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Summary

The effects of exercise training on myocardial perfusion during the first 3 months after acute
myocardial infarction (AMI) were assessed by exercise myocardial scintigraphy and fibrinolytic ex-
aminations. Symptom-limited treadmill exercise with thallium-201 myocardial single photon emis-
sion CT (SPECT) and fibrinolytic examinations (tissue plasminogen activator antigen: tPA, plas-
minogen activator inhibitor-1 antigen : PAI-1) were performed 2 and 14 weeks after AMI in 13 patieats
with exercise training and in 12 patients without exercise training. For quantitative analysis, counts
of region of interest in the infarct area and normal reference area were calculated on a polar map
obtained from myocardial SPECT. Severity of the hypoperfused myocardium was determined as
an initial percent uptake (%IU) and a delayed percent uptake (% DU). The difference (% DU —%1U)
was defined as a parameter of residual ischemia in the infarct area (%redistribution: %RD).

Total treadmill exercise duration according to the Bruce protocol increased significantly in the
training group (351+89 to 431+118 sec, p<0.01); whereas, there was no significant change in the
non-training group (340+95 to 356123 sec). In the training group the pressure-rate product and
%DU increased significantly (225+55 to 259+ 58 mmHg-beats/min x 100, 59419 to 65+20%, p <0.01,
respectively), and %RD decreased significantly (8.8+6.7 to 4.8+4.5%, p<0.01), but there was no
significant change in the non-training group (231+89 to 240+86 mmHg-beats/min x 100, 56+ 17 to
57+12% and 7.4+5.5 to 6.2+6.5%, respectively). There was no significant change in tPA antigen
after 12 weeks in either group. The PAI-1 antigen decreased significantly in the training group (36+24
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to 26+ 16ng/ml, p <0.05), but not in the non-training group (39428 to 42+ 18ng/ml). The decreased
PAI-1 levels with training had a linear relationship to the increased %DU in the training group.

Higher levels of PAI-1 antigen after AMI may interfere with the natural thrombolytic process.
Exercise training could decrease PAI-1 levels and improve hemostatic change after AMI. These
findings indicate that AMI hemostasis improves with exercise training, which may have beneficial

effects on the myocardial perfusion.
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12%)Chs. Zh LR UEHICAR LAtk
AR SEER <, BB ERRER BT LR o7
12450 (B 7 ), &bk 5S4, 4EHH 60+ 14 5%) 2%t
B L Ul DRI 0 SVER I MRSAERRE, &
BRI, AC A SR E HEAT L ICER], B
7 A OHIE % 5.0 TR BRI L7z,
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BIROKAEEE R AHA oFAED ITHEWEHAI L 7.
ESRERE TR EEL D 5 Wi HEELAE A,
75% LAk 95% LLTF OBeZE 25, 75% Al 0B
5T, zo»5b Cohn II EELL E o MIEIMMAT
B0 2RO IEFNIL 2FITH o7 WHREE T,
2D B WEEmELAETH, 75% LA E 95% LA
FToskse 15, 75% KkisokEiz 44T, 0>
% Cohn IT gD o> QURILATEE & 38 7 fEF & 3
5 & - 7= (Table 1).

Table 1. Clinical characteristics of patients

Rehabilitation Control p value

Number 13 12
Sex n.s.
Male
Female 5 5
Age (years) 61+12 60+14 n.s.
Site of infarction n.s.
Anterior 9
Inferior 4 3
CAG
Stenotic ratio (%) n.s.
99~100 6 7
75~95 2 1
0~50 5 4
Collateral n.s.
Grade II or III 2 3

Grade 0 or I 4

The stepotic ratio was determined by the AHA
criteria. Grade of collateral circulation was determined
according to the Cohn’s criteria.

CAG =coronary angiography.
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TEFFRE, BIZESRIE 2 3842 12EfT L /- B &
RO RICHE 5 &, HRLHED 60~80%
T, 1AM 4 ALLE, 30 Mt s &
HIEFSG HFAL L, ABRPEERTTrLY
R & vy, REER I IEER T T 0BTl £
Ao 12T -7 WELD &, TEBPRE
HEAT IR AT 72 - 7B B AT RBR O ST X Y
WEHZEE L (Fig. 1).

EBARRERE, MLy FIAEZMHLT
Bruce 7’ m b 22— L IZHE - TIT R W, SEBETR
e[ (ED), fx KETFTED pressure-rate product
(PRP) % BHZEF8)E 2 itk & 14 M I bl L /2.
EE AT PR, e, 2mm Pl ko ST {F
fir, YEEEME 120 mmHg PAE, %723 B R
R L.

B AR B T 10 53410, TI-201 .05 v
Y5277 oWk (initial image) %, 4
(CREM% (delayed image) ZRfG L7c. 7 — 2
#id, B=xA¥—l=Y A —F—%3FLL
EE A = 2 T (i ZLCTS) 2 v, v
VFRy s 7200 A T4 UTHERLTIT A o
7o. FEHlWTEG > 5 polar map A{ERLL 7223, &
B2 U b flir AL Dk TR — e
(mean—SD) LIF oLk (ROD) %, BEZE3E
SiE 2 % o polar map o initial image (ZE¢E L
To. &6, ZoREwiciE L ROL %, 2%
o delayed image, 14 5% initial image 3 X O
delayed image ¢ polar map icfEh{ b7 &
% @ polar map T ROI L EfEB E DA v b
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Fig. 1. Rehabilitation and examination program.
AMI =acute myocardial infarction ; Ex. test=tread-
mill exercise test; wk=weeks.

OPTEESE B DIE B

Fig. 2. Region of interest (ROI) on a polar map
display.

Tl-uptake ratio (%) = %XIOO

% %35 L, regional uptake ratio & L 7= (Fig.
2). Regional uptake ratio (%, initial image 7> &
o initial uptake (%IU) &, delayed image 7> &
o delayed uptake (%DU) o4 4 Tk, =D
7 (% DU—-%IU) % %redistribution (%RD) &
L. AWFgETHE, 2o5 b %DU & %RD %
WZEFIE 2 Mtk & 14 % Tl L 72z, %DU,
%RD % 20 2314 & 14BHBOEE 2% O 3K
fETH L% zhZh 4DU, 4RD L L7z

tPA Jijst, PAT-1 Hijl Bszdifk (ELISA)
ICX D IEL, HEERE 2% & 14 8% 5 ik
L7z. tPA, PAI-1 % x» 25814 L 14 BB
# 2ABOM TR L 7ol & £ h Fh 4tPA,
APAT-1 L L7

AL A EZEMRFEICIE, Student’s
t-test & M\, A EKYE & FEBREE 5% Kl & L7z

& e

1. EBHEEE
TEB AR (ED) 1, E@hPRER T I3 %S
2% 35189 Fh b, 143E%o 4314118
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Table 2. Maximal treadmill exercise data 2 and 14 weeks after infarction

Rehabilitation (n=13)

Control (n=12)

2 weeks 14 weeks p value 2 weeks 14 weeks p value
Treadmill
ED (sec) 351+89 431+118 <0.01 340+95 356+123 n.s.
PRP (Mxmo) 25455 259458  <0.01 231489 24086  ns.

Total treadmill exercise duration (ED) and maximal pressure-rate product (PRP) increased significantly in
the rehabilitation group; whereas, no significant change was observed in the control group.

Rehabilitation (n=13) Control (n=12)

100 100
p<0.0! n.s.
1 [ —
2
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E
a
>
0 0l—
2wk 14wk 2wk 14wk

Fig. 3. Changes in regional Tl-uptake ratio of the
delayed image (% DU) 2 and 14 weeks after infarc-
tion.

%DU increased significantly in the rehabilitation
group (left); whereas, no significant change was ob-
served in the control group (right).

BALEFE (p<001) RER L7, SREETI
BEREERD 2 o7 (Table 2). FKRAR
o pressure-rate product (PRP) &, iEBIERERE
TiX 2 %D 225+55 (mmHg-beats/min X 100)
Mo 148%D 259+58 ~LAHE (p<0.01) 1234
L7, SHBHTIEELRELEBD P12
(Teble 2).

2. TI-201 .\ SPECT

%DU 13, ESRERTE 2B%D 59+19%
2o 1458%D 65+20% ~LHE (p<0.01) i1
WU, SHBEETIX 56+17% h e 57+£229% &

Rehabilitation (n=13) Control (n=12)

% %
20 20
p<0.01 n.s.
1 1
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&
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Fig. 4. Changes in percentage of redistribution
(%RD) 2 and 14 weeks after infarction.

%RD decreased significantly in the rehabilitation
group (left); whereas, no significant change was ob-
served in the control group (right).

BEREEZE DR P o7 (Fig. 3). %RD i3,
EEHRERE T 28% 0 8.8+6.7% b 14584
n 48+4.5% ~LHFE (p<0.01) @ Lizas,
SHBREETIE 74+£5.5% 5 6.2+65% LAFER
ElhE B e h -7 (Fig. 4).

3. ®WER

tPA Bz, SEBMRER TR 2E#KO 3.9+
1.2ng/ml 75 128% 121z 4.2+1.4ng/ml, 3}fR
Tl 40+13ng/ml » 5 3.9+1.5ng/ml &,
WL bICEEREERD 2 b - I (Fig. 5).
PAI-1 iR, SEBRIERETIE 2385 3624 ng/
ml 5 14384 26+16ng/ml LFE (p<0.05)
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Fig. 5. Changes of tissue plasminogen activator
(t-PA) antigen 2 and 14 weeks after infarction.

There was no significant change in t-PA antigen
after 14 weeks in both groups.

Rehabilitation (n=13) Control (n=12)
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Fig. 6. Changes in plasminogen activator inhibi-
tor-1 (PAI-1) antigen 2 and 14 weeks after infarc-
tion.

PAI-1 antigen decreased significantly in the rehabil-
itation group (left); whereas, no significant change
was observed in the control group (right).

I Lie s, sstBEETiE 3928 ng/ml i 42
+18ng/ml &, FEALEEED 2 -7z (Fig.
6)

4. 5 SPECT LSRR OBER

4ADU, 4RD, 4tPA, APAI-1, 4 HF 0T

(Xx10),
-5 +5 APAI-]A
L ]
L ]
=91 n=12
r=0.68 (p<0.01)
. y=1.2X+18
—-IO.

Fig. 7. Correlation between the decreased plas-
minogen activator inhibitor-1 (PAI-1) antigen and
the increased percentage of delayed Tl-uptake
(%DU) after 14 weeks in the rehabilitation group.

There was significant correlation between the de-
creased PAI-1 antigen and the increased ratio of
%DU.

4DU=increased percentage of delayed Tl-uptake
after 14 weeks; APAI-1=decreased percentage of
PAI-1 antigen.

2, ADU & APAI-1 &2 r=0.68 (p<0.01) o
EME %R L (Fig. 7).
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