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SUMMARY Exercise and rest thallium scintigraphy and exercise electrocardiography were

performed after discharge in 158 patients aged <76 years admitted with chest pain in whom a

suspected diagnosis of acute myocardial infarction had not been confirmed. During a follow up of
12-24 months (median 14 months) there were 10 cardiac events-that is, non-fatal acute myo-
cardial infarction or cardiac deaths. Transient thallium defects and abnormal ST response (that
is ST segment deviation or uninterpretable ST segment) during exercise were correlated
significantly with an unfavourable prognosis. One hundred and four patients with neither of these
characteristics were at lower risk of a cardiac event than the 19 patients with both of these
characteristics. The percentages of patients in these two groups without a cardiac event after one
year were 98 1 and 78-8 respectively.
Thallium scintigraphy, alone or in combination with exercise electrocardiography, can be used

to identify groups at high and low risk of future cardiac events, in patients with chest pain in
whom acute myocardial infarction is suspected but not found.

Patients admitted with suspected acute myocardial
infarction in whom the diagnosis is not confirmed
have a high risk of cardiac events after discharge.'l
The risk is almost as great as it is in patients dis-
charged after a confirmed myocardial infarction.'2
A method for identifying subgroups of high and low
risk patients without acute myocardial infarction
would be clinically useful. High risk patients could
be considered for further investigations or close fol-
low up, whereas low risk patients could be reassured
about their prognosis.
Thallium scintigraphy at rest and during exercise

is a sensitive and specific predictor of ischaemic
heart disease.4 5 It has been used to identify high risk
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groups in patients with chest pain,6 7 and in patients
with recent acute myocardial infarction.8 9 The pur-
pose of this prospective study was to evaluate
whether thallium scintigraphy alone or in
combination with exercise electrocardiography
could identify high and low risk groups of patients
admitted with chest pain without confirmed myo-
cardial infarction.

Patients and methods

One hundred and fifty eight patients admitted with
suspected acute myocardial infarction in whom this
diagnosis was not confirmed were examined by exer-
cise and rest thallium scintigraphy and exercise
electrocardiography. Figure 1 shows that in a one
year period (November 1 1981 to October 31 1982)
975 patients, residents of Frederiksborg County,
Denmark, were admitted at least once with a sus-
pected acute myocardial infarction to one of the four
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i ~ - -v 459 AMI confirmed

Patients without
confirmed AMI

516
259 Total excluded
75 >76years old
15 died during admission
82 severe chronic disease
63 admitted for reason other

than pain
59 non-cardiac cause of pain
51 cardiac, non-ischaemic

cause of pain

Patients without
confirmed AMI

257

99 Not studied for various
reasons

25 unwilling
10 practical reasons
5 AMI or death betore

examination
59 scintgraphy not possible

Patents without
confirmed AMI
studied with

thallium scintigraphy
158

Fig 1 Flow chart showing patients admitted with chest
pain, without confirmed acute myocardial infarction who
were assessed by thallium scintigraphy and exercise
electrocardiography.

coronary care units in the county. The suspicion of
acute myocardial infarction was raised by the regis-
trar on duty or by a general practitioner. Acute myo-
cardial infarction was suspected if the patient had
one or more of the following complaints: pain (that
is, pain, pressure, or discomfort in chest, arms, or

jaw for at least 20 minutes), severe dyspnoea, pul-
monary oedema, cardiac arrest, electrocardiographic
changes indicative of acute myocardial infarction, or

syncope.
Acute myocardial infarction was confirmed

in 459 patients (fig 1) who fulfilled at least one of
the following three criteria: (a) an increase in

cardiac enzymes (that is lactate dehydrogenase
> 8 34pkat/l; normal upper limit 7 09 pkat/I and/or
aspartate aminotransferase > 0-83 pkat/l; normal
upper limit 0-67 jkat/1); (b) electrocardiographic
changes with development of Q wave or ST-T dis-
placement or T wave inversion lasting >48 hours;
(c) positive evidence of acute myocardial infarction
at necropsy.. If none of the above laboratory criteria
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were fulfilled acute myocardial infarction was not
confirmed. Of the 516 patients without confirmed
acute myocardial infarction, 259 were excluded
because of one or more of the following exclusion
criteria (fig 1): (a) age > 75 years at admission; (b)
death during admission; (c) severe chrohic disease
other than ischaemic heart disease (cancer, chronic
pulmonary disease, sequelae of stroke, disability
preventing investigations, for example arthritis); (d)
admission for reasons other than pain; (e) confirmed
non-cardiac aetiology of chest pain, for example
pulmonary embolism, pleuro-pneumonia, ulcer,
musculoskeletal pain; (f) important non-ischaemic
heart disease, for example valvar heart disease,
pericarditis, cardiomyopathy, arrhythmias. Ninety
nine patients were not examined for various reasons
(fig 1), including 59 patients in whom thallium
scintigraphy was not possible because time for
examination on the gamma-camera was limited,
problems with delivery of thallium, or technical
difficulties during the study.
Thus finally 158 patients who had been admitted

with chest pain had thallium scintigraphy and an
exercise test. The study was accepted by the regional
ethics committee. Thirty eight (24%) of the patients
were women and their median age was 56-7 years
(range 32-75 years). Fifty nine patients had a history
of angina pectoris and 34 of previous acute myo-
cardial infarction.

Exercise electrocardiography combined with
thallium scintigraphy was performed on the day of
discharge or within four weeks of discharge. Exer-
cise electrocardiography was performed three hours
after the morning meal; the participants had not
smoked or taken glyceryl trinitrate in this period.
After 10 minutes of supine rest a 12 lead electro-
cardiogram was recorded. During exercise, leads
V2, V4, and V6 were continuously recorded on
paper at 10 mm/s and every minute at 50 mm/s for at
least 15 s.
A symptom limited exercise test was performed

on an electrically braked ergometer. The initial
workload was 50W except in a few patients where it
was 25 W. The workload was increased by 50 (or
25)W every three minutes until the patient had to
stop. ST segment changes during exercise were
coded as: (a) normal; (b) ST deviation-that is
elevation above 0 1 mV; ST depression at J point
with horizontal or downsloping ST segment of
0 1 mV or more; and (c) uninterpretable-that is left
bundle branch block at rest or development of left or
right bundle branch block during exercise; ST seg-
ment depression combined with either depression
at rest, left ventricular hypertrophy, right bundle
branch block, left hemiblock, or digoxin treatment.
An abnormal exercise electrocardiogram was
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defined as ST segment deviation (b) or uninterpret-
able (c).
Thallium chloride (2 m Ci) was injected intra-

venously one minute before the patients stopped
exercising. Imaging was performed 5-10 minutes
after the end of exercise and repeated after four
hours.
Three images were acquired in 64 x 64 matrices

with a GE Maxicamera large field of view: these
were in anterior and left anterior oblique projections
at 450 and 650. A zoom factor of 1-4 was used and
350 000 counts were registered in the matrices. The
total radiation exposure was approximately
140 mrad. The scintigrams were processed on a
DEC gamma-l1 system by a quantification pro-
cedure developed at the Thoraxcenter.10 The
orientation of the redistribution images was adjusted
for rotation and translation with respect to the corre-
sponding exercise images by interaction with the
computer system until the same orientations were
obtained visually. After automated left ventricular
contour detection and interpolative background
subtraction, circumferential profiles were computed
at 60 intervals. The profiles of the exercise and redis-
tribution images were normalised for the maximal
value in the immediate post-exercise images (100%)
excluding the outflow tract of the left ventricle. The
analogue pictures from the gamma camera, the pro-
cessed images, and the circumferential profiles were
analysed by three independent observers without
knowledge of the clinical or exercise electro-
cardiographic data. The interpretations of the three
observers were compared and disagreement was
resolved by consensus.
The thallium uptake in a total of nine segments

in the three views was scored as normal or abnormal
in the immediate post-exercise and redistribution
images. The following segments were defined:
posteroinferior, apical, and anterior in the anterior
view; anteroseptal, apical, and posterolateral in the
left anterior oblique 450 view; and anterior, apical,
and inferoposterior in the left anterior oblique 650
view. The scintigrams were considered to show: (a)
persistent defects if one or more segments showed
abnormal areas without redistribution, (b) transient
defects if one or more areas were initially abnormal,
but later showed redistribution, or (c) normal uptake
if both images were normal in all three views. The
total number of permanent or transient defects and
the locations were also calculated.

FOLLOW UP
The patients were followed from 12 to 24 months
(median 14 months). Information on death was com-
plete. It was obtained from the National Person
Registration Office; in these cases further informa-

tion was obtained from hospital records or death
certificates. Information about acute myocardial
infarction was obtained from the County Central
Registry, which contains information on all hospital
admissions in the county. To cover the possibility of
patients suffering an acute myocardial infarction
outside the county all patients were sent one ques-
tionnaire and one reminder. Ninety five per cent
answered the questionnaire. All recorded acute
myocardial infarctions occurred in the county.

STATISTICAL ANALYSIS
In the failure-time analysis a cardiac event was used
as the end point. Non-cardiac deaths were excluded
and only the first appearance of a cardiac event was
considered. The probability of a cardiac event-free
period after discharge was estimated by the Kaplan-
Meier method, corrected for possible delayed
entry.'' 12 The patients were considered to be at risk
from the time of investigation until a cardiac event
or censoring (or from time of discharge if the
investigation was performed before discharge). The
estimated cardiac event-free curves for groups were
compared by the log-rank test.'2

Results

FOLLOW UP
During follow up there were 10 cardiac events in the
patients in whom exercise electrocardiography and
thallium scintigraphy were performed. These were
eight non-fatal acute myocardial infarctions, one
fatal acute myocardial infarction, and one sudden
death. Five events occurred within three months.

Eight cardiac events occurred in the 59 patients
scheduled for thallium scintigraphy in whom the
procedure could not be performed for reasons men-
tioned earlier (fig 1). The prognosis for these
patients was slightly worse than it was in the 158
patients in whom thallium scintigraphy was
performed (p < 0-05).

THALLIUM SCINTIGRAPHY
Thallium scintigraphy was normal in 97 (61-4%)
patients. Persistent defects were found in 48
(30-3%) patients; the location was anterior in seven,
posterolateral in 35, both in four, and apical only in
two patients. Transient defects were recorded in 29
(18 3%) patients; the location was anterior in six,
posterior in 14, and both in nine patients. Sixteen
(10-1%) patients had both transient and persistent
defects; 61 patients (38-6%) had either or both.
The table shows the prognosis in relation to thal-

lium scintigraphy. A transient defect was a very
sensitive predictor of later cardiac events (fig 2),
whereas persistent defects were not. An abnormal
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Table Results of thallium scintigraphy and exercise
electrocardiography and later cardiac events

Total No with I year 0
No CE* without a CEt Pll

All patients

Persistent defects:
No
Yes

Transient defects:
No
Yes

Combined:
No defect
Transient only
Persistent only
Both

Transient, persistent
defect, or both

Ex
Normal
ST deviation
Uninterpretable
ST deviation or

uninterpretable

158 10 -
Thallium scintigraphy

110 6
48 4

93-8
94.4

129 4 97-8
29 6 82-6

97
13
32
16

2
4
2
2

61 8
xercise electrocardiogr
114 3
20 3
24 4

44 7
Thallium scintigraphy and exercise electroc

Both tests normal 104 2
Either test abnormal 35 3
Both tests abnormal 19 5

*CE, cardiac event.
tKaplan-Meier estimate of percentage wit}
after one year follow up.
compared with "no defect";

§compared with "normal exercise electroca
ILog-rank test for comparison of survival c
follow up period.
**Abnormal exercise test includes ST devi
ST segment.

scintigram, that is one showing ti
or combined defects, identifies
patients with later cardiac events
ber of areas with scintigraphic
their location gave further progn

EXERCISE ELECTROCARDIOGRA
The exercise electrocardiogram
patients. ST deviation was seen i
patients had ST elevation, 11 h
depression, and five patients ha
> 0 2 mV. The exercise electrocai
terpretable in 24 patients (see FI
ods). The table shows the progi
exercise electrocardiography.

THALLIUM SCINTIGRAPHY AN
ELECTROCARDIOGRAPHY
Cardiac events subsequently occ
104 (65 8%) patients with non
that is no transient defect and a n(
trocardiogram. In 35 (22-2%)
exercise electrocardiogram was
lium scintigraphy showed a tran

97-8
69-2
93-8
93-8

&8-5
*aphy

}0.506

}0*001

n0-.n
J
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100 No transient defect (129)

90-

cs i Transient defect (29)
E 80-
a

° 70-

60 ,

0 3 12 15
(months)

IV_VVI Fig 2 Kaplan-Meier estimates of percentage without a
cardiac event in patients with transient defects or without

0 005t transient defects on thallium scintigraphy.

894-53 lo.005 of these patients later suffered a cardiac event. In 19
87-5 J (12-0%) patients both tests were abnormal-the
861 0-001§ exercise electrocardiogram showed ST deviation or
ardiography combined** was uninterpretable and thallium scintigraphy
98-1 showed a transient defect. Five of these later
909 0-001 suffered a cardiac event. Figure 3 shows the esti-

mated percentage without a cardiac event over time.
Patients in whom both tests were abnormal had a
significantly worse prognosis.

Lrdiogram".
Dsuso

curves during the whole Discussion

iation or uninterpretable Patients admitted with suspected acute myocardial
infarction because of chest pain in whom the diagno-
sis is not subsequently confirmed have a high risk of

ransient, persistent, cardiac events after discharge.1`3 In the present
i eight out of 10 groups the prognosis was only slightly better in the
Neither the num-
abnormalities nor

iostic information. 100 B n

~PHY g! 90~ t| Either abnormal (35)
was normal in 114 l
in 20 patients. Four B 80- Both abnormal (19)
kad 01-02mV ST
i ST depression of 0 70
rdiogram was unin-
'atients and Meth- St p-0001
nosis in relation to

ID EXERCISE

urred in two of the
mal scintigraphy-
ormal exercise elec-
patients either the
abnormal or thal-
Lsient defect. Three

0 3 6 9 12 15
(months)

Fig 3 Kaplan-Meier estimates of percentage without a
cardiac event in relation to the combination of exercise
electrocardiography and thallium scintigraphy. Abnormal
exercise electrocardiography includes ST deviation or
uninterpretable ST segment. Abnormal thallium
scintigraphy includes transient defects only. Both
normal, n = 104; either abnormal, n = 35; both
abnormal, n = 19 (p = 0 001).
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257 patients without confirmed acute myocardial
infarction (fig 1) than it was in a corresponding
group of 275 patients discharged after confirmed
acute myocardial infarction (p = 0.05). 13The esti-
mated risk of cardiac events after one year was 8.7%
and 13-9% respectively.
The purpose of this study was to see whether it

was possible to identify different risk groups of
patients without confirmed acute myocardial
infarction by thallium scintigraphy alone or in
combination with exercise electrocardiography. The
presence of transient defects on thallium scin-
tigraphy was significantly associated with later car-
diac events (fig 2). Although the combination of per-
manent and transient defects identified eight out of
10 patients with cardiac events in the observation
period, scintigraphy alone was not a specific indi-
cator of prognosis, because permanent defects on
their own were not related to prognosis.
These results accord with previous studies that

have shown that thallium scintigraphy gives prog-
nostic information on patients evaluated for chest
pain.6 Iskandrian et al showed that the number of
defects, transient or permanent, and the presence of
perfusion defects were the two most important inde-
pendent predictors of cardiac events in such
patients.7

Patients with chest pain and normal thallium
scintigraphy have a good prognosis.1415 Pamelia
et al found a cardiac event rate of 1 1%- per year in
such patients. 14 The present study shows almost the
same results. The incidence of cardiac events after
one year was only 2 2% (table 1). These results are
also supported by the findings of Ilsley et al and Pat-
terson et al, who found that in patients with chest
pain important coronary artery disease can be ruled
out with more than 90% certainty if both an exercise
test and thallium scintigraphy are normal. 16 17
The prognosis in patients in whom thallium

scintigraphy was not possible was slightly worse
than that in patients in whom it was performed. The
selection of patients for scintigraphy was determined
randomly by factors independent of the study. Thus
the difference in prognosis must have occurred by
chance.
ST segment depression during exercise was asso-

ciated with an unfavourable prognosis, and a normal
ST segment was associated with a good prognosis
(table). This accords with studies of patients with
angina pectoris.18 The ST segment response during
exercise was uninterpretable in 15% of the patients
(table). These patients too had a less favourable
prognosis. When patients with an uninterpretable
exercise electrocardiogram were grouped with
patients with ST segment depression during
exercise-that is an abnormal exercise

electrocardiogram-the prognostic information
given by the exercise electrocardiogram and in
thallium scintigraphy (table) is slightly different,
,and in this study thallium scintigraphy gives the best
differentiation between groups.
A combination of the two methods gave the most

information about prognosis (fig 3). The patients
,could be divided into three groups according to the
event free ratei after one year: (a) a low risk group
with two normal tests, making up two thirds of the
total group, where 98.8% were event free; (b) a high
risk group with two abnormal tests, 12% of all
patients, of whom 78&8% were event free; (c) a
medium risk group, making up one fifth of the
population, with one abnormal test only in whom
908% were event free. Differences between risk
grQUps did not become apparent until 3-6 months
after assessment.
The study design meant that we studied younger

patients with chest pain and without severe disease,
other than possible coronary heart disease. Never-
theless, the results show that both exercise electro-
cardiography and thallium scintigraphy can identify
high and low risk groups. The combination of the
methods adds further prognostic information. Most
patients are at low risk and such patients can be reas-
sured about the probable benign nature of their
chest pain and can be discharged without the need
for outpatient follow up or further investigations.
Patients with aihigh risk should be followed closely
after discharge.
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