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Pulsed Doppler echo-
cardiographic assessment
of diastolic left ventric-
ular hemodynamics in
hypertrophic cardiomy-
opathy : Relationship
between the mode of left
ventricular filling and
the distribution of left
ventricular hypertrophy
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In order to clarify left ventricular relaxation and filling in different types of hypertrophic cardio-
myopathy (HCM), velocity patterns of blood flow at the inflow tract of the left ventricle (LV) were
recorded by pulsed Doppler echocardiography and compared with those of normal subjects (26 cases).
Forty-one patients with HCM were classified into the following 4 groups according to the distribution
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of LV hypertrophy and the evidence of cavity obstruction of the LV; with asymmetric septal hyper-
trophy (ASH: 15 patients), apical hypertrophy (APH: 10), diffuse hypertrophy (DIH: five) and ob-
struction of the LV cavity (HOCM: 11). The HOCM group consisted of five cases of ASH type and six
of APH or DIH type. Acceleration time (AT), deceleration time (DT) and the A/D ratio were measured
on the pulsed Doppler echocardiogram. The M-mode echogram of the LV was recorded and subsequently
digitized to obtain peak LV filling rate.

The results were as follows:

1. AT was significantly prolonged in 4 groups of HCM compared with that of the normal sub-
jects. But there was no significant difference in AT among various HCM groups.

2. DT was markedly prolonged in 4 groups of HCM compared with that of the normal sub-
jects, but DT was significantly shortened in the ASH group compared with that of the APH or HOCM
group.

3. DT of the HOCM group was divided into the following 2 types according to the duration;
normal or slightly prolonged DT (three cases) and markedly prolonged DT (eight). The former group
belonged to the ASH type of LV hypertrophy in all cases, and two of them showed a third heart sound.

4. An apical diastolic murmur was recorded in four patients of the ASH group, and six of the
HOCM (five cases with ASH type and one with APH type).

5. The A/D ratio was significantly increased in 4 groups of HCM compared with that of the
normal subjects. But there was no significant difference among HCM groups.

6. Diastolic descent rate (DDR) of the mitral valve echogram was significantly reduced in 4
groups of HCM compared with that of the normal subjects, particularly in the ASH and HOCM groups.
DDR was roughly correlated with DT in the HCM group (r=—0.40, p<0.02).

7. Peak LV filling rate was markedly decreased in the ASH, APH and HOCM groups compared
with that of the normal subjects. There was a significant negative correlation between peak LV filling
rate and DT (r=-0.49, p<0.01).

In conclusion, the mode of LV filling in HCM showed various patterns according to the location
of ventricular hypertrophy and the presence of cavity obstruction of the LV. Observation of velocity
patterns of blood flow at the LV inflow tract by pulsed Doppler echocardiography should be useful
for the evaluation of diastolic characteristics of LV in HCM.

Key words
Pulsed Doppler echocardiography
relaxation and filling

LV inflow velocity pattern Hypertrophic cardiomyopathy LV
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Table 1. Subjects

Subjects Tases (yenry)
Normal 26 32+11
Hypertrophic cardiomyopathy
obstructive (HOCM) 11 51+13
asymmetric septal hyper-
trophic (ASH) 15 45+16
apical hypertrophic (APH) 10 47+10
diffuse hypertrophic (DIH) 5 49+6

X V2 L R RMEIERBLOGE 41 Bl T, R
ELTEFEE 26 EHAC. EBRBELLHEDSHN
iz, FEBAZEM: 30 43 X UBAZEM (hypertrophic
obstructive cardiomyopathy: HOCM) 11 4,
B AR EERAL B FEset B 44 .0 28 o B JE JE
(asymmetric septal hypertrophic type: ASH)
15 ], Lo RERAEERY (apical hypertrophic type:
APH) 104, X ' U8 % A MIEER (diffuse
hypertrophic type: DIH) 5 il 3 % & A T
% (Table 1).
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ro&tEm TR AWz.
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Fig. 1. Parameters of velocity pattern of a
blood flow at the inflow tract of the left ventricle
obtained by pulsed Doppler echocardiograms.

D=amplitude of a diastolic rapid filling wave;
A =amplitude of an atrial contraction wave; AT=
acceleration time from zero to the peak in velocity
of a diastolic rapid filling wave; DT =deceleration
time from the peak to zero in velocity of a diastolic
rapid filling wave.
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Fig. 2. Acceleration time in normal subjects and patients with various forms of hyper-
trophic cardiomyopathy.

HCM =hypertrophic cardiomyopathy; ASH =asymmetric septal hypertrophy; APH=apical hyper-
trophy; DIH=diffuse hypertrophy; HOCM =hypertrophic obstructive cardiomyopathy.
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Fig. 3. Deceleration time in normal subjects and patients with various forms of hyper-
trophic cardiomyopathy.
Abbreviations are the same as shown in Fig. 2.
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Fig. 4. Velocity patterns of a blood flow at the inflow tract of the left ventricle, left ventri-
cular volume curves and filling rate curves in a normal subject and a patient with ASH

type of hypertrophic cardiomyopathy.

Panel A (normal subject): Velocity pattern (AT=100 msec, DT=99 msec, A/D ratio=0.72) and
peak left ventricular filling rate (532 ml/sec) are normal.

Panel B (ASH type): AT (158 msec), DT (125 msec) and peak left ventricular filling rate (473
ml/sec) are slightly decreased compared with those of normal subjects.

MV =mitral valve; ECG=electrocardiogram; PCG =phonocardiogram. Other abbreviations are

the same as shown in Figs. 1 and 2.
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1. hniEEsRS (acceleration time: AT) (Fig. 2)

HOCM g (14050 msec), ASH # (120+
20 msec), APH #t (120+30 msec) % X ¢t DIH
# (120420 msec) Ti, WFhbEFE 90+
30 msec) I RTHER AT BEEZ R LN
(p<0.001), FERZELHERBEFICIE 2% B~
o7z,

2. &R (deceleration time: DT) (Fig. 3)

HOCM # (210450 msec), ASH #f (120+
20 msec), APH # (150430 msec) 3 X vt DIH
B (118420 msec) Tix, WFh b EHEE (100
+20 msec) IZHRTHEAR DT EE* R L =
(p<0.01, p<0.001). AERELLFHEEEBEH T3,
HOCM #£m DT i3fhod 3BICHRT HEERE

E#/ L (p<0.05, p<0.01, p<0.001),
ASH #o DT 3 HOCM # (p<0.001) %X
U APH # (p<0.05) X v HEL St Bk
(Fig. 4).

728, HOCM o DT i, THREELK
8 5 (200 msec LI L) LIEE#H HBVIBEER Y
St U7z 341 (100~150 msec) i2434E T % 7= (Fig.
5). ##i3+~<7T ASH BoEE#RERL, 3
i 2 plic 111 FE THETE 2. DREICH T
BEE#S 7 v ix, ASH 2 15 il 4 471,
HOCM g 11 45ch 6 filic 2% &+h, HOCM
6 FloIEERE Iz ASH %5 4], APH i1 ffjc
Holc.

3. A/D i (Fig. 6)

EAELLE® A/D Hix, HOCM # 097+
040, ASH z¢ 0.85+0.25, APH ¥ 0.86+0.33,
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Fig. 5. Velocity patterns of a blood flow at the inflow tract of the left ventricle, left ventri-
cular volume curves and filling rate curves in 2 patients with HOCM.
Panel A: Velocity pattern (DT=325 msec, A/D ratio=1.91) is abnormal, and peak left ventricular

filling rate (132 mlfsec) is markedly reduced.

Panel B: Velocity pattern (DT=121 msec) and peak filling rate (563 ml/sec) are normal.
MYV =mitral valve; ECG=electrocardiogram; PCG=phonocardiogram. Other abbreviations are

the same as shown in Figs. 1 and 2.

DIH # 1.02+020 <, E¥# (0.61+£0.09) ic
HRTEE BB 2R L (p<0.05, p<0.01),
BEBICREZR Doz,

4. HFRBHHREEE (DDR) (Fig. 7)

HOCM #¢ (31+12 mm/sec), ASH g (54+
21 mm/sec), APH # (71+14 mm/sec) & L O°
DIH g (64+21 mm/sec) » DDR i IF % &
(122430 mm/sec) IZHRTHEREFT LKL (P
<0.001), #ic HOCM £+ ASH B ©i3 £H
RIETERB» .

723, DDR bt DT & ofEicidHikisi /&
#E (r=—0.40, p<0.02) 3% & h iz 3 (Fig. 8),
ASH #:ciziiE oI b il x 380 iz,

5. CA/CE H

CA/CE K.z HOCM #£ 0.89+0.12, ASH #
0.80--0.12, APH ¢ 0.80+0.12, DIH ¢ 0.83+
0.02, TEzmE 0.74+008 T, BTG AR

BIOEFEHLOMICHEREL Bo A1 o7,
HOCM g Tidthific bR CHIR A 2 B 1.

7%, CA/CE ke AD (b ofliciaBEER
R 2B R o Tz (r=0.26).

6. EERKFRAZEE (peak left ventricular filling
rate) (Fig. 9)

HOCM g (2554165 ml/sec), ASH #£ (350
+130 mifsec) 3 vt APH % (3754135 ml/sec)
WIE#EE (5554170 mlfsec) ic bR TEEE K
AEEDEERET 2R LA (p<0.01), DIH
B (4254225 mlfsec) L IEFEE, 3 X UABRELD
ESHRICIEZEZBO b o7,

ek, EFEHLERBOMHESHICHTZEE
RAHAEE L DT Loficiz, FELAHE
BHhbhie (r=-0.49, p<0.01) (Fig. 10).
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Fig. 6. A/D ratio in normal subjects and patients with various forms of hypertrophic cardio-
myopathy.
Abbreviations are the same as shown in Fig. 2.
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Fig. 7. Diastolic descent rate of mitral valve echogram in normal subjects and patients
with various forms of hypertrophic cardiomyopathy.
Abbreviations are the same as shown in Fig. 2.
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Fig. 8. Relationship between the diastolic descent rate of mitral valve echograms and
deceleration time in patients with various forms of hypertrophic cardiomyopathy.
Abbreviations are the same as shown in Fig. 2.
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Fig. 9. Peak left ventricular filling rate in normal subjects and patients with various forms
of hypertrophic cardiomyopathy.
Abbreviations are the same as shown in Fig. 2.
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Fig. 10. Relationship between deceleration time and peak left ventricular filling rate in
normal subjects and patients with various forms of hypertrophic cardiomyopathy.
Abbreviations are the same as shown in Fig. 2.
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Fig. 11. Velocity patterns of a blood flow at the inflow tract of the left ventricle in 2 patients

with hypertrophic obstructive cardiomyopathy.

Upper panel: A MV flow is observed in mid-diastole (closed arrows), although deceleration time
(130 msec) is normal. The A/D ratio (1.41) is increased.

Lower panel: The normal rapid downslope of an early diastolic wave is replaced by a slow fall
(open arrows) extending to an atrial contraction wave. The A/D ratio (1.14) is increased.

SV=sample volume; ECG=electrocardiogram; PCG =phonocardiogram; MV =mitral valve.
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