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Significance of Augmentation of Left ventricular 

Slow Filling in Pulsed Doppler Echocardiography 

in Patients with Hypertrophic Cardiomyopathy. 

Ry"uichi Emoto 1 and Yoshiyuki Yokota2 

To investigate the significance of augmentation of left ventricular slow filling in 
patients with hypertrohic cardiomyopathy (HeM), M-mode (and pulsed Doppler 
echocardiograms were obtained with simultaneous recording of left ventricular 
pressure in patients with HeM. The large slow filling wave (LSFW) was defined 
as the slow filling wave whose peak velocity was more than a half of the peak 
velocity during the early filling phase (E). Patients with LSFW tended to have a . 
longer isovolumic relaxation time and smaller E, and had a longer time constant T 
than patients without LSFW. Furthermore, in patients with LSFW, left ventricu­
lar pressure kept declining not only during the rapid filling phase, but also dur­
ing the slow filling phase, but not in the patients without LSFW. Thus, the aug­
mentation of left ventricular slow filling in patients with HeM might be caused by 
the delayed and incomplete relaxation of the left ventricle. 
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INTRODUCTION 

Hypertrophic cardiomyopathy is a 
primary myocardial disease characte­
rized by an increase in left ventricu­
lar wall thickness and impairment of 
diastolic property. Abnormalities of 
left ventricular relaxation and com­
pliance are common in patients with 
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hypertrophic cardiomyopathy (1 -7) . 
Numerous studies, using noninvasive 
techniques including pulsed Doppler 
echocardiography, have shown im­
paired left ventricular filling in pa­
tients with hypertrophic car­
diomyopathy (8-16) . Pulsed Dop­
pler studies have demostrated that 
transmitral left ventricular filling 
abnormalities are frequently observed 
during early and late diastolic phase 
in patients with hypertrophic car­
diomyopathy (13,14) . However, left 
ventricular filling during the 
mid -diastolic filling phase is little 
known. In our previous pulsed Dop­
pler study (1 7), we found the pre­
sence of argmentation of the slow fill­
ing wave in some patients with hyper­
trophic cardiomyopathy, although the 
augmentation was not observed any 
healthy persons. We designed the 
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Table I. Clnical data and M-mode echocardiographic parameters in patients with hyper· 
trophic cardiomyopathy Echocardiographic findings 

Table f. Clnical data and M-mode echocardiographic parameters in patients with hypertrophic cardiomyopathy 

Echocardiographic findings 

Case Age Sex FH NYHA Rhythm IVST/mm) PWT/mm) LVDd /mm) "loPS IRT/m/,ec) SAl.! LSPW 

53 F + II SR 16 49 38.0 118 + 

69 M II SR 15 10 42 40.5 fOS + 

3 59 F + III AP 14 11 67 25.4 120 + 

54 M SR 17 13 47 52.2 95 

55 M II SR 21 15 50 40.0 90 

61 M + II SR 20 9 53 28.3 ·100 

38 M SR 16 8 40 42.5 60 

8 42 M II SR 25 14 40 47.5 105 

49 M + SR 20 11 51 45.1 100 

10 51 M SR 16 10 50 40.0 100 

FH-family history of hypertrophic cardiomyopathy, NYHA-classilication 01 cardiac 

functional capacity. IVST-interventricular septal thickness, PWT-Ieft ventricular posterior 

thickness, LVDd-lert ventricular diameter at end-diastole, "IoFS-percent fractional shortening, 

IRT-isovolumic relaxation time, SAM-systolic anterior movement of mitral valve with septa) contact, 

LSFW-Iarge slow tilling wave, SR-sinus rhythm, AF-atrial fibrillation, F:female, M:male. 

present study to clarify the clinical 
significance of the augmentation of left 
ventricular slow filling by simul­
taneous recording of transmitral flow 
velocity by pulsed Doppler echocar­
diography and left ventricular press­
ure. 

SUBJECTS and METHODS 
Subjects 

The subjects were ten patients with 
hypertrophic cardiomyopathy (2 
females and 8 males) between 38 and 
69 years old with a mean age of 53 
years (Table I). The diagnosis of 
hypertrophic cardiomyopathy was 
established by echocardiographic de­
monstration of a hypertrophied left 
ventricle in the absence of any other 

candiac or systemic disease which by 
itself could have produced left ven­
tricular hypertrophy. Nine of the 10 
patients had a non -dilated left ventri­
cle' but one (case 3) had a dilated left 
ventricle. Case 3 was diagnosed as 
having hypertrophic cardiomyopathy 
because a familial study demonstrated 
typical hypertrophic cardiomypathy in 
her three relatives. Coronary arter­
iography did not show any significant 
narrowing of the extramural coronary 
anteries in any of the 10 patients. 
Normal sinus rhythm was shown in 
nine patients and atrial fibrillation in 
one. Systolic anterior motion of the 
mitral valve on M -mode echocardio­
gram was not observed in any of 
them. 
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Figure 1. Transmitral flow velocity patterns obtained by pulsed Doppler echocardiography. 
The left panel shows the transmitral flow velocity pattern with a large slow filling 
wave (LSFW) and the right panel shows one without any LSFW. E: peak veloc­
ity during early filling phase, A: peak velocity during atrial contraction phase, S: 
peak velocity during slow filling phase. 

Study protocol 

M -mode, two dimensional and Dop­
pler echocardiograms were obtained 
just before hemodynamic examination 
in all patients. In the hemodynamic 
study, the left ventricular pressure 
was recorded simultaneously with M 
mode and transmitral pulsed Doppler 
echocardiograms in all patients. 

Echocardiographic study 

An echo-Doppler study was per­
formed with a commercially available 
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instrument (Toshiba SSH 40A and 
SDS 21 A sonolayer system) using A 
2.4MHz transducer. A complete 
standard M -mode echocardiogram was 
recorded on a strip chart with the 
electrocardiogram and phonocardio­
gram. From the M -mode echocardio­
gram at the chorda tendon level, left 
ventricular diameters at end -diastole 
and end -systole (L VDd, L VDs), inter­
ventricular septal thickness (IVST) 
and left ventricular posterior wall 
thickness (PWT) at end -diastole 
were obtained. Percent fractional 
shortening (%FS) was calculated by 
the following formula: %FS = (L VDd-
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Figure 2. Simultaneous M-mode echocardiogram, left ventricular pressure and electrocardio­
gram for a representative patient showing the calculation of left ventricular diasto­
lic stiffness during contraction (LlPI LlV). DI and D2 are left ventricular inter· 
nal diameters at the onset and the peak of left atrial systole. Corresponding LV 
pressures at the onset and the peak of left atrial systole are shown as PI and P2. 
The onset of left atrial systole was defined as occurring 80 msec after the onset of 
P wave of ECG and the peak of left atrial systole was defined as the peak of the 
atrial wave in the LV pressure. LlP/LlV=P2-PlIV2-Vl. V=7D3/(2.4+D) 
according to the method of Teichholz (24). 

LVDs) XIOO/LVDd. By the M-mode 
echocardiogram at the mitral valve 
level, isovolumic relaxation time was 
obtained as the interval of the onset 
of the second heart sound to mitral 
val ve opening. Transmitral flow 
velocity pattern using pulsed Doppler 
echocardiography was obstained by 
the apical long axis view with a 
400Hz filter and the sampling volume 
located at the center of the mitral 

annulus, aligned nearly parallel to the 
expected transmitral blood flow. The 
following indices were obtained from 
the pulsed Doppler transmitral flow 
velocity tracing; peak flow velocity 
during early filling phase (E), peak 
flow velocity during atrial contraction 
phase (A), and their ratio (AlE). 
When the slow filling wave in mid -di­
astole was obviously observed, peak 
flow velocity during slow filling phase 
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(S) was also measured (Fig 1). The 
large slow filling wave (LSFW) was 
defined as the slow filling wave whose 
peak velocity (S) was more than a 
half of the peak flow velocity during 
the early filling phase (E) as we pre­
viosly reported (1 7) . LSFW was 
observed in 3 patients in this study 
(Table I). 

Hemodynamic study 

Simultaneous recordings of pulsed 
Doppler echocardiogram and intracar­
diac pressures were obstained in all 
ten patients. Pulmonary capillary 
wedge pressure and cardiac index 
were measured by a Swan -Gantz 
catheter, and left ventricular pressure 
by a Millar micromanometer-tipped 
catheter. The indices calculated were 
time constant of left ventricular press­
ure decay (T) according to the 
method of Weiss et al (19), and the 
ratio of pressure change to volume 
change during atrial contraction 
(LlP LlV) according to the method of 
Grossman et al (20) (Fig2). 

Statistical methods 

The results of this study were ex­
pressed as the mean + 1 standard de­
VIatIOn. Differences between the two 
groups were tested by Student,s t test, 
where appropriate. A probability 
value < 0.05 was considered signifi­
cant. 

RESULTS 

Three patients had LSFW in this 
study, and the other seven patients 
had no LSFW. M -mode echocardiog­
raphic indices (IVST + PWT, L VDd 
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and %FS) were not different between 
the two groups with and without 
LSFW, but isovolumic relaxation time 
tended to be longer in the group with 
LSFW than in the group without 
LSFW (114.3 + 8.1 vs 92.9 + 15.2 
msec). In pulsed Doppler echocar­
diographic indices, E and A tended to 
be smaller in the group with LSFW 
than in the group without LSFW (E: 
27.3 + 3.8 vs 39.1 + 15.4 cm/s, A: 
27.5 + 1 7.7 vs 42.1 + 10.0 cm/s), and 
AlE yere not different between the 
two groups (l.09 + 0.98 vs l.20 + 
0.4 7) . Hemodynamic indices of pul­
monary capillary wedge pressure, left 
ventricular end-diastolic pressure and 
cardiac indices were not different be­
tween the two groups (Table IT). 
Time constant (T) was significantly 
longer in the group with LSFW than 
in the group without LSFW (62.9 + 
9.3 vs 5l.9+4.7 msec, p<0.05), but 
LlP I LlV was not different between the 
two groups (0.37 + 0.08 vs 0.43 + 
0.18 mmhg/ml) (Table IT, Fig3). 
Moreover, in all three patients with 
LSFW, left ventricular pressure kept 
declining during not only the rapid 
filling phase but also the slow filling 
phase, which was not observed in 
seven patients without LSFW (Fig4, 
5) . 

DISCUSSION 

Impairment of left ventricular fill­
ing in patients with hypertrophic car­
diomyopathy has been demonstrated 
using pulsed Doppler echocardiogra­
phy by serveral investigators, and the 
indices during the rapid filling phase 
have been thought to be closely re­
lated with the abnormality of left ven­
tricular relaxation. Maron et- al. (14) 
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Table IT. Pulsed Doppler echocardiograhic and hemodynamic indices 

CASE E A NE S PCWP LVEOP CI T I).P/ I). V 

2 15.0 0.40 2.38 58.8 
3 15 11 2.55 73.5 
-1 41.3 27.8 0.57 11 13 2.09 57.0 0.39 
5 25.5 42.0 1.55 22 28 2.58 55.7 0.75 
8 28.0 37.5 1.43 14 20 3.30 55.1 0.57 
7 70.0 32.5 0.46 12 9 3.27 50.0 0.25 
8 -10.0 53.8 1.34 11 20 4.10 43.2 0.25 
9 43.8 51.3 1. 17 11 11 3.61 51.8 0.35 

10 30.0 50.0 1.57 5 15 2.59 50.5 0.42 

E: peak flow velocity during early filling phase, A: peak flow velocity during atrial contraction phase,. 

S: peak rlow velocity during slow filling phase, PCWP: pulmonary capillary wedge pressure, 

L '1EOP: left ventricular end-diastolic pressure, CI: cardiac index, 

T:time constant of left ventricul'ar pressure decay, I). PI I). V: the ratio or pressure change to volume change 

during atrial contraction according to the method of Grossman et al. 
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Figure 3. Comparison of indices of LV relaxation and stiffness between patients with and 
without LSFW. Abbreviations are the same as in table IT. 
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Figure 4. Simultaneous recording of ECG. PCWP. LV pressure and transmitral flow velocity 
pattern in patient of case 3 with atrial fibrillation. Large slow filling wave was 
recorded and LV pressure kept declining after the rapid filling phase. 

reported that in the majority of pa­
tients with hypertrophic cardio­
myopath v, isovol umic relaxation and 
rapid filling time prolonged and peak 
velocity and deceleration of rapid fill­
ing flow was reduced. However, they 
did not mention about the left ven­
tricular filling velocity wave during 
the mid-:-diastolic mitral flow velocity 
wave on the pulsed Doppler echocar­
diogram in 50% of normal subjects. 
They suggested that the wave was 
caused by the reduction of of left at­
rial pressure accompanied with rapid 
filling and subsequent augmentation of 
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left atrial filling via the pulmonary 
veins. However, the peak velocity of 
this mid -diastolic mitral flow wave in 
normal subjects in thier paper was 
not so large and was smaller than half 
of the peak velocity during the rapid 
filling phase. Courtois et al. (22) 
observed a distinct mid -diastolic de­
flection in the pulsed Doppler trans­
mitral flow signal in dogs accompa­
nied by a forward transmitral press­
ure gradient and Nishimura et al. (23) 
described it in patients with a high 
filling pressure and high afterload. 

In our previous study (1 7, 18), we 
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Figure 5. Simultaneous recording of ECG. LV pressure and transmitral flow velocity pattern 
in patient of case 1. Large slow filling wave was recorded and LV pressure Kept 
declining after the rapid filling phase. 

found that the LSFW was observed in 
14 % of the patients with hypertrophic 
cardiomyopathy, but it was very rare­
ly observed in normal subjects or pa­
tients with other cardiac disease. In 
this study, we showed that patients 
with LSFW had a more prolonged 
time constant T and tended to have a 
smaller peak rapid filling velocity and 
longer isovol umic relaxation period 
than patients without LSFW. 
Moreover in all three patients with 
LSFW, left ventricular pressure kept 

decreasing during not only the rapid 
filling but also the slow filling phase. 
These finding suggest that the pre­
sence of LSFW in hypertrophic car­
diomyopathy may be related with the 
markedly delayed and incomplete re­
laxation of the left ventricle. This 
mechanism is much different from that 
of the appearance of the small mid-di­
astolic wave in normal subjects (21) . 
Lorell et al. (13,14) also reported 
cases with hypertrophic cardiomyo­
pathy whose left ventricular pressure 
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showed a continuous decrease during 
early to mid diastole. In such pa­
tients with the continuous decrease of 
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