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tive cardiomyopathies :
A guide of fundamen-
tal therapeutic approach
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Summary

A precise assessment of left ventricular (LV) function was performed in 20 patients with hyper-
trophic cardiomyopathy (HCM) and 14 patients with congestive cardiomyopathy (CCM) to elucidate
the pathophysiology of these diseases, expecting to establish a fundamental therapeutic approach of
them. Twenty-two patients who underwent cardiac catheterization and were found to have normal LV
function served as normal control.

LV preload, defined as LV end-diastolic stress, was normal in HCM, and it was elevated in pa-
tients with CCM and congestive heart failure (CHF). While an index of afterload, defined as mid-systolic
stress, was markedly reduced in HCM, it was elevated in CCM and CHF. Although three indices of
LV contractility including the rate of LV pressure rise divided by developed pressure of 40 mmHg
((dp/dt)/DPy), ejection fraction (EF) and LV minute work index, were all in a normal range in HCM,
they were very low in CCM. This observation indicates that the systolic function of HCM is normal as
a pump, and that it is markedly reduced in CCM. One index of LV relaxation, which was the peak
rate of LV pressure fall (peak negative dp/dt) was reduced in both HCM and CCM, and the other index,
which was the time constant of L'V pressure fall (the time constant T) was prolonged in both of these
diseases. An index of compliance, defined as diastolic elastic stiffness constant (K) was high in HCM
and normal in CCM, and the other index, defined as end-diastolic elastic stiffness was normal in HCM
and high in patients with CCM and CHF. This observation suggests that chamber compliance is low
in HCM, and that muscle compliance begins to decline with the appearance of CHF in CCM.

Although poor systolic function is evident in CCM, poor contractility or inadequate contraction
of a unit muscle is also suspected in HCM since 1) normal EF was maintained with very low after-
load, 2) LV end-systolic volume index was normal with very low end-systolic stress, and 3) LV unit
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muscle minute work was about one half of normal value with normal preload.

Several important therapeutic guidelines can be derived from this study: As CCM is a disease
of reduced LV contractility, the main therapy for this disease is to enhance the contractility. Elevation
of preload and afterload are associated with the appearance of CHF, and this coincides with New York
Heart Association functional class III. Therefore, the indication of preload and/or afterload reducing
agents, such as diuretics and vasodilators, is considered for such patients. Although preload and/or
afterload reducing agents are well known to be contraindicated in obstructive type of HCM, since they
increase the intracardiac pressure gradient, these agents must be used with great precaution in non-
obstructive type, as they reduce preload suddenly, and life-threatening low cardiac output might take
place. For the same reason, strenuous exercise must be prohibited in HCM. Although beta-adrenergic
blocking agents are frequently used in HCM for the treatment of chest pain, this agent must be used
with great precaution, since this shifts the Frank-Starling’s curve toward right. We experienced sud-

den appearance of pulmonary congestion in 3 patients among this study group of HCM.
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Wh iz BRES, TOREBEEOERRL
THEG 2 B LF 5Lk TERv. EX
(LV) oR v 7z, AIAR (preload), AR
(afterload), Iu#E/7 (contractility), Ffifg (relax-
ation), =275 4 7 & (compliance), kW
D% (heart rate) DEMEALTIFID 5 L ICHER&
nTnah?. o TREBEE OB, BfIcEC
NOFERTFOERLIEECRM L, £0HERMER
DFEERAPNETHS.

— Rz BB MG SE (hypertrophic cardiomyo-
pathy: HCM) 3 LV compliance n{&TF # 1
LL, 9 -oM% L (congestive or dilated
cardiomyopathy: CCM) {3 contractility n{&TF
PRBORETHE L Wb T3, Lal
HCM, & 2RIz FERAEMEIERELL M AE
DFRBERITFCHEAINTE LT, BHFOH
HECBNTL Z2OTEWB L KL TV 3.
7z CCM iz Tid, BOA, FIRA, mE
PEEA 2 & o 5 B X O EHBIR O REIC
i%, contractility, preload, afterload o IEREZ
EBALETHS.

ARFZE L OMHIE BE IR 5 UEREER T OE
FeetelE@ e R, EFAD zh & L iaens

HCM Xt CCM njRREAB O fEH 3% 5
LB, TRRESKHEEIZOWTEREEMX
LD ThH3B.

MBELUVFE

198042 8 A % T 4 FRICKIRERKZESE 3 A
FZABEL, LA 7 —7 VRE 21T L7 HCM
30X vt CCM 20 s, LV £% Micro-
tip® angiocatheter THRIFEL, fEHAIRER LV
cineangiogram #7187~ HCM 20 4], CCM 14
Bl L UL 2 B ERYRE 2RO e o ILER
i 22 {5l %4 HE L Lic (Table 1). HCM ojx#!
ST, FERFRMEPRREAER (asymmetric septal
hypertrophy) 15 f5il, .Le#RAEX (apical hyper-
trophy) 2 {5, sR.LMEAEX (concentric hypertro-
phy) 34 TH v, IEAFHMEFRIER 2B w2 3 fi
|z isoproterenol &% T .LENERZE (33 ~55
mmHg) #Zwiz. CCM 14 f5thizi, alcohol
RT3 LBbh s 24, EECERRELHS L
BbhalfirgshTns.

AT —F MEEIFZEERC diazepam 5 mg
BOLETIRT, EREBIAREIBEEC TITVv, K8
Ik (AO) Ex X vt LV FEix, £4] Mikro-tip®
angiocatheter (Miller Instruments) #vy, 8
channel recorder (4588 D, Hewllet-Packard) <
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Table 1. Study population

R UHIE ORBAEE

Group Case no. Age Sex Severely symptomatic patients
(NYHA functional class III and IV)
HCM 20 39 M=16 6 cases (death=1)
+13 F= 4
CCM 14 40 M=11 7 cases (death=3)
+13 F=3
Normal 22 40 M=16
subjects +16 F=6

HCM =hypertrophic cardiomyopathy; CCM =congestive cardiomyopathy
‘“ Death » indicates cardiac death either due to congestive heart failure (CCM) or sudden death
(HCM) during 6 months to 3 years after the cardiac catheterization.

L. ERERIEI»T—F A ERAY, ERL
¢+ T iz Angioconray® 30~45ml! #&%EEAL,
35 mm cinefilm 2T, #60 == CiEEFEL-.

LV #EB X vBEE 0 #IE 1% Cardias GP 2000
(NAC) A v, HisE#&# (end-diastole: ed), Iy
fERH (mid-systole: ms) 35 X QULHEKE] (end-
systole: es) o 3 HTfFvy, BEEx Fig. 1 o5R
FTIEE, OEFRE, LREO FHEEZ RO
Te. FEB X UCEROFHICI area-length 19,
Rackley oF#E” #Fvic. AR B I UBEE ORI
EIC, HFMEE R & CHISMGREE % o O 1R
AL, 2:3 DHAOEHEE R, EBIVE
mh & 0 B 5 h 2 0HBECIERORIEICE, 5t
IR & CHISMRE % 0.0 2B &, ARG
TR SO, DEMB (HCM: 14], CCM:
7)) i 10 0 OEEEE RS 2.

Preload nfgEIC3HEHI X FLv 2 &V, Z
hid ed eI 3E (P), A& (V) sX0EE
W) x v, ¥H&EEFricT, Misky 0P #
v, BErhdmz b L2 2HH L THvW (end-
diastolic stress: ¢ ed)V. Afterload DfgiEiz i3,
LUIHEHIEE 2 b L ZBREE LAY, Fx i
WPH R LR (oms) BRFEEY X bz &
EER—THBLOMRAERTHYY, ZITI
oms % afterload DfgfE L L /-,

Contractility o$g#E13, —RICERIFEE L R
HfiozhickBlash s, = 2 TREARMELYE

_ a+b+c
WT——3

Fig. 1. Schematic description of left ventricu-
lar angiographic measurements of wall thick-
ness.

There is a certain limitation for the assessment of
left ventricular (LV) wall thickness (WT) and the
data derived from wall thickness from LV cine angio-
graphy, since disproportionate hypertrophy is a very
common finding in patients with hypertrophic cardio-
myopathy (HCM). To minimize such error, the
measurements are carried out at the base with the
reference to the left main coronary artery (a), at the
mid portion (b) and at the apex (c). As point c was
difficult to identify in some patients, the nearest and
well identified point (c’) is measured in such occa-
sions. These three values are averaged.
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L LT E—RBSd#RE v (dp/dt)/developed
pressure 40 mmHg ((dp/dt)/DPy), ERHIHIfeE
L L TERHIER (ejection fraction: EF) #skwi-.
LV o®R o 7r#ieoitzici, 2HilgiE (min-
ute work index: MWI) #Zzkw7z. &, {£)I56
D412 pisz - preload X0 afterload |z Z#8 %
- F /ey contractility ofgfE L LT LV ESP-
esv BESER S TW 325, ik 1 SHE
50k Emax @R TEF, i K s RERN
DLbRicix ESP-ESV 38% L iz, g
ZTUEREII 2 b L= (0es) #3Ro, oes-esv [
%25 HCM x vt CCM o contractility o
ATAG 2 3 2 7.

Relaxation ofgfE121%, LV FE—kis dh#i X
D FETFRERAREEE (peak (—) dp/dt), X U
TFrEFE & 3 (time constant T)'® % sk & /-,
Compliance nfgfE L LT, Mirsky o F0 12

X v, JEEEMICMETE RS £ %k (diastolic elastic stif-
fness constant: K) 35X OV 5E #& 3 580 M 18 EE
(end-diastolic elastic stiffness: stiffness ed) %3k
Wic. Fig. 2 1z CCM o 1 fflo s E il X
¢ contractility, relaxation D&FHE %77

HCM riE##E, CCM LIEFH © 2 B
121t Student t test W72, AL OfEIX
FigfEds & 0z ofEHERZETRLE.

& E: 3

%R & 7 o7 HCM, CCM, IEj##f (normal
control: NC) o 3 BRI 134E K B L ORI H
BB o7 (Table 1). [ 7 —F7 ik
=X, ABitk, i, REHIR, Y¥& 1 2HA),
FIRH 72 & O 5T X v BE O WREENRHEE L
PR TER LS, BB h-oEE DR % 5
ez HCM i3 6 4] (30%), CCM T

ECG—\
|
1000r -
pﬂiH_g ;”_a’f =
LV —
16O i ke
LV sp 89mmHg  Peak (H dp/dt 696 mmHg/sec
edp 24mmHg  Peak ( dp/dt 620 mmHg/sec

(dp/dt) /DP4, 19sec™

Time constant T

64 msec

Fig. 2. A representative left ventricular pressure tracing from a patient with congestive
cardiomyopathy, and the parameters obtained from the tracings.

The figure demonstrates a representative LV pressure tracing of congestive cardiomyopathy. A
very low values of the peak rate of LV pressure rise (peak (+) dp/dt) and fall (peak (—) dp/dt), the
rate of LV pressure rise divided by LV developed pressure of 40 mmHg ((dp/dt)/DP,,), elevated LV
end-diastolic pressure (edp), and prolonged time constant of LV pressure fall (time constant T) are
well demonstrated. Abbreviations: ECG =electrocardiogram ; ICPCG =intracardiac phonocardio-

gram ; sp=systolic pressure.

— 1130 —



7H1(50%) THY, hbRERTHE OFLL
TRl

LV Iy4E#E (systolic pressure: sp) ¥ HCM
TI3E¥, CCM TREEETL T\ (HCM:
115 + 13 mmHg, ns; CCM: 109 + 23 mmHg,
p<0.05; NC: 122+11 mmHg) (Fig. 3). LV
edp 1x HCM <LEH, CCM TREELEDLSL
ehotzns, HCM, CCM o w§FhiZ 8T
4, EREFCERHIC LR LT (HCM: 1447
mmHg, p<0.001; CCM: 11+8 mmHg, ns;
NC: 8+3 mmHg) (Fig.3). AO FEiE 3z HCM
TRRE, CCM TR EHL bbb ol
(HCM: 85+11 mmHg, p<0.05; CCM: 86+
14 mmHg, ns; NC: 93+11 mmHg) (Fig. 3).
CCM iz T, DEEIZEHIIELL
(HCM: 3.03+1.05 //min/m?, ns; CCM: 2.19+

LV systolic pressure

mmHg
1501 -

LV end-diastalic pressure

R UHE OIRBAE

0.58 //min/m?, p<0.001; NC: 3.31+0.90 //min/
m?), £ mEEF T EFL T (HCM: 1469
+516 dyne-sec-cm™3, ns; CCM: 1970 + 582
dyne-sec-cm~3, p<0.01; NC: 1436+409 dyne-
sec-cm™%) (Fig. 4).

LV &3 EDVI (HCM: 75+14 ml//m?, ns;
CCM: 146+68 ml/m?, p<0.001; NC: 69+20
ml/m2), ESVI (HCM: 25+8ml//m?, ns; CCM:
90+57 ml/m?, p<0.001; NC: 25+9 mi//m?) &
iz HCM <ixEH, CCM TiIxEHLEKE
KL, TOREZEEFTLIVEHATH - &
(Fig. 5). LV mass ¥ HCM <#iklL, CCM
TREEELEDLS Aoz (HCM: 162+101 g/
m2, p<0.01; CCM: 101+28 g/m?, ns; NC:
92423 g/m?) (Fig. 5).

sezsvkEi] contractility 388 (dp/dt)/DPy

AO mean pressure

: :MntSD of normal

(N=22)

H o@: HCM (N=20)
—f o . e@.CCM (N=14)
o T
- g o @
100 En -g ' © - B ®
{ ® Eu T a 15—
1l e oo 9 ©
: Tl
P <0.05 B ¢ oo
P <0.05
501
P <0.001
®
®
o ®
aﬂ
0
NYHA IorI HorV lorI MmorM. IorI DorV Jorl HorV Iorl MorWV Iorl MorV
HCM CcCM HCM CCM HCM cCcM™M

Fig. 3. Left ventricular and aortic pressures.

Shaded areas are the mean and one standard deviation of the mean of 22 normal controls. P value
shows the statistical significance when compared to normal subjects. Severely symptomatic patients
(New York Heart Association Functional Class III or IV) are identified as double squares (HCM)
or circled dots (CCM). Elevated LV end-diastolic pressure is one of the important symptomatic fac-

tors in both of these diseases.
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2/min/m2 dynes- sec- cm ™S
e.o* . Mn+SD of normal 3000
_— (N=22) d
°8:HCM  (N=20) @ P <0.01
e@:CCM (N=14) T e
o ®
=] o e
n -] ©
40{ o 2000{ = - e o
1.
=] * 3 b S
B o - v
8 m I gu
] .
204 ° 1 . 13 1000 2 1o +
o o ° g :
e P <0.001
0 0
NYHA lorl Mor N lorl MorN lorl MorN IorI MMorN
HCM CCM HCM ccM

Fig. 4. Cardiac index (left) and systemic vascular resistance (right).
Cardiac index is low and systemic vascular resistance is high in the majority of patients with CCM.

n0/m2 EDV I ESVI o/m2 LV mass index
®
4 J— 0 491
300 — Mn%SD of normal 30 o361
- (N=22) P <0.01
0@ HCM (N=20) = T
*®:CCM (N=14)
P <0.001 ¢ 0
200 4 ® © 2001
@ ® a
P <0.001 o - °
¢ ®
@ o (2} r @
. ° 8 vl
100+ i, 100{ g )
N L4
3 Mk . N |
B 11’? H ® 8 < O
o s
0 0

NYHA JorI MorNV Iorl HMorN Jorl MorN Iorl HMorN Iorl HMorV Jor MorNV
HCM CCM HCM CCM HCM CCM

Fig. 5. Left ventricular cineangiographic findings.

LV end-diastolic volume index (EDVI) and end-systolic volume index (ESVI) are significantly
increased in CCM. LV volumes are larger in severely symptomatic patients with CCM. LV volumes
are in the normal range in HCM, and LV mass is significantly increased in this disease.
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(HCM: 329+7.0sec’!, ns; CCM: 21.1+44
sec™!, p<0.001; NC: 31.4+5.3sec™t), ERHIHA
iEE» EF (HCM: 67.8 +7.29, ns; CCM:
38.8+13.1%, p<0.001; NC: 65.4+7.2%) X
¢ LVMWI (HCM: 3.02+1.30 kg-m/min/m2,
ns; CCM: 2.51+1.13 kg-m/min/m2, p<0.005;
NC: 3.81+1.28 kg-m/min/m?) i & 4,1z HCM
TREFLEDLLTF, CCM TREHALKTFEE
»7z (Fig. 6). HCM icivwTix LV @& ¢ L
ToORy7HEIEFCREFEsh Ty, CCM
iZBWT, BEMTL IS contractility onig
BoBETE2RH5 L1, FED KEO REHN
contractility OIETFICBET S L &RELTH
3.
Preload #% b3 sed 13 HCM TREHR L
Ebb¥, CCM Tz 1 # % fr & EiEH < LF7

R UREE DR RE A

#587 (HCM: 22.9+11.9 g/cm?, ns; CCM:
44.0+50.0 g/cm?, 0.05<p<0.1; NC: 20.7+
10.3 g/cm?) (Fig. 7). Afterload (¢ ms) {3 HCM
TR EHIZELS, CCM iz Tk EEFLSH
WWERZER %7 L (HCM: 119 & 55 g/cm?,
p<0.001; CCM: 327 + 102 g/cm?, p<0.01;
NC: 236+80 g/cm?) (Fig. 7).

Relaxation D5 G 5 peak (—) dp/dt ix
HCM, CCM ¢ b izEBHicd L (HCM: 1079
+329 mmHg/sec, p<0.001; CCM: 979+347
mmHg/sec, p<0.001; NC: 1923 +440 mmHg/
sec), time constant T [IEEE & LICEE L TW
7z (HCM: 63+21 msec, p<0.001; CCM: 65
+22 msec, p<0.001; NC: 3348 msec) (Fig. 8).
J#bb, HCM kvt CCM onwFhokEs
LER e relaxation DOEER 5 Z L 2R

(dP/dt) /DP 40 E F LV minute work index
sec! 5:;16.5 * o kg-mémci)n/mZ — :MnxSD of normal
401 o BOT o ] o - (N=22)
o T a8
=] g !J o
0g o
=)
8 ¢ § E
oo J_ 8 A o
L4 4
307 g 60; E ® ” 0 .
a © ° .
2 . oo . [ ®
H
B g
. oo o B o
201 o 40] ¢ 4 o 2.0 t e
s b 8 o . g
o § 0@ :HCM (N=20) ® o
P <0.001 ®®:CCM (N=14) ®e0 ) ®
P <0.001 P <0.005
0 0
NYHA ITorl MorNV [orl MorNV ITorl MorV Iorll MorV ITorl MorV Jorl MorV
HCM CCM HCM CCM HCM cCM
Fig. 6. Indices of left ventricular contractility.

The rate of LV pressure rise at the LV developed pressure of 40 mmHg divided by developed pres-
sure of 40 mmHg ((dp/dt)/DP,,) is shown as the isovolumic phase index, ejection fraction (EF) is
chosen as the ejection phase index, and LV minute work index is calculated to assess the pump per-
formance. These three values are in the normal range in HCM and significantly depressed in CCM.
This figure suggests that the main problem in CCM is depressed contractility.
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end- diastolic stress

g/cm?
©188
=
®
1004 0.05< P <0.1
(]
a
504
E 1= !
FEEE :
P |am v .
G 4 d

o]
NYHA IorT MorN lorl DorN

HCM CCM

mid-systolic stress

" Mn£SD of normal

g/em | —— (N=22)
o@. HCM (N=20)
*©:CCM (N=14) ®
500 o
F’(O._01°
4004
]
¢ ®
300 I
L ]
200 = .
L]
TE :
DED
1001 @ I
o 8
] 8
P <0.001

IorT MorNV JorT HDorN

HCM (ole] )}

Fig. 7. Preload and afterload of the left ventricle.

LV preload (left side) is assessed as end-diastolic stress using the ellipsoid model. Although LV
edp is high in HCM, end-diastolic stress is in the normal range. The preload in patients with CCM
is not significantly different from normal as a group, however, it is markedly elevated in the ma-
jority of patients with congestive heart failure. Afterload is defined as the stress to the ventricle dur-
ing systole. Since mid-systolic stress is almost the same as mean systolic stress®, mid-systolic stress
is obtained as an index of afterload. Afterload is markedly reduced in HCM, and it is very high in

patients with CCM and congestive heart failure.

Compliance » 18 chH 5 K i3 HCM ©FH
¢, CCM TiEE#Eichy (HCM: 20.7£3.6,
p<0.001; CCM: 15.1+2.2, ns; NC: 16.5+
2.6), flho 1454& stiffness ed 3 HCM T IEH
e £xy, CCM TREEF CHRIELTRLE
(HCM: (458+270)x 10°® dynes/cm?, ns; CCM:
(720 £ 864)x 10% dynes/cm?, 0.05<p<0.1; NC:
(342+207)x 103 dynes/cm?) (Fig. 9). K 3&£=
o chamber compliance %, stiffness ed {3 muscle
compliance #EFbLTWB LD & ExHh!®,
HCM iz TizZE=E » compliance (F{ETF L T
W3, BALOEo compliance ZIEE Th Y,
CCM v TIXEEH T muscle compliance
BMMETFLTLBbDEEXLNS.

FEERB &N B oes-ESVI BR 2 IEEFITAH
3L, mERICE r=0.68 (p<0.001) DIEHERE

%@ w iz (Fig. 10). ESP/ESVI i3z HCM T
REFHLEDL Y, CCM TEHARET 2R
7z (HCM: 4.5+2.0 mmHg/ml/m?, ns; CCM:
1.5+1.0 mmHg/m//m2, p<0.001; NC: 4.9+
2.9 mmHg/ml/m?), ¢ es/ESVI 13 HCM, CCM
DWFHOBLERLIET 2RL T (HCM:
2.7+1.6 g/lem?/ml/m?, p<0.001; CCM: 3.0+
1.2 g/em?/ml/m?, p<0.001; NC: 57 + 2.6g/
cm?/ml/m?) (Fig. 11). Z o oes-ESVI %%
M7+ 5 & (Fig. 12), E¥flictk~ HCM <X
FHic, CCM TRAFBITL TS Z L »H
b kY, EREEARATHBENEE T
5. zhix CCM o4 z6 3 HCM izisnT i
contractility DIET OEEZTRT 5.
Preload-LVMWI [g4% (Frank-Starling rela-
tionship, Fig. 13) #x 3L, HCM @ZEE”R
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peak negative dP/dt

—mmHg ./ sec
30004
2000+
a .
o
go .
g ]
o .
1000+ 4
ugg B ° ®
: T
P <0.001 P <0.001
o]

NYHA Torl morN Jorl MorN

HCM CcCM

Fig. 8. Indices of left ventricular relaxation.

BRI UFIE DRI

time constant T

msec

1504 : :Mn+SD of normal
- (N=22)
o@:HCM (N=20)
¢ ®:CCM (N=14)
®®
100{ °
P <0.001a P <0.0m
B
1 - . g
88 “ ®
B .
501 b 2 .
oo
L]
0

forI NMorN Iorl HMorN

HCM CCM

Peak negative dp/dt is significantly low in both HCM and CCM, and the time constant T is sig-
nificantly prolonged in both of these diseases. These findings indicate that relaxation abnormality

is present in both HCM and CCM.

preload TIE# 7 pump HEEELRFEFLTWB L
Zxbh3n (Fig. 13 £), LV muscle 1g o
HEEIIR Lo preload #5213 TWv 3 EH{
oK 0% Lirienz LS »Lis (Fig
13 #). zo®Eix HCM e TIRBALLE
DURE IS R ORAIE £ 137 ) BTh b
L EIRT.

ERHHA contractility $54& 3 afterload /%%
ERTEFICH T 0ET TRy, oKL
fHiETH 5 &, HCM TS icBE L, CCM
BITHEL3ATHcBHLTEY, CCM 0
K73 HCM 2T % contractility n{ETF
MBS ML 23 (Fig. 14).

% =

LV o® . 7#kEix preload, afterload, con-
tractility, relaxation, compliance, I X ONMA%K
DEHE R X > THEFFSh T ah?. CCM
Tt Fig. 6 X vBS R L, 20K

BOAEEX contractility oK FiIcHhY, “hz
oes-ESVI BfrTx# 5 L (Fig. 12), EHFLICH
N oes IEERLZ L0, ESVI 3k vn—&
WAL, ERRIVAHICBEL TS Z & TH
5 & 72 5. Frank-Starling gh#g (Fig. 13) ¢
% L AHE TIXH & D ICE T HICALE L, afterload-
EF ptgcx 5 & (Fig. 14), afterload ok X
h EF 0T B EFICH~EH TH 5 (FHBH).
iz CCM iz Tiddh 3 —ED ATkt
L, contractility [ZIEHEHKI VEFLTWB Z &
#RT. AEEICE T B relaxation DEEDFH T
AREATH %A, relaxation 1235475 Ca** active
transport DB 5 #ZE L7, ¥ /z peak (—) dp/dt
B X U time constant T 23 EF L HFZoiEM~
BRERFOHELE XN IIT®, K2R IT 5 relaxa-
tion MEE L, contractility & T & 3B DA
FhobniHgahs. CCM ickiy 3 stiff-
ness ed o &, NYHA III gEpLE o SEER
Cor@Boohizz iz (Fig. 9), EHE0ETL
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X 103dynes/cn?
30 p— :Mn+SD of normal (N =22)
0@ HCM (N=20)
2 P <0.001 e®: CCM (N=14)
A ©3189
D- /
o
204 20004 o
a
- | L1 ® 0.05<P <0.1
. 1{% o
i .
104 * 10004
w—t H
_:m%a :
g2la | A
- 3
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NYHA IorI MorN Iorl MorVNV lor] HmorV Jlorl MmorV
HCM ccM HCM CCM

Fig. 9. Indices of left ventricular compliance.

Two indices of LV compliance are obtained in this investigation. The slope or diastolic elastic
stiffness constant (K) is significantly elevated in HCM, and it is in the normal range in CCM (left
figure). Elastic stiffness at the end-diastole is in the normal range in HCM and it is elevated in pa-
tients with CCM and congestive heart failure (right figure). This observation may suggest that
chamber stiffness is high and muscle stiffness is normal in HCM, and muscle stiffness begins to
elevate with the appearance of overt heart failure in CCM.
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Fig. 11. The ratio of end-systolic (aortic dicrotic) pressure/end-systolic volume index (right)
and end-systolic stress/end-systolic volume index (left).

Both of these two ratios are markedly reduced in CCM, indicating that contractile state of this
disease is depressed. Although aortic dicrotic pressure/end-systolic volume index ratio is in the nor-
mal range in HCM, end-systolic stress/end-systolic volume index ratio is significantly reduced in
this disease. A serious question whether contractility of HCM be depressed must be raised from

this observation.
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Fig. 12. A relationship between end-systolic stress and end-systolic volume index among

normal subjects, HCM and CCM.

LV end-systolic stress/end-systolic volume index ratio shifts downward in the majority of pa-
tients with HCM, and this ratio shifts to the right in patients with CCM. The degree of the shift is
more prominent in patients with severe cardiac symptoms in both HCM and CCM. This figure
suggests that contractility of the left ventricle is depressed not only in CCM but also in HCM.
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Fig. 13. A relationship between preload and performance (Frank-Starling relationship).
The relationship between LV preload (end-diastolic stress) and performance (LV minute work
index) is shown on the left, and the relationship between preload and LV unit muscle performance
(LV minute work/LV mass) is shown in the right side. Although LV minute work is maintained
in the normal range in HCM with normal preload, it is clearly depressed in CCM. Looking at the
individual data, pump function is depressed in the majority of patients with severe cardiac symp-
toms in both HCM and CCM. A unit muscle minute work in HCM, however, is markedly lower
at the same level of preload compared to normal, and it is suspected that the contraction of a unit
muscle in HCM is inappropriate to produce an adequate contraction of the whole left ventricle.
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HCM and CCM.

It is well known that the ejection phase indices of contractility are influenced by afterload, and
therefore, evaluations of contractility using ejection phase indices must be done with the considera-

tion of the level of afterload.

Although EF is normal in HCM, afterload is severely reduced, and this relationship is shifted
to the left. Normal EF is maintained with reduced afterload in this disease. The reduction of EF
seems to be parallel to the elevation of afterload in CCM, and the elevation of afterload is more promi-
nent in patients with congestive heart failure. Favorable effects such as an increase of EF and cardiac
output can be expected in such patients with the administration of afterload reducing agents.
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