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Abstract

Background

Plasma fibrin d-dimer has been taken as a marker for thrombus. The aim of this study was

to evaluate the relationship between d-dimer (DD) levels and left atrial spontaneous echo

contrast (SEC)/left atrial thrombus (LAT).

Methods

We identified clinical studies by systematic search of MEDLINE and EMBASE databases up

to Feb 2016. All observational studies that considered DD as a study factor and trans-

esophageal echocardiography (TEE) identified SEC/LAT as an outcome were included.

Two reviewers independently selected the studies and extracted the data.

Results

Of the 21 included studies, 16 studies (2652 patients) have compared the mean DD differ-

ences between patients with and without an evidence of the presence of SEC/LAT, 9 studies

(1667 patients) have estimated the diagnostic value of DD in the presence of LAT, and 11

studies (1856 patients) have available information to calculate a ratio of the presence of LAT

among individuals in the top and the bottom third of DD levels. The pooled standardized mean

difference (SMD) of DD between patients with and without left atrial SEC and/or LAT was 1.29

[95%CI: 0.51, 2.08], with SMDs of 0.42 [95% CI: 0.08, 0.77] and 2.34 [95% CI: 1.01, 3.68] in

SEC/LAT and LAT subgroups, respectively. The combined risk ratio of the presence of LAT

among individuals between the top of the distribution of DD levels and that in the bottom third

was 3.84 [95% CI: 2.35, 6.28], associating with a mean difference of 0.78 ug/ml (1.10 vs 0.32

ug/ml). The pooled sensitivity, specificity and positive likelihood ratio of DD for LAT were 0.75

[95% CI: 0.65, 0.83], 0.81 [95% CI: 0.59, 0.93] and 4.0 [95% CI: 1.7, 9.9], respectively.

Conclusions

High plasma fibrin DD was associated with left atrial SEC/LAT, particularly among patients

with LAT. DD levels have moderate sensitivity and specificity for diagnosing LAT.
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Introduction

Elevated plasma fibrin d-dimer (DD) levels suggest the presence of hypercoagulability or pro-

thrombotic state [1]. Thus DD has been taken as a potential non-invasive marker of thrombo-

genesis and thromboembolism. In clinical settings such as deep venous thrombosis (DVT) [2],

pulmonary embolism (PE) [3,4] and acute aortic dissection [5,6], DD has an excellent negative

predictive value. Pooled data of 10 studies showed that an elevated DD was independently

associated with twice as much increased risk of near-term systemic embolism [7].

Left atrial spontaneous echo contrast (SEC) and left atrial thrombus (LAT), which are iden-

tified by trans-esophageal echocardiography (TEE), have been confirmed to be associated with

increased thromboembolic risk [8,9,10]. As a semi-invasive procedure, however, TEE can

induce obvious discomfort and has potential risk of esophageal damage [11]. Thus, it is hard

to apply TEE to all patients with left atrial dysfunction, such as those with atrial fibrillation,

atrial flutter and mitral stenosis. Some studies suggested that DD is a valuable parameter to

exclude left atrial SEC and LAT [12,13]. However, these studies included a relative small num-

ber of patients with inconsistent outcomes. Therefore, we performed a systemic review and

meta-analysis to evaluate the association between DD and the presence of LAT/SEC.

Materials and methods

Search strategy

We searched the MEDLINE and EMBASE databases for articles published from initiations to

Feb. 2016, and identified additional studies by hand-searching references of original articles or

review articles on this topic and by personal contact with investigators. The search terms and

algorithm for the literature search were as follows: (“fibrin fragment D” [MeSH] OR “d-

dimer” OR “d-dimer fibrin” OR “d-dimer fragments” OR “fibrin fragment D1 dimer” OR

“fibrin fragment DD” OR “fibin fragment D-dimer”) AND((“atrial function, left”[MeSH]

AND (“thromboses” OR “thrombus”[MeSH]) OR “left atrial thrombus” OR “appendage

thrombus” OR “spontaneous echo contrast”). The search language was restricted to English.

Selection of studies

The selection of eligible studies was performed by two independent reviewers (H.W. and S.

W.). Inconsistency regarding the selection of studies was resolved by consensus with the senior

consultants (Y.Y. and J.Z.). Studies were selected if they met the following criteria: 1) DD was a

study factor; 2) the outcome of interest was any type of TEE-identified left atrial SEC or LAT;

3) studies had sufficient data for pooling, i.e., number of subjects, mean and standard deviation

(or median and range) of DD between SEC/LAT group and control group for continuous

data; or frequencies and cutoff values of DD to predict the presence of LAT for categorical

data; 4) studies were not duplicates. Review articles, case-reports and studies with insufficient

data for pooling were excluded in case of no response after contacting the authors twice. Left

atrial SEC was defined as dynamic smoke-like echoes with characteristic swirling patterns in

left atrium or its appendage. LAT was defined as echo-dense intracavitary mass adjacent to the

endocardial surface of the left atrium or its appendage and acoustic characteristics that clearly

differentiated from such normal structures as endocardium or pectinate muscles.

Data extraction

Baseline characteristics of included studies (i.e., study settings, period of publishing, country,

mean age, percentage of males, history of atrial fibrillation (AF), mitral stenosis, acute ischemic

D-dimer and left atrial thrombus

PLOS ONE | DOI:10.1371/journal.pone.0172272 February 16, 2017 2 / 18



stroke and anticoagulation, instruments for TEE, methods used for measuring DD, excluded

population), data of outcomes, i.e., mean DD and standard deviation in two groups, the log

ratio of the risk of LAT among individuals in the top third vs those in the bottom third based

on the measurement of DD, and the cutoff value of DD selected for maximal sensitivity and

the frequency of presenting LAT, were extracted by 2 independent reviewers (H.W. and S.W.)

using a standardized data extraction form. Disagreement was resolved by consensus with the

senior consultants (Y.Y. and J.Z.). Missing data was obtained by contacting the corresponding

authors.

Risk of bias assessment

Two authors (A.Z. and L.Y.) independently assessed risk of bias of each study. For studies

reporting mean DD difference, the quality assessment was conducted via the Newcastle and

Ottawa risk of bias criteria [14] for assessing the quality of case-control studies. Three domains

were considered, i.e., selection of study groups (4 items), comparability of groups (2 items),

and ascertainment of exposure (2 items). Each item was graded either 0 or 1 with a total score

ranging from 0 to 8; higher total score reflected higher quality and lower risk of bias. For the

quality assessment of studies’ diagnostic accuracy of DD on the prediction of LAT, the bias

was assessed via QUADAS-2[15], including four domains in risk of bias, i.e., patient selection,

index test, reference standard, and flow and timing, and three domains in applicability, i.e.

patient selection, index test and reference standard. Studies were judged as “low”, “high” or

“unclear” according to domains relating to risk of bias or applicability. Disagreement was

resolved by consensus after discussion with senior consultants (Y.Y. and J.Z).

Statistical analysis

For continuous outcomes, the mean DD difference between SEC/LAT and control group was

estimated for each study and pooled using a standardized mean difference (SMD). If data of

DD was reported in the form of median, range and size only, the mean and the variance were

converted according to the method reported by Hozo et al.[16] The ratios of risk for the pres-

ence of LAT based on the tertiles of DD levels were estimated by the method reported by

Danesh J. et al[17]. For dichotomous outcomes, the true positive, true negative, false positive

and false negative of a DD cutoff value on the presence of LAT were estimated for each study.

Bivariate meta-analysis was applied for pooling diagnostic parameters including sensitivity,

specificity, and likelihood ratio positive of DD level on LAT using midas command in STATA.

Heterogeneity of the effect estimates was assessed and quantified using the Q statistic and I2

statistic. If significant heterogeneity was detected (P value <0.10 or I2�25%), a random-effect

model (Dersimonian & Laird method) was applied; otherwise, a fixed-effect model (inverse-

variance method) was used. Sources of heterogeneity were explored by fitting each of the co-

variables (i.e. mean age, study settings, sample size, percentage of males, mitral stenosis (Yes/

No), AF (percentage), acute ischemic stroke (Yes/No) and anticoagulation (Yes/No), cuffoff

value of DD) in meta-regression models. Publication bias was assessed using an Egger’s test

and funnel plot. All analyses were performed using STATA software (version 12.0, StataCorp,

USA). A two-sided test with P-value <0.05 was considered statistically significant except for

the test of heterogeneity, in which a P-value <0.10 was used.

Results

The flow diagram of detailed search was illustrated in Fig 1. A total of 71 publications were

identified by searching the MEDLINE (28 publications) and EMBASE (43 publications) data-

bases. Of these 71 records, 25 duplications, 1 review and 10 case reports were excluded, leaving

D-dimer and left atrial thrombus
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35 records for further assessment. After excluding 14 records due to a lack of either outcome

of interests (7 records) or data for pooling (7 records), 21 studies fulfilled selection criteria and

were finally included in this systemic review. Details of reasons for exclusion of the studies are

also presented in Fig 1.

Characteristics of included studies are presented in Table 1. All of the studies were observa-

tional studies, among which 8 studies [12,13,18,19,20,21,22,23] were prospective design. Mean

age of study participants ranged from 29.7 to 76.0 years, and the percentage of males ranged

from 28.4% to 77.8%. Twelve (57.1%) studies confined the population to patients with AF

[13,19,20,21,24,25,26,27,28,29,30,31], with reported percentages of patients with AF ranged

from 20%-86% in 7 (33.3%) studies [12,18,22,32,33,34,35], besides, 2 (9.5%) studies focused on

patients in sinus rhythm [23,36], 4 studies (19.0%) restricted to the population of patients with

mitral stenosis [23,33,35,36], among which, 2 studies reported the prevalence of mitral stenosis

ranged from 6.0% to 27.5% [28,37]. Of 21 included studies, 12 (57.1%) studies reported mean

or median DD values [13,18,19,24,25,26,27,29,30,32,35,37], 5 (23.8%) studies reported fre-

quency and DD cutoff value on LAT [22,23,31,33,34], and 4 (19.0%) studies reported both

Fig 1. Flow diagram illustrating the systemic literature and study selection process.

doi:10.1371/journal.pone.0172272.g001

D-dimer and left atrial thrombus

PLOS ONE | DOI:10.1371/journal.pone.0172272 February 16, 2017 4 / 18



T
a
b

le
1
.

C
h

a
ra

c
te

ri
s
ti

c
s

o
f
e
li
g

ib
le

s
tu

d
ie

s
.

A
u

th
o

r

(r
e
f.

)

Y
e
a
r

p
u

b
li

s
h

e
d

C
o

u
n

tr
y

D
a
ta

c
o

ll
e
c
ti

o
n

S
a
m

p
le

s
iz

e

O
b

s
e
rv

a
ti

o
n

a
l

g
ro

u
p

(n
)

A
g

e

(y
e
a
rs

)

M
a
le

s

(%
)

A
F

(%
)

M
S

A
c
u

te

s
tr

o
k
e

A
n

ti
c
o

a
g

u
la

ti
o

n
In

s
tr

u
m

e
n

ts

fo
r

T
E

E

M
e
th

o
d

s
fo

r
D

D

m
e
a
s
u

re
m

e
n

t

C
u

to
ff

o
f

D
D

(u
g

/m
l)

E
x
c
lu

d
e
d

p
o

p
u

la
ti

o
n

B
la

c
k

IW
,

e
t
a
l.
[1

3
]

1
9
9
3

A
u
s
tr

a
lia

P
ro

s
p
e
c
ti
v
e
,

c
o
n
s
e
c
u
ti
v
e

4
0

S
E

C
/L

A
T

(2
1
)

6
6

6
8
.9

1
0
0

N
o

N
o

N
o

H
P

2
1
3
6
2
/3

A
.

T
ra

n
s
d
u
c
e
r
5

M
H

z
.

E
IA

(d
im

e
rt

e
s
t)

U
A

M
S

,
m

o
d
e
ra

te
/s

e
v
e
re

M
R

o
r

a
m

it
ra

l
v
a
lv

e

p
ro

s
th

e
ti
c
.

Y
a
m

a
m

u
ra

O
,
e
t
a
l.
[2

6
]

2
0
0
1

J
a
p
a
n

R
e
tr

o
s
p
e
c
ti
v
e
,

n
o
n
-

c
o
n
s
e
c
u
ti
v
e

1
9

S
E

C
/L

A
T

(9
)

7
0
.8

5
2
.6

1
0
0

N
o

N
o

N
o

A
T

L
H

D
I3

0
0
0
,

P
h
ili

p
s
.

T
ra

n
s
d
u
c
e
r
5

M
H

z
.

L
P

IA
(D

a
tr

o
n
)

U
A

S
e
v
e
re

in
fe

c
ti
o
n
,
h
e
p
a
ti
c
/

re
n
a
ld

y
s
fu

n
c
ti
o
n
,

a
n
ti
c
o
a
g
u
la

ti
o
n
.

T
u
rc

h
e
tt

i
V

,

e
t
a
l.
[3

2
]

2
0
0
1

It
a
ly

R
e
tr

o
s
p
e
c
ti
v
e
,

n
o
n
-

c
o
n
s
e
c
u
ti
v
e

4
5

S
E

C
/L

A
T

(2
0
)

7
2
.2

7
7
.8

8
0

N
o

N
o

N
o

U
n
d
e
fi
n
e
d
.

Im
m

u
n
o
fi
lt
ra

ti
o
n

(N
y
c
o
C

a
rd

)

U
A

S
e
v
e
re

h
y
p
e
rt

e
n
s
io

n
,

lip
o
id

o
p
ro

te
in

o
s
is

,
C

R
F

,

D
M

,
s
e
v
e
re

c
e
re

b
ro

v
a
s
c
u
lo

p
a
th

y
,

a
n
ti
c
o
a
g
u
la

ti
o
n
,
m

a
jo

r

v
a
lv

u
la

r
d
is

e
a
s
e
.

S
a
to

M
,

e
t
a
l.
[1

8
]

2
0
0
6

J
a
p
a
n

P
ro

s
p
e
c
ti
v
e
,

c
o
n
s
e
c
u
ti
v
e

4
3

S
E

C
/L

A
T

(1
8
)

7
0
.8

5
7
.4

2
2

N
o

Y
e
s

N
o

A
T

L
H

D
I-

5
0
0
0
,
P

h
ili

p
s
.

T
ra

n
s
d
u
c
e
r

4
–
7

M
H

z
.

L
P

IA

(D
ia

y
a
to

ro
n
)

U
A

P
E

,
in

fe
c
ti
o
n

a
n
d

D
V

T
.

T
o
p
a
lo

g
lu

,

S
.,

e
t
a
l.

[3
5
]

2
0
0
7

T
u
rk

e
y

R
e
tr

o
s
p
e
c
ti
v
e
,

n
o
n
-

c
o
n
s
e
c
u
ti
v
e

4
6

S
E

C
/L

A
T

(2
4
)

3
4
.0

1
7
.4

3
9
.1

Y
e
s

N
o

N
o

T
o
s
h
ib

a

R
e
f5

1
0

P
B

,

T
ra

n
s
d
u
c
e
r
5

M
H

z
.

L
P

IA
U

A
R

e
n
a
l/
h
e
p
a
ti
c

in
s
u
ffi

c
ie

n
c
y
,
s
y
s
te

m
ic

e
m

b
o
lis

m
,
L
A

T
,
a
c
ti
v
e

rh
e
u
m

a
ti
s
m

,
C

H
D

,D
M

,

D
V

T
,
s
e
v
e
re

M
R

,

m
a
lig

n
a
n
c
y
,
a
n
d

h
y
p
e
rt

e
n
s
io

n
.

C
ia

n
fr

o
c
c
a

C
,
e
t
a
l.
[1

9
]

2
0
1
0

It
a
ly

P
ro

s
p
e
c
ti
v
e
,

c
o
n
s
e
c
u
ti
v
e

1
5
9

S
E

C
/L

A
T

(5
2
)

6
7
.0

4
7
.2

1
0
0

N
o

N
o

N
o

V
iv

id
7
,
G

E
.

T
ra

n
s
d
u
c
e
r

2
.5

–
3
.5

–
4
.0

M
H

z
.

U
n
d
e
fi
n
e
d

U
A

In
fe

c
ti
o
n
,
n
e
o
p
la

s
ti
c
,
A

M
I/

s
tr

o
k
e
�

3
m

,

th
y
ro

to
x
ic

o
s
is

,
s
te

ro
id

s
,

N
S

A
ID

s
,
H

R
T

,

h
e
m

a
to

lo
g
ic

,
re

n
a
l/

h
e
p
a
ti
c

d
y
s
fu

n
c
ti
o
n
;

p
re

v
io

u
s

c
a
rd

io
v
e
rs

io
n
.

J
in

Y
Y

,

e
t
a
l.
[2

5
]

2
0
1
1

C
h
in

a
R

e
tr

o
s
p
e
c
ti
v
e
,

c
o
n
s
e
c
u
ti
v
e

1
5
4

S
E

C
/L

A
T

(4
6
)

5
9
.4

5
9
.1

1
0
0

N
o

N
o

N
o

S
o
n
o
s
4
5
0
0
/

5
0
0
0
,
P

h
ili

p
s
,

o
r

A
c
u
s
o
n

C
2
5
6
,
G

E
.

T
ra

n
s
d
u
c
e
r

2
.5

–
5
.0

M
H

z
.

L
P

IA
(S

y
s
m

e
x

C
A

7
0
0
0
)

U
A

V
H

D
,
A

ID
,
in

fe
c
ti
o
n
,

a
c
ti
v
e

rh
e
u
m

a
ti
s
m

,
re

n
a
l/

h
e
p
a
ti
c

im
p
a
ir
m

e
n
t,

m
a
lig

n
a
n
t,

A
C

S
.

A
b
u
-

M
a
h
fo

u
z

M
,

e
t
a
l.

[1
2
]

2
0
1
2

U
S

A
P

ro
s
p
e
c
ti
v
e
,

c
o
n
s
e
c
u
ti
v
e

1
2
4

S
E

C
/L

A
T

(2
1
)

5
5
.4

6
3
.7

7
6

N
o

N
o

N
o

S
o
n
o
s

5
5
0
0
,

P
h
ili

p
s
.

T
ra

n
s
d
u
c
e
r:

u
n
d
e
fi
n
e
d
.

E
L
IS

A
(S

ta
g
o
)

0
.5

0
0

In
fe

c
ti
o
n
,
b
le

e
d
in

g
,
b
lo

o
d

tr
a
n
s
fu

s
io

n
�

1
m

,

s
u
rg

e
ry

,
A

C
S

o
r

D
V

T
o
r

P
E
�

3
m

,
th

ro
m

b
o
ly

s
is

,

a
n
ti
c
o
a
g
u
la

ti
o
n
>7

d
,

m
a
lig

n
a
n
c
y
,
A

ID
.

N
u
m

a
S

,

e
t
a
l.
[2

4
]

2
0
1
4

J
a
p
a
n

R
e
tr

o
s
p
e
c
ti
v
e
,

c
o
n
s
e
c
u
ti
v
e

4
6
8

S
E

C
/L

A
T

(2
3
4
)

6
7
.0

7
1
.3

1
0
0

N
o

N
o

N
o

S
S

H
7
7
0
A

,

T
o
s
h
ib

a
o
r

V
iv

id
E

9
,
G

E
.

T
ra

n
s
d
u
c
e
r
5

M
H

z
.

U
n
d
e
fi
n
e
d

U
A

A
c
u
te

C
V

D
,
in

fe
c
ti
o
n
,

ta
k
in

g
a
n
ti
h
y
p
e
ru

ri
c
e
m

ic

d
ru

g
s
.

S
a
k
a
i,

M
.,

e
t
a
l.
[3

7
]

1
9
9
4

J
a
p
a
n

R
e
tr

o
s
p
e
c
ti
v
e
,

n
o
n
-

c
o
n
s
e
c
u
ti
v
e

3
4

L
A

T
(1

4
)

7
6
.0

3
2
.5

1
0
0

2
7
.5

%
1
2
.5

%
N

o
S

A
2
7
0
A

,

T
o
s
h
ib

a
.

T
ra

n
s
d
u
c
e
r
5

M
H

z
.

L
P

IA

(D
ia

m
o
n
d
tr

o
n
)

U
A

A
n
ti
c
o
a
g
u
la

ti
o
n
,
D

IC
,

h
e
p
a
ti
c

d
is

e
a
s
e
.

H
e
p
p
e
ll

R
M

,
e
t
a
l.

[2
9
]

1
9
9
7

U
K

R
e
tr

o
s
p
e
c
ti
v
e
,

c
o
n
s
e
c
u
ti
v
e

1
0
7

L
A

T
(1

9
)

6
9
.4

6
4
.5

1
0
0

N
o

N
o

N
o

T
o
s
h
ib

a
o
r

V
in

g
m

e
d
.

T
ra

n
s
d
u
c
e
r

5
–
6

M
H

z
.

E
L
IS

A
(S

ta
g
o
)

U
A

R
H

D
,
p
ro

s
th

e
ti
c

h
e
a
rt

v
a
lv

e
,
a
n
ti
c
o
a
g
u
la

ti
o
n
,

h
a
e
m

o
s
ta

ti
c

im
p
a
ir
m

e
n
t.

(C
o
n
ti
n
u
e
d

)

D-dimer and left atrial thrombus

PLOS ONE | DOI:10.1371/journal.pone.0172272 February 16, 2017 5 / 18



T
a
b

le
1
.

(C
o
n
ti
n
u
e
d

)

A
u

th
o

r

(r
e
f.

)

Y
e
a
r

p
u

b
li

s
h

e
d

C
o

u
n

tr
y

D
a
ta

c
o

ll
e
c
ti

o
n

S
a
m

p
le

s
iz

e

O
b

s
e
rv

a
ti

o
n

a
l

g
ro

u
p

(n
)

A
g

e

(y
e
a
rs

)

M
a
le

s

(%
)

A
F

(%
)

M
S

A
c
u

te

s
tr

o
k
e

A
n

ti
c
o

a
g

u
la

ti
o

n
In

s
tr

u
m

e
n

ts

fo
r

T
E

E

M
e
th

o
d

s
fo

r
D

D

m
e
a
s
u

re
m

e
n

t

C
u

to
ff

o
f

D
D

(u
g

/m
l)

E
x
c
lu

d
e
d

p
o

p
u

la
ti

o
n

N
a
k
a
jim

a

K
.[

2
7
]

2
0
0
0

J
a
p
a
n

R
e
tr

o
s
p
e
c
ti
v
e
,

n
o
n
-

c
o
n
s
e
c
u
ti
v
e

1
2
2

L
A

T
(2

8
)

7
3
.0

6
2
.3

1
0
0

N
o

N
o

N
o

H
P

S
o
n
o
s
5
0
0
-

2
1
3
6
3
.

T
ra

n
s
d
u
c
e
r:

u
n
d
e
fi
n
e
d
.

U
n
d
e
fi
n
e
d

U
A

R
H

D
.

Ig
a
ra

s
h
iY

.

[2
8
]

2
0
0
0

J
a
p
a
n

R
e
tr

o
s
p
e
c
ti
v
e
,

c
o
n
s
e
c
u
ti
v
e

9
1

L
A

T
(1

9
)

6
7
.0

6
2
.0

1
0
0

6
%

N
o

N
o

S
S

A
2
7
0
A

,

T
o
s
h
ib

a
,

T
ra

n
s
d
u
c
e
r

5
.0

-M
H

z
.

U
n
d
e
fi
n
e
d

U
A

U
n
d
e
fi
n
e
d
.

S
o
m

lo
iM

,

e
t
a
l.
[2

2
]

2
0
0
3

H
u
n
g
a
ry

P
ro

s
p
e
c
ti
v
e
,

c
o
n
s
e
c
u
ti
v
e

7
3

L
A

T
(9

)
6
9
.0

5
2
.0

8
6

N
o

5
%

N
o

A
T

L
H

D
I3

5
0
0
,

P
h
ili

p
s
.

T
ra

n
s
d
u
c
e
r:

4
–
7

M
H

z
.

R
o
c
h
e

0
.6

0
0

T
h
ro

m
b
o
e
m

b
o
lis

m
�

2
m

,

a
n
ti
c
o
a
g
u
la

ti
o
n
�

7
d
,

e
q
u
iv

o
c
a
lT

E
E

re
s
u
lt
s
.

H
a
b
a
ra

S
,

e
t
a
l.
[2

0
]

2
0
0
7

J
a
p
a
n

P
ro

s
p
e
c
ti
v
e
,

c
o
n
s
e
c
u
ti
v
e

9
2
5

L
A

T
(8

3
)

6
8
.8

6
7
.4

1
0
0

N
o

N
o

N
o

S
o
n
o
s

2
5
0
0
/

5
5
0
0
,
P

h
ili

p
s
.

T
ra

n
s
d
u
c
e
r

2
.5

–
5

M
H

z
.

L
P

IA

(M
it
s
u
b
is

h
i)

1
.1

5
0

V
H

D
,
p
ro

s
th

e
ti
c

v
a
lv

e

re
p
la

c
e
m

e
n
t,

a
o
rt

ic

a
n
e
u
ry

s
m

,
L
V

T
,
A

D
,
D

V
T

a
n
d

P
E

.

S
u
g
iu

ra
S

,

e
t
a
l.
[2

1
]

2
0
1
2

J
a
p
a
n

P
ro

s
p
e
c
ti
v
e
,

c
o
n
s
e
c
u
ti
v
e

2
2
5

L
A

T
(2

3
)

6
2
.0

7
7
.8

1
0
0

N
o

N
o

Y
e
s

V
iv

id
7
,
G

E
.

tr
a
n
s
d
u
c
e
r

4
–
1
0

M
H

z
.

L
P

IA

(M
it
s
u
b
is

h
i)

0
.1

2
5

V
H

D
.

N
a
re

s
h

K
,

e
t
a
l.
[3

6
]

2
0
1
4

In
d
ia

R
e
tr

o
s
p
e
c
ti
v
e
,

n
o
n
-

c
o
n
s
e
c
u
ti
v
e

5
9

L
A

T
(7

)
U

A
U

A
0

Y
e
s

N
o

N
o

U
n
d
e
fi
n
e
d
.

R
o
c
h
e

0
.4

0
0

U
n
d
e
fi
n
e
d
.

R
a
ja

p
p
a

M
,

e
t
a
l.
[3

3
]

2
0
1
3

In
d
ia

R
e
tr

o
s
p
e
c
ti
v
e
,

n
o
n
-

c
o
n
s
e
c
u
ti
v
e

4
6

L
A

T
(2

4
)

2
9
.7

3
2
.6

8
3

Y
e
s

N
o

U
A

U
n
d
e
fi
n
e
d
.

E
L
IS

A
k
it
s

4
.0

0
0

In
a
d
e
q
u
a
te

T
E

E
re

s
u
lt
s
,

re
n
a
l/
h
e
p
a
ti
c

d
y
s
fu

n
c
ti
o
n
,

in
fe

c
ti
o
n
,
n
e
o
p
la

s
ti
c

d
is

e
a
s
e
,
s
tr

o
k
e

o
r

P
V

D
.

K
a
d
le

N
,

e
t
a
l.
[3

4
]

2
0
1
3

U
S

A
R

e
tr

o
s
p
e
c
ti
v
e
,

n
o
n
-

c
o
n
s
e
c
u
ti
v
e

4
9

L
A

T
(6

)
6
3
.0

5
6
.0

5
2

U
A

4
8
%

U
A

U
n
d
e
fi
n
e
d
.

L
P

IA
0
.2

0
0

U
n
d
e
fi
n
e
d
.

Y
o
s
h
id

a
,

N
.,

e
t
a
l.

[3
1
]

2
0
1
5

J
a
p
a
n

R
e
tr

o
s
p
e
c
ti
v
e
,

c
o
n
s
e
c
u
ti
v
e

5
8

L
A

T
(4

)
6
7
.0

5
6
.9

1
0
0

N
o

N
o

Y
e
s

V
iv

id
7
,G

E
o
r

iE
3
3
,P

h
ili

p
s
.

T
ra

n
s
d
u
c
e
r:

u
n
d
e
fi
n
e
d
.

L
P

IA
1
.0

0
S

e
v
e
re

M
R

,
M

S
,
a
n
d

D
C

M
.

K
u
ra

k
u
la

N
,

e
t
a
l.
[2

3
]

2
0
1
6

In
d
ia

P
ro

s
p
e
c
ti
v
e
,

c
o
n
s
e
c
u
ti
v
e

1
0
8

L
A

T
(1

2
)

3
5
.6

2
8
.4

0
Y

e
s

N
o

N
o

iE
3
3
,P

h
ili

p
s
.

T
ra

n
d
u
c
e
r:

u
n
d
e
fi
n
e
d
.

R
o
c
h
e

0
.5

1
0

M
o
d
e
ra

te
/s

e
v
e
re

M
R

,
A

S

o
r

A
R

,
A

F
,
re

n
a
l/
h
e
p
a
ti
c

d
y
s
fu

n
c
ti
o
n
,

h
y
p
e
rt

e
n
s
io

n
,
D

M
,
C

A
D

,

a
c
ti
v
e

R
H

D
,
in

fe
c
ti
o
n
,

m
a
lig

n
a
n
c
y
,
s
u
rg

e
ry

o
r

tr
a
u
m

a
,
p
re

g
n
a
n
c
y
,

a
n
ti
p
la

te
le

t,

a
n
ti
c
o
a
g
u
la

ti
o
n
.

C
h
a
ra

c
te

ri
s
ti
c
s

o
f
e
lig

ib
le

s
tu

d
ie

s
.

A
F

,
a
tr

ia
lfi

b
ri
lla

ti
o
n
;
M

S
,
m

it
ra

ls
te

n
o
s
is

;
T

E
E

,
tr

a
n
s
-e

s
o
p
h
a
g
e
a
le

c
h
o
c
a
rd

io
g
ra

p
h
y
;
D

D
,
d
-d

im
e
r;

S
E

C
,
s
p
o
n
ta

n
e
o
u
s

e
c
h
o

c
o
n
tr

a
s
t;

L
A

T
,
le

ft
a
tr

ia
lt

h
ro

m
b
u
s
;
U

A
,
u
n
a
v
a
ila

b
le

;
M

R
,

m
it
ra

lr
e
g
u
rg

it
a
ti
o
n
;
C

R
F

,
c
h
ro

n
ic

re
n
a
lf

a
ilu

re
;
D

M
,
d
ia

b
e
te

s
m

e
lli

tu
s
;
P

E
,
p
u
lm

o
n
a
ry

e
m

b
o
lis

m
;
D

V
T

,
d
e
e
p

v
e
n
o
u
s

th
ro

m
b
o
s
is

;
A

M
I,

a
c
u
te

m
y
o
c
a
rd

ia
li

n
fa

rc
ti
o
n
;
N

S
A

ID
,
n
o
n
-s

te
ro

id

a
n
ti
-i
n
fl
a
m

m
a
ti
o
n

d
ru

g
;
H

R
T

,
h
o
rm

o
n
e

re
p
la

c
e
m

e
n
t
th

e
ra

p
y
;
V

H
D

,
v
a
lv

u
la

r
h
e
a
rt

d
is

e
a
s
e
;
A

ID
,
a
u
to

im
m

u
n
e

d
is

e
a
s
e
;
C

H
D

,
c
h
ro

n
ic

h
e
a
rt

d
is

e
a
s
e
;
A

C
S

,
a
c
u
te

c
o
ro

n
a
ry

s
y
n
d
ro

m
e
;

C
V

D
,
c
e
re

b
ro

v
a
s
c
u
la

r
d
is

e
a
s
e
;
D

IC
,
d
is

s
e
m

in
a
te

d
in

tr
a
v
a
s
c
u
la

r
c
o
a
g
u
la

ti
o
n
;
R

H
D

,
rh

e
u
m

a
ti
c

h
e
a
rt

d
is

e
a
s
e
;
L
V

T
,
le

ft
v
e
n
tr

ic
u
la

r
th

ro
m

b
o
s
is

;
A

D
,
a
o
rt

ic
d
is

s
e
c
ti
o
n
;
P

V
D

,;
A

S
,
a
o
rt

ic

s
te

n
o
s
is

;
A

R
,
a
o
rt

ic
re

g
u
rg

it
a
ti
o
n
;
C

A
D

,
c
o
ro

n
a
ry

a
rt

e
ry

d
is

e
a
s
e
;
D

C
M

,
d
ila

te
d

c
a
rd

io
m

y
o
p
a
th

y
.

d
o
i:
1
0
.1

3
7
1
/jo

u
rn

al
.p

o
n
e.

0
1
7
2
2
7
2
.t
0
0
1

D-dimer and left atrial thrombus

PLOS ONE | DOI:10.1371/journal.pone.0172272 February 16, 2017 6 / 18



[12,20,21,36]. 11 studies have available information to calculate a ratio of the presence of LAT

among individuals in the top vs bottom third of DD levels[20,21,22,23,24,28,29,31,33,34,36].

Risk of bias assessment

The risks of bias of 16 studies used for pooling SMD of DD levels were assessed via the New-

castle and Ottawa risk of bias criteria [14], in which total scores ranged from 5 to7 with a

median of 6 for six prospective studies, and from 4 to 6 with a median of 5 for ten retrospective

studies. Four and nine studies had scores equal or higher than median for prospective and ret-

rospective designs, respectively (see Fig 2). Fig 3 presents the risk of bias and concerns regard-

ing applicability of 9 eligible diagnostic test studies via QUADAS-2. In general, three domains

for concerns regarding applicability were estimated as “low” risk if the patients included, index

test and reference standard used were well matched to the review question. Three studies

which were not consecutively or randomly enrolled [33,34,36] and six studies without pre-

Fig 2. Quality assessment of 16 observational studies by the Newcastle and Ottawa risk of bias criteria.

doi:10.1371/journal.pone.0172272.g002
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specified the threshold of index test [20,21,22,34,36] were evaluated as“high”risk of bias in

patient selection and index test domain respectively. The reference standard domain of two

studies was classified to “unknown” because the authors did not report whether the clinicians

were blinded to the index test results when they established the diagnosis [33,34]. Therefore,

neither partial nor differential verification bias could be completely excluded.

Pooled mean d-dimer differences

Nine studies [12,13,18,19,24,25,26,32,35] reported mean DD differences between patients with

(n = 445) and without SEC/LAT (n = 644), and seven studies reported the differences between

Fig 3. Risk of bias assessment of 9 diagnostic tests by QUADAS-2.

doi:10.1371/journal.pone.0172272.g003
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patients with (n = 193) and without LAT (n = 1370), see Fig 4. Data was combined and the esti-

mated total SMD was 1.29 [95% CI: 0.51, 2.08]. This indicated that mean DD in patients with

SEC and/ or LAT was 2.29 times higher than mean DD of controls.

Considerable heterogeneity (Chi-square = 765.91, P-value <0.001, I2 = 98%) was also

observed in the qualitative synthesis. In SEC/LAT subgroup, the estimated SMD was 0.42

[95% CI: 0.08, 0.77], indicating that a slightly elevated DD level existed in patients with SEC/

LAT, and the total SMD majorly originated from the LAT subgroup, in which the estimated

SMD was 2.34 [95% CI: 1.01, 3.68].

Besides, a high considerable heterogeneity was also presented in both subgroups (in

SEC/LAT subgroup: Chi-square = 43.24, P <0.001, I2 = 81.5%; LAT subgroup, Chi-square =

288.35, P<0.001, I2 = 97.0%), and thus meta-regression was conducted to explore the possible

sources of heterogeneity. Except that sample size was found to be a source of heterogeneity

(coefficient = -0.0036, P = 0.033), no significant difference was observed in the coefficient of

subgroup (SEC/LAT or LAT), mean age, percentage of males, history of AF, acute ischemic

stroke or anticoagulation therapy with the adjusted I2 of 84.78%. Funnel plot and Egger’s test

revealed no evidence of publication bias (coefficient = 3.3881, P = 0.408). (see Fig 5)

Fig 4. Forest plot of the standard mean difference in d-dimer levels between patients with and without left atrial spontaneous

echo contrast/left atrial thrombus.

doi:10.1371/journal.pone.0172272.g004
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Association between d-dimer and the presence of LAT

Eleven studies [20,21,22,23,24,28,29,31,33,34,36] were included for estimating the association

of DD on the presence of LAT. Of 1856 involved patients (weighted mean age of 60.3 years

old), 238 patients have TEE identified LAT. Only 4 studies [20,21,23,24] made adjustments for

potential confounders. The comparison of individuals with DD levels in the top third vs those

in the bottom third yielded a combined risk ratio for the presence of LAT of 3.84 [95% CI:

2.35–6.28] (see Fig 6.), and the estimated mean in these two groups were 1.10 and 0.32 ug/ml.

There was no significant heterogeneity among the publish findings of the 11 studies (Q test =

18.45, P = 0.05, I2 = 46%). No significant publication bias was exhibited in Egger’s test (coeffi-

cient = 0.371, P = 0.741) (see Fig 7.).

Diagnostic accuracy of d-dimer for the presence of LAT

Among the nine studies estimating the diagnostic accuracy of DD for the presence of LAT,

five studies were prospective designs. Of 1667 included patients, 189 were diagnosed with

LAT. The reported DD cutoff values selected for maximal sensitivity varied across studies,

ranging from 0.125 to 4.0 ug/ml. The pooled sensitivity, specificity and positive likelihood

ratio were 0.75 [95% CI: 0.65, 0.83], 0.81 [95% CI: 0.59, 0.93] and 4.0 [95% CI: 1.7, 9.9], respec-

tively (see SROC in Fig 8).

Fig 5. Egger’s test for the assessment of publication bias of 16 observational studies. SND, standard normal deviate.

doi:10.1371/journal.pone.0172272.g005
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This pooled result also had a high heterogeneity (Q test = 23.051, P< 0.001, I2 = 91%).

Meta-regression analysis utilizing a joint model exhibited that DD cutoff values, mean age and

percentage of males were the main sources of heterogeneity (Chi-square = 7.42, 14.03, 13.69,

respectively; all P� 0.02,). A funnel plot showed symmetry of DD effects without significant

publication bias (coefficient = 8.721968, P = 0.309). (see Fig 9)

Discussion

The present systematic review and meta-analysis investigated the mean DD difference between

patients with and without TEE-identified left atrial SEC and/or LAT, and estimated the associ-

ation between DD levels an the presence of LAT. We found that DD significantly elevated in

Fig 7. Egger’s test for the assessment of publication bias of 11 studies. SND, standard normal deviate.

doi:10.1371/journal.pone.0172272.g007

Fig 6. Risk ratios for the presence of LAT comparing the top third with the bottom third based on d-

dimer distributions.

doi:10.1371/journal.pone.0172272.g006
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patients with SEC/LAT, particularly among patients with LAT, and had moderate sensitivity

and specificity in identifying the presence of LAT.

Our systemic review majorly included the population of AF and mitral stenosis, which have

common pathophysiological characteristics of left atrial dilation and blood stasis, and thus cast

high risk of LAT, ischemic stroke and systemic embolism [9,10,19,29]. Left atrial SEC and

LAT are TEE-detected risk markers for thromboembolism [8,9,10,13]. Among patients with

nonvalvular AF, LAT was observed in 8.8% of patients with sub-therapeutic anticoagulation

and 3.6% of patients with sufficient anticoagulation, which was an independent risk factor

associated with worse cardiovascular outcomes [38]. Despite adequate oral anticoagulation,

Fig 8. Summary receiver operating characteristic curves (SROC) for overall diagnostic accuracy of d-dimer for the presence

of left atrial thrombus.① Abu-Mahfouz M et al. [12];②Habara S et al. [20];③ Sugiura S et al. [21];④Rajappa M et al. [33];⑤
Somloi M et al. [22];⑥ Kadle N et al. [34];⑦Naresh K et al. [36];⑧ Yoshida N et al. [31];⑨ Kurakula N et al. [23].

doi:10.1371/journal.pone.0172272.g008
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patients with AF and dense left atrial SEC still suffer from a substantial likelihood of ischemic

stroke and death [39]. Although a high prevalence of left atrial SEC has been found in patients

with LAT [10], we identified that DD levels in patients with LAT were substantially higher

than those with SEC. Several mechanisms were involved in the pathological conditions of left

atrial SEC, including blood stasis and erythrocyte aggregation, which increases blood viscosity,

leading to a propensity of thrombosis [13]. However, previous study had demonstrated that

SEC was not an indicator of platelet activation or fibrin formation [13]. In addition, the deter-

mination of left atrial SEC in different studies might be hard to harmonize, which depended

more on the experience of diagnosticians than LAT. Among consecutive patients with AF,

although Numa S., et al.[24] and Habara S., et al.[20] reported a similar prevalence of LAT

(8.5% and 8.9%, respectively), the prevalence of left atrial SEC was significantly varied (49.8%

and 14.3%, respectively). These reasons could potentially explain the significant heterogeneity

of DD levels among the individuals with left atrial SEC in the subgroup analysis.

The elevated DD level, likewise, was related to the risk of stroke and death, and adds to the

predictive value of clinical adverse events in anticoagulated patients with AF [40]. Previous

meta-analysis indicated that a positive DD test was associated with an increasing risk of stroke

and systemic embolism [7,41], reversely, a negative DD test result was valuable for excluding

thrombosis and thromboembolism in patients with DVT and PE [42,43]. Moreover, high

graded left atrial SEC was related to increased DD levels in patients with nonvalvular AF [20].

Similar to these studies, our meta-analysis also exhibited considerable association between

Fig 9. Funnel plot for the assessment of publication bias of 9 diagnostic tests.① Abu-Mahfouz M et al. [12];②
Habara S et al. [20];③ Sugiura S et al. [21];④Rajappa M et al. [33];⑤ Somloi M et al. [22];⑥ Kadle N et al. [34];⑦
Naresh K et al. [36];⑧ Yoshida N et al. [31];⑨ Kurakula N et al. [23].

doi:10.1371/journal.pone.0172272.g009
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elevated DD levels and SEC/LAT, particularly among patients with LAT. The ratio risk of the

presence of LAT among individuals with DD levels in the top third was about 4 times higher

than those in the bottom third.

DD may be a potential valuable marker for diagnosing LAT. In our study, the pooled speci-

ficity of DD test was 0.81 [95% CI: 0.59, 0.93], indicating that a normal DD level has moderate

to high potential to rule out LAT. Therefore, a negative DD value may be helpful to identify

low-risk patients for the presence of LAT or thromboembolism, and to reduce unnecessary

image screening for them. In addition, a positive DD value also exhibited moderate sensitivity

in the prediction of LAT (0.75 [95% CI: 0.65, 0.83]), which suggested a potential diagnostic

applicability of DD. Therefore, a positive DD value may be a complement to CHA2DS2-VASc

score [44], and contribute to identify high-risk patients with SEC/LAT for anticoagulation

therapy. It is noted that all of the included studies have ruled out other conditions associated

with fibrin formation and degradation, such as infection, inflammation, malignancy and

thrombus other than left atrium, etc.(see Table 1) Thus, one should be cautious to extensively

apply the results to other population or situations.

There are several strengths in our present study. To our knowledge, this is the first sys-

temic review and meta-analysis to evaluate the relationship between DD levels and the pres-

ence of left atrial SEC/LAT. A comprehensive search of literatures from 2 main databases

were approached, and two reviewers independently selected the relevant studies and

extracted the data, and also risk of bias was estimated by other 2 independent reviewers.

The reference standard was determined by TEE detection, which is a gold standard test for

the diagnosis of left atrial SEC/LAT. The pooled sample size was large enough to estimate

the mean DD difference between two groups, and verify the association and the diagnostic

accuracy of DD on the presence of LAT. Subgroup analyses and meta-regression were also

performed to explore the source of heterogeneity. In addition, no significant publication

bias was found.

There are a few limitations inherent to this meta-analysis. First, heterogeneity was high in

all pooled analyses even after associated factors were adjusted. Our meta-regression analysis

indicated that sample size was a source of heterogeneity (coefficient = -0.004, p = 0.033)

when pooling SMDs of16 included studies. Some of the included studies were small in size

(�100 cases, 8/16) and 6 studies enrolled patients non-consecutively (6/16). Second, more

than 5 kinds of DD assays and various cutoff values (range from 0.125 to 4.0 ug/ml) were

used across the included studies. Although different DD assays displayed very similar ten-

dency [45], our meta-regression indicated that cutoff values and mean age contributed to a

part of the sources of heterogeneity. Moreover, a large prospective diagnostic management

outcome study has demonstrated that age-adjusted DD cutoff was superior to a fixed one to

rule out thromboembolism [46]. However, without individual patient data from each study,

it was difficult to distinguish and calibrate the optimal cutoff values of DD. Third, due to

the study design of the original included studies, the causal relationship could not be con-

cluded between DD and SEC/LAT. Another potential bias is the absence of clear policy

regarding antithrombotic treatment regimens and the lack of evaluation of such treatment

on DD cutoff values. In addition, some key clinical endpoints, such as ischemic stroke and

systemic embolism, which were thought to be the major risk of SEC/LAT, were not included

in our meta-analysis. Future studies should encompass well-designed prospective cohort

studies with balanced age, standardized DD assays and an uniform cutoff value, and be

required to clarify the following two questions: ① if DD is temporally associated with the

development of LAT, and ②if DD-guided anticoagulant therapy has a favorable impact on

thrombosis and thromboembolisms.
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Conclusions

Notwithstanding the limitations of observational studies and indirect data, this systematic

review demonstrated that DD elevated among patients with SEC/LAT, particularly in those

with LAT. DD levels had moderate sensitivity and specificity for diagnosing LAT in conditions

leading to left atrial stasis, such as AF and mitral stenosis. These findings suggest that DD may

benefit the risk stratification of patients with atrial fibrillation, providing further evidence for

anticoagulation therapy among patients susceptible to left atrial SEC/LAT.
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