Echocardiographic Studies on the Systolic and
Diastolic Dynamics of the Left Ventricle in
Hypertrophic Heart
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Abbreviations: A II, angiotensin II ; C, control ; HCM, hypertrophic cardiomyopathy ;
HR, heart rate ; HT-ASH, essential hypertension with asymmetric septal hypertrophy ; HT-
SH, essential hypertension with symmetric septal hypertrophy ; IVSTd, end-diastolic
interventricular septal thickness; LVDd, end-diastolic left ventricular dimension ; LVDs,
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Table 1. Subjects for angiotensin II and norepinephrine infusion study

Angiotensin 1I

Norepinephrine

Case No. of Sex Age (years) No. of Sex Age (years)
cases M/F mean+ SEM cases M/F mean+SEM
C 10 9/1 4712 6 4/2 48+4
HT-SH 16 13/3 52+2 4/3 51+ 3
HT-ASH 9 6/3 53+2 9 /2 54+ 3
HCM 13 10/3 47+3 7 6/1 48+ 4

end-systolic left ventricular dimension ; LVmass, left ventricular mass; NE, norepinephrine ;
pDd, normalized peak rate of diastolic left ventricular dimensional lengthening; pDs,
normalized peak rate of systolic left ventricular dimensional shortening ; pIVSd, normalized
peak rate of diastolic septal thinning; pIVSs, normalized peak rate of systolic septal
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Fig.1. Digitized left ventricular echocardiogram
from a control patient. The upper panel re-
presents septal (upper line) and posterior wall
(lower line) echoes. The middle and bottom
panels are plotted for left ventricular dimension
and its rate of change, respectively.

724 30% DYUERAME FE ML T b L
1, L2 —RER-ECHEIISR L, WERIE
BldcBlEL, Lxa—EIFESH SSH-11A %
>, Honeywell #%! Model 1219 strip chart record-
er, BZ#H LSR-20B line scan recorder = & D #ii%
D B 100 mm/sec i TR L7z, BonsfLza—
X D, Neumonics HEEEKM 7 7 7 BITEE 1239
HEHY, UToHAE & TR EEDE

2{To7.

1) fRRKRELE FREEE, end-diastolic inter-
ventricular septal thickness (IVSTd)

2) HIRKRHA%EEE, end-diastolic posterior wall
thickness (PWTd)

3) ARKRHAERE, end-diastolic left ventricular
dimension (LVDd)

4) PHERKAEZTR, end-systolic left ventricular
dimension (LVDs)

5) AZELBEE, left ventricular mass (LV
mass) =

%{(LVDcHIVSTd—FPWTd)S—— (LVDd)?®) X1.05

6) EEIKERAISABEGS, left ventricular peak
systolic stress (PSS)=

0.334 X systolic blood pressure X LV Dd

0.5X(IVSTd+PWTd)x(1+0.5% (IVSTd+PWTd)/LVDd)

%10’

7) WHERBR A A B EEHEEE, normalized peak
rate of systolic left ventricular dimensional
shortening (pDs)

8) IEHARAPRESSINEE, normalized peak
rate of systolic septal thickening (pIVSs)

9) UUEHAIR KRB ESMEER, normalized peak
rate of systolic posterior wall thickening (pPWs)

10) HREABAZEEIENGHE, normalized peak
rate of diastolic left ventricular dimensional
lengthening (pDd)

11) FREREAR A HRRER A%, normalized peak
rate of diastolic septal thinning (pIVSd)

12) HERHABCALEEERPHEE, normalized peak
rate of diastolic posterior wall thinning (pPWd)

pDs, pDd 3 AZELAEEO bV — AW LD, %,
pIVSs, pIVSd i LERRAEMH B & CEEALLARE
HOMY—2R &Y, &5i2, pPWs, pPWd 125880
MIEE S & CDAMERO L —R kW B h- A%
%, WRE, BEESAELEEL, #hzh, 20
FFEOEERE, TREH 2 WIIBEETHRT 32 b
LOHWELEHL 7, Lid, ERLHE/”AE b L —
ALRBEORFERT, ©B, KENIG, EHEL7:
2LHIZ DB TITY, ZOFEMEEEHL 72,

thickening ; pPWd, normalized peak rate of diastolic posterior wall thinning; pPWs,
normalized peak rate of systolic posterior wall thickening; PSS, left ventricular peak
systolic stress ; PWTd, end-diastolic posterior wall thickness ; SBP, systolic blood pressure.
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Table 2. Regression data at rest
C & HT-SH groups All groups
X Y Regression r Regression r
Equation p Equation p

IVSTd pDs Y=0.15X+2.7 0.09 NS Y=0.21X+25 0.25 NS
pDd Y=-022X+56 —0.07 NS Y=-0.22X+5.9 -0.25 NS
pIVSs Y=-106X+41 —0.65 <0.001 Y=-0.89X+37 —0.74 <0.001
pIVSd Y=-242X+65 —0.63 <0.001 Y=-1.69X+54 —0.74 <0.001

PWTd pDs Y=0.53X+23 0.23 NS Y=0.59X+2.2 0.28 NS
pDd Y=-0.13X+5.2 —0.03 NS Y=-0.14X+5.8 —0.14 NS
pPWs Y=-262X+6.4 —0.73 <0.001 Y=-2.29X+59 —0.68 <0.001
pPWd Y=-540Xx+13.0 —0.65 <0.001 Y=-412X+11.1 —0.52 <0.001

IVSTd pDs Y=0.15X+2.51 0.15 NS Y=0.20X+2.3 0.29 <0.05

pwia  pDd Y=—006X+55  —0.03 NS  Y=-0.44X+63 —0.27 NS

LVmass PDs Y=—-0.0005X+3.0 —0.06 NS Y =0.0005X+2.7 0.11 NS
pDd Y=—0.004X+6.4 —0.29 NS Y=-0.005X+6.5 —0.44 <0.01

Abbreviation: NS, not significant.
3. BEE ASHABMICREREZ 2R D 2 o7, LVD,

ZREBEN T M ENLE R ER S,
Student 3, FEHEA D tHE W L DTV, BRI
p<0052EEELLTHEL .

B i

1. A TIEMRICB T 2 MTIENEEEE

#F21%, AIEMENCBIT S pDs, pPWs, plVSs,
pDd, pPWd, pIVSd & IVSTd, PWTd, IVSTd+
PWTd, LVmass & OBEfRERDL LAEKETH 5.
pDs ik, IVSTd, PWTd, IVSTd+PWTd, LVmass
OwTFhe bEFEBSHEE2RE 9oz, pDd i,
IVSTd, PWTd, [VSTd+PWTd L HEEHEME RS
inoleds, LVmass & 4 BE2ETERELRAOHEE%:
RLUT2(r=—0.44, p<0.01). RETEEEIZ DV TIT,
pIVSs, pIVSd 12 IVSTd &, pPWs, pPWd I PWTd
LENFWERELZAOHEBERLUL. C HT-SH Wi
TOWEF L, 4ABERBETOMR EOMIZAS 1 RER
Ao eninoi,

2. ANERCNT 2 RG

FIBIUVHE21E, ANAHO4BCBY 30T
I-HEOROLETAELZ LR LIS DTH 3.
20Dk, IVSTd i3, IBAL 3 BN CRBICHLLER
WATHY, 72, HT-ASH, HCM F#EiZ HT-SH 8
CHLERIEZKRTH -7, HT-ASH, HCM WFEHIC
BEEE2ROR,Molz, pWTd 1, BROL3EMSC
BIZELERCARTHD, %/, HT-SHEZ HT-
ASH Bzl LEBICKTH o 72, LVmass i3, FERL
BN CRCHLLEEICKTH o728, HT-SH, HT-

LVDs X, BRERMICEEZ:2RD o7,

4 AR O 4 BI2 817 B MITHENEERED
xRy, HEHIE: 0% LR S 2DICEL:
AIl&id, HT-SH #7 6.8+1.0ng/kg/min &, C#t
12.0%+1.7 ng/kg/min KL EBEETH -7, A
HERMC LY, L% HR B&HC B TEREEY
L, BHAIRE DKM TEREE 2RO E o0,
BT 2EZEORER TH S PSS i, AR, B
ROUSEHTCERIELEERCEETH 12, AILA
k2R bR, BHEMTEEEZRDe» o7,

31k, AIER & 2 NEEIIEIE TH % pDs,
pPWs, pIVSs D&t 2R3, pDsid, EWR[HEE I
BHMTEREZLL, AUARHRIDVEHLLIZEER
WAET U7, pPWs X, &fa7, HT-SH, HCM g
T, &%,2.72+0.14, 2.55+0.23sec™ & CF£ 3.84%
0.21sec™'® & WHT-ASH #£3.36+0.27 sec™ iz kb
LEBREBE TS, ANERICLY, SBTHE
% pPWs DZELIZRD sk, o7z, plVSs i3, &R
B, HT-SH, HT-ASH, HCM 3 # T &%, 2.44=*
0.13,2.02+0.17,1.43+0.16sec™* & CB£3.03+0.10
secWZtbL, ABEETH -2, ANLERICED,
C,HT-SH Wi T, pIVSs 3BELELERST,
HT-ASHHE TIZAR% 1.56+0.10sec ' t HERE
TERLE HCM BT ARARE b EETHD,
BERELERS o7,

41%, REEEETH % pDd, pPWd, pIVSd @
(bR, &AL, pDd & HCM Bz 8\ T 4.15+
0.32sec™' &, CE£5.42+0.35 sec ictE LA RIS EE
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Table 3. Echocardiographic measurements at rest in each group for angiotensin II infusion study

Case IVSTd (cm) PWTd (cm) LVmass (g) LVDd (cm) LVDs (cm)
C 1.01£0.05 0.99+0.03 202.7+13.2 4.61+0.12 2.87+0.12
HT-SH 1.49+0.06* 1.38+0.03** 310.5+14.1™ 4.36+0.11 2.54%0.13
HT-ASH 1.94£0,14™ 1.16+0.06" 334.0+32.2* 4.37+0.17 2.48%+0.15
HCM 2.28+0.17** 1.34+0.09* 447.3+35.6™* 4.33%£0.17 2.56%0.15

Values are meanz SEM. Statistical difference between C and other groups : *, p<0.05; * p<0.01;**, p<0.001.

1¥$Td PWTd LVmass
cm) (cm) £)
e T Tan o I T e | e T P
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Fig. 2. End-diastolic interventricular septal thickness (left), end-diastolic posterior wall thickness
(middle) and left ventricular mass (right) in each group for angiotensin Il infusion study. The
vertical bars represent SEM. Statistical difference: *, p < 0.05; ***p < 0.001; NS, not signifi-
cant.

Table 4. Hemodynamic variables in each group at rest and during angiotensin II infusion

. . PSS(x10° _
Case ﬁx}gl/i(és/e SBP(mmHg) 9%change HR(min™?) dynes/cm?) 9%change pDs(sec™!)
min) R A OfSBP oA R A PSS g p

I mean 12.0 120.8aa0 160.4 33.9 67.900 62.4 163.0sa0 220.7 37.6 2.85440 2.16
SEM 1.7 4.3 3.4 4.0 2.8 3.0 9.2 10.7 10.1 0.12  0.07
HT.SH Mean 6.8™ 149.12r192.1* 29.5 62.6a00 58.4 118.7%s 176.9 49.2 2.93:4 2.38
SEM 1.0 3.7 3.9 3.0 1.3 1.4 10.7 16.1 7.6 0.15 0.12
HT.ASH Mean 8.0 139.1%4 180.0 30.0 64.6s 60.2 100.7%% 145.0™ 46.4 2.98. 2.43
SEM 1.6 5.3 6.2 3.7 1.9 1.4 11.0 13.6 4.5 0.17 0.18
HCM mean 12.3 122.9s0s 155.1 26.5 63.5020 56.9  77.4%%F 107.7** 36.3 2.82200 2.34
SEM 1.4 2.7 4.2 3.4 3.6 3.0 10.0 16.6 5.1 0.16 0.15

pPWs(sec™!) plVSsisec™) pDd(sec™) pPWd(sec™) pIVSd(sec™)

Case
R A R A R A R A R A
C mean 3.84 3.47 3.03  2.93 5.42s0 4.35 7.67 7.27 3.66 3.22
SEM 0.21 0.25 0.10 0.24 0.35 0.25 0.47 0.43 0.34 0.25
HT.SH Mean 2.72™ 2.63™  2.44™ 2.20* 5.25s00 4.34 5.52* 4,96 3.10 2.61
SEM 0.14 0.14 0.13 0.19 0.26 0.27 0.41 0.31 0.33 0.25
HT-ASH nean 3.36  3.24 2,025 1.56™*  5.23. 3.91 5.745% 4.44™*  1.97F 1.48™
SEM 0.27 0.18 0.17 0.10 0.54  0.40 0.45 0.41 0.28 0.25
HCM  [Mean 2.55™% 2.48™  1.43** 1.52%* 4,155, 2.91™*  5.24% 4.08™*  1.29%*1.20**
SEM 0.23 0.18 0.16 0.28 0.32  0.26 0.68 0.52 0.26 0.20

All dose : angiotensin II infusion rate needed for 30% elevation of systolic blood pressure in each group.
Abbreviations: R, at rest ; A, during angiotensin Il infusion. Statistical difference between C and other
groups : % p<0.05; **, p<0.01; *** p<0.001. Statistical difference between at rest and during angiotensin
I infusion within the same group: *, p<0.05: **, p< 0.01 ; ***, p<0.001.
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THotz, AR, pDd BRBIIBLTHELET %
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SEWBWTHA, 5.52+0.41, 5.74+0.45, 5.24+
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Fig.3. Responses of normalized peak rate of
systolic left ventricular dimensional shortening
(upper), posterior wall thickening (middle) and
septal thickening (bottom) to angiotensin II
infusion. Abbreviations: R, at rest; A, during
angiotensin II infusion. The vertical bars repre-
sent SEM. Statistical difference between at rest
and during angiotensin II infusion within the
same group: *, p < 0.05; **, p < 0.01; ***,
p < 0.001.
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Fig. 4. Responses of normalized peak rate of
diastolic left ventricular dimensional lengthening
(upper), posterior wall thinning (middle) and
septal thinning (bottom) to angiotensin II infu-
sion. Details are the same as Fig. 3.

Table 5. Echocardiographic measurements at rest in each group for norepinephrine infusion study

Case IVSTd(cm) PWTd(cm) LVmass (g) LVDd (cm) LVDs(cm)

C 0.92£0.04 0.90£0.07 169.9+12.1 4.50%0.09 2.7510.09
HT-SH 1.47+0.09™* 1.2940.05™* 296.0%+21.6™ 4.39£0.13 2.53%0.12
HT-ASH 2.12£0.16™" 1.22%0.07* 423.5+£34.5™ 4.53%0.15 2.59%0.17
HCM 2.26£0.18™ 1.37£0.20" 465.8+39.3" 4.47%0.18 2.6910.10

Values are mean+SEM. Statistical difference between C and other groups: *, p<0.05; **, p<0.01; ***,

p<0.001.
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Fig.5. End-diastolic interventricular septal thickness (left), end-diastolic posterior wall thickness
(middle) and left ventricular mass (right) in each group for norepinephrine infusion study. The
vertical bars represent SEM. Statistical difference: *, p < 0.05; **, p < 0.01; ***,
p<0.001; NS, not significant.

Table 6. Hemodynamic variables in each group at rest and during norepinephrine infusion

NE dose - PSS(x 108 -
Case (ng/kg SBP(mmHg) %?%aél%e HR(min™) dynes/cm?) f/é’c}ﬁaglsge pDs(sec™?)
/min) R N R N R N R N
C mean 233.3 117.0.s 153.8 30.9 66.7. 54.3 153.4as 237.3 54.9 2.90. 2.32
SEM 33.3 2.4 7.3 5.6 3.3 2.4 6.1 14.0 7.7 0.18 0.20
HT.GH mean 128.6*  145.0%% 190.3** 31.7 62.4.s 52.6 116. 8** 170.6™ 47.6  2.80 2.73
SEM 18.4 5.8 5.7 3.4 2.8 2.2 8.1 10.3 4.1 0.24 0.27
HT-ASH Mean 111.9*  144.4%% 189.3*  31.0 60.8200 53.1 105.25% 149.9** 43.5 2.67 2.71
SEM 13.9 6.8 9.7 2.3 1.6 1.9 6.3 10.3 6.2 0.25 0.22
HCM mean 228.6 122 . 1a0a 159.1 30.7 59.32e2 49.1  75.32% 107.2™* 40.3 2.83 2.57
SEM 36.0 3.7 4.4 4.1 4.6 4.1 8.8 14.3 5.4 0.21 0.19
c pPWs(sec™1) pIVSs(sec™) pDd(sec™") pPWd(sec™?) PIVSd(sec™?)
ase
R N R N R N R N R N
C mean 3.80 3.36 3.72  3.25 5.08 4.73 7.62  7.12 3.43  3.42
SEM 0.37  0.13 0.41 0.33 0.42  0.24 0.78 0.46 0.36 0.64
HT.Sg Mmean 2.71* 2.59* 2.57* 2.53 5.09 5.70 5.63 6.21 3.07 3.13
SEM 0.17 0.25 0.22  0.30 0.32 0.52 0.73  0.38 0.63 0.47
HT-ASH mean 3,10 2.92* 1.84™ 1,99  4.71. 5.50 5.54% 6.74 1.69%* 1.99*
SEM 0.31 0.20 0.24 0.18 0.30 0.41 0.45 0.56 0.23 0.18
HCM mean 2.79* 2.93* 1.43%*1.,33"* 3.74Y 4.64 4.66% 6.23 1.09** 1.49*
SEM 0.32 0.33 0.19 0.21 0.37  0.58 0.71 0.95 0.15%* 0.19

NE dose : norepinephrine infusion rate needed for 30

Abbreviations :
other groups:

p<0.05;

*iek

**, p<0.01; ***,

norepinephrine infusion within the same group:

R, at rest; N, during norepinephrine infusion.
p< 0.001.
, p<0.05; **, p<0.01;

% elevation of systolic blood pressure in each group.
Statistical difference between C and

Statistical difference between at rest and during
“4, p<0.001.
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Fig.6. Responses of normalized peak rate of
systolic left ventricular dimensional shortening
(upper), posterior wall thickening (middle) and
septal thickening (bottom) to norepinephrine
infusion. Abbreviations: R, at rest; N, during
norepinephrine infusion. The vertical bars
represent SEM. Statistical difference between
at rest and during norepinephrine infusion within
the same group: *, p < 0.05; **, p < 0.01.
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Fig. 7. Responses of normalized peak rate of
diastolic left ventricular dimensional lengthening
(upper), posterior wall thinning (middle) and
septal thinning (bottom) to norepinephrine infu-
sion. Details are the same as Fig. 6.
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Abstract

The present study was pursued to clarify the differences of left ventricular dynamics between
hypertensive heart and hypertrophic cardiomyopathy, and the pathogenesis of these diseases.
The systolic and diastolic dynamics of the left ventricle was estimated by the echocardiographic
analysis at rest and during the continuous intravenous injection of angiotensin II (AIl) or nore-
pinephrine (NE) in four groups: control, essential hypertension with symmetric septal hyper-
trophy (HT-SH), essential hypertension with asymmetric septal hypertrophy (HT-ASH) and
hypertrophic cardiomyopathy (HCM). Left ventricular afterload was equally increased by All
infusion among the four groups, but the responses of left ventricular dynamics were not the
same, The normalized peak rate (NPR) of diastolic posterior wall thinning was decreased signifi-
cantly in HT-ASH and HCM. The NPR of systolic septal thickening was decreased significantly
in HT-ASH. In HCM, the NPR of systolic septal thickening was very low at rest and did not
change during AIl infusion. By NE infusion, left ventricular afterload was increased equally
among the four groups. Each NE infusion dose in HT-SH, HT-ASH and HCM was not higher than
that in the control. The NPR of diastolic posterior wall thinning was increased significantly in
HT-ASH and HCM. The NPR of systolic septal thickening was not changed by NE infusion in
spite of significant decrease by AIl infusiom in HT-ASH. In HCM, the NPR of systolic septal
thickening was not changed, but the NPR of diastolic septal thinning was increased significantly.
The analysis of regional wall dynamics in AL infusion study showed that the diastolic posterior
wall dynamics was disturbed by the increase of left ventricular afterload in HT-ASH and HCM.
Impaired septal contractile reserve was shown in HT-ASH and the disappearance of septal contra-
ctile reserve in HCM. It was shown by the analysis of regional wall dynamics in NE infusion
study that HT-ASH had a hyper-response of the diastolic posterior wall and systolic septal
dynamics, and that HCM had a hyper-response of the diastolic posterior wall and septal dyna-
mics. These results suggest that HT-ASH has regional wall dynamics resembling HCM except for
a few differences in the septal dynamics, and that HT-ASH results from coexistence of hyper-
trophic cardiomyopathy and hypertension, or from cardiac hypertrophy similar to hypertrophic
cardiomyopathy caused by hypertension which is coupled with predisposition. Moreover, it is

suggested that the hyper-response to NE is concerned in the pathogenesis of HT-ASH and HCM.




