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Summary

We evaluated the feasibility of a new method for calculating definitive myocardial flow using
contrast echocardiography in canine experiments and in patients who had undergone ACBG surgery.
The principle for calculating flow was based on Kety-Schmidt method using time-intensity curve
analysis between the epicardial and endocardial aspect. Inlet and outlet flows were hypothesized
at the epicardium and endocardium, respectively. Analysis of time-contrast-intensity curves between
the epicardium and endocardium, the difference of the area to the saturated point between epicardium
and pericardium (A), and the saturated value (H) theoretically lead to the equation: Flow=100x
(H/A) (Kety-Schmidt) in a 100-gram myocardium. No factors of intensity and time were included.
Using this equation, the flow in 7 experimental canine and the flow of 9 patients who had ACBG
surgery were compared to the electromagnetic flow. In the canine experiments, the left circumflex
coronary artery was dissected free and was connected with contrast injector, a magnetic flowmeter
and pneumatic occluder, proximal to distal in this order. Flow was controlled either by the occluder
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or drugs (papaverin and dipyridamole). Manually-agitated contrast media were injected rapidly
(1 ml/2.5 sec), and M-mode echocardiographic recordings were densitometrically translated into time-
intensity curves. Thirty-eight trials in 7 dogs showed close correlations (r=0.901) between the elec-
tromagnetic flow and contrast echo flow. For the patients with ACBG, M-mode contrast echo
recordings were made using transesophageal echo during the operations with contrast injections via
the bypass grafts. Analysis of time-intensity curves was made and recorded in the same way as during
the experiments. Correlation between bypass flow recorded by the electromagnetic flowmeter and
the contrast-echo flow was r=0.89 (n=9). Thus, this method using the difference in time-intensity
curve between epicardial and endocardial aspects recorded using contrast echocardiography appears
to be feasible for calculating definitive myocardial flow.
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Fig. 1. Contrast injector (with the tip of a needle
directed toward the central side), magnetic flow
meter and pneumatic occluder planted proxi-
mally to distally.

Echocardiographic recording was made from the
epicardial side. Contrast media and air bubbles were
injected after agitation using 2 syringes.
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Fig. 2. M-mode contrast echocardiograms and time-intensity curves.

Upper panel shows the M-mode contrast echo and time-intensity curve plotted by densitometer
at epicardial and endocardial sides with the flow of 100 m//min. Time-intensity curves at epicardial

and endocardial sides show similar slope and saturation value. Lower panel shows the same record-

ings with 10 m//min of Doppler flow. Remarkable differences were observed between epi- and en-
docardial time-intersity curves, or upslope and saturated values.
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Fig. 3. Time-intensity curves at the epicardium
and endocardium.

The area (A) and saturated value (H) are 2 impor-
tant factors when calculating myocardial flow by our
method.
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Fig. 4. Comparison between electromagnetic flow and calculated echocardiographic (UCG)

flow based on the experimental studies.
Correlation was 0.901.

Table 1. Precision between 2 contrast echo cal-

culations
Magnetic flow
25 m//min 50 m//min 100 m//min

Contrast
echo flow
(mean+SD) 40.1+4.9 61.4+2.6 100.8+15.1

(n=3)
Coefficient of 12.2 4.2 14.9

variation (%)
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Table 2. Patients list
Patient Sex Age CAG (%) Collat LVG ACBG flow (m//min) E(f;‘l‘/’mﬂlg;‘
1 S.F. Q 63 4PD: 100 (+) 2(=),4,5,7| CX (44)* 51.9
4PL : 100
13:90, 6:75
2 T.F o) 59 13:90, 1:75, (=) 2,3,6(—) CX (46)* 42.5
6:99
3 T.1 8 49 1:90, 6:99, (+) 3,4,5,7] CX (71) 55.0
13:99 RCA (72)*
4 J.1 Q 60 6:99 (+) 21,3,6(—) LAD (110)* 131.0
CX (50)
5 K.K. o) 71 6:99,11:99 (+) 2,3,4,6] LAD (142) 75.0
CX (52)*
6 R.H 5 81 7:100 (=) 2,3,4,An CX (17)* 34.3
RCA (10)
7 Y. % 5 54 5:75, 3:99 (+) 3,4,5]1,6] CX (20)* 22.2
8 M.O Q 65 6:99,13:100 (=) 5,7| CX (70)* 58.0
9 0.1 5 64 2:99,13:99 (+) NI CX (76)* 79.8
D (38)
RCA (48)

*: compared with score. CAG =coronary arteriogram ; PD =posterior descending artery; PL =postero-lateral
artery; Collat=collateral ; LVG =left ventriculogram; An=aneurysm; Nl=normal; ACBG=A-C bypass graft;
CX =circumflex; RCA=right coronary artery; LAD=Ileft anterior descending artery; D =diagonal branch.
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Fig. 5. M-mode contrast echocardiography via the circumflex bypass graft (54-year-old man:
Y.Y.):

Contrast enhancement is clearly visualized, however, the onset of epicardial and endocardial staining
was different. Densitometric findings presented nearly the same saturation value between them.
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Fig. 6. Correlation between electromagnetic
flow (X axis) and echo (UCG) flow (Y axis).

Echo flow calculated by our method shows good
correlation (r=0.89) with electromagnetic flow in
clinical studies during A-C bypass surgery.
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