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INTRODUCTION

Exercise thallium imaging has been widely used in
the diagnosis of coronary artery disease and risk
stratification. Patients limited by peripheral vascu-
lar, cerebrovascular, neuromuscular, pulmonary, or
other systemic or emotional conditions may be un-
able to achieve a maximal predicted heart rate
sufficient to adequate test their coronary flow reser-
ve. Pharmacologic stress testing has been evaluated
for many years as an alternative to dynamic exercise
test in the assessment of coronary artery disease,
especially in patients who are unable to perform
adequate exercise. Several drugs have been used for
pharmacologic stress testing with myocardial per-
fusion imaging. The most popular agents are selec-
tive coronary vasodilator, such as dipyridamole,
adenosine, and cardiac inotropic. agent like
dobutamine!~?,

Extensive studies have demonstrated that the
diagnostic accuracy of dipyridamole thallium imag-
ing is equivalent to that of exercise thallium
imaging®*'?9, The mechanism of dipyridamole in-
duced coronary vasodilation is increased blood level
of adenosine due to decreased cellular reuptake
metabolism!?, Although dipyridamole thallium
imaging has proved its clinical usefulness and safty,

its prolonged use posses a potential problem in

patients who experience adverse reaction'?. Mor-
eover, dipyridamole does not elicit in a substantial -
number of patient receiving usual dose(0.14/kg/ "

min). Adenosine is another powerful coronary
vasodilator with short half life. Recently, adenosine
infusion has been introduced as an attractive alter-

native for dipyridamole, because of its fast onset of
1action, near maximal coronary vasodilation and less
serious side effects®*'®. The sensitivity and
specificity of adenosine thallium imaging were com-
parable to those Qf exercise or dipyridamole thal-
lium imaging®'¥.

But significant number of patients are not candi-
dates for the these pharmacologic coronary
vasodilation, especially those with asthma, severe
obstructive lung disease, high grade atrioventricular
block, arterial hypotension or those on use of meth-
ylxanthine or dipyridamole. Dobutamine, a beta-one
specific agonist, cause a significant increase in cor-
onary blood flow by increase in myocardial
contractility without the potential to induce bro-
chospasm or hypotension. It had been used in con-
junction with either thallium imaging or echocardio-
graphy as a means of assessing coronary artery
disease™®!51®_ Report of dobutamine thallium imag-
ing demonstrated favorable diagnostic accuracy for
detection of coronary artery disease and a good
safety profile™®,

The myocardial thallium kinetics after these phar-
macologic interventions may be different from that
after exercise stress test, and may also be different

- between each others. Because the systemic and

regional hemodynamic effects of these different
stress may differ due to differences in the phar-
macologic action. Several studies compared thal-
lium kinetics during dipyridamole or adenosine infu-
sion with that of exercise test!™!®,

But there is a limited knowledge about thallium
kinetics during dobutamine infusion. Furthermore
no group of investigators has compared all of these
different during intervention in the same group of
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and Exercise Stress Testing —
subjects.

This study was designed to determine the differ-
ences in the thallilum kinetics following standard
doses of intravenous dipyridamole, adenosine and
dobutamine in healthy subjects. We performed thal-
lium myocardial imaging after intravenous infusion
of dipyridamole, adenosine, and dobutamine, and
exercise stress testing in the same group of 15 health-
y subjects. We then compared the regimens with
special regards to the hemodynamic changes and
myocardial and extracardial thallium kinetics.

METHODS

1. Study Subjects

The study group comprised 15 healthy male volun-
teers aged 23-30. These subjects were nonsmokers
and took no current medications. None had a history
of cardiovascular disease or other systemic signifi-
cant illness. All had normal physical examination
findings, electrocardiograms and plain chest radio-
gram. Our study protocol was approved by the
Review Board of the University Hospital. Subjects
gave written consent prior to study entry. Anticipat-
ed whole body and renal dosimetry for the four times
of thallium test was 1.2-2.8 rem/8 mCi and 8rem/8

mCi respectively of thallium-201.
2. Study Protocol

All fifteen volunteers underwent thallium-201
myocardial perfusion scintigraphy four times, first,
in conjunction with the Bruce protocol exercise
stress test, and subsequently with resting intra-
venous adenosine, dipyridamole, and dobutamine
infusion in a sequence that was varied. All subjects
fasted overnight prior to scintigraphy, but soft bev-
erages without caffeine were permitted between
stress and rest imaging. Mean duration of time
between examinations was 15 days, with a range of
10-32 days.

3. Stress Thallium-201 Imaging Protocols

At the beginning of the each test, a peripheral
intravenous line was established. Heart rate, blood
pressure and a 12 lead electrocardiogram were
monitored throughout the procedure. Two mCi
(7TAMBq) of thallium was injected during each test.
The does of thallium injected was precisely deter-
mined with a dose calibrator (Capintec CRC-12)
by measuring the radioactivity in the syringe before
and after administration. When administrating
adenosine or dobutamine, one intravenous line with
a dual port was used for protecting bolus delivery if
the radiopharmaceutical was injected rapidly
through the same intravenous line. The side effects
that subjects experienced during procedure were
recorded. In addition, subjects were asked to rank
the pharmacologic test regards to tolerability.

Exercise thallium imaging: Subjects performed
maximal, symptom-limited graded treadmill exer-
cise according to the standard Bruce protocol. All
subject achieved at least 85% of their maximal
predicted heart rate (220 beats-age in year). At peak
exercise thallium was injected and the subjects
continued to exercise for 1 minute longer. Imaging
began within 5 minutes of the cessation of exercise.

Adenosine thallium imaging: Adenosine
(adenosine powder, Sigma, USA) was dissolved in
0.9% NaCl and prepared for intravenous human
use by the pharmacy of Kyungpook National Uni-
versity Hospital, in a concentration of 3 mg/ml.
Adenosine was intravenously administered with an
infusion pump at a rate of 0.14 mg/kg body weight
for 6 minutes. At the end of third minute of infusion,
thallium was inje(;ted. Imaging began within 10
minutes after thallium injection.

Dipyridamole thallium imaging: Dipyridamole
(Persantine, Behringer-Ingelheim, USA) was in-
fused at a rate of 0.14 mg/kg body weight per minute
for 4 minutes. Three minute later thallium was in-

jected intravenously, and stress images were acquir-



—AREEREEE  $27% E 1% 1993—

ed 5 minutes after thallium injection. Intravenous
aminophylline was kept available for the reversal of
severe side effects but was not required.

Dobutamine thallium imaging: Dobutamine
(Dubutrex, Lilly, USA) was infused at a rate of 5 ug/
kg/min for 3 minutes followed by stepped increase to
10, 20, 30 and 40 p#g/kg/min for each consecutive 3
minutes. Thallium was injected at the 1 minute foll-
owing initiation of the maximal tolerable dose, and
continued infusion of dobutamine for 2 minutes.
Imaging began after 5 minutes of thallium injection.
Esmolol was kept available for the reversal of ser-
ious side dffects but never used.

4. Planar Thallium Acquisition

Thallium-201 myocardial perfusion imaging was
performed in the anterior, 45-degree left anterior
oblique and 75-degree left anterior oblique views
initially and 4 hour after thallium administration.
The imagings were recorded for 8 minutes with a
standard scintillation camera with a parallel hole
collimator and interfaced with a computer system
(Microdelta, Siemens), A 20% energy window
centered on the 68-80 KeV and a 10% window
centered on the 167 KeV peak were used. All images
were stored on computer in a 128 X 128 matrix.

5. Quantitation of Thallium Uptake and Clear-
ance

Thallium-201 myocardial and extracardial uptake
were calculated quantitatively by use of two meth-
ods with and without background subtraction.

With the first approach, absolute thallium uptake
and clearance without background subtraction was
determined. A total of 17 regions of interest, 7 car-
diac and 10 extracardiac, were obtained. Regions in
the anterior view were anterolateral myocardium,
inferior myocardium, lung, sternum, liver and splan-
chnic regions. In the left anterior 45-degree projec-
tion, regions included the posterolateral mybcar-
dium, septum, right ventricle, lung, liver and spleen.

In the left anterior oblique 75-degree projection,
inferior and anterior myocardium, lung, splanchnic
region and spleen were included. A 6 X6 pixel box
was selected in each region. Absolute uptake of
cardiac and extracardiac regions was represented as
the average count numbers per pixel. For each
region, thallium clearance (percent per hour, % /hr)
occuring between the stress and delayed images was
calculated as the rate of change in average counts
per pixel. The exact times of the delayed images
relative to the early images were measured on an
individual patient basis. With a second method,
relative uptake and clearance of thallium were cal-
culated with background subtraction by mean of
computer procedure that had been previously
described'®. An elliptical region of interest was
placed around the left ventricle and the region corre-
sponding to the left ventricle and the region corre-
sponding to the value plane excluded. Background
subtraction and determination of thallium activity
were determined in 6 regions of projection(anter-
olateral and inferior wall in anterior view, septum
and posterolateral wall in left anterior oblique 45-
degree view, and anterior and inferior wall in left
anterior oblique 75-degree view), placed in the left
ventricular wall from the stress and delayed images.
Myocardial count activities were normalized to the
hottest individual pixel region in the stress view and
were presented as a percent of relative thallium
uptake. Thallium clearance (percent per hour, % /hr)
occuring between images was calculated as the rate

of change in segmental counts.
6. Statistical Analysis

Data were expressed as mean + standard devia-
tions unless stated otherwise. The means of
hemoynamic data for the pharmacologic interven-
tion were compared with each others and with those
of the exercise stress test. The effects of dipyr-
idamole, adenosine, dobutamine and exercise stress
test on thallium kinetics in same subject were
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compared, seperately. We analyzed our results using
the SPSS-PC+ statistical software program (SPSS
Inc, Chicago, II). Continuous variables were com-
pared using the paired t-test, and dichotomous vari-
ables were compared using chi-square analysis. A p
value <0.05 was considered statistically significant.

RESULT
1'. Hemodynamic Response

The mean heart rate, blood pressure and double
product (heart rate X systolic blood pressure) were
similar before exercise and pharmacologic interven-
tions. Mean exercise duration of 15 subjects were
12.9+41.7min (12.1+1.3 Mets), and all stopped exer-
cising because of physical exhaution. Exercise in-
creased heart rate, blood pressure and double prod-

uct significantly. Adenosine and dipyridamole de-

creased blood pressure mildly, and increased double
product. Heart rate, blood pressure and double prod-
uct were increase during maximal doses of
dobutamine. At peak stress, blood pressure, heart
rate and double product reached significantly higher
levels during dobutamine infusion compared with
the levels seen during infusion of the other two drugs
(p<0.01). Double product during exercise was
higher than dobutamine (p< 0.01), whereas the levels
observed during adenosine and dipyridamole infu-
sions did not differ significantly (Table 1).

2. Side Effects of Pharmacologic Stress Tests

No serious side effects occured during the tests.
No specific intervention for side effect was required.
Premature termination before reaching a maximal
dose of the drug occurred in one subject during
infusion was

dobutamine infusion. Dobutamine

Table 1, Hemodynamic Responses in 15 Healthy Subjects

Exercise Adenosine Dipyridamole Dobutamine
Heart rate (beats/min)
Baseline 64 +7 638 64 +11 62 +8
Maximum 186 +12 79 £ 19 8211 92+ 29
P value < 0.001 < 0.001 < 0.001 < 0.001
Systalic BP (mmHg)
Baseline 109 + 11 1127 11510 110 £ 10
Maximum 162+ 14 109 + 10 111 £10 175 + 27
P value < 0.001 NS NS < 0.001
Diastolic BP (mmHg)
Baseline 679 70+ 8 718 69 £ 8
Maximum 83+8 65+5 70+ 9 81+16
P value < 0.001 < 0.05 NS < 0.01
Double product
(mmHg x Beats/min)
Baseline 6990 *+ 976 7064 + 1198 7378 + 1487 6784 + 778
Maximum 30093 + 2546 8669 + 2501 9118 #1557 15441 + 2486
P value < 0.001 < 0.001 < 0.001 < 0.001

Exercise capacity (duration)

12,7 + 1.3 Mets (12.9 £ 1.7 minutes)

Data are mean + S.D.
BP : Blood pressure,

NS : not significant.

Double product = systolic blood pressure x heart rate.

* Double product : exercise > dobutamine > dipyridamole, or adenosine (P < 0.01 respectively).
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stopped at a dose of 30 ug/kg because of complex
ventricular extrasystole in this patient, but subsided
without treatment within three minutes once the
infusion was stopped. The rates of symptom were
higher: 13 of 15(87%) subjects with adenosine, 12 of
15(80%) subjects with dipyridamole, and 11 of 15
(73%) subjects with dobutamine, respectively(p=
nonsignificant), The common side effects were
chest pain, flushing, headache, and choking sensa-
tion on throat for adenosine, and headache, chest
pain, and flushing for dipyridamole, and palpitation,
chest discomfort, headache for do‘butamine, respec-
tively. Most subject graded these symptoms as mild
and transient in nature. First degree atrioventricular
block appeared in one during adenosine. More sub-
jects preferred adenosine (9/15, 60%) as the most
tolerable agent than dipyridamole (4/15, 27%, p =
0.01) or dobutamine(2/15, 13%, p = 0.01). More
subjects(10/15, 67%) ranked dobutamine as the
most intolerable agent, than adenosine (3/15, 20%,
p = 0.01) or dipyridamole(2/15, 13%, p = 0.01)
{Table 2).

3. Absolute Myocardial and Extracardiac
Thallium Uptake and Clearance

Qualitative interpretation of images showed no
perfusion defects or redistribution in any of the 15

subjects during exercise stress test or pharmacologic

interventions. Multivariate analysis of variance
demonstrated that the absolute myocardial and
extracardiac thallium uptake in the stress imaging
after pharmacologic interventions for the 17 regions
differed from that after exercise. Uptake of thallium
were significantly greater after dipyridamole,
adenosine or dobutamine than after exercise stress
in most of cardiac regions except in several regions.
Absolute thallium uptake were not different from
that after exercise stress in inferior wall of anterior
view after adenosine, in posterolateral wall after
dipyridamole, and in anterolateral wall after
dobutamine. Mean absolute uptake in projection
with adenosine, dipyridamole, or dobutamine were
greater than that with exercise test. Mean absolute
myocardial uptake was greater with adenosine than
that with dipyridamole, and it was greater with
dobutamine than that with adenosine. But these
differences were not statistically significant. Uptake
were also significantly greater after pharmacologic
interventions in the extracardiac regions of the ster-
num, lung, splanchnic region and spleen.

Thallium clearance after adenosine, dipyridamole
and dobutamine infusion differed from that after
exercise test for the 17 regions. Clearance were
significantly slower after pharmacologic interven-
tions than after exercise test in most myocardial

regions. But myocardial clearances in anterior and

Table 2. Side Effects of Pharmacologic Interventions in 15 Subjects

Adenosine (n) Dipyridamole (n) Dobutamine {n)
Chest pain 10 Headache 11 Palpitation 7
Flushing 8 Chest pain 8 Chest discomfort 5
Headache 5 Flushing 7 Headache 4
Chocking on throat 5 Choking on throat 3 Facial numbness 3
Dizziness 2 Dyspnea 1 Chilling 3
1° heart block 1 Epigastric pain 1 Nausea 3
Epigastric pain 1 Anxiety 2

Arrhythmia 1
Any symptom 13 (87%) 12 (80%) 11 (73%)

n : number,

* Multiple ventricular extrasystole,
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Table 3. Absolute T1—201 Uptake of Stress Image (Average Counts/Pixel) in 15 Subjects

and Exercise Stress Testing —

Projection Region EST AD DP DBT

ANT Anterolateral 408 + 58 5071 + 94** 477 £ 103**% 50178
Inferior 410 + 54 510 £ 96 504 & 171 3%%% 544 £ 81%**
Lung 11514 192 £ 21%* 191 £ 25% 183 + 20
Sternum 74+ 8 169 + 21%* 176 + 17% 167 £ 15%*
Liver 109 + 20 442 + 76% 440 + 79* 504 + 46**
Splancnic 117 +29 478 + 76% 467 + 101* 421 £ 75%

LAO 45° Posterolateral 387 £ 47 508 + 89%** 493 + 95 537 £ 92%%
Septum 389 £ 52 531 + 109% 518 + 108%* 558 £ 99%*
Right ventricle 209 + 22 365 + 60%* 392 £ 95% 401 + 54%*
Lung 106 + 18 184 + 28% 187 £ 31%* 185 + 24%*
Liver 11218 376 + 80* 361 £ 78% 347 + 49%*
Spleen 130 + 33 397 + 88% 780 + 84% 347 + 49%

LAO 75° Anterior 340 + 42 497 + 95% 456 + 75% 460 + 89%*
Inferior 362 + 39 524 + 94% 503 + 77% 526 + 75%*
Lung 104 £ 15 173 + 26* 171 £ 25%* 171 + 20%*
Splancnic 133 + 31 449 + 88* 429 + 107% 397 £ 61%*
Spleen 121 £12 338 + 82%* 314 + 52% 328 £ 54%*

*:P<0.001, **:P<0.01, ***:P <0.05significantly different from EST,

EST : exercise stress test, AD : Adenosine, DP : Dipyridamole, DBT : Dobutamine.

LAO : left anterior oblique.

Table 4. Absolute Clearance of T1—-201 of Various Organs in- 15 Subjects

Projection Region EST AD DP DBT

ANT Anterolateral 129 1 9.8 +£1.7% 9.7 £2,2%* 1119
Inferior 13.0+1,3 9.7 £1,7%* 10,1 £ 2,3%* 11.6 £ 1.7%*
Lung 7.9 £1.7 9.8 & 1,2%%* 104 £1,2%% 8715
Sternum —1+3.5 5.0£1,5% 6.0 £ 1,3%% 5.2 £ 1,2%%
Liver -3t6 14 £ 1.8% 149 £1.7% 14.2 + 2,6*
Splanchnic —1.2+5.5 12 £2,6% 125 £3,7* 115 £ 1,7%*

LAO 45° Posterolateral 124+ 1,1 10.3 £ 1.5%% 10.4 £ 2 3%%* 11.3 £ 1.5%%%
Septum 120+1,0 10.3 £1,9%* 105+£23 114 +£1.6%
Right ventricle 9.5+1.4 11.6 £ 1,1%* 12,8 £2,2% 11.4 + 3,5%
Lung 49 +2,2 7.6 & 1 3%k 8.1 £ 1.6%* 7.2 £2 1%*
Liver -1+44 13.2+1.7*% 13.8 +1,5% 13.8 £ 1.2%
Spleen 14:42 12.0:% 1,3% 12,4 £ 1.6* 10.4 £ 1.3%

LAO 75° Anterior 11.7£1.2 11.0+19 10.8 £ 1.9 11.3:1.8
Inferior 11.7+1.2 10.7+1.6 11.0x1.6 11513
Lung 48+15 9.1 1.5% 8.2 + 4.4* 8.0 + 1.4%
Splanchnic 0.1+49 10.6 £ 2,5% 108 £2,5% 9.8 £1,5%
Spleen 1.2£3,0 11.5 £ 2,8% 11.4 £ 1.6% 10.4 + 3,0%

*:P<0.001, #*:P<0,01, #***:P<0.05significantly different from EST.,

EST : exercise stress test,

LAO : left anterior oblique.

AD : Adenosine,

DP : Dipyridamole,

DBT : Dobutamine.
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inferior wall of left anterior oblique 75-degree view
were not different between pharmacologic stress and
exercise test. Clearance were significantly faster
after pharmacologic interventions in the extracar-
diac regions of the lung, liver, splanchnic region and
spleen. But no significant differences were in clear-
ance for myocardial and extracardiac regions
between adenosine, dipyridamole and dobutamine
(Table 3, 4).

4. Relative Myocardial Uptake and Clearance

Calculated relative thallium uptake in the stress
imaging did not differed in most of myocardial
regions after pharmacologic intervention compared
with that after exercise test. Three were no signifi-
cant difference in relative myocardial uptake
between adenosine, dipyridamole and dobutamine
infusion. Thallium uptake were lesser in anterolater-

al wall of adenosine imaging, and inferior wall of

dipyridamole imaging than those of exercise imag-
ing. -

Relative clearance were different between
myocardial regions with adenosine, dipyridamole,
dobutamine and exercise stress test. Clearance were
significantly lower after adenosine, dipyridamole or
dobutamine than that after exercise stress, respec-
tively. Clearance after dobutamine was higher than
that after adenosine or dipyridamole, but differences
were not statistically significant. Segmental myocar-
dial clearance were higher after pharmacologic
stress in images of anterior, or 30-degree oblique
view than that of 75-degree oblique view. The over-
all clearance rates were significantly lower in the
groups with pharmacologic intervention compared
with those of exercise stress in each projection
(Table 5, 6).

Table 5. Myocardial Uptake of T1—201 after Background Subtraction

Exercise Adenosine Dipyridamole Dobutamine
Anterolateral 256 + 36 237 + 70% 202 + 64 230 + 65
Inferior® 235+ 32 197 + 55 177 £ 60%* 198 + 63
Posterolateral 232 = 31 197 + 53 201 + 58 227 + 62
Septal 226 + 36 229 + 63 216 + 69 230+ 75
Anterior 195 + 29 216 + 54 197 + 48 198 + 55
Inferior## 218 + 24 217 = 54 213 £ 51 223 + 48
* 1 P < 0,01, significantly different from exercise.
# : Anterior view, ## : LAO 75° view.

Table 6. Myocardial Clearance of T1—201 after Background Subtraction

Exercise Adenosine Dipyridamole Dobutamine
Anterolateral 15.4+1 8.8 + 3.9% 6.8 + 5, 1%* 11.5+ 3,8%
Inferior® 15.8+1.3 7.6 £ 4,6% 6.5 + 5.9% 11.5 £ 3.8%*
Posterolateral 15.6 £ 1.2 8.4+ 4.7% 8.2 £ 5.3% 11.9 + 3.1%
Septal 153+ 1.4 9.1 £4,1% 8.6 + 4.6% 11.6 + 3,7%*
Anterior 14.6 + 3.0 11.0 + 2.6% 10,9 + 3.2%* 12.8+4.3
Inferior## 153 1.8 10.5 + 2.3% 9.9 + 3.3% 12.2 + 2.9%*

*:P <0.001, *#*: P <0.01, significantly different from exercise.

# 1 Anterior view ## : LAO 75° view.



DISCUSSION

1. Dipyridamole, Adenosine and Dobutamine
in Thallium-201 Imaging

Testing coronary flow reserve by increasing coro-
nary blood flow using a pharmacologic method is
widely accepted an alternative for those patients
who cannot achieve desired stress levels with maxi-
mal exercise tests. Pharmacological stress test is
effort-independent, and is more likely to deliver a
maximal test of flow reserve, with a greater possibil-
ity of identifying all hemodynamically significant
lesions?®. In nuclear cardiac imaging, adenosine,
dipyridamole, and dobutamine have been commonly
used for this purpose.

Intravenous administration of either dipyridamole
or adenosine increases levels of circulating
adenosine, thus increasing coronary blood folw in
normal coronary arteries. Adenosine is a potent
vasodilator in most vascular beds, with exception of
the kidney???. Both Al and A2 receptors have been
implicated in the coronary vasodilatory effects of
adenosine. Stimulation of endothelial A2 receptors
by adenosine activates guanylate cyclase, increasing
cyclic GMP production and resulting in vasodilation.
It has also been suggested that adenosine Al rece-
ptor stimulation may directly induce relaxation of
vascular smooth muscle. Adenosine has a rapid
onset of action (reaching a maximum in 7~10 sec),
and an extremely short half-life (<10 sec). Wilson et
al'® found a mean 4.4 fold increase in coronary blood
flow velocity. They'® and Rossen et al*® demonstrat-
ed a maximal or near maximal increase in coronary
blood flow at intravenous dose of up to 140 ug/kg/
min of adenosine. For nuclear cardiac imaging, a
6-minute intravenous infusion of 0.14 mg/kg/min is
recommanded, and thallium is administered at the
end of the third minute of infusion. Dipyridamole
acts as a coronary vasodilator predominantly by its
effect on the small resistance vessels of the coronary

allium-201 41 # = A4 . Adenosine, Dipyridamole, Dobutamine
E5-5A1 o] el m —

bed. The primary mechanism of dipyridamole is to
inhibit the cellular reuptake of adenosine and metab-
olism by adenosine deaminase, thus increasing the
interstitial adenosine concentration'?. The optimal
protocol of dipyridamole thallium imaging has been
found to be infusion of dipyridamole at a rate of 0.142
mg/kg/min for 4 minutes, and injection of thallium 3
minute after completion of infusion. Higher doses
have been reported to increase the sensitivity with
no loss of specificity, but side effects were more
common?. Studies have shown that the peak effect
of dipyridamole occurs approximately 2~ 3 minutes
after infusion and it remains at this level for approxi-
mately 30~ 60 minutes®*?*, Rossen et al*® compared
adenosine with dipyridamole and showed that the
vasodilatory potency of adenosine is greater than
that of dipyridamole, though increases in flow were
similar between the two agents. They concluded that
the rapid onset of action of adenosine compared with
that of dipyridamole may allow a reduction in the
duration of diagnostic studies. Dobutamine is a syn-
thetic sympathomimetic amine, with predominant
beta-one agonist activity resulting in increased
myocardial contractility and left ventricular oxygen
consumption. At higher doses (>20ug/kg/min),
dobutamin may have some beta-two and alpha
adrenergic effects as well, with resultant increases in
heart rate and systolic blood pressure?®?*®. The phar-
macokinetic profile of the dobutamine is favorable
in that the tissue half-life of the drug is about 2
minutes, and the mean duration of action is less than
ten minutes. Infusion up to 40 ug/kg/min have
been safely used®. The protocol commonly used,
even though not well established, is infusion of
dobutamine at three minute intervals in the follow-
ing increments: 5ug/kg/min, 10ug/kg/min, then
20, 30 and 40 ug/kg/min, At one minute following
the initiation of the maximal dose, thallium is inject-
ed intravenously. The dobutamine infusion is then
continued for an additional two minutes if tolerated

and then discontinued.
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2. Hemodynamic Changes, Heart Rate and
Double Product

Hemodynamic changes were similar to those re-
ported after use of pharmacologic stress agents.
Dobutamine increases heart rate, blood pressure,
and dobule product. Adenosine and dipyridamole
also increase heart rate and double product, but not
to the same extent as dobutamine, and decrease
blood pressure mildly. The double product was more
than 50% higher with compared with adenosine and
dipyridamole, suggesting that myocardial oxygen
demand was higher with dobutamine. Martin et al?”
demonstrated hemodynamic data similar to ours,
with the comparison of adenosine, dipyridamole, and
dobutamine echocardiography in 40 patients. In our
normal subjects, the double product was lower dur-
ing dobutamine infusion since though the systolic
blood pressure increased to a extent, the increase in
heart rate was lesser than exercise. Mannering et
al*® compared the effect of dobutamine infusion , at
a maximal dose of 20 ug/kg/min, with that of
exercise stress test in patients three weeks after
myocardial infarction. They showed that the heart
rate and double product increases more during
dobutamine infusion, while maximal acceleration in
the ascending aorta increases more during
dobutamine infusion than during exercise. They
suggested the ischemia produced during dobutamine
infusion therefore seems to be caused predominantly
by an increase in the inotropic state rather than
through an increase in heart rate, as it is during
exercise.

3. Side Effects

Side effects were frequent during the phar-
macologic stress but were well tolorated and short-
lived. No specific antidote was used to reverse seri-
ous side effects throughout the procedures. Maximal
dose of drug could not be acquired only one subject
during dobutamine infusion because of multiple

extrasystole. Dobutamine has been found to increase
the risk of ventricular tachyarrythmias, especially at
a higher doses. Ventricular tachyarrythmia occurred
in 31% of patients in a study of dobutamine
echocardiography®®. However, of currently used
catechol compounds, it is the least likely to do s0?%?%.
The rates of side effects were not significantly differ-
ent: 13 of 15 subjects had at least one symptom
during adenosine infusion, whereas 12 of 15 during
dipyridamole infusion and 11 of 15 during
dobutamine infusion. In patients with suspected cor-
onary artery disease the reported rate of side effects
with adenosine had ranged from 83% to 94%%%'4,
and the range with dipyridamole has been reported
from 46% to 62%%**+'®, The rate of side effects
with dobutamine was 80% in a recent study3??.
More subjects prefer adenosine (60%) than dipyr-
idamole(27%) or dobutamine (13%). Moreover, 10
of 15(67%) of subjects ranked dobutamine the most

intolerable agent among three drugs. Most of these
subjects complained that they experienced un-

pleasant feelings of profound palpitation, nervous-
ness, and thrill sensation during dobutamine in-
fusion. Martin et al?” compared these three drugs in
regards to tolerance in patients, and reported that .
more patients prefered dobutamine than adenosine
or dipyridamole. We found, at least in normal sub-
jects, adenosine is the most tolerable agent among
three drugs, although study sample was small for

adequate statistical analysis.
4. Myocardial Thallium Uptake and Clearance

Mpyocardial uptake of thallium-201 in normal sub-
jects was greater after pharmacologic stress
compared with that after exercise stress. Mean
absolute myocardial uptake in all projections was 1.
3 times greater after adenosine than exercise, and 1.
2 times greater with dipyridamole. Furthermore,
mean absolute myocardial uptake with dobutamine
was 1.4 times greater than that after exercise.
Myocardial thallium uptake tended to be greater
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with dobutamine, or adenosine than that with
dipyridamole, but differences were not statistically
significant. These results are comparable to report-
ed uptake data of adenosine and dipyridamole!”!®.
But, within our knowledge, no comparison of
myocardial thallium uptake has been performed
with dobutamine and that with exercise. Our data
showed myocardial uptake of thallium during
dobutamine infusion, at higher doses, is comparable
to those with adenosine and dipyridamole. These
differences in myocardial thallium uptake may re-
flect several aspects of the differing hemodynamic
effects of pharmacologic stress and exercise.
Mpyocardial uptake of thallium is related to coronary
blood flow as a fraction of cardiac output. Merlin et
al elucidated that under different flow and metabolic
conditions, the early fractional uptake of thallium by
the left ventricle is a reasonably good appoximation
of myocardial blood flow*”. The ratio of coronary
blood flow to cardiac output are greater during
adenosine or dipyridamole infusion, compared with
that during exercising. This would favor greater
myocardial thallium uptake after adenosine and
dipyridamble. The increase in coronary blood flow
are 3 times baseline value with adenosine, and 2.4 to
5 times with dipyridamole, which are greater the
increase with exercise of 1.7 to 2.5 times
baseline!®!"#2~%9_ Adenosine causes a smaller in-
crease in cardiac output, reported to be 2 to 3 times
baseline value, compared with three to fivefold incr-
ease at exercise'®*™*_ The increase in cardiac out-
put with dipyridamole is reported to be 1.3 times
baseline value®®. Because dipyridamole and
adenosine act through similar mechanisms, our
results suggest that the doses commonly used were
not accurately equivalent in pharmacologic action.
Dobutamine produces hemodynamic changes similar
to exercise. In patients with and without coronary
artery disease, dobutamine shows dose-dependent
increase in coronary blood flow, cardiac output and
left ventriscular contractility and to a lesser extent,

heart rate and mean arterial pressure?**%*”, Meyer
et al®® and Stephen et al*® reported that, during the
infusion of dobutamine at a rate of 8 ug/kg per
minute, the patients with normal coronary arterio-
grams had a 137 percent in coronary perfusion.
Based upon our data, the ratio of coronary blood
flow to cardiac output may be greater with
dobutamine at larger doses up to 40 ug/kg per min-
ute, than that has reported in patients with infusion
at lower dose. The thallium uptake does not solely
depend on blood flow. The myocardial thallium
uptake is proportional to the blood flow if flow
changes are secondary to metabolic demand, but the
increase in coronary flow in excess of myocardial
demands, as in pharmacologic vasodilation with
adenosine or dipyridamole, results in a progressive
decrease in thallium extraction***9, Which et al*V
found a logarithmic decrease in thallium uptake
where coronary blood flow was increased in excess
of oxygen demands. Dobutamine is a cardioselective
inotropic agent that increases myocardial
contractility and oxygen demand significantly. Thus
myocardial extraction rate of thallium may be
preserved higher after dobutamine compared with
that after pharmacologic vasodilation. This may
partially explains that myocardial uptake of thal-
lium is comparable after dobutamine to those after
adenosine or dipyridamole. Increased absolute
myocardial uptake with pharmacologic stress also
may be partially due to increased background upta-
ke seen in our reaults, that will be discussed later.
Myocardial thallium clearance were slower after
three drugs than that after exercise stress in most of
myocardial regions. But no significant differences
were in myocardial clearance in regions of LAO 75°
view, the most delayed view in stress imaging. Early
myocardial clearance seen in exercise thallium
imaging may attribute this result in this view taken
more than 20 minutes after completion of exercise.
There were no significant differences in myocardial

clearance of thallium among adenosine, dipyr-
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idamole and dobutamine, even though clearance
with dobutamine tended to be slightly faster.
O’Byrne et al and Beller et al demonstrated that the
value of thallium clearance is slower with dipyr-
idamole than that with exercise!®****, Siffring et

al'® showed that adenosine tended to cause slower

clearance of thallium compared than exercise. This
has been reported due to lower myocardial-blood
gradients of thallium because the initial myocardial
uptake were higher during pharmacologic stress.
Experimental data suggested that the myocardial
clearance of thallium is related to the myocardial
blood-pool gradient of thallium activity such that
delivery of a greater amount of myocardial thallium
initially will result in its being cleared faster*®*>,
The continued elevation and slower clearance of
blood thallium also has been elucidated in a study*?.
In exercise thallium imaging, the peak execise heart
rate has been suggested to bear a positive relation-

ship with thallium myocardial clearance*s?,

5. Extracardiac Thallium Uptake and Clear-

ance

Extracardiac uptake of thallium were greater
with pharmacologic stress than exercise stress in
liver, spleen and splanchnic regions. There were no
significant differences in extracardiac regions
between adenosine, dipyridamole and dobutamine.
The differences in regional thallium uptake after
pharmacologic stress and exercise are most likely
related to regional blood flow differences. With
exercise in human, the increase in cardiac E)utput is
proportioned mainly to the exercising muscles.
Studies have shown a reduction in splanchnic and
renal blood flow that is roughly proportional to the
level of exercise*®. In contrast, regional blood flow
after pharmacologic vasodilation with adenosine or
dipyridamole are much similar to that of the rest
state. Adenosine and dipyridamole decrease not only
coronary but also systemic vascular resistance.
Brown et al®® measured systemic vascular resis-
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tance before and after dipyridamole infusion and
showed a decrease from 1545 mmHg/liter/min to
10.9+4.0 mmHg/liter/min. This results in increased
thallium uptake in the regions of the splanchnic
circulation, liver and spleen. Dobutamine cause a
redistribution of cardiac output in favor of the coro-
nary and limb beds over the mesenteric and renal
vascular bed®***®, Dobutamine is a direct acting
agent with selective for beta-1 receptor, and its in-
direct actions are slight. In animals, dobutamine,
administered at a rate of 2.5~15ug/kg/min,
increases cardiac contractility and cardiac output,
without changes in total peripheral resistance®®.
But, at higher doses (>10 ug/kg/min) commonly
using in thallium imaging, tachycardia and changes
in peripheral vascular resistance occurs because of
activation of beta-2 and alpha adrenergic
receptors®®?®, This may cause a higher uptake of
thallium in splanchnic regions liver and spleen after
dobutamine infusion. Increased thallium uptake in
the liver yields myocardial images with high in-
fradiaphragmatic background activity®®*?, Lung
uptake of thallium were also greater after phar-
macologic stress than that after exercise stress. This
may be related to the longer pulmonary transit time
associated with the lower heart rates during phar-
macologic stress seen in our data, which results in
less time for thallium extraction. Lung uptake of
thallium has been reported to be greater after dipyr-
idamole than that after exercise®?, but Siffring et al
reported no significant differences in lung uptake
between adenosine and exercise. Ruddy et al'” found
the blood levels of thallium was higher after dipyr-
idamole infusion than that after exercise test, and
suggested that the greater thallium blood levels after
dipyridamole infusion also resulted in higher tissue
levels of thallium in all regions.

In our study, extracardiac thallium clearance from
the liver, splanchnic region, and spleen were greater
after pharmacologic stress than that after exercise
stress. Furthermore, clearance from the lung and



— oA e 9] 59l ; AAbal AlE¢] Thallium-201 44 % A7 : Adenosine, Dipyridamole, Dobutamine

fiA -
Aoz alel 535149 v —

sternal regions were also higher after pharmacologic
stress test, even though it was slower than that of
myocardium. This may also be related to higher
initial uptake of thallium in these regions. Ruddy et
al'” reported that the thallium clearance from lung
is not significantly different with dipyridamole from
that with exercise test, a result related to the lower
tissue-blood gradients after dipyridamole infusion
compared with that after exercise stress. Bull et al*?
calculated that skeletal muscle accumulates about
two-thirds of the thallium injected at a peak exer-
cise. In contrast, the extracardiac uptake of thallium
occurs primarily by the liver, spleen and splanchnic
circulation. The prolonged persistence of high levels
of blood thallium after dipyridamole, attributed to
the rapid early rapid clearance from the splanchnic
and liver reservoir, has been proposed'”™, We did
not measure blood levels of thallium during these
pharmacologic intervention, and further clarifica-
tion is needed for this concept in the same group of
subjects. Myocardial uptake and clearance after
background subtraction.

Calculated myocardial uptake of thallium were
not different after background subtraction between
pharmacologic stress tests and exercise test.
Myocardial clearance was higher after background
subtraction after exercise test than that after phar-
macologic tests. But, there were no significant differ-
ences in relative myocardial uptake and clearance
between adenosine, dipyridamole, and dobutamine
infusion, respectively. Background activity com-
prised lung activity for the anterolatral, septal,
posterolateral and anterior regions and splanchnic
activity for the inferior and apical regions. Subtrac-
tion of greater background activity from myocardial
segment after pharmacologic tests may be related to
these differences in relative myocardial uptake. But,
if excessive background subtraction was having a
major effect, the myocardial segment adjacent to
high background area, inferior or apical segments
after pharmacologic stress, would tend to produce

slower clearance. Segmental myocardial clearance
were similar to that without background subtraction
in each group suggesting this effect trivial. A study'”
showed that background subtraction has no signifi-
cant segmental effect on clearance in either dipyr-
idamole infusion or exercise stress. Interestingly, we
found that there is a progressive increase in segmen-
tal myocardial clearance in sequential imaging after
pharmacologic stress. In contrast, no differences
were in sequential imaging after exercise stress test.
We think this may be related to higher initial uptake
and faster clearance of thallium from the splanchnic
and liver reservoir, occurs during pharmacologic
stress testing. A report suggested that peaking of
myocardial thallium activity may be delayed for 20
minutes after dipyridamole®®. This results in exces-
sive subtraction of background from submaximal
myocardial activity in early stress images, whereas
smaller extraction from maximal activity in later
images. In contrast, during exercise testing, thallium
localizés in the exercising muscle, and it retains
longer than it is in splanchnic beds during dipyr-

idamole infusion.
CONCLUSION

The results of the present study support that
pharmacologic stress test with intravenous infusion
of adenosine, dipyridamole or dobutamine is safe
and favorable in thallium-201 myocardial perfusion
showed that

dobutamine may be a superior agent for imaging

imaging. A previous study®®

modalities that rely on functional assessment, such
as echocardiography. In contrast, pharmacologic
vasodilator such as adenosine or dipyridamole may
be the pharmacologic agent of choice, hence it
induces greater blood flow heterogeneity. In our
data at a standard dose, at least thallium kinetics
after intravenous infusion of dobutamine is compa-
rable to those after adenosine and dipyridamole in
same normal

subjects, suggesting that the
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dobutamine thallium imaging is feasible. Further-
more myocardial thallium kinetics after phar-
macologic stress test were different from that after
execise stress test, and among those with adenosine,
dipyridamole and dobutamine. These differences in
thallium kinetics during different interventions sug-
gest that the need for specific normal files for each
type of stress are required when quantitative analy-

sis of myocardial perfusion imaging is used.
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