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i R 397 AMBE LT 32 (93697 T-BL . ik HFR20134F1H E20144F 12 7 1 R AW IR BE T 5 — I Be i AMILER &
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Effects of aerobic exercise plus resistance training on myocardial
microcirculation and infarct size in patients after acute myocardial infarction

YU Xi-Ying, ZHOU Da-Liang, DAI Hai-Peng, HAO Dan, ZHANG Ling-Ling, WEI Lin®
(The First Department of Cardiology, Harbin First Hospital, Harbin 150010, China)

[ Abstract] Objective To investigate the effect of aerobic exercise plus resistance exercise training on myocardial microcirculation
and infarct size in the patients with acute myocardial infarction (AMI) so as to provide wider range of treatment options for the disease.
Methods A total of 86 patients with initial AMI admitted in our department from January 2013 to December 2014 were enrolled in this
study. They were randomly divided into treatment group (n=43) and control group (n =43). The patients of both groups were treated
with drug therapy, and those from the treatment group underwent a 12-week aerobic exercise plus resistance training. Myocardial
microcirculation and infarct size, including maximal oxygen consumption (VOzmax), maximal oxygen consumption/kg (VOzmax/KQ),
maximal oxygen consumption /heart rate (VOzmax/HR), maximal heart rate (HRmax), maximal voluntary ventilation (VEma) and the
results of myocardial contrast echocardiography (MCE) were measured before and at the end of treatment and compared between the 2
groups. Results There as no significant demographic difference between the 2 groups before treatment (P > 0.05). Aerobic exercise
plus resistance training significantly improved VO2zmax, VO2max/Kg, VO2max/HR, HRmax and VEmax, compared with those of control group
(P <0.05). The A, k and A - x levels had no significant demographic difference between the 2 groups before treatment (P > 0.05), but the
levels were significantly higher in the treatment group than in control group in 12 weeks after treatment (P < 0.05). Conclusion The
aerobic exercise plus resistance training is effective intervention to improve microcirculation and infarct size in patients with AMI. This
intervention may provide a new option and wider measures for further treatment of patients with AMI.
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2O UUAESE (acute myocardial infarction,
AMI ) gt 0o e, e 2R AR BRAIL ) 2 IR B
PkokAE B 24 . AR TE L. X0 LEESE, A%
S0 W 1IN SRy O ULASE B 1) 2 M B0 46 o i) b R R 2%
136 M SR IT R B, 3 R 112 B0 i 3 e ik
PEIA . AR A0 S A% 0 7 L 30 I = R I A Y
fik #5 AE 123, R s s T NS S A &
SEE AR o [R5 Y 1 3z 3l 2R RE 1 O LIS 4
TR R, AT . BUBHAS SR
FRAT ARG ALY g s, ol UL PR R [ 2 70 £ 19 s I E
REEAR, BLAASKT ] &5 A7 A 1900 38 BB PR RREATG 384 &7
SR, BN S EF IR R AR R BETK Iy, DT e
O UUHENE o R X s B A B ST R B A
iU WIUBE B A A 15 S AMIUR A 08 1, St 3 & 1Y
& B R AT WU AL 8 52 KRR 52, (R RE 5 %
AMIEF ARSI, X5 T AM U & 006 PR VE 1 1
I A O 1 B2 K I RO FE Rl . Rtk , 58
I3 KR ML T il A s sh Bk G BFHL S sh i AMILE
U BR K A5 B T AR 0 52 e R R e R BRI AMI
PR AL i S B S T IR YT B

1 MHREFE®
1.1 #BRs%

PEFE20134E1 H F20144E12 A 1 & AMEM IR 5
T4 —E B RIAMIER & 8601, Hih B k40041, i
4611 MKHE BENLEC T R B A X B (n=43)
FRITA (n=43), WALRFELEMS] . W . W .
B A S0 AP B 5 S5 T HL 3 25 R TGt 2R X
(P>0.05), HAMHLM (£1), MiI¥HEEES
I IUVRE BE 1 00 2 Bl B S A SR i ATE R &2, 9F
SERL T B G AN B JE 1208 §932 SR TR
1.2 SIAAFE

fFEWHO AMUZ IR UE « 457 2 A 2% i 1)
Ji < 30min; O HLEDRH Y S B (20 3 2 2 4 G
S ) STE I E =0.12mV; I %5 LR i [R) T
fif ( creatine kinase isoenzyme, CK-MB) > IE%#
2t A0 (=) WLES 8 1 PH P 5 57 2 M B s O
I B ) 2 A& B ] < 12h,

HEBR PR UME R AAAE 6 R AL 20 B A2 (NYHA)
A% FILAE 1.0 il iz 311105 ( cardiopulmonary exercise
testing, CPET) Hy#axf2t2ikl. (1) R3~5ditfy
iz B N AN 52 K AR R H BRE 0 PRI G
iz 2 I 2 O LR L . R T AR R L BT
AR M | AR R KA . W) R EE AN (2)

F1 MABRE-MREBBMREER

Table 1 Comparison of the general information between the
two groups (n=43)
Item Control group TFS?;Tpem P

Age(years, x+s) 63.9+7.1 66.7 +7.9 1.10
Gender(male/female, n/n) 21/22 19/24 1.81
Family history[n(%)] 7 (16.3) 6 (14.0) 0.99
Smoking history[n(%)] 10 (23.3) 11 (25.6) 0.89
The area of the myocardial

infarction[n(%)]

Anterior AMI 21 (48.8) 24 (55.8) 1.01

Inferior AMI 11 (25.6) 9 (20.9) 0.94

Other area 11 (25.6) 10 (23.3) 0.89
Risk factors[n(%)]

Hypertension 6 (14.0) 5(11.6) 0.25

Hyperlipidemia 18 (41.9) 19 (44.2) 1.20

Diabetes mellitus 6 (14.0) 7 (16.3) 0.25
LVEF(%, x+s) 56.1+7.9 57.7+0.8 0.68
PCI[n(%)] 12 (27.9) 10 (23.3) 0.79
CABGI[n(%)] 24.7) 3(7.0) 1.10
Drug therapy[n(%)]

Aspirin 43 (100.0) 43 (100.0) 1.00

Clopidogrel 40 (93.0) 41 (95.3) 0.92

-blocker 40 (93.0) 37 (86.0) 0.87

ACEI/ARB 32 (74.4) 35(81.4) 0.67

Statins 41 (95.3) 40 (93.0) 0.92

AMI: acute myocardial infarction; LVEF: left ventricular ejection
fraction; PCI: percutaneous coronary intervention; CABG:
coronary artery bypass grafts; ACEI: angiotensin converting
enzyme inhibitor; ARB: angiotensin receptor antagonist

8 M BH ZEVE %% ( chronic obstructive pulmonary
disease, COPD ),
13 Fik

X REZH JBIT A 2 TSR RS2l . it
M2EZ . P/ EREZS | I8 5 2 5l B-52 74 BH i 77
G AYNGIT AT HE G s FEERRR |, IR
74 S A E I RIS BBz 3h I 2k
1.3.1 fERMAREIRT K EXIRZE 8GR
I7, WGIT AR B LT I B AR B W iy is sl 45 .
(1) DUEESE G2 R Bk shiGsh . BN, FARE
LRI, USRS Rk shiz g, BT . i
FATLRIN, B3N E, 8. (2) kb5 G 3
FRE : 3K, IRILEERAR, BFHFTLIFEIRD AL,
FER30min, HRHCELMU, #K30m; H4K, K
NERLAN, B RBOEPIK, HK50m; H7E.0 i
PR IAT; BB5KR, RS, BRECEPIR, IR
100m; FFass e sk A O IERE AR, Pk h bk i
A ) MBEFHH: MoK, HEA7CPET, XA
S5 KUE B E T PR, ORI TCPET, ERil
St B rh A 12 DR IR BRI 149 AL O
it BT U AE 3 W
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1.3.2 Wibia A Fisshka iz siasy BITH
TR M N e Bz 3h b 5 kA7 A7 Al iz 3l K it BHLz )l
Y. sl gke0min/yk, 3R/E, L1288, A EIE 5
G YRz Sl 2R 05 A0 5 38R 0« dz sl T A i A
Bz ghsmin, A %0z sl g Bk 5 PP I 2R % 25min
KN Gr s oI5 b iz 8h5min. A iz sh U 2 il 4
CPET ¥ £y 1 % {5 & #£ & ( maximal oxygen
consumption, VO ) A EZ SR . #1~6H,
12 Bl B N 50%~ 60%V Ogmax; 7~ 120, i85
J¥4160%~70%V Ogmax, #EA725min. YNLRIE AR
WE MR AT Nk PiBHiz shEHT I ZRRT Y
IR B R B Kot far (1 repetition maximum, 1RM ),
Y L5505 1 S H50%1RM, 8 J5 14 /N £ 60%1RM,

A7 25min, Y kg VF 32247 B3 IS TR ALAE A2 | |
TSR O s VE (HEMZR>) L I8 EfEZs | ik
SRR OB Sk WU R R . R L
L AR . RSk LR L NRERE ). i535)
SRIE NI L~6, AL aE, HEL0K;
T~ 12 W I B AN SE, HE ISR ik
IR MG b4 . MR . 5 i
YGRS o K BE R VI Ghit Zok 2/0F 14 BRI
O BEVERATHIE R 12U )7 =8, B 171
WHLTEREDT , B H T LRT 2T o BRAe A 8 1
BTG B ZGYNA T SO0, K A B iz gl 2k
sk, R R E M E I H RIS IAZIR
il o 3 A JGE & B EWCPET . O LS % i 5%
( myocardial contrast echocardiography, MCE ) 1
LN, XA R E I A BRI T H R
W65, B TR E Vv k4, 0 T LR 12 BEVs
KAy 85 1 RS BLR 25 Y P oL . 3 H IR A
BHMCPET, MCERMLLIERHE

1.4 /AR

1.4.1 JE#HAL (brain natriuretic peptide, BNP ) Fl
W5 8 (1 T( cardiac troponin T, ¢TnT )KFl & JiF
A B T oW J5 EE6h R i K L 3mI/, K BNP,

cTnTi44:3d, 5 HIE(E, BNPIISE B FHELISAY,
78 YL A 0~ 25pg/L, cTnT i %2 Ry FH fo 58 b2 &
P, D275l 0~180pg/L .

1.4.2 CPETIFE® B34y 0 Ha Il f i i |
I 3 7 2 G far i 30 A Sl SRS o34 . R
A9 Innocor AR TR 2 45 ( InnovisionA |, J1Z ),
M e AN T i B8 R T SO A LR N5 . R
FHAE AR BRI %) 328 3 oh 2202 3l )y 2 i 17 CPET, B
WIE 3 7 % 57 R3S Be s B LB B I IR B By

IminfA & iz g, RIOMRM M Be; 2521 Bris s #%
RE )2 TWIminir) 38 B2 A TR ) 525 3, Rl
4k +7/E55~65r/min B 2 854 W i K Zia sl i 5 5
3T BRI A2 By BE , 53~ 5minzl K 6 fif i PK &2 38 8
PEALFE PR LGV Oomax . I R Jyugif 1], W AH
FigE > 30sEI AN B FNVOomaxo 12 3l 1 i 75 2R i Borg
R (6~2047 ) K47 AFRIE TS, B F K
J1Es (rating of perceived exertion, RPE) {H, M
ML FE (Polar FSI, 252%) MIE B E L%,
IR IE— & kg (1) Mo, <. O
PEBUREE 55 ZORZK L5 (2) OB RERRIEL
B Ko Z AR FR AL B K00 % = 220—-4E 18 ) >
90%; (3) J0»H & i s ik I 78 ST B FRAIR = 0.2mV 5§
BCZF TR =01mV; (4) WIS 40 3
(respiratory exchange ratio, RER) =1.1, i# il
JE SR HV Oomax AR KA i ( VOomax/kg ). IE{H
A Bk (maximal oxygen consumption/heart rate,
VO, ma/HR ). Ft K03 ( maximal heart rate, HRmay )+
i KA ( maximal voluntary ventilation, VEq.y )
SRR E iz sh b7 .
143 MCEX A LA BFELECHESER
7T AT 34 H G 43 9 64T MCE St I 68 7 .0 3
L, A IC UGG A28 Ak S O IR R TR R . A2 & &7 5K
AWIN1E (left ventricular end diastolic diameter,
LVEDD ). Z=W4i AR N4 (left ventricular end
systolic diameter, LVESD ) Al /% §f ifi 43 %% ( left
ventricular ejection fraction, LVEF ), {#FiSonoVueitd
g (BraccoA Fl, BKA ) 25mgFIfLE 410.9%
FUALBATE SR EMIFE TMCE . 1 5 58 S A T A A
1 S MCERR A R e X BUR AT 73 A, 4% B SE
P LB P2 ASE DHERE 16715 Bl 2.0 = 40 B
PR B T — B = RE e, (HUREREI R /N
FEN12 x 6ARIEARAS ), Hi om0 WLZH 2L 3 5 R0 0L A
50 JBE i T ) 28 A R | Sl o0 B X B S sl T
O, DA FLRIL, AR ECR BN Ay
(1) =A (1-e™) +B, R4 AN G
(A) FPFEEAFYHEE (), ARBRRER.C LI ZS
i, OO LM R, A - of SRR ERO LI R 5
K I ASEHERE 1) £ 32 16715 B i i A 7 1 4 i o AR
PEMCEZE SR TIT4r, I TRt RIS 785y, #E
HRAF; 0.5 FonsRchm, HETmE; 003K
INTE SRS SRR, TR
15 %itFam

K FISPSS16.05e Mk i AT a2 03 Mo Tt
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BHHISE + brufE 20K, P VR IG5, B 5
Je X FE I BE R G s THECTORH A AR KR, L[]
FeAe R Tl 2R i . P < 0.05°0 25 A G275 X,
2 # B
21 MHER

TR IE (n=2), R5EMCPET (n=5)
DI ANRER RIS (n=1) B AT HSH, £
LN R L 1384, 1RIT L RE 400
22 BAMERABESCHEIFILER

JBYFET, P4lELVEDD. LVESD. LVEF% i
BhRtbE, ZRY LI FE L (P>0.05), IGI7
12J8)5, MAR FRER R, Z2REESIHT ¢
¥ (P<0.05; #%2).

#2 MABFEROHENELRILE

Table 2 Comparison of the results of echocardiogram between

the two groups (xxs)
It Control group  Treatment group
em (n=238) (n = 40)

At the beginning of the

treatment

LVEDD(cm) 4.89+1.03 4.87 +0.98

LVESD(cm) 1.35+0.08 1.34 £ 0.03

LVEF(%) 56.50 +1.90 57.28 +2.74
At the end of the 12th

week of treatment

LVEDD(cm) 4.82+0.87 4,48 +0.51"

LVESD(cm) 1.33+0.02" 0.88 +0.09"

LVEF(%) 57.80 = 2.70" 66.30 +4.70"

LVEDD: left ventricular end diastolic diameter; LVESD: left
ventricular end systolic diameter; LVEF: left ventricular ejection
fraction. Compared with the beginning of the treatment in the same
group, ‘P < 0.05

23 WHUAEHZCPETMRELR

AMI 10 ~ 14d 3 £k 15 VOomax « VOamax/Kg -
VOomax/HR « HRmax+ VEmax P 40 0] 25 S5 TCGE 125 7 L
(P>0.05), BEVIL28 0 W4 B iRz shigbris
PR MG B (P <0.05), 677 4L iy i
JERXT A i 2 (3R3),
24 WHEHEMCELER

AMUIIGYT 1T AT MCEKE 28 B 7 AH R B £t i X 3k
LTS S e ket (RO LB X ) o O L
T 5 30 R R A TR A s A K i e [
R HE A BT T A0 00 T RR A /N o IR YT TR RO R
PO B TR PR A R A A R I RE R A Y Bk
B SR . 2R & B, IRT AL BE sh 15 3
s, XTRRZEJCH] ek AR . AMIBRYT T, BT 4
RAFHERAAIA, k. A - «fHLEHEZES (P>0.05) .

2RJE, BITHBA, . KA - EHEIRITHTHZ
HEfM(P < 0.05 ), T REZH B A7 B 2 2022 ( P > 0.05 ).
X R ZH AR MCE /Y il 28 0% i 58 B IR F 36 97 4l
(P<0.05) , 2B se 1 $5 3 B 1w i 76 X B4
BB FEAK (P <0.05) , 3 I 7= X BEZH O JUL I 3 3
B WA TIRYT AL, S Ry A O L I I S A E
At K TFIGIFH (P<0.05) , 4&xF B0 L
MEALTIRITY (F4) .

®3 WMEBEFORHEHHBERIER
Table 3 Comparison of the results of cardiopulmonary exercise
testing between the two groups (xtxs)

Control group

Treatment group

Item (n=38) (n = 40)

At the beginning of the

treatment

VO2max(Ml/min) 4.89+1.03 4.87+0.98

VOomax/kg[ml/(min - kg)] 3.66+0.98 3.86+1.03

VOmax/HR (ml/beat) 11.50 + 1.90 11.28 + 1.74

HRax(beats/min) 14470 +21.30 145,50 +19.90

VEmax(L/min) 54.70 + 7.40 54.30 + 7.50
At the end of the 12th week

of treatment

VOzmax(ml/min) 5.52 +0.87" 6.48 +1.01

VOmax/kg(ml/min/kg) 456 +1.01" 5.25+1.09"

VO;max/HR(ml/beat) 13.80 + 1.70" 15.72 + 1.80"

HRmax(beats/min) 154.60 +10.10° 159.70 + 13.2"

VEmax(L/min) 71.40 +9.20" 80.90 + 8.80"

VOzmax: Mmaximal oxygen consumption; HRmax: maximal heart rate;
VEmax: maximal voluntary ventilation. Compared with the
beginning of the treatment in the same group, P < 0.05

x4 PMEBEBELCNFFERERIER
Table 4 Comparison of the results of myocardial contrast
echocardiography between the two groups (xz+s)

Control group

Treatment grou
Item group

(n=38) (n = 40)

At the beginning of the

treatment

A(ds) 25.50 + 2.05 24.87 +1.98

K(s™) 1.28+0.18 1.25+0.13

A« k(ds/s) 30.50 + 2.90 29.28 +1.74
At the end of the 12th

week of treatment

A(ds) 2552 +1.87 36.08 + 1.05"

K(s™) 1.56 +0.21% 5.35+1.09"

A+ K(ds/s) 31.80 +1.70™ 72.02 +1.80"

A: peak intensity; k: blood flow velocity; A - k: myocardium blood
flow. Compared with the beginning of the treatment in the same
group, “P < 0.05; compared with treatment group, *P < 0.05

3 W i

AMIWE R 5™ 3 1O A B, R B A
A THRAMRNEL, WRAERENRIRE, 228400
WIRESE R R iz sy vk, Fak “FaGsh . BTIR.
BHEE” . EEOFEKASS ( American Heart
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Association, AHA ) . &[0 il B il B & Bk G 2
( American Association of Cardiovasculopulmonary
Rehabilitation, AACVPR ) . fa B4 Bl EL 5 BfF 53 )=
—HONNy, B FR O B LR A PRI
e, IR AE S STE R S BLO WURESE . Bk
JESTEH = AL JUESE | 18 MEfS s BLO R LG )
BRI I 1 ARG . FREIRTT 04 2
X MLAE PR AR SR BE R A B 7 38, AR
ML FE WG R 2R, A e RREA 7 A AR S S g BRA 728
WD, AR BERBN A AETE O T s B E A2
B O RS RE A A IR BB 5 T S A G Y
AR BB BAT BB | O I A EHT R S NS
Fh2 AT FAIFAS 20 A Fwk 2 1 O BEUR ST,

A G 1L 5E VOomax « VO 2max/Kg . VOomax HR |
HR max F1VEmax »  MAAS [F] £ BE s W0 filf D1 BE 1 I o
VO max I R IR TR | R | 383K R Gy AR B
TRE S HABIRIE 2l , AR S WL A A s A
HEREAKFE o FHELZ T, VO, madKg & F T g A~ A
T il D RE 5 TH 1Y 22 5 o VOomax HRZE B VO 2may 1
HRnax W5, HOM . ShF ik 2B UIMC; &
et 070 AT 1) SRR EBR L O JIE A 25 N o ) 2 B
5 o 1TV Emax 1 SE A 5 WA oA, F T il <
T S IR ST RO FR X I I R X g S 3 AP Af
Jiti T REARA AL o ¥ 7 2L AT BRAH 7E AMIUE 259K i
02 Zh DIRel g, PI4LRAE 1s 248 bn o B B 22
5o 12J8 5 By I P 40 i a2l B g e i 45 I
BRI A TR R, TTRE S BETE LR T T
Do fiiis Zh DRI AE , MCEE b 77 A X s sl iy AR A fif
GEMMACAT 6. 12085 RN 2R LB, W g5 A
Peir LS, i HAR K AW IS B T HOR S s, W
SR BE AR A A o KPR PTIRO il iz
S REDN E 25 F AT e, S5 SRR W4 1) & 3 i
SRR E A G FE L, R H R R E PR
WITE 259697 B BE Gl F 4% BE s Ak 7 A T s 3
-5 P RHIZ 50 BE B 4 b S AM R 5 RO UG 26,
ANFEFETEIRR, BB S A7 4R B AMILER 3 1.0 T RE A 4]
BEIMRE ST, BN RRA ORI R

O VIR B 09 A6 280 1 2 1 DR 0 LA 136 19 56
A, H O S 0 T A DL S RO L AE T
PER V)M OE . MCE & 2856 4R 20 Jik 9 B30 A0 J] i ik
TS B 5 M 7 2 3 5 R0 B I I i O K
WU, FIHE R RER A REH T EAEEK. T
45 7 S S T S A R O R R, AT
R0 L 3 T A B R AR 5 AMIR ST
B, PIZHEAEMCED NI %, RN

FERAET (B ) FTR B IR T X0 LAY 0
EHE (A) . BRAFHHEE («) RO
My (A-x) BERTOIIEFEEFEX, RY
20 FEC LA T D RE B2 4L . VR YT A Bkt B
A, kMA-EXHE2ZS (P>0.05) . JTGHEE
X 2 W 92 38 A7 O LA 07 2 G ot 9 8 v o 24 Ak
AR BN WK BELIT I, R DG 20 Ik T S IE 9 0 JUL DX 3 i 3
R, M40 UL < 0.15ml/ (min - g) B,
TR ILF L HEA , MCE SR .0 UL S 5% e dit
P 0o LI E O WL R X E AR . 1285, JRIT 4l
A, <A - fEHBIGFRITB I (P<0.05) ,
X B A W] s k28 (P> 0.05) o XfREZH B
MCER i LI (E 3 (A) IKFIRYT4L (P<0.05) ,
S W T 7T Z S 25 0 BE Y A X BE 2 BRI
(P<0.05) , X/~ % B8 40 AL I 37 52 i 22 0
A% FIRIr AL, SRR A O LI B (A - x
WAL TP 4 (P<0.05) , $2/8 X5 B8 28 .0 UL i
AR TR IT 4L

AHFFT L5 R R , et 12)8 4G SN B A eI
&5, BEOARE (LVEF) | B3 S (VO )
PIAonT B2 P A, 3R R L A b A S 2R
PUBHYI L ] {2835 O D RE T R AR SR | i DA X 5 % 55
SEREARISAR , I i 4R, s shRE s, DA fgE
SH R TS AR R, 5 E M — T,
CPET & & WL AL PEAL OBl i 25 T RE ) v, 2T
Hiz ghab )y B ka3 5 CPETPEA O ILEE AT £
o WLk MR AL ARSI AR, XHERE P T AR 4
il 2 A7 s sh Bk A P S i 1 shad 75, AT 4s
S HEAEM TAERNIES . AMIBESEIRIETT
CPET, NiiEEAKHOH KRR E48~T72h, BHE
F7 WM 38 Sl AT I B AE . CPETI Ay i b FR Al
iz sy, RIAMI SdEH 5 A RE B E it HAx O
M 2 o, N DA E PG RE Ry F2 . AR R
fEis B B P O E L DGO . MR PR
W PR S i PR 7 ST B B R . ASBIFGE A 2061 B
KB N, RHEFTCPET ; 43 50 B 10O itz shik
5 AR 2 gl B A AR L M R AR S
R, B, AR E TR RRE, ARk
WIkEDTR HAIESY . AMIRAT 4808 ShE A LBz shl
RN RS, WAE DI SRmT 40 57 1 & A 1Ak AN f B
Y, BEIETRYINE . OF O OIS EIIR
ARG B S KU | DA TRT B2 4 (RSB B B T IR
A, SRR ARG, SRR O R E L L

AW A B Z A TREA SN, H BV RS
B . Bttt , W4 KA, X3zl
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