DAL LR RIEE R
—1LDHLE ) DLHRRIERE
DD BEE—

RIWAFEFBE—NHRE (EF RBEBRHUR)

R

- AB®KE
RIEWHE - BF=EMH -

S
e 1T &

(BB#0554F 5 A23 H%/)

Key words: a8, LHEEERE
EZRE, BHERMH

LHERREL AR BEELBREETS
ZrREd{ LML Tw3Y, LeL, 2o
WMEFEEL TR TERNBEREET 20,
HBEVZLIALV RS L D AL ) DBERIR
RICEDDDEONICONTIE, FRA Y BED
W, EZTEELIE, REBERAZACTHT
—ENMET TN+ RLEE, FoiALN
NTHL1LMEL ) DBEEEREBLAIEL . &
LICENWENBIFREET 2z OWTE,
ESEEZHC2 ~30RE 21T 72,

% &

9 ~17kg > HefE R X 1258 # opium hydrochlo-
ride (3mg/kg) 7 B T HESHIC TRIMEEL, 3097
sodium chloralose (110mg/kg) = T & W Bk B
L7z, 70%2R L30%BEDBATEKICTAL
MR TICES 4 RITRML, A%5THRE
HTEEDKERRIC Gregg B! cannula % #
ABELZ, EE®KI ZBEHKICEAL 22
BT —T % Gregg B cannula (C##& L T
by-pass # kKT A tic s, ACMH
KTHREIT-> 72, ShFEEE by-passHhic®
Bl R 2 AL CTRIEL 72, kv TRREIK
&) BERAEIIRIC AT —F V&AL THIRM
E#®AMEH (Statham Model p23Db)iz
BEL 7z, 7 EB8IRMZREMT 5720, WL

629

2HL, BROBALZAHTF—FLE2LAEE
NEBIREICHAL, AT—TLORILAEA
O8LD 1 ~1.5mbRIcEh s LS icBEL L, @
HEFESRI3 Lex-Ox-con TL 2 CRIEL, #
AGENAEICIZ Corning Model 165 % fFH
L7z, #ikm pOz, pCO: Bt pH 12 WIEL
AEL, LECHLETL.3%EREF ) 74
B SlEES L UTHRBROFAELZTIZ LT,
BRI R il % BRAYEEHEMNICHERFL 22,

%1 control ) LE, BMFKERHILHE &
A i B UFSeE AR I % 3RER L 7248, control By (iR
FR) D.L3E% L ) 20~90beats/min FVEE
TE.GE# pacing L72, 2~ 34#EHL vst-
eady-state Io# ¥ 3 ¢, BURIBNEZRUM
IR EAT- 2. ZDHE LICHDIEE T pac-
ing LT, 1BAICD.22~3EBNR- 2030
BTOBRBELT- 1.

LR ELICH ) LHBRRIERBNED %
HETLIRTFEMET 20, M 5HNKE
HAWTUTHOEREIT- 72, KB, FHHES
BATR L ERETH BH%, LRBELVBECE NS
T—TNEEENCHAL, EZE%BmiKE,
REDIRILE & & b i Jet-Recorder(Shiemens
Model 800) % fv> T34 ) & E100mn/sec T
#24%2L, Sarnoff & ¢ Tension-Time-Index?
DRI - THIFL 22,



630 FHE B—-AE KiE-EE K-

LHBENRRII TR IREEEE (vol %)
rEMFE (ml/min/100gLV miuscle) Hfth:
LDz,

3 |

125810201 HEB D 5 5, FHI KRB MIE S
95~105mmHg i2 & - 2:46SH N KIC 2V TH
L 7-. WFEEEO.G320131121 18 beats/min

(FH+ERREE), E2HRKRMEIZ6 £ 2o
Hg Th -7, K pacing Ic L 0, EEk
FKMERBTE LV LLRE T 2400 % EZH 7z
(4 + 2onHg), HABICBFRTREP 12,

SR LHERERE(MVO) 3R 1icRT =
& (A% (HR) b & B4 B % RL,

15¢

-
w

MVO2(ml-min-t- 100g™)

160 1.';0 260

HR (beat-mirrl)

Bl Ldfdk L U BRE I R,
FELHRENRE (MVO:) 12.046% (HR) 2
FEE %74, MVO,=0.027HR+17.5,

r=0.71, P<0.01

& BIEI2 MVO, (ml/min/100g LV musc-
le)=0.027HR+7.5 (r=0.71, P<0.01) TR&
nr, —%, 10340 0L HBRRERE(M-
VO,-Beat) 3, /0483 AL RL(H2),
AFEEOBEME & LIz 1 0305 D 0.0 BRI
®i3sw L 72, [MVOz-Beat(ml/100g LV mu-
scle)=—0.00036HR +0.13, r=—0.86, P<0.01]
MVO:-Beat .03t & & OMIB T+ ik
¥OHTT A28, 58, 15EOERICOWVT,
EZRNE BT R & 035Kk U MVO,-Beat
EOBRERETL 72, EEEMBTOER(LY-
Parea) {3, Numonics Model 1239 # i\,
10N EEEMB L EEEY OB CHREN
BEREBEL, T 2 5 M FELE #mHg.

RIE REE - B MRS ATE

=]

00g

MVO2 per BEAT (ml4
- J

100 LR WS miry 20

M2 ALY 0LHEEERE L LHak
L% ) 0.0 BREIERE (MVO: per Beat) 3.0
1% (HR) rEHELANEMERT,

MVO: per Beat=—0.00036HR +0.13,

r=-—0.86, P<0.01.

sec TEbLZ, H3icRT &, LVPa-
rea i¥, a8 3B (LVParea=—0.091
HR+35.15, r=—0.86), MVO;-Beat iz EN 4
B8 (MVO,-Beat=0.0034xLVParea—0.0063,
r=088) %R L7,

LVP AREA (mmHgsec)

120 160 200
HR (beat-mint)

X3 AZEMHRTERE GHE%

ESEMMT HEM (LVParea) i2.0:368% (HR)
LANnEMERT.

Ventricular Area=—0.091HR+ 35.15,

r=—0.86, P<0.01



LA L CHBRRWRE— 105 ) DLHRENRE & OHBORE— 631

[ -]

(<2)

MVO2 per BEAT (mi-100g")

o

16 20 24
LVP AREA (mmHg-sec)

K4 LHLYOLHEEERE: AZSEMBTEH
L ¢

L4805 ) oL KSR E (MVO, per Beat) i3
EZEEMETomEM (LVParea) »EHBIT 5.
MVO; per Beat=0.0034 X (Ventricular Area)—
0.0063, r=0.88, P<0.01

= x

LHBREREFHETIEFEL T, L3
%, LHBEES LLHRERDND=ZESRLE
BXLNEEZLNLTWEY, ZH)bTHa
HRREBICHETE, L2 LioBEFEIND
ERGPEB@EEIRE VS, BEBEKRLETY
BEZLOHEBEXWRESAERTE L CHKEZN
w3, LEXESHAHRARTIE, LARE,
Bt.0HBAEENMOBLRE L CUOHEENY
maEvbhY, B-ZHHEN K OB R .ERE
HAORLEEL LR, BKEBICES(LEH
BETFENBTEEZLNTWSEY, LA LA
HRELHBEETFELIENRREET L L
Rilmontvwabon (K1), 372LTH
HOMARFERNNFEETRT O»E», Hb1
LIS ) DLHERTEELE VL TR %
CTELBE5 ) RATETH S, Starling
and Visscher® |3 #§H.LFEA % v - EBH
b, ERMLZERRI—ETHNL, LiEKD
BVHEN1LHEL ) OBREEREL DLW L
##& L7, £7- Cohn and Steele?” |3 R
EBy b, LHEEHRE (ml/g/hour)=—
0.0187HR+2.23 (HR=.l:a2%) %52 RA %+ ¥ X
HL T3, ZEL0 in situs DRETIE, 1
LA ) 0.0 HEF KRR (ml/100g)=—0.00

036HR+0.13, Bi % E— LA FEL 72358
N LGMENREIX (—0.00036HR?+0.13
HR) » .88 (HR)YHDZRATERASIN S Z
ric%d, B> T MVO;-Beat 0368 & A
BEHRFEFREAETHZ L3, BAREMHOCBMEE
HEE (MVO2) 77, HevliaMoREN T
K1om<, (e iizERABEFEERTLD
D, BEIZ BN KA TRBAZINDZ L
ZEBRL T3,

LEEME & LI 1084 ) DBEFREH
BT H2BEICHOVWTRBESL V., SEDK
TR, 104 0EBRTFENLERZNRE
BREZEEHMRTOEM (LVP area) & EHB
%, 7220 LVP area »(3a L AniEE %
BHdEIL, LHERDEERLBEERTS
ZrhEZ LD, Samoff L2 ZEELHEE
ZHRERIZ, ENo ELEMA T omEMEIC K
#i¥ 2 + LT, Tension-Time-Index 7 2 $5#=
RIBL 7, BELORMTIE, MEIRIZIZ—
£ (100+5mHg) IcR-NTH ), EEHEXR
HMELIZIAETH LA, 5, LVP arearss
e AN ERT I, & L CBHERM
NEMmICERAT L NEEZLNS, HIL, A
HEoOBME LI ERE (AL.OERNR
B AL, ToOBELLIZ) DB
ERB2RHAEIELLNTHS .

U bz, nE, EZHERRPEFMhD
MiTEEF —ETH» T, 72 & 2iF.03a8H
#F5100% 5101~DIM &, 1505 5151~
mTix, BULES1.MANHEMTH > TH.O8H
RABGERICENH D120, LHBREERE
DD LIIFEFICHBETEL VI L2 FKT 5,
€~ T, ABARRLEN— > 72 & D034
BOEM 24T BA, H 5 SENE TLIENK
FELLIZBE, CHRERERBNER 2 HE
THIZIZ ROV EZERTELEY DS
ZEERLTWS,

E & )

LM E LR RE, &I 10MYY
DLHBEERE L LB DOBREBLPICT
5HHT, BHERXEAWTERELTY, XD
HRERL,



632 R BB— - A% Kih-ES X RE WE - RF EE-Hm mE

1) MEH—ETh 5 BAIE, LHRENR & U TERe R (L BR iR FrGERR) M iEREC

®&izE5% (—0.00036HR?+0.13HR) & %1, tdbmeEZ bl
LIEEN KA TRRI NS,
2) 10484 ) DBEEREZEOH IR, = (REHFOPILMERML £7,),
X n

1 . Eckenhoff, J.E., Hafkenschiel, J.H., Landmesser, C.M. and Harmel, M.: Cardiac oxygen metabolism
and control of the coronary circulation. Am. J. Physiol. 149, 634—649, 1947.

2. Sarnoff, S.J, Braunwald, E., Welch, G.H., Jr., Case, R.B., Stainsby, W.N. and Macruz, R.: Hemodyna-
mic determinants of oxygen consumption of heart with special reference to tension-time index. Am.
J. Physiol. 192, 148—156, 1958.

3. Braunwald, E.. Control of myocardial oxygen consumption: physiologic and clinical considerations.
Am. J. Cardiol. 27, 416—432, 1971.

4 . Bruce, R.A.: Exercise testing of patients with coronary heart disease. Ann. Clin. Res. 3, 323, 1971.

5. Prichard, B.N.C.: 8-adrenergic blocking drugs in angina pectoris. In g-adrenoceptor Blocking Drugs,
ed. G.S. Avery, Uriv. Park Press, Baltimore, London and Tokyo, pp.85—118, 1978.

6 . Starling, E.H. and Visscher, M.B.: The regulation of the energy output of the heart. J. physiol 62,
243—261, 1926—27.

7. Cohn, A.E. and Steele, J.M.: The influence of frequency of contraction of the isolated mammalian hea-
rt upon the consumption of oxygen. Am. J. Physiol. 113, 654—658, 1935.



LAgE L ORI RE— 10302 ) DL HRRENRE & O BIF— 633

Inverse relationship between heart rate
and myocardial oxygen consumption per beat
Shoichi HARAOKA, Daiji SAITO, Kazuo IHORIYA,
Haruki NAGAHANA, Akinobu Fuini and Ikuzo MASHIMA
The First Department of Internal Medicine, Okayama University Medical School,
Okayama
(Director : Prof. H. Nagashima)

Relationship between heart rate and myocardial oxygen consumption per beat was studied
in anesthetized open-chest dogs. Myocardial oxygen consumption per minute (MI\'IOz) was
calculated as the product of the left coronary artery blood flow and coronary arterio-venous
oxygen difference. Myocardial oxygen consumption per beat (M\"Oz-Beat) was the quotient
of MVO, divided by heart rate (HR). HR was varied in 78—210 beats/min with left atrial
pacing. Systemic arterial and left ventricular enddiastolic pressure were kept constant, and
arterial blood gases were within physiological ranges. Although MVO, correlated significantly
with HR (r=0.71), MVO,-Beat decreased in association with an increase in heart rate. Closer
relationship was observed between MVO,-Beat and HR; MVO,-Beat (ml/100g LV muscle)
=—0.00036 + 0.13, r=—0.86, P<0.001. As the results, MVO, was represented as a quadratic
equation of HR; M\./03 (ml/min/100g LV mulcle)-=—0.000361'lR.z + 0.13HR. There was a
good correlation (r=0.88) between MVO,-But and the area under a stroke left ventricular
pressure curve. This finding and constant systemic arterial and left ventricular pressure suggest
that the inverse relationship between M\'IOQ—Beat and HR is mainly due to a reduction in du-
ration of systolic left ventricular wall tension.



