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Summary

To evaluate differences in systolic global and regional performances of the left ventricle during
exercise, multi-stage submaximal exercise echocardiography was used for 21 patients with hypertrophic
cardiomyopathy (HCM) and 14 patients with systemic hypertension (HT), whose interventricular
septa (IVS) were nearly the same in thickness (HCM; 16.5+2.4 mm, HT; 15.4+1.7 mm, NS).
The data were compared with those of 18 normal subjects (N).

During exercise, end-diastolic dimension (EDD) was increased in all three groups; however,
there was no statistical differences among the three groups either at rest or during exercise. End-
systolic dimension (ESD) was significantly decreased during exercise in HT (29.3+5.8 at rest to
28.1+5.8 mm at the peak exercise, p<0.05) and N (from 30.3+3.3 to 25.7+3.0 mm, p<0.001). On the
other hand, ESD of HCM at rest, which was less than those of the other two groups, did not decrease
with exercise (from 25.1+4.5 to 25.6+4.6 mm, NS), and rather they increased (more than 2 mm)
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during exercise in seven patients. The % shortening fraction (%SF) increased from rest to exercise
both in HT (35.6+7.99, to 40.149.6%,, p<0.001) and in N (from 35.1+4.2 to 45.9+4.7%,, p<0.001).
However, in the HCM group, the %,SF, which was significantly greater at rest than in the other two
groups, did not increase during exercise (42.5+6.8 to 42.5+8.89,, NS). In addition, in seven of 21
patients with HCM, the %,SF increased more than 5%, at the peak exercise.

At rest, systolic wall thickening (%WT) of the IVS equally reduced both in HCM and HT. It
increased in HT from 20.8+9.3%, at rest to 24.6+12.7%, at the peak exercise (p<0.05), but did
not change in HCM (from 16.6+9.69, to 16.3+7.0%, NS). At rest, % WT of the left ventricular
posterior wall (LVPW) was significantly greater in HCM than in HT. During exercise, it increased in
HT (from 43.1+15.99, to 61.9+20.5%,, p<0.01), but did not increase in HCM (from 81.0+27.79%,
to 85.5+29.6%, NS). Furthermore, five patients with HCM (249,) showed a decrease of %WT of
both the IVS and LVPW during exercise and %,SF decreased in all of them.

These findings suggest that patients with HCM and those with HT differ as to left ventricular
systolic global and regional performance during exercise. Although the cause is unknown, it is noteworthy
that some patients with HCM showed exercise-induced deterioration of systolic performances of
the left ventricle, and periodic study of rest and exercise might clarify their clinical courses and prog-

noses.
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Table 1. Subjects and clinical data

B AT & 8 i FESE 0 i By A2 S ULFEBhAR

Normal HCM HT-LVH

Number 18 21 14
Sex (M:F) 13:5 17 : 4 11:3
Age (y.0.) 37+8 42+11 48+9*
Body surface area  (m?) 1.65+0.13 1.61+0.13 1.67+0.23
1VSTd (mm) 7.9+1.6 16.5+2.4*** 15.44+1.7%**
LVPWTd (mm) 8.2+1.2 10.2+1.8F** 13.841.9%**

0.96+0.16 1.68+0.345** 1.1440.14**

IVSTd/LVPWTd

HCM =hypertrophic cardiomyopathy; HT-LVH=systemic hypertension with left ventricular hypertrophy;

M =male; F=female; IVSTd=thickness of the interventricular septum at end-diastole; LVPWTd =thickness of
the left ventricular posterior wall at end-diastole; significantly different from normal value (*p<0.05, **p<0.01
and ***p <0.001); significantly different from HT-LVH value ('p<0.001).

(values given as mean=+1 SD)

= —4— 380B zHw<T, MHATE, &25
watts, B 50 watts 725 3432 ki 25 watts 2
WET 2 SEREEECEBARRRE BITLA.
RN I B B LW B 35 B G SSH-11A) %4
AL, ERE#AVLUEHNEGREBHL, £
M & — Koo —[ (Fig. 1) & 4AHH% TE
iz, S EIETIT, B8 10 cm D% Y EE
CEEE 7. EEEEE 3 LEFRE (interventri-
cular septum : IVS), %8 (left ventricular pos-
terior wall : LVPW) ico &, L EMER B0 IE
HTEHL. EEIEERBE (end-diastolic
dimension : EDD) 2.00ER E R BEOTEAT, X
#ERME (end-systolic dimension : ESD) 3.0
HEo I FoMET, ThZEh 5~7 ALY
e LTRDE. thbk) EENREER
(%shortening fraction: %SF) % (EDD-ESD)/
EDDx100 » LT B L. RETEFESED
JEL LT, DB, $%EOZ T h O
BEE IR (%wall thickening WT) % (IHE
K HIREE — JLAR R IBEIE) [ HLARRIEERE X 100 &
LTHHLZ.

¥ 7o, EHPIcAREHETEREBHL, o
W2 0B b e 11 4] (HCM) T, ZE=5EH
EREE R L. HERETH T — Tl
AT G E o vV I THEAEL, DERR

Table 2. Heart rate and systolic blood pressure

Heart rate Systolic blood pressure
(/min) (mmHg)
Peak ex

Rest Peak ex Rest

HCM 64+11 133+19 126+18 177433
HT-LVH

68+12 132419 158+£16*** 211+19**
Normal 70+12 142+16 122+10 190422

(values given as mean+1 SD)
Significantly different from normal value (**p<0.01
and ***p<0.001). ex=exercise.

BOEACERILERRE, TROKTRTE
FiFERSMGRE, BRYOZLE=F—TTY
VELTERAEERHAVWThL—2L, ZOME
Fx T2 NS §L 9 K ] @ B (end-diastolic
area: EDA), A3 IUHE K # @ % (end-systolic
area: ESA) L LTRw. &bic, Thbnit
WXy EREHEIE (fractional change of
area) # (EDA—ESA)/EDAx100 & LTHHL
7.

¥ 2.

L DS S TRENE (Table 2)
DI LRI X ORRARTRE & b 3 BERIC
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Fig. 1. Representative exercise echocardiograms in three patients.

Upper panel (A) is from a patient with hypertension (HT), and middle and lower panels (B & C)
are from patients with hypertrophic cardiomyopathy (HCM). (A) and (B) show the augmentation of
left ventricular systolic performance during exercise; whereas, (C) shows the dilatation of the left
ventricle with reduced systolic performance during exercise.
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LV Dimension
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Fig. 2. Left ventricular dimensions at rest and
at the peak exercise.

End-diastolic dimension (EDD) significantly
increases during exercise in all three groups, however,
there is no statistical difference in EDD both at rest
and during exercise. End-systolic dimension (ESD)
significantly decreases in HT and N. ESD is essen-
tially unchanges in HCM, and rather increases (more
than 2 mm) with exercise in 7 patients.

R=rest; Ex. =exercise.

EF RO h o T, IRERIHE 3ESHR 3 BEL b
ER U, HT ghageieng, EHRL biho 2
B LABRCHEZ L.

2. k=nE (Fig. 2)

EDD (FE#) 33 8L b, TR LiESA
ik AEIC R L (p<0.05), ZEREE
TOESARR L L, HCM, HT W#RHicER
otz ESD () &#esy, HCM g3
HT, EXBcHLEECEHEEZRL (HCM:
25.1+4.5mm, HT: 29.3+58mm, N: 303+
3.3mm). EshHAFREIZIZ HCM BETRAET
(25.6+4.6 mm, NS), 21 filch 7 #51] 33%) #* 2 mm
Pl b, HT #caARECHE/ LR (281

JEKRLME L 6 ML FEAE R B 72 S URFEBHAE
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Fig. 3. Left ventricular shortening fraction
(%SF) at rest and at the peak exercise.

At rest, %SF is significantly greater in HCM than
in HT and N. HT and N show increased %SF with
exercise, but HCM does not, and it is noteworthy that
9/ SF decreases more than 5% during exercise in 7 of
21 patients with HCM.

+5.8 mm, p<0.05), 14 {5jcp 2 5] (14%) i[RIk D
Wy ple. —F, EFREELF, AR
7~ (25.7+3.0 mm, p<0.001).

3. kzhEaEmE (Fig. 3)

ek %SF 3 HCM gcixftho 2 Bficke
LAEBICKTh - ehs, EBARRIC: HT B
Do 356+79% 25 40.1+£9.6% (p<
0.001) ~, TEEBEM 35.144.2% » 5 45.9+47%
(p<0.001) ~rHHFICHKLoixtL, HCM
BEDH 42.5+68% h i 425+88% LARETH
57z, k1 HCM g 7 5] (33%) i3:EBhEF, 5%
UEDET2ED .
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Fig. 4. Left ventricular cross-sectional area
(left) and fractional change (right) at rest and
at the peak exercise in patients with HCM.

Open circles show patients with increased ESD
during exercise (4 of 7 patients), and closed circles
denote patients with decreased ESD (7 of 14 patients).
Exercise-induced changes of dimensions in M-mode
echocardiography are the same as those of cross-
sectional areas obtained from 2-dimensional echo-
cardiography.

4. EEEHENS L VERELE (Fig. 4)
HCM 11 filicownwt, ZEREHEiEmHE L s
L7z, E#@heg, %SF oKLz 7# (closed
circle) ¢ix ESD & [, EBhAM I ESA (£
B 3#E~ L, »omEELR AR 33Kk L.
B %SF DT L7244 (open circle)
Tt ESA kL, »oEMELRIET, E
M E— FBIC X 3R L RKOBIMZR LK.
5. WEPROEREESME (Figs. 5,6)
IVS-%WT 3%k, HCM (16.6+9.6%),
HT (208+9.3%) TR & b IF % B (40.9+
143%) X v FEIC&EZ RLH (p<0.001),
BRI I A D A e Eid e d o 7. EBIATRR,
HCM gt i3 #hne ¥ (16.3+7.0%, NS), HT g
THREE OB (24.6+12.7%, p<0.05) %#5EL7
2, IEFEE (66.1£182%) Izl L, WL L EE
IZIEfE %5k L7z (p<0.001). HCM, HT @it c
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Fig. 5. Systolic percent wall thickening (% WT)
of the interventricular septum (IVS) at rest and
at the peak exercise.

At rest, % WT of the IVS similarly decreases in
both HCM and HT. It increases with exercise in HT,
but not in HCM.

& HT B2 FRICEMEL R LI (p<0.05).

RHREOLEFREEE L %WT oEBARR
DELHA (Fig. 6) L3 FA 0 r=-071) %
AL, HFEEEENKEV open circle » HCM,
closed circle ®» HT WEFII A THICAEB L.
HT giclh L HCM BHiC X 0 B F 4 35425
W RS 72 5%, TREMOZIFFICH S TR
otz

6. LEEHREOIMEIEERMNE (Figs. 7, 8)

LVPW-%WT 3%&#mriz HCM # (81.0+
27.7%) i HT g (43.1+£159%) izl L, HZiz
FifE (p<0.001) Z5R L 7z. EBAFREIC 1 HCM
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Fig. 6. Relation between wall thickness and the
extent of % WT of the IVS at the peak exercise.
Thereis an inverse correlation between wall thickness
and the extent of % WT during exercise (r=—0.71).
However, there is no significant difference in the
distribution between both of the diseased groups.

HCTroBMMMAEETHY, (855+29.6%, NS),
R AE T Hl% 21 s 7 fliciBs z. HT #c
IR 2 B LIREE R L72AS, £
B, EBHAMEC IAEICBERL L (619
20.5%, p<0.01).

RO EEHER L EHATRO %WT o
Tl A L 0% (Fig. 8) ©ix, HCM JEf] i3 B
EXEEGBEACL22bLTETHICMEL,
ErFicpiEST 5 HT fEf L3R 3 0H %R
L.

7. EBHEEEE S L VKRR & O
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FAREETE 14400 4 4] (29%) Th - lznickt L,
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I * T HEE I
[ NS |
150 l——li.———r———ﬁii——'
5 -
% HCM HT-LVH NORMAL
o
,5 *nw
§
~ NS
o} _
A
£ T
~ 100
9
= y *e
*® )
3
)
1 L
50 - _—
N — * p< 0.05
/ % p<0.01
%% p<0.001
0 1 \J T 1 L) T
R Ex. R Ex. R Ex.

Fig. 7. Systolic percent wall thickening (% WT)
of the left ventricular posterior wall (LVPW) at
rest and at the peak exercise.

At rest, % WT of LVPW is greater in HCM than
in HT. It increases with exercise in HT ; however,
it does not increase in HCM. In 7 of 21 patients with
HCM, it decreases at the peak exercise in spite of the
significant increases in all HT patients and normal
subjects.

%SF DIET Lt EZREHEDOTRBAZEETIE 74
4 5] (57%) 138 1o SEBY R b BIF#ET,
g 9.5 et L, FREETIE 8.0 HrEn<,
¥ e ERIRERHE L BIFEET ¥ 15 mmHg
3L, FBBTi 199mmHg &, HWEREE
.

HT BcREO IR E FA i 14 i 2 4
(14%) TH - 7=.

EB eI ERE (F 110 &) kL,
HCM (9.1 4y), HT (9.2 4y) W< i34 W EA
ERLTz.

z -3
FEAELOHE (HCM) B XovgmiERE (HT) &
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Fig. 8. Relation between wall thickness and
extent of % WT of the LVPW at the peak exercise.

There is no correlation between wall thickness and
the extent of % WT during exercise. In HCM patients,
there is a reduction of % WT in spite of normal wall
thickness. Furthermore, 7 patients show decreases
of %WT during exercise (negative LVPW-49%WT).
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EEHHECLLGRECERELIEHL 2.

ZF0E», ZORERIGCZ, OBHEMLZO
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HCM 7 o ERL O MEFHRBEL TRV, B8
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4H, 43 M - FLhza—HEEHAVWT,
EHAMROERR L2 0 FFTESREX BRI L
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7o, EERFTBIGEERICSWTE, BAELOH
FEICIS W TIIRTPRICRE 2 ST HENR D
BV L BAEE S K, KRR, %EEC
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HLOEY Bl BELTRY, 414,
& 5IcHiEEE AW T o ERMN 2 BETREIGESIE
EBLELEZ bR,

Uk, HCM, HT MRBOEBOEZRIE
MEEREERN L E» LRE L. TFHER L UES)
e b, FRBOLEEREHESEOMEIC IR
FoER Y BLL Hbhz. LAl HCM o
iz EBIREIC EEMEEN BLT 3 ERBEE
L, FFGICRPTEEBRBOEMNLEYD, WHEDH
WmE Rl HT BL3BohRIGHRER-T
W, ZOZERP UL LEEREAH TH 3
2B, ZORRIMREBORECENCFEHTHS
Lidbiz, HCM oF#H@EicH+ 3 —> 0ghE
L2 ) ) BREEMENDY, REOEHMNERLD
BET, 4%, ILRBRFLTWEERHS L
EZxzbhi.

L3 #

FERECHRIEE 2 F ¥ 5 B KB .LHE
(HCM) @ mmEHEEAS HT) iont, &<
KRB OEEIEEOBEENERICSE, £
BIURPFESE E, bRMNT5ZLEEMN
L. .

DEPEE S IZIFRZ 2% HCM (16.5+2.4 mm)
2145, HT (154+1.7mm) 14 flic BhiEsh Ak
DT a—FEE BT L. dBE LT EFRIS
Hlz vz,

EREFERHE (EDD) 3 3L bLiEBhc XY
ARIEA L2 (p<0.05), 3 BRIz RHRR
JOEGHARRELE b ICABRELRO ol

ERIERSE (ESD) i3, HCM B &k,
HT, E¥# (N) Ch LEBR/ITH o, B
BRAFEIC HT #0124 86%) kL UIE
EROSFTHRICHE/NT 30kt L, HCM B
TRAET, 214 74 33%) i 2mm L4
Losging #7c.

EZERNEEMRE (%SF) 1, T#Hriciz HCM
Biho 2@zl FECBEERLEY (p<

0.01 vs HT, p<0.001 vs N), i#E@hpicix HT &
DR 35.6£7.9% 5 5 40.1+9.6% (p<0.001)
~, EFEEEN 351+42% »5 459+4.7% (p<
0.001) ~: BRI KT DIz L, HCM gEo
H 425+68% » i 42.5+88% ~LARETH -
7e. %1 HCM #o 7 ] 33%) i3 EBhEE 5% LA
LoETEED . '

kg (IVS) ounfEiieEEEmnz (%WT) 3,
g, HCM (16.6+9.6%), HT (20.8+9.3%)
MicEx B ok, B, HT o s
B KRTs0icxw L (24.6+12.7%, p<0.05),
HCM BTRAETH -7 (16.3+7.0%, NS).

EE%E PW) o %WT 3%&#HE, HCM #
(81.0+27.7%) » HT g (43.1x159%) izt L,
AREICEME (p<0.001) 57 LA, EEHARR,
HT g2fliR F B ALz L 619+
20.5%, p<0.01), HCM #c i3 iRERMcE -7~
(85.5+29.6%, NS). HCM #CiIgBEE NG E
WWINTG & o725 (HCM: 102+1.8mm, HT:
13.8+1.9mm, p<0.001), HT &, EZEH o
%BWT X, EBFC 2FEML 72 prbb
¥, HCM #o 7 ] (33%) TizA L. HCM
D 5 (24%) TixEBRC IVS, PW i % WT
BREAYL, o, Thboefltix %SF KT
Rl

Pk, HCM, HT WL D EROEER G
PR E A SR L. iR, EBREL
bic, MECEEBEFBRICIZ{DERY %
Rl h, EFRORIEIRA - It R AR Y,
HCM @iz, %SF LiE=®ED %WT o
BT+ 5EMZED, ZhEIREDEBINETH
EDETERMT2b0ThHo7. 4%, “hd
EZERMHMEORBRERIZOE, X VMR TE
AEMMLELEZ bR
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