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Summary

Recently left ventricular end-systolic pressure-volume relation and its slope, Emax, have been
evaluated experimentally and applied clinically as the indices of left ventricular contractility. How-
ever, determination of the slope (Emax) requires acute pressure loadings, which are difficult to
perform repeatedly in every patients. Therefore, non-invasive and single point indices of the left
ventricular function at rest would be needed for the practical application. The purpose of the present
study was to evaluate left ventricular end-systolic dimension (ESD) and systolic blood pressure-end
systolic dimension ratio (SBP/ESD) as the indices of left ventricular function, which were obtained
by the echocardiogram and blood pressure (either direct measurement of aortic pressure or non-
invasive spygmomanometry). The slope of SBP-ESD relation (emax) was determined statistically by
fitting linear regression equation to several measurements (more than thrice) obtained after methoxa-
mine infusion and sublingual nitroglycerine in 18 patients. ESD, SBP/ESD, ejection fraction (EF)
and mean velocity of circumferential fiber shortening (mVcF) were calculated from one point value
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at rest and compared to the slope of SBP-ESD relation. In addition, clinical value of ESD and
SBP/ESD was examined in 168 subjects with normal left ventricular function and various heart
disease. The following results were obtained.

1) ESD correlated to EF, mVcF and emax with a correlation coefficient of —0.93, —0.83, and
—0.74, respectively. Similar correlation was obtained between SBP/ESD and EF as well as mVcF and
emax with a correlation coefficient of 0.77 and 0.60. In addition, emax correlated to EF and mVcF
(r=0.78, r=0.62). Better correlations were obtained between SBP/ESD or emax and EF or mVcF
when curvilinear function was applied.

2) ESD increased in patients with volume overload (aortic or mitral regurgitation) and con-
gestive cardiomyopathy (CCM). On the other hand, SBP/ESD decreased only in CCM and increased
in hypertensive heart disease, aortic stenosis and hypertrophic cardiomyopathy. These results sug-
gested that SBP/ESD would be a preferable index of left ventricular function independent from
volume overload while erroneous high value in patients with thickened left ventricular wall would be
resulted from ignorance of left ventricular wall thickness in this index.

3) NYHA function class neither had an excellent relation to SBP/ESD nor to EF, mVcF and
ESD. Relation of SBP/ESD to the clinical course of patients with congestive heart failure (CHF) was
also not excellent, while other indices such as EF and ESD restored to the normal value with the
clinical improvement of CHF. On the contrary, better relation was obtained between SBP/ESD and
long-term prognosis, so that this index seemed to represent the ventricular function per se indepen-
dent from the preload or afterload.
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Table 1. Materials

Normal control (Nor.) 18
Hypertensive heart disease (HHD) 54
Aortic regurgitation (AR) 50
Aortic stenosis (AS) 4
Mitral regurgitation (MR) 9
Mitral stenosis (MS) 8
Congestive cardiomyopathy (CCM) 13

Hypertrophic cardiomyopathy (HCM) 11

- 7T0ta1 167

» 9 b normal # 74, HHD 44|, AR 34,
MR 1 fij, CCM 3 filo 3 18 filic - v T X
methoxamine i, nitroglycerine EHFFIC
TULKEIIAE 2 40 mmHg FigZ b s . 94
CEDFER— Yy J TR EREE L, Bl
CRBINRIESE 2, 70 9 Pl OmBEERET T
FEBUMAYIC & 7 RUMEFHS T JE L. Zhb

LV ESD and SBP/ESD ratio

18 floLr= 2 — X% il SSH-11A 2Tt —
L5 &8 Lo, Honeywell o strip-chart
recorder |ZTHF 50 mm  DHLRE Y HEE TKAHE)
R GEEUIIE <1 & 7 Bl e,  SRE) &
O, DB I FEE &b Rk L
(Fig. 1). 7 piLiERWE (EDD) 20EK R
TG, IAEA IR (BESD) 05 1T 35 BAARE,
T E D F/ ML (13 KR BRI
W THMIL, ST ORI X o 7.

e R Syl (EF)

EDV—-ESV

EDV
(volume F-4iix Pombo iz X %)

S FEAE(L PN R S (mVer)
EDD—-ESD

ETXEDD

EF =

mVCF =

(ET': ejection time)

Methoxamine

Fig. 1. Simultaneous recordings of the left ventricular echocardiogram and carotid
pulse tracing at rest (left) and during methoxamine infusion (right).
Systolic blood pressure and heart rate are changed from 152 mmHg to 178 mmHg, and from 81/min

to 58/min, respectively. Left ventricular end-diastolic dimension (EDD) and end-systolic dimen-
sion (ESD) are measured at the point of the R wave of ECG (II) and at the point of minimal left

ventricular dimension.

— 531 —



&R, wif, &ME, &
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Fig. 2. Correlation between ESD, SBP/ESD,
emax and EF in 18 patients.

Each index well correlates with EF, and correla-
tion coefficients in this figure are obtained by a sim-

ple equation, but the curvilinear relations are aparent
between SBP/ESD, emax and EF.
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Fig.3. Correlation between ESD, SBP/ESD,
emax and mVcF.

These results are similar to those in Fig. 2, but
each correlation coefficient is lower.

—FNHRDOEEEKEEZL->T SBP itz
ESD (3 normal # 32.2+4.2 mm, MR 39.5+
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LV ESD and SBP/ESD ratio
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Fig. 4. Correlation between ESD, SBP/ESD and emax.
Each relationship is significantly linear.
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Fig. 5. ESD (left) and SBP/ESD (right) in normal subjects and cardiac patients.
Each bar shows the mean and standard deviation and asterisks show the statistical significance

(p<0.05) in comparison with normal subjects.

Abbreviations : See Table 1.
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Fig. 6. Relationship between ESD, SBP and
functional capacity in patients with hyperten-
sive heart disease.

Functional capacity is determined by the classi-
fication of New York Heart Association (NYHA).
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Fig. 7. Evaluation of each parameter in relation to the functional capacity (NYHA).
Stress/ESD is the ratio of peak meridional wall stress and end-systolic dimension of the left ventricle (Gg/CM3).
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Fig. 8. Alterration of clinical course and each parameter in a patient with hypertensive

heart disease.

ESD and EF change significantly in relation with treatment and improvement of the clinical
course, but SBP/ESD indicative of cardiac contractility does not change prominently and remains
in the lower values even though his symptoms have improved.

WREOEELARRFTH Y, BHMEEOI VI
FEEDMIBE L OREEM DA TH, EIFHRIC
BNTHIY, ERHRERHIAESR VW LARLFAS%
boaniz e EOEEMEE F¥2LEBbhs.
SRR L& 481E & 0/ B OB OINHEEE &
LE»REKT, ESD %73 ESV B&ELHRE
DEER EEDN 1 STHBZ L& FRL T3S,
L iz #hix Frank-Starling ##o BHREHHE O
critical level, 7z v L preload reserve 2RI
ELEWE z0EEER BT Lo L #ER sh
%. —J5 SBP/ESD {3 LV pressure-dimension
loop DIIEEFICHYELELLDOTHY, BREED
pressure/dimension 72\ L volume ratio Dfk
L E#REBAH v 1617, Suga 50 Emax ko
— B HET B LN T HB. LaL SBP/ESD
ZEEX erIZBiF 5 dimension FHIEAZA {, L
b Suga HIC X ZEMER L Bip 500, 2fT

D x Y~o—BERIRBDOIY, HELT
313 ¥ Z» dimension 7V L volume 3k 3
OB L xhBz L aEETSH L, Emax Lidsg
LlEF—BTEL. LHL Fig. 3 oz &<
emax LOBICHWVEEREO T2 L X Y,
SBP/ESD x emax # L T Emax IZiF{Ll+ 545
BolobtEzbh. —F SEORE TLE-
WEBERO x Y15 EEFEENZ VL BEL
CEEWERT MR H Y, ERNFERHAARH
#Ak+ 313 ¢ SBP/ESD 3 emax 0{ET iC ik
NTRELED L, ERIFEF TRABETOL
BRESBIICFHE S h B ERERD v, EESS
BEThAHS. o BEREZEL KL E To
Emax oK EOFRAMELT L LS 2Tk
WS AEled emax ¢ EF, mVcer & %
» % & (Figs. 2,3), EF, mVcr ownFhicst L
T ¢ critical level T&A&A%HF + % curvilinear

— 537 —



wE, B, &H, &2

CLINICAL COURSE
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Fig.9. Alteration of clinical course (A: admission; D: discharge) and each parameter in

6 patients with congestive heart failure.

EDD, ESD and EF change significantly in relation with improving of the clinical course. SBP/
ESD and stress/ESD, however, show different behavior, ie., the ratios remain in the lower values

or does not change prominently.
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ESD-SBP 28Iz 5 TR EMENMT BEHIZ &
BETFHCRALT BmBEH LN, FEHL E
FRor»ichEESF R LF T NYHATV
BEOEEFM;A >N, Fhid & OIEEE &K
TLTWALTYH, DAREEERLYIBILER
FTHRE LTHEB shi-. £#5E L NYHA 48
ofE T, LITEgL 1L IVELZHIBRERX
AL AFRAELL, FHECERY VL
{, ThbWFhOEEGBRKIER & 1501 oxf
BETALOTEEWbO LN L Y. —FEK
B L £i9EopEx, Figs. 8,9 IRLET L
¢, CTR, EDD } v ESD oZfknkE<, =
Hix EF o%fk & i34F parallel Tdh -7z. SBP/
ESD 7 v L stress/ESD @EHAKEO LD LR
EoOLOIRBI&E, FIE IV TLBREE b
BiEREFT, & AGEBHIRITSNEE L 2o 7o ds, —
FHBECBCULEBHREEL TR Y, Kz
BDHZICEKLBBELEbh. 20X
ESD = EF ai&afr, H%AR &ixiahns
DlgOMEEZRE L, BEOBKIKEZ X < Kk
LTW3boeEZLN, —HFINLDOARNL
Helgh RS U, DB B ORSERIRIE 2 K LT
BeEx2bND SBPESD »3%|x nBEDIKEE
LRSHTFLLHREEY, DLARMTHREBEL
T REES 5FTRTHA 5. LarL SBP ok
B2 {E T <1k SBP/ESD iZte LA+ 0fKiE L
FWICEEE 2 Y, BiEEEY 5> 2Kk SBP o
KEREBBR 20 W) FiFE3 LEE Bbhi.

LV ESD and SBP/ESD ratio

FIkEIC stress/ESD @I ke v B 3 di-
mension T stress # R4 272012, AIBENL
BHALOWMES 2RT L ThiE, 20BEEREL
X paradoxical 2B & 2R L, SH ORI E
BET5RTHAY. LEhoZe zhbofgEix
SBP iz £ kA4 T hiE, & < iz SBP/ESD
B W T ZOEKEE, FHErs ECHERREE
Brunxky. 4% ESD 2L ESV #funT
KRENRF BASH R AEH1 O FHF @RI > W TR
M ERTVWB L 520, - hbINKESEE
FFEHES & OBED ETHRFNTELL 5.

¥ B

EEMERSIE (ESD), IniEimE-£EZIHE
KHEL (SBP/ESD) ni b rEfREL LTOF
RAEERF L TUTORRER/L.

1) ESD, SBP/ESD ix EF, mVcF =L T
emax (SBP-ESD Bi{% » HfefE) & F &=
linear #2 v L curvilinear %2 B{% 2 H L, L
EfREol 2 LTHERLEX bR,

2) ZhooBE—EEIZL ITRHLOFERIC
FRLEzbNZD, BEOREL2E £ T after-
load icERA&NBl-dic, EAFRES, EXL
KEBWTRZEDOFEMICEZELPMLETH .

3) DAEBEFOFZBLAELTHRIETS L,
ESD i EF (RIU < BRARERME L & < S Lie.
Zhicst LT SBP/ESD R LAE#HTHLEX
CHEBAL, DM~ ATRREE &3 Hiry LR
i, DIREHOBESREBEZRIT2EELRY
y5bnLEILNI.

-3 #

RITAEZIFERBE - AEBREZOEE T
% Emax 13, EROCIESIHEE IEEL LT
s h, BERMCLSASA TS, L LE
& (Emax) #3R® 3720121, +_RCOBEEITH
BEIZITS Z L 3 TH M OEARMBILET
b, EOBENIEEL L CIEBMA 2 LD
B—iEELBERGCH CRATRTH 5. SEIDOHF
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REK, &S, WH, &»

FER L= a—FE (EERBIRERE £ /2 398
A EE TRIE) ME & bRk iz, E=IHE
K#iE (ESD) LiunfE#imE-IniERE%E (SBP/
ESD) thooZe UM RERERE L L TR ADoK &
BHHy & L.

SBP-ESD B{RofE (Z Z Tix emax Lfg)
IO T A by I A HEL =
vy t) ETFICE B3 HUEERD, HEH
R EMBECR® . ESD, SBP/ESD, B4
B (EF) & mVcr B&#i o — A X v Ko,
SBP-ESD off& LIitREI L. & HICERE
DESRERE L BREOE B 168 filic>wvwwT ESD &
SBP/ESD # BEIRMIIC RETL, UTORKEE 2
Tz.
1) ESD 3 EF, mVcF, # LT emax & zh
FRAHBRE A —0.93, —0.83, —0.74 Th -
7o. D% SBP/ESD b EF, mVcr &
emax Tb Y fHEREE r=0.77, 0.60 TH - 7z.
&bz emax ¢ EF Xt mVcer i3 r=0.78,
0.62 niEERH 7. #L T SBP/ESD %713
emax &, EF %7213 mVcr offic iz ok
HBHLELVEWHEENRD -,

2) ESD 3xEAf## (AR, MR) » CCM
THEINL Twiz. —J% SBP/ESD 3 CCM <n»
HMEFTL, HHD, AS ¢ HCM —<#EimLTw
z. ThoofERix SBP/ESD RiaRARDOE
B, EOBREL LTEE LWEELR Y
5%z L&RL, —F LV BRI BF
TR nEEN LV BEEx EHLTRY, BE
ERLICOT, BREHEL, BRI RETHA).

3) NYHA ##e4>%1x SBP/ESD, EF, mVcF,
¥7- ESD L3 BEFARBREZ Loz, LRLE
#F <o SBP/ESD & EGpRfEif & OB L < 7%
holzh, EF, mVcr ® ESD L gL nig
FLEIKHEBELZ. La»L SBP/ESD EH#HF
BLEIVEREDY, T OBEIRRTAR X b ML
L, ThHETOEEEZEDLTWSZ L 2RI
LTWiz.
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