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BEMERBBEF BT 2ERME NV 7Y v 7TARBEOIMEIRAIEBO BB ZHLMIIT B0,
EEARMEBEE LT, ROEN BHAERFZEEMOHEER (UHEERFE RUBHAERR
IR CETEERE (LBEERRE O3B VT, =has Y v ) VREFHRTERERICZEREN
YRV TEFERTL, EREGR RN MEHBRIE T ok, #ERTE, =tasYx)
VERERIR VRSB ERICT, ejection time (ET)/pre-ejection period (PEP)RETH2ICb bbb d
¥, stroke work index (SWDHIZEHIZE AL, FACHL, DHFEERRETCR=to ) ) &
ERiRUBRSHETIZT, ET/PEP B EEICHEALZb b o T, SWIORKIZEERLI Vs -
7z, BUDEBROOEERIFETS ET/PEP i, OSFETRE LR AWM TEERERERLY
2, SWIOHFEETREE LD K2 RLE. ZOFER, HFLHRAERELLTH 2% "ET/PEP
BRIZEMEBREEREERT2,0D0TROI LR RL TV, &, &8 % ET/PEP (LI ET
ZEizkBb0TIREL, PEPELCES ZenRaNnt, o, = o)) »EE5HEFIEL
Tit, PEPEMBE*RLULEB IHETERIC a wave ratio @WREAIREN, L K OEBEETRERT
EHTH-l, L L, PEPELERE LD > LBEHTIE, aWRIBTETHo%. =bus &) v
SREWT TR OHEETRBFCBVTOA aWR BEBRERL:. #-T, = oY ) Y EEMEAR
TO PEP i & aWR R OB IEELHEERRD Shlzds, = b o) 2 VBREBAEFICBANT
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Significance of Systolic Time Intervals to Isometric Handgrip Exercise: Mechanoca-
rdiographic Studies during Exercise before and after Nitroglycerin Administration in
Patients with Coronary Artery Disease. Hounin Kanaya, Department of Internal Me-
dicine (1I), (Director: Prof. R. Takeda), School of Medicine, Kanazawa University.
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(2) Cardiac Index (CI)=Cardiac Output/Body
Surface Area (BSA) L/min/M?

(3) Stroke Index (SI)=Cl/heart rate ml/beat/M?

(4) Total Peripheral Resistance (TPR)=Mean
Blood Pressure (MBP)X1332x60/CI dynessece
cm~®«M?

(5) Stroke Work Index (SWI)=SIXMBP x0.136
g+m/beat/M?
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Fig.1. Time course of heart rate (HR), blood pressure (BP), a wave ratio (aWR) and ejection time
(ET)/pre-ejection period (PEP) after sublingular administration of nitroglycerin (NG).
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Fig.2. Responses of ET/PEP and aWR to iso-
metric handgrip exercise before and after sub-
lingular administration of nitroglycerin.
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13 msec ; FLMERE, 111410 msec — 10712 msec &
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msec (p<0.01) LRB IHTEELRL, LHFEED
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(p<0.001) ; .0 £5 47 % B 47 %, 132+19 msec —
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Fig.3. Responses of ET and PEP to isometric

handgrip exercise before and after sublingular
administration of nitroglycerin.
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Table 2. Summary of the responses of ET/PEP, ET, PEP and aWR to isometric handgrip exercise

before and after nitroglycerin

Normal Angina OMIgood(EF z50) OMIpoor(EF <50)
NG(-) NG(-) NG(-) NG(+) NG(-) NG(+) NG(-) NG(+)
ET/PEP ~ ~ 1 " " " 1 1)
aWR ~ ~ 1 ~ i ~ " 1
ET ~ ~ ~ ~ ~ ~ ~ ~
PEP ~ ~ ~ W 1 U 1 m

Abbreviations : NG (—)=response to isometric handgrip exercise before sublingular administration of
nitroglycerin, NG(+)=response to isometric handgrip exercise after sublingular administration of nitro-

glycerin, ~=no change, 1 or | =significant increase or decrease (p<0.05), 11 or || = more

increase or decrease (p<0.02).

Ao 3BT L L, Z OBABIZERICNTS o 1o (f
R L p<0.0L, Bl R R UL B EE RIFRRICEL
L p<0.02). TPR = b o) &) VREFMRUES
BEBL b AL VERCERL LS, TOERO
EErAEHECEEEL ROk o, CLIIEHL
b= hosYe) ARSITRCERESERAT £ b2 SWI
rREREORGEEE T L, STE&Heb =t
7Y x Y L EEMRRERER & b B ER T
L, SR EERE TR Ero k. BB, AW
HOmET= ha sy ) VESHBROMILTE, &
L b SWI, Cl, SI@Bd%RL, TPREAFETDH
o7, ZOELECISHBCERERRDE»-
7z,

S pIEEmAY R BRI DV CRIE LR
PRLCBEERICRE L, 9, =tasVeY
BEMRUES%RERTO ET/PEP ELE % SWI,
Cl, TPR OZELE L (K4), BEHTR=
FE s Y VIR SHIR VRS SR AR £ b ET/PEP
WARETH 573, SWI, CIOERIZEHTH -2,
PERECLOSEERFRE - o/ ) ) Y RE
FIR SR ETR £ b2 ET/PEP idgkL, = o
)Y vESBROARTIR—BEHTH - 1205, SW],
CloRKiE=rorY ) vIREHHAR & bICER
B IIFASOMKER LY, FRICXL, DEIFEE
FEBE= o2 ) ) VRERTRURSRARE b
2 ET/PEP i Sul R R GO ZE RIFH: L O
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Hot:r. —H, TPROZELR=ro 7Y 2) v &E
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Fig.4. Changes of ET/PEP, stroke work index
(SWI), cardiac index (CI) and total peripheral
resistance (TPR) during isometric handgrip
exercise before and after sublingular administra-
tion of nitroglycerin. Statistical difference
between rest and handgrip exercise within the
same group : *=p<0.05, **=p<0.02, **x=pn (.
01, ****=p<0.001.
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Fig.6. Correlation between changes of aWR (AaWR) and changes of PEP (APEP) during isometric
handgrip exercise before and after nitroglycerin. Solid line (a) represents the linear regression
equation before nitroglycerin. Broken line (b) represents the linear regression equation after
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Fig.7. Correlation between aWR and left ventri-
cular end-diastolic pressure (LVEDP) obtained
by simultaneous recording. Solid line represents

the linear regression equation.
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Abstract
The purpose of the present study was to clarify the significance of responses of systolic time

intervals to isometric handgrip exercise (IHG) in patients with coronary artery disease. Hemo-
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dynamic responses to THG before and after the administration of nitroglycerin (NG) were ex-
amined by mechanocardiographic studies and dye-dilution procedures in four groups: normal
subjects, patients with angina pectoris (AP), with old myocardial infarction showing good e-
jection fraction (good OMI), with old myocardial infarction showing poor ejection fraction (poor
OMI). In normal subjects, the exercise before and after NG administration produced no changes
in ejection time (ET)/pre-ejection period (PEP) and significant increases in stroke work index
(SWI). By contrast, in poor OMI patients, the exercise before and after NG administration
produced significant increases in ET/PEP and SWI, but the increases in SWI were less than in
normal subjects. In AP and good OMI patients, ET/PEP was significantly increased by the
exercise before and after NG administration as well as in poor OMI patients, and SWI increased
more than in poor OMI patients. Those ET/PEP increases did not always indicate improvement
in left ventricular performance, and ET/PEP changes in each group were not caused by ET
changes but by PEP changes. On the other hand, a wave ratio (aWR) was significantly increased
by the exercise before NG administration in three diseased groups, with decreases in PEP (mostly
in poor OMI patients), and was unchanged in normal subjects, with no changes in PEP. The
exercise after NG administration significantly increased aWR only in poor OMI patients. Thus,
there was a significant negative relationship between the decreases of PEP and the increases of
aWR during the exercise before NG administration, but not afterward. These results suggest that
PEP decreases (ET/PEP increases) during isometric exercise before NG administration in patients
with coronary artery disease may be due to acutely increased preload indicated by increases of
aWR rather than to increased contractility. It is also suggested that in poor OMI patients PEP
decreases during exercise after NG administration are mainly caused by acutely increased pre-
load, while in AP and good OMI patients PEP decreases during exercise after NG administration
are not caused by acutely increased preload but mostly by increased contractility. Besides, from
these results, it is possible to conclude that nitroglycerin improves left ventricular function by
isometric exercise in AP and good OMI patients.




