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Effect of Exercise Therapy on Recovery
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Abstract

Exercise therapy at the anaerobic threshold (AT) level is currently recommended for patients recover-
ing after myocardial infarction (MI). However, the effects of exercise therapy have not been investigated
in a controlled prospective study.

This study investigated whether AT-level physical training is beneficial in improving exercise toler-
ance and left ventricular function during the MI recovery phase in 62 patients who had no
contraindications for exercise during hospitalization. Exercise therapy at the AT-level was continued after
discharge in 43 patients (group T), and was discontinued in 19 patients (group C). Treadmill exercise
testing with a ramp protocol was performed at 1 and 3 months after the onset of MI. AT, peak Vo, and Vo:
slope (AV0:/A exercise time) were determined. Cardiac catheterization was performed in 48 patients (33
in group T and 15 in group C) 3 months after the onset of MI. Ejection fraction (EF), stroke index (SI),
end-diastolic volume index (EDVI), and end-systolic volume index (ESVI) were determined. The follow-
ing results were obtained; 1) AT, peak Vo2, and Vo: slope significantly increased in group T, but not in
group C; and 2) EF, SI, EDVI and ESVI were not significantly different between these two groups.

Exercise therapy at the AT-level during the MI recovery phase significantly improved exercise toler-
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ance and oxygen uptake, but had no significant influence on left ventricular function.
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Table 1 Basic profiles of the subjects
T grou TOU|
(n=43) (Cng= 19 P

Gender

Male 36 (84) 14 (74) NS

Female 7 (16) 5 (26) NS
Mean age (yrs) 58.3%9.5 57.0+9.8 NS
Height (cm) 168.0+8.5 166.5%+4.9 NS
Weight (kg)

1st month 60.3%7.5 60.5%6.7 NS

3rd month 604+6.8  62.2+6.8 NS
IRA

LAD 23 (54) 13 (68) NS

LCX 7 (16) 0 O NS

RCA 13 (30) 6 (32) NS
Forrester subset of acute phase

I 28 (65) 10 (53) NS

i 6 (14) 4 @1 NS

11 3 | BE)) NS

v 2 (5 1 (5 NS

Unknown 4 9 3 (16) NS
Medication

Nitrates 41 (95) 17 (89) NS

Calcium channel blocker 20 (47) 10 (53) NS

Beta blocker 11 (26) 4 (20) NS

ACE inhibitor 3 2 (11) NS

Diuretics 5 (12) 2 (11 NS

Antiplatelet agents 43 (100) 19 (100) NS

Data are presented as mean +standard deviation (SD). ( ): %.

T group=training group; C group=control group; IRA =infarct-
related artery; LAD=left anterior descending branch; LCX=left
circumflex branch; RCA=right coronary artery; NS=not signifi-

cant
Table 2 Follow-up profiles at 3 months after onset
T group C group al
®=33) =15 P
Gender
Male 30(91) 12 (80) NS
Female 309 3(20) NS
Mean age (yrs) 58.6+9.8 579+10.0 NS
IRA
LAD 20 (61) 10 (67) NS
LCX 39 0 © NS
RCA 10 (30) 5(33) NS
Patients with ventricular aneurysm 4(12) 3(20) NS

mean £SD.( ): %.
Abbreviations as in Table 1.

FEZARB L URERET AR E RIS EHI R
L7z 1 BREEED ) b, BER 12 BREDAICHE
Jit P (direct percutaneous transluminal coronary angio-
plasty : direct PTCA) 21T 8 W RIF 2 ILERAR H 7z
EHE 11055, 1) NYHA I BX U IV DFEH 6 51,
2) EEEEOR T &k HMRE (B, FKE, BF
NEEEE, MIDSNORER ERER L) 260 L1
FEB 26 B, 3) BIEEERELERSBRE L DBEELA 15
Bl, BLU 4) BHEBICPRFTASHEHBITTE %2
ol 1BlEBRN L 2B ZMRE L7z, HRIEH
32fl, AR L7z “WREBDOIUNEYTF—a v YR
T ARBICHET A AERLATOS T LICH
L4 BHEOBBH 707 FAE2ETL, BBHICHE
RERBKGERNOER I Lh oz, WREIIIEHE
DBEEHHAL, EFOFELF .

2./ &

EEHESREBITOREORER, EXVTV+
EHAEREE —ANFHC AR L2 BEX, BE3»A
B CH 3 mo@EEREEE) L % fifT L training
group(TE43B) & L, BERINEYTF—Tarnd
AT bR R WA ERETT IR BT E IR ARHCA
BEL-E#EE, BEAEFLEOEHEO LRZHHETS
12 & £ control group (C & 19 #l) & L 7= (Table 1).

COWEICMIEER 1 2 AED»S 1 BEDAB LV
3xAEDS 1 ARUAICERBEIEEEE (ramp )
WEBMPRTAGHEGFRA L MLy FIVEBET
REBREIT L. £/, BEH3I »ABILUDEBY T
TVREEZRAITL X 724861 (TE 3361, CE 156 :
Table 2) (2 WCIIEBRER, EEEL L HITL
7o, B, LEBBEMRE, AT A5 LU0
[gA 7 — 7 ViRERROBITIZEH, B 7V FE
BRFERBE TR —RE 2 HEAT L 7.

1) EEaFRER

EEAMHAERIE 7 7 ¥ EF S STRESS TEST SYS-
TEM ML-5000 3 & U° TREADMILL MAT-2500 % f
W, ramp X T A B ARV EZEOBEBNE
(Vo) FHIR % FIv>T# 1 MET/min (3.5 ml/min/kg :
Vo) FOBMET 5 LY ICBRELZTT b I— L0 3
Wi EEEARBRPIIEE 2 FEEE=S—L, O
A%, ST-T BALBLURERLBE L. MER
Colin ZLEBNE T ML E STBP-780B % H\»,
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15Tl L. BFRTIRT AV AAR-VE
FRO MLy FINVARRERFIEEE L TRIED
HHE, H5VIZEFOBMIC b 22 b 5T Vo, DM
A%, VbW 5 Vo leveling off DIREED T &
L7z,

2) MR X5 MR

MR A A aHTiciE, 34 FEFRMFESE Respiromonitor
RM-300 3 & U Medical Gas Analyzer MG-360 % F\»,
BONERH AT — %13 NEC 3 personal computer
PC9801 TA > 7 4 LB L 7=, MR H A 4 breath-by-
breath HCHIE L, Voo, HERARE, Voo ITHT 2%
FYUE, COHEHEIINTIMRALUE, BLUFTAK
BUDENTA—y—%a Ea—y—FEHIZERL
BEH L7, AT %21 Beaver 5 %28 L 72 V-slope
I % HV, peak Vor I EFHE TEAT 10 B OFHE
L L7 EBEERICHT S Vo DI E (Vo slope) 13,
ramp B BIATE Vo DI LI5® 5 4> & respiratory
compensation point ¥ T% —XR[EIJF L KD 7=,

3) DL T —TIVRE

48 FlZoVTIE, RBIE3 » A BICEBREE, £
ERE AT L7, SEREY CREEFTELEDHFR
ROFEIZOVTRET L, BREDERITIPTCA K
BONIEARED 0% LLEOREIIMEL7zb D L
L7z, EZ#EF Tid Simpson £ 12 & ) EZFRH 418
(ejection fraction : EF), 1 [EfAH4%%X (stroke index : SI),
EZENERPAEMFEE (end-diastolic volume index :
EDVI) B & U REIBELRE (end-systolic volume
index : ESVI) &K 7-.

4) ERHABSREVEEpFRE

T B IIBBERTICHIE L7z AT LNV OEE)SEE T
BE3E, 1E305D My FIVEEBRERT TRE
3»ABEETITo/k. ZBAT LNVOEEICIE, @i
B O AT BOHAKE AV, CRIZOVWTIREE
LZZAT LV E HEEE LD ERE 53
HEITV, FOMOHIRIETLED» 7.

DEDREGRELD, 1) BEHRL 37AED AT,
peak Vo: BLU Vo slope DIHERE, 2) BIEIH»AED
EF,SLEDVL ESVI D (b8, B XU 3) BHAERIIOW
T, BOBOONEX THLECH, SHICEEREM
BHNZERI TATHL (left anterior descending branch :
LAD) B, [EIEf-4GEBIR (right coronary artery-left
circumflex branch : RCA-LCX) B IZH58E LIRS L 7-.
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5) fEatFavigst

MEOBKRERII PRELITVRE L. BROK
BRI IR — LB E S8 ITE FH\v, €D  Fisher's
PLSD 2 WS B L WBRE L2, AEZOHER
p<005 LT & L7, HREVITIDFYLRERE
TRL7:.

i R

1. DREHEFHRRER

MIEER L3 #BEICHEIT LA P Ly FIVLAE
BEMRBROBRERT.

1) D8 - MERIE

THBLUCHEOMIEER 1,3 7 A HDrest & peak
DA%k, DHERAIME BUG % Table 3 127”9, WEEL
LR LZEEEZITOON o7z,

2) BRH X7 — 2 DREFAHET (Table 4)

AT DR : MI BIER 1,3 » A H D AT [EORER
¥R, TEICBWVT15.0+2.9 25 16.8+3.1 ml/min/
kg NEAERBEM p<001) /RL7AS, CETIRE
BEZDOLho7:. BEFNVHICHET AL, TEH
TIZLAD R, RCA-LCXEEH L OFELEM (@
<0.01) #/RL72AS, CETREEZLZ RS Lo/,

Peak Vo: D 1 Peak Vo: DRI S AT L
BlZ, TEETIX 23.014.82>5 25.8%5.7 mi/minkg ™\ &
AEIZHENE<001) 2/RL7:DS, CETIEEELR
Shhol. —F, BEHMLIORETIE, THEHD
LAD #EZE# T 22.9+4.8 5 25.4+5.1 m/min/kg, RCA-
LCX BT 23.2£5.0 2*5 26.31+6.6 ml/minkg &, &
DICHE LM p<0.01) /R L7225, CHTIXLAD
BEBEOAD 224149 55 25.1+4.4 ml/minkg &
BFELEMP<001) Z/RL, RCA-LCXEEHTIZHE
BT bR edor:.

Vo: slope DHEFE : Vo slope DIFRFIOHERS L, TET
2.1%04 205 23104 ml/kg/min? & FE LM <
001) #/R L7725, CEETIIEEE*TD Lo &
EHMV A ORETTIZ TEHD LAD HEH T 22404 2
5 2.3+0.4 ml/kg/min? &, RCA-LCXEEH T 2.1£0.5
5 23104 mikg/min? &, & HICHEELREM @p<
001) #/RL7A, CHTRERLELEREho
7z,
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Table 3 Treadmill test : Resting and peak data

T group C group
(n=43) (n=19)
1 month 3 months 1 month 3 months
Resting
HR (bpm)
Total 774%12.4 7251129 82.6t14.5 79.2£10.5
LAD group 76.9£10.2 72.2+104 85.91+15.2 80.6£9.8
RCA-LCX group 78.4%15.0 73.0+15.8 7551122 76.2+13.0
s-BP (mmHg)
Total 125.6+14.1 130.6+20.0 131.2£19.7 1344+17.9
LAD group 122.0+13.2 130.0+20.1 132.2+18.1 135.5+16.3
RCA-LCX group 129.8+12.6 131.2+21.5 128.9+20.6 132.1+18.3
Peak
HR (bpm)
Total 141.3+15.8 145.8+18.7 150.8+14.5 152.6+13.8
LAD group 140.4£16.0 143.4+23.0 157.0=11.8 156.8+13.8
RCA-LCX group 142.8£12.5 148.1+12.5 148.0+16.2 152.8+12.2
s-BP (mmHg)
Total 185.7£22.9 185.9+20.4 187.2£28.2 189.9+26.5
LAD group 188.3£22.6 186.1+17.5 189.6+28.8 192.6+£25.5
RCA-LCX group 179.8+23.7 182.3+27.1 181.8+26.9 183.7+28.6
mean +SD.
1 (3) month(s)=1 (3) month(s) after myocardial infarction; HR=nheart rate; s-BP=systolic blood pressure. Other abbreviations as in Table 1.

2. DEBAT-—TIREER

MIBIER 3 » A BB 7 —F VREZITL A
7o 48 BIDFEIER, EEEXREGREERT (Table
5).

1) BrEE

Direct PTCA % 3 » B H OBESRZERIL, T B 33.3%,
CH#40.0% THEHBICEEEZLRD T, WERMAIC
BET L CHOEBMICERERRO Lo 7.

2) EERHAE

MI EfEk 3 » B B OEZEERH S E (BF) X T &, C
HEICEEZLROT, HERMAICRET L TH &H
BICEBEZIRDO o,

3) 1 EEHARE

MI EfER 3 » A B O 1 EHEHARE SD b FEKIS, T
B, CEEMICAERERZEDONT, BEFMOBKRET
THERERICEEREZERRO Lo 7.

4) EEHIR - UERAREREK

MI EHE# 3 » A H 0L ZHRAAEERE (EDVD,
B L OUERAB SRS (BESVD) & T 8, C #EICH
BELRDLholz. BERMANOKRETH TH, C
HERICIIEEZIZDON o7z

% =

MR A A &5 AT OIEE M EYEI%E 355 Wasserman
LY L DIRIBEINTLR, BRBFEMTD AT 2%
Bah, EBHARERFM, EEEEL LT 50
B ENTWA, EEEEIC L ) BB EREOSED
BOONDEZLIIEAMDEETHHH, EEH MIE
ZOEBHEREDOHERICOVTHBELHVRE L
HE X Miller 5P D b Ly FIVEBWEROKSTD
AThol:. T, EBHAERLEZEORT L L TLIL
FENREEROYE 7 LB R OUE (PREZIE)
EERBIIBIIBROEHFHO- O OBFE ki§
R OBESAHE LN TVEA, & IZHEHRIC
DVWTR—EDRBIABOLN TR VDOPERTDH
5. BOEDLEEEEICEI T ARETTIX, Jugdutt 5 D
EWHBDS, FNICL D & RIEHEB)EE % T L 72
EREMORIEE MI BED ) bO—ET, EBHERKD
YEBZEDZIZO DO, ELEBEEOERRE
EROFEHEL, WED A CEREOEILERTED
BHol-b LTWn5,

ZDL) REBEIOABETIE, BEEH M EEIC
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Table4 Comparison between AT, peak Voz and Voz slope at 1 and 3 months after onset

T group C group
(n=43) (n=19)
1 month 3 months 1 month 3 months
AT (mi/min/kg)
Total 15.0+29 16.8+3.1* 154+2.6 16.1+2.5
LAD group 15.2%+2.7 16.8+2.7* 154+2.7 16.1+2.5
RCA-LCX group 14.8+3.2 16.8 £3.6* 153+3.0 159+29
Peak Vo2 (ml/min/kg)
Total 23.0+4.8 25.8+5.7* 22.6+4.9 247143
LAD group 229+438 254%5.1* 22.4+49 25.1+4.4%
RCA-LCX group 23.2+5.0 26.3+6.6* 23.0+5.6 23.8+4.6
Vo slope (mi/kg/min?)
Total 2.1+0.4 2.3+0.4* 2.1+0.4 2.0+04
LAD group 22+04 2.3+0.4* 2.1+0.4 2.0+04
RCA-LCX group 2.1+0.5 2.31+0.4* 2.1+04 22104

mean £SD. *p<0.01 vs | month.
AT =anaerobic threshold. Other abbreviations as in Tables 1, 3.

Table 5§ Effect of exercise training on restenosis ratio, ejection frac-
tion, stroke index and left ventricular volume

T group C group

(n=33) (n=15) p value

Restenosis ratio

Total 11/33(33.3) 6/15(40.0) NS

LAD group 6/2030.0)  4/10(40.0) NS

RCA-LCX group 5/13(38.5) 2/5(40.0) NS
EF (%)

Total 51.6x8.1 57.5+9.7 NS

LAD group 51.8+9.1 58.4+8.6 NS

RCA-LCX group 51.4%+39 56.5+8.0 NS
SI (m//min/m?)

Total 449+15.8 50.7+11.1 NS

LAD group 43.0t19.3 478115 NS

RCA-LCX group 47.7£10.5 56.5+10.2 NS
EDVI (mi/m?)

Total 90.71+33.7 90.5+25.5 NS

LAD group 83.5+28.4 81.8+16.1 NS

RCA-LCX group 94.1+25.3 99.21+23.8 NS
ESVI (m//m?)

Total 43.0%16.8 38.4+16.4 NS

LAD group 38.4+13.3 34.0+10.4 NS

RCA-LCX group 47.61+14.2 427+ 16.1 NS

mean £SD.( ): %.

EF=ejection fraction; SI=stroke index; EDVI=end-diastolic vol-
ume index; ESVI=end-systolic volume index. Other abbreviations
as in Tables 1, 3.

AT LU 4SS & L7 B ELE SR % A7 L,
SERITH A B DRI & BUI O LEER L T4
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ELZREAERICOWVWTHBELHVRETL, &561C
BEEDBEDIEHEL, IIRA S LFEMES ventricu-
lar remodeling D &HEATLVE SN B9 LAD #HZE L il
DFEZE RCA-LCX fE2E) 2 0 LB L .

1. MESRHZXF—2 ORI

1) Anaerobic threshold, peak Vo: DHEBIZONT

Anaerobic threshold (AT), peak Vo 13EBNH A RED &
WIRE SN TH Y, EFFREOHNRHUEICHVLR
Twb. MEHEZAVZAEORETY Miller 5D
H RIS, THTIZI CBLEBL THEIZ AT,
peak Vo DI % Bd 72, F72, SEOKETIEE
ERAIBNC S LB L 7275, AT B X U peak Vo DHE
BICBEESMICL2ZTIROON o7z, DEX
D, AT LN)VEIEMESEEIC X ) BB AL
EYH5Z L, F-EESMIGESHAREEOHER
FLidiohhnwI LATRBENT.

2) Vo:slope DEBIZDNT

SE—HE L L TRD 72 Vorslope 1$, HEEEIIL T
A= & —BWRERIC BT 5 HEROMIMHT S Vor
DI (AVosA work rate) IZHHLT B EEX N5,
Voo iU L B IREEBEOR TR AN 2
5, AVosAwork rate (3 BB OB 2.L3aH
BEOEMOBEERMTLLEINEY, BETH L,
AVodAworkrate 13, SEBIEF~DEE R L0 EBFED
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LRy THEEE BT 2EE VR 5. Toh 12X 5
Y, HEEILITA— 5 —BHRBRIIBITS AVolA
workrate (X, OAREPEFELTAIHEVETTLES
N, 72 Hansen 5'® OWMETIX, BOEVEEEE
TIHEEEZRT E SN T3S, KL TILERENE
ELTHEBEFBIZFLLTHM LY FIVERERHW:
72w, EEIEREICKT B AVo: DI X TH 5 Vo slope
AL, A—0&HF7a ba— ViR, ZORE
HHERIC DWW TIRET L7, 4 HEOKRETIE Vorslope i3
THTIIEEREMERED 2, CHTIIERNER
¥EDLh oz, Thibb, AT LAV EEEES)E
FEICL ) BB REMEREIEE L L EERL,
AT L~OVEBEEIZE D Vo slope 2SN 5 2 &
(&, TEET AT % peak Vo: HSBEMIL 722 L O—EHTH
LI ERERLTWALDLERESNL. F245ED
W TIE, Vorslope I3 T LAD H %8, RCA-LCX
BEHEOWME L DML, HERMISEREBEENE
DHERF LI RLRVWI EARB I NI,

2. DEATF-FILBREHERICOVWT

1) BEREERICOWVWT
BT S N EBIIREXRET, KHOBK
ERIIFEETDRD R P02 L2 0, MEDESHH
BREC B LR ICBIT A BBEROZBIIRI TE
AiEzbhi:.

2) EERHAE, 1 BERHAEROLER
BHEHICHT LB EERREDOER P O WAL
BB, EEEEOREICLZEZIROONL
Motz Fi, BESMHIC LM TR, FEED
BEDFEHEL, WEPSEEER ventricular remod-
eling DAL VWE SN D LAD BEKT, ELER
BOEM» SELEREDENNBDOLNLDTIER
WbV LBHOFENIR L, EEBMLICLEEER
DoNdrol:.

3) AEEHIR - PERPBHEREO LR

BRI R OB EE & AR, BURAELCEFHD
BEEEOAREIZLAERZOON o, T1E
EEMHNIC L ARETTD, LADEERTELERRD
EIMAZEDSNEDTIE RV E V) BHOTFHEIIK
L, BERMICLZ2EZEREDONL o7,
ARFZETIX, NYHAII BE IV OEFI 23R LY
BALL, BA3EOBREIYNE)T—2 a YOWRERK

BHBEEDRINIHER 2 H L LTV 5B, WEOD
ELEEERR» L, LEEOREORANL MILE
FHIIBT 5 AT LOVEESESF S, BEARE
BO LSRR LCERRIITERE L RIZS RV
HHRE S .

3. FMEDRF L SERDOFRE

1. KEDRFAEL LTIRRE L2 ENFBOBD
B OMEE TEERS LB S NESIT, BIERIRY &
FTRVARERITONE, TOBICELTIE, RETL
BEERICEZLROT, LIESARRERR LR
h T — T VIREDEN S F—&HTITo 72D T, Wit
BUCRERNA T AE R, MBITELZLDOEER
2% (AR

2. BEEEORBZTELEEET RSN TRV
b, ZORBEECITHT, BHHOMERERET S
KF T % ventricular remodeling (2313 A E L HL
PICTBIENTERDP o, SHRITESHENORE
HHERBCIEEHP L L OEREOBR, »50VIIHEE
#HE L EFFEHROBELR L2 EOLREPLEL
Zx otz iz, SRS S - BEEHEERED
BB & 2 b B WEZEBEOKVER 23R & L7KRE
b, SBOBELEIOLNS.

3. AR TIE, AT L-VEESES#EIC & )18
B MI BEOEBHBREAEIELILERLL
A, ZOBFEICHE L TIRFIEDOATIZHLMIITE
Lol SRIIESERRE L KHRECEREDIE
M, EEHAREELEM T2 ) R TEREL 2 5EHH
TR O LEREEICATT 53R M, FiEmr S04k
DREFTBRELEEZ 5N,

¥ & O

MI BE O RELER LI & 5 BB EOLEA
BLEMALOEEICOVWT, WNRELRERTL
7o, ERREBREHITE CIXIERITRICIL L, B
BAICEASIND Z L GEBTHARE, BRER#RED
BELUEIDRD LNDS, BEELIBIECELE
BRICIEFED SN 2ol LX), EBEE
DENE & % 5 HBEOEED R - N FEFI T, EE
B AT LN)VEBIEREIC L ) BB L EBHARECE
FHABEOYUEN RO LN, BHHOLE OEEEICIZE
FEERIZSTOITRENEE SN,

Journal of Cardiology 1995; 25: 309-316



FRXDERIIE 41 A HARLERFERFHES, $£58@B
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IWEBEEHIRICER 2 2HEEEBTH L L b1, EEIHEEN
iz EE HI—-EZHEM, OEOERER FREMEL,
IUNEYF—2a 8 ILEMSERICEH - LET. &5
WAV EZME, EERREERENEZ LIS NEY
F—Ya ORI LLVBEERLET.

1[| ‘]

EE . ORI ZE BB 12333 % anaerobic threshold (AT) L NV TOEBEED EEL O ApEE
BEOBEMARS L UL LEBEICRIZTHEIIODVWTRATAZEFEME L.

HREBEHABRINE) T =2 a VERTLLHBEERZ 26T, J b 43 62138k
%Y AT L)V OEBNRE: & AT L GEBIRIER), o) 19 6 GHEREE) ([CidfThhd oz, %
EHRL32BICM LY FILEHT ramp BWRER % W4T L, AT, peak Vo 3 X USEBHESRTIC
345 Vo DI E (Vorslope) X 5HAI L7, F 725895 3 » BICUlEY 7 — F VRE R HAT L 2 7
48 Bl GEBHHREEEE 33 B, xFHREE 15 B) (SR L CIAEZERH S B (BF), 1 BHEFAE S, £2
PRAABRRIRE (EDVD B & CULHEK BRI (ESVD %R0, WEE CHBMRE L 7.

FERIE, 1) EERIER TIL AT, peak Vo 8 & U Vor slope 13 & 2 1% B 72745, *HERE
TIIHTFATRAEER O peak Vo MM A B L8NNI 528 %2 45 72, 2) EF, SI,EDVI $ X IFESVI
BHHEETEEEL RO o7z,

DB X 0 EEEEOHEIC L % 5 B OBEEDOR T NIERICBIT S AT LNV OEIELHE
BRER, AELESNERONE LBFREROEMERL, BEHOLE LEREICITEY
BEERIZSWITEEMEITRIE S N/,
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