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Summary

Our previous study of mitral regurgitation in obstructive hypertrophic cardiomyopathy suggested
that left ventricular outflow obstruction due to systolic anterior motion of the distal residual anterior
mitral leaflet may hydrodynamically induce mid-systolic mitral regurgitation. To test this hypothesis,
we examined whether drug-induced left ventricular outflow obstruction in dogs might cause mitral
regurgitation.

Dobutamine, 20-60 pg/kg/min, induced the obstruction due to mitral systolic anterior motion
with mitral-septal contact in 11 of 18 dogs. Pulsed Doppler and contrast echocardiography demon-
strated that mitral regurgitation was concomitantly induced in the 11 dogs. The regurgitation was
prominent during mid-systole from the onset to the end of mitral-septal contact. Two-dimensional
echocardiography showed reduction of the mitral annular dimension and anterior shifts of the mitral
valve coaptation during drug infusion in the 11 dogs. Accordingly, the distal portion of the mitral
valve, especially of its anterior leaflet, became residual, and moved anteriorly in early systole and
protruded into the outflow tract during mid-systole. Catheter-tip pressure recordings simultaneous
with two-dimensional echocardiographic observation revealed that the outflow pressure gradient oc-
curred across the protruding distal residual mitral valve. The onset and the end of the pressure
gradient were nearly simultaneous with those of the mitral-septal contact. After cessation of the
infusion, the mid-systolic mitral regurgitation disappeared together with the obstruction.

These results indicate a close relationship between left ventricular outflow obstruction and mid-
systolic mitral regurgitation, and strongly support the hypothesis that the obstruction due to systolic
anterior motion of the distal residual anterior mitral leaflet is responsible for mitral regurgitation.
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motion in a dog. (Fig. 2). fho> 3T TIE, 0¥ 7 F L 3ifE S

b IR IS b R s by (Fig. 4),

(A) Mitral systolic anterior motion is absent before W

dobutamine infusion. (B) Mild mitral systolic anterior
motion is induced by dobutamine 10 pg/kg/min.
(C) Typical mitral systolic anterior motion with mi-
tral-septal contact is induced by dobutamine 20 ;g/
kg/min.
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SAM =systolic anterior motion.
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Table 1. Temporal relationship among left ventricular outflow pressure gradients, mitral-
septal contact and mitral regurgitant Doppler signals in dogs with dobutamine-
induced left ventricular outflow obstruction
Dog No. 1 2 3 4 5 6 7 8 9 10 11
Dobutamine (/:g/kg/min) 20 20 20 30 60 60 20 20 20 30 20 60 30 60
LVOPG (mmHg) 100 140 60 40 20 40 110 140 20 120 120 250 90 190
Onset of LVOPG (msec) 80 70 90 80 130 90 70 70 100 80 80 70 80 70
Onset of MSC (msec) 90 80 100 90 130 100 80 8 120 90 100 80 90 70

Onset of MR signals (msec) 120 110 150 120 150 140 120 110 140 120 140

110 120 110

LVOPG =left ventricular outflow pressure gradient; MSC =mitral- septal contact; MR signals=mitral regurgi-
tant signals.
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Fig. 2. M-mode and pulsed Doppler echo-
cardiograms showing mitral systolic anterior
motion (top) and mitral regurgitation (bottom)
in a dog with dobutamine-induced left ventricu-
lar outflow obstruction.

Mitral regurgitant Doppler signals are prominent
during mid-systole and are temporally related to the
onset and the end of mitral-septal contact (arrows).

LA =left atrium; MR=mitral regurgitation; SAM
=systolic anterior motion; SV =sample volume.
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Fig. 3. Simultaneous pulsed Doppler and contrast echocardiogram showing mitral regur-
gitation in the same dog as in Fig. 2.

Mid-systolic turbulent flow signals (white arrows) in the left atrium are confirmed to indicate
mitral regurgitation by the mid-systolic appearance of trajectories of the contrast echoes (black
arrows) directly injected into the left ventricle.

LA=left atrium.
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Fig. 4. Pulsed Doppler echocardiogram show-
ing variable mitral regurgitant signals in a dog
with dobutamine-induced left ventricular out-
flow obstruction.

The regurgitant signals may be mid-systolic (left)
or pansystolic (right) even by the fixed sample vol-
ume in the left atrium in 3 dogs.
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Fig. 5. Left ventricular pressure tracings at
the apex (top) and at the distal outflow tract
(middle) and M-mode echocardiogram showing
mitral systolic anterior motion (bottom) in the
same dog as in Fig. 2.

The onset and the end of left ventricular out-flow
pressure gradient are nearly simultaneous with those
of the mitral-septal contact (arrows).
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Fig. 6. Pulsed Doppler and M-mode echocardiograms and left ventricular pressure trac-
ings during dobutamine infusion of 60 zg/kg/min (A) and about 20 min after cessation of

the infusion (B).

Each onset of mitral regurgitant signals, mitral-septal contact and outflow pressure gradient
becomes later in systole after cessation of the infusion than during the infusion.
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Fig. 7. Two-dimensional echocardiograms in mid-systole before (A) and during dobuta-
mine infusion of 10 (B) and 20 xg/kg/min (C), and M-mode and pulsed Doppler echocardio-
grams showing mitral systolic anterior motion and mitral regurgitation during the infu-
sion of 20 xg/kg/min (D).

On the left ventricular long-axis view, reduction of mitral annular dimension (double arrows) and
an anterior shift of mitral valve coaptation are induced by the drug (A to C). Accordingly, a distal
portion of the mitral valve, especially of the anterior leaflet, becomes residual and protrudes into
the ouflow tract in mid-systole (C).
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Table 2. Lengths of the mitral valve, and left ventricular and mitral annular dimensions
before and during dobutamine infusions in dogs with drug-induced left ven-
tricular outflow obstruction

Dog. No. 3 4 5 6 7 8 9 10 11

Body weight (kg) 15 22 13 26 16 16 15 12 14

AML/PML (mm) 17/10 22/12 15/9 27/14 17/9 20/11 18/10  14/8 17/9

Dobutamine 020 0 30 0 60 0 60 0 20 0 20 0 30 0 20 0 30
(12g/kg/min)

LVDed (mm) 24—18 29—-23 21 —»17 33523 2317 26—20 2418 1814 24—19
LVDes (mm) 19—-12 2316 15—11 28—17 17—-12 20—-14 18—12 13— 9 19513
MADms (mm) 17—-13 2317 16—-13 30—-24 18—14 2217 19—-15 15—11 16—13

AMUL =anterior mitral leaflet; PML =posterior mitral leaflet; LVDed =left ventricular end-diastolic dimension;
LVDes=left ventricular end-systolic dimension; MADms=mitral annular mid-systolic dimension.

: "' n‘ LLEN
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Fig. 8. Two-dimensional echocardiogram and its schema (left) and withdrawal and left
ventricular pressure tracings (right).

Two catheters in the echogram (arrows) are placed at both sides of the protruding distal mitral
valve. Left ventricular outflow pressure gradient across the protruding distal mitral valve is shown
at the middle three beats in the pressure tracings during pullback of the retrograde catheter
(right arrow) from the left ventricle (LV) to the aorta (AO).
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Fig. 9. Two-dimensional echocardiograms in mid-systole (top) and M-mode echocardio-
grams (bottom) before (A) and during (B) dobutamine infusion in a dog without drug-induced
left ventricular outflow obstruction.

During dobutamine infusion, the mitral annular dimension (double arrows) is reduced, but only
mild mitral systolic anterior motion is present (thin and broad arrows).

Table 3. Lengths of the mitral valve, and left ventricular and mitral annular dimensions
before and during dobutamine infusions in dogs without drug-induced left
ventricular outflow obstruction

Dog. No. 14 15 16 17 18

Body weight (kg) 20 17 22 24 25

AML/PML (mm) 18/9 17/9 18/9 20/10 21/11
Dobutamine (z:g/kg/min) 0 60 0 60 0 60 0 60 0 60
LVDed (mm) 26 23 24 16 28 18 30 21 32 28
LVDes (mm) 21 18 20 11 22 13 24 15 26 17
MADms (mm) 18 15 18 13 18 13 21 15 22 16

Abbreviations are the same as in Table 2.
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Fig. 10. Schemata illustrating the hydrodynam-
ic mechanism of mid-systolic mitral regurgita-
tion in patients with left ventricular outflow ob-
struction due to protrusion of a distal residual
mitral leaflet.

(A) In patients with the distal residual anterior
mitral leaflet, this leaflet is pushed anteriorly by the
relatively high pressure (large arrows) and posteriorly
by the low pressure (small arrows). Then, the blood
in the high pressure chamber enters between two
leaflets and inevitably regurgitates into the left atrium.
(B) In patients with the distal residual posterior leaf-
let, the blood in the high pressure chamber solely
pushes the distal posterior leaflet from the posterior
aspect and does not regurgitate into the left atrium.

LA =left atrium; LV =left ventricle.
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