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Summary

It has been shown that systolic time intervals (STI’s) measured by noninvasive technique correlate
well with more direct internal measurements of the left ventricular function. Generally most techniques
employed for investigating cardiac function include a study on both resting and exercise states.

The purpose of the present study was to describe the response of the STI’s during the sustained
handgrip isometric exercise and to establish multiple regression equations both at rest and during exercise
in normal subjects.

Materials and methods. In 107 healthy subjects, 74 males and 33 females (43+10.3 yrs) were
measured STI’s in supine position at rest and shortly before the termination of 50%, maximal handgrip
exercise performed for the period of 2 minutes avoiding Valsalva maneuver.

Results: Multiple regression analyses of STT’s, heart rate (HR), systolic blood pressure (SBP),
diastolic blood pressure (DBP), sex, age and handgrip force as beeing explanatory variables were carried
out. In Table 2 were given the multiple regression equations and R? values. At rest, HR was found to be
the most important factor in the equations of QS,, ET, PEP and ICT, and DBP in the equation of PEP/
ET. During handgrip exercise, HR possessed the highest correlation with all STI’s. The relationships
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between HR and STT’s under the conditions of rest and isometric exercise were shown in Figure 1, 2, 3
and 4 and equations for HR correction were showni n Table 3. Handgrip exercise produced no change
in QS;, decrease in ET and increase in PEP, ICT and PEP/ET as compared with values at rest.

Discussion: Abbreviation in ET produced by handgrip exercise is most likely due to increase in HR
and decrease in stroke volume overwhelming the effect of increase in blood pressure. Increase in PEP,
ICT and PEP/ET were probably explained by both acute rise in afterload and decrease in stroke volume.

QS; and ET were influenced by HR to a great extent and correction by HR seemed important. Sex
and BP also can not be ignored in QS; and ET. PEP and ICT at rest were influenced not only by HR
but also by BP. PEP/ET at rest was not affected by HR but by BP.

PEP, ICT and PEP/ET during handgrip exercise were influenced by HR, BP, age, grip force and
also sex. The regression equations of STI’s were different between at rest and during handgrip exercise.
Adjustment of STT’s for influencing factors should be done following the different equations depending

on the physical conditions.
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Systolic time intervals (STI) D RIfEI,
DB FHETRD OBRETEE & LR WA &
AT LIV, FAFRE WD BERNFEREO D
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LEZOLND. Zh b EERET 2B X i
STI D EFEEICEL TIXLL OBELRH B,V

DMERE O BB L TR Ol & & o - ek
BEFELL, Zo—FkE LTEBHAR A H 5.
LRI B I DEREER LT LV ERE L RE
DEHNCHBRTH L, BILATOHERORE HH
ZTETWS. D712 Ui LEB AR OEROKRE
¥ oW|E i s EoRBRFOBEEL,
EHRICELERXEZFHAL TR Y, zoR4YMHE
WiXRE D 5.

EB)IZ i /15A) (dynamic) EEh, LR (iso-
metric) EHB X UOTEOAHLEE B H Y,
#xDEH O STl tRFTEBIZBHLTEVWE
EERO—HEEHB TV, P 19EB AR STI
EFEZBELT2~3 0fENH B, Foks
BFERLS TR WD 22 T8, HiETE

THHEFT TE 3 BN itk 3 EREEHAREO
STI %, Ze#eme STI L L biz, ThicEE+3
ThHIEKERFE LY HIT T, EERHHO
FEEZAVEREREOEBIREZ T 2.

*tH & Fi%k (Table 1)

AE Ky 7 ABEofE A107 4, 18~80 7 (43
+10.3 7F, FHELBRERE). B 7461, &334
CRHE R L b 2REHEILL ERE U B0, 28
BRICZegAzEN T 15 53 DAE, B80T & 721X BAL TR
D%, MBS CIEBLIMAY IO & i FE % 5E6%,
HE. Ui %Iz Valsalvaghi #5887 3 7z w208
A DM 235kt S 7= £ % Smedley B3 A
WTEKEBA ZHIE, %050 %N (Valsalva %

Table 1. Subjects characterization

TotaL No. 107, 18 - 80 (43.0 + 10.28 vrs)
MALE 74, 18 - 80 (41,9 + 10.04 vms)
FEMALE 33, 22 - 69 (45.4 + 10.57 vrs)

HeART RATE (BEATS/MIN) 63.4 + 9.04

SystoL1c BLoop PRessure (mmHe)

122.6 + 12.56

DiasToLic BLoob PRESSURE 73.5 + 10.42

50% Max HANDGRIP (Ke) 13.1 + 3.87
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BRI NBEF L BKIBH D 30~40 % izt
W) T 2 S RMES 2TV, KT ERNOE
K& ffE % B&RE L. OB OER, OF
X, EERE% 7 7 ¥ polygraph MCM-8000
ICAR, #EREY#EE 100 mm/sec TR L. &
BLERGERE 2HE, OEFRE 7 7 FiUnE
E<a2s MA-250 2 1%, IIFOFL R R
T & SENL, BEEE 4 WEEEER CHEESE 7
—7CEEL, 50,160,315Hz 03 7 4 L% — %
BLTHYE. EORKEEFT 2P 2—+—TY-
303 #FERAL, FREBRECHFEELEGEL
1.

QS: iz ECG o QRS mBgfhA & v LERIIE
KBRS % <, QS1 i I iSRS & T OR,
ET i385 o R0 < EBRE 0 b kY
AXVYMEE® L L. PEP i3 QS,—ET, ICT
iz PEP-QS, &L, a0 ERED RR FHfE
L vskw, K4RAE LTHEGET S 7 0HEOEY
EE LTHEHLE, 2BEFIETR—ABITY,
AN AR Y 2 T HIBR L 7. B 3 & °fT
Steh3, FORNO 1 LA»BLTEERML, BEARM
DRIEBREE/I& L.

S HEB X OFEH0E | QS,, LVET, PEP,
ICT, PEP/ET o 5 >0 BHy (83i80) TRICH
U TR, MR, Uk (HR), ItE#R L ok
RE# 1 E (SBP, DBP), % 7-5E§hes STI gL <
FEH O kg X THALK L LERRSY
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VAL, # L BRL 2 BFORRIE B ZEE
() o 2D ETehhiE, 2%y Finfin
2 EehniEznEFEBIA AL, T OBRMET
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L, Z0EOBEREETRLE. 2EYriiE
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KBWTHATEZHYOEETHS. £EH

EREGHAFOEK L STI

TR 1ML 2 2 EoRF L OERAZE
R RTEMABEREE R L L, EB5RE R®
TRL7z.

A ThIUT R (L ) i3 0, 2 48H
ThHhE L THE0n, BRI R (FvL B) 2
0.5 LTFDHEARE ULbik )y EFAMICI KEAR
Bk DL LTH- 7.

BRELUEE

LR X B ES AR STI EEciEL
THEROEWAKRFOIRICER-EERFX &
Table 2 (257 L7-. STI ®Eix STI BiEfEic

Table 2. Multiple regression analysis of systolic
time intervals at rest and during handgrip isome-
tric exercise

AT REST
QS2 = -2.1 HR -10.2 SEX +0.6 DBP -0.2 SBP + 507 (R%=0.741)
ET = -1.6 HR -9.2 SEX + 396 (R=0.665)
PEP = -0.5 HR +0.6 DBP -0.3 SBP + 118 (R%=0.236)
ICT = -0.4 HR +0.4 DBP -0.2 SBP + 58 (R=0.183)
PEP/ET = +0.002 DBP -0.001 SBP + 0.31 (R%=0.117)

DURING HANDGRIP EXERCISE
QS2 = -2.1 HR -9.0 SEX +0.6 DBP -1.1 GRIP -0.3 AGE + 506 (R2=0.819)
ET = -1.3 KR -10.9 SEX +0.2 SBP + 364 (R%=0.634)
PEP = -0.7 HR 40.8 DBP -0.2 SBP -1.2 GRIP -0.4 AGE + 144 (R%=0.523)
ICT = -0.6 KR +0.5 DBP -0.4 AGE -0.9 GRIP + 70 (R2=0.413)
PEP/ET = -0.001 HR +0.003 DBP -0.001 SBP -0.001 AGE -0.005 GRIP
40,023 SEX + 0.42 (R%=0.287)

* SEX : Male = 1, Female = 0

BHBRTFLZOREERLILLOEIBL 72X
L30, ZOBROFEFIERRCRINHE
oW ks, HlxiF QS:index=+2.1 HR+410.2
Sex—0.6 DBP+0.2 SBP+QS..

##r QS. nERERARERSGR R*=0.741,
B RE R=0.861, F ffix 72.84 LIEHic k&
v, FlxiE HR 23 10/4388003 % &, SEEEgI2n
x4 QS: 1k 21 msec P/hL, BoFEakick
L 10.2 msec 37>, DBP 2t 10 mmHg 5+
hiE 6 msec ¥gh0, SBP 23 10 mmHg L&+ h
¥ 2 msec A +5Z LISRE .

ET ix R2=0.665, R=0.815, F=103.41 <&
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5. fz& xi¥ HR 23 10/4388hn+ % & ET i1 16
msec FH+ 3. HHizE=1,&£=0 roTEA
5i¥ —9.2msec kv HERk L L THIk % 5. PEP
Iz oW TH 3B L R2=0.236, R=0.486, F=10.58,
p<<0.005 CHETHSH, tHEESEVZ L
‘FLTW3. ICT iz R2=0.183 F=7.67 p<
0.01. PEP/ET Zm/EDRS54»H5 04 HR
BHERTFLELTRUBTOATYS. ezl
DBP 7 10 mmHg FH+Hif 0.02 #54n, SBP
#3 10 mmHg EH+HhiF 0.01 |45 = & 5%
L7-. R2=0.117, R=0.342, F=6.91, p<0.01 ©
HEEBKRERCHBETHS.

0S2 msec.
450

m\

350

052 = - 2,0 HR + 515

400 \\{q\%gg%i;: ‘

40 60 80 100 120 R

Figure 1. Relationship between QS: and heart
rate at rest (top) and during handgrip exercise
(bottom).

s RyEES AR TIZ, QS: kL Tk R=
0.819, R=0.905, F=91.39 cEEoEHEEMN %
RUTe. To & 2 i¥HR 3 10/53880+ % & QS22
21 msec JH4> L, DBP 7% 10 mmHg L&+ hid
6 msec #EhN, BAHAR 10 kg win+hid 11
msec A, FEpa 10 g+ L QS; i3 3 msec W
B, F-BTiE Imsec LIV BYT B L EFR
LTw3. ETizowTizR?*>=0.634, R=0.794,
F=59.36 L giFntaftE%mL7z. PEP con
TH 5 & R*=0.523, R=0.723, F=22.19 L <%
) HeBgE WA 2R L 72, ICT 13 R*=0.413,
R=0.643, F=17.94 ch#gmK W EHEEZRL

ET msec.

ET = - 1.6 HR + 391

40 60 80 100

ET=-12HR +373

40 60 80 100

120 HR

Figure 2. Relationship between left ventricular
ejection time (LVET) and heart rate at rest (top)
and during handgrip exercise (bottom).
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7-. PEP/ET iz R?*=0.287, R=0.536, F=6.70,

p<0

025 L /R MR 2 .

QS. &K bLEMEOK & O HR Lo
%% %% L (Figure 1), E/FR QS.:=—2.0 HR
+3515 248, KRB EVRER D 95% EHEMRA &=

L,

R

Z DN DOERIIME A DED 95% FRIRA 2
HR 3 50~100/4y i3 FRIBR I ZFE

BMrriz L3507, HR 0FHE63.4 Tn95%
FRIRR (£1.96 S.D.) 2R L THtdh & OIA
#IEH# QS index o LR, FRRLBELE (515

o

PEP mMsec.
x
B b T~ PEP = - 0.4 HR + 123
x ;" o -
PR T~
110 nl

70

S0 |,
14

PEP msec.

130

110

90

70

PEP = - 0.7 HR + 148

Figure 3. Relationship between pre-ejection
period (PEP) and heart rate at rest (top) and

during handgrip exercise (bottom).
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+45 msec). BIE% 12=0.65, 4ARGIR% r—=0.81,

F=193 ciafdtEi@ve.

B5-R A8 2 Lo tER)

(Sex) # Ah 3 & R2=0.70 iz |- 5., % 3 fizo> DBP
#AhBE R*=0.73 iz LHLE 4o SBP %
Ah s & R 3 0.74 T4 2 (L OMRILLT DAEER
FreAhBZ L TOEBAERO LRI/METHY,
EAELETHROAZDHETH > TH R &
Eibh3.

% REES ARtz QS:=—2.0 HR4521,

r’=0.73, r=0.85, F=277.65 a8 B4F. QS.

120 R

ICT=-0.5H+81

JA ~
) 6. ) 100 120 HR
Figure 4. Relationship between isovolumic

contraction time (ICT) and heart rate at rest (top)
and during handgrip exercise (bottom).
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index=>5214-52. Sex P\ FToOEF& Mz 3z & T
DEESRO LFII/METHB.

Z#hs LVET &+ HR 04 % % % L (Figure
2), @z ET=—1.6 HR+391, r2=0.61, F=
164.87 cHaRgiE & . ET index—=3914-36. Sex
*RFLLTMABZ Lo R 053 0.05 L
INTh D, EEARE ET=—12HR4373, 1=
0.56, F=131.74. Sex # At % & R?=0.62, SBP
MBAB L R2=0.63, HR #1E L7z ET index nIE
sy 373437 msec.

seiaiy PEP=—0.4 HR+123, r*=0.10, F=
11.14, p<<0.05. PEP index=1234-25 msec. tA]
HE<<ERE HR 20foBEILTLLEL
kweExohs. BHARRK PEP=—0.7 HR
4148, r2=0.33, r=—0.57, F=51.32, HR i k
% PEP index nIE# iz 148428 (Figure 3).

stk ICT=—0.3 HR+63, r2=0.07, F=
7.86, p<<0.01. HR <o ICT index=63+422. ig
H£fR ICT=—0.5 HR+81, r2=0.21, F=
27.53, ICT index=81423 Wi, b FHEIIZIE<
EH L EOLEMI P (Figure 4),

PEP/ET i3%&#ms <13 % 1 pfLoo4afx DBP ©
zoMHBEAEERX B TEL, HR 3%
RE Do, E#Rg: PEP/ET=—-0.001 HR
+0.42, r>=0.06, F=7.03, p<0.01. 2/ FHED
LEMI . EEHHE4 4« PEP/ET=0.33
40.10, A%<k HR iz & 3 PEP/ET index=
0.424-0.10.

LlEo X 5iz HR 3%%e: PEP/ET %/
FTRTD STI N5 2 — 5 —ZELEELRER

Table 3. Equations for heart rate corrected
systolic time intervals (STI indeces)

at Rest during Isometric Exercise

QS2i = + 2.0 HR + QS2 QS2i = + 2.0 HR + QS2

ETi =+ 1.6 HR + ET ETi = + 1.2 HR + ET
PEPi = + 0.4 HR + PEP PEPi = + 0.7 HR + PEP
ICTi = + 0.3 HR + ICT ICTi = + 0.5 HR + ICT

@S2 wiTH Exercise
450

400

386.0 + 26.5D

350

N.S.

386.0 + 22,83

AN\

300 350 400 450 msec.

QS2 AT Rest

Figure 5. Comparison of QS: at rest and during
handgrip exercise.

ET DuriNG Exercise

350
300
287.8 + 19.06
250
200
291.1 + 18.26
P<0.01
200 250 300 350 msec.
ET AT Rest

Figure 6. Comparison of LVET at rest and during
handgrip exercise.
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MSEC.,
130
X a x
a %
o x X 5
X
110 o x:* x
98.2 + 14,50 5
P<0.01 X
%0
X Xx
X
70 o
X
50 )1 x 94,9 + 12,98
f 50 70 90 10 130 msec.
PEP AT Rest

Figure 7. Comparison of PEP at rest and during
handgrip exercise.

ICT with Exercise
80

o
X X o
X o X : X /0
o XX
60 xx
o’ XBE
n %0
48.8 + 11.80 x*:B % n
x o
P<0.01 X &ﬂnn
40 ooaX
xR X
X
o i a
20
43.0 £ 11.01
x
20 40 60 80 msec.
ICT a7 Rest

Figure 8. Comparison of ICT at rest and during
handgrip exercise.
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PEP/ET wiTH EXERCISE

.5 .
0.50 P
0.40 ox
0.34 * 0.051

0.30
0.20
0.10

/ /

4

0.10 0.20 0.30 0.40 0.50
PEP/ET AT Rest

Figure 9. Comparison of PEP/ET at rest and dur-
ing handgrip exercise.

FrEZLAD D, ERABLEEX LR D LR
WIER % Table 3 IZ57 L.

Wi LHR & 50% B AR 2 4y Rreo STI o
EZREEEE107FICRF L. 0, BAK
REYBHMAFERECI 20T 2T .

QS. # Bl ic THFRHE 2 I ATTRIERZ L 5
L (Figure 5), 43 45° MEich WV EEOE
RE» Hhid otz (p>0.1).

ET (Figure 6) i3%## 291.14-18.26 msec,
£ 758 287.8419.06 msec CIBHARBIIEEL
Eim el iz (p<0.01).

PEP (Figure 7) |3%z## 94.914+12.98 msec,
£ 98.24-14.50 msec #5RL, ARHERIEE
DR &= Liz (p<0.01).

ICT (Figure 8) {372k 43.04-11.01 msec,
Af5n 48.84-11.80 msec TAMBIIAELIEE
#5r L7z (p<<0.01).

PEP/ET (Figure 9) 3%k 0.3340.049, &
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firke 0.344:0.051 L A Mz Ro 2 (p<
0.01).

&
1. f@® A107 41 (3B 74, & 33) 2 &Ric, &%
B35 STI #Efic>\WT, ZhdIicst
DEMERTFE LY DTERBOITICE > TER
EREDEBNBNT 21T o7z, —fRICAVWBRT
W5 HR Lo gl & 45 &, QS, ET vz #0@
ERi3Em<, HR X 3BEOLEXIH LT
bolc. ERXOBEOH TR, &5612Q8S,
Tix BP nEELSLEL 5. PEP, ICT, PEP/
ET @ HR 0%k 6 FhoERF2EZE L T L
HERi3K<, HR,BP k Y o@EzER &L

ELTHEREOHIEDERIZE V.

2. Ehers STI oFERRSHFICOVWTI
QS,, ET ©iz HR 0ofiERNBL MESLE L Z
Z2bhd. ILICHBEEER BB K S K,
BP, 3721871, F#HEFCOMEISLEL LS.
PEP iz oW T3 &#is L i L T HR oL
BEL, MEOZYMNRHB. ICT X vt PEP/
ET iz, HR 2o oRFORERM;E < Hlk
HIMSITH S,

3. QS: #:< ET, PEP, ICT, PEP/ET 3%
iR LB ATRE TSR Y, ARRICH

B

L TREROBIFRR EWMAT 2 Z LIFIELL .

HR ox#Av=ERMs STI #4548
FRXZERL L 7= (Table 3).

4. ZEELIBAHARRICRIT S STI #Ex
H#EELTHB L, QS TiaE bz s was, ET it
o2 B AR ICEA L, PEP, ICT, PEP/
ET cidHo 2 icN+ 5z & 280 7-.
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