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Summary

We attempted intraoperative ultrasonic visualization of the coronary arteries of animal models and
of patients who underwent coronary artery bypass surgery. Ultrasonic visualization of coronary vessels
using a high frequency wide band micro-transducer (3.5-9.0 MHz) was first attempted in three open-
chest dogs. The coronary arteries were well visualized from the epicardium with and without contrast
perfusion, and the experimentally-occluded portion was well imaged. Subsequently, this technique
was clinically applied in two patients undergoing cardiac surgery for valvular and congenital heart
diseases, and in nine patients undergoing coronary artery bypass surgery. Gas-sterilized probes were
placed directly over the cardiac surface. Ultrasonic imaging of the coronary artery was performed to
1) detect the coronary arteries beneath the fat tissue; 2) image the lesions in coronary vessels, especially
those not visualized by angiography; 3) determine the site of bypass grafting and evaluate the graftability
to the distal branch (the latter was poorly visualized via collateral circulation or not visualized angio-
graphically because of total occlusion at a proximal site); and 4) observe the effects of bypass grafting
and intraoperative angioplasty of coronary arteries after these procedures.

This ultrasonic technique was found to be useful for the intraoperative evaluation of coronary
vessels for coronary artery bypass surgery.
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Fig. 1. Intraoperative manipulation of the ultrasonic micro-transducer.
The micro-probe is directly placed over the left coronary artery using a water bag as a coupler.

Fig. 2. Longitudinal ultrasonic images of the right coronary artery (RCA) and the left
anterior descending coronary artery (LAD) of an open-chest dog.

The LAD lies beneath the thin fat pad represented by a bright echo, but such a fat pad is not seen
above the RCA. The calculated diameter of the LAD and RCA is each 2 mm. Arrowheads point to
the direction of blood flow.
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Fig. 3. Ultrasonic visualization of the coronary artery using contrast technique in an open-
chest dog.

To locate the coronary artery, the LAD is imaged by indocyanine green by retrograde infusion from
the diagnal branch.

Ligation HE

Fig. 4. Ultrasonic imaging of the experimentally-occluded coronary artery.
Visualization of the coronary artery is attempted after the ligation of the LAD. The lumen before
the ligation is reduced in size following this procedure.
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STENOSIS

Fig. 5. Angiographic and intraoperative ultrasonic images of the right and left coronary
arteries in a patient with three-vessel disease (54-year-old man).
The right upper panel is an angiographic image of the stenosis in the LAD (black arrow), and the

right lower panel shows the corresponding ultrasonic image (vertical white arrows). The left upper panel
is an angiogram of the RCA with a 759, proximal lesion obtained from the same patient, and the left
lower panel shows the ultrasonic image taken from the normal portion (corresponding to two black
arrows in the angiogram) to locate the site of a bypass grafting.
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Fig. 6. Ultrasonic and angiographic images of the LAD with a severe proximal lesion

(62-year-old man).

The lower panel is an angiographic image showing a severe stenosis in the LAD (large black arrow:
2). The corresponding ultrasonic images of the LAD are shown in the upper panels. The left panel
(1) is the ultrasonic image of the LAD and left circumflex artery (CX) bifurcating from the left main
trunk (LMT) (corresponding to the black arrow: 1), the middle panel (2) is the ultrasonic image
made immediately over the lesion (white vertical arrow corresponding to the black arrow: 2), and the
right panel (3) represents the distal site of the LAD (corresponding to the black arrow: 3) planned for

the bypass grafting.
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Fig. 7. Angiographic and ultrasonic images of the RCA with a severe proximal obstruction

(52-year-old man).

The lower panel is an angiogram of the RCA with a severe stenosis (upper black arrow) in the pro-
ximal portion. The corresponding ultrasonic picture (white vertical arrow) is shown in the upper right
panel. The upper left image shows the distal portion (corresponding to the lower black arrow in the

angiogram) of RCA where bypass grafting is planned.
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Fig. 8. Ultrasonic images of the LAD and LCx and angiograms of the right and left coronary

arteries in the same patient as Fig, 7.

The angiograms show a complete proximal obstruction of the LAD with a collateral circulation from
the RCA. The left ultrasonic image shows the patent LAD and the severe narrowing (white vertical
arrow) in the distal portion. A segmental narrowing of the LCx is seen in the angiogram, and the cor-
responding ultrasonic image (white vertical arrow) of this patient reveals severe narrowing at the cor-

responding portion (left upper panel).
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Fig. 9. Longitudinal and transverse ultrasonic images of a vein graft inserted into the mid-

portion of the LAD (60-year-old man).

The left panel is the longitudinal image of a vein graft inserted into the mid portion of the LAD.

The anastomosis between the vein graft and the original LAD is clearly demonstrated. The transverse
image of the vein graft shows the patency of its lumen (right panel).

Table 1. Ultrasonic data of luminal visualiza-
tion of coronary lesions in each vessel

LMT LAD LCx RCA

1. Y.K.[75% O 0% O 0% O
2 T.V. 0% O| 75% — |5 B% 5
3. s.o. 75% O | 100% X 5% X
4. K.N. 99% O | 90% — | 75-90% O
5. J.T. 90% O | 75% — 0% O
6. T.A.|0% OB ¥% S| 0% O

7. K.S. 100% O | 75% O 75% O
8. S.H. 75% O | 90% — |5rox B 3
9. T.V. prox/®% S 0% O

dist=distal lesion of coronary vessel; LMT =left
main trunk; LAD =left anterior descending artery;
LCx=left circumflex artery; prox=proximal lesion of
coronary artery; RCA=right coronary artery; Q=
possible visualization; X =impossible visualization;
— =visualization not performed.
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Fig. 10. Longitudinal ultrasonic image of a
vein grafted to the aorta (AO) (55-year-old man).

The anastomosis of a vein grafted to the aorta is
shown. The aorta is imaged transversely while the
vein graft imaged longitudinally.
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Fig. 11. Comparison of the angiocardiogra-
phically-measured percent reduction of the
cross-sectional area and the ultrasonically-
measured percent narrowing of the luminal
diameter of the coronary arteries.

It is shown that the significant lesions of the coro-
nary arteries on angiocardiogram can be detected
ultrasonically, and that 509, narrowing of the luminal
diameter echocardiographically corresponds to 759,
reduction of the corresponding cross-sectional area
angiographically.
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