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ST-segment elevation during exercise testing has been
atiributed to myocardial ischemia and wall motion
abnormalities (WMA). However, the functional signifi-
cance of ST-segment elevation during dobutamine siress
testing (DST) has not been evaluated in patients referred
for diagnostic evaluation of myocardial ischemia. DST
(up to 40 jg/kg/min) with simultaneous echocardiog-
raphy and technetium-99m sestamibi single-photon emis-
sion computed tomography (SPECT) was performed in
229 consecutive patients with suspected myocardial is-
chemia who were unable to perform an adequate exer-
cise test; 127 (55%) had a previous acute myocardial
infarction (AMI). ST elevation was defined as >1 mm
new or additional J point elevations with a horizontal
or upsloping ST segment lasting 80 ms. Reversible per-
fusion defects on SPECT and new or worsening WMA
during stress on echocardiography were considered
diagnostic of ischemia. ST elevation occurred in 40

patients (17%) during the test; 34 of them (85%) had
revious AML. All patients with ST-segment elevation
ﬁad abnormal scintigrams (fixed or reversible defects,
or both) and abnormal wall motion {fixed or transient
defects, or both) at peak stress. In patients who had ST
elevation and no previous AMI (n = 6}, ischemia was
detected in all by echocardiography and in 5 (83%) by
SPECT. In patients with previous AMI, the prevalence
of ischemia was not difterent with or without ST ele-
vation (53% vs 43% by echocardiography and 53% vs
48% by SPECT, respectively). Baseline regional wall
mofion score in the infarct zone was higher in patients
with ST elevation. In conclusion, myocardial perfusion
defects and WMA at peak siress are a hallmark in
patients with ST-segment elevation during DST. How-
ever, ST-segment elevation is a-specific marker of ische-

mia only in patients without previous AMI.
(Am J Cardiol 1995;76:441-448)

xercise-induced ST-segment elevation in the elec-

trocardiogram has been attributed to left ventricular
dysfunction, myocardial aneurysm, or transmural myo-
cardial ischemia due to severe coronary artery stenosis
or coronary spasm.!~!! Despite the known role of wall
motion abnormalities (WMA) in patients with ST ele-
vation during exercise,*% previous studies have focused
mainly on resting WMA, and little attention was paid to
stress-induced WMA that may be associated with this
electrocardiographic finding. It has been postulated that
WMA due to either myocardial infarction or exercise-
induced ischemia represent a common underlying mech-
anism of exercise-induced ST elevation. However, few
data are available to support this contention.® In a few
studies, ST elevation during dobutamine stress testing
(DST) was attributed to myocardial ischemia in the
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absence of previous acute myocardial infarction (AMI)12
and to stress-induced left ventricular asynergy in patients
evaluated early after AMI.13 However, the functional sig-
nificance of this electrocardiographic finding has not
been reported in patients referred for diagnostic evalua-
tion of myocardial ischemia. Accordingly, the aim of this
study was to evaluate the prevalence and functional sig-
nificance of ST elevation during DST in patients with
suspected myocardial ischemia undergoing DST with
simultaneous echocardiography and technetium-99m
sestamibi single-photon emission computed tomography
(SPECT).

METHODS

Study population: The study population comprised
229 consecutive patients (137 men and 92 women, mean
age 59 x 11 years) with known or suspected coronary
artery disease unable to exercise or to perform an ade-
quate exercise test, referred to our imaging laboratory
for evaluation of chest pain by dobutamine technetium-
99m sestamibi SPECT. Simultaneous echocardiography
was performed in all patients as a part of a research pro-
tocol in our center. All patients gave informed consent
to undergo the study. Patients with bundle branch block
or ventricular hypertrophy were excluded. One hundred
twenty-seven patients (55%) had a previous AMI, which
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TABLE | Clinical Characteristics and Hemodynamic Variables During Dobutamine
Stress Testing in Patients With (group A} and Without {group B} ST-Segment Elevation

given to patients not achieving 85% of
their age-predicted maximal heart rate.

A 12-lead electrocardiogram was re-

ﬁro:i(ﬁ (nGr:u]psg) p Value corded each minute. The level of ST

segment was calculated after signal

me"/ women 31/9 106/83 <0.05 averaging by a computer-assisted sys-

ean age (yr} 58 £ 10 5912 NS . .

Previous AM 34 (85) 93 (49) <0.0001 | tem (Cardiovet CSG/12, Schiller, Baar,
Resting HR (beats/min} 72 £ 13 69 = 14 NS Switzerland). Cuff blood pressure was
Peak HR (beats/min) 1322 16 134+ 16 NS measured every 3 minutes. The elec-
Resing St B o vl 136491 1350 Ng | ocardiograms were revised by 2 ex.
Peak systolic BP {mm Hg)g 139 & 35 146 = 30 NS perienced cardiologists unaware of
Resting diastolic BP {mm Hg} 77 £ 13 79 £ 12 NS clinical, echocardiographic, or scinti-
Peak diastolic BP (mm Hg) 74 £ 15 75+ 14 NS graphic data. Pathologic Q waves were
Chest pain 12 (30) 48 {25) NS defined according to established crite-
ST-segment depression 14 (35) 33 (17) <0.05 ria.15 ST elevation was defined as new

Values are expressed as mean x SD or number of patients (%).
AMI = acute myocardial infarciion; BP = blood pressure; HR = heart rate.

or additional elevation =1 mm at the J
point, with a horizontal or upsloping

ST-segment lasting 80 ms during

TABLE It Echocardiographic and Scintigraphic Findings in 102 Patients Without
Previous Infarction With {group A) and Without (group B) ST-Segment Elevation

stress in 21 electrocardiographic lead
(the PQ segment was considered the
isoelectric line).> ST-segment depres-

Group A Group B sion was defined as =1 mm horizontal

(n=¢) n = 96) pValve | or downsloping depression 80 ms after
Normal echocardiography 0 70 (73) <0.005 the J point, and below the resting base-
WﬁA at rest ) 2 (33) 12 (13) NS line level. The test was interrupted pre-
WMA at peak stress 6 (]OO) 26 (27) <0.005 maturel if severe ches ain T-seo-
New or worsened WMA 6 {100) 22 (23) <0.0001 ment dey I‘eSSei:),n >2Cmn't1pST ;lsevaiifn
Normal scintigraphy o - 63 (66) <0.005 p . e
RPD with or without FPD 5 (83) 27 (28) <0.005 >2 mm in patients with normal base-

Values are expressed as number of patients {%).

malities.

FPD = fixed perfusion defects; RPD = reversible perfusion defects; WMA = wall motion abnor-

line electrocardiogram, significant ven-
tricular or supraventricular arrhythmia,
or a systolic blood pressure decrease

of >40 mm Hg occurred during the

TABLE Il Echocardiographic and Scintigraphic Findings in 127 Patients With
Previous Infarction With (group A} and Without (group B} ST-Segment Elevation

test.
Sestamibi single-photon emission com-
puted tomography imaging: Approxi-

Group A Group B mately 1 minute before the termination
Cn=34) {n=93) p Value of the stress test, an intravenous dose
Normal echocardiogram 0 16 {17) <0.01 Of 370 MBq of sestamibi was admin-
WMA at rest 32 (94) 69 {74) <0.05 istered. Stress SPECT imaging was
\liIVMA at peak Stcl;le?;\/ MA ?g {;2)0) ZZ {3-’33; <0-I3; begun 1 hour after sestamibi injection.
ew or worsene : :
WMS ot rest 250164  211+48 <0005 | ror the resting S.mdlfis’ 370 MBq of
WMS at peak stress 267 £ 6.4 222+ 64 <0.0001 sestamibi was injecte 2'4 hOUI:S after
Ischemic WMS . 1.9+3.2 1.8+3.2 NS the first study. Left ventricular images
Akinetic + dyskinetic segments at rest 293 1117 <0.001 were divided into 6 segments: anteri-
kaeﬁc]: +.dr).lsk:]neﬁc segments at peak - 3.{) % 3.1 1. 7] T] g)l :88(])1 or, lateral, inferoposterior, interventri-
lormg sCin lgr m . s : :
RPD with or without FPD 18 (53) 45 (48) NS cular septum (subdivided in anterior
Perfusion defect score at rest 3,023 + 2,955 1,589 + 1,345 <0.05 ?md postenpr septum), and apex. Image
Perfusion defect score at peak stress 2,978 + 2,563 1,775 x 2,281 <0.05 Interpretation was performed by an ex-
Ischemic perfusion score 401 = 737 389 = ],322 NS perienced Observer unaware of the pa-

Values are expressed as mean = SD or number of patients (%).
WMS = wall motion score; other abbreviations as in Table II.

tients’ electrocardiographic or echocar-
diographic data. A persistent perfusion

was recent (<1 month) in 34 patients. The diagnosis of
AMI relied upon a typical history of chest pain, a diag-
nostic increase in serum creatine kinase and evolution-
al electrocardiographic changes. On the day of the test,
154 patients (67%) were receiving antianginal therapy;
113 of them were receiving 3 blockers.

Dobutamine stress fest Dobutamine was infused
through an antecubital vein starting at a dose of 10 pg/
kg/min, increasing by 10 pg/kg/min every 3 minutes to
a maximum of 40 pg/kg/min. Atropine (up to 1 mg) was
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defect on both stress and resting imag-
ing was classified as a fixed defect. A reversible defect
was defined as a perfusion defect on stress images that
partially or completely resolved at rest imaging. This was
considered diagnostic of ischemia.!6 The interpretation
of the scan was semiquantitatively performed by visual
analysis, and assisted by the circumferential profiles
analysis. To assess perfusion defect size, perfusion defect
score was quantitatively calculated at rest and at stress
images by measuring the area between the lower limit
of normal values (+2 SD) and the actual circumferential
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profile in 6 short-axis slices. Ischemic perfusion score
was derived by subtracting rest from stress score in seg-
ments with reversible defects.

Stress echocardiography: Stress echocardiography was
performed in all patients according to a previously
described protocol.® For both rest and stress studies, the
left ventricular wall was divided into 16 segments and
scored using a 4-point scale: 1 = normal, 2 = hypokine-
sia, 3 = akinesia, and 4 = dyskinesia. Both inward endo-
cardial motion and myocardial thickening were consid-
ered for analysis. Wall motion score was derived by the
summation of the score of the 16 segments. The diag-
nosis of ischemia was based on the occurrence of new
or worsening WMA during the test, compared with base-
line, in >1 segment. As we have previously concluded,”’
ischemia was not considered when akinetic segments at
rest became dyskinetic during stress. Ischemic wall
motion score was defined as the difference between peak
and rest regional wall motion score in ischemic seg-
ments. Assessment of images was performed by 2 expe-
rienced investigators without knowledge of scintigraph-
ic or electrocardiographic data. In case of disagreement,
a consensus was reached with a third investigator. In our
center, the inter- and intraobserver variability for the
interpretation of stress echocardiographic studies is 91%
and 92%, respectively.!8

Coronary angiography: Coronary angiography was
performed, using the Judkins technique, within 3 months
in 106 patients (46%). Significant coronary artery dis-
ease was defined as a diameter stenosis of 250% in =1
major epicardial artery.

Regional myocordial function and perfusion: In pa-
tients with myocardial infarction, the location of resting
WMA was presumed to represent the infarction zone.
To assess regional myocardial perfusion and function, 2
myocardial segments were identified: (1) the anterior
segment, which included the anterior wall, the interven-
tricular septum, and the apex (assigned to leads V, to
V,); and (2) the inferior segment, which included the
inferior and posterior wall (assigned to leads II, III, and
aVF). Because of the infrequent occurrence of resting
WMA confined only to the lateral wall, this segment,
together with leads I, aVL, Vy, and V, were added to
either the anterior or the inferior segment in the pres-
ence of concomitant abnormalities in 1 of these seg-
ments. Myocardial segments at echocardiography and at
SPECT were matched in these 2 locations.

Statistical analysis: Unless specified, data are present-
ed as mean values + SD. The chi-square and Fisher’s exact
tests were used to compare differences between propor-
tions. The Student’s ¢ test was used for analysis of con-
tinuous data. A p value <0.05 was considered statisti-
cally significant.

RESULTS

Dobutamine stress test: Heart rate and systolic blood
pressure increased significantly from rest to peak stress
(70 = 13 vs 134 % 16 beats/min and 135 = 25 vs 145 =
32 mm Hg, respectively, p <0.0001 for both). In 30
patients, the test was interrupted prematurely before
reaching the maximal dose or 85% of the target heart
rate because of a limiting side effect (angina in 15

patients, ST-segment depression in 7 patients, hypoten-
sion in 6 patients, and significant tachyarrhythmias in 2
patients).

ST elevation of 21 mm occurred in 34 of 127 patients
with (27%) and in 6 of 102 patients without (6%) pre-
vious AMI. These 40 patients formed group A. Group
B comprised 189 patients without ST elevation; 93 of
them (49%) had previous AMI. Patients in group A had
a higher prevalence of previous AMI and male gender.
In patients with previous AMI, pathologic Q waves were
detected in 27 of 34 group A patients (79%) and in 59
of 93 group B patients (63%), p = NS. Clinical charac-
teristics and hemodynamic data in both groups are list-
ed in Table I. Echocardiographic and scintigraphic find-
ings in both groups are listed in Tables Il (patients
without AMI) and III (patients with previous AMI).

Stress echocardiography: ST elevation was associat-
ed with a higher prevalence of myocardial ischemia in
patients without (Figure 1) but not with (Figure 2) pre-
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FIGURE 1. Prevalence of ischemia in patients without previous
myocardial infarction with (n = 6} and without [n = 96) 5T-seg-
ment elevation as diagnosed by echocardiography and tech-
netium-99m sestamibi single-photon emission computed tomog-
raphy (MIBI SPECT).
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FIGURE 2. Prevalence of ischemia in patients with previous
myocardial infarction with {n = 34} and without {n = 93) ST-
seimenl‘ elevation as diagnosed by echocardiography and
technetium 99m sestamibi single-photon emission computed
tomography (MIBI SPECT).
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TABLE IV Regional Wall Motion and Myocardial Perfusion Defect Score in Anterior
Myocardial Segments With Baseline Dyssynergy With and Without ST-Segment Elevation
During Dobutamine Stress Testing in Patients With Previous Myocardiat Infarction

Results of sestamibi single-photon
emission computed tomography: ST
elevation was associated with a high-

er prevalence of ischemia in patients

ST Elevation No ST Elevation . . . .

(25 segments) (42 segments) p Value without (Flgme 1) but not with (Fig-
Rest WMS 183+ 57 155245 <0.05 g?e 2) pre“%us Arl\fﬂ'.The elec“ot?ar‘
Stress WMS 19.1 £ 5.9 16.0 = 5.0 <0.001 logram ané perfusion scan of a
tschemic WMS 09 =23 07 +2.1: NS patient without previous AMI, ST ele-
New and/or worsened WMA 10 (40) 15 {36) NS vation during DST, and a completely
2:55* PerfUFiO_n dzfefd score }223 x }ig; }?% * Hgi <88§ reversible defect are shown in Figure

ress perfusion defect score , 1, s + 1, <0. ; . . AMI

Ischemic perfusion score 338 = 628 301 + 1,003 NS 4.In Patlents, with I.)revmu.s ’.ST
Reversible perfusion defects 10 (40) 16 (38) NS elevation was associated with a high-

Values are expressed as mean = SD or number (%).
Abbreviations as in Tables Il and Il

er perfusion score at rest and at peak
stress and a similar ischemic perfusion

score compared with patients without
ST elevation (Table IIT). In patients

TABLE V Regional Wall Motion and Myocardial Perfusion Defect Score in Inferior
Myocardial Segments With Baseline Dyssynergy With and Without ST-Segment Elevation
During Dobutamine Stress Testing in Pafients With Previous Myocardial Infarction

with previous AMI and ST elevation,
the prevalence of ischemia did not dif-
fer in the presence or absence of Q

waves: 16 of 27 (59%) versus 2 of 7

ST Elevation No ST Elevation i
(17 segments} {40 segments) p Value (29%), respleCtlvely f’p = NS).
Rest WMS 90£21 77+26 005 | ¢ Regional myocardial perfusion and
Stress WMS 95+25 78301 <0.05 nction: In patients with previous AMLI,
lschemic WMS : 0616 07220 NS regional myocardial. perfusion and
New and/or worsened WMA 6 (35) 13 (33) NS function were compared in dyssyner-
gfs* Pe’f”;‘?" d‘je{d score }gg;" * H‘Zl g;‘; * ?20331 <8~8§ gic myocardial segments at rest with
ress periusion derectr score ‘ * |, + I, <\, . . .
Ischemic perfusion score 142 = 216 144 + 405 NS .and Wlthom. ST elevation durm.g Str?SS
Reversible perfusion defects 7 {41) 14 (35) NS in the anterior (Table IV) and inferior

Values are expressed as mean = SD or number {%).
Abbreviations as in Tables Il and II1.

(Table V) segments. In both locations,
resting score was higher with ST ele-

vious AMLI. In patients with previous AMI, ST elevation
was associated with a higher prevalence of resting
WMA, a higher wall motion score at rest and at peak
stress, a similar ischemic wall motion score (Figure 3),
and more myocardial segments with akinesia or dyski-
nesia at rest and at peak stress (Table III). In patients
with previous AMI and ST elevation, the prevalence of
ischemia did not differ in the presence or absence of Q
waves: 15 of 27 (56%) versus 3 of 7 (43%), respective-
ly (p = NS).

WMS ischemic
82 1 <0.005 p<0.0001 WMS NS
1 [ 1 |

24 1 3.0
16 2.0

8 1.0

0 0

Rest Stress
[] ST elevation Il no ST elevation

FIGURE 3. Rest, peak, and ischemic wall motion score (WMS)
in patients with previous myocardial infarction with {n = 34)
and without (n = 93) ST-segment elevation.
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vation, whereas the ischemic score and
prevalence of ischemia were not dif-
ferent with or without ST elevation.

The electrocardiograms and perfusion scans of 2
patients with previous anterior AMI, ST-segment eleva-
tion in Q leads during DST, and a perfusion defect on
resting images with (Figure 5) and without (Figure 6)
partial reversibility are presented.

Analysis of subgroups: PATIENTS WITHOUT PREVIOUS
MYOCARDIAL INFARCTION: In patients with reversible
perfusion defects and no previous AMI, the ischemic
perfusion score was significantly higher in patients with
(n = 5) than without (n = 27) ST elevation (994 + 652
vs 271 + 407, p <0.01). Similarly, in patients with stress-
induced WMA who had no previous AMI, the ischemic
wall motion score was significantly higher in patients
with (n = 6) than without (n = 22) ST elevation (4.2 +
32vs27x3.1, p<0.05).

PATIENTS WITH RECENT MYOCARDIAL INFARCTION: ST
elevation occurred in 16 of 34 patients (47%) with recent
AMI. Prevalence of ischemia was not different with or
without ST elevation: 9 of 16 (56%) versus 9 of 18
patients (50%) by echocardiography and 9 of 16 (56%)
versus 11 of 18 (61%) by SPECT, respectively.

PATIENTS WITH ST-SEGMENT DEPRESSION: -ST-segment
depression occurred in 29 patients with and in 18 with-
out previous AMI (14 in group A and 33 in group B).
ST depression was associated with a higher prevalence
of ischemia in patients without previous AMI (12 of 18
[67%] versus 16 of 84 [19%] [p <0.0001 by echocardi-
ography] and 13 of 18 [72%] versus 19 of 84 [23%] [p
<0.0001 by SPECT)) and with previous AMI (18 of 29
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FIGURE 4. A, 12-lead electrocardiogram at rest and ot peak dobutamine stress in a 53-year-old woman' without a history or elec-
trocardiographic evidence of previous myocardial infarction, showing ST-segment elevation in leads V, fo V,. B, dobutamine

L2 1 P2 §1 SZ A A2 LI Q2 PI P2 S| S Al A2 LI

rest

stress and rest sestamibi single-photon emission computed tomographic images in the 6 short-axis slices represented together with
the corresponding circumferential profile analysis of the same patient, showing a completely reversible pertusion defect in the api-
cal septum (arrows). ANT = anterior; LAT = lateral; POS = posterior; SEP = septal.

[62%] versus 40 of 98 [41%] [p <0.05 by echocardiog-
raphy], and 20 of 29 [69%] versus 43 of 98 [44%] [p
<0.05 by SPECT]). In group A patients with previous
AMI (n = 34), the prevalence of ischemia by both tech-
niques was not different in patients with (n = 12) and
without (n = 22) concomitant ST-segment depression.

Coronary angiography: Coronary angiography was
performed in 19 group A patients (48%). Three of them
had no previous AMI. All patients had significant coro-
nary artery disease: 3-vessel (n = 7), 2-vessel (n = 3),
and l-vessel (n = 9) disease. The site of ST elevation
was predictive of significant disease in the correspond-
ing coronary artery in all patients.

Eighty-seven group B patients (46%) underwent
coronary angiography. Significant coronary artery dis-
ease was detected in 59 patients; 3-vessel (n = 6), 2-ves-
sel (n = 17), and 1-vessel (n = 36) disease. No signifi-

cant disease was detected in 28 patients. In patients with
previous AMI, ST elevation was associated with a high-
er prevalence of total occlusion of 21 major artery (50%
vs 14%, p <0.005), whereas the prevalence of multives-
sel disease was 56% in patients with (9 of 16) and 29%
in patients without (14 of 48) ST elevation (p = NS).

DISCUSSION

In the present study, the prevalence and functional
significance of ST elevation during DST was evaluated
in patients with known or suspected coronary artery dis-
ease in whom the test was performed with simultaneous
echocardiography and technetium-99m sestamibi SPECT
for diagnostic evaluation of myocardial ischemia. Our
results show that dobutamine-induced ST elevation is a
common occurrence in patients with previous AMI. In
such patients, ST elevation is associated with more se-
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FIGURE 5. A, resting and peak dobutamine siress electrocardiogram of a 41-year-old man with a history of old anterior myocar-
dial infarction and Q waves in leads V, 1o V,, showing ST-segment elevation in V, to V? on the stress elecirocardiogram. B, dobut-

amine siress and rest sestamibi single-Thoton emission computed tomographic images o

the same patient, showing a partially

reversible perfusion defect in the apical septum (horizontal arrow) and a completely reversible defect in the anterior wall fvertical

arrow]. Abbreviations as in Figure 4B.

vere global and regional left ventricular dysfunction, and
a higher prevalence of total occlusion of =1 coronary
artery. Results also show that despite being compatible
with ischemia, ST elevation in patients with recent or
old myocardial infarction is not specific for stress-
induced overall or peri-infarction ischemia assessed by
echocardiography and SPECT. The low specificity for
ischemia was also noted in patients without Q waves.
This can be explained by the low sensitivity of Q waves
for the detection of baseline WMA, especially in patients
with old myocardial infarction.'” In contrast, ST depres-
sion was associated with a higher prevalence of ische-
mia. However, patients with concomitant ST-segment
depression and elevation did not have a higher preva-
lence of ischemia than patients with isolated ST eleva-
tion. This may be explained by the occurrence of recip-
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rocal ST depression without true ischemia.?? In patients
without previous AMI, ST elevation was not a usual
occurrence (6%) and was associated with ischemia in
the corresponding myocardial segments. In patients
without previous AMI who had ischemia on echocardi-
ography or SPECT, ischemia was more severe in patients
with than without ST elevation. ’

Comparison with previous studies: Coma-Canella'?
reported ST elevation during DST in 20 of 90 patients
with angina and no previous AMI. All had severe coro-
nary artery stenoses. The high prevalence of ST eleva-
tion in that study may be related to the selection of
patients with a high prevalence of unstable angina. How-
ever, no imaging technique was applied for the detec-
tion of ischemia. Coma-Canella et al®® reported that in
patients with recent AMI who underwent DST with thal-
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FIGURE 6. A, resling and peak dobutamine stress elecirocardiogram of a 62-year-old man with a history of old anterior myocar-
dial infarction and Q waves in leads V, fo V,, showing ST-segment elevation in V, to V,. B, dobutamine stress and rest sestamibi
single-photon emission computed tomographic images of the same patient, showing a large and severe fixed perfusion defect in
the anterior wall (vertical arrows) and septum (fhorizontal arrows). Abbreviations as in Figure 48.

lium scintigraphy and radionuclide ventriculography, ST
elevation was not related to ischemia but to stress-
induced left ventricular asynergy. However, the inverse
correlation between the change in regional ejection frac-
tion and the level of ST elevation in their study may rep-
resent a poor contractile response in myocardial seg-
ments corresponding to ST elevation rather than
stress-induced asynergy, which is a specific marker of
ischemia. Previtali et al’! reported a case of high-dose
dobutamine-induced ST elevation and akinesia of the
inferior wall in a patient with 2-vessel disease. Coronary
angiography performed during ischemic episodes re-
vealed patency of coronary arteries, excluding coronary
spasm as an underlying mechanism. They concluded that
dobutamine may induce transmural myocardial ischemia
in the presence of severe coronary lesions by increasing

myocardial oxygen demand and inducing myocardial
blood flow maldistribution.

ST elevation during exercise has been attributed to
left ventricular WMA, myocardial aneurysm, or trans-
mural myocardial ischemia due to either severe coronary
artery spasm or fixed coronary artery disease.'~!! Gallik
et al’ reported that exercise-induced ST elevation is an
ominous sign of severe reversible hypoperfusion in
patients without previous AML In our study, ST eleva-
tion identified a population with more severe reversible
hypoperfusion and stress-induced WMA than patients
who had ischemia without ST elevation. The absence of
a history or electrocardiographic finding of AMI appears
to be the most common characteristic that separates
patients in whom stress-induced ST elevation reflects
severe ischemia from those with marked abnormality of
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left ventricular function.® However, exercise-induced ST
elevation in patients after acute AMI has been attributed
in some studies to peri-infarction ischemia.!>! Marg-
onato et al' reported that exercise-induced ST elevation
after acute AMI correlated with reversible thallium-201
perfusion defects in the peri-infarction area. A limitation

of that study is the absence of a control group with the

same clinical characteristics without ST elevation or T-
wave normalization.

Mechanism of ST-segment elevation: Chahine et al®
postulated that WMA that are either permanent in pa-
tients with previous AMI or transient due to ischemia in
the absence of AMI constitute a common mechanism
underlying ST elevation during stress. The results of our
study support this hypothesis, because we detected
WMA in all patients with ST elevation at peak stress in
corresponding myocardial segments in the presence or
absence of previous AMI.

Clinical implications: With regard to an ischemic re-
sponse to dobutamine infusion, ST-segment elevation in
patients without previous AMI would help with diagno-
sis in the presence of suboptimal or equivocal echocar-
diographic or scintigraphic images, and would identify
patients with more severe ischemia. Because ST eleva-
tion is not a specific marker of ischemia in patients with
previous AMI, it should not be used as a criterion for
termination of DST.

Study limitations: The diagnosis of ischemia in this
study relied on stress echocardiography and SPECT
without performing coronary angiography in all patients.
However, these techniques were reported as accurate
methods for the diagnosis of coronary artery dis-
ease.!622-25 Echocardiographic detection of ischemia
may be difficult in severely dyssynergic segments. How-
ever, echocardiography accurately detects ischemia in
the normal peri-infarction region represented in the same
electrocardiographic segment. Furthermore, there was a
double check on the occurrence of ischemia using 2
imaging techniques; with these 2 techniques, a similar
prevalence of ischemia was encountered. The intake of
medications may have reduced the prevalence of ische-
mia at echocardiography and SPECT. However, it is
unlikely that ischemia was seen on the electrocardiogram
in the absence of transient perfusion or WMA, or both,
because perfusion and WMA occur earlier than electro-
cardiographic changes in the ischemic cascade.?6
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