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Summary

A new contractility index (Ec) is proposed based on the slope of the left ventricular (L'V) end-systolic
force-length relationship. The Ec values of normal human hearts are relatively constant. The present study
investigated the Ec values of 16 cases of heart failure in 11 patients with old myocardial infarction and 5 with
dilated cardiomyopathy in NYHA functional class 1 to 3. The LV end-systolic pressure (Pes) and dimension
(Des) were estimated simultaneously by intraarterial cannulation and LV echocardiography. The LV pres-
sure decreased from 111317 to 90+ 14 mmHg after intravenous infusion of nitroglycerin. The LV Fes—Des
relationship was found to be nearly linear and the slope (Ec) and extrapolated dimension intercepts (Do) were
obtained as 6022 g/cm and 2.7+ 1.2 cm, respectively. The values of Ec and Do were both proportional to
the baseline Des value. Our model predicts that the Ec value reflects intracellular peak Ca?* concentrations
([Ca**]) of the myocardium and/or myosin ATPase activity. The present results suggest that the working
myocardium of a failing heart increases [Ca?*] and/or myosin ATPase activity to compensate for depressed
LV pump function due to myocardial damage.
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AHLVIERE LT, EEEKREN-RSBERD
HE (B) #1RF L7z, bhbhDE7FIL (Fig. 1)
Ti, TO E L LHERARE -2 cat iBE%E K
ML 2 LERHNICFEINTWSDS, £OMEIEIE
FEADEZETREANFDLHREOERIIIPDS
FTIEIZ—ETH o720, EETIEEIDETNVE
Fo TOAREBEIZIBIT S E DEFRET L.

at Ed

Ec DfED b EEBELH OGS % 5Fl T 5 729
2, o0 LOREABTLEMEZHAL, XFT
FEL/LAREE 26 HIICOVWTRELL. §X
TOEFIERIICEELTBY, LAE2Da
POV BOEFOATREFTHoA. T0D)
% nitroglycerin BHEIC & 2 BEESA+HTHo 725
fEF, LTI -—KFHAERICTE o721
B, LEME 2 61, KBIRAS & OHIERICEHRE
BEE 24D 26, nitroglycerin BHEIZ & o T
PEEEAlHL IR T L 1D 2R & QA BlIZE

Fig. 1. Diagram of the cylinder model of the left ventricle.

R=end-systolic cylinder radius; H=end-systolic cylin-
der wall thickness; F=end-systolic cylinder circumferential
total force; Fp=end-systolic cylinder circumferential tensile
force; [=cylinder height (1 cm).

BIER), &F 16 BITHRE L7,
SEBIIIBEIR M- L AHHEZE (old myocardial infarc-
tion: OMI) 11 1l & $L5RELUAFSE (dilated cardio-
myopathy : DCM) 5 51 T&% % (Table 1). &5+ D
FEHNIFRED 6 B, V%) ABHH3 6, ME
LEREH 8 B, ACE HEEN 18I THo729%, #
737 I VERSHOERIE o/, 2613k
LMED 2 ¥ b T — )V D72 propranolol 255 &
TWwWiz, FIAEIRE L L T mexiletine 23 5-HD
EFIZ4BITH o7z, B126l, K4BIT, FHE
B3 59.8£16.5 i (FHELRERE) TH 5.
pA=R =Y

REOH 12 BEMETIICTRTOEHR L HIEL 7.
BEEZMEAGLICL, 20GOHERAI =2 —L 2
BB EREBIARICIEA, =/ A—% —CHHELT
BREHEEZAEEM E— FLTa—RICFERESE
L7, MEARRE L7, nitroglycerin (3 ' A
O —)l) %#0.5 ug/kg/min OB TEIRAEA B
L, MEZE=F—L%&H»F6345TLI20.5 ugke/
min $OHEL, MEZELIETEE. EA
Ry 7T IVEBSTC-506 2 /M L7z, REBR
[ FEfEAS 20-30 mmHg ML EET§ %%, F 721340
MERKMOEZDOPR-ZEEEHE (EENEKREA
£ Des) PEAMBE LY 2-3mm /P LIEAT
BIRAEAZFIELZ. L o—HB X U8RI
BT EAFRF (nitroglycerin #E7% L), nitroglyc-
erinFEAF D 35T L, nitroglycerin B{E 1 1L £ 1L
EFEATROREBIEFE L BADZRLENRT
FCERL 7.
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—372 —



LAEDEZEN-R S Bk

Table 1. Clinical characteristics of individual subjects

Patient  Gender Age BSA  Diagnosis NYHA Medications
No. (yrs) (m?)
1 M 73 1.55 OMI 2 ISDN, nifedipine, diltiazem, dipylidamole, aspirin,
propranolol
2 M 54 1.66 OMI 1 ISDN, nifedipine, dipylidamole, ticropidine,
propranolol
3 M 43 1.60 OMI 1 ISDN, furosemide
4 M 36 1.59 OMI 1 ISDN, dipylidamole, aspirin
5 M 75 1.42 OMI 3 ISDN, furosemide, mexiletine, atropine
6 M 39 1.65 OMI 1 ISDN, dipylidamole
7 M 65 1.51 OMI 2 ISDN, nifedipine, dipylidamole, aspirin
8 M 28 1.71 DCM 1 Mexiletine
9 M 76 1.43 OMI 1 ISDN, diltiazem, furosemide, digoxine
10 M 79 1.48 OMI 1 ISDN, mexiletine
11 F 56 1.48 DCM 1 ISDN, mexiletine
12 F 69 1.30 OMI 2 Nicardipine, dipylidamole, furosemide
13 M 50 1.65 DCM 3 Digoxine, furosemide
14 M 68 1.46 DCM 3 Nifedipine, prazosin
15 F 80 1.27 OMI 3 ISDN, nifedipine, captopril, digoxine
16 F 66 1.22 DCM 2 ISDN, diltiazem, dipylidamole, furosemide, digoxine
mean 59.8 1.49 1.8
+ + + +
SD 16.5 0.14 0.9

BSA =body surface area;
dilated cardiomyopathy; ISDN=isosorbide dinitrate.

WEBISR20BA M) vy FFyr—hla—¥—%
BT 50 mm/sec DHEE TERFH L7z, LHBIRE
wBE, LB, LA Ny FFr— M
BFECER L7 (Fig.2). EZEOFHIIIEIEFRARET
Tifo7:. TIA—F—LIIKEA A -V TEEE
BICEEICR2 LOMLOERELo. EZEN
FWEAREAE (Pes) 13, ERBEBIARERH#R D dicrotic notch
oKD -0, EEIFERAPE Des 13 T FERT
TLEFRIRD TRELAESTEILA. A
¥, DHEBABEME, Pe, Des i$ESEME, nitro-
glycerinfEAF I DB E, FEARTRICEHAIL 7.

ERNWETE L T — 28I

B 1om O ¥ 7ZHRKAR (AFETV) 2EE
PUCHEET 5 (Fig.1). SDEFIVIZE Y IHERE]
LEFORBEHBDT (Fes: g)b B E (MDes: cm) D

NYHA =New York Heart Association functional class;

OMI =old myocardial infarction;, DCM=

BRAERTH L LIRET 5. Lo, ULk
DEBITRD L) ITRKBHEN S,
Fes=7Ec * (Des— Do) (1)

Do I3EFEEMENE (cm) TH5S. IWHEERHICS
W BEIC & B2 HEHRONERET (Fpes: g) 137 7
5 ADEBRN KDY, LFHOIFES (Fes) & HMER
B (Fpes) 13T B LIREL: (ThDD Fes=
Fpes). L7220 T FRes i3RD & ) ICKB SN B,

Fes=Pes * Des/2a [0))

a I3 ES (0.735 mmHg - cm? - g7') E T

Fes (X Pes & Des D7 — ¥ M HEHEL, TPDFs &
Des D7 — % 2> 6 LV PUERE S -PIE (Fes—Des) B
RO BAZREECLZEFEBSMTERANT
LV Fes—Des BEOEREIFR KD 7. LV Fes
Des BIRDIEE (Be) & ZFDAEUH (Do) X, FD
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Fig. 2. Echocardiograms of the left ventricle (LV) in
heart failure under baseline (upper) and peak unloaded
(lower) conditions.

Electrocardiogram (ECG), phonocardiogram (PCG), and
brachial arterial pressure (BAP) were recorded simulta-
neously. Intravenous infusion of nitroglycerin caused a signifi-
cant decrease in the LV end-systolic dimension (Des) (lower).
LV end-systole was defined as the moment of the maximum
downward movement of the interventricular septum, before
the second heart sound (Ils). The LV end-systolic pressure was
defined as the pressure corresponding to the dicrotic notch in
the brachial arterial pressure tracing.

EREFERD 5 KD 72, LV Fes—Des RO E M
BRRIIKRDL I ITRKHA SIS,
Fes=a: * (Des— ) 3)
ol ZEIRRE T BII X EEYIFTH B, Lo
T Ec(g/cm) & Do(cm) (XKD & ) IZkD Sz,
Ec=oyn
Do=j
FT—F 3T RTOFHELFEERETRIEAL
72, FHEDEDKREIL paired r-test, EHEFS
FZEIEDITEIC X kD7, p<0.05 & FHETHIIC
EEL L.

= S

Pes |3 nitroglycerin JEART B & EAZ DK D I
EMFETLAEBSIIBWT, FRFN111E17, 90
+14 mmHg (p<0.01), Des iZZNZh 4.53+1.25,
400+1.28 cm, LEBUTFNFN 68.8+13.2,72.6
+13.7 bpm (p<0.01), Fes i3 ZHh 332+90, 236
+73 g (p<0.01)TH o 7=. FBEIC L 2 EHED L
HHEIBETHY), COFETEIRELARE
BEREHIZVW D EBbhi.

EZIHERA-R SBRIGELHICERE A%
L 272 (r=0.983+0.016; Fig. 3). Ec i* 60.3£22.1
g/lemTd Y, X &I (EEEHERNE, Do) id 271
+123cm THho72. ZD Do 2 ZEANDEEERT
IEHRAL L 721E (Do/BSA=Dol) id 1.851+0.89 cm/m? T
& o7z (Table 2). Des & Do & DREAFRIT Des AKX
WEEDobKE L, FNOHDMICIZILBIBIERAS
FFE L 72 (y=0.91993x — 1.4486, r=0.935, p< 0.001;
Fig.4). $-EZEN-REMEFRDMEE E) LEEHE
HEANEL FEREE TIESRIL L 7-E Do) & DEICH
BREXFIOBEE DY, Z0BFENE, y=
19.0855x +24.8787 (r=0.772, p<0.001) TE I 7:
(Fig. 5).
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Ec & Do DAEBFRERR -
1D Ca* A BT I7F 7452 FED
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Fig.3. LV end-systolic force-dimension (Fes—Des) relation- Fig. 4. Relationship between the extrapolated dimension
ship in 16 cases of heart failure. intercept (Do) of the LV end-systolic force-dimension (Fes—
The values for each individual subject are connected by Des) relationship and the baseline LV Des.
lines. r=correlation coefficient.

Table 2. Effect of preload reduction

Patient Pes Des HR Fes Ec Do Dol r N
No. (mmHg) (cm) (bpm) (8) (g/cm) (cm) (cm/m?)
A/B A/B A/B A/B

1 133/113 1.80/1.41 60/62 126/83 35.5 0.68 0.44 0.996 5

2 117/100 2.54/2.06 56/57 202/140 39.0 0.93 0.56 0.972 4

3 124/93 3.29/2.47 50/65 278/156 448 1.40 0.88 0.986 5

4 96/75 4.30/3.66 71/78 281/187 46.5 2.39 1.50 0.999 4

5 129/105 3.67/3.17 52/61 322/226 575 1.89 1.33 0.990 5
6 112/91 4.25/3.57 69/62 324/221 51.5 2.20 1.33 0.992 5

7 135/110 4.22/3.75 75/75 388/281 66.8 2.38 1.58 0.986 4
8 131/109 4.88/4.35 75/78 435/323 62.4 2.76 1.61 0.949 5

9 90/77 4.58/4.17 73/75 280/218 448 2.58 1.80 0.984 5
10 106/71 5.36/4.64 65/66 387/224 72.8 3.69 2.49 0.994 4
11 108/88 4.61/4.06 81/85 339/243 56.1 2.65 1.79 0.991 5
12 118/94 6.10/5.69 85/93 490/364 92.7 4.46 343 0.979 4
13 92/80 6.25/6.13 48/48 391/334 114.1 5.17 3.13 0.943 4
14 90/72 5.24/4.96 96/100 321/243 89.3 4.11 2.82 0.980 4
15 90/77 5.34/4.65 7173 327/244 39.0 2.69 2.12 0.992 4
16 104/82 6.05/5.31 73/83 428/296 52.5 3.52 2.89 0.989 5

....... S

SD 17/14 1.25/1.28 13.2/13.7 90/73 22.1 1.23 0.89 0.016 0.5

A and B: values during the baseline and the lowest pressure conditions.

P.s=end-systolic pressure; Des=LV end-systolic dimension; HR=heart rate; Fes=LV end-systolic force; Ec=slope of the
LV end-systolic force-length relation; Do=extrapolated dimension intercept of the LV end-systolic force-dimension relationi; Dol
=Do corrected for body surface area; r=regression coefficient; N=number of pairs of observation. '
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| y=19.0855x+24.8787
120 r=0.7720, P<0.001

E« (g/cm)

o 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Dol (cm/m?)

Fig. 5. Relationship between the slope (Ec) and extrapo-

lated dimension intercept of the LV force-dimension rela-

tionship, corrected for body surface area (Dol ).
r=correlation coefficient.

DEKER (crossbridge : CB) M7 7 F V74T A
b EALERICRIDT AHBRESINS. 1D b
OR=> CAZDIREICZAZ L% 1D CB AF
GEMAL AN RETHIE, Cat A hoR= Y
C LIEATAHILERIDIE, VL %2BETCBOD
EHLZDLDERHAT HLENBETHS. €
DALERIBIFRD &) it & .

Ca**+Tn —X > T @)

Tn it FER=Y C BHORESR, Tnad D
RV CIZ Cat A LKL, Ka ldZ DML
ZRICORCEREEREERT. Rt @ 26K (65)
Zi#E,

dN/dt=Ka * (Nmax—N) 5)

G) 1, HHBEEOENE CB DEDOHINZELE AN/
dt) 25 F il E L B B KiE M CB O (Nmax) & € DU
B4 CICERILE N TV 5 CB D N) DEIZKa
TEBELTHRATZEV) ZEERT. LHI
W L BREFERBRICHE LV RFELEN () 2
S0EEIDEES (B & TR (6), (1) £ EL.

F=E() * (L—Lo) ©)
E()=(Ec/o) * [1—e™%¢™]  (7)
(6) DIEMEREAEE T NVICBIT 5.0 0%

FHBRXNTH S, LHOWHENE 3L L b2
DOEH (HEL LEEY OBKETHY, 520
INF X —% — (a, Ec, Ka, To, Lo) IC & o TSI S N
5. aliCat ®hOR= Y C~OFEMME, Bl
MR Ca2* IREE [0 (Ca?*1)], 1 HDIEMER
BOERETEHE hiZBELLIF TV AT-
Pase THMEIC BT 5), LEHMER (S), o DFET
Hb. Thbb,
Ec=0(Ca’*1) - f* S«

To IIHEFEA Ca?* DEREIBEISET 5 E TOR
B, Lold&EHLHE ERELHR) THS. Lok
AEALr TRLAZMEIZD. TH 5. R (6) DEFEX
EELHICBIT32RLEETTICHRE LS.

DRRIZE T B EFE FesDes BifR

FELRAXBLUE MIBITBEE FeDes BIR
DX WERE L, CHIGEEERICET 5 ZOFEE
(Bo) D & WRIBHEIZ DWW TR TICHRE L7269 4
F, LAERTIIESE Pes—Ves BRITTISMO I —
TERBILPHBESIN TS, SEIOHFZET
RMEOEBRII B, o 72T ED, 2D
HWENTIHCOMBEEREEXONL. Ly
L, b LEOEEEIKEVHEIC, LAED
FEZE Fes—Des BRANDAER L RIS TICHD A —
TELRAMEREIRETERY, ZOTMEEELR
HET A0, OICERZEHIAEEZ AW 1B
EVILEES D b & TEZE Fes—Des R 2 AR5 4
EbHDH. AEOEZLHI-RIBEFRILET
DA =T R BPOEAIIBERTIIAHTD
5%, —DOOWEEME LT, bhbhoEF LR
% “length-dependent Ca?* activation” ¥ 7213 “length-
dependent % I+~ ATPase {GHE” 2SR S 1
6 l6).

EEDE MBS EME

bHUbRIZEFEDOL MIBWTEIE 7718 g/em
(F9fE) TdH 5 L #E L7125 SEOFFETIZ L5
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$1,2,3),Ec 133545 g/cm L IEFEDE MIHLE
LLEWETH 7. MEDEDOTEEEIZMENE
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Ehb. Tbb, EEOL FCTRTVFETV
VY NBEICEIVREL, EZ FesDe BHEEXK
B72%%, Al nitroglycerin (2 & 5 BEETZDH
BEFRDL. FEGOHIEEL TESEL LV
bhtBhme bhbhdbA XEHNERTE
R L AERD Ec OR(LEHE L 29, ZOER
T3, BEREOD Ec (63116 g/cm) (B L, RER
I3 Ec 13 123219 g/em & 212 bR LA
FOERTERBEMRIIER ENTWLDT, &
DEDHERKZBEEIZLI o TRI 2 LHENOLD
DRIETH B EHRL720.7275L, H2ELn)
EZRPITEDSDTH Y, LB 2EUTD
ETH B, EATDEHICRPIT EBEAFHE S
nTLF)EBEIE, LHIEEEERISTEERLIC
Ho THRAIERIDBNPLTHE9.LUEDAL XTD
HRERFE MCOBEITRER I, FEROD E DO
MSDEDEERD B LH#EBESNSE, Lido
T, EFEDOL FOAERIZBITS E D 12 DfE
PREEEICLBEFEAD E. EEFHEEI 39g/
cm), FE, ZD Ec DEIZAEDES 1-3 D Ec ©
ELFEFEITENDDTH o7z,

DARLICH T B E BADOERK

TEZE D Des & Do IZIZIEHHIDORARA D b7z
(Fig. 4). Do (3 EBELHR EFELZBEIEDHH Z
DD, EZEDDes & Do HIEHBIBIRICH B L\
T L, KELREZE (K&7% Des) 1 ZEHEEL T
WRVLEEDE WV Do AVKE V) &) T & &R
5. Do DEIIBEIZL o TEILT B THA I »
5, REREMBICL > TEHRIL L7 Dl I3FIE L
BIfR 2 R LR OIBIEL 2 5N H 5 &
E26N5. El3Z DD & ERBIBEFZEICH - 72
(Fig.5). 2D Z &5, 4 & ITERRICEREEO
AR EIIZ K T, BEEL TV A.LEHOM
Fat Ca?t IBEEAHARL TL B L) T LATREE
ha, ZhTULBEEDHRVERITILY, BRELL
BRELTOVWLLGFZOREH*RKBICIER
L, BT LAESERY 7Rkt REBEEE
BISHTVEbDLEHAT LI LATETHA.
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THODOMEEBREIENZ L2 E, $ DM
BaAXH5H, SOOFEREBHERT L0, &
D REE T X S ICIEMZ BRI % AV - BRRFF
ERBETAILEN DD LEDNS.

=3 o
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2. REVEZIFEDo IFKEVEZRL.

3. Ec EAREM THIE L7z Do (Dol) & DR
i, ZIZIEOEBEBERICH o 72,

DEDERIE, bhibhoETFAH50, LHE
EDOWVWERIZE, BRELIEEL TV L0655
BNk 5 D Cat MEHEDORFEH 2% FIH
L, LHREEICL s TERTLAEERY 7%
RELTVEIDLBRT LI EDPTRTHS.

B #

H b UL H O YURENY & 5§ % B L V18R
ELTE: EEWHMAN-RSBBROEE 2R
L7 EEDOE FOEZETIE, ElLHRDOE
BRiIzh»boTIZIZ—ETHo7z. ZOBFFETIE
16 BIDLAEBED E \ZDWTHRET L7z, E6IE
BRIHELHEE 116, RE.GHES 6T,
NYHA ¥ 1.8+0.9 TH o 72, EZIUERLE (Pes)
I ERBIREEERIC L AEERICL Y, EEN
FERBNE Do) T LTI —FASRO SN, WE
I FEBRRICERER S N7z, Pes 13 nitroglycerin SLiEEHE
XD 11121725 90+14 TTERTF L. AU
FERET (Fes) 135 T ADEERDS Pes & Des %
AWTEIE SNz, EFIT LT FesDes BfR% 7
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