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Summary

The left ventricular blood flow pattern during the isovolumic relaxation period was investigated
in 17 patients with apical hypertrophy (mean 54 +8 years) and 30 with asymmetric septal hypertrophy
without left ventricular outflow obstruction (mean 54+14 years). Thirty-five age-matched normal
subjects served as controls (mean 51+10 years). All cases were examined by pulsed Doppler
echocardiography simultaneously with phonocardiography.

In all the control subjects, an apically-directed flow was observed, which occurred simultane-
ously with the onset of the second heart sound. In contrast, a basally-directed flow was detected
during the isovolumic relaxation period in 13 patients (76%) with apical hypertrophy and in 28(93%)
with asymmetric septal hypertrophy. In these cases, an apically-directed flow was often observed
before the second heart sound.

Standard M-mode echocardiography revealed a significant increase in the left ventricular
short-axis dimension at the base during the isovolumic period in patients with hypertrophic car-
diomyopathy, while the normal controls showed no significant change. Moreover, peak velocity
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of the basally-directed flow correlated significantly with the rapidity of dilatation of the basal

dimension (r=0.61, p<0.01).

Thus, this basally-directed blood flow in the left ventricle during the isovolumic relaxation
period may be caused by the asynchronous left ventricular dilatation during the isovolumic period.
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Fig. 1. Schema of the apical long-axis view of
the left ventricle showing the sample sites.

Blood flow velocities are obtained using pulsed
Doppler echocardiography from the apex. The sam-
ple volumes are positioned at the mid-ventricle (M)
and about 1cm away from the apex (A) during systole.

AO=aorta; IVS=interventricular septum; LA=
left atrium ; LV =left ventricle.
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Fig. 2. Pulsed Doppler echocardiograms showing two kinds of flow velocity waveform.

The blood flow patterns in the apex during the isovolumic relaxation period are classified in
2 types; an apically-directed flow pattern showing a rapid increase in velocity with an early peak
beginning with the second heart sound and then a slow decrease (type A), and a biphasic or basally-
directed flow pattern (type B).

Panel A: An apically-directed flow (shown by arrows) during the entire isovolumic relaxation
period in a normal subject.

Panel B: A basally-directed flow identified during the isovolumic relaxation period. A biphasic flow
during the isovolumic relaxation period of a patient with hypertrophic cardiomyopathy is shown by
an arrow. Tapex measured from the end of an ejection flow to the onset of the second heart sound
has negative value, indicating that an ejection flow actually ends before the second heart sound.

A=peak flow velocity during atrial contraction ; E=peak flow velocity in early diastole; S,=second
heart sound; V=peak velocity of a basally directed flow during the isovolumic relaxation period.
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Fig. 3. Measurements of D, and D,.
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Cavity dimensions were assessed either at the mitral valve level or immediately distal to the mitral
valve leaflets. D; is defined as left ventricular internal dimension at the time of the onset of the
second heart sound, and D, at the time of the end of the isovolumic relaxation period (IRT) which
is defined by Doppler recordings, not by M-mode recordings.

A': normal subject; B: patient with non-obstructive hypertrophic cardiomyopathy.

IVS =interventricular septum; PW=left ventricular posterior wall; S,=second heart sound.
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Fig. 4. Plot comparisons of D, and D, in pa-
tients with apical hypertrophy (AH), asymmetric
septal hypertrophy (ASH), and control subjects.
D, and D, are defined as in Fig. 3. Each point is
the value for an individual subject. Mean + standard
deviation is displayed to the side of the individual
point. In the control subjects, there is no significant
change in left ventricular dimension during the
isovolumic relaxation period. In the groups of AH
and ASH, a significant increase in basal dimen-
sion during the isovolumic relaxation period is ob-
served, but no significant difference between the two
hypertrophy groups. '
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Table 1. Comparisons of clinical and echocardiographic data in patients with non-obstruc-

tive hypertrophic cardiomyopathy and in control subjects

Controls AH ASH p

n 35 17 30 —

Age (years) 51+10 5448 54416 NS

Sex (male / female) 30/5 16 /1 25/5 NS

HR (beats / min) 68+8 65+8 64+9 NS

sBP (mmHg) 126+13 125+19 131+16 NS

dBP (mmHg) 78+9 79+8 77+12 NS
IRT (msec) 86+11 110+17 107+17 <0.01*
V (cm [ sec) 0+0 17+18 22436 <0.001*
Tapex (msec) 0+0 14416 24+26 <0.001*
IVS (mm) 101 11+3 18+4 <0.001**
PW (mm) 10+1 103 12+2 NS
LVDd (mm) 46+9 44+12 43+7 NS

D, (mm) 30+5 26+4 24+5 <0.01*
D, (mm) 29+5 31+4 28+5 NS

Data are mean + SD. * difference between the controls and the two groups with hypertrophy, ** difference
between the two groups with hypertrophy and also between the controls and patients with asymmetric septal

hypertrophy.

AH =patients with apical hypertrophy; ASH=patients with asymmetric septal hypertrophy; D,=left ven-
tricular basal dimension at the time of the onset of the second heart sound; dBP=diastolic blood pressure;
D,=left ventricular basal dimension at the time of the end of the isovolumic relaxation period as defined by
Doppler recordings, not by M-mode recordings ; HR=heart rate; IVS=end-diastolic interventricular wall thick-
ness; LVDd=end-diastolic left ventricular dimension; NS=not significant; n=number of subjects; sBP=
systolic blood pressure; PW =end-diastolic left ventricular posterior wall thickness; Tapex=time from the end
of an ejection flow or the onset of an apically-directed flow to the onset of the second heart sound; V=peak
velocity of a basally-directed flow during the isovolumic relaxation period.
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Fig. 5. Schematic models of left ventricular basal (black arrows) and apical flows (white
arrows) during the isovolumic relaxation period in a normal subject (left panel) and in a
patient with hypertrophic cardiomyopathy (HCM).

AH=apical hypertrophy; AO=aorta; ASH=asymmetric septal hypertrophy; LA=Ileft atrium;

LV =left ventricle.
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