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Summary

To evaluate the influences of transient myocardial ischemia on transmitral blood flow velocity
patterns, pulsed Doppler echocardiography was performed during coronary artery occlusion in 10
anesthetized open-chest dogs, and also during esophageal pacing or the administration of dipyrida-
mole in 79 patients with coronary artery disease (CAD), and in 19 control subjects.

During occlusion of the coronary artery, an abrupt decrease in the peak velocity of the rapid
filling wave (R) was noted within one min simultaneously with rapid decrease of 9, wall thickening
in the ischemic regions. The peak velocity of atrial filling was augmented compensatorily. Although
the transmitral blood flow velocity pattern did not change in the controls with esophageal pacing,
changes similar to those which were obtained during experimental studies were demonstrated in CAD
patients. There were no significant differences between transmitral blood flow velocity patterns of
patients with multivessel disease and those with single vessel disease. Ischemic changes in transmitral
blood flow velocity patterns were not demonstrated in patients with mitral regurgitation. Sublingual
nitroglycerin normalized post-pacing abnormal blood flow velocity patterns. In contrast, after the
intravenous administration of 0.56 mg/kg of dipyridamole, R and A were increased and the A/R ratio
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was unchanged both in CAD patients and the control groups. Deceleration time, or the half time, was
prolonged during both provocation tests in CAD patients, and these changes were transient and were
restored within several min. Furthermore, they were noted more frequently than was the development
of ST depression on ECG, or chest pain.

These findings indicate that the transmitral blood flow velocity patterns obtained by pulsed Dop-
pler echocardiography are useful for detecting transient myocardial ischemia, though they have limita-

tions in diagnosing the extent of coronary artery disease.
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Fig. 1. Illustrative pulsed Doppler echocardiograms in a patient with coronary artery dis-
ease at pre- and post-esophageal pacing (upper panel), and before and after administration
of dipyridamole (lower panel).
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Fig. 2. Left ventricular regional function and transmitral flows during coronary occlu-

sion in dogs.

After occlusion, 9% wall thickening in the ischemic segment rapidly decreases (upper). Note the
abrupt decrease in the peak velocity of rapid filling, parallel to the deterioration of ischemic wall
function and compensatory augmentation of the peak velocity of atrial filling (lower panel). During

reperfusion phase, % wall thickening is rapidly restored, while the peak velocity of rapid filling

gradually reaches the pre-occlusion values.
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Fig. 3. Effects of esophageal pacing on transmitral flow patterns.

Immediately after pacing, the peak velocity of rapid filling (R) decreases in the CAD groups. The
peak velocity of atrial filling (A) increases, so that A/R consequently increases. Deceleration time
(DT) is also prolonged in the CAD groups. These changes are more prominent in the group of mul-
tivessel disease than in the group of single vessel disease. Transmitral flow pattern does not change

in the control group.
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Fig. 4. Changes of transmitral flow velocities and deceleration time with pacing.
CAD patients distribute widely beyond the mean+2SD of the normal control (shaded areas),

and their deviations are smaller in patients with old myocardial infarction (open circles) than in
those with angina pectoris (closed circles). There are no significant differences between the group of
single vessel disease and the group of multivessel disease.
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Fig. 5. Effects of sublingual nitroglycerin on changes of transmitral flow patterns induced

by esophageal pacing.

Before administration of nitroglycerin, there is a significant difference in pacing-induced changes of
R and the A/R between the CAD patients (shaded bars) and the control (open bars) group. However,
after sublingual nitroglycerin administration, these differences resolved.
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Table 1. Incidence of symptoms, electrocar-
diographic ST depression and trans-
mitral flow changes

Esophageal pacing Dipyridamole

Total AP Total AP

Chest pain 12/46 12/28 6/33 3/13
(26%) (42%)  (18%) (23%)

ST depression 25/46 18/28 9/32 5/13
(54%) (64%)  (28%) (38%)

A/R increase*  23/39 17/26 3/32 2/13
(58%) (65%) %) (15%)

D(H) prolon- 2438  16/21 14/32 813
gation* (63%) (76%)  (44%) (62%)

D(H)T =deceleration (half) time.
*: more than mean+2SD of control values.
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Fig. 6. Pacing-induced changes in patients with mitral regurgitation.
In patients with mitral regurgitation, there are no changes of transmitral flow patterns with pacing.
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Fig. 7. Effects of dipyridamole administration on transmitral flow patterns.

Dipyridamole increases both R and A both in the CAD and control groups. However, deceleration
half time is shortened in the controls, unchanged in the group of single vessel disease, and signifi-
cantly prolonged in the group of multivessel disease.
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Fig. 8. Changes of transmitral flow velocities and deceleration half time with dipyri-

damole.

R, A and the A/R of the CAD groups are within normal ranges (mean+2SD, shaded areas). De-
celeration half time in patients with multivessel disease is deviated from the normal range and pro-
longed significantly as compared with the values of patients with single vessel disease.
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