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Summary

To evaluate myocardial perfusion and function of the interventricular septum after coronary
artery bypass surgery, 29 patients with internal mammary artery grafts IMAG) were examined using
handgrip exercise Doppler echocardiography. IMAG flow was measured by color flow Doppler. Septal
excursion and percent thickening of the interventricular septum during systole were measured as in-
dicators of regional left ventricular function by M-mode echocardiography. Myocardial perfusion
was estimated by thallium-201 exercise myocardial scintigraphy using a treadmill.

1. At rest, there were no significant correlations between IMAG flow and septal excursion and
percent thickening or myocardial perfusion.

2. After the isometric handgrip exercise test, IMAG flow increased 20.0+3.9%, from at rest, and
the percentage of change in IMAG flow correlated significantly with changes in septal excursion (r=
0.63) and percent thickening (r=0.72). It was found that a response of bypass graft flow to exercise
has a correlation with contractility of cardiac muscle.

3. The rate of increase in IMAG flow in patients with normal myocardial scintigraphic findings
(31.8+6.2%,) was higher than that in patients with ischemia (15.3+5.69%,) or infarction (15.0+11.3%,).

4. A greater increase of percent thickening was observed in patients with normal exercise myo-
cardial scintigraphic findings.

These results suggest that the responses of the bypass graft flow to handgrip exercise may reflect
viability and contractility of cardiac muscles perfused by the graft. Thus, exercise Doppler echocardio-
graphy is useful for evaluating regional myocardial perfusion and function of the interventricular sept-
um after coronary artery bypass surgery.
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Fig. 1. Color Doppler echocardiogram demon-
strating coronary artery bypass graft flow.

IMAG =internal mammary artery graft; RVOT =
right ventricular outflow tract.
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Fig. 2. Blood flow in the coronary artery bypass graft during catheterization.
Blood flow velocity in the IMAG increases immediately after injection of saline.
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Fig. 3. Responses of hemodynamics, bypass graft flow, regional wall motion and left ven-
tricular function to isometric handgrip exercise test.

% 4Change =maximum percent changes between before and after handgrip exercise; GF velocity
(volume)=blood flow velocity (volume) in the bypass graft; HR=heart rate; SBP=systolic blood
pressure; DP=double product; EF =ejection fraction; Excursion=interventricular septal excursion;
Thickening (%) =percent changes of thickness of interventricular septum during systole.

*: probability (control versus handgrip exercise) <0.05 by paired t test.
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Fig. 4. Exercise Doppler echocardiogram of a patient with no significant change in bypass

graft flow.
HANDGRIP =isometric handgrip exercise.
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Fig. 5. Exercise Doppler echocardiogram of a patient with increased bypass graft flow.
For abbreviation : see Fig. 4.
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Fig. 6. Relationship between septal wall motion and responses of bypass graft flow.
The higher percentages of increase in blood flow velocity and volume are observed in patients with

normal septal wall motion.

9% dChange =maximum percent changes between before and after handgrip exercise; GF velocity
(volume) =blood flow velocity (volume) in the coronary artery bypass graft.
* probability (normal versus flat or paradoxical) <0.05 by Fisher’s t test.
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Fig. 7. Correlations between regional myocardial function and changes of bypass graft

flow.
Percent changes of bypass graft flow correlate significantly with changes of interventricular septal

excursion (A) and percent thickening (B).
%, dFlow=maximum percent change of bypass graft flow between before and after exercise; 4Excur-
sion=changes of interventricular septal excursion; 4Thickening (%)=changes of percent thickening.
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Table 1. Responses of regional left ventricular function and coronary artery bypass graft
flow to isometric handgrip exercise tests

Normal (n=11)

Ischemia (n=11) Infarction (n=7)

Control HG Control HG Control HG
Septal excursion (mm) 2+1 3+1* 1+1 0+1 —-2+1 —2+1
.Septal thickening (%) 25+2 342 2342 29+3* 22+3 25+3
Max GF velocity (cm/sec) 29+4 40+ 5* 374 43+ 5% 366 41+7
Mean GF velocity (cm/sec) 1442 194-3* 18+2 214+3* 162 17+2
GF volume (ml/min) 47+6 669* 60+6 68+ 6* 48+4 51+9

Normal=patients with normal findings; Ischemia=patients with redistribution; Infarction=patients with
persistent defects on thallium-201 exercise myocardial scintigram ; Septal excursion=interventricular septal excur-
sion; Septal thickening (%)=percent changes of the interventricular septum thickness during systole; Max
(mean) GF velocity (volume)=maximum (mean) blood flow velocity (volume) in the coronary arterial bypass graft

flow ; HG =isometric handgrip exercise test.

* probability (control versus HG)<0.05 by paired t test.
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Fig. 8. Changes of blood flow velocity and volume in coronary artery bypass graft during

exercise and myocardial perfusion.

A significant increase in blood flow velocity (A) and volume (B) is observed in patients with normal
and ischemic findings on thallium-201 exercise myocardial scintigram.
GF velocity (volume) =blood flow velocity (volume) in the coronary artery bypass graft.
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Fig. 9. Relationship between myocardial perfusion and responses of bypass graft flow.

Higher percentages of increase in blood flow velocity and volume are observed in patients with
normal findings on thallium-201 exercise myocardial scintigram.

%4Change=maximum percent changes from rest to handgrip exercise; GF velocity (volume)=
blood flow velocity (volume) in the coronary artery bypass graft.

* probability (normal versus ischemia or infarction) <0.05 by paired t test.
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Fig. 10. Relationship between myocardial perfusion and septal wall motion.
All patients with normal septal wall motion reveal normal or ischemic findings on thallium-201

exercise myocardial scintigram, although no significant difference between flat and paradoxical septal
wall motion in myocardial perfusion is demonstrated.

Pt=number of patients.
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