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Abstract

The relationship between ischemic ST depression and oxygen uptake kinetics was examined during
cardiopulmonary exercise test using the ramp protocol in 22 patients (17 males and 5 females, mean age
61.418.1 years) with ischemic ST change (horizontal or down sloping ST depression over 1 mm) during
a previous multi-stage exercise test (Bruce method). Patients were classified into three groups according
to coronary angiographic findings : absence of significant stenosis group (control, n=7), single-vessel
disease group (n="7) and multivessel disease (MVD) group (n=38). Peak exercise time, peak heart rate,
peak systolic blood pressure, anaerobic threshold, peak oxygen uptake (peak Vo:), exercise time, heart
rate, systolic blood pressure, and oxygen uptake at appearance of ischemic ST change were measured. The
ratio of oxygen uptake increase at appearance of ischemic ST change was calculated.

Peak Vo: was lower in the MVD group than in the control group (20.9£6.2 vs 27.3+3.3 m//min/kg,
p<0.05), and exercise time from the beginning of ramp exercise to the appearance of ischemic ST depres-
sion was shorter in the MVD group than in the control group (5.2+2.1 vs 8.2+1.9 ml/min/kg, p<0.05).
The ratio of oxygen uptake increase was smaller in the MVD group than in the control group (0.7£0.3 vs
1.240.2, p<0.01). These results could be caused by impaired increase of cardiac output due to myocar-
dial ischemia occurring during exercise. In the clinical setting, these phenomena could be used as a param-
eter for differentiating ischemic from non-ischemic ST depression or evaluating the sensitivity of
ischemic heart disease.
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B, RN ARG L BB AR slERA R M
MR B OEBEE L BRI SN TV AR, IR
INEBZDOR B E LKA AGH 0K AEICE
THHE R RV, EBEFRO.LCER EOEMAE
ST TR EMME ERDBHO-OICEELTAETDH
D9, JMERILIC & .08 Y THEEEE IS SR h
HTHELEENTVESD, —F, AT AGHLVEDS
NBEEFENE (Vo) (30 R L BEIRERERED
BTEIN, BBREBEEBEEITEEDEFH TZ DK
KAEICEBT B &6, Vo.BIELBETAIZ LI
EEREO NN BEEEHET LI BB LERD
ns.

72T, AFETIIHIEREICB T 5 BB
oEm ST FTHRLLHEESROBMREZRNL L
B, B ST FTHEL Vo BIREDBLEICOWTIRE L
7-.

MR EHiE

L. ¥ 8

WA R THRATE N2 b Ly F I VEBETAER
(Bruce &) CHEM ST TR J A XY 80 msec T 1 mm
PLEDATF 7213 FrB ST T 2R LHER GE
MEbh, TEIREEHEITEHE LT 1993 4 6-10
Blz%BE~ AR L ERs 2261 (B 176, &5 B,
FIER 614181 5%) 2xfH L Lz, Lxa—KEH
oL LERESRE 2 RO-BE, BIBEOHE
EBE LEHERE WOrLEAN, WMEEZETS
BEBIUBENENHEG IN TV EFIHRICE
FhTWwiw,

ABE AT S M- BEIRELFTR» 5, WREE
BIR A B R RO\ T B QT IBEE, FHERS59.0
+7.08%), —HIRED 7 Bl (single-vessel disease : SVD
B, TIYER 65.918.0 %), ZHBIRK 6 Bl &L =BIRK
2 B2 5B B ZEFRZE 8 Bl (multivessel disease : MVD
B, THERN 594184 %) D 3FICTEL L (Table
1). %8, EEBRRHRELFTHEMIIETRICITEZ
nTuwi\v., TEIIREZFTR O H %€ 213 American
Heart Association (AHA) DZ#TEEHE» % vy, ZRE B9
2hS75% LlER AEREL L. sHREESHEN
TIY Y F5 574 —=HBETH o728, RELY L

Table1 Clinical characteristics of patients

LAD LCX RCA

Patients Age Sex
on (% obstruction)
Control (n=17)
SM 46 M 0 0 0
AE 60 F 0 0 0
MK 64 M 0 0 0
HM 56 M 0 0 0
BT 57 M 0 0 0
TY 66 M 0 0 0
GS 65 F 0 0 0
SVD (n=17)
MK 62 M 0 0 90
MA 80 F 0 90 0
KS 67 M 0 0 99
HC 70 M 99 0 0
IT 67 M 90 0 0
SH 55 M 90 0 0
MC 60 F 0 99 0
MVD (n=38)
WS 66 M 75 99 0
ST 53 M 0 90 75
TA 54 M 99 0 99
SK 44 M 0 75 0
TS 69 F 75 0 99
HS 61 M 0 75 90
YS 65 M 99 75 0
KY 63 M 99 75 90

LAD=left anterior descending coronary artery; LCX=left cir-
cumflex coronary artery; RCA=right coronary artery; SVD=
single-vessel disease; MVD=multivessel disease; M=male; F
=female.

EHEEL EN WO EBIRER & T L 72 E8 8
O ER ST TRABRHERFTH 5.
ARERICBMT AT LI L TREBBEERANICTIRH
L7 ETRELE.

2. /A &

1) AEEB L REAHE

Abstk, TBEIREF KN > TRHEEEBICFFRY
2o EBHELZ PL Y FIVIZK A ramp BFTAER
RREBBREICHITL, 3088 2FELERE
sk L7-. IoEEERR, (Oda%k, DUREIMLE, SFF
BEE, Vo, _BLRFHHEOERLEZRGELL. B
2, EBEER, &E O, EEIUEHLE, Sk
fCHEEfE (anaerobic threshold : AT), = EEERENE
(peak Vo) I L7z, F7z, EESN 2FELE
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X206 2 2L EDOFHETLHROEETHLHS 2%
1 mm DOREMY ST FTEIFRD S N7-BETOEBRE
M, L%, ME, Vo ZBIE L7, FiZ 1mm DE
M ST THEARRD b NI-EFE TO Vo BIREEN L%
FARD 20, Z DRI 2 5 ED Vo, —RENFEH D E
JRRE DB L 1) Voo BN (Fig. 1;2’/a) 2 EH L7-.

LFTEBIEFRERD end point 13, fH4 DEEHIEE
SRR LR KOME % 10 & L7220 E55EE (5/10)
DRGFEA B L 7=k, MERIATICER L ST TR
HBR LR, BEESHE LR, MuEihs HEl
L7:K, S¥cMERTREE RARERIHIEL -5
E L7, 2B, EHAMREMITH ICIIMEEE, Calg
P % EOPSREE DRI PIE L 7.

2) AIERE, BhAE

MLy FINVEEICIET7 7 ¥ ETFH Stress Test Sys-

tem ML-5000 3 & UF Treadmill MAT-2500 % Fiv», FE&
HAGHTE I F FEFFSL Respiromonitor RM-300 3
& Uf Medical Gas Analyzer MG-360 % i\, 1565 7=
R[HIFAFT—4%1E NEC @NN—vFLara—¥—
PC9801 TH > 74 VLB, 8K OIFRBENTFIIC
L) FRLREEFT o 72, AT DHEIE V-slope £ |2
L 0fro7-.

3) MEEtEEAR

BB FHELEERECRAL, 3BEHOFEE
A MGy Gk IAVAS

= R

1. EBRE, RS0EY, SSHEEELE
EHEMTPIEOBBII B TII TRIEY, FHRE
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(min)

Fig.1 Definition of ratio of oxygen uptake increase at
appearance of ischemic ST depression

Table 2 Results of cardiopulmonary exercise test in study groups

Control SVD MVD
n=7 n=17 (n=38)
Peak time (min) 11.7£2.7 10.0£3.7 8.1+2.5*%
Peak HR (bpm) 1434+13.6 127.7+16.7 129.8%+16.8
Peak SBP (mmHg) 228.7+£26.0 2154+26.1 198.0+18.5%
Vozat AT (ml/min/kg) 16.5+2.1 144+46 13.9%3.1
Peak Vo2 (m//min/kg) 27.3£33 21.1%£53*  20.9%6.2%
End point Chest pain 0 Chest pain 3 Chestpain 5
Leg fatigue 6 Leg fatigue 1 Leg fatigue 1
SOB 1 SOB 3 SOB 1

Data presented are mean =+ standard deviation (SD). *p<<0.05 vs con-
trol. .

HR=heart rate; SBP=systolic blood pressure; Vo:=oxygen up-
take; AT =anaerobic threshold; SOB =shortness of breath. Other
abbreviations as in Table 1.

HOATHREI 1B Lh o203 L, SVDETIE
36, MVDEETIZ 5 BIDMETH o 7-. EBIBERT Tt
BRE¥ 11.7+2.7, SVD # 10.0+£3.7, MVD # 8.1+25
min, 5 & UHEEA L 3 BR B¢ 228.7+26.0, SVD B
215.4%26.1, MVD & 198.0+18.5 mmHg T MVD # it
P RBEEIC L L EB R, R IUMEERMLE & b A&ICIK
£ p<0.05) &R L7z, &E GHARKIIXTBEE 143.4%
13.6, SVD # 127.7+16.7, MVD & 129.8+16.8 bpm T
3EHEMICHAEZEL RO R0 o7z (Table 2).

2. BWSMEAHEIE, peak Vo

AT (ZxFHBE¥ 16.5+2.1, SVD # 144+46, MVD B
13.913.1 ml/min/kg T, 3EMICEBEEY RO L Ho
7z. Peak Voo (Ix}HB#E 27.3+3.3, SVD B 21.1+53,
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Table3 Cardiopulmonary exercise parameters at appearance of
ischemic ST depression in study groups

Control SVD MVD

(n=17) (n=7) (n=38)
Exercise time (min) 8.2*+19 6.913.6 52+£2.1*
HR (bpm) 112.7£17.7 109.4%+133 113.6£19.9
SBP (mmHg) 216.2+19.1 197.3+233 189.0+21.2*
Vo (ml/min/kg) 20.5%3.0 16.0+4.0* 15.7£2.5%*
Ratio of Vo2 increase 1.2£0.2 0.9%0.1 0.7£0.3**

Mean=+SD. *p<0.05 vs control, *¥p<0.01 vs control.
Abbreviations as in Tables 1, 2.

MVD # 20.9+6.2 m/min/kg T, SVD &, MVD &
XEREE I LA EICEME (p<0.05) 7R L 72 (Table 2).

3. RMmiE ST THRHBEROE/NFTA—%—

1 mm O E M ST T BB £ € OEB) I 1o R
8.2+1.9, SVD # 6.9+3.6, MVD % 5.21+2.1 min T,
MVD B I BREEICH LEEICED? - 72 (p<0.05). Z
OB B TONGHRA M E XX BB #E 216.2+19.1, SVD B
197.3+23.3, MVD  189.0+21.2 mmHg T, MVD &
AT REEICH LA EICEME (0<0.05) Tho 72, LA
BT EREE 112.7+17.7, SVD# 109.4+13.3, MVD &
113.6+19.9bpm T3 HMICAEEZ 2RO o7z, &
7z, 1 mm DI ST TR IBREED Voo 1353 BEF 20.5
+3.0, SVD & 16.0+4.0, MVD & 15.7%+2.5 m//min/kg
T SVD, MVD B3t FBERIC L LA EICKAE (SVD & :
p<0.05, MVD # : p<0.01) T - 7= (Table 3).

4. RMmM ST TREHERIED Voo EINEK

1 mm O B ST T REHBIRIHE O Vo BMERI3 xR
#1.2+02, SVD#0.9+0.1, MVD# 0.7£03 T
MVD B IIA B IC I LA BICEE p<0.01) Th o7z
(Table 3).

% =

P lME X —BEEDLHBMIC L ) AT HREEE
ERETHEBETHY, POED ) BHFERLETIE
FeREENC L D OHRMASFERSINS. LFEMLT
BERIZIE, BEEBIRETOL S LA L TAESIRR
ARk, EZIURKPAREML, 1| EHkE, &
ZERIMBESBAT S EHEShTWE, T, BE
REHNS L VIILEBAERIC L o> THRE SN L EER)

BEo#HBIILL, LR TREBEDERELENVE
EZON TV, R ST TRE, ol 0ahE
Mic & 50K 7HEETICFIEREERTLE S
55D, Jengo 59, Upton 5 IEKEFHFEEZHWT
B R BEEOES AR I OEREL, HOE
AT AR THREREZRIE L, BOZH~O
ERMEZHELTWS. 22T, AHFETIEERITLKR
YIBREENBRL TV LEX SNSRI ST
TrE Vo BiFEEDRIE % #RET L 72,

1. BESMAHIEE, peak Vo: & EBMMLREDE

=

Koike 5" (ZEMME MEE L ECRBEORERZED
EEIEMROOEEEE AT L OBEXKRE L, £ZK
HER, 1 EHHEESATREOHEME & b IZHEM
THH, AT #BRALINLRBAITHELTVAS.
—7%, DR EX AT T OAME CTITERMICHEM
TAHNATHUETEZOEMEPET TSI L, BH
REEZETLERENDL A AT $%ICEHZ ST TR
PTRETIEEFHELTWAD, Asanoi b9, BEED
B MEHER) TR ROE M & R L T.OIUE
DOEERAS 1 EFHEEMPERFOER & 2555, L
EEEERZOBAMESH TALONS 1 HHEHBEEND
ZLRHAHOEMIL2b0THY, EBIZI B0
PHEEOERPBAETORIIILAEALN VL
HWELTWAS,

IhonZ Ehs, BmMMEMREEREEDOEREIC
12, BRSHETICONT—RHICTTE L7 LR Y 75
BEASLERMOHIEICE VETL, X ) EHH
ANDOBFEHEREIET LTATICEELTLES
DR END O, AREICBWTIE, 2281F 166IT
AT#IZ ST TREZFEDTWALS, LERLED ST T
S BEICHERT .05 B ED GOF Y TR
EFATRETSEATREEEIBETE 2. L,
TEIREERE L AT OBRBRICOWVTIHERESY 45, L
ERST THE ATORERRE L, AT LRLERE
DEHRREEER &L OEEHEEIENELTY
5. AEICBWTOAIERE, SVD &, MVD &0 3
EETAT CEEER 2h o7, B GEED AT
12, BEIRREOSRENZEREEY KBS 5D TR
<, EHEOLRY THERTLOBEICBNTER
BHbrLIDEEZOLNS,
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B IMLPEOR B BE O peak Voo 13, BILIC X B AEMBEAS
PIEEBE 2o 72BITIE, BICZORETOEBREER
BEATWVWAICT XY, SVD, MVD BT BEICH
L peak Vo: "B EIEETH o 7-DiE, SVD, MVD
HoOEFAaMPIEERICE S, EFE[LEY
EmichotzlzbELIONS,

2. RN ST TREHRFIED Vo MMEDES

Hansen 5 & Solal 5® [ZIHEE IV TA—¥ —%
7z ramp BRFICE VT Vo BB E B4R OME X
(AVoJAWR) %#85H L, BIMM-EREECIIRES
LNABIENILERELTWS, LArL, ZoRK
FTHWTWS AVo: IZRER» O RAERRT TO
Vo DEMETH Y, Vo EB)REE IR DEMME %/
RELTWVAS. EFH~OBEHLEIBESLS X
) L MEREERTIE, ramp BFFEED Vo BE)ihE
BROBERMEIX, AT DBIGESREICHT S Vo ©
BHEPBITHIEICEIYEELY, ZOBRZITER
HORBIIBWTILLR Y THEOBRT 2 ML+ 5 &
Ezo6N5.

AEFFETIE, HEEFBIEILTH LY FIVEAW
7zramp B & TV, BRI ST TREATED SNk
TO Vo, HIIEEZRMBO L ) IZEHEL, 3BICONT
RBRE L7z, Z0OFER, Vo BRI EEICHL
MVD #CHELEMEEZRL, SVDEIIBWTHHE

=3
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B UBEWMERZRLE., 202 Ehs, HEiki
FELE D ramp BFICBT 5 1 mm O E M ST THERT
BRI, LOHRMICED QLR Y THEREY R L
TEFEE TS Vo. DEE IZBA L, EBEMR
BREFILEREILE Vo. BB L 2 ¢ THET S
CERFERGEBKICER L EZ O,

3. XMROBRFESEDEE

FRFETIE, PoERE T 1 mmBEOEMEST T
REASE U B8 T Vo AR T LB 5 = & %R
L, $20RE L TOHEBMICED LHEBED
EMABREHEL/. L2L, AMEDOBRRL LT
ramp BRFOLHBREIIEANLTB 5, B ST
ZLOHB L DHHE L DEEIZOVWTIRSERORE
PLETHL. 5%, BOHELERELE Vo, Nz
DHEDOHEEN S, FlSEREOEBEMNEY, Bk
%, BEEOERP, FEBEMICIVFIRINS
LR IO EFEFE O FHAENDICHS T S 5.

PRAME B O ramp BF RO ER E 1 mm o E 1%
ST FREAA L2 T Vo BMTIMETL, Zh0H

BILICEDS LRy THRERTICE B -0 0N
7-.

#

FEPMEIZ BT 2 BB AR OB MY ST TR AR ESREOBR LY AL 20, Bt
STTREL Vo BIEOREICOVWTRITTAZ L 2EME L. #RIF Ly FIVESERR
BX (Bruce ) TRIMLME ST TF (0 &L Y 80msec T 1 mm Bl EDKTEF 7213 FH ST FE) %
wL, FERGEFEDI-BE 26T, BBREEFTR L VEERELZOL V76 G
WBE), —BURED 78] (—ERER), SHRE 8 B (BHRER) O3 BICHEL 7.

SPNERBRME Ly F VOB AR ramp ) % 1647 L, BSEBIME, &E.0
B, REIEHLE, SBAEAHBIE REBEEENE (peak Vo) 2#lE L. 72, 1mm
OREMYE ST FRMBEROESRERE, (L, IE, BRENE (Vo) 2fIEL, BIZZ OB
T O Vo BHNE (# 2 D Vo, —REVRE D EIRREVET 2 5B D Vo, —kEVRES D EIE
¥ OB E R

FERIE, 1) peak Vo IZEBIRER CHBEICH LABICEMETSH D (20.9+6.2vs27.3+3.3 ml/
minkg, p<0.05), 1 mm DEMM¥E ST FTREHE T COEBRELFEIZE 572 (5.2+2.1vs8.2
+1.9 minkg, p<0.05). 2) 1 mm DEMY ST FTHEHIREED Vo, BWINERIZ B iR ER B
WCHLAEIEMETH -7 (0.7£0.3 vs 1.210.2, p<0.01).

BEXY, %1ERGERE CRMIMY ST THREREIC Vo BWIESETFTTS L 2RL, #
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