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Many patients suspected of having coronary artery dis-
ease are unable to undergo adequate exercise testing.
An alternate stress, pacing tachycardia, has been shown
to produce electrocardiographic changes that are as sen-
sitive and specific as those ohserved during exercise test-
ing. To compare thallium-201 imaging after atrial pacing
stress with thallium imaging after exercise stress, 22
patients undergoing cardiac catheterization were studied
with both standard exercise thallium imaging and pacing
thallium imaging.

Positive ischemic electrocardiographic changes (> 1
mm ST segment depression) were noted in 11 of 16 pa-
tients with coronary artery disease during exercise, and
in 15 of the 16 patients during atrial pacing. One of six
patients with normal or trivial coronary artery disease
had a positive electrocardiogram with each test. Exercise
thallium imaging was positive in 13 of 16 patients with
coronary artery disease compared with 15 of 16 patients

during atrial pacing. Three of six patients without coro-
nary artery disease had a positive scan with exercise
testing, and two of these same patients developed a pos-
itive scan with atrial pacing. Of those patients with coro-
nary artery disease and an abnormal scan, 85% showed
redistribution with exercise testing compared with 87%
during atrial pacing. Segment by segment comparison
of thallium imaging after either atrial pacing or exercise
showed that there was a good correlation of the location
and severity of the thallium defects (r = 0.83, p =
0.0001, Spearman rank correlation).

It is concluded that the location and presence of both
fixed and transient thallium defects after atrial pacing
are closely correlated with the findings after exercise
testing. Thus, atrial pacing may be used as a stress for
myocardial perfusion scintigraphy in patients unable to
complete a satisfactory exercise test.

Graded exercise testing is a well established method for the
evaluation of myocardial ischemia (1-4), and the use of
thallium-201 myocardial scintigraphy in conjunction with
electrocardiography has enhanced the usefulness of exercise
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testing for the detection and quantification of coronary artery
disease (5—14). Thallium scintigraphy has been particularly
useful in evaluating patients with ventricular conduction
defects that interfere with the electrocardiographic interpre-
tation of the test (10). However, adequate exercise testing
is not always possible in patients in whom the diagnosis of
coronary artery disease is suspected, since some patients
are physically incapable of an adequate level of exercise
because of pulmonary or peripheral vascular disease or mus-
culoskeletal abnormalities. In addition, beta-receptor block-
ing agents may interfere with the chronotropic effect of
exercise and prevent some patients from reaching a sufficient
level of tachycardia.

Graded tachycardia using atrial pacing has been sug-
gested as an alternative to exercise testing for the assessment
of myocardial ischemia, but earlier studies have reported a
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lower sensitivity and specificity when compared with ex-
ercise testing (15-19). As a result, atrial pacing with thal-
lium-201 imaging has not been fully investigated (20). How-
ever, these investigations were completed before the routine
use of multichannel electrocardiographic monitoring (21-23)
and in many cases were not based on attainment of predictive
heart rates.

Because of the need for alternatives to exercise testing,
we tested the hypothesis that thallium-201 imaging with
pacing-induced tachycardia produces the same results as
thallium imaging with exercise testing in the same patients.
Improvement of the thallium image between the stress and
delayed images has been associated with transient reduction
of blood flow at the time of exercise-induced stress and,
therefore, is consistent with ischemia (8—12). The ability to
induce transient thallium defects must also be demonstrated
for thallium imaging with atrial pacing to be useful as a
diagnostic test (20).

Methods

Subjects. Twenty-two patients referred to the Beth Is-
rael Hospital for diagnostic coronary cineangiography par-
ticipated in the study. They were referred to one of the
authors because of unacceptable symptoms despite medical
therapy or for diagnosis of chest pain. Patients with other
cardiac disease such as valvular disorders or cardiomyopa-
thies were excluded from the study. All medications were
continued throughout the catheterization and stress tests (ex-
ercise and pacing). The protocol was approved by the Beth
Israel Hospital Human Investigation Committee. Informed
written consent was obtained and there were no complica-
tions as a result of this investigation.

Patient groups. Five patients without demonstrable
coronary artery disease and one with less than 25% diameter
reduction in two coronary vessels constituted the control
group (Group I). None of these patients had other underlying
cardiac disease or wall motion abnormalities by contrast
ventriculography. The remaining 16 patients (Group II) had
significant stenosis (50% or greater luminal diameter re-
duction in two angiographic views) in at least one coronary
artery or major branch. There was no significant difference
between the mean age in the two groups (Group I, 49 =
1 years; Group I, 56 = 9 years).

Exercise testing. Each patient performed multistage ex-
ercise testing by bicycle ergometry (1) in the fasting state.
Exercise testing was performed within 3 days of the atrial
pacing test in 18 patients, within 2 weeks in | patient and
within 1 month in the remaining 3 patients. After a 12 lead
electrocardiogram at rest, patients were exercised using a
bicycle ergometer in the upright position. Speed was held
constant while resistance was uniformly increased in 3 min-
ute intervals beginning at a work load of 25 to 30 watts.
Exercise was continued until the patient developed char-
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acteristic chest discomfort, severe fatigue, profound ST seg-
ment depressions (>3 mm), a decrease in systolic blood
pressure, serious arrhythmias or 85% of predicted maximal
heart rate. Blood pressure was measured intermittently
throughout the test. The electrocardiogram was monitored
using a Hewlett-Packard multichannel recorder (model 1514D,
Hewlett-Packard). Three electrocardiographic channels (Il,
V, and V5) were monitored continuously, while 12 lead
electrocardiograms were recorded at 1 minute intervals dur-
ing exercise, peak exercise, immediately after cessation of
exercise and after exercise until chest pain or electrocar-
diographic changes, or both, resolved. At least 1 minute
before cessation of exercise, thallium-201 was injected. Im-
aging was begun within 5 minutes of injection.

Selective coronary cineangiography. Coronary cine-
angiography was performed using standard techniques.
Multiple projections of each coronary artery were obtained
with good visualization of the entire coronary circulation in
each patient. The degree of coronary stenosis was evaluated
subjectively and independently by at least two of the authors,
and was estimated using the greatest degree of diameter
narrowing in any projection. Differences in evaluation were
resolved by consensus. Coronary artery stenosis was clas-
sified on the basis of the most severe narrowing of each of
the coronary arteries or major branches (left main, left an-
terior descending, major diagonal branches, circumflex, ma-
jor marginal branches and right coronary arteries). Patients
with at least 50% narrowing of one of these branches in
two views were considered to have hemodynamically sig-
nificant disease and, therefore, a positive angiogram.

Atrial pacing test. Right atrial pacing was performed
at the completion of coronary arteriography. A bipolar flared
pacing catheter was placed within the right atrium (Atri-
Pace I, Mansfield Scientific) using the percutaneous femoral
approach. No dislodgment occurred during pacing with this
pacing catheter, When a satisfactory pacing position had
been achieved, the pacing rate was then increased rapidly
until 85% of age-predicted maximal heart rate or atrioven-
tricular (AV) block occurred. If the patient developed AV
block at a rate that was less than 85% of the age-predicted
maximal rate, | mg of atropine was administered intrave-
nously. This was done in advance to ensure an adequate
level of pacing-induced tachycardia during the pacing stress
test. Atropine was administered if AV block occurred (90%).

Systemic arterial pressure was monitored using a per-
cutaneous radial or femoral artery cannula. A rest clectro-
cardiogram was obtained using a multichannel recorder.
Pacing was initiated at a rate of 80 beats/min, with pro-
gressive 15 beats/min increases of heart rate at 2 minute
intervals. At the peak heart rate, pacing was continued for
5 minutes if well tolerated. Leads II, V, and V5 were mon-
itored continuously during pacing. A 12 lead electrocardio-
gram was obtained during the last minute at each pacing
level, immediately after cessation of pacing and at | minute
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intervals until any chest symptoms or electrocardiographic
changes resolved. At each pacing rate, the presence, inten-
sity and character of chest discomfort were recorded. Pacing
was discontinued when the patient had developed either
typical and progressive chest symptoms with significant
electrocardiographic changes, or when a pacing rate had
been achieved that was at least 85% of the age-predicted
maximal rate.

Myocardial imaging. Protocol. Patients fasted for a
minimum of 4 hours before pacing or exercise testing to
reduce splanchnic concentrations of thallium. Thallium-201
was administered intravenously at peak stress (either pacing
or exercise) in a dose of 55 to 75 megabecquerels (1.5 to
2 mCi). To ensure adequate myocardial distribution of thal-
lium during pacing-induced ischemia, pacing was continued
for 5 minutes after the thallium injection. This procedure
was not associated with any complication. There was prompt
resolution of chest pain and electrocardiographic changes
after termination of pacing.

Myocardial imaging was begun within 5 minutes of tracer
administration. Images in the anterior, 40° modified left
anterior oblique and 70° left anterior oblique projections
were obtained with the patient in the supine position. The
anterior view was repeated at the completion of the other
views to assess early changes in myocardial size and lung
uptake. Redistribution images were obtained approximately
4 hours after cessation of stress.

Imaging was performed with a 37 photomuitiplier tube
Anger-type scintillation camera (Technicare 410) using a
20% window centered on the mercury X-ray images produced
after thallium decay (69 to 80 keV). A slant-hole collimator
was used to collect ail of the images. The anterior view was
performed with the head of the collimator in a 30° left
anterior oblique position with the hole pointed to the left.
The modified left anterior oblique view was performed with
the camera in the 40° left anterior oblique position with the
holes pointed down. The 70° left anterior oblique was per-
formed with the camera in the 40° left anterior oblique
position with the holes pointed to the right. Each of the
images was collected for a total of 6 minutes. Images were
displayed and stored using a Technicare VIP computer sys-
tem with flexible disk storage media.

Imaging analysis. Without prior knowledge of the re-
sults of stress testing or coronary cineangiography, three of
us interpreted all images by consensus. The uptake of thal-
lium in the three images was scored on a 4 point system (0
= normal, 1 = slightly decreased, 2 = markedly de-
creased, 3 = absent) in each of five segments (Fig. 1). The
scoring was compressed to a binary evaluation (normal or
abnormal) for some phases of the interpretation.

Thallium images were considered positive for the pres-
ence of coronary artery disease if one or more segments
unequivocally showed less uptake of the radionuclide than
surrounding areas. These criteria included patients with prior
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Figure 1. Illustration of analysis of thallium-201 scans. Each view
was divided into 5 segments, for a total of 15 segments. Each
segment was graded: 0 = normal; 1 = slight photon deficiency;
2 = marked photon deficiency; 3 = absent activity, same as
background. LAO = left anterior oblique; MLAO = modified
left anterior oblique.

myocardial infarction and those with reversible ischemia
(5,6). Thallium imaging was considered consistent with isch-
emia if there was improvement of the delayed scans when
compared with the peak stress scans (8,11). The imaging
techniques used could not distinguish between delayed re-
perfusion (occurring after 4 hours) and prior myocardial
infarction.

Arterial thallium distribution. To determine the time
course of thallium distribution during pacing, arterial blood
samples were collected in seven patients starting at the time
of intravenous injection. Samples were obtained at 1, 2, 3,
5, 10, 15 and 20 minutes after injection. Activities deter-
mined by well counting were expressed as a fraction of
injected dose.

Interpretation of the electrocardiogram. The electro-
cardiogram (both exercise and pacing) was regarded as pos-
itive if any lead demonstrated | mm or greater horizontal
or downsloping ST segment depression for 0.06 second or
longer from the J point, using the PR segment as the base-
line. Slow upsloping ST segments were considered positive
if 1.5 mm or more ST segment depression was present 0.08
second from the J point (4). The changes must have been
observed on three consecutive beats with a steady baseline.
All electrocardiograms were interpreted independently by
two of the authors who did not have prior knowledge of the
patients’ coronary anatomy or the results of the other stress
test.

Statistical methods. Mean values = 1 standard devia-
tion were calculated. The Wilcoxon signed rank test was
used to compare data. For comparison between exercise and
atrial pacing tests, sensitivity (Positive test/Positive angio-
gram X 100) and specificity (Negative test/Negative an-
giogram X 100) were calculated. The myocardial perfusion
scores with exercise testing and pacing were tabulated for
the anterior, modified left anterior oblique and 70° left an-
terior oblique views. The number of segments with exact
agreement or with one, two or three category differences
was calculated. The chance probability (p) of obtaining one,
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two or three category disagreement given the row and col-
umn frequency was also calculated. The Spearman rank
correlation coefficient was used to compare results on a
segment to segment basis (24).

Results

Arterial thallium distribution. The results of activity
collected from arterial samples during and after cessation
of atrial pacing are shown in Figure 2. Pacing was continued
for the first 5 minutes of the sample collections. Counts of
the blood from all seven patients demonstrated a similar
peak and disappearance of thallium from the arterial blood.
The arterial activity was highest during the first minute after
injection and decreased to approximately one-tenth of the
peak level within 5 minutes. However, moderate activity
did remain for at least 3 minutes after injection. Thus, the
highest blood activity of thallium occurred well within the
pacing period (first 5 minutes).

Exercise testing versus pacing. The heart rate-blood
pressure product at peak stress was the same with both atrial
pacing-induced tachycardia and exercise. Results for Group
[ with regard to symptoms, electrocardiographic findings

Figure 2. Fraction of injected dose of thallium-201 in the arterial
blood as a function of time after injection.
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and thallium scans are shown in Table 1. Chest pain oc-
curred in two of six patients with normal coronary arteries
during pacing tachycardia alone, in one patient during ex-
ercise alone and in one patient during both procedures. One
patient in Group I had ischemic electrocardiographic changes
during exercise and pacing. Thallium imaging was consid-
ered positive for coronary artery disease if one or more
segments showed less uptake of the radionuclide than the
surrounding areas. Because our purpose was to determine
the presence or absence of coronary artery disease, a scan
with either a fixed or reversible defect was classified as
positive. Thallium scintigraphy was positive in three of six
patients in Group I during exercise testing. During atrial
pacing, two patients in Group I had a positive scan, both
of whom also had positive scans during exercise.

Comparison of exercise testing and atrial pacing in pa-
tients with documented coronary artery disease (Group II)
is shown in Table 2. Nine of 16 patients developed chest
pain during both exercise and pacing tachycardia. In all
patients who developed symptoms, the chest pain was pres-
ent during both forms of stress. The electrocardiogram was
positive in 11 of 16 patients during exercise and in 15 of
16 during atrial pacing tachycardia. Thallium scintigraphy
was positive for coronary artery disease in 13 of 16 patients
with exercise and 15 of 16 patients with pacing.

An example of thallium imaging with exercise and pacing
in the same patient is shown in Figure 3. During both
procedures, the pdtient was subjected to stress to the point
of progressive chest pain and significant ischemic electro-
cardiographic changes. Both scans at peak stress revealed
photon-deficient areas in the apex and posterolateral and
inferior walls. Delayed scans (4 hours later) demonstrated
partial redistribution in the same areas. Coronary cinean-
giography of this patient documented severe three vessel
disease.

The ability of pacing tachycardia to induce reversible
thallium defects compatible with ischemia was also evalu-
ated. Comparisons were made between the peak stress and
delayed images obtained after both atrial pacing and exercise
testing in the same patients (Table 3). Any reduction in
score was considered compatible with redistribution. Re-
distribution was classified as either partial or complete, de-
pending on whether the region returned to normal thallium
activity. Of the 15 patients with abnormal thallium imaging
during atrial pacing, 87% showed either partial (10 patients)
or complete (2 patients) redistribution. Three patients had
persistent defects consistent with previous infarction. Ex-
ercise testing resulted in similar findings. Of 13 patients
with positive scans, 85% showed cither partial (9 patients)
or complete (2 patients) redistribution.

Segmental analysis of thallium abnormalities. To deter-
mine whether the sanie areas were affected by the two meth-
ods of stress, a statistical comparison of regional perfusion
defects was performed. Scans obtained at peak stress were
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Table 1. Comparison of Exercise Testing With Atrial Pacing in Subjects Without Coronary Disease (Group I)
Thallium Defect Scoref
. Chest Pain* ECG* Exercise Pacing
Presenting

Case Symptoms Exercise Pacing Exercise Pacing Stress Delay Stress Delay

1 A + - - - 7 3 0 0

2 A - + - - 2 2 4 2

3 A - - + + 0 0 0 0

4 A + + - - 2 2 1 0

5 A - - - - 0 0 0 0

6 A - - - - 0 0 0 0

*Positive test indicates stress-related chest pain; Tpositive test if 1 mm or greater ST segment depression; fthallium defects based on 0 to 45 scale

on which 0 = normal. A = atypical angina.

compared with regard to agreement or disagreement on a
segment by segment basis. Each peak stress comparison
was determined on the basis of three views divided into 5
segments each, or 15 segments per study. Results are shown
in Table 4. The total number of segments analyzed was
325. Total agreement was found in 263 segments (81%),
disagreements of one category in 59 segments (18%). dis-
agreements of two categories in 3 segments (1%) and dis-
agreements of three categories in none. The chance occur-
rence of disagreements of zero, one, two and three categories
would have been 60, 30, 9 and 1%, respectively. Spearman
rank correlation coefficient demonstrated a highty significant
correlation (r = 0.81, p = 0.0001). Therefore, these data
demonstrate a close correlation between segmental analysis
of thallium abnormalities induced by pacing and exercise.

Discussion

The purpose of the present study was to assess the value
of thallium-201 imaging during graded atrial pacing tachy-
cardia for the detection of coronary artery discase. We com-
pared the results of immediate and delayed imaging obtained
with atrial pacing tachycardia and those obtained by standard
exercise testing in patients with known coronary artery anat-
omy. There were similar electrocardiographic and thallium
image patterns with both forms of stress. In addition. seg-
ment by segment analysis revealed similar findings with
regard to location of thallium defects in both atrial pacing
and exercise stress testing. Thus, we found the pacing-
thallium stress test to be comparable with exercise-thallium
testing in the diagnosis of coronary artery disease.

Table 2. Comparison of Exercise Testing With Atrial Pacing in Patients With Significant Coronary Artery Disease (Group 11)

Thallium Defect Scoref

. Chest Pain* ECG* Exercise Pacing
Presenting Coronary
Case Symptoms Anatomy Exercise Pacing Exercise Pacing Stress Delay Stress Delay

7 T v + + + + 4 1 4 0

8 T LAD,RCA + + - + 8 4 12 10

9 T RCA + + + + 0 0 0 0
10 T LAD,LCx + + + + 9 3 5 2
11 T RCA - - + + 7 1 6 1
12 A 3V + + - + 0 0 4 0
13 T 3V - - - - 10 9 16 11
14 A LAD,RCA - - + + 1 0 3 1
15 T 3V + + + + 16 4 15 5
16 A 3V - - + + 2 2 5 1
17 T 3V + + + + 12 7 7 4
18 T LCx - - - + 5 4 6 6
19 T 3V + + + + 8 2 9 2
20 T RCA + + + + 8 7 8 8
21 T RCA,LCx - - + + 0 0 2 0
22 A 3V - - - + 8 0 13 6

*Positive test indicates exercise- or pacing-related chest pain; Tpositive test if | mm or greater ST segment depression; Jthallium defects based on 0

to 45 scale on which 0 = normal. A = atypical angina; LAD = left anterior descending artery or diagonal coronary artery, or both; LCx =

left

circumflex artery or marginal coronary artery, or both; RCA = right coronary artery; T = typical angina; 3V = three vessel coronary artery discase.



1202 HELLER ET AL.
MYOCARDIAL IMAGING AFTER ATRIAL PACING

ANTERIOR 40° ML AO

PACING

DELAY

w
2
Q
c
i
>
w

Figure 3. Case 15. Comparison of thallium-201 imaging at peak
exercise and atrial pacing. A patient with three vessel coronary
artery disease was subjected to stress until chest pain and electro-
cardiographic changes appeared with both tests. Thallium imaging
revealed apical, posterolateral and inferior photon-deficient areas
that showed marked improvement in delayed views. The same
defects were obtained during pacing and exercise stress.

Analysis of the study patients. The patients studied
were referred for coronary angiography because of severe
symptoms. Most of the patients had symptoms of typical
angina pectoris and clinical data strongly suggestive of coro-
nary artery disease, while others had atypical symptoms but
noninvasive data suggesting the presence of coronary artery
disease. In the latter category, despite atypical symptoms,
a number of patients had positive electrocardiographic or
thallium exercise tests. It would be expected that a signif-
icant percent of those patients would have normal or min-
imal coronary artery disease (25). Because of patient se-
lection, the present study was not designed to evaluate the
sensitivity or specificity of atrial pacing stress as an isolated
test for the diagnosis of coronary artery disease, but rather
to compare atrial pacing with exercise testing in the same
patients.

Thallium distribution during pacing. There are sev-
eral theoretical reasons why thallium distribution after atrial
pacing might be different from thallium distribution after
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Table 3. Comparison of Peak Stress and Delayed Views After
Atrial Pacing or Exercise Stress

Thallium Imaging

Redistribution*

Patients Persistent
(no.) Normal Complete Partial  Defect

Normal patients

Atrial pacing 6 4 1 1 0

Exercise testing 6 3 0 1 2
Patients with

CAD

Atrial pacing 16 15 3 10 2

Exercise testing 16 13 2 9 2

*Transient defects demonstrated by a change between the peak stress
views and 4 hour delay scans. CAD = coronary artery disease.

exercise. During pacing, coronary flow is increased without
an increase in cardiac output and, therefore, the percent
flow to the heart is increased. The increased percent of flow
to the heart could enhance the quality of thallium images
during pacing (26). In contrast, splanchnic flow is reduced
during exercise, but it is not affected by pacing. This factor
could reduce the quality of imaging during pacing. In our
study, we obtained images of comparable quality during
both pacing and exercise, suggesting that these two factors
either tended to cancel each other or were not of sufficient
magnitude to affect image quality.

Another difference between exercise and pacing is the
duration of stress-induced ischemia. When exercise is dis-
continued, tachycardia persists for several minutes, allowing
continued but gradually lessening ischemia. When atrial
pacing is discontinued, the heart rate immediately returns
to prepacing levels, and ischemia decreases rapidly. For
thallium imaging to be useful during atrial pacing, thallium
must reach the myocardium while the tissue is ischemic.
We determined the optimal duration of pacing after injection
of thallium by observing the arterial activity time curve (Fig.
2). The curve shows that the thallium activity approaches
equilibrium within 5 minutes. Because we continued pacing
for 5 minutes after injection, thallium distribution occurred
at the time of increased coronary blood flow. Furthermore,
the high percent of transient defects (87%) suggests that the
thallium is distributed while the tissue is ischemic (8,11).

Table 4. Segment by Segment Comparison of Exercise vs.
Pacing Defects During Thallium-201 Scintigraphy

Atrial Pacing
Slight Marked
Exercise Normal Decrease Decrease Absent
Normal 225 24 1 0
Slight decrease 20 30 6 |
Marked decrease 1 6 8 3
Absent 0 0 0 0
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Alternate methods of inducing ischemia. The use of
radionuclide imaging with exercise has resulted in a re-
surgence of interest in the noninvasive diagnosis and prog-
nosis of coronary artery disease (13,14). Recently, attention
has been focused on a group of patients in which standard
maximal exercise testing is not possible. Included in this
group are patients with physical impairments such as mus-
culoskeletal disorders, peripheral vascular disease or unsta-
ble angina and those undergoing treatment with beta-recep-
tor blocking agents.

The use of intravenous dipyridamole in conjunction with
thallium-201 scanning has been proposed as a method for
evaluating patients with limited exercise tolerance. Gould
et al. and others (27-31) have shown that this procedure
can reliably detect coronary artery disease. Utilizing delayed
imaging, transient defects have also been demonstrated (31).
Although the dipyridamole test can demonstrate ischemia
by thallium imaging without the need to exercise the patient,
two potential disadvantages exist. First, the administration
of dipyridamole has potentially serious side effects, includ-
ing prolonged chest pain and ischemia (31). Although the
ischemic effects are reversible with aminophylline. dipyr-
idamole stress may be less useful in evaluation of patients
with unstable angina or after myocardial infarction. On the
other hand, atrial pacing has been used successfully to study
patients shortly after myocardial infarction (32). Second,
the electrocardiogram is not of diagnostic usefulness during
the dipyridamole test and, therefore, this marker of ischemia
is lost.

Cold temperature stimulation (33-36) is another method
which has been suggested as an alternative method to ex-
ercise. The cold pressor test has been used with both radio-
nuclide ventriculography (33,34) and thallium imaging (35).
A recent study (36) reported unfavorable resuits using the
cold pressor test and, as with dipyridamole, the electrocar-
diogram could not be utilized. The choice between pacing,
dipyridamole or cold pressor as a stress in patients who
cannot exercise needs to be evaluated further. Each method
may have special advantages in specific situations.

Pacing thallium-201 imaging for the detection of sig-
nificant coronary artery disease. Thallium imaging after
pacing-induced tachycardia has not been widely used for
the diagnosis of coronary artery disease. This lack of interest
may be a result of the earlier studies (15-19) of atrial pacing
without imaging, which report poor sensitivity and speci-
ficity of the electrocardiographic changes when compared
with exercise testing. However, we demonstrated that com-
parison between exercise testing and atrial pacing can be
improved by the use of a number of modifications of the
pacing test. These include the use of a multichannel elec-
trocardiogram and utilization of electrocardiographic changes
or 85% maximally predicted heart rate as end points, rather
than the first onset of chest pain or excessively high heart
rates in patients without pain.
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Numerous studies (5-14) demonstrated that the addition
of thallium-201 imaging to exercise testing improves the
detection of coronary artery disease. In addition to diag-
nosis, it has also been found that differences between peak
stress and delayed images can identify areas of reversible
ischemic myocardium (8—12). Identification of ischemic but
viable myocardium is a major benefit to be obtained from
a comparison of the exercise and rest thallium scan. There-
fore, any test that serves as an alternative to exercise must
also be able to induce reversible changes (30). With atrial
pacing tachycardia, one recent study (20) using thallium
imaging has suggested that the ability to detect ischemic
defects is less than 10%. This study has demonstrated re-
versible thallium defects in 11 (85%) of 13 patients with
known coronary artery disease and abnormal scans. These
data compare favorably with our results with exercise test-
ing, which produced reversible defects in 69% of the same
patients. In previous reports, reversible thallium defects oc-
curred in 75% of patients given dipyridamole (30) and in
56% of patients with exercise testing (5).

In our patients, myocardial imaging with thallium-201
during atrial pacing correlated well with imaging during
exercise testing. Our series of patients was relatively small
and highly selected. Therefore, it was not possible to de-
termine the sensitivity and specificity of the pacing thallium
test. However, the similar location of both transient and
fixed thallium defects with pacing and exercise testing pro-
vides additional support for the comparability of the pacing
and exercise stress test.

Implications. We conclude that the atrial pacing thal-
lium test is a safe and reliable test for the diagnosis of
ischemic heart disease. This technique may be especially
useful in the study of patients unable to perform a standard
exercise test or in whom the interpretation of the exercise
test is difficult because of beta-receptor blockade.
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