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Summary
To correlate blood flow velocities with thrombogenesis in the left atrium (LA) and left atrial

appendage (LAA), we performed transesophageal two-dimensional echocardiography (Eso 2-D Echo)
combined with pulsed Doppler flowmetry, which was developed in our laboratory. Thirty-eight patients
were studied; @ 15 who had sinus rhythm including four with mitral stenosis (MS) and 11 normal
subjects, and @ 23 with atrial fibrillation (Af). The patients with Af were classified as lone Af (nine
cases); Af-CI: Af with cerebral infarction having no MS (four cases); and Af-MS: Af with MS (10

cases).
In four of 10 patients with Af-MS, mural thrombi were detected in the LA or LAA by Eso 2-D
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Echo, but they were not visualized by conventional echocardiography. In lone Af and Af-CI, however,
abnormal echoes in the LAA were not observed by Eso 2-D Echo. Thus, Eso 2-D Echo proved superior
to conventional 2-D echocardiography in detecting mural thrombi in the LA or LAA.

In sinus rhythm, a biphasic flow pattern followed the P wave on the ECG. It was observed in the
vicinity of the junction between the LA and LAA. In Af a flow with a saw-tooth appearance was ob-
served throughout the cardiac cycle. The peak flow velocity in the LAA was significantly less in Af
than in sinus rhythm (p<0.05). Especially in Af-MS, the peak flow velocity was markedly decreased
(1+4 cm/sec: mean+SD) compared with those of the other Af groups (p<0.01), and it was signifi-
cantly less in Af-CI (1145 cm/sec) than in patients with lone Af (2149 cm/sec) (p<0.05).

These results indicate that analysis of blood flow velocities in the LAA by Eso 2-D Echo is of
great value in assessing thrombogenesis in the LAA, and the patients with Af, even without MS, who
have markedly reduced peak flow velocities in the LAA, should be prophylactically anticoagulated, be-
cause stagnation of blood is strongly suspected.
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Table 1. Materials

Groups No. of Age
cases (years)

Control subjects
Sinus rhythm with MS

[C] 11 67+6
[MS(S)] 4 61+11

Af without MS or CI [lone Af] 9 71+8

Af with CI [Af-CI] 4  61+12
Af with MS [Af-MS] 10 518
Total . 8

Abbreviations: MS=mitral stenosis; Af=atrial fi-
brillation; CI=cerebral infarction.
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Fig. 1. Schema illustrating the location of the intracardiac structures in the horizontal
section at the level of the cardiac base (panel A), transesophageal two-dimensional (2-D)
echocardiograms of both atria (panel B) and the left atrial appendage (panel C).
Abbreviations: LA =left atrium; RA =right atrium; LAA =left atrial appendage; AOV =aortic valve;
PA=pulmonary artery; ISA=interatrial septum; AO=aorta; R=right side; L=left side.
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Fig. 2. Transesophageal 2-D echocardiogram
of the left atrium obtained from a patient with
mitral stenosis and atrial fibrillation (Case 1).
Arrow indicates an abnormal echo attached to the
upper lateral wall of the left atrium.
Abbreviation: same as in Fig. 1.
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Fig. 3. Transesophageal 2-D echocardiogram
of the left atrium in a patient with mitral steno-
sis and atrial fibrillation (Case 2).

An arrow shows abnormal string echoes attached

to the posterior wall of the left atrium.
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Fig. 4. Transesophageal 2-D echocardiograms of the left atrial appendage before (panel
A) and after (panel B) atrial contraction, and Doppler echocardiogram (panel C) in the left

atrial appendage in a control subject.

Biphasic flow occurs associated with contraction and relaxation of the left atrial appendage follow-

ing the P wave of the ECG.
SV =sampling volume.
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Fig. 5. Doppler echocardiogram in the left atrial appendage in a patient with lone atrial
fibrillation without a history of cerebral infarction.

The flow signal shows a saw-tooth appearance, and the peak flow velocity is reduced compared
with that of sinus rhythm.
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Fig. 6. Doppler echocardiogram in the left atrial appendage in a patient with atrial fibril-
lation with a history of cerebral infarction.

The peak flow velocity is markedly reduced compared with that of a patient with lone atrial fibrilla-

tion.
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Fig. 7. Transesophageal 2-D and Doppler echocardiograms in a patient with mitral steno-

sis and atrial fibrillation.

The peak flow velocity is markedly decreased and the left atrial appendage is occupied by an ab-

normal mass echo, which indicates a mural thrombus.
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Fig. 8. Comparisons of the peak flow velocities

° in the left atrial appendage in each group of
sinus rhythm (left panel) and averaged peak flow
oo velocity in each group with atrial fibrillation

(right panel).
'! § The peak flow velocities are less in Af than those of
& sinus rhythm. Especially in Af-MS (Af-III), the peak
° I ° flow velocities are markedly decreased compared with
S s Ji those of lone Af (Af-I) and Af-CI (Af-II). In Af-CI,
(} the peak flow velocities are significantly less than those

Af—1 Af—Il Af—lﬁ.» of lone Af.

Abbreviations: same as in Table 1.
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