	
flow	velocity	(LAAFV)	and	the	presence	of	spontaneous	echo	contrast	

(SEC),	an	echogenic	swirling	pattern	of	blood	flow	which	 indicates	a	
low-	flow	state	in	the	left	atrium	(LA)	have	been	shown	to	be	markers	
of	thromboembolic	risk.1-5

Studies	 have	 suggested	 a	 possible	 association	 between	 inflam-
mation,	 AF,	 and	 thrombosis.	 Levels	 of	 inflammatory	 markers,	 such	
as	 C-		 reactive	 protein	 (CRP)	 have	 been	 found	 to	 be	 related	 to	 LA/
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Background: Left	atrial	appendage	flow	velocity	(LAAFV)	and	presence	of	spontane-
ous	echo	contrast	(SEC)	have	been	reported	to	be	predictors	of	thromboembolism	in	
atrial	fibrillation	(AF)	patients.	Galectin-	3	 is	a	biomarker	reflecting	pro-	inflammatory	
status,	whose	 role	 in	AF	has	 recently	drawn	attention,	particularly	 in	persistent	AF	
population.
Aim: In	this	study	we	aimed	to	investigate	the	association	between	serum	galectin-	3	
levels	 and	 echocardiographic	 predictors	 of	 thromboembolism	 in	 persistent	 AF	
patients.
Methods: We	included	65	persistent	AF	patients	(55.50±10.67	years,	46.15%	male).	
Transesophageal	echocardiography	(TEE)	was	performed	to	assess	LAAFV	and	pres-
ence	of	left	atrial	(LA)/LA	appendage	(LAA)-	located	SEC	and	thrombus	prior	to	direct	
current	cardioversion	or	catheter	ablation	for	AF.
Results: Median	galectin-	3	level	was	0.63	ng/mL.	Serum	galectin-	3	levels	were	signifi-
cantly	correlated	with	LAAFV	(r=−.440,	P<.001).	Serum	galectin-	3	levels	were	associ-
ated	with	presence	of	SEC	 (P<.001),	and	LA	thrombus	 (P=.008).	Receiver	operating	
characteristic	analysis	revealed	that	a	serum	galectin-	3	greater	or	equal	to	the	cut-	off	
value	of	0.69	predicted	presence	of	SEC	with	a	sensitivity	and	specificity	of	91.00%	
and	79.00%,	respectively	(P<.001).
Conclusion: In	conclusion,	in	the	setting	of	persistent	AF,	serum	galectin-	3	levels	are	
associated	with	presence	of	SEC	and	LAAFV	on	TEE.	Our	findings	suggest	that	serum	
galectin-	3	level	may	have	a	place	in	thromboembolism	risk	stratification	in	persistent	
AF	patients.
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LAA-	located	SEC	and	thrombus	observed	on	transesophageal	echo-
cardiography	 (TEE).6-8	Another	 study	 has	 shown	 that	 thrombin-		 an-
tithrombin	 III	 complex,	 plasmin-	α2-	plasmin	 inhibitor	 complex,	 and	
D-	dimer	 levels	were	 significantly	 higher	 in	 patients	with	 aortic	 SEC	
than	in	those	without.9

Galectin-	3	is	an	α-	galactoside-	binding	lectin	that	has	been	shown	
to	mediate	cell-	to-	cell	and	cell-	to-	extracellular	matrix	interactions	and	
act	as	a	novel	chemoattractant	for	monocytes	and	macrophages.10,11 
Studies	have	supported	an	association	between	serum	galectin-	3	lev-
els	and	atrial	fibrosis	demonstrated	with	delayed-		enhancement	mag-
netic	resonance	imaging	in	AF	patients.12,13

In	this	study,	we	aimed	to	investigate	the	relation	between	serum	
galectin-	3	levels	and	echocardiographic	markers	of	thromboembolism,	
including	LAAFV,	LA/LAA-		located	SEC	and	thrombus.

2  | METHODS

2.1 | Study population

Sixty-	five	 patients	with	 persistent	AF	who	were	 scheduled	 for	 TEE	
prior	to	direct	current	cardioversion	or	catheter	ablation	for	AF	were	
enrolled	in	this	observational	study.	AF	episodes	that	lasted	>7	days	
or	required	termination	by	cardioversion,	either	with	drugs	or	by	di-
rect	current	cardioversion	were	defined	as	persistent	AF.14

Patients	 who	 were	 pregnant	 and	 had	 moderate-	severe	 valvular	
disease,	 congenital	 heart	 disease,	 alcohol	 consumption,	 abnormal	
thyroid	 function,	 serum	 creatinine	 levels	 greater	 than	 1.20	mg/dL,	
autoimmune	disease,	recent	infection	or	attempted	AF	ablation	were	
excluded	from	the	study.	Furthermore,	patients	who	had	systolic	left	
ventricular	dysfunction	[left	ventricular	ejection	fraction	(LVEF)	<40%]	
were	not	included	in	the	study.

Baseline	 demographic	 and	 clinical	 characteristics;	 including	 age,	
gender,	 body	 mass	 index	 (BMI);	 history	 of	 hypertension,	 diabetes	
mellitus,	coronary	artery	disease,	peripheral	artery	disease,	stroke,	or	
transient	ischemic	attack	and	smoking	were	recorded.	Data	related	to	
the	diagnosis	of	AF	including	date	of	first	diagnosis	were	also	noted.	
Informed	consent	was	taken	from	each	patient	before	enrollment.	The	
study	was	in	compliance	with	the	principles	outlined	in	the	Declaration	
of	Helsinki	and	approved	by	the	Institutional	Ethics	Committee.

2.2 | Echocardiography

Complete	 transthoracic	 and	 transesophageal	 echocardiography	
were	 performed	 using	 commercially	 available	 equipment	 (Vivid	 S6;	
GE	Healthcare,	 Horten,	 Norway).	 All	 echocardiographic	 parameters	
were	measured	according	to	the	recommendations	of	the	American	
Society	 of	 Echocardiography.15	 Aerosolized	 topical	 anesthetic	 solu-
tion	 (10%	 lidocaine	 spray)	was	 used	 to	 anesthetize	 the	 oropharynx	
before	TEE.	The	presence	of	LA/LAA	-	located	thrombus	was	defined	
as	an	intracavitary	echogenic	mass,	distinct	from	LA	endocardium	and	
pectinate	muscles.	The	presence	of	SEC	in	LA/LAA	was	diagnosed	by	
observation	of	dynamic,	swirling	smoke-	like	echogenic	material.	The	
grading	of	SEC	was	evaluated	as	follows:	0,	absence	of	echogenicity;	

1+	(mild),	minimal	echogenicity,	undetectable	at	normal	gain	setting,	
may	be	perceptible	only	 transiently,	and	 located	 in	only	 the	LAA	or	
sparsely	distributed	in	the	LA;	2+	(mild	to	moderate),	detectable	with-
out	 increased	gain	setting;	3+	(moderate),	dense,	swirling	echogenic	
materials	 in	the	LAA	and	that	 in	the	LA	was	 lesser	 in	 intensity	than	
that	in	the	LAA;	and	4+	(severe),	dense,	swirling	echogenic	materials	
in	the	LAA	and	LA	with	similar	intensity.16	In	our	study,	dense	SEC	was	
defined	as	moderate	or	severe	SEC.	LAAFV	profiles	were	obtained	by	
pulsed-	wave	Doppler	echocardiographic	interrogation	at	the	orifice	of	
the	appendage.	Peak	outflow	velocity	signals	within	each	R-	R	interval	
were	averaged	over	a	minimum	of	six	cardiac	cycles.

Echocardiographic	 evaluations	 were	 performed	 by	 two	 experi-
enced	 cardiologists	who	were	 blinded	 to	 the	 characteristics	 of	 the	
patients.

2.3 | Measurement of serum galectin- 3 levels

After	an	overnight	fast,	blood	samples	were	collected	and	immediately	
centrifuged	 and	 stored	 at	 −80°C.	 Immediately	 before	 the	 analysis,	
the	frozen	serum	samples	were	rapidly	thawed	and	brought	to	room	
temperature	 and	 then,	 assayed	 for	 human	 galectin-	3	 by	 using	 en-
zyme	linked	immunosorbent	assay	(ELISA)	kits	(eBioscience,	Europe/
International,	 Austria),	 according	 to	 the	manufacturer’s	 instructions.	
Serial	 dilutions	 of	 known	 concentrations	 of	 human	 galectin-	3	 were	
used	to	construct	a	standard	curve	of	the	analytes.	The	serum	levels	
of	galectin-	3	from	the	samples	were	estimated	by	extrapolation	from	
a	log:log	linear	regression	curve	determined	from	the	serially	diluted	
human	recombinant	galectin-	3	ranging	from	25	to	0.39	ng/mL.

2.4 | Statistical analysis

Normally	 distributed	 continuous	 parameters	 are	 presented	 as	
mean±standard	 deviation	 and	 skewed	 continuous	 parameters	 are	
expressed	 as	 median	 (interquartile	 range	 defined	 as	 minimum-	
maximum).	Categorical	data	are	presented	as	frequencies	and	percent-
ages	and	are	compared	using	chi-	square	test.	Comparisons	between	
baseline	 characteristics	 were	 performed	 by	 independent	 Student	 t,	
Mann–Whitney	rank-	sum,	Fisher	exact	or	chi-	square	tests	where	ap-
propriate.	Spearman	correlation	analysis	was	done	to	investigate	the	
correlation	between	other	parameters	and	LAAFV.	Linear	logistic	re-
gression	analysis	was	performed	to	determine	the	independent	pre-
dictors	of	LAAFV.	Optimal	cut-	off	value	for	serum	galectin-	3	levels	for	
predicting	presence	of	SEC	on	TEE	was	determined	by	the	analysis	of	
the	sensitivity	and	specificity	values	derived	from	receiver	operating	
characteristic	 (ROC)	curve	data.	Statistical	analyses	were	performed	
using	SPSS	statistical	 software	 (version	21.0;	SPSS	 Inc.,	Chicago,	 IL,	
USA).	A	two-	tailed	P<.05	is	considered	statistically	significant.

3  | RESULTS

Sixty-	five	 patients	 with	 persistent	 AF	 (55.50±10.67	years,	 46.15%	
male)	were	included	in	this	study	(Table	1).	Median	serum	galectin-	3	
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level	was	0.63	ng/mL	(Table	2).	Median	CHADS2	and	CHA2DS2-	VASc	
scores	were	0	and	1	respectively	(Table	1).	The	scores	did	not	signifi-
cantly	differ	between	group	of	patients	with	low	(<0.25	m/s)	and	high	
(≥0.25	m/s)	 LAAFV	 or	 patients	 with	 and	 without	 LA/LAA-		 located	
SEC	or	thrombus	(Table	3).	Median	LAAFV	was	0.30	(0.13-	0.45)	m/s.	
33.85%	and	10.77%	of	patients	had	dense	SEC	and	thrombus	in	LA/
LAA	respectively	(Table	4).	None	of	the	patients	were	on	anticoagu-
lant	therapy.

Patients	with	 lower	 LAAFV	 (<0.25	m/s)	were	older	 (P<.001)	 and	
had	higher	serum	galectin-	3	levels	(P<.001)	(Table	3).	They	also	more	
frequently	 had	 dense	 SEC	 (P<.001)	 and	 LA/LAA-		 located	 thrombus	
(P=.044)	on	TEE	 (Table	3).	Patients	with	dense	SEC	 in	LA/LAA	were	
older	(P=.009),	had	higher	serum	galectin-	3	levels	(P<.001)	and	lower	
LAAFV	(P<.001)	(Table	4).	They	more	frequently	had	LA/LAA-		located	
thrombus	on	TEE	(P<.001).	Patients	with	LA/LAA-		located	thrombus	
on	TEE	had	higher	serum	galectin-	3	levels	(P=.008)	and	lower	LAAFV	

TABLE  1 Baseline	demographic	and	clinical	parameters	of	the	
study	population	(n=65)

Parameters

Age	(y) 55.50±10.67

Gender:	male	(n,	%) 30	(46.15)

Body	mass	index	(kg/m2) 24.12±2.03

AF	duration	(mo) 24 (1- 240)

Hypertension	(n,	%) 24	(36.92)

Diabetes	mellitus	(n,	%) 9	(13.85)

Coronary	artery	disease	(n,	%) 3	(4.62)

Previous	TIA/stroke	(n,	%) 1 (1.54)

Smoking	(n,	%) 7 (10.77)

CHADS2	score 0 (0- 3)

CHA2DS2-		VASc	score 1 (0- 5)

AF,	atrial	fibrillation;	CHADS2	Congestive	heart	failure,	Hypertension,	Age	
≥75	years,	 Diabetes	 mellitus,	 Prior	 Stroke	 or	 TIA	 or	 Thromboembolism	
[doubled];	CHA2DS2-		VASc,	Congestive	heart	 failure,	Hypertension,	Age	
≥75	years	[doubled],	Diabetes	mellitus,	Prior	Stroke	or	TIA	or	thromboem-
bolism	[doubled],	Vascular	disease,	Age	65	to	74	years,	Sex	category;	TIA,	
transient	ischemic	attack.

TABLE  2 Baseline	laboratory	and	echocardiographic	parameters	
of	the	study	population	(n=65)

Parameters

Platelet	count	(×103/μL) 206.00±62.76

Serum	creatinine	(mg/dL) 0.83±0.19

Serum	galectin-	3	(ng/mL) 0.63	(0.33-	1.28)

LAVI	(mL/m2) 28.29±3.35

Left	ventricular	end-	diastolic	volume	(mL) 84.28±10.58

Left	ventricular	ejection	fraction	(%) 62.12±3.68

LAA	flow	velocity	(m/s) 0.30 (0.13- 0.45)

LA/LAA	dense	spontaneous	echo	contrast	n	(%) 22 (33.85)

LA/LAA	thrombus	n	(%) 7 (10.77)

LA,	left	atrial;	LAA,	left	atrial	appendage;	LAVI,	left	atrial	volume	index.
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(P=.001).	All	patients	with	LA/LAA-		located	thrombus	had	dense	LA/
LAA	SEC	on	TEE	(P<.001;	Table	4).

Spearman’s	correlation	analysis	revealed	a	statistically	significant	
negative	 correlation	 between	 LAAFV	 and	 serum	 galectin-	3	 levels	
(r=−.440,	P<.001).	LAAFV	was	also	significantly	negatively	correlated	
with	 age	 (r=−.552,	 P<.001)	 (Table	5).	 Multivariate	 linear	 regression	
analysis	 showed	 that	 age,	 and	 serum	 galectin-	3	 levels	 were	 inde-
pendently	associated	with	LAAFV	(Table	6).

Receiver	 operating	 characteristic	 analysis	 demonstrated	 that	 a	
serum	galectin-	3	 level	≥0.69	ng/mL	predicted	LA/LAA-		 located	SEC	
presence	with	 a	 sensitivity	 and	 specificity	 of	 91%	and	79%	 respec-
tively	(AUC:	0.909,	95%	CI:	0.840-	0.977,	P<.001;	Figure	1).	A	serum	
galectin-	3	level	≥0.72	ng/mL	predicted	LAAFV	<0.25	m/s	with	a	sen-
sitivity	and	specificity	of	86%	and	76%	respectively	(AUC:	0.851,	95%	
CI:	0.732-	0.971,	P<.001;	Figure	2).

4  | DISCUSSION

This	study	demonstrates	for	the	first	time	in	the	literature	that,	in	the	
setting	of	persistent	AF,	serum	galectin-	3	 levels	are	associated	with	
LAAFV,	presence	of	LA/LAA-		located	SEC	and	thrombus	on	TEE.

Histological	 studies	 have	 suggested	 a	 possible	 association	 be-
tween	inflammation,	AF,	and	thrombosis.17	Levels	of	inflammation,	he-
mostasis	and	coagulation	markers	in	AF	have	been	evaluated	in	many	
studies.	Serum	levels	of	CRP	have	been	found	to	be	associated	with	
AF.18,	19	CRP	has	also	been	found	to	be	related	to	fibrinogen,	plasma	
viscosity,	 LA/LAA-		 located	 SEC	 and	 thrombus	 observed	 on	 TEE.6-8 
The	presence	of	AF	has	been	shown	to	be	an	independent	predictor	
of	abnormal	von	Willebrand	factor,	fibrinogen	and	soluble	P-	selectin	
levels.20	 Another	 study	 has	 shown	 that	 thrombin-		 antithrombin	 III	T
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TABLE  5 Spearman’s	correlation	analysis	demonstrating	the	
correlation	between	serum	left	atrial	appendage	flow	velocity	and	
baseline	characteristics	(n=65)

Correlation 
coefficient (r) P value

Age	(y) −.552 <.001*

Body	mass	index	(kg/m2) −.056 .658

Duration	of	AF	(mo) −.068 .604

LAVI	(mL/m2) −.052 .680

Left	ventricular	end-	diastolic	volume	(mL) −.155 .216

Left	ventricular	ejection	fraction	(%) .178 .156

Serum	galectin-	3	(ng/mL) −.440 <.001*

Platelet	count	(×103/μL) −.103 .416

Serum	creatinine	(mg/dL) −.056 .661

r,	 Spearman’s	 correlation	 coefficient;	 AF,	 atrial	 fibrillation;	 CHADS2,	
Congestive	heart	failure,	Hypertension,	Age	≥75	years,	Diabetes	mellitus,	
Prior	 Stroke	 or	 TIA	 or	 Thromboembolism	 [doubled];	 CHA2DS2-		 VASc,	
Congestive	heart	failure,	Hypertension,	Age	≥75	years	[doubled],	Diabetes	
mellitus,	Prior	Stroke	or	TIA	or	thromboembolism	[doubled],	Vascular	dis-
ease,	Age	65-	74	years,	Sex	category;	LAVI,	left	atrial	volume	index.
*P<.05	denotes	statistical	significance.
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complex,	 plasmin-	α2-	plasmin	 inhibitor	 complex,	 and	 D-	dimer	 levels	
were	 significantly	 higher	 in	 patients	 with	 aortic	 SEC	 than	 in	 those	
without.9	However,	major	limitation	of	these	studies	were	that	most	
patients	were	on	oral	antithrombotic	therapy.

Galectin-	3	 is	 an	 α-	galactoside-	binding	 lectin	 that	 has	 been	
shown	 to	mediate	cell-	to-	cell	 and	cell-	to-	extracellular	matrix	 inter-
actions	 and	 act	 as	 a	 novel	 chemoattractant	 for	 monocytes	 and	
macrophages.10	 Studies	 have	 supported	 an	 association	 between	
serum	galectin-	3	levels	and	AF	and	associated	atrial	fibrosis	demon-
strated	 with	 delayed-		 enhancement	 magnetic	 resonance	 imaging	
(DE-		MRI).12,13

It	has	also	been	reported	that	galectins	play	 important	roles	 in	
acute	and	chronic	inflammatory	responses.21	Galectin-	1,	-	3,	and	-	8,	
either	 in	a	soluble	or	 immobilized	 form,	have	been	reported	 to	be	
capable	 of	 triggering	 a	 wide	 spectrum	 of	 platelet	 responses,22,	23 
including	 adhesion,	 aggregation,	 release	 of	 granule	 content	 and	

P-	selectin	expression	through	the	interaction	with	the	carbohydrate	
backbone	 of	 the	 major	 platelet	 receptors	 involved	 in	 hemostasis	
(e.g.,	 GPIb/IX/V	 complex	 and	 integrin	 αIIbβ3).24-28	 Finding	 of	 our	
study	 suggest	 that	 serum	galectin-	3	may	be	 involved	 in	 thrombo-
genesis	in	LA/LAA.

In	a	study	by	Akoum	et	al.29	patients	with	LA/LAA-		located	throm-
bus	on	TEE	were	shown	to	have	higher	atrial	fibrosis	detected	by	DE-		
MRI	compared	to	patients	without	thrombus.	Atrial	fibrosis	was	also	
higher	in	patients	with	LA/LAA-		located	SEC	compared	to	those	with-
out.	Multivariate	logistic	regression	showed	high	fibrosis	was	a	signif-
icant	predictor	of	echocardiographic	predictors	of	thromboembolism.	
A	previous	study	by	our	group13	has	demonstrated	that	serum	galec-
tin-	3	levels	were	independently	correlated	with	extent	of	LA	fibrosis	
detected	with	DE-	MRI	 in	paroxysmal	AF	patients	with	preserved	LV	
function.	Therefore,	it	may	proposed	that	the	role	of	serum	galectin-	3	
in	association	with	LA/LAA-		 located	SEC	and	thrombus	may	 involve	
the	fibrogenic	process	in	the	atria.

TABLE  6 Linear	regression	analysis	for	identifying	independent	associates	of	left	atrial	appendage	flow	velocity

Univariate Multivariate

B±SD 95% CI P value B±SD 95% CI P value

Age	(y) −0.005±0.001 −0.006	to	(-	)	0.003 <.001* −0.005±0.001 −0.006±(−)0.003 <.001*

Left	ventricular	end-	diastolic	
volume	(mL)

0.001±0.001 −0.001	to	0.003 .242 — — —

Left	ventricular	ejection	fraction	
(%)

0.003±0.003 −0.002	to	0.009 .254 — — —

Serum	galectin-	3	(ng/mL) −0.161±0.052 −0.264	to	(−)	0.057 .003* −0.101±0.043 −0.186±(−)0.016 .021*

B,	beta	coefficient;	CI,	confidence	interval;	SD,	standard	deviation.
*P<.05	denotes	statistical	significance.

F IGURE  1 Figure	showing	receiver	operating	characteristic	curve	
for	determining	the	value	of	serum	galectin-	3	levels	for	predicting	
left	atrial/left	atrial	appendage-		located	spontaneous	echo	contrast	
presence
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F IGURE  2 Figure	showing	receiver	operating	characteristic	curve	
for	determining	the	value	of	serum	galectin-	3	levels	for	predicting	left	
atrial-	appendage	flow	velocity	<0.25	m/s
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4.1 | Study limitations

There	are	some	limitations	of	this	study.	First,	a	larger	study	popula-
tion	and	a	longer	term	follow-	up	are	required	to	confirm	the	predic-
tive	role	of	serum	galectin-	3	levels	for	identifying	thromboembolic	risk	
in	AF	patients.	Second,	other	markers	of	a	thrombotic	state	or	inflam-
mation	have	not	been	evaluated	in	this	study.

5  | CONCLUSION

Serum	galectin-	3	levels	may	be	used	in	combination	with	established	
parameters	of	 stroke	 risk	stratification	 to	determine	 thromboembo-
lism	risk	in	AF	patients.
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