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Summary. We investigated the relationship between 
left atrial spontaneous echo contrast (SEC) and cere- 
brovascular features in nonvalvular atrial fibrillation 
(NVAF). Few reports have been published to compare 
cardiac and cerebrovascular imaging in patients with 
NVAF. Forty-four patients with NVAF were studied 
using transesophageal echocardiography and non- 
invasive imaging including magnetic resonance imaging 
(MRI), magnetic resonance angiography (MRA), and 
transcranial color Doppler imaging (TCD) in the 
middle cerebral artery (MCA) territory. The symptom- 
atic severity was divided into asymptomatic, transient 
ischemic attack (TIA), and stroke. The severity of the 
MRI findings was divided into normal, small, and large 
infarcts. The severity of the MRA findings was divided 
into normal, attenuation, and occlusion. MCA was bi- 
laterally scanned and a side-to-side asymmetry ratio of 
pulsatility index (PI) was measured. The severity of 
SEC was divided into normal, SEC, and thrombi. Five 
patients with other thromboembolic risk or poor results 
of TCD were excluded. SEC and thrombi were detected 
in 12 (30%) and in 3 patients (5%), respectively. TIA 
and stroke were detected in 8 (21%) and in 17 patients 
(44%), respectively. Small and large infarcts were de- 
tected in 9 (23%) and in 18 patients (46%), respectively, 
on MRI. Attenuation and occlusion were detected in 14 
(36%) and in 8 patients (21%), respectively, on MRA. 
PI ratio was 1.21 _+ 0.25. SEC severity was highly asso- 
ciated with PI ratio and MRA severity in monovariate 
analysis (P < 0.005), P < 0.01, respectively). SEC sever- 
ity was highly associated with PI ratio and MRA sever- 
ity in stepwise multiple regression analysis (P = 0.0001, 
r = 0.630, n = 39). In patients with NVAF, left atrial 
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SEC was highly related to attenuation or occlusion on 
MRA and imbalance of cerebral blood flow on TCD in 
the MCA territory. 
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Introduction 

Detection of left atrial spontaneous echo contrast 
(SEC) using transesophageal echocardiography (TEE) 
and evaluation of the cerebrovascular disease is helpful 
for the management of nonvalvular atrial fibrillation 
(NVAF). In many previous studies of SEC in NVAF, 
natural history and anticoagulation were the main top- 
ics discussed [1-6]. However, the relationship between 
left atrial SEC and the details of neurological imagings 
in NVAF were not described. We compared the sever- 
ity of SEC and of cerebrovascular features in the middle 
cerebral artery (MCA) territory evaluated by magnetic 
resonance image (MRI), magnetic resonance angiogra- 
phy (MRA), and transcranial color Doppler imaging 
(TCD) in patients with NVAF. The aim of this study 
was to clarify the relationship between SEC and cere- 
brovascular characteristics evaluated by several 
noninvasive methods. 

Subjects and methods 

Forty-four consecutive patients with NVAF confirmed 
by the results of Holter monitoring of electrocardio- 
graphy were examined by transthoracic echocardio- 
graphy, TEE, sonography of the carotid artery, TCD, 
MRI, and MRA. All the examinations were completed 
within 4 h in each patient. This study was approved by 
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the local institutional review board and informed con- 
sent was obtained from each patient. 

Sonography and Doppler measurements 

Transthoracic echocardiography, TEE, sonography of 
carotid artery, and TCD were performed using an 
echocardiographic system (Sonolayer SSA-260A, 
Toshiba, Tokyo, Japan). Left atrial dimension and ejec- 
tion fraction was measured using a 3.75-MHz probe 
(PSH-37LT, Toshiba) [7]. Bilateral carotid arteries 
were examined to evaluate the carotid arterial disease 
with a 7.5-MHz linear probe (PLF-703NT, Toshiba). 
The horizontal part of MCA (M1) was bilaterally 
scanned through the temporal windows using a 2.5- 
MHz probe (PSH-25GT, Toshiba). Pulsatility index 
(PI) was measured as (maximum velocity-end-diastolic 
velocity)/mean velocity. The side-to-side asymmetry 
ratio was calculated and the maximum asymmetry of PI 
was expressed as the PI ratio. The left atrium was 
observed using a biplane TEE technique (5 MHz, PEF- 
507SB, Toshiba) under local nasopharyngeal anesthe- 
sia. The presence of SEC was confirmed by decreasing 
the gain settings to exclude background noise. Left 
atrial characteristics were divided into normal, SEC, 
and thrombi (SEC severity) [8-10]. Left ventricular 
ejection fraction and Doppler measurements were ex- 
pressed as the average value obtained at 5 beats of the 
signals. All data were collected and analyzed by a single 
investigator (K.K.). 

MRI and MRA 

Brain MRI and cerebrovascular MRA were performed 
immediately after the sonographic investigations (MR 
Vectra 0.5T, Yokogawa, Japan. T1 weight: spin echo 
technique; T2 weight: fast spin echo technique; 2-D 
MRA: time-of-flight method). The findings of MCA 
territory were divided into normal, small infarcts (less 
than lcm in diameter), and large infarcts (more than 
I cm in diameter) (MRI severity). The findings of MRA 
were divided into normal, attenuation, and occlusion 
(MRA severity). All the findings were evaluated by a 
single neurologist (K.M.) and were blinded until later 
statistical analysis. 

Patient characteristics 

Neurological events were reviewed from previous medi- 
cal records. Neurological symptoms were divided into 
asymptom confirmed by the Mini-Mental State Exami- 
nation, previous history of transitional ischemic attack 
(TIA) without the presence of neurological deficit, and 
previous history of stroke with the presence of focal 
neurological deficit (neurological severity) [11, 12]. The 

effects of anticoagulants were categorized into no medi- 
cation, mild (antiplatelets only or INR =< 3), and excel- 
lent (INR > 3) [13]. The medical records of all patients 
were reviewed to determine the following clinical fea- 
tures: age, associated disease (diabetes, hyperlipidemia, 
and hypertension), and duration of atrial fibrillation. 
Excluded criteria were the presence of congestive heart 
failure, previous myocardial infarction, patients with 
ejection fraction less than 30%, mitral valve disease, left 
ventricular aneurysm, atrial septal defect, protruding 
aortic atheromas, and carotid artery disease. Thus, one 
patient with moderate mitral regurgitation due to ante- 
rior mitral leaflet prolapse, one patient with both pro- 
truding atheromatous change in aortic arch and with 
50% stenosis in the right common carotid artery, one 
patient with previous myocardial infarction, and two 
patients whose TCD signals were apparently unclear 
were excluded. 

Statistical analysis 

We analyzed the data obtained from 39 patients, com- 
prising 27 men (69%) and 12 women (31%). Continu- 
ous variables were expressed as mean value _+ SD with 
its range. Monovariate analysis was performed using the 
chi-squared and Kruskal-Wallis tests. A commercially 
available, computerized statistical package was used 
for the mutivariate analysis (Stat View-4.5J, Abacus 
Concepts, CA, USA). Stepwise multiple regression 
analyses with were used to determine the effect of inde- 
pendent variables on a continuous dependent variable. 
We considered results significant when P was less 
than 0.05. 

Results 

All the data are summarized in Tables 1 and 2. Ages 
ranged from 48 to 85 years (70 _+ 9 years). SEC and 
thrombi were detected in 12 (30%) and 3 patients (5%), 
respectively. TIA and stroke were detected in 8 (21%) 
and 17 patients (44%), respectively. Small infarcts were 
detected in 9 patients (23%) and large infarcts in 18 
patients (46%) on MRI. Attenuation was detected in 
14 patients (36%) and occlusion in 8 patients (21%) on 
MRA. The maximum PI ratio was 1.21 +_ 0.25. In the 
monovariate analysis, MRA severity and the PI ratio 
were highly associated with SEC severity (P < 0.005 
and P < 0.01, respectively) (Figs. 1 and 2). Stepwise 
multiple regression analyses were used to determine the 
effect of independent variables including age, sex, asso- 
ciated disease (diabetes, hyperlipidemia, and hyperten- 
sion), the effect of anticoagulation, Vma ~ ratio, PI ratio, 
and neurological-, MRI- and MRA-severity scores on a 
continuous dependent variable (SEC severity). SEC 
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severity was significantly associated with the PI ratio 
and M R A  severity (P = 0.0001, r = 0.630, n = 39). 

Discussion 

Because M C A  is a main cerebral  artery, which covers 
80% of the white matter ,  and is the most reliable and 
accurate object for the T C D  measurements ,  findings of 
the M C A  terri tory have been analyzed [14, 15]. We 
defined the scores of the neurological symptoms,  anti- 
coagulation, and cerebrovascular  imagings, all of which 
were divided into three categories. Stepwise multiple 
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regression was chosen for the statistical analysis among 
the scores. 

A simple measure  of the severity of cerebral infarc- 
tion is needed to per form a statistical analysis among 
several imaging studies. Previous reports  demonstra ted  
the usefulness of volume measurement  for symptomatic  
large infarction on brain M R I  [16]. However ,  it is diffi- 
cult to express the severity of multiple lacunar-type 

I 
14  

Table 1. Patient characteristics and echocardiographic mea- 
surements (n = 39) 

Patient characteristics 
Age 
Duration of atrial 

fibrillation 
Chronic atrial 

fibrillation 
Diabetes 
Hyperlipidemia 
Hypertension 

Echocardiography 
Left atrial dimension 
Ejection fraction 

70.4 _+ 9.0 years (48-85 years) 
44.9 ± 38.7 months (0-142 months) 

26 patients (67%) 

8 patients (20.5%) 
7 patients (5%) 
25 patients (64%) 

41 _+ 5.4mm (31-50mm) 
61.6% _+ 8.7% (41%-67%) 

Data presented are mean + SD and its range or number (%) 
of patients 

10 

ation Normal 

Fig. 1. In chi-squared analysis, magnetic resonance angiogra- 
phy severity was highly associated with spontaneous echo con- 
trast (SEC) severity (#P < 0.005) 

Table 2. Left atrial spontaneous echo contrast and findings of middle cerebral artery 
territory in 39 patients 

Left atrial spontaneous echo contrast Normal SEC Thrombi 
(n = 24) (~ = 12) (~ = 3) 

Effect of anticoagulation 
None 10 4 2 
Mildly effective 11 8 0 
Excellent effectiveness 3 0 1 

Transcranial Doppler 
PI ratio 1.0-1.4 1.0-2.2 1.3-1.5 

Neurological severity 
Asymptom 11 3 0 
TIA 6 2 0 
Stroke 7 7 3 

Magnetic resonance imaging 
Normal 10 2 0 
Small infarcts 8 3 0 
Large infarcts 6 7 3 

Magnetic resonance angiography 
Normal 13 4 0 
Attenuation 9 5 0 
Occlusion 2 3 3 

Data presented are number of patients or range of PI ratio. PI ratio = side-to-side 
asymmetry ratio of pulsatility index of middle cerebral artery. TIA, transient ischemic 
attack 
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Fig. 2. In Kruskal-Wallis analysis, the pulsatility index ratio 
was highly associated with SEC severity (P < 0.01) 
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had no history of thromboembolic events and no 
infarcts on MRI. Thus, we could not conclude that these 
arterial lesions were due to the presence of intracranial 
arteriosclerotic lesions or were caused by the micro- 
scopic emboli which were detected as circulating embo- 
lic signals by TCD monitoring. 

In our statistical analysis, cerebral arterial attenua- 
tion or occlusion on M R A  and imbalance of cerebral 
arterial blood flow on TCD were frequently observed in 
the patients with left atrial SEC. In the management  of 
NVAF, our results suggest that cerebrovascular fea- 
tures should be investigated in patients with SEC. More 
clinical trials, including anticoagulation, arteriosclerotic 
lesions, circulating embolic signals, natural history, and 
neurological findings versus brain and cerebrovascular 
imagings are needed to clarify cerebrovascular lesions 
in patients with NVAF. 

infarction. Because a focal lesion of more than l c m  in 
diameter can be easily distinguished from the lacunar- 
type infarction, MRI severity was classified into three 
categories as described above. The manifestations of 
thromboembolism in NVAF are as follows: large infarc- 
tion with severe neurological deficit, thromboembolism 
in a large cerebral artery, and high possibility of reca- 
nalization [1-5]. Thus, not only evaluation of the focal 
lesion by MRI but that of the vascular features is 
needed to assess the severity of cerebrovascular disease 
associated with NVAF. 

MR A and TCD are considered to be complementary 
techniques in cerebrovascular imaging. M R A  is a stan- 
dard noninvasive technique and an alternative method 
to cerebrovascular angiography. However,  it is difficult 
to determine the accurate location or severity of steno- 
sis. Thus, we simply classified the arterial features as 
described previously [17]. Color flow imaging (CFI) of 
the intracranial vessels is a new method and an alterna- 
tive approach to the conventional TCD technique 
which has been the standard for cerebral blood flow 
monitoring for years [15, 18, 19]. More accurate and 
reproductive Doppler  signals are confirmed by using 
the B-mode function of CFI. Among the TCD-derived 
measurements,  the PI value is a reliable tool for estimat- 
ing the vascular resistance and blood flow without the 
interference of changing blood pressure [15, 20]. 
The side-to-side asymmetry ratio of PI can predispose 
the side-to-side imbalance of cerebral blood flow [21]. 

Neurological severity and MRI severity were not sig- 
nificantly associated with SEC severity. Recanalization 
in the acute stage of thromboembolism in NVAF would 
explain this discrepancy between the M R A  and MRI 
findings in NVAF patients. However,  in the 22 patients 
with attenuation or occlusion of M1 on MRA, 2 patients 
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