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Abstract

The treadmill exercise test (TET) is evaluated by exercise-induced ST-segment depression (AST).
However, the depression sometimes only appears during the post-exercise period. Depression appearing
only during the post-exercise period may be as useful as depression during exercise to predict coronary
artery disease, but little is known about factors that may affect ST depression after exercise. The clinical
significance and mechanism of post-exercise ST depression were investigated in patients with coronary
artery disease.

Target heart rate- or symptom-limited TET was performed in 531 male patients with definitive effort
angina pectoris or myocardial infarction using the Bruce protocol. Patients were divided into four groups
according to AST during exercise and 1-2 min after exercise; 1) no TET or post-exercise AST (Nn, n=
192), 2) only post-exercise AST (Np, n=36), 3) only TET AST (Pn, n=112), 4) both TET and post-
exercise AST (Pp, n=66). Patient profiles, parameters during TET, echocardiographic and coronary
angiographic findings and outcome during the year after TET were compared between the Nn and Np or
Pn and Pp groups.

The percentage of patients treated with B-blocker was higher in the Np than that in the Nn group
(Nn: 45%, Np: 64%, p<0.05) and systolic blood pressure declined at 1 min after exercise from peak
exercise in the Nn, but not in the Np group (Nn : 175—167 mmHg, p<0.05; Np : 170—170 mmHg, not
significant). There was no difference in age, other parameters during TET, echocardiographic and coro-
nary angiographic findings and outcome between the Nn and Np group. The incidence of right coronary
artery stenosis and that of patients with multi-vessel disease were higher in the Pp than those in the Pn
group (Pn: 41%, 58%, Pp: 65%, 73%, both p<0.05). The occurrence of chest pain during exercise
was higher in the Pp than the Pn group in spite of less AST at peak exercise. However, systolic blood
pressure declined after exercise in the Pn group, but not in the Pp group (Pn : 164—158 mmHg, p<0.05;
Pp: 166—164 mmHg, not significant).

These results confirmed that the clinical significance of post-exercise AST in patients without TET AST
differs from that in patients with TET AST and suggests that post-exercise AST without AST during
exercise may be associated with an abnormal response to imbalances in the cardiovascular sympathetic
system in the post-exercise period rather than with myocardial ischemia.

BREZBRAFEFE EEH, WHRERENR: T160 FHEMHERXERAT 35

Department of Geriatric Medicine, *Cardiopulmonary Division, Department of Internal Medicine, Keio University School of Medicine, Tokyo
Address for reprints : SHINMURA K, MD, Department of Geriatric Medicine, Keio University School of Medicine, Shinanomachi 35, Shinjuku-ku,
Tokyo 160

Manuscript received November 9, 1995; accepted February 5, 1996

231



232 Eif - ER - BRI EA

Key Words
exercise test (treadmill),

& U &I

EHENOERREICBV GEBEMRES 1L
EMELE2RORVWI 0D, EBEMKRTHICSTE
AT HEFAICLIELISEERTA. LaL, EE)
BRI THO STEALICET 2 BRRIRENIID %, £
NEH, BEIIOVTIERBERICERTWR W,

PN EBRETETHROAD ST BLizsBiEs S
{, MBUERIMBEVWEZEZ LN TV, LaL, &
g, EFREFMRTHEOADSTET b EBEMFD ST
KT &A% ICEME MERDOBE S 5 VIdTHRAE L
DEREFAETHLTAEBEF RSN, LHL, Z
NS OBRFILLEROHERE, WROBRPHLL T
HABEDBREIHA T, WELIEFHRTRICOA
HET 5 STETOESMITIMLSIN L3RR
v,

Fald, EBBEMERTHRICHIAT S ST BILORK
WERLEFEL, ZOBRFNOEBZEDLI L%
HogL LT, B REELET 5 BEHHNOEH AR
LEMRE & BRRE & % 4 b & 272 retrospective study
{1072,

MR EHE

1993 £ 4 AP S0 | FEEICLBROHEEETIL Y F
I NVEBEMOERRE (treadmill exercise test, AT b
Ly FI)V) 22 7B REEE 531 6%
WHgRE Lz, BIEGREDORBENL, 1) BERIIBNT
sRIg i@ F Ly FIVEE, 2) BRIREY T
DEBIREDOHETI L o TR S N5 EEROE,
3) Mg, LEMEL, MERREHOVT L) 2IHE
DETERESn I OHBEEOREL L. Tho0E
MR BAES S HEBERE, EBAREOM< B
ELUCHEBRREIC N L Yy FIVETo 2. BRERF
B ICiT, BoBEERIAER)EH I L.

kL v F 3 )it Bruce HEICHEVERFERYICAT, [k
FHx, 1) EATMEME (upsloping) @ ST Z{L T j &=
X1 80msec A TD 2mm L ED STET, 2) KF
%I (horizontal) d L < 1 FATHEIME (downsloping) @ ST
ZAE T 1 mm L ED STIRT, F/2433) #iEHTx

ST-segments, coronary artery disease,

blood pressure

BTBITALBOHRAL b o TTo 7. V¥ Y
ANRE, EM7 Oy 26, X LA EEZERAH,
EWEE ST EABI, A8 % STE{L 2 bV IERAIR
KRB DE 78 Bl &, KaiE DS DFER THRESIE
RO IATEERER D) b, EBWEEE 7 METs K
WD 47 Bl e ORI L 72,

MLy FIVEHLHESN-6361E, RESRE
L BW & N72HT TMETs UL EOBEIH AR H T 5 165
BIDEr 228 Pl EBRFRERHENF) L L. Ihb
N B L BB B EE P B) 178 fl L 2 EFHEHRED
ST ZLOFETEICBOBD 2 BT/, NBET
i, EFHEWTRTE 12 00RMICKFRL LT
HEMENC 1 mm LAk ST 25K T L72ER % Np # &
L, B0 %Z Nn#L L7 PETE, ESHEWETHE
1-2 532 ST DERIASKFRE S L IETATHEMEIIELL
72, STIET 21 mm Ll B39 L7-fER % PpiEL L,
RO PnEEE L7

Nn#, Np# L PHLOM, PnfL PpHLOMT
R, Lza—K, by FIVLENIZ TbI:
EEREZAR, L v FIVETEOMITEREEE,
FaekB L. RELEBE, bl v FIVET
ROER, NIRE, ERFEHFOFE, LHEEOR
FOFE(NERNLELQENERE), 15— RXrvar
BEOBEE, MLy FINVETRO.CHEE, [UESL
J£, double product, LERZEAL, MWEOHIH, HiEE)
B, LTI—RTOME— FEHEME, BEESHRED
BE, BHREX COFEREDEE, PLy FIL
Tk | EFTOLERREDERHTH L. EHRE
FOHEICHEE L TEEIIR S A 7S AATHEATENIIRET 5 5
BHL, 45—~ a VRETHICTIRERELTO
BREPHW. BERKREIL, American Heart Associa-
tion (AHA) 3 I2fE vy, 75% LAk (FEE#ERIZ 50% LA
b)) R b o THEEE L7, ARFFEII prospective
study T2 <, EEIREEZMITE MLy FIVHETOR
HANE—Thwizo, sEMlzPsRE, FRIMmT O
3 fThhhr o,

AFRICBITAETOEREEZ, FHHFEERE
TELE. FEHOKBKIIBNT, EEEBEIX 2EH
T3 unpaired t RFE T, 3 BEM TIIHESITET, F—

J Cardiol 1996; 27: 231-239



EEMRTHRICHIET 5 STEL 233

Post-exercise
1 min. 2 min. 3 min.

Peak
exercise

Before

. Group
exercise

Nn Fig.1 Four patterns of ST-segment changes during and

after the treadmill exercise test (TET)

Nn group: no TET or post-exercise AST group,
Np group: only post-exercise AST group, Pn
group : only TET AST group, Pp group : both
TET and post-exercise AST group.
Case 1 (Nn group) : No significant ST depres-
sion either during or after exercise.
Case 2 (Np group) : No significant ST depres-
sion during exercise, but downsloping depressed
Pn ST segment appeared at 1-3 min of the post-ex-
ercise recovery period.
Case 3 (Pn group) : Horizontal ST depression
during peak exercise, which improved at 1 min
of the post-exercise period.
Case 4 (Pp group) : Significant ST depression at
Pp peak exercise, and deteriorated pattern and depth
of ST depression during 1-3 min of post-exer-
cise period.

Np

Table 1 Characteristics of patient groups

Nn group Np group P group Pn group Pp group
(n=192) (n=36) (n=178) (n=112) (n=66)
Age (yr) 59+1 58+1 61+1 60+1 62+1
Medication (%)
Nitrates 36 31 50%* 47 52
B-blocker 45 64* 74* 72 78
Ca-blocker 61 64 60 60 59
Diabetes mellitus (%) 19 22 15 13 17
Prior myocardial infarction (%) 53 56 44 48 36
(Q: nonQ%) (58:42) (42:58) (41:59) (44:56) (35:65)
Past PTCA or DCA (%) 32 28 22 25 17
Past CABG (%) 14 14 9 7 13
*p<0.05 vs Nn group.

Explanation of the groups as in Fig. 1.
PTCA = percutaneous transluminal coronary angioplasty;

BANTORE S T paired t RETRE L. €
HBRZ0RMER, BUEZ 2HETLREICI VR
EL, WIhd p<005 b > THEEEZEDHEL LT

i S

1. BRERES

Np B3 KFRIO ST T 12 6l & FATERED STIK
T24BIDEF36HIE L, NEDOKRY D 192 6% Nn B
E L7, PpBEIEIAKFRIDSTIRTICEILL- 160, F
TEIAE D ST TICEIL L 72 52 Bl & ST KT A51454
L7211 B 55H66 BT, PEDERYD 1126%
Pn# & L7z, EBI% Fig. 1 1IRT.

J Cardiol 1996, 27: 231-239

DCA =directional coronary atherectomy;

CABG =cronary artery bypass grafting.
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Fig.2 Changes in heart rate (upper) and systolic blood pressure
(lower) during TET in each group
Before exercise, the heart rate in the P group was significantly
lower than that in the Nn group. At peak exercise and 1 min
after exercise, the heart rate in the P group was all lower than
that in the Nn and Np groups.
Although there was no significant difference in systolic blood
pressure before exercise, the systolic blood pressure in the P
group at peak exercise and 1 min after exercise was lower than
that in the Nn group. Systolic blood pressure in the Nn and Pn
groups decreased significantly from peak exercise to 1 min af-
ter exercise, but no post-exercise decrease in systolic blood
pressure was found in the Np and Pp groups.
Explanation of the groups as in Fig. 1.
NS =not significant.
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Table 2 Parameters from treadmill exercise test

Nn group Np group P group Pn group Pp group
(n=192) (n=36) (n=178) (n=112) (n=66)
Total exercise time (sec) 568+9 60016 481+ 10%* 489+13 466116
Achieved stage of Bruce method (%)
2 5 3 22 22 22
3 36 36 49 43 59
4 49 53 25 28 19
5 9 8 4 7 0
6 0 0 0 0
ST-T segment abnormality at rest (%) 40 33 41 38 45
QTc interval at rest (sec) 042+0.01 0.42%0.01 0.42+0.01 042+0.01 0.41%0.01
Double product before exercise (mmHg-bpm) 9,678+ 161 9,1681+342 9,163%+162 9,220+214 9,061 £241
Chest pain during exercise (%) 0 0 56 48 60*
Maximum ST depression during exercise (mV) 0.5+0.1 0.7+0.2 2.3%0.1* 2.4+£0.1 2.1+0.1%
Double product at peak exercise (mmHg-bpm) 24,486 1460 23,4831+1048 21,134+475%t 21,161+632 21,085=+701
Maximum ST depression between 1 and 2 min after exercise (mV) 0.2%0.1 1.5+0.2* 1.3%+0.1* 1.1%+0.1 1.7+0.1%

Double product at 1 min after exercise (mmHg-bpm)

18,782+385 18,543+838

16,300£382*" 16,238+506 16,409+566

*p<0.05 vs Nn group, 'p<<0.05 vs Np group, “p<0.05 vs Pn group.
Explanation of the groups as in Fig. 1.

Table3 Echocardiographic and coronary angiographic findings

Nn group Np group P group Pn group Pp group
Echocardiography (n=121) (n=27) (n=127) (n=80) (n=47)
LV hypertrophy (%) 18 11 26 26 26
LV wall motion abnormality (%) 63 74 46+t 53 36
LV end-diastolic dimension (cm) 5.0%0.1 5.0+0.1 4.010.1 49+0.1 49+0.1
LV end-systolic dimension (cm) 3.4%0.1 3.3%0.1 3.3+0.1 3.3+0.1 3.31+0.1
Ejection fraction (%) 59+1 61%2 61t1 61+1 61%1
Coronary angiography (n=164) (n=29) (n=155) (n=100) (n=55)
Stenotic vessel (%)
Left main trunk 10 14 7 8 5
Left anterior descending branch 73 79 81 83 76
Left circumflex branch 38 55 49 48 51
Right coronary artery 35 31 50* 41 65*

*p<0.05 vs Nn group, 'p<<0.05 vs Np group, *p<0.05 vs Pn group.
Explanation of the groups as in Fig. 1.

ELTLBAETHLDOTIE 2. BEEICBVNTD
BHFAMERTHOAD ST KT ITE ML ES
PEIND LV HBEDPHRRAIND D, ZOHF
RFRIOVTORFTIIZ STV,

AL EBBEFETHROAD ST Z1LIC X 2 EM
HOREBHOTREL D b, ZOBEKNER, HHR
BELHATAIZLEZEME L. Z0-0BMmHE
KETETLIEUFAOA 3SR E L CHRKRNKRS %
Tol:. BRIRTHKRTHROADSTEILE VST, E
BRTER, 135%0BRH, salELTik, 20

J Cardiol 1996, 27: 231-239

BERIIELZDY LN, AR TILESRTH 125
TO STEALD A%l L, Z0HEidES+OEM
TR L FERROEETITo 7. BIGEBIAMRMR L
WY B0, EFEMEESO B, X h.LHER
MY S STERLEEZ OGNS ST /8% — Y DEAL
R STIRT A5 L 720 Bl 2 EBAEMEBMELE L7 lﬁ
FIIIREFIL T TOREHNGF £ L oS, REH -

BOfEMREZR LRI TS L7, ABF%E1E prospec-
tive study Tid e\ 728, EEIRELZHITIZ ML v F3
W ERAITRAD —B RS, TOREDFRAS, LFL



236 HA - EE - BAI E»

P group (Pn+Pp)

Nn group Np group

Pn group

(:] : 1 vessel disease, vessel disease, - : 3 vessel disease

Fig.3 Number of stenotic vessels in patient groups

There was no difference in the number of stenotic vessels be-
tween the Nn, Np and P groups. However, the percentage of
patients with double- or triple-vessel disease was significantly
higher in the Pp group than that in the Pn group.

Explanation of the groups as in Fig. 1.
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Table 4 Prognosis during 1 year after treadmill exercise test

Nn group Np group P group Pn group Pp group
(n=192) (n=36) (n=178) (n=112) (n=66)
Incidence of cardiac events (%) 5 8 18* 18 19
Major cardiac event (n) .
Unstable angina 4 2 5 3 2
Coronary intervention 4 0 22 13 9
Newly developed myocardial infarction 2 1 2 2 0
Congestive heart failure 0 0 2 0
Sudden death 0 0 1 1
*p<0.05 vs Nn group.

Explanation of the groups as in Fig. 1.
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Fig.4 Incidence of cardiac events in patient groups divided by work
capacity estimated from TET

Cardiac events in the Np group occurred only in patients with a
lower work capacity (7 METs). Cardiac events in the Pp group
developed even in patients with a good exercise capacity (10
METs).

Explanation of the groups and abbreviation as in Fig. 1.
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Mo B EAE Do 72 (Pn: 48%, Pp: 60%, p<0.05).

DT L h G EBEFREES & HHERITIE, EBRTHROSTEILRBROERIIERS I AT
BRASN, EFRTHEOAHEEATSSTETIROHELZOSD LD, LI EREMER
OEEHORBERCERE TR LTS LD LRI L L.
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