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Abstract
Objective—To investigate the specificity
and sensitivity of the combination of
redistribution in exercise thallium-201
single photon emission computed tomo-
graphy (SPECT) and exercise induced ST
elevation for detecting the viable myocar-
dium in patients with acute myocardial
infarction.
Design—37 patients were studied within
seven weeks of onset of Q wave myocardial
infarction (anterior in 22, inferior in 15).
All patients underwent exercise four hour
redistribution thallium-201 SPECT and
positron emission tomography using
fluorine-18-fluorodeoxyglucose (FDG)
and nitrogen-13 ammonia under fasting
conditions.
Results—Sixteen patients showed exercise
induced ST elevation > 1.5 mm, and 15 of
these had increased FDG uptake in the
infarct region. Eleven of 16 patients (10 of
11 patients with anterior infarctions) with
irreversible thallium-201 defects and in-
creased FDG uptake showed exercise
induced ST elevation. The sensitivity, spe-
cificity, and predictive accuracy of redis-
tribution, exercise induced ST segment
elevation, or both for detecting increased
FDG uptake were 82%, 75%, and 67%
(94%, 75%, and 91% for anterior infarc-
tions), respectively.
Conclusions—In patients with acute Q
wave myocardial infarction, the combina-
tion of redistribution in exercise thallium-
201 SPECT and exercise induced ST
elevation can detect the viable myocar-
dium in the infarct region with high sensi-
tivity and specificity, especially in patients
with anterior infarctions.
(Heart 1999;81:17–24)
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The diVerentiation of viable from non-viable
myocardium in patients with myocardial in-
farction is important in deciding on the indica-
tions for revascularisation. Pohost et al have
reported on the redistribution of thallium-201
in exercise thallium-201 myocardial scintigra-
phy, and this is considered to represent

myocardial ischaemia.1 In many regions of the
viable myocardium, however, the perfusion
defects that were present on the initial images
persist, appearing to be irreversible on delayed
images obtained three to four hours after
exercise.2 The defects are improved when an
additional delayed image is obtained eight to
72 hours after thallium-201 injection,3 4 when a
reinjection image is obtained,5 6 or when the
resting study is repeated with an additional
injection of thallium-201.7 8

Myocardial glucose metabolic imaging by
positron emission tomography (PET) has been
proposed as a more sensitive technique for
identifying metabolically viable myocardium.9

Thus conventional exercise four hour redistri-
bution thallium-201 myocardial scintigraphy
has a low sensitivity for detecting the viable
myocardium in the region of the infarct.

Recently, Margonato et al reported that
exercise induced ST segment elevation on in-
farct related electrocardiographic leads is
closely associated with redistribution on
thallium-201 myocardial scintigraphy.10 This
ST segment elevation has a high specificity and
sensitivity for detecting residual viability in the
infarct area identified by PET with fluorine-
18-fluorodeoxyglucose (FDG).11

We now perform reinjection imaging in all
exercise thallium-201 scans in patients with
myocardial infarction. However, many labora-
tories have extensive exercise thallium-201
scintigraphic data without reinjection studies,
performed before reinjection imaging became
routine. Even then, though, electrocardiograms
were routinely recorded during exercise
thallium-201 scintigraphy. In our study we
investigated the sensitivity and specificity of a
combination of redistribution on conventional
exercise four hour redistribution thallium-201
myocardial single photon emission computed
tomography (SPECT) and exercise induced
ST segment elevation for detecting viable myo-
cardium in patients with acute myocardial inf-
arction.

Methods
PATIENT POPULATION

We evaluated 37 patients with acute Q wave
myocardial infarction (32 men and five women;
mean (SD) age 60 (10) years, range 35 to 75
years), who were admitted to the coronary care
unit of Osaka City University Medical School
Hospital from October 1993 to June 1996.
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Acute myocardial infarction was diagnosed
according to the presence of typical and
prolonged chest pain, elevation of the ST
segment on standard 12 lead electrocardio-
grams, and an increase in serum creatine kinase
and/or the creatine kinase MB fraction to more
than three times the normal upper limit. A Q
wave infarct was defined as an acute myocar-
dial infarct with the new appearance of a Q
wave (Q/R > 0.25) in more than one lead of
the 12 lead electrocardiograms recorded seri-
ally after the onset of myocardial infarction.
Patients who had had a previous myocardial
infarct, previous coronary artery bypass graft-
ing, or coronary angioplasty—except in the
acute phase of myocardial infarction—were
excluded. Patients with left ventricular hyper-
trophy, significant valvar disease, or left or right
bundle branch block, and patients taking digi-
talis, were also excluded.

Of the 37 patients, 22 had anterior infarction
and 15 had inferior infarction (including two
lateral infarcts). Thirty two patients had one
vessel disease, four had two vessel disease, and
one had three vessel disease.

All patients underwent conventional exercise
four hour redistribution myocardial thallium-
201 SPECT at 24 (9) days (range 7 to 46) after
the onset of myocardial infarction, and PET
using FDG and nitrogen-13 ammonia (NH3)
at 23 (9) days (range 7 to 45) after onset. Two
scintigraphic studies for each patient were per-
formed within two weeks. All patients gave
written informed consent.

RADIOPHARMACEUTICALS

Thallium-201 was obtained from commercial
laboratories. A small cyclotron (NKK Corpo-
ration, Kanagawa, Japan) was used for the pro-
duction of nitrogen-13 and fluorine-18. Then
NH3 was produced according to the method
described by Mulholland et al,12 and FDG was
synthesised using the method described by
Hamacher et al.13

EXERCISE THALLIUM-201 SPECT
Each patient performed symptom limited exer-
cise on a bicycle ergometer in the sitting posi-
tion. Nitrates, â adrenergic blockers, and
calcium channel blockers were withheld on the
morning of the test. Twelve-lead electrocardio-
grams and blood pressure measurements were
obtained at baseline and every minute during
exercise. The initial workload was 25 or 50
watts, and was increased 25 watts every two
minutes until an end point was reached. The
end points included excessive fatigue, dys-
pnoea, dizziness, moderate to severe angina,
hypotension, diagnostic ST depression (> 1.5
mm horizontal or downsloping or > 2.0 mm
upsloping), or significant arrhythmia. By itself
ST segment elevation in the infarct related
leads was not considered to be a reason for ter-
minating exercise. At peak exercise, a dose of
111 MBq of thallium-201 was injected intrave-
nously and the patient was encouraged to exer-
cise for an additional minute. Initial images
were obtained immediately after the termina-
tion of exercise, and delayed images were
obtained four hours later.

The SPECT was performed using a single
head gamma scintillation camera equipped
with a low energy, all purpose, parallel hole
collimator. Thirty two equidistant projections
were acquired over 180° from the right anterior
oblique to the left posterior oblique at 25
seconds a projection. The images from the
energy window of 70 keV ±10% were collected
in 64 × 64 matrices and then reconstructed
using both Butterworth and Shepp and Rogan
filters along the horizontal long axis and the
vertical long axis of the heart. Images were
normalised to the maximum count in each
image set and displayed as colour scale images
by a computer system (Scintipac-7000, Shi-
madzu Corporation, Kyoto, Japan). No attenu-
ation correction was applied to SPECT.

PET IMAGING

For PET imaging, we used a Shimadzu-SET
1400 W-10 PET scanner (Headtome IV,
Shimadzu Corporation, Kyoto, Japan). This
scanner can obtain seven slices simultaneously
with a 13 mm interval, slice thickness of 11 mm
full width half maximum (FWHM), and spatial
resolution of 4.5 mm FWHM. Axial, 6.5 mm
interval Z motion of the scanner every minute
provided a total of 14 contiguous transverse
slices of the myocardium.

A 10 minute transmission scan was obtained
using a rotating germanium-68 rod source.
The acquired data were used to correct
emission images for body attenuation. On
completion of the attenuation scan, the patient
remained in the supine position and received
an intravenous injection of 259 to 740 MBq of
NH3. After a three minute delay to allow pul-
monary background activity to clear, myocar-
dial perfusion imaging was performed for 10
minutes.

After at least five hours of fasting and two to
three hours after the perfusion scan was done,
the patient received an intravenous injection of
148 to 407 MBq of FDG. Sixty minutes were
allowed for cardiac uptake of FDG. Imaging of
glucose utilisation was then performed for 10
minutes.

Images were collected in 256 × 256 matrices
and reconstructed by a computer system (Dr
View, Asahi-Kasei Joho System Co, Tokyo,
Japan) using Butterworth and Ramp filters
along the horizontal long axis and the vertical
long axis of the heart. Images were normalised
to the maximum count in each image set and
were displayed as colour scale images.

CORONARY ARTERIOGRAPHY AND LEFT

VENTRICULOGRAPHY

Three patients underwent successful coronary
angioplasty of the infarct related artery within
24 hours of the onset of myocardial infarction.
Both coronary arteriography and left ventricu-
lography were performed in 33 patients at 26 (6)
days (range 17 to 40) after the onset of myocar-
dial infarction. One patient had only coronary
arteriography. No coronary intervention was
performed after 24 hours from the onset of
myocardial infarction in any patient. Coronary
arteriography and left ventriculography were
performed using standard techniques. Biplane
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left ventriculography was performed in the 30°
right anterior oblique and 60° left anterior
oblique projections.

DATA ANALYSIS

Exercise induced ST segment elevation
The increment of exercise induced ST segment
elevation > 1.5 mm above the baseline at the J
point in more than one electrocardiographic
lead with a Q wave was considered significant.
The presence of diagnostic ST segment
depression in non-infarct related leads was also
noted.

Assessment of images on exercise thallium-201
SPECT
On SPECT images, the left ventricular myo-
cardium was divided into nine segments (basal
anterior, mid-anterior, basal-septal, mid-
septal, basal inferior, mid-inferior, basal-
lateral, mid-lateral, apical) on a vertical long
axis slice and a horizontal long axis slice; a sin-
gle segment representing the apex was assessed
from the vertical long axis slice (fig 1).
Anteroseptal–apical segments, inferior seg-
ments, and lateral segments were considered to
be the left anterior descending artery territory,
right coronary artery territory, and left circum-
flex artery territory, respectively.

The SPECT images were analysed individu-
ally by two experienced observers blinded to
the patients’ clinical data. Disagreements in
interpretation were resolved by consensus of
the two observers. Defects in each segment
were scored using a five point grading system: 0
= normal, 1 = mild defect, 2 = moderate
defect, 3 = severe defect, 4 = no uptake. The
severity score was calculated as the sum of
defect scores of segments in the infarct
territory. A decrease in the severity score of the
delayed image compared with the severity
score on the initial image indicated redistribu-
tion.

Comparison of NH3 and FDG on PET
Two experienced observers visually interpreted
the uptake on NH3 and FDG images in
segments, in a manner similar for analysis of
SPECT. When FDG uptake in more than one
segment in the infarct territory was definitely
higher than in non-infarct territory, the patient
was considered to have an ischaemic but viable
myocardium in the infarct territory.14

Coronary arteriography and left ventriculography
Coronary narrowing exceeding 50% was con-
sidered significant. The extent of retrograde
collateral flow to stenosed vessels was graded
according to the classification of Cohen and
Rentrop.15

The left ventricular wall was divided into
seven segments, and wall motion was graded
according to recommendations of the Ameri-
can Heart Association,16 using the following
four point scale: 0 = normal, 1 = hypokinesis, 2
= akinesis, 3 = dyskinesis. A global left
ventricular wall motion abnormality index was
calculated as the sum of the wall motion scores.
These studies were assessed independently by
two experienced observers blind to the other
clinical data.

Statistics
Data are presented as mean (SD). Statistical
significance of continuous variables was deter-
mined with the Student’s t test. The incidence
of phenomena was compared by the ÷2 test.
Left ventricular wall motion abnormality indi-
ces were compared by the Wilcoxon rank-sum
test. Probability (p) values < 0.05 were consid-
ered statistically significant.

Results
ST SEGMENT ELEVATION AND CLINICAL DATA

Sixteen patients had significant exercise in-
duced ST segment elevation (mean 2.2 (0.7)
mm, range 1.5 to 4 mm) in more than one in-
farct related lead (group A). The other 21
patients had no significant exercise induced ST
segment elevation in any infarct related lead
(group B).

As seen in table 1, there were no significant
diVerences in age, sex, pressure–rate product at
peak exercise, presence of redistribution on
exercise thallium-201 SPECT, the incidence of
severe irreversible defect (mean defect score
> 3), number of diseased vessels, percentage
stenosis of the infarct related artery, collateral
flow to the infarct related artery, presence of
dyskinetic segments, or global left ventricular
wall motion abnormality index between group A
and group B. The incidences of anterior infarc-
tion and ST elevation > 1.0 mm in more than
one electrocardiographic lead with a Q wave at
rest were higher in group A than in group B. The
incidence of exercise induced ST depression was
higher in group B than in group A.

Relations among exercise induced ST eleva-
tion, redistribution, and increased FDG uptake
are summarised in table 2. Fifteen (94%) of the
16 patients in group A and 13 (62%) of the 21
patients in group B (p < 0.05) had increased
FDG uptake in the infarct related territory on
the PET study. Increased FDG uptake in
anteroseptal–apical segments was seen in 14
patients in group A (93%) and four in group B
(57%) (p < 0.05). As with inferior infarctions,
the one patient in group A (100%) and nine of
14 patients in group B (64%) (NS) showed an
increase in FDG uptake in the inferolateral
segments.

The sensitivity, specificity, and predictive
accuracy of exercise induced ST segment
elevation for detecting the viable myocardium

Figure 1 Schematic diagram of nine segments of the left ventricle.

1 Basal-anterior
2 Mid-anterior
3 Apical
4 Basal-septal
5 Mid-septal
6 Basal-inferior
7 Mid-inferior
8 Basal-lateral
9 Mid-lateral

Vertical long axis view Horizontal long axis view
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were 54%, 89%, and 62%, respectively. For
anterior infarcts, the values were 78%, 75%,
and 77%, respectively. For inferior infarcts,
values were 10%, 100%, and 40%, respectively.

The sensitivity, specificity, and predictive
accuracy of ST segment elevation at rest for
detecting the viable myocardium were 25%,
78%, and 38%, respectively.

Of 11 patients with exercise induced ST
depression, seven showed increased FDG
uptake in infarct related territory (NS v
patients not showing exercise induced ST
depression).

REDISTRIBUTION ON EXERCISE THALLIUM-201
SPECT AND CLINICAL DATA
Fourteen patients showed redistribution on
exercise thallium-201 myocardial SPECT
(group X). The other 23 patients did not show

redistribution on exercise thallium-201
SPECT (group Y).

There were no significant diVerences in age,
sex, location of infarction, pressure–rate prod-
uct at peak exercise, presence of exercise in-
duced ST segment elevation or depression,
number of diseased vessels, percentage stenosis
of the infarct related artery, collateral flow to
the infarct related artery, or global left
ventricular wall motion abnormality index
between group X and group Y (table 3). How-
ever, dyskinetic segments were observed more
often in group Y than in group X (p < 0.05).

Twelve patients in group X (86%) and 16
patients in group Y (70%) (NS) showed
increased FDG uptake in the infarct related
territory on the PET study. In group Y, 11
(69%) of 16 patients with increased FDG
uptake and one (14%) of seven without
increased FDG uptake (p < 0.05) had exercise
induced ST elevation. When only anterior in-
farcts were analysed, seven patients in group X
(100%) and 11 in group Y (73%) (NS) had
increased FDG uptake in anteroseptal–apical
segments. Among patients in group Y with
anterior infarction, 10 (91%) of 11 patients
with increased FDG uptake, and one (25%) of
four without increased FDG uptake (p < 0.05)
had exercise induced ST elevation. When only
inferior infarcts were analysed, four patients in
group X (67%) and five in group Y (63%)
(NS) showed increased FDG uptake in infero-
lateral segments. Among patients in group Y
with inferior infarction, one of four patients
with increased FDG uptake and none of four
without (NS) showed exercise induced ST
elevation.

The sensitivity, specificity, and predictive
accuracy of redistribution on exercise thallium-
201 SPECT for detecting the viable myocar-
dium were 43%, 78%, and 51%, respectively.

Table 1 Comparison of clinical data in groups A and B

Group A Group B p value

Number of patients 16 21
Age (years) (mean (SD)) 57 (11) 62 (10) NS
Sex: male/female 14/2 18/3 NS
Location of infarction: anterior/inferior 15/1 7/14 <0.001
Pressure–rate product at peak exercise (mm Hg.beats/min)

(mean (SD)) 24 088 (4561) 22 146 (5167) NS
ST elevation >1.0 mm on resting ECG

present (%)/absent (%) 7 (44%)/9 (56%) 2 (10%)/19 (90%) <0.05
Exercise induced ST depression present (%)/absent (%) 2 (13%)/14 (87%) 9 (43%)/12 (57%) <0.05
Redistribution on exercise SPECT present (%)/absent (%) 4 (25%)/12 (75%) 10 (48%)/11 (52%) NS
Irreversible defect mean defect score <3/>3 3/9 3/8 NS
Number of diseased vessels

One vessel disease (%) 15 (94%) 17 (71%)
Two vessel disease (%) 1 (6%) 3 (14%)
Three vessel disease (%) 0 1 (5%) NS

% Stenosis of infarct related artery
100% 5 6
<99% 0 4
<90% 6 6
<50% 3 4
Unknown 2 1 NS

Collateral flow to infarct related artery
Grade 3 0 2
Grade 2 1 3
Grade 1 1 3
Grade 0 12 12
Unknown 2 1 NS

Dyskinetic segment present (%)/absent (%) 7 (50%)/7 (50%) 5 (26%)/14 (74%) NS
Global left ventricular wall motion abnormality index

(mean (SD)) 5.9 (1.8) 5.4 (2.9) NS

Group A, patients with exercise induced ST segment elevation; group B, patients without exercise induced ST segment elevation.

Table 2 Relations among exercise induced ST elevation, redistribution, and increased
FDG uptake

Total Group A Group B

All patients Group X Increased FDG uptake (+) 12 4 8
Increased FDG uptake (−) 2 0 2
Total 14 4 10

Group Y Increased FDG uptake (+) 16 11 5
Increased FDG uptake (−) 7 1 6
Total 23 12 11

Anterior MI Group X Increased FDG uptake (+) 7 4 3
Increased FDG uptake (−) 0 0 0
Total 7 4 3

Group Y Increased FDG uptake (+) 11 10 1
Increased FDG uptake (−) 4 1 3
Total 15 11 4

Inferior MI Group X Increased FDG uptake (+) 5 0 5
Increased FDG uptake (−) 2 0 2
Total 7 0 7

Group Y Increased FDG uptake (+) 5 1 4
Increased FDG uptake (−) 3 0 3
Total 8 1 7

Values are numbers of patients.
Group A, patients with exercise induced ST segment elevation; group B, patients without exercise
induced ST segment elevation; group X, patients with redistribution on exercise thallium-201
scan; group Y, patients without redistribution on exercise thallium-201 scan; (+), present; (−),
absent. MI, myocardial infarction.
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These values in patients with anterior infarcts
were 39%, 100%, and 50%, respectively. For
inferior infarcts, respective values were 50%,
60%, and 53%.

In 28 patients with increased FDG uptake,
17 showed redistribution or a mild irreversible
defect (mean defect score < 3), or both. In
nine patients without increased FDG uptake,
four showed a mild irreversible defect. The
sensitivity, specificity, and predictive accuracy
of the combination of mild irreversible defect
and redistribution on exercise thallium-201
SPECT for detecting the viable myocardium
were 61%, 44%, and 57%, respectively.

COMBINATION OF EXERCISE INDUCED ST

SEGMENT ELEVATION AND REDISTRIBUTION ON

EXERCISE THALLIUM-201 SPECT
Data are shown in table 4. Overall, 26 patients
showed redistribution on exercise thallium-201
SPECT, exercise induced ST segment eleva-
tion, or both (group P), and 11 showed neither
of the two phenomena (group N). Eighteen
patients in group P and four in group N had
anterior infarcts (NS). While 23 patients in
group P (88%) had increased FDG uptake in
the infarct related territory, only five (45%) in

group N had increased uptake (p < 0.05).
When only anterior infarcts were analysed, 17
patients in group P (94%) and one in group N
(25%) showed increased FDG uptake
(p < 0.05). When only inferior infarcts were
analysed, six patients in group P (75%) and
four in group N (57%) showed increased FDG
uptake (NS).

The sensitivity, specificity, and predictive
accuracy of the combination of redistribution
on exercise thallium-201 SPECT and exercise
induced ST segment elevation for detecting the
viable myocardium were 82% (p < 0.005 v
only redistribution), 75% (NS), and 67%
(p < 0.01), respectively. These values in pa-
tients with anterior infarcts were 94%
(p < 0.0005 v only redistribution), 75% (NS),
and 91% (p < 0.005), respectively. In patients
with inferior infarcts, respective values were
60%, 60%, and 60% (all NS v only redistribu-
tion), respectively.

Discussion
In this study, 94% of the patients with exercise
induced ST elevation showed increased FDG
uptake in the infarct territory. The presence of
redistribution on conventional exercise

Table 3 Comparison of clinical data in groups X and Y

Group X Group Y p Value

Number of patients 14 23
Age (years) (mean (SD)) 61 (8) 59 (12) NS
Sex: male/female 11/3 21/2 NS
Location of infarction: anterior/inferior 7/7 15/8 NS
Pressure–rate product at peak exercise (mm Hg.beats/min)

(mean (SD)) 23 997 (5136) 22 370 (4835) NS
Exercise induced ST elevation present (%)/absent (%) 4 (29%)/10 (71%) 12 (52%)/11 (48%) NS
Exercise induced ST depression present (%)/absent (%) 6 (43%)/8 (57%) 5 (22%)/18 (78%) NS
Number of diseased vessels

One vessel disease (%) 10 (71%) 22 (96%)
Two vessel disease (%) 3 (21%) 1 (4%)
Three vessel disease (%) 1 (7%) 0 NS

% Stenosis of infarct related artery
100% 2 9
<99% 3 1
<90% 6 6
<50% 2 5
Unknown 1 2 NS

Collateral flow to infarct related artery
Grade 3 1 1
Grade 2 3 1
Grade 1 1 3
Grade 0 8 16
Unknown 1 2 NS

Dyskinetic segment present (%)/absent (%) 2 (17%)/12 (83%) 10 (48%)/11 (52%) <0.05
Global left ventricular wall motion abnormality index (mean

(SD)) 5.0 (2.8) 6.0 (2.3) NS

Group X, patients with redistribution on exercise thallium-201 scan; group Y, patients without redistribution on exercise thallium-
201 scan.

Table 4 Relations between the combination of exercise induced ST elevation and redistribution, and increased FDG
uptake

Total Group P Group N p Value
Sensitivity
(%)

Specificity
(%)

Predictive
accuracy
(%)

All patients Increased FDG uptake (+) 28 23 5
Increased FDG uptake (−) 9 3 6 <0.05 82 75 67
Total 37 26 11

Anterior MI Increased FDG uptake (+) 18 17 1
Increased FDG uptake (−) 4 1 3 <0.05 94 75 91
Total 22 18 4

Inferior MI Increased FDG uptake (+) 10 6 4
Increased FDG uptake (−) 2 2 3 NS 60 60 60
Total 15 8 7

Values are numbers of patients.
Group P, patients with exercise induced ST segment elevation, redistribution on exercise thallium-201 scan, or both; group N,
patients with neither exercise induced ST segment elevation nor redistribution on exercise thallium-201 scan; (+), present; (−),
absent. MI, myocardial infarction.

Detection of viable myocardium 21
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thallium-201 SPECT, exercise induced ST
elevation in infarct related leads, or both, in
patients with an acute Q wave infarct has a high
sensitivity, specificity, and predictive accuracy
for detecting viable myocardium, especially in
patients with an anterior infarct.

Dilsizian et al reported that 42 (49%) of 85
irreversible regions on three to four hour
delayed images on exercise thallium-201
SPECT showed an improved or normal
uptake of thallium-201 after a second
injection.6 Tamaki et al reported that 26 (54%)
of 48 abnormal segments without redistribu-
tion on conventional three hour delayed
images showed ischaemia on PET, and 19
(73%) of them had new fill-in after the
reinjection of thallium-201.17 Bonow et al
reported the uptake of FDG uptake in 121
(73%) of 166 segments with irreversible
defects on conventional four hour delayed
images on exercise scintigraphy, of which 69
segments (57%) showed new fill-in after
thallium-201 reinjection.9 Kiat et al found late
reversibility on 18 to 72 hour delayed images
in 74 (61%) of 122 regions irreversible on four
hour delayed image on exercise thallium-201
SPECT.4

In our study, 68% of patients with irrevers-
ible defects on conventional exercise four hour
redistribution myocardial SPECT and in-
creased FDG uptake in the infarct related ter-
ritory showed exercise induced ST elevation.
In patients with anterior infarction, 91% of
those with irreversible defects and an increase
in FDG uptake had exercise induced ST eleva-
tion. These results are comparable with the
previous reports of detection of viable myocar-
dium in irreversible defects on conventional
exercise thallium-201 SPECT after the reinjec-
tion of thallium-201, or on 18 to 72 hour
delayed images.

Many investigators have explored whether
exercise induced ST elevation in patients with
previous myocardial infarction is caused by
myocardial ischaemia or left ventricular wall
motion abnormality. Waters et al reported that
exercise induced ST elevation was associated
with dyskinetic or akinetic myocardial
segments.18 According to Weiner et al, exercise
induced ST elevation without ST depression
suggested single vessel disease and left ventricu-
lar aneurysm.19 Chahine et al and Sriwattana-
komen et al felt that exercise induced ST eleva-
tion reflected the presence of severe coronary
artery disease and left ventricular aneurysm.20 21

Fox et al reported that coronary artery bypass
grafting abolished exercise induced ST elevation
and symptoms in 11 of 19 patients, suggesting
the importance of exercise induced ST elevation
in myocardial ischaemia.22 Dunn et al reported
that the exercise induced ST elevation corre-
sponded to severe coronary artery stenosis,
abnormal left ventricular wall motion, and a
thallium-201 defect (either a fixed defect on four
hour delayed image or redistribution), suggest-
ing that exercise induced ST elevation may due
to peri-infarctional ischaemia, abnormal ven-
tricular wall motion, or both.23 Other investiga-
tors, using conventional exercise redistribution
thallium-201 scanning for detecting myocardial

ischaemia, suggested that the mechanism for the
exercise induced ST elevation might be me-
chanical rather than related to myocardial
ischaemia.24–26 The disagreement between previ-
ous and recent data regarding the mechanism of
exercise induced ST elevation may be related to
the current widespread use of thrombolysis in
the acute phase of myocardial infarction, result-
ing in more residual viability. Conventional
exercise redistribution thallium-201 scintigra-
phy can miss the presence of myocardial ischae-
mia in many patients, and it can be detected only
by reinjection of thallium-201 or by FDG
PET.5 6 9 However, mild irreversible thallium-
201 defects reflect viability, although they may
not reflect inducible ischaemia. The lack of a
diVerence in the incidence redistribution be-
tween groups A and B in our study is consistent
with previous reports.24 25 27 We used PET with
FDG, a marker of exogenous glucose uptake, for
detecting the viable myocardium. This tracer
has been reported to detect residual viability
more sensitively than the reinjection of
thallium-2019 and to predict the potential
reversibility of wall motion abnormalities follow-
ing revascularisation.28 29 Our results showed
that exercise induced ST elevation was closely
associated with the presence of a viable myocar-
dium in the infarct territory.

Margonato et al reported that 94% of
patients with, and 50% of patients without,
exercise induced ST elevation showed revers-
ible defects on conventional exercise thallium-
201 planar scintigraphy within six months of
myocardial infarction.10 Their incidence of
redistribution in patients with exercise induced
ST elevation was much higher than in other
reports.23 24 Margonato et al considered the dif-
ference to be caused by the short interval
between the myocardial infarction and the
exercise testing, and the high incidence (59%)
of patent infarct related coronary arteries. In
the present study, which was performed in an
earlier phase of myocardial infarction (less than
seven weeks), only 33% of patients showed
redistribution, and 56% of patients with
exercise induced ST elevation had patent
infarct related arteries. The incidence of redis-
tribution in patients with exercise induced ST
elevation in the present study resembled that
found in other previously reported studies,23 24

though not that of Margonato et al.10 Tamaki et
al observed new fill-in after reinjection in
segments with persistent defects on three hour
delayed images more often in the segments
with an increased FDG uptake than in
segments without increased FDG uptake.17

The incidence of redistribution in the present
study may have been influenced by the
incidence of increased FDG uptake in the
patients.

Although half of our patients with exercise
induced ST elevation had a dyskinetic seg-
ment, 94% of this group had residual viable
myocardium in the infarct region, which
suggests that the wall motion abnormalities are
potentially reversible after revascularisation.28 29

The absence of exercise induced ST elevation
did not rule out the presence of viable
myocardium. In the present study, 62% of the

22 Yamagishi, Akioka, Takagi, et al

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://heart.bm

j.com
/

H
eart: first published as 10.1136/hrt.81.1.17 on 1 January 1999. D

ow
nloaded from

 

http://heart.bmj.com/


patients without exercise induced ST elevation
showed an increased FDG uptake. Such obser-
vations were also reported by Margonato et al.11

The sensitivity, specificity, and predictive
accuracy were lower in the patients with
inferior infarcts than in those with anterior in-
farcts. This may be caused by the influence of
diaphragmatic attenuation of visual analysis of
thallium-201 defects in inferior walls, or the
dual blood supply to the inferior wall.

Exercise induced ST depression was not
related to exercise induced ST elevation or
increased FDG uptake in infarct related
territory in the present study. Exercise induced
ST depression was considered to be related to
exercise induced ischaemia in infarct related
territory or remote areas, but not to myocardial
viability.

Three of our 28 patients with viable myocar-
dium in the infarct territory underwent suc-
cessful angioplasty in the acute phase of infarc-
tion, and five had stenosis of the infarct related
artery of less than 50%. In these patients, the
ischaemia indicated by an increased FDG
uptake could not result from limitation of
blood flow from stenosis of the epicardial cor-
onary artery. Schofer et al reported a scinti-
graphic no-reflow phenomenon after
thrombolysis.30 Myocardial ischaemia without
significant stenosis of the coronary artery may
be caused by no-reflow or by obstruction of
microvessels in the infarct region.

Gropler et al reported that FDG uptake
under fasting conditions might underestimate
tissue viability.31 We did not investigate serial
changes in left ventricular wall motion abnor-
mality. That would be necessary to confirm
whether FDG uptake under fasting conditions
detected by redistribution or exercise induced
ST elevation may indicate the potential revers-
ibility of the wall motion abnormalities after
revascularisation. We assessed SPECT and
PET images visually in only a small number of
patients. To confirm our results, quantitative
analysis in a larger patient population should
be performed.

CONCLUSION

In conclusion, the combination of conventional
exercise redistribution thallium-201 myocar-
dial SPECT and exercise induced ST elevation
can detect ischaemic but viable myocardium in
patients with acute Q wave myocardial infarc-
tion with high sensitivity and specificity,
especially in patients with anterior infarction.
Analysis of exercise induced ST elevation is
very simple, and this is an inexpensive and
widely available diagnostic procedure.
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IMAGES IN CARDIOLOGY

Systemic embolism during coronary artery bypass
surgery

A 71 year old white man with a history of
ischaemic heart disease with severe three vessel
coronary artery disease and congestive heart
failure (left ventricular ejection fraction
< 30%) was scheduled for coronary artery
bypass grafting using warm blood cardioplegia.

Routine perioperative transoesophageal echo-
cardiography after weaning oV cardiopulmon-
ary bypass uncovered an impending intracar-
diac thrombus, first caught in the subvalvar
apparatus of the posterior mitral valve leaflet,
later presenting as a free floating left ventricu-
lar mass (LVOT, left ventricular outflow tract;
EMB, intracardiac thrombus).

The oval structure, not seen at preoperative
transthoracic or transoesophageal echocardio-
graphy, rapidly disappeared in the blood flow
before extracorporeal circulation could be
reinstituted. Further echocardiographic evalu-
ation failed to localise the thrombus in a
cardiac chamber or in the aorta. An extensive
search for systemic embolisation into the
peripheral arterial circulation was performed.
No anisocoria was noted but a postoperative
continuous Doppler flow analysis of the lower
limbs revealed a possible embolism to the left
tibial artery, threatening the viability of the
extremity. Fortunately, distal flow in the left
lower limb was successfully restored after
embolectomy using a Fogarthy catheter. The
patient made an uneventful recovery and was
left with no long term sequelae.
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