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Abstract

The relationship between echocardiographic variables and the incidence of ischemic stroke in patients
with atrial fibrillation was investigated by transthoracic and transesophageal echocardiography in 67
patients with chronic nonvalvular atrial fibrillation. Hematologic variables were also measured simultane-
ously, including plasma levels of D-dimer and thrombin-antithrombin Il complex in these patients.

There was a prior history of ischemic stroke in 13 patients (stroke group), but not in the other 54 patients
(nonstroke group). There were no significant differences in age, sex, left ventricular ejection fraction, left
ventricular end-diastolic diameter, left atrial diameter or hematologic parameters between the groups. The
left atrial appendage emptying flow velocity was lower in the stroke group than in the nonstroke group
(21+£5 vs 32 £3cm/sec, p<0.05), and the incidence of left atrial spontaneous echo contrast was signifi-
cantly higher in the stroke group than in the nonstroke group (69% vs 26%, p<0.01). There was no signifi-
cant difference in the incidence of left atrial thrombi between the groups (23% vs 12%).

These findings suggest that transesophageal echocardiographic variables are correlated with the risk of

ischemic stroke in patients with chronic nonvalvular atrial fibrillation.
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INTRODUCTION

Atrial fibrillation in the absence of rheumatic
valvular disease is associated with an increased risk
of ischemic stroke!#. Anticoagulation with war-
farin reduces the incidence of stroke in patients
with nonrheumatic atrial fibrillation3-”), but it is
associated with an increased risk of serious hemor-
rhage, which is an important clinical consideration
because atrial fibrillation is common, especially in
the elderly. Thus, criteria to identify patients sub-

Echocardiography (transesophageal),
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Risk factor (arrhythmia-

ject to an increased risk of stroke are needed.
Recent studies have suggested that trans-
esophageal echocardiography (TEE)is superior to
transthoracic echocardiography (TTE) for the detec-
tion of atrial thrombus, and that spontaneous echo
contrast is related to the incidence of stroke rather
than thrombi in patients with nonrheumatic atrial
fibrillation®~19, Coagulation-fibrinolysis abnormali-
ties, for example thrombin-antithrombin [ com-
plex and D-dimer, have been useful for the early
diagnosis and management of disseminated
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intravascular coagulation or thromboembolic dis-
ease'’, and also occur frequently in patients with
atrial fibrillation'?.

However, these variables have been evaluated
separately, and which is more useful for managing
patients with nonvalvular atrial fibrillation is still
unclear. This study investigated the clinical signifi-
cance of echocardiographic and hematological vari-
ables in patients with nonvalvular atrial fibrillation
by performing TEE, TTE, and measurement of
hematologic variables simultaneously in 67 patients
nonvalvular disease.

METHODS

Study patients

We studied 67 consecutive patients, 42 men and
25 women aged 43 to 84 years (mean 68 years)with
chronic nonvalvular atrial fibrillation being diag-
nosed between July 1993 and March 1995.
Chronic nonvalvular atrial fibrillation was defined
as evidence of atrial fibrillation by conventional
electrocardiography on two occasions separated by
at least 1 month. Patients with mitral stenosis, pros-
thetic heart valves, cardiomyopathy, prior and acute
myocardial infarction and those receiving warfarin
were excluded.

The stroke group consisted of 13 patients with a
previous history of ischemic cerebrovascular stroke
(mean period from stroke onset: 24.5 months) and
the nonstroke group consisted of 54 patients with-
out old ischemic cerebrovascular stroke. Patients
were classified into the two groups based on previ-
ous histologic and neurologic features and the find-
ings of brain computed tomography. The stroke
group patients were diagnosed as having chronic
nonvalvular atrial fibrillation when they were
admitted to the hospital with ischemic cerebrovas-
cular stroke. We excluded patients who had a histo-
ry of stroke but did not have electrocardiographic
evidence of atrial fibrillation, and who had known
esophageal disease or were unable to tolerate trans-
esophageal study. None were receiving anticoagu-
lant therapy. Although 22 patients were receiving
antithrombotic therapy, there were no differences in
the proportion of patients receiving antithrombotic
therapy between the groups.

Echocardiography

TTE was performed on the same day as TEE.
Standard parasternal views were obtained using a
Toshiba ultrasound system (model SSH-160A,

Selected abbreviations and acronyms

TEE = transesophageal echocardiography
TTE = transthoracic echocardiography

Toshiba, Tokyo) with a 2.5 MHz phased-array trans-
ducer. We evaluated the left atrial dimension and
the left ventricular ejection fraction by TTE.

Color Doppler TEE was performed after
informed consent was obtained from the patient
using a biplane transesophageal SMHz transducer
that interfaced with the ultrasound system. TEE
parameters included the presence of left atrial
appendage thrombus'?, left atrial spontaneous echo
contrast!*!%, systolic peak velocity of the left pul-
monary vein and emptying and filling peak veloci-
ties of the left atrial appendage, which were evalu-
ated by two independent observers. The pulmonary
venous flow and left atrial appendage flow veloci-
ties were obtained using pulsed Doppler at the low-
est possible filter setting (5 or 10cm/ sec). The pul-
monary venous flow velocity was measured with
the sample volume placed in the left upper pul-
monary vein>5mm from the origin of the pul-
monary vein into the left atrium. The sample vol-
ume was placed in the left atrial appendage, just
below the basis of the appendage, to measure the
left atrial appendage flow velocity!?. Measure-
ments of flow velocities were recorded on a strip
chart recorder at 50 and 100mm/sec. The mean
systolic velocities of the left pulmonary vein flow
and the peak emptying and filling velocities of the
left atrial appendage flow were obtained during 10
cardiac cycles.

Hematologic variables

The antecubital vein was punctured to obtain
blood samples on the same day as the echocardio-
graphic studies. Erythrocytes and platelets were
measured using electrical impedance methods
(Coulter stks analyzer, Nikken, Tokyo). Blood
samples for the measurement of D-dimer were col-
lected into tubes containing 2,000 U of heparin and
4,000 KIU of aprotinin. The tubes were cen-
trifuged at 2,000 g for 15 min, and plasma was
stored at —20 °C until assayed. Plasma levels of D-
dimer and thrombin-antithrombin I complex were
measured by enzyme-linked immunosorbent
assays'6!using the LPIA-200 kit (Iatron, Tokyo)
for D-dimer and the Enzygnost kit (Behring Werke,
Marburg, Germany) for thrombin-antithrombin II
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Table 1 Clinical and hematologic data

Stroke group  Nonstroke group

Number of patients 13 54
Age (yr) 70+5 67%10
Sex (male/female) 10/3 32/22
Hypertension (%) 6(46) 15(28)
Hematocrit (%) 426+3.3 40.4+4.38
Platelet (10*/x1) 19.8+4.5 20.0+4.8
D-dimer ( pg/mi) 1.1+£0.4 1.5+0.7
TAT (ng/ml) 1.6+0.3 2.0%0.3

TAT=thrombin-antithrombin II complex.

complex.

Statistical analysis

Values are mean=+SE. Student’s unpaired #-tests
were used to compare differences in patient age,
echocardiographic and hematologic variables
between groups. The y? test was used to compare
differences in the incidence of left atrial sponta-
neous echo contrast and hypertension. Fisher exact
tests, when necessary, were used to compare the
relationship between patient sex and the prevalence
of left atrial thrombus. A level of p<0.05 was
accepted as statistically significant.

RESULTS

Clinical characteristics and hematologic vari-

ables

Baseline clinical characteristics were similar in
both groups (Table 1). Hypertension tended to be
more common in the stroke group. There were no
significant differences in the hematocrit (42.6+
3.3% vs 40.4+4.8%), the platelet count (19.8 +4.5
vs 20.0+4.8 X 10%/ ul), or the levels of D-dimer
(1.1£0.4 vs 1.5+£0.7g/ml) and thrombin-
antithrombin I complex (1.6£0.3 vs 2.0+0.3
ng/ml) between the groups.

Transthoracic echocardiography and trans-
esophageal echocardiography variables
There was no difference in the left atrial diame-

ter or the left ventricular ejection fraction between -

the groups (Table 2).

The left atrial appendage emptying peak velocity
was significantly lower in the stroke group, and the
left atrial appendage filling and left pulmonary vein
systolic peak velocities tended to be lower in the
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Table 2 Transthoracic echocardiography and transesopha-
geal echocardiography variables

Stroke group Nonstroke group

LA diameter (mm) 39+5 39+8
LV ejection fraction (%) 64+10 65+7
LAA peak flow (cm/sec)
Emptying 21+5* 32+3
Filling 21t+6 29+3
PV peak flow (cm/sec) 37+5 47+4
LA spontaneous echo 9/13(69) ** 14/54(26)
contrast (%)
LA thrombus (%) 3/13(23) 7/54(13)

*p<0.05 vs nonstroke group, **p<0.01 vs nonstroke group.
LA =left atrial ; LV =left ventricular ; LAA =left atrial appen-
dage ; PV =pulmonary vein.

nonstroke group. The incidence of left atrial spon-
taneous echo contrast detected by TEE was signifi-
cantly higher in the stroke group, but there was no
significant difference in the incidence of left atrial
thrombus between the two groups. Left atrial
thrombi were observed in three patients of the
stroke group (23%) by TEE; two thrombi were
located in the left atrial appendage and one in the
left atrial cavity. Seven thrombi were observed in
seven of the nonstroke group patients (13%); five
thrombi were located in the left atrial appendage
and two in the left atrial cavity. In patients with left
atrial thrombi, the levels of D-dimer and thrombin-
antithrombin I complex were significantly
increased in both groups compared with patients
without thrombi. However, there was no significant
difference in the levels of D-dimer and thrombin-
antithrombin II complex between the patients with
and without spontaneous echo contrast.

DISCUSSION

There were no differences in the incidence of
hypertension, or left atrial diameter and left ventric-
ular ejection fraction between patients with and
without a prior history of stroke in the patients with
chronic nonvalvular atrial fibrillation in the present
study, although hypertension is considered one of
the most important risk factors for stroke in patients
with nonvalvular atrial fibrillation'®). It is possible
that we failed to detect a significant association
between hypertension and stroke because of the
small number of patients studied. The incidence of
left atrial spontaneous echo contrast was signifi-
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cantly higher and the left atrial appendage empty-
ing peak velocity was significantly lower in the
stroke group. These findings suggest that left atrial
spontaneous echo contrast and decreased left atrial
appendage emptying peak velocity may be stronger
predictors of stroke than hypertension, the left atrial
diameter and the left ventricular ejection fraction.
Previous studies have shown that spontaneous echo
contrast is closely associated with thromboem-
bolism in patients with rheumatic mitral valve dis-
ease, nonrheumatic atrial fibrillation or mitral valve
replacement!014.19),

Spontaneous echo contrast

Spontaneous echo contrast is associated with
reduced blood flow velocity, blood coagulation-
fibrinolytic disorders'**and blood viscosity disor-
ders?). The mechanism is unclear, but may involve
increased ultrasonic backscatter after aggregation
of the cellular components of blood at low shear
rates'?. TEE, which allows high-resolution imaging
via an ultrasonic transducer inserted into the esoph-
agus, visualizes erythrocytes as a swirling pattern
of smoke-like fluid. In the present study, the left
atrial appendage emptying peak velocity was sig-
nificantly lower in the stroke group, in which the
incidence of spontaneous echo contrast was high,
suggesting that the reduced blood flow velocity in
the left atrium was related to the presence of spon-
taneous echo contrast.

The presence of left atrial thrombi is a risk factor
for stroke in patients with atrial fibrillation?22%,
There was no difference in the incidence of left
atrial thrombi between patients with and without a
history of stroke in the present study. Although no
statistical significance was achieved due to the
relatively small population, it is possible that
microthrombi were not detected, even by TEE.
The incidence of left atrial thrombus is not associ-
ated with systemic embolism in patients with non-
rheumatic atrial fibrillation'?. These observations
suggest that stroke may not be related to the pres-
ence of left atrial thrombi in patients with chronic
nonvalvular atrial fibrillation.

Hematologic variables
Coagulation-fibrinolysis abnormalities, endothe-

lial injury, circulatory abnormalities due to in-
creased left atrial diameter, and hypercoagulability
all contribute to the development of cardiac throm-
bi2¥. Left atrial spontaneous echo contrast in non-
valvular patients with atrial fibrillation is related to
hematocrit, fibrinogen concentration and left atrial
dimension, and the hypercoagulation state con-
tributes to thromboembolism?%). In the present
study, there were no significant differences in the
left atrial diameter, hematocrit, platelet count, or
levels of thrombin-antithrombin II complex and D-
dimer between the two groups. The mean interval
from the onset of stroke in the stroke group was
24.5 months, so the hematologic data in the present
study may not reflect the patients’ hematologic sta-
tus before and soon after the occurrence of stroke,
although coagulation-fibrinolysis abnormalities are
present at all stages in the subacute and chronic
phases after stroke?). We did not withdraw blood
samples from the left atrium directly, and this may
have caused insignificant differences in hematolo-
gical variables between the two groups, in addition
to the small number of patients studied, although
measurements of thrombin-antithrombin I com-
plex and D-dimer have indicated the state of hyper-
coagulation as the mechanism of systemic throm-
bi?”). Despite the small number of patients, we
could demonstrate that the measurement of left atri-
al appendage flow and detection of spontaneous
echo contrast by TEE were related to a selective
high risk of stroke in chronic nonvalvular atrial fib-
rillation, indicating that the presence of left atrial
spontaneous echo contrast correlates strongly with
the hypercoagulation state in left atrium.

CONCLUSIONS

The present study showed that the use of TEE to
measure left atrial appendage flow and detect spon-
taneous echo contrast was helpful to identify
patients with chronic nonvalvular atrial fibrillation
with a high risk of stroke. Patients with chronic
atrial fibrillation with decreased left atrial
appendage emptying peak velocities appear to be
the best candidates for anticoagulant treatment.
Prospective studies on a large scale are needed to
confirm our findings.
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