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Summary

Aortic regurgitation (AR) in patients with hypertrophic cardiomyopathy (HCM) has rarely been
reported. Using color Doppler echocardiography, we assessed the incidence and the cause of AR in
patients with HCM. There were 86 patients with HCM (M: F=66: 20, 57+12 years, mean +SD) and
43 control subjects (M: F=33: 10, 57+8 years). HCM was diagnosed by echocardiography; the thick-
ness of the interventricular septum (IVS) was more than 15 mm and the ratio to the thickness of the
left ventricular free wall (LVPW) was more than 1.3. The rate and degree of aortic regurgitation were
observed by color Doppler echocardiography, and aortic regurgitant murmurs were recorded by pho-
nocardiography. Echocardiographic measurements were made using standard techniques. In the M-
mode echocardiograms, the aortic diameter, the thicknesses of the IVS and LVPW were measured. In
the 2DE, calcification of the aortic valve and systolic anterior movement of the mitral valve (SAM)
were evaluated. In the early systolic 2DE image, the distance from the point of the greatest bulging of
the upper IVS to the aortic root (D,) and the distance from the point of the greatest bulging to the
line which is parallel to the long axis of the aorta (D;) were measured.

Results were as follows:

1. Color Doppler echocardiography revealed aortic regurgitation in 17 (219%,) patients with HCM;
whereas it was observed in only three (79,) of the control subjects.
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2. The aortic regurgitant signals were limited to the left ventricular outflow tract both in pa-
tients with HCM and in the control subjects.

3. Aortic regurgitant murmurs were recorded in only two patients with HCM and in none of the
control subjects.

4. There was no difference between the patients with and without AR as to age (59 vs 56 years),
blood pressure (141/84 vs 136/80 mmHg), aortic diameter (34 vs 33 mm), aortic valve calcification
(12%, vs 9%) and SAM (539, vs 529%,).

5. In the patients with HCM, D; was shorter (9.9 vs 14 mm, p<0.001) and D, was longer (16 vs
10 mm, p<0.001) in the patients with AR than in those without AR. That is, the basal septum of the
patients with AR protruded more deeply into the outflow tract, and the distance to the aortic valve was
significantly shorter than in those without AR.

These results strongly indicate that AR in HCM is acquired in nature and develops gradually as
an inevitable consequence of aortic valve dysfunction caused by the distorted left ventricular outflow
tract and thereby disturbed ejection flow. The correlation of AR with the septal protrusion analog-

ous to AR in cases of discrete subaortic stenosis was discussed.
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Fig. 1. Schema illustrating the method of echocardiographic measurements concerning
the relation between the aorta and the interventricular septum.

D, is the distance from the point of the greatest bulging of the septum to the aortic root, D is
the distance from the point of the greatest bulging to a line parallel to the long axis of the aorta. The
point of the greatest bulging of the septum is the point most distant from a line in the septum
drawn from the uppermost point of the aortic root and parallel to the long axis of the ascending aorta.
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Fig. 2. Phonocardiograms of a patient with hypertrophic obstructive cardiomyopathy.

At the age of 15 years (1971: top figure), this patient had no aortic diastolic murmur either
by auscultation or by phonocardiography, though it was induced by methoxamine infusion (below:
arrows). By auscultation, the murmur was first detected in 1980.

5LMCL =fifth left intercostal space at the mid-clavicular line; 3L =third left intercostal space; 2R =
second right intercostal space. Apical phonocardiograms include low, medium and high frequency
tracings ; 3L phonocardiograms include medium and high, and 2R shows a high frequency phono-
cardiogram. Paper speed: 100 mm/sec, time lines 0.01 and 0.1 sec apart.
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Fig. 3. Phonocardiogram of the patient illustrated in Fig. 2.
This phonocardiogram was taken 15 years later (1986). An aortic diastolic murmur is recorded
at rest (arrows), and it has a grade of I/VI on auscultation.
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Table 1. Clinical data of patients with hyper-
tropic cardiomyopathy and control

subjects
HCM Control p
N 86 43
Age (years) 57+12 57+8 NS
AR (C.DOP) 17/81 (21%) 3/43 (7%) <0.05

AR (PCG) 2/83 ( 2%) 0/43 (0%) NS

HCM =hypertrophic cardiomyopathy; Control
=control subjects; N=number of subjects; AR=
aortic regurgitation; C.DOP=color Doppler echo-
cardiography ; PCG =phonocardiography; SD =stand-
dard deviation; NS=not significant.
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Table 2. Comparison of clinical and echocard-
diographic data in patients of hyper-
trophic cardiomyopathy of and with-
out aortic regurgitation

HCM, HCM,
AR(+) AR(-) P

N 17 64

Age (years) 59+14 56+12 NS
SBP (mmHg) 141+24 136+22 NS
DBP (mmH) 84+20 80+13 NS
AOD (mm) 34+5.6 33+3.7 NS
LAD (mm) 42+6.2 43+4.5 NS
LVDs (mm) 29+7.0 27+5.6 NS
LVDd (mm) 46+6.2 44+6.1 NS
IVSth (mm) 22+5.2 21+54 NS
LVPWth (mm) 14+3.2 12+2.2 NS
IVSth/LVPWth 1.6+0.3 1.7+04 NS

Calcification of AV 2 (12%) 6 (9%) NS
SAM 9 (53%) 33 (52%) NS
D, (mm) 9.9+4.9 14+3.9 <0.001
D, (mm) 16+4.9 10+3.8 <0.001

HCM =hypertrophic cardiomyopathy; AR(+)=
patients with aortic regurgitation; AR(—)=patients
without aortic regurgitation; N=number of patients;
SBP=systolic blood pressure; DBP=diastolic blood
pressure; AOD=aortic diameter; LAD=left atrial
diameter; LVDs=left ventricular diameter in end-
systole; LVDd=left ventricular diameter in end-
diastole; IVSth=thickness of the interventricular
septum; LVPWth=thickness of the posterior free
wall; AV =aortic valve; SAM =systolic anterior move-
ment of the mitral valve; NS=not significant.

D, and D, are defined in Fig. 1.
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Fig. 4. Two-dimensional color flow mapping (color Doppler echocardiogram) in a patient
with hypertrophic obstructive cardiomyopathy and aortic regurgitation (same patient as in

Fig. 3).

Blood flow signal away from the transducer is recorded in the left ventricular outflow during

diastole along the anterior mitral leaflet (blue color mixed with yellow and red).
Ao=aorta; LV=left ventricle, LA=left atrium; IVS=interventricular septum.
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Fig. 5. Distribution of measurements of D, and D, in cases of hypertrophic cardiomyopathy
with and without aortic regurgitation.

In cases with aortic regurgitation (open circles), D, is shorter and D, is longer than in cases without
aortic regurgitation (closed circles) (p<0.001) ; namely, the point of the greatest bulging is nearer to
the anterior mitral leaflet and aortic valve.

*=p<0.001.
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Fig. 6. Schematic representation of the results obtained from Fig. 5.
The interventricular septum in patients with aortic regurgitation morphologically has a sharp
bulge toward the outflow tract of the left ventricle resulting in its narrowing.
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