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Abstract
Background: Ischemic	stroke	is	one	of	the	most	prominent	and	serious	neurological	
complications	of	infective	endocarditis	(IE).	Our	study	was	designed	to	evaluate	the	
predictive	value	of	higher	level	of	plasma	D-dimer	on	admission	for	the	development	
of	ischemic	stroke	in	patients	with	IE.
Methods: In	this	prospective	study,	a	total	of	173	consecutive	patients	with	IE	were	
recruited	from	January	2016	to	December	2018.	Plasma	D-dimer	and	other	clinical	
indexes	of	IE	patients	were	measured	after	admission.	The	number	of	patients	who	
developed	 ischemic	stroke	during	6-month	follow-up	was	recorded,	as	well	as	 the	
occurrence time of ischemic stroke.
Results: Ischemic	stroke	was	observed	in	38	(22%)	patients	during	6-month	follow-up	
since	definite	diagnosis	of	 IE.	Patients	with	 ischemic	 stroke	had	 significantly	higher	
levels	of	plasma	D-dimer	than	those	of	patients	without	stroke	(4982	vs	2205	μg/L,	
P	<	 .001).	 In	addition,	Staphylococcus aureus	 infection	 (HR:	1.96,	95%	CI:	1.51-2.42),	
mitral	valve	vegetation	(HR:	1.52,	95%	CI:	1.32-1.75),	and	higher	levels	of	on-admission	
plasma	D-dimer	 (HR:	1.35,	95%	CI:	1.27-1.43)	were	 significantly	 associated	with	 is-
chemic	stroke.	Moreover,	D-dimer	levels	≥3393	μg/L	served	as	a	strong	predictor	for	
ischemic	stroke	in	patients	with	IE,	and	the	sensitivity	and	specificity	were	78%	and	
83%,	respectively.
Conclusion: Our	study	suggested	that	higher	level	of	D-dimer	on	admission	was	an	
independent	predictor	 for	 ischemic	stroke	 in	patients	with	 IE.	These	patients	may	
require	special	attention,	in	particular	within	the	first	trimester	after	IE	diagnosis.

K E Y W O R D S

D-dimer,	infective	endocarditis,	ischemic	stroke

1  | INTRODUC TION

Infective	 endocarditis	 (IE)	 is	 a	 life-threatening	 disease,	 especially	 in	
developing	countries	such	as	China.	The	prevalence	of	IE	ranges	from	

1.5	to	11.6	cases	per	100	000	people	around	the	world,1	and	IE	is	as-
sociated	with	economic	and	medical	conditions.	IE	may	present	many	
extra-cardiac	symptoms	or	signs,	 in	which	neurological	complications	
are the most prominent and severe.2 The manifestations of neurologi-
cal	complications	include	ischemic	stroke,	hemorrhagic	stroke,	mycotic	
aneurysms,	brain	abscesses,	meningitis,	and	encephalitis.3Xu and Fu contributed equally to this work. 
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Ischemic	stroke,	characterized	by	the	interruption	of	cerebral	blood	
flow,	is	a	dominant	and	frequent	neurological	complication	of	left-sided	
IE	4	as	well	as	the	main	stroke	type	among	all	stroke	cases	in	IE.	On	
the	basis	of	a	retrospective	study	involving	eight	centers	in	Spain,	192	
(14%)	of	1345	consecutive	left-sided	IE	patients	experienced	ischemic	
stroke.5	However,	some	clinicians	claimed	that	the	actual	incidence	of	
ischemic	stroke	in	IE	was	much	higher	than	that	previously	reported	
because	of	the	existence	of	asymptomatic	stroke.	Ischemic	stroke	has	
a	major	influence	on	the	quality	of	life	of	IE	patients	and	causes	a	sig-
nificant	increase	in	medical	expenses.	Moreover,	ischemic	stroke	is	one	
of the most important risk factors that will impact the prognosis and 
increase	the	mortality	of	 IE.6 Though many studies have focused on 
the risk factors and prevention of ischemic stroke at the early stage of 
IE,	the	identification	of	high-risk	patients	remains	a	challenge.

Plasma	D-dimer,	as	a	degradation	product	of	cross-linked	fibrin,	
is generated during the activation process of coagulation and the fi-
brinolysis system.7	Plasma	D-dimer	is	generally	seen	as	a	traditional	
biomarker	 of	 thrombotic	 or	 embolic	 diseases,	 such	 as	 deep	 vein	
thrombosis	or	pulmonary	embolism.	In	a	cohort	study,	Folsom	et	al8 
reported	 that	 a	 higher	 level	 of	D-dimer	was	 a	 risk	 factor	 for	 isch-
emic	stroke,	especially	cardioembolic	stroke.	Further,	many	studies	
have	reported	that	elevated	levels	of	D-dimer	were	associated	with	
poorer prognosis and functional outcome in patients with ischemic 
stroke.9,10

In	 a	 retrospective	 study,	 Bakal	 et	 al11 observed increased lev-
els	of	D-dimer	 in	 IE	patients	who	experienced	significant	systemic	
embolism.	However,	no	prior	research	has	yet	evaluated	D-dimer	as	
a	potential	 risk	 factor	 for	 ischemic	stroke	 in	 IE	patients	who	were	
treated with conservative medical therapy. The purpose of our 
study	was	to	investigate	whether	increased	levels	of	plasma	D-dimer	
could	predict	the	development	of	ischemic	stroke	in	nonsurgical	IE	
patients.

2  | SUBJEC TS AND METHODS

2.1 | Study population

In	this	prospective	study,	a	total	of	189	consecutive	IE	patients	were	
enrolled	from	January	2016	to	December	2018	derived	from	Tianjin	
General	 Hospital.	 All	 patients	were	 hospitalized	 for	 the	 first	 time	
with	a	definite	diagnosis	of	IE	based	on	the	modified	Duke	criteria.12 
General	clinical	profiles	of	 IE	patients,	such	as	age,	gender,	predis-
posing	 factors,	 and	 comorbid	 diseases,	were	 recorded	 for	 further	
analyses.

Patients	 who	 underwent	 cardiac	 surgery	 during	 admission	 or	
follow-up were excluded considering the increased risk of stroke 
during and subsequent to surgery.13	Patients	with	a	history	of	any	
stroke or transient ischemic attacks any time prior to admission were 
excluded. Those with pacemakers that were not suitable for under-
going	brain	MRI	were	excluded.	Those	on	anticoagulant	therapy	or	
with	coagulation	disorders	were	excluded.	Patients	with	right-sided	
IE	were	also	excluded	from	the	study.

The ethics committee of our hospital confirmed the study pro-
tocol.	Signed	 informed	consent	 forms	were	collected	 from	all	par-
ticipators. Our study complied with the principles elaborated in the 
Declaration	of	Helsinki.

2.2 | Echocardiography

All	 patients	 underwent	 standard	 transthoracic	 echocardiography	
(TTE)	 assessments	 conducted	 by	 a	 professional	 cardiologist	 after	
admission. Transesophageal echocardiography was carried out in 
the	following	situations:	unsatisfactory	 image	quality	of	TTE,	clini-
cally	suspected	prosthetic	valve	endocarditis,	and	strong	suspicion	
of	IE	despite	negative	TTE	findings.	Vegetation	size	was	measured	in	
various	dimensions,	and	the	maximum	diameter	was	recorded	when	
the oscillating mass appeared the largest.

2.3 | Diagnosis of ischemic stroke

The primary diagnosis of ischemic stroke was mainly based on clini-
cal	neurological	symptoms	and	imaging	manifestations	on	brain	MRI.	
Brain	MRI	was	performed	by	applying	a	1.5-Tesla	GE	system	with	a	
standardized	imaging	protocol.	An	acute	ischemic	lesion	was	identi-
fied as a hyperintense signal with restricted apparent diffusion on 
diffusion-weighted	imaging.	Ischemic	stroke	associated	with	IE	may	
present	a	variety	of	patterns,	from	single	lesion	to	multiple	small	or	
large	lesions	in	multiple	vascular	territories.	A	definite	diagnosis	of	
ischemic stroke was confirmed by an experienced neurologist who 
was	blinded	to	the	clinical	data,	 laboratory	examinations,	and	MRI	
images.

2.4 | Laboratory examinations

Measurement	 of	 plasma	 D-dimer	 on	 admission	 was	 performed	
using	 the	 VIDAS	 D-dimer	 assay	 (bioMérieux),	 which	 has	 shown	
comparable sensitivity and specificity.14 The normal range of 
plasma	D-dimer	is	0-500	μg/L.	Other	hematological	and	biochemi-
cal	 data,	 such	 as	 white	 blood	 cell	 (WBC)	 count	 and	 C-reactive	
protein	(CRP),	were	also	detected	from	peripheral	blood	samples	
collected	 on	 the	 next	 morning	 after	 admission.	 In	 addition,	 to	
identify	causative	organisms,	at	least	three	sets	of	blood	cultures	
were obtained from all patients before the initiation of antibiotic 
therapy.

2.5 | Follow-up

Merkler et al15 demonstrated that short-term risk of ischemic stroke 
increased	 in	 the	 fourth	month	 before	 IE	 diagnosis,	 peaked	 in	 the	
first	month	after	 IE	diagnosis,	 then	declined	rapidly,	and	stabilized	
at	a	general	level	by	the	sixth	month	after	diagnosis.	Therefore,	we	
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selected	6	months	as	the	duration	of	follow-up	to	analyze	the	tem-
poral	relationship	between	ischemic	stroke	and	IE.

In	our	study,	all	patients	were	followed	up	from	the	establish-
ment	 of	 IE	 diagnosis	 until	 the	 occurrence	 of	 ischemic	 stroke	 or	
6-month follow-up. The clinical data were recorded for further 
analyses.

2.6 | Statistical analysis

All	 statistical	 analyses	 were	 performed	 with	 SPSS	 (Version	
22.0,	 Chicago,	 USA).	 Continuous	 variables	 are	 shown	 as	 the	
mean	±	 standard	deviation	or	median	 (interquartile).	Categorical	
variables	are	shown	as	percentages.	The	Mann-Whitney	U test or t 
test was applied to compare the different outcomes between sub-
groups. The chi-squared test was used for comparison of categori-
cal	variables.	Cox	regression	was	used	to	analyze	the	related	risk	
factors	 for	 outcome	with	 hazard	 ratios	 and	 the	 95%	 confidence	
interval	(CI).	An	exploratory	evaluation	for	additional	cut	points	of	
different variables was performed using receiver operating char-
acteristic	 (ROC)	 curve	 analysis.	 The	 hazard	 curve	 to	 assess	 the	
D-dimer	 level	 during	 the	6-month	 follow-up	was	 analyzed	using	
the	Kaplan-Meier	method,	and	the	difference	between	curves	was	
compared	using	the	log-rank	test.	A	P value < .05 was considered 
to be statistically significant.

3  | RESULTS

3.1 | Baseline characteristics of patients

A	total	of	189	consecutive	IE	patients	were	enrolled	in	the	study,	
and	173	patients	 (60%	males,	mean	age,	55.1	±	13.8	years)	com-
pleted	 the	 follow-up.	 Thirty-eight	 (22%)	 patients	 developed	 is-
chemic stroke during the 6-month follow-up period and were 
defined	 as	 the	 stroke	 group.	 The	 remaining	 135	 (78%)	 patients	
without ischemic stroke were classified as the non-stroke group. 
A	total	of	158	(91%)	patients	suffered	from	native	valve	endocar-
ditis,	 while	 15	 (9%)	 patients	 had	 prosthetic	 valve	 endocarditis.	
Vegetations	 were	 observed	 in	 169	 (98%)	 patients	 based	 on	 the	
evidence from transthoracic or transesophageal echocardiogra-
phy.	Single-position	vegetations	were	identified	 in	149	(86%)	pa-
tients,	most	often	found	at	the	mitral	valve,	followed	by	the	aortic	
valve.	Positive	results	of	blood	cultures	were	obtained	from	107	
(62%)	patients.	Streptococcus	 identified	 in	40	 (23%)	patients	was	
the	most	common	microorganism,	accounting	for	37%	of	all	posi-
tive blood cultures. The secondary dominant causative agent was 
Staphylococcus aureus,	isolated	in	33	(19%)	patients	and	31%	of	all	
positive blood cultures. The clinical and demographic characteris-
tics	of	the	study	population	are	summarized	in	Table	1.

There was no significant difference between the stroke and non-
stroke	groups	in	terms	of	age,	gender,	and	comorbid	diseases	such	as	
hypertension,	diabetes,	or	underlying	heart	diseases.	However,	the	

on-admission	D-dimer	levels	of	IE	patients	who	developed	ischemic	
stroke were significantly higher than for those without stroke during 
the	follow-up	(4982	vs	2205	μg/L,	P	<	.001).	Moreover,	a	comparison	
of	CRP	levels	showed	a	similar	result	for	D-dimer	levels	between	the	
two	groups	(67	vs	52	mg/L,	P	=	.02).

The incidence of mitral valve vegetation in the stroke group was 
significantly	higher	than	that	in	the	non-stroke	group	(58%	vs	43%,	
P	 <	 .001).	 In	 addition,	 patients	with	 ischemic	 stroke	 had	 a	 higher	
prevalence of S aureus	infection	(29%	vs	16%,	P	<	.001).	Moreover,	
patients	 with	 ischemic	 stroke	 more	 often	 had	 vegetation	 sizes	
>10	 mm,	 though	 there	 was	 no	 statistically	 significant	 difference	
(53%	vs	46%,	P	=	.71).

Receiver	operating	characteristic	(ROC)	curves	were	performed	
to	 explore	 the	 relation	 between	 plasma	D-dimer	 levels	 on	 admis-
sion and ischemic stroke during the 6-month follow-up. The area 
under	the	curve	(AUC)	was	0.856	(95%	CI:	0.77-0.92;	P	<	.001).	On	
admission,	plasma	D-dimer	 levels	over	a	cutoff	 level	of	3393	μg/L	
predicted	ischemic	stroke	well	during	the	6-month	follow-up,	with	a	
sensitivity	of	78%	and	a	specificity	of	83%	(Figure	1).

According	 to	 the	D-dimer	 cutoff	 level	 of	 3393	μg/L,	 all	 IE	 pa-
tients	 were	 classified	 into	 two	 subgroups,	 and	 the	 Kaplan-Meier	
curve was plotted for the cumulative incidence of ischemic stroke 
during	 the	 6-month	 follow-up	 (Figure	 2).	 The	 results	 showed	 that	
D-dimer	levels	≥3393	μg/L	were	significantly	associated	with	the	in-
cidence	of	ischemic	stroke	(P	<	.001).

Cox	regression	was	applied	to	analyze	the	predictors	of	ischemic	
stroke	in	IE	patients.	In	univariate	analysis,	S aureus	infection,	mitral	
valve	vegetation,	higher	CRP	levels,	higher	D-dimer	levels,	D-dimer	
levels	≥3393	μg/L,	and	vegetation	sizes	>10	mm	were	significantly	
associated	with	ischemic	stroke.	When	multivariate	Cox	regression	
was	applied	after	adjusting	for	other	confounders,	S aureus infection 
(HR:	1.96,	95%	CI:	1.51-2.42),	mitral	valve	vegetations	(HR:	1.52,	95%	
CI:	1.32-1.75),	higher	D-dimer	 levels	 (HR:	1.35,	95%	CI:	1.27-1.43),	
and	D-dimer	levels	≥3393	μg/L	(HR:	2.03,	95%	CI:	1.21-2.89)	were	
identified	as	independent	predictors	of	ischemic	stroke	in	IE	patients	
(Table	2).

4  | DISCUSSION

Early	 and	 accurate	 identification	of	 high-risk	 IE	 patients	who	may	
develop ischemic stroke will give clinicians the chance for prompt 
intervention	and	more	active	therapy.	Several	studies	have	assessed	
possible	 risk	 factors	 for	 IE	on	admission	and	correlative	 risk	of	 is-
chemic stroke.

García-Cabrera et al5 claimed that mitral valve involvement in 
IE	 was	 a	 risk	 factor	 that	 could	 not	 be	 ignored	 for	 ischemic	 stroke.	
According	to	a	retrospective	study	by	Cao	et	al,16 the odds ratio was 
1.648	for	stroke	in	IE	patients	with	mitral	valve	vegetation.	In	accor-
dance	with	the	aforementioned	results,	our	study	also	identified	mitral	
valve	vegetation	as	an	independent	risk	factor	for	ischemic	stroke	in	IE	
patients.	Therefore,	it	is	reasonable	to	consider	that	mitral	valve	vege-
tation plays an important role in the development of ischemic stroke.
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Based	 on	 a	 retrospective	 study	 by	 Valenzuela	 et	 al,17 
Staphylococcus infection was one of the most important risk 
factors	 for	 ischemic	 stroke.	 According	 to	 the	 study	 by	 García-
Cabrera	 et	 al,5 S aureus	 was	 clearly	 related	 to	 27%	 of	 ischemic	
complications as a main causative organism. Considering the fact 
that many patients already received oral or venous antibiotic 
treatment	prior	to	admission,	which	lowered	the	positive	rate	of	
blood	cultures,	the	actual	prevalence	of	S aureus infection may be 
underestimated	in	our	study.	However,	S aureus was still a dom-
inant	pathogen,	accounting	for	44%	of	positive	blood	cultures	in	
the stroke group.

Our findings were consistent with previous studies regarding 
the predictive roles of mitral valve vegetation and S aureus infec-
tion.	 However,	 there	 was	 no	 statistically	 significant	 difference	

between the stroke and non-stroke groups in terms of vegetation 
size	 >10	mm.	According	 to	 the	 2015	 ESC	 guidelines	 for	 the	man-
agement	of	 IE,	 increasing	vegetation	size	was	considered	to	be	re-
lated to an increased risk of embolism.18	Vilacosta	et	al19 reported 
that	patients	with	vegetation	sizes	>10	mm	had	a	higher	 incidence	
of embolic events when staphylococcal endocarditis and the mitral 
valve	were	 involved.	 In	 our	 study,	 patients	with	 larger	 vegetation	
sizes	were	more	likely	to	undergo	cardiac	surgery	during	hospitaliza-
tion or follow-up due to the development of heart failure or uncon-
trolled	infection	or	the	prevention	of	embolic	events.	 In	fact,	after	
the	exclusion	of	these	patients	from	the	study,	the	actual	incidence	
of	ischemic	stroke	in	patients	with	vegetation	sizes	>10	mm	would	be	
underestimated,	contributing	to	the	similar	consequences	in	stroke	
and non-stroke groups.

Variables

Total 
(n = 173)
(100%)

Stroke 
(n = 38)
(22%)

Non-stroke 
(n = 135)
(78%) P value

Age	(y) 55.1	±	13.8 53.9 ± 13.2 56.8	±	15.3 .78

Male,	n	(%) 103	(60%) 24	(63%) 79	(59%) .59

Smoking,	n	(%) 96	(55%) 22	(58%) 74	(55%) .76

Coronary	heart	disease,	n	(%) 21	(12%) 4	(11%) 17	(13%) .89

Degenerative	valve	disease,	n	(%) 22	(13%) 6	(16%) 16	(12%) .63

Congenital	heart	disease,	n	(%) 9	(5%) 2	(5%) 7	(5%) .98

Rheumatic	heart	disease,	n	(%) 28	(16%) 8	(21%) 20	(15%) .55

Hypertension,	n	(%) 27	(16%) 5	(13%) 22	(16%) .81

Diabetes,	n	(%) 38	(22%) 7	(18%) 31	(23%) .68

Atrial	fibrillation,	n	(%) 16	(9%) 5	(13%) 11	(8%) .46

Native valve involvement

Mitral	valve,	n	(%) 80	(46%) 22	(58%) 58	(43%) <.001

Aortic	valve,	n	(%) 87	(50%) 17	(45%) 70	(52%) .18

Prosthetic	valve	involvement 15	(9%) 5	(13%) 10	(7%) .57

White	blood	cell	count	(×109/L) 10.9 ± 3.2 11.6 ± 3.4 10.7	±	2.9 .33

Total	cholesterol	(mmol/L) 4.3 ± 1.6 4.5	±	1.8 4.2 ± 1.3 .81

Total	triglycerides	(mmol/L) 1.6 ± 0.5 2.1 ± 0.6 1.3 ± 0.5 .39

HDL	(mmol/L) 1.4 ± 0.6 1.2	±	0.8 1.5 ± 0.5 .55

LDL	(mmol/L) 2.4 ± 1.0 2.6 ± 1.2 2.3 ± 1.0 .80

D-dimer	(μg/L) 2815	±	1886 4982	±	2159 2205 ± 1253 <.001

CRP	(mg/L) 59 ± 15 67	±	18 52 ± 13 .02

Blood cultures

Staphylococcus aureus 33	(19%) 11	(29%) 22	(16%) <.001

Coagulase-negative 
staphylococcus

13	(8%) 3	(8%) 10	(7%) .75

Streptococcus 40	(23%) 8	(21%) 32	(24%) .52

Othersa 21	(12%) 3	(8%) 18	(13%) .46

Culture-negative 66	(38%) 13	(34%) 53	(39%) .67

Vegetation	size	>	10	mm 82	(47%) 20	(53%) 62	(46%) .71

Note: Data	are	expressed	as	mean	±	SD	or	number	(percentage).
Abbreviations:	CRP,	C-reactive	protein;	HDL,	high-density	lipoprotein;	LDL,	low-density	
lipoprotein; S aureus, Staphylococcus aureus.
aEnterococcus,	Gram-negative	bacilli.	

TA B L E  1   Baseline characteristics of 
patients	with	IE
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As	discussed	above,	mitral	valve	vegetation	and	S aureus infec-
tion	were	independent	predictors	of	ischemic	stroke	in	IE	patients.	
However,	it	is	worth	exploring	more	simple	and	convenient	risk	fac-
tors that could help us to identify high-risk patients at an early stage.

This study aimed to assess the relation between on-admission 
D-dimer	levels	and	the	risk	of	ischemic	stroke	in	IE	patients.	To	the	
best	of	our	knowledge,	few	studies	have	explored	the	association	

between	 higher	 levels	 of	 D-dimer	 and	 the	 development	 of	 isch-
emic	stroke	in	IE	patients.	With	up	to	6-month	follow-up,	our	study	
revealed	 that	 higher	 levels	 of	 D-dimer	 were	 associated	 with	 an	
increased	risk	of	 ischemic	stroke,	and	D-dimer	 levels	≥3393	μg/L	
could be seen as a strong predictor for ischemic stroke. This asso-
ciation remained significant after adjusting for other interference 
factors.

Further,	 the	 temporal	 relationship	between	 the	diagnosis	of	 IE	
and the occurrence of ischemic stroke was also illuminated in our 
study.	According	to	the	D-dimer	cutoff	level	of	3393	μg/L,	the	occur-
rence	time	of	ischemic	stroke	was	categorized	and	shown	in	Table	3.	
Twenty-five	 (86%)	 patients	 developed	 ischemic	 stroke	 during	 the	
first	trimester	after	a	definite	diagnosis	of	IE	when	the	D-dimer	level	
on	admission	was	≥3393	μg/L.

Our study may provide future reference for clinicians in some as-
pects.	On	the	one	hand,	higher	levels	of	D-dimer	on	admission	could	
help	us	screen	high-risk	IE	patients	for	ischemic	stroke.	On	the	other	
hand,	our	study	may	offer	insights	into	future	positive	strategies	in	
the	prevention	of	ischemic	stroke	in	IE.

Cerebral embolism from cardiogenic vegetation is generally rec-
ognized	as	a	main	mechanism	responsible	for	ischemic	lesions	in	IE.4 
However,	the	underlying	association	between	higher	levels	of	D-dimer	
and	the	risk	of	cardioembolic	stroke	is	still	unknown.	Previous	study	
proved that hyperactivity of the coagulation and fibrinolysis system 
was highlighted during the acute stage of cardioembolic stroke.20	In	
IE	patients,	vegetation	resulted	from	the	infection	of	pathogenic	mi-
croorganism	and	aggregation	of	platelet.	Afterward,	cytokines	such	
as	IL-1,	IL-6,	and	TNF-α	were	released,	and	then,	coagulation	cascade	
was	activated,21	resulting	in	an	elevated	level	of	D-dimer.22	So,	a	pos-
sible	mechanism	may	be	 that	 elevated	D-dimer	 level	 is	 a	 reflection	
of currently unclear thrombotic and hemostatic disorders associated 
with the development of cardioembolic stroke.23	In	addition,	D-dimer	
is also a biomarker of inflammatory processes.24 Research has shown 
that inflammation contributed to the development of ischemic lesions 
in	patients	with	IE.25

Therefore,	 instead	 of	 the	 cause,	 elevated	D-dimer	 level	might	
be a marker of mechanisms related to the development of ischemic 
stroke.23 More studies are needed to illuminate the specific patho-
physiological processes underlying the complicated relationship be-
tween	D-dimer	and	ischemic	stroke	in	IE.

Our	 study	 had	 some	 limitations.	 First,	 our	 study	 was	 a	 sin-
gle-center	 study	with	 a	 relatively	 smaller	 sample	 size.	 Therefore,	
the results need to be verified further in a larger-scale study. 
Second,	the	actual	incidence	of	ischemic	stroke	may	be	underesti-
mated	in	our	study.	Okazaki	et	al25	evaluated	85	patients	with	left-
sided	 IE	who	underwent	cardiac	surgery.	Preoperative	brain	MRI	
discovered	that	acute	ischemic	lesions	existed	in	47	(55%)	patients.	
However,	only	19	(22%)	patients	showed	typical	neurological	symp-
toms,	suggesting	that	a	majority	of	patients	developed	asymptom-
atic strokes. Considering the fact that neurological symptoms were 
important	clues	and	the	basis	for	the	diagnosis	of	ischemic	stroke,	a	
certain number of asymptomatic patients who developed ischemic 
stroke	may	be	ignored	in	our	study.	However,	it	is	still	controversial	

F I G U R E  1  Receiver	operating	characteristic	(ROC)	curve	of	
D-dimer	level	for	predicting	ischemic	stroke.	The	ROC	analysis	
displays	the	specificity	and	sensitivity	of	D-dimer	level	for	ischemic	
stroke prediction

F I G U R E  2   Kaplan-Meier curve for the cumulative incidence of 
ischemic	stroke	in	patients	with	IE.	The	patients	were	stratified	by	
D-dimer	cutoff	level	of	3393	μg/L
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that	all	 IE	patients	undergo	neuroimaging	examination	regardless	
of the presence or absence of neurological symptoms.

Our study revealed that higher levels of on-admission plasma 
D-dimer	showed	high	sensitivity	and	specificity	in	the	prediction	of	
ischemic	stroke,	which	occurred	mostly	 in	 the	 first	 trimester	after	
the	diagnosis	of	IE.	On	the	one	hand,	as	a	traditional	and	inexpensive	
biomarker,	plasma	D-dimer	may	help	clinicians	identify	high-risk	IE	
patients for ischemic stroke in a simple and quick way. On the other 
hand,	these	patients	may	need	special	attention	as	well	as	appropri-
ate	 prevention	 and	 treatment	 strategies.	 Therefore,	 a	 higher	 level	
of	D-dimer	may	be	a	valuable	predictor	for	ischemic	stroke	in	IE	pa-
tients,	as	well	as	an	important	reference	factor	in	risk	stratification	
and preventive strategy establishment.
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