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Non-invasive evaluation of
hemodynamics during mild
upright exercise using the
CO: rebreathing method

A EX Naomitsu KUJI

Summary

Non-invasive evaluation of systemic hemodynamics during exercise in ischemic heart disease (IHD)
was attempted by simultaneous measurement of cardiac output by the CO: rebreathing method and indirect
blood pressure in 44 males and 7 females with suspected IHD who underwent left ventriculography and
coronary angiography. Thirty-nine of the 51 patients had abnormalities in the regional left ventricular sys-
tolic function (asynergy) and/or 75 % or more stenosis of the major coronary arteries (IHD group). The other
12 patients were free of these findings, and injection of acetylcholine into the coronary arteries did not
induce spasm. These patients were used as the control group.

There were no differences in cardiac index (CI), mean blood pressure (MBP), or total peripheral resis-
tance index (TPRI) at rest between the 2 groups.

The ITHD group had significantly lower CI (p<0.01) and significantly higher TPRI (»<0.05) during 25
and 50W exercise than the control group. There were no differences in MBP.

A discriminant function using the change in CI (ACI : //min/m?) and the percent change in TPRI (%
ATPRI : %) during 25W exercise could predict IHD or control patients with probabilities of 82 and 83 %,
respectively. D=3.66—1.39 X (ACI) —6.67 X 107> X (% ATPRI), where D=0.3 indicates IHD, and D<
0.3 indicates control.

These results suggest that IHD patients have abnormal systemic hemodynamics during mild upright
ergometer exercise, even though the resting hemodynamics are nearly normal. Non-invasive evaluation of
hemodynamics by the CO: rebreathing method is useful for predicting IHD using discriminant analysis of
simple variables (ACI and % ATPRI during mild upright exercise).
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Table 1. Physical characteristics of IHD and control

patients
IHD group
OMI or AP Cm(l::gl lgzr;) P pvalue
(n=39)
Male/female 34/5 10/2
Age (yrs) 6017 57%10 NS
Body height (cm) 161+7 159+11 NS
Body weight (kg) 606 57*11 NS
Mean=+SD.

IHD =ischemic heart disease; OMI=old myocardial
infarction; AP=angina pectoris; NS =not significant.

BIASEBIRIER T 75% D EORBEMIRERELE
L, BEEELSESEVISETESME, MLy
FINVAETRERTO0.1 mV A EDOKFR F 2213 TR
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Table 2. Angiographic and clinical characteristics of

IHD patients
OMI AP
(n=21) (n=18)
Diseased vessels
SVD 14 14
LAD 11 6
RCA 2 5
LCX 1 3
DVD 5 4
LAD+RCA 3 2
LAD+LCX 1 1
RCA+LCX 1 1
TVD 2 0
OMI without exercise
induced ischemia 11
Anterior OMI 8
Inferior OMI 2
Lateral OMI 1
OMI with exercise
induced ischemia 10
Anterior OMI 9
Inferior OMI 0
Lateral OMI 1

SVD=single vessel disease; DVD=double vessel
disease; TVD=triple vessel disease; LAD=left anterior
descending artery; RCA=right coronary artery; LCX=
left circumflex coronary artery.

Other abbreviations as in Table 1.
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FHULBERORLEE 1 T L iTo 7. EBIFE
D 3 5B ISR CO: 7 E DB FE £2 mm Hg/
SRR, B OBNE 5/ PRI & ) EEIRE
ZRERE, T TICHE L7z CO: BMERE 12D
LHAERHE 2To7:. ARCOGERRSXEH
MmEEH (A4 T —1) ~ 3 STBP-680) i~ & V) LhiBhik
DOEEMmME% HI%E L 7-.
RHEEREIL 3 E, EHFIEISREIEIC
2TV, FRNEThOFHELRA L. EBk
HEIRA 2L D 10 7DOREE BV T, EE)
BOLERET ST-T E{bdAh LM 7GE, RO
AIE I CEREESEEICHE LIRITo 72,
LEBE - MEME LD, MRE (cardiac index :
CD), EHIME (mean blood pressure : MBP), #25K 4
MR L (total peripheral resistance index :
TPRI) #, UTORTHEH L7,

Cl=.Lal B/ REHE

MBP = 53R Il FE + (8 B 1 — 45 34 1

E)3

TPRI=(MBP/CI) X 79.92

E O IR T 2 EBROMRES L UR
R M EERIRER O ELE (£ £ ACI, ATPRI),
ATPRI D Z#i§ TPRI 239 5 B (%ATPRD) &
HHL, ThonfEERE L.
HHETFBYMLER IS Student’s r-test 35 & UV B RE %I
0T, BEREFHELFEERETRLL.
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M CTRIE L - BRE B O K EEE L BB H TR
TOfE% Table3 |[Z/RT.

1. WHCTREROLRE, FH0LE, #XHE
MEEIRBRICEEEZELRO P o 72,

2. 25W, 50W EBIRFL b IC, Btk R ER
DLRBUIITBEC I L T B ICEME T (p<0.01),
B I M U BB D AR SRAN I B SEPUAR B0 0 BRAE 1S
HLUTEEIZEETSH > 72 (p<0.05). EEIREDOT
BOPHMECEREI P o7,

3. BIMMECEBEED ACI i, 25W, 50W EE)
B bICHIBBICH L TAEICEBETH o 72 (p<
0.01). ATPRI (22T, 25W, SOW EBEEF DT
BEICAEEZE o7z, L2L, %ATPRI i,
25W B OB M REF TIIBRRICHL T
HEIEE (p<0.05), SO0W B &Mt R E
BTOAEEIC L TEMEMER (p<0.1) Thoz
(Fig. 1).

4. 25W ETEED ACI & %ATPRI D 2 3512 %
WZHIBISATIC & 0 BRI CR B Lt B D4
ERAIL D, ROAGEENPHELN.

D=3.66—1.39 X (ACI)—6.67
X 1073 X (% ATPRI)
*D=discriminant function

D=0.3 % B (O EH, D03 xxfBEL L
1235E, Bl OEBEE 82%, IEEE 83%D
BECTHRHWETH - 7.
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SW\T, bitbild$ TIZ Defares E 23D { H
DFVEY AT 5B L U Collier #1222 < Sensor-
medicus & MMC-4400 % F > CHRES L L 7259,
WTNDBFE S ZOREIZRIT, REICESHH
EHEIEEFTED L UCBRAREHEEE BT %
HEEZRL, BREEDORFTHo . SEIFAVE
Collier %13, HEHEIRED CO. BIRZET 5

—279 —



AE

Table 3. Comparison of systemic hemodynamics at rest and during exercise between IHD and control groups

THD group Control group p value
Rest (n) 39 12
CI (//min/m?) 2.9+0.6 3.1+06 NS
MAP (mmHg) 96+11 96+ 10 NS
TPRI (dyn-sec-cm™5-m?) 2790+ 640 2580+460 NS
Exercise at 25W (n) 39 12
CI (//min/m?) 5.0x1.1 6.5+1.2 <0.01
MAP (mmHg) 108+ 14 117£17 NS
TPRI (dyn-sec-cm™5-m?) 1780370 1440+£200 <0.05
ACI (/min/m?) 2.1£0.8 35%1.0 <0.01
ATPRI (dyn-sec-cm™5-m? ) —1010£470 — 1260520 NS
% ATPRI —35£10 —45+11 <0.05
Exercise at 50W (n) 31 9
CI (//min/m?) 6.2+0.9 7.6+0.7 <0.01
MAP (mmHg) 11514 110+20 NS
TPRI (dyn-sec-cm™5-m? ) 1530310 1140230 <0.01
ACI (//min/m?) 3.5%0.9 45106 <0.01
ATPRI (dyn-sec-cm™5-m? ) —1340£560 —1350+530 NS
% ATPRI —45%12 —53%+10 <0.10
Mean=+SD.

CI=cardiac index; MAP=mean arterial pressure; TPRI=total peripheral resistance index; ATPRI=change in TPRI during
exercise; ACI=change in cardiac index during exercise; % ATPRI=percentage change in total peripheral resistance index.
Other abbreviations as in Table 1.
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Fig.1 Relationship between changes in CI and percentage changes in TPRI during ergometer exercise.
Abbreviations as in Table 3.
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