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Summary

Mode of the splitting of the second heart sound (IIs) and left ventricular systolic time intervals
(STIs) in patients (pts) with hypertrophic cardiomyopathy were compared with those in hypertension
(HT) with the global hypertrophy of the left ventricular wall. Forty-seven pts with hypertrophic cardio-
myopathy [non-obstructive type (HCM, 30 pts), obstructive type (HOCM, 17 pts)] and 21 pts with
HT were studied. The pts with HCM were classified as septal hypertrophic type (19 pts) and apical
hypertrophic type (11 pts) on the basis of the echocardiographic findings. The pts with HOCM were
classified as resting type (13 pts) and latent type (provoked by amyl nitrite: 4 pts) on the basis of the
obstructive sign at rest.

1. Mode of the splitting of the IIs:

a) The pts with HCM showed a wide splitting of the IIs. The mean split interval during held
expiration (IIA-IIP) was 41.0+9.9 msec. Twenty pts (67%) showed abnormal respiratory splitting.
The mean ITA-IIP interval in septal hypertrophic type (45.3+9.0 msec) was significantly wider than
that in apical hypertrophic type (33.6+6.7 msec) (p<0.05). There was a positive correlation between
IIA-IIP interval and the thickness of the upper portion of the interventricular septum (r=0.63).

b) Nine out of 13 pts with resting type of HOCM showed a paradoxical (reversed) splitting with
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a mean ITA-IIP interval of —23.8 +24.4 msec. On the other hand, pts with latent type showed a wide
splitting similar to HCM with a mean ITIA-IIP interval of 35.0+7.1 msec.

c) The pts with HT showed a single IIs or physiological splitting. The mean IIA-IIP interval
was 14.5+9.3 msec, which was significantly decreased than that of normals or the pts with HCM
(p<0.01).

2. Left ventricular systolic time intervals:

a) The pts with an either type of HCM showed a short corrected left ventricular electromechan-
ical systole [(Q-IIA)c] due to the shortening of the corrected left ventricular ejection time (LVETc).

b) The pts with resting type of HOCM showed a long (Q-IIA)c due to the prolongation of
LVETc, but latent type showed the same change as in HCM.

c) The pts with HT showed a tendency of prolongation of (Q-IIA)c due to slightly short
LVETc and long corrected pre-ejection period (PEPc).

3. Fractional shortening of the left ventricle (% FS) and mean velocity of circumferential fiber
shortening (mean VcF) calculated from echocardiograms were significantly greater in both types of
HCM than those in normals and HT (p <0.05). Left ventricular end-diastolic dimension was significantly
decreased in the pts with septal hypertrophic type of HCM than in others.

4. Inthe pts with HCM, the incidence of a basal ejection systolic murmur was significantly higher
in septal hypertrophic type (52.6%) than in apical hypertrophic type (18.2%). A corrected right ven-
tricular electromechanical systole [(Q-IIP)c] tended to be prolonged in septal hypertrophic type more
than in apical hypertrophic type.

These results suggested that a wide splitting of the IIs in pts with non-obstructive HCM is
caused by the shortening of LVET mainly due to the increased velocity of left ventricular ejection
and partly due to the decreased left ventricular dimension. In addition, the prolongation of right ven-
tricular ejection time due to obstruction of the right ventricular outflow tract is contributory factor.
This finding of the splitting of IIs might be useful for differentiating HCM from left ventricular hy-
pertrophy due to HT.

Key words
Hypertrophic non-obstructive cardiomyopathy Hypertrophic obstructive cardiomyopathy Hyper-
tension Second heart sound Left ventricular systolic time intervals (STIs)
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Table 1. Number and age of the subjects

Age
No. — —
M+SD (range)
HCM 30 45+12 (16-69)
HOCM 17 52+12 (33-79)
HT 21 50+15 (22-72)

HCM =non-obstructive type of hypertrophic car-
diomyopathy; HOCM =obstructive type of hyper-
trophic cardiomyopathy; HT =hypertension; M=
mean; SD=standard deviation.
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Table 2. Classification and criteria of hypertrophic cardiomyopathy

Classification Criteria
IVST=15 mm
ASH t 13 o
ype (13) IVST | PWT21.3
Septal type (19) —
IVST=15 mm
HCM (30 Diffuse t 6 .
(30) iffuse type (6) PWT212 mm
Apical h troph
Apical type (11) pica ?'per rophy (+)
upper-mid IVST <15 mm
Resting type (13) Positive obstruction sign at rest
HOCM (17)

Latent type (4)

Provocatively obstructive

HCM =non-obstructive type of hypertrophic cardiomyopathy; HOCM =obstructive type of hypertrophic cardio-
myopathy; ASH=asymmetric septal hypertrophy; IVST =thickness of the interventricular septum; PWT=

thickness of the left ventricular posterior wall.
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Table 3. Blood pressure and echocardiographic data

No. BP (mmHg) IVST+PWT IVST IVST/PWT LVDd

max min (mm) (mm) (mm)

HCM Septal type 19 113 68 30.0* 18.6** ASH 1.940.3** 43 .2*
+9 +12 +3.2 +3.4 Diffuse 1.2+0.1 +4.4
Apical type 11 118 72 25.3 13.0 1.1+0.1 47.5
+15 +9 +3.3 +2.0 +5.7

HOCM Resting type 13 121 67 31.6* 19.8** 1.8+0.5**  40.1**
+14 +17 +4.6 +4.0 +5.1
Latent type 4 117 79 35.0 23.1* 2.0+0.5* 39.8
+7 +6 +7.0 +4.9 +5.0
HT 21 179 104 27.7 14.7 1.1+0.2 46.4
+21 +15 +4.2 +2.4 +5.8
Normal 24 — — 16.1 8.5 1.1+£0.2 48.1
+1.6 +1.3 +3.6

Mean values and standard deviations are indicated.

HCM =non-obstructive type of hypertrophic cardiomyopathy; HOCM = obstructive type of hypertrophic cardio-
myopathy; HT=hypertension; BP=blood pressure; IVST=thickness of the interventricular septum; PWT=
thickness of the left ventricular posterior wall; LVDd =left ventricular end-diastolic dimension. * p<0.05; **p
<0.01 (significantly different from Apical type, HT and normals).
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IA-11P interval ( held expiration )

M -G‘O -40 -20 0 +20 +40 +60 msec
1F . . .
Normal (n=24) } ——t -
%
Sep - * ——t 1
HCM (n=19) [
*
Ap - **x ————i
(n=11)
ae .
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Fig. 1.

+ p<0.05
»« p¢0.01
sss p<0.001

Split intervals of the second heart sound (IIA-IIP) during held expiration.

IIA-IIP interval is significantly wide in HCM and latent type of HOCM, especially in septal type
of HCM. Paradoxical splitting of the second heart sound is noted in resting type of HOCM. ITA-
IIP interval is significantly decreased in HT than in normal and HCM. n=number of cases. Other

abbreviations are the same as in Table 3.
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end-diastole

mid-systole

Fig. 2. Phonocardiogram and two-dimensional echocardiograms in a patient with septal

hypertrophic type of HCM (a 45-year-old male).

The phonocardiogram (upper panel) shows a wide splitting of the second heart sound (60 msec).
The two-dimensional echocardiograms (lower panel) show asymmetric septal hypertrophy.

HCM =non-obstructive type of hypertrophic cardiomycpathy; A =aortic component of the second
heart sound; P=pulmonic component of the second heart sound; IV=fourth heart sound; Car=

carotid pulse tracing.
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Fig. 3. Phonocardiogram and two-dimensional echocardiograms in a patient with apical

hypertrophic type of HCM (a 32-year-old male).
The phonocardiogram (upper panel) shows a relatively wide splitting of the second heart sound (45

msec). The two-dimensional echocardiogram (lower panel) demonstrate apical hypertrophy.
K=systolic click. Other abbreviations are the same as in Fig. 2.
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Fig. 4. Phonocardiogram and two-dimensional echocardiograms in a patient with resting
type of HOCM (a 32-year-old male).

Paradoxical splitting of the second heart sound is noted on the phonocardiogram (upper panel).
The two-dimensional echocardiograms (lower panel) reveal asymmetric septal hypertrophy and left
ventricular outflow tract obstruction during systole.

HOCM =obstructive type of hypertrophic cardiomyopathy. Other abbreviations are the same as

in Fig. 2.
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mid-diastole
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end-systole

Fig. 5. Phonocardiogram and two-dimensional echocardiograms in a patient with hyper-

tension (a 55-year-old male).

Blood pressure of this patient is 185/100 mmHg. An almost single second heart sound is seen on
the phonocardiogram (upper panel). The two-dimensional echocardiograms (lower panel) show con-

centric left ventricular hypertrophy.
Abbreviations are the same as in Fig. 2.
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Fig. 6. Left ventricular systolic time intervals
in normal, HCM, HOCM and HT.

Upper panel (corrected ejection time, ETc): ETc
is significantly shorter in HCM and latent type of
HOCM than in normal. ETc is markedly prolonged
in resting type of HOCM.

Middle panel (corrected pre-ejection period;
PEPc): Significantly prolonged PEPc is noted in HT.

Lower panel [corrected electromechanical systole ;
(Q-IIA)c]: (Q-IIA)c is significantly shortened in
HCM, and is markedly prolonged in resting type of
HOCM.

* p<0.05, ** p<0.01, *** p<0.001 (vs normal)

Abbreviations are the same as in Fig. 1.

Ex&o HCM g ko HT gEcix, E¥REL0
RicZ & @2 -7 (Table 3).

6. chiEiRER HCM 8¢ & O REEES HCM B¥(z
B173 Q-IIP ERA# & VLD ZRER H iR M HA M
EZhREEoLE: (Fig. 8)

DETOBRHMEHEET & LT, § 2~3 il

% FS
20 30 40 50 g
1} A A
Normal (n=24)f —— ]
-
Sep(n=19)f —— -
o
Ap (n=11)p e+ [ [ —
i
HT (n=21)} [ — |

«p<0.05 , #s P0.01

Mean Vcf
e 1,0 1.5 circ/sec
Normal (n=24)}  —— ] ]
s
Sep(n=19) [ —— s | .
weu] [
Ap (n=11)} s e |
{
HT (n=21)p ————————f

« P<0.05 %% PC0.01

LvDd
35 40 45 50 55 mm
/L A n n n A
7/
Normal (n=24)}F — i

Sep(n=19)
HCH{
Ap (n=11)

HT (n=21)

|

|

* p{0.05 significantly differs
from the others
Fig. 7. %FS, mean Vcr and LVDd in normal,
HCM and HT.

Upper and middle panels: %FS and mean Vcr
are significantly greater in both types of HCM than
in normals and HT.

Lower panel: Significantly small LVDd is noted
in septal hypertrophic type of HCM.

9%FS =fractional shortening of the left ventricle;
mean VcF=mean velocity of circumferential fiber
shortening; LVDd=left ventricular end-diastolic
dimension. Other abbreviations are the same as in
Fig. 1.

BEFKCRBL, HEPHMET, AlEEELD
hsborfvic. Q-IIP Kok, HiE
EERIZEWT, BETRRWD, EEHEMEE
Wz (PRRIBER : 577.5415.0 msec, [y REFIEE
A : 565.6415.7 msec). J[rEEERER MM o IR
B, DREFEER D 18.2% ik~ T, FiF
BERTIX 52.6% LBERICEHRTH - k.
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(Q-1IP)c
, 540 560 580 600  msec
7/
Sep [ ——
(n=19)
Ap - p—— i
(n=11)

Incidence of basal ESM
10 20

Sep 10/19(52.6%)

Ap- 2/11(18.2%)

Fig. 8. Corrected right ventricular electro-
mechanical systole [(Q-IIP)c] and incidence
of a basal ejection systolic murmur (ESM) in
both types of HCM.

Upper panel: (Q-IIP)c tends to be longer in Sep
than in Ap.

Lower panel: A basal ESM is more frequently ob-
served in Sep than in Ap.

Abbreviations are the same as in Table 3.
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p<0.01
n=30
22
£ n
v
=
16
2

2 3 4@ 50 60 0
11A-11P interval ( held exp.) msec

Fig. 9. Correlation between IIA-IIP interval
during held expiration and IVS thickness.

1IA =aortic component of the second heart sound;
1IP =pulmonic component of the second heart sound;
IVS =interventricular septum; Sep=septal hyper-
trophic type of HCM; Ap=apical hypertrophic type
of HCM.
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BECIMBIEVEY, resting type » HOCM <
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DEFROREZET 5 PRIEER, LREBIE
BRIy L EnaHEBEEER L.

11 E52EmEcE, Q-IIA Bk xvr Q-1IP
BEomE» BET 5. Lo, I FHR
FHLDIWIRBEICOWTRETT 3 2 &AW
BEBThHD.

HCM gciffle bic, ETc oEHEicx s
Q-11A Bl FEREM T7abb 1IA 0RH
HERE B . EREBHEERZ, ORE DHR
%5747, preload, afterload 72 ¥ DR TOEEL
2T B0, AT DEEMEY 1To .
%72 HCM BofiEZLFER Tho7. L
fedoT, REEL 7% 0ix preload I8 XU OF
HENTH B LEX BN S, Preload 3AZEIIR
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Fig. 10. Phonocardiogram, two-dimensional echocardiograms and lateral view of the
right ventriculogram of a patient with diffuse type of HCM (a 24-year-old female).

The phonocardiogram (upper left panel) shows a wide splitting of the second heart sound (60 msec)
and a basal ejection systolic murmur (SM). Hypertrophy of the interventricular septum and the left
ventricular posterior wall are noticed in the two-dimensional echocardiograms (lower left panel). The

right ventriculogram (right panel) shows stenosis of the right ventricular outflow tract (arrow).

HCM =non-obstructive type of hypertrophic cardiomyopathy; IIA=aortic component of the
second heart sound; IIP =pulmonic component of the second heart sound; IV=fourth heart sound;
Car=carotid pulse tracing.
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(LVDd) # vt L 7. :'Cm;g;ﬂ:, o v ot HT #to 3 @ cltik+ 2 £, HCM <
# HCM gEcix, E#E, HT Eﬁia’ctwuik’rf[ﬂ EWE e Lo 2B D AREICEHEETRLTY
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BB T, ORI AR R Y (ITA-ITP=33.6+6.7
msec) 1ZH~T, HIREER (IA-1IP=453+
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EhEEL 11 FHRMER L OMICEERIEHERE
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b) HOCM E£m 5 % resting type Tl 4 %
B A RMSBE R LS (TA-IIP = -238+
24.4 msec), latent type <ix HCM 2L Ffkic
EEvWAE %R L (ITA-1IP=35.0+7.1 msec).

c) HT gto 11 3%, B—7Av LAERNHR
¥RL, HEMBIERRERS X HCM #iclk
_T BN et 7= (ITA-TIP=14.5+9.3 msec,
p<0.01).

2. E=EINKERM

a) HCM g1z, WA L i ETc oiEfaEic
X3z (Q-1TA) nEfEEzHED .

b) HOCM gtd 5 b, resting type Tix ETc
DEEIC X 5 (Q-1TA)c DIER#FEH A, latent
type iz HCM gL i3 EREOELER L.

¢) HT @<z, ETc o&EfEHEmM s X 0 PEPc
NERIC LY, (Q-ITA)c FERMHEMERL .

3. HCM ptoEsNREMRSR (%FS), ¥
FEENAENEGEE (mean VCF) i, WL $ICIE

#FEP I HT BT HEIZ KEL (p<
0.05), ¥ -ERILFERHMEIFREER THERIC
INE otz (p<0.05).

4. DEERO U PR R o R,
DRERER D 18.2% 12T, HEEERT
iX 52.6% LEFICERTHo. iz (Q-1IP)
(AR 0 J5 SR ERL X b b IERMERA
#RLTz.

PLEomgE» 5, JEAESE HCM #olgEwv
II FEHBOREL LTI, ERIFEREEKIC
L2 EEBRHBFHOERPEERTH Y, —HICix
ERRNEBEOIUMEIC X 3 ERBHEMO&ERESA
EH SR IC & 5 ARRHFEOIER bEE L
TW3 g ahk. = OFTRIZFEFAEEERE
DFEE L BIEMECIEK & OEMICZELLEDS b
DEBbhd.
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