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Summary

In order to detect an exercise induced asynergy, cross-sectional echocardiography was performed
during multistage maximal bicycle ergometer stress test in the supine position.

1) Left ventricular (LV) asynergy occurred earlier than or simultaneously with the appreciable
ST segment change.

2) In patients with angina, LV asynergy appeared in the area of dominant coronary stenosis,
while ST depression was seen in V;_g as well as I, IIT and aVF, despite of the localized area of asynergy.

3) In patients with myocardial infarction, LV asynergy increased or extended over or around
the infarcted area except one case. ST segment elevated in the leads over the infarction with abnor-
mal Q waves and depressed in the reciprocal leads. These observations revealed that ST depres-
sion does not necessarily mean an occurrence of new ischemia over the corresponding area in myocardial
infarction.

Thus exercise cross-sectional echocardiography was demonstrated to be a good method to detect
an exercise induced ischemia and would be particularly valuable in view of the coronary artery bypass.
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Fig. 1. Schematic representation of segments
of the left ventricle utilized in the evalution of
asynergy in exercise cross-sectional echocardio-

graphy.

Asynergy is classified qualitatively as mildly re-
duced, markedly reduced, none, dyskinetic and aneu-
rysmal following angiographic evalution of asynergy
due to AHA criteria.

Ant=anterior wall; Post=posterior wall; Lat=
lateral wall; P-VS=posterior ventricular septum;
A-VS =anterior ventricular septum.
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Table 1. Coronary lesion, exercise induced asynergy and ST change in effort angina,
spontaneous angina and chest pain syndrome without significant coronary lesion

Coronary lesion
Case Age Sex

Ex. induced asynergy Ex. induced ST change

Max. An- End-point

LAD LCx RCA HR gina gnn;e)t Segment E)I::ls:)t ST1T ST |
Effort angina
1 43 F 75 120 4+  angina 1 Ant, A-VS 1 — ILIILF, V,,
2 45 M 99 99 100 80 + angina 1 A-VS, P-VS 2 - V.,
3 47 M 75 112 — LW —no— —no—
4 59 M 75 83 + angina 1 P-VS, Post 2 — ILIILF, Vs
5 46 M 90 99 75 111 +  angina 1 Ant, A-VS, P-VS, Lat 1 — LILF L Vg
6 54 M 99 90 92 4+  angina Ant, A-VS, Lat 2 — Vi
7 48 F 99 89 + angina —no— 2 = Vg
Spontaneous angina
8 34 M —no— 145 — LW —no— —no—
9 52 M 90 90 99 109 — SOB,LW 3 Ant,A-VS,P-VS,Post 3 — ILIILF, V,,
10 63 F 75 75 135 —  target HR —no— —no—
11 50 M —no— 122 — LW —no— —no—
12 43 M 90 105 — SOB 5 A-VS 8 — Vi,
Chest pain syndrom (without significant coronary lesion)
13 49 F —no— 153 —  target HR —no— 4 — LILF V,,
14 35 M —no— 150 — LW —no— 1 — ILIILF,V,,
15 54 M —no— 104 — LW —no— —no—
16 42 M —no— 124 — LW —no— —no—

HR =heart rate; Ex.=exercise; ST { =ST elevation; ST | =ST depression; M=male; F=female; BP=fall
in blood pressure; LW =leg weakness; SOB=shortness of breath; Ant=anterior; Lat=Ilateral; Post=posterior;
A-VS=anterior ventricular septal; P-VS=posterior ventricular septal.
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Table 2. Coronary angiographic, resting 2-D echocardiographic and ECG findings in

myocardial infarction

Coronary lesion ECG 2-D echo.
Case Age Sex —_—
LAD LCx RCA Abnormal Q Asynergy

Anterior infarction

17 46 M 100 90 L, Vi Ant, A-VS, Lat

18 66 F 100 99 75 Vg Ant, Post

19 55 M 100 I, L, V.., Ant, A-VS

20 60 M 75 90 Vi~s A-VS

21 33 M 99 I, L, Vi, Ant, A-VS, P-VS

22 61 M 90 100 Vir~1 —no—

23 55 M 99 75 I, L, Vi, Ant, A-VS

24 53 M 99 Vi Ant, A-VS, P-VS, Post
Inferior infarction

25 28 M 90 75 100 II, 111, F P-VS

26 36 M 99 II, III, F —no—

27 68 M 90 75 100 II, 111, F P-VS, Post

28 54 M 75 90 75 II, III, F P-VS

29 49 F 90 75 99 1I, III, F —no—

30 45 M 75 II, III, F P-VS, Post

31 57 M 90 90 II, 111, F P-VS

32 64 M 75 99 II, II1, F P-VS

33 42 M 75 II, 111, F P-VS
Extensive infarction

34 46 M 90 100 II, III, F, V,p~ A-VS, P-VS, Post

35 64 M 90 99 II, F, Vg2 A-VS, P-VS, Post

36 52 M 100 99 99 I, II, III, V 4 Ant, A-VS, P-VS, Post

37 51 M 100 99 90 II, III, F, V, Ant, Lat, Post

38 32 M 99 II, II1, F, V,5 Ant, A-VS, P-VS

Abbreviations are same as Table 1.
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Table 3. Exercise induced asynergy (new or increased) and ECG change in myocardial

infarction

Ex. induced asynergy

Ex. induced ECG change

Case Max. Angina End-point
HR

Onset Segment Onset ST 1 ST |
(min) (min)
Anterior infarction
17 139 + angina 1 Ant, A-VS, Lat 2 L, V., II, III
18 122 — LW 1 Ant, A-VS, Lat, Post —no—
19 136 — LW 3 Lat 10 I, L, Vyoou —
20 126 - LW 3 A-VS, P-VS —no—
21 136 — LW 1 Ant, A-VS, P-VS, Lat 1 ILL L, V,., I1I, III, F, V,
22 140 + angina 1 A-VS 6 - II, III, F
23 120 + angina 1 Ant, A-VS 2 Vs —
24 137 + target HR —no— —no—
Inferior infarction
25 103 - VPC 1 P-VS, Post —no—
26 150 — Lw —no— —no—
27 150 + angina 1 Ant, A-VS, Lat 1 — Vi
28 142 — target HR —no— —no—
29 115 + angina 1 P-VS, Post 2 — Vs
30 99 + angina 1 A-VS, P-VS, Post 1 III, F, V,z I, I, V,
31 139 - target HR 1 P-VS, Post 6 III, F Vi-s
32 141 - SOB 1 P-VS, Post 1 III, F I, L, Vgos
33 117 - Lw —no— —no—
Extensive infarction
34 116 - LW 3 A-VS, P-VS, Post 9 III, F —
35 95 - APC 1 A-VS, P-VS, Post —no—
36 130 — BP| 2 Lat 2 Vi-g II, III, F
37 110 - LW 1 P-VS, Lat 3 II, III, F —
33 113 —  VPC 1 Ant, A-VS, P-VS 1 I, I, F -

Abbreviations are same as Table 1.
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Diastole Systole
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11

Fig. 2. Exercise induced asynergy in the anterior wall (arrows) of the left ventricle observed
in 54 years old male with effort angina.

A ST segment depression was seen in V;g associated with a negative U wave. The coronary
angiogram revealed 999, stenosis in LAD and 909, stenosis in LCx.

Asynergy - mNo. of Cases

T T —

Angina (N:12)

LAD
RCA
LAD AL Anterior
+RCALCX :
Posterior
Lesion(-) Anterior+Posterior

[®)] Asynergy(-)

LAD

RCA.LCX [

LAD
+RCA.LCX

Fig. 3. Relationship between coronary artery lesion and exercise induced asynergy.

In patients with angina (upper figure), a case with single LAD lesion induces asynergy in the anterior
region, while a case with single RCA lesion induces posterior wall asynergy. In cases with multi-vessel
Jesion, asynergy appears mainly in the segment of the most advanced coronary lesion. In patients
with myocardial infarction, asynergy develops over or around the infarcted area except one case.
Therefore, no apparent relation is observed between exercise induced asynergy and coronary lesion.
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Fig. 4. Relationship between exercise induced
asynergy and ST segment change.

Of total 38 cases, 21 cases develops both asynergy
and ST change during exercise. Exercise induces
asynergy without ST change in 4 cases with infarc-
tion, while ST depression without asynergy was
observed in 3 cases, in which 2 cases have the nor-
mal coronary and the other (Case 7) is judged as false
negative in exercise cross-sectional echocardiography.
The remaining 10 cases without asynergy or ST
change include 4 cases with infarction and 2 cases
with significant coronary lesions.
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Fig. 5. Sequence of the onset of asynergy and
ST segment change.

Asynergy appears earlier (1-7 min) than ST
segment changes in 11 patients. The remaining 10
patients develop asynergy and ST changes simul-
taneously. There is no case in which ST change
precedes the onset of asynergy.
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1
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Fig. 6. Relationship between localization of exercise induced asynergy and leads of ST

changes in 12 patients with angina.

Despite the location of asynergy, ST segment depresses in the precordial leads in all cases, and

in II, III and aVF in 4 cases as well.

Asynergy

ST Change

No. of Cases

Ant. 11l aVE
Va-s

Post. Il aVE
Va-s

A Il aVe

nt.
+Post.

Asyner(g); 11l aVe

Va-s

ST Depression
ST Elevation
[ ST Change (-)

Fig. 7. Relationship between localization of exercise induced asynergy and leads of ST

changes in 22 cases of myocardial infarction.

ST segment elevation is observed in the leads associated with abnormal Q waves, which seemed
to reflect development of asynergy over or around infarcted areas. ST depression is observed in
the reciprocal leads, while no asynergy appears in the corresponding segments except one case.
Therefore, ST depression during exercise seems to be the reciprocal change of ST elevation in

most cases with myocardial infarction.
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