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Phasic Pattern of the Diameter of the Coronary Subendocardial
Microvessels

Toyotaka Yada, Osamu Hiramatsu, Yoko Chiba, Chikako Tokuda,‘
Masami Goto, Yasuo Ogasawara, Katsuhiko Tsujioka and
Fumihiko Kajiya

We were able to observe the phasic pattern of the internal diameter of the
subendocardial microvessels with a portable needle-probe videomicroscope including
a CCD camera.

Under control conditions, the vascular compression by cardiac contraction de-
creased the diameters of subendocardial arterioles and venules by about 20%,
whereas subepicardial arterial diameter changed very little during the cardiac cycle
and subepicardial venules increased in diameter during systole. During prolonged
diastoles, when coronary arterial inflow ceases, subendocardial arteriolar diameter
decreases without any visible collapse, whereas venular diameter increases. The
smaller coronary flow reserve of the endocardium is not caused by the decreased
coronary vasodilatory capacity, but rather by the larger myocardial compression of
subendocardial arterioles during reactive hyperemia. (Accepted on June 7, 1994)
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tion into the myocardium, and in a small vein just after

its emergence from the myocardium.

The velocity waveform of coronary arterial inflow is
almost exclusively diastolic, while the coronary venous
In addition, there
were small reverse flows both in the arterial (systolic)
and venous (diastolic) flows (arrows). (From Kajiya et

outflow is predominantly systolic.
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Fig. 2. [Illustration of the needle-probe videomicroscope with
a CCD camera.

The microscope system consists of a needle-probe, a
camera body containing a CCD camera, a lens and light
guide, a control unit, a light source, a monitor, and
videocassette recorder. A needle-probe containing a
gradient-index (GRIN) lens with a length of 180 mm is
used to obtain the images of the subendocardial mi-
crocirculation of the left ventricle. (From Yada et al.

(12))
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Fig. 3. Experimental preparation to obtain an access for the
needle-probe to subendocardial microvessels.

The sheathed needle-probe was introduced into the left
ventricle through an incision in its appendage through
the mitral valve. The balloon was inflated to prevent
direct compression of the subendocardial microvessels
by the needle-tip and the intervening blood between the
needle-probe and endocardium was flushed away with a
Krebs-Henseleit buffer solution. (From Yada et al. (12))
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Fig. 4.
and end-systole.

Images of a subendocardial arteriole (left) and venule (right) in end-diastole

A green filter was used to contrast the images of the vessels against sur-

rounding tissue.

A ; image of a subendocardial arteriole in end-diastole ;

arrowhead=120 xm, B ; image of a subendocardial arteriole in end-systole ;
arrowhead=90 xm, C ; image of a subendocardial venule in end-diastole ;
arrowhead=195 xm, D ; image of a subendocardial venule in end-systole ;

arrowhead=135 gm. Bar=200 xm.
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Effect of cardiac contraction on the diameter changes
of subendocardial arterioles and venules.
Panel (A) : subendocardial arterioles, Panel (B) : suben-
docardial venules, Panel (C) : subepicardial arterioles,
Panel (D) : subepicardial venules. Subendocardial arter-
iolar diameter decreased by 24+6% and venular diame-
ter decreased by 17£4% from end-diastole to end-
Subepicardial arteriolar diameter decreased
slightly by 24+1% and venular diameter increased by
19+7% from end-diastole to end-systole. The horizon-
tal dotted lines indicate the vascular diameter of 100
um. A% indicate percent change in diameter from end-
diastole to end-systole. (From Yada et al. (12))
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Fig. 6. Simulation results of vascular vol-

ume in subendomyocardial arteriole,
capillary and venule.

Upper panel : Myocardial elastance
was kept constant at the low level of
the minimum end - diastolic value
(Emin) through a cardiac cycle, middle
panel : Emax at end-systole was set at
the value 1.2 times greater than Emin,
lower panel : Emax=1.5 times greater
than Emin. (From Ohta et al. (20))
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Coronary blood flow (left panel) and vascular diameters (right panel)

during a prolonged diastole referring to the aortic pressure.
The coronary blood flow decreased linearly with aortic pressure (left panel).
The arteriolar diameter which was normalized by the value at aortic pressure
of 80 mmHg decreased with aortic pressure, but the venular diameter in-
creased (right panel) (n=16). *p<0.05, T p<0.001, 1 p<0.001 vs. the value
for the pressure of 80 mmHg. (From Hiramatsu et al. (13))
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Fig. 10.

Images of a subendocardial microvessels during reactive hyperemia.

A ;image of a subendocardial small arteriole under control condition ;
arrowhead=97 um, B ;image of a subendocardial small arteriole during
reactive hyperemia ; arrowhead=116 ym, C;image of a subendocardial
large arteriole under control condition ; arrowhead=166 xm, D ; image of a
subendocardial large arteriole during reactive hyperemia ; arrowhead=192

xm. Bar=200 gzm.
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Fig. 11. Time course of reactive hyperemic

response on the subendocardial and
subepicardial arterioles.
After 20 sec occlusion of left anterior
descending coronary artery, the ratio
of diastolic diameters during reactive
hyperemia to control diameters in
subendocardial arterioles was signifi-
cantly larger than that of subepicardial
arterioles. C ; Control, Oc ; Occlusion,
RH ; Reactive hyperemia.
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