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Objectives. The purpose of this study was to determine the
safety of adenosine infusion at 140 ug/kg per min in conjunction
with radionuclide imaging in 9,256 consecutive patients.

Background. Adenosine produces maximal myocardial hypere-

mia directly with a rapid onset of action. In addition, when used
in conjunction with radionuclide perfusion imaging, it has proven
efficacy [or the diagnosis of coronary artery disease in patients
unable to exercise. Because the ultrashort half-life (<10 s) allows
dose titration and rapid reversal of side effects, it may be safer
than other available pharmacologic agents.
- Methods. Patients were prospectively entered at 21 clinical
sites. Information on safety and adverse events during and
immediately after adenosine infusion was maintained in the Ade-
noscan Multicenter Trial Registry.

Results. The infusion protocol was completed in 80% of
patients, required dose reduction in 13% and was terminated
early in 7%. Interpretable imaging studies were obtained in

98.7% of patients, and 0.8% of patients received aminophylline.

Minor and well tolerated side effects were reported in 81.1% of
patients. There were no deaths, one myocardial infarction, sevep
episodes of severe bronchospasm and one-episode of pulmonary
edema. Transient atrioventricular (AV) node block occurred ig
706 patients (first-degree in 256, second-degree in 378 and third.
degree in 72) and resolved spontaneously in most patients (o =
508) without alteration in the adenosine infusion. There were no
sustained episodes of AV block. Patients >70 years of age had an
increased risk of developing AV block (age <70, 7.05% vs. =70,
9.44%, p = 0.001, relative risk 1.37). '
Conclusions. Adenosine infusion is safe. Vasodilator and neg-
ative dromotropic side effects are generally well tolerated. Serious
side effects are relatively rare, and they reverse with termination
of adenosine infusion. Interpretable radionuclide studies were
obtained in 98.7% of patients and aminophylline reversal was
seldom required.
(S Am Coll Cardiol 1994;23:384-9)

i Pharmacologically induced coronary artery hyperemia is

being used with increasing frequency ir conjunction with
radionuclide perfusion imaging {or the detection of coronary
stenoses and risk stratification in patients with suspected or
<nown coronary artery disease who are unable to perform

‘adequate levels of exercise. Extensive data on efficacy and

safety have been acquired with oral and intravenous dipyr-
idamole (1-7), which increases coronary blood flow (8) by
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allowing extracellular accumulation of endogenously pro-
duced adenosine. Direct intravenous infusion of adenosine
has also been shown to increase coronary blood flow (9,10).
Additionally, in combination with thallium-201 perfusion
imaging, it has a sensitivity and specificity for detecting
coronary artery disease comparable to that obtained with
exercise thallium-201 scintigraphy (11-21). Adenosine pro-
duces maximal myocardial hyperemia directly, has a rapid
onset of action and an ultrashort half-life (<10 s) that allows
dose titration and rapid reversal of side effects (22).

The Adenoscan Multicenter Trial Registry was a prospec-
tive, open label phase III trial using fixed dose, continuous
intravenous infusion of adenosine in patients referred for
clinically indicated diagnostic radionuclide perfusion imag-
ing who were unable to perform exercise stress. From this
registry, we report on the frequency of early adverse events
(during and immediately after adenosine infusion), their
severity and .(he response required in 9,256 consecutive
patients. In 1,067 patients, we also recorded delayed or
recurreat adverse events during the immediate 24-h period
after infusion.
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Methods

Between January 4, 1989 and March 13, 1992, a total of
9,256 consecutive patients were prospectively earolled. All
patients gave informed consent and the protocol was ap-
proved by the institutional review board on human research
at each participating center. A complete cardiovascular
history was obtained and recorded for each patient on
enroliment. Patients were entered at 21 clinical sites. All
information on safety and adverse events during and imme-
diately after adenosine infusion was prospectively recorded
on standardized forms and maintained in a central registry.
~ohorts from this registry have been included in prior
‘reports (11-18).

Patient selection. Patients with known or suspected cor-
onary artery disease referred for clinically indicated radio-
nuclide perfusion imaging ‘who were unable to perform

_exercise stress were eligible for enroilment. Excluded were ’

'patients with hypotension (systolic blood pressure
<80 mm Hg). asthma, decompensated or chronic obstruc-
tive pulmonary disease that did not allow termination of
bronchodilator therapy, caffeine ingestion within 24 h, se-
vere aortic stenosis, unstable angina or acute myocardial

. infarction within 24 h of the study. Each patient was moni-
tored and questioned before, during and immediately after
termination of adenosine infusion, specifically for the occur-
rence of the following adverse events: shortness of breath or
dyspnea, atrioveatricular (AV) block, hypotension, arrhyth-
mias, chest pain, ST segment depression on the electrocar-
diogram (ECG), flushing, gastrointestinal discomfort. head-
ache, light-headedness, nervousness and nausea. All
adverse events were graded on the basis of clinical severity
by the physician investigators as mild. moderate or severe

and recorded on standardized forms. Each event was also -

rated as uarelated or as definitely. probably, possibly related
to adenosine infusion. Episodes of first, second or third
degree AV block were designated as mild, moderaie or
severe, respectively. Finally, the response to each reaction
was coded as tolerated without dosage adjustment, tolerated
with dosage adjustment, required termination of adenosine
infusion or required reversal with aminophylline. Amino-
phylline administration was a clinical decision made by
individual physicians.

Adenosine infusion protocol. Adenosine (Adenoscan,
Medco Research, Inc.) was infused at 140 ug/kg per min
through a peripheral venous catheter, using an accurate
infusion pump over 6 min (total dose 0.84 mg/kg body
weight) as shown in Figure 1. After 3 min of infusion, the
radionuclide perfusion tracer was administered intrave-
nously in the contralateral arm in most patients and the
infusion continued for an additional 3 min. Patients with
poorly tolerated side effects had the adenosine dose de-
creased or the infusion terminated, depending on the sever-
ity of the effects. The rate of dose reduction and the decision
lo terminate were determined by individual physicians on
the basis of perceived clinical risk. Whenever possible, the
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Figure 1. Adenosine infusion protocol for pharmacologic stress in
conjunction with radionuclide perfusion imaging. Perfusion agents
were administered earlier than 3 min in the presence of ischemia or
intolerable side effects and the infusion was continued for an
additional minute to maintain maximal cofonary blood flow. Infu-

- sion requires a highly accurate pump systent. BP = blood pressure:
- ECG = electrocardiogram; HR = heart rate; [.V. = intravenous.

radioisotope was injected and the adenosine infusion main-
tained for at least an additional minute. Persistent symp-
toms, despite termination of the infusion, were managed by
physicians as clinically indicated with aminophylline (an
adenosine receptor antagonist administered at 75 mg over
| min to a maximal dose of 225 mg). Nitroglycerin could be
administered to patients with persistent chest pain not re-
sponding t0 aminophylline. '

Thallium-201 was the perfusion agent used in the majority
of patients (89.7%), but 4.2% received technetium-99m ses-
tamibi. 3.7% received nitrogen-13 ammonia or rubidium-82
and 2.3% received other agents. The ECG was monitored
continuously and blood pressure and heart rale were mea-
sured at baseline and every minute during the adenosine

infusion and for a minimum of 5 min after it was terminated.

Delayed adverse events. At five medical centers, 1,067
consecutive patients undergoing thallium imaging were pro-
spectively evaluated over 24 h after the termination of
adenosine infusion to characterize safety beyond the imme-
diate imaging period. In-patients were questioned directly
and their charts reviewed. Qutpatients were contacted by
telephone interview. Adverse evenls were classified by
investigators as delayed (reported during 24 h of follow-up
but not reported during the infusion) or recurrent (reported
during the infusion and recurming during the 24-h follow-up
period). Delayed or recurrent events were further clinically’
graded as benign (mild or moderate in severity and with
spontaneous resolution) or potentially significant (severe and
without spontaneous resolution).

Statistical analysis. All values are expressed as the mean
value * | SD. Patient percentages arc expressed relative to
the number of patients who had available data for the
specific variable. Differences between groups and hemody-
namic changes over time were determined by ! test compar-
ison or analysis of variance (ANOVA) for repeated mea-
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Table 1. Patient Characteristics

Age (yr)
Méan = SD 65.0 = 11.6
>65 55%
Gender (%)
Mile 54
Female 46
Race (%)
White 85.4
Black 1.9
Other i 2.8
Risk factors (%)
Hypenrtension 56.6
Cardiomyopathy 5.5
CAD
Proved . 49.3
Suspécled 50.7
CHF 4.1
Prior Ml 23.1
Prior CABG 17.3

CABG = coronary artery bypass graft: CAD = coronary artery disease:
CHF = congestive heart failure: M[ = myocardial infarction.

sures. A p value < 0.05 was considered significant. When
multiple comparisons were performed, the Bonferroni cor-
rection was used to determine the p value required for
statistical significance. The relation between the occurrence
of AV block and various clinical and hemodynamic variables
was explored using univariate and multivariate analysis. For
univariate analysis, discrete variables were compared by ¢
. tests and continuous variables by chi-square analysis. Vari-
ables with p < 0.05 by univariate analysis were entered into
the stepwise logistic regression analysis.

Results

Patient characteristics. Table | lists the characteristics of
the patients enrolled in this protocol. In general. these
characteristics are typical of patients referred for diagnostic
radionuclide perfusion imaging who are unable to perform
exercise stress. ,

Hemodynamic response. Figure 2 shows the heart rate
and blood pressure response at baseline and during the 6 min
of adenosine infusion in patients completing the 6-min infu-
sion. The typical hemodynamic response was a modest
reduction in systolic and diastolic blood pressure with a
compensatory increase in heart rate. Severe hypotension or
paradoxic hypertension was infrequent in these patients, as
well as in those who had a dose reduction or termination.
Heart rate increased significantly during each minute of
infusion except between the Sth and 6th min. Systolic and
diastolic blood pressure. decreased during each minute of
infusion except that systolic blood pressure remained un-
changed between baseline and minute [. The following
baseline to maximal changes were recorded: heart rate
increased from 72.6 + 13.7 10 86.3 + 27.3 beats/min, systolic
blood pressure decreased from 140.9 + 24.3 (o 1314 =
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Figure 2. Changes in systolic and diastolic blood pressure (BP) and
heart rate in patients who completed the full adenosine infusion
protocol (n = 6.921) at 40 pg/kg per min over 6 min. *p < 0.0001 in
comparison with prior time interval. bpm = beats per minute.

27.3 mm Hg and diastolic blood pressure decreased from
799 = 11.9t071.9 * 14.2 mm Hg.

Protocol completion. As shown in Figure 3, the 6-min
140-zg/kg per min adenosine infusion protocol was com-
pleted in 7,226 patients (80%), required dose reduction in
[,165 patients (13%) and was terminated early in 664 patients
(7%). Aminophylline was given to 71 patients (0.8%). De-
spite adenosine dose reduction or early termination, radio-
isotope was injected and the infusion continued for an
additional period in 98.7% of patients. In some patients, the
occurrence of significant ECG changes or chest pain was the
reason for the early termination or dose reduction.

Figure 3. The 6-min high dose adenosine infusion protocol was
completed in 7,226 patients (80%). The short half-life of adenosine
altowed dose reduction in 1.165 patients (13%) who experienced

. intolerable side effects.

Terminated Eariy
n=664 (7%)

Completed
n=7,226 (80%)

Dose Reduced
n=1,165 (13%)
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Table 2. Frequency of Adverse Events.(>2%) During Adenosine
infusion (n = 9,256}

: No. %
Flushing ! 3371 36.5
SOB/dyspnca : 3.260 35.2
Chest pain : 3,207 34.6
Gl discomfort : 1352 14.6
Headache ! 1.318 (4.2
TNJ discomfort ! 1.078 1.6
Light-hcadedness 783 8.5
AV block 706 1.6
ST-T changes 531 5.7
Arrhythmia 309 33
UE discomfort 213 2.3

AV = atrioventricular: Gl = gastrointestinal; SOB = shortness of breath:
TNJ = throalt. neck. jaw: UE = upper extremity.

Adverse events. There were no deaths in 9,256 patient
studies. A total of 17,191 adverse events were reported by
7,507 patients (81.1%); no adverse events were reported by
1,749 patients (18.9%). Patients without adverse events had
fewer hemodynamic changes than did patients reporting
events. The occurrence of individual adverse events are
presented in Table 2 for those events with >2% frequency.
Of the adverse reactions, 78.4% were clinically graded by
investigators as mild, 9.6% as moderate and 4.7% as severe.
The relation between reported events and adenosine infusion
was graded as related in the majority (definitely related in
85% and probably related in 9.6%).

Cardiovascular or other potentially significant clinical
events included: hypoteasion in 163 (1.8%), bradycardia in
23 (0.2%), bronchospasm in 12 (0.1%, of which seven
episodes were classified as severe), hypertension in 5
(0.05%), myocardial infarction in 1 (0%) and pulmonary
edema in 1 (0%). The single patient who developed myocar-
dial infarction had undergone percutaneous transluminal
coronary angioplasty of the left anterior descending artery 3
days before adenosine scintigraphy. During angioplasty, a
severe circumferential dissection was noted and chest pain
was experienced but not reported by the patient in the
easuing 72 h.

As shown in Figure 4 from the stepwise logistic regres-
sion analysis final model, the relative nsk of having any
adverse event regardless of severity was increased in women
(odds ratio 1.78), patients with body weight above the
median (odds ratio 1.47) and patients younger than the
median age (odds ratio 1.52).

Atrioventricular block. Atrioventricular block of any
type occurred in 706 (7.6%) of all patients studied. Of these,
256 had first degree block, 378 had second degree block and
only 72 patients (0.78% of all patients earolled) experienced
third degree AV block. Five hundred eight episodes of AV
block self-terminated without requiring interventions and

133 resolved with a reduction of the dose. Oualy 57 patients
had adenosine administration terminated because of AV
block. Six patients with AV block received aminophylline,

[
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Risk Factors ]

Female Gender

Increased Welght H
Males 282 kg ; : : : H
Females 272 kg ; : 2 : :
Younger Age —p ——{
Males <65 : .:
Femuales <68 L {
1 1.25° 1S 175 2 2.25

Relatlve Risk

Figure 4. The relative risk of having any side effects during ade-
nosine infusion as determined by stepwise logistic regression anal-
ysis was modestly increased in women, patients whose body weight
was higher than the median body weight and those whose age was
less than the median age. =

but in all cases, the episodes had already self-terminated.
There were no differences in the occurrence of ischemia
(perfusion defects or ischemic ECG changes) between pa-
tients with and without AV block. Thus, these episodes of
AV node block probably represent a direct adenosine effect
on the conduction system rather than a manifestation of
ischemia.

Univariate analysis of baseline clinical and ECG charac-
tenistics, medications (including beta-adrenergic and calcium
blockers) and patient age, entered as a continuous variable,
identified only age as a predictor of AV block. Separate
analyses were also performed entering age as a discrete
variable, starting at age <50 or >50 years and increasing by
S-year intervals to age 75 years. The best separation by age
occurred for patients <70 years (63% of all patients tested)
versus patients =70 years (37%) (AV block incidence of
7.05% vs..9.44%, p < 0.001). When this age dichotomy was
entered into the logistic regression analysis model, the
refative risk for AV node block was modestly increased
(odds ratio 1.37, 95% confidence intervals of 1.17 to 1.61).
Beta- and calcium channel blockers and conduction system
abnormalilies on the baseline ECG were not predictors of
AV node block.

Delayed or recurrent adverse events. In the 1,067 patients
monitored for 24 h, there were 142 delayed events and 107
recurrent events reported for a total of 23%. Of the 142
delayed events, 21 events in [7 patients were considered
potentially significant and included headache (n = 6), gas-
trointestinal discomfort (n = 3), extremity discomfort
(n = 3), hypotension (n = 2), chest pain (n = 2), paresthesia
(n = 1), asthenia (n = 1), bradycardia (n = 1}, light-
headedness/dizziness (n = 1) and inability to walk (n = 1).
The majority of these events resolved spontaneously or with
minimal intervention and were judged by physicians to be
unrelated or not clearly due to the adenosine infusion.
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Discussion

These results show that adenosine infusion in conjunction
with radionuclide perfusion imaging is safe in comparison
with dipyridamole infusion or exercise stress testing. There
were no deaths in 9,256 patients and serious side effects were
rare and reversed with termination of the infusion. Amino-
phylline reversal was seldom required. Although there was a
statistically significant increased risk for total side effects in
women. younger patients and those above the median body
weight, the relative risk ratios are low and do not allow

clinical prediction for adverse events in an individual pa- .

tient. Delayed or recurrent adverse reactions in the 24 h after
~"sion were infrequent and generally considered unrelated
<he adenosine infusion. ~

‘Comparison with dipyridamole. Safety and adverse reac-
tions in conjuaction with dipyridamole-induced hyperemia
have been reported in two large series of patients (5.6)..

thosky et al. (5) retrospectively acquired safety data in

s1 1 patients receiving standard dose dipyridamole infusion
and reported two deaths and four myocardial infarctions.
Picano et al. (6) prospectively acquired similar information
in 9,122 patients receiving high dose dipyridamole with
echocardiography and reported one death and two myocar-
dial infarctions. Using continuous, high dose adenosine
infusion, we observed no deaths and one myocardial infarc-
tion. The myocardial infarction occurred in a patient who
had a severe coronary artery dissection during angioplasty
with subsequent chest pain and who retrospectively was not
a good candidate for adenosine pharmacologic testing be-
cause of his unstable condition.

Because of the short half-life of adenosme side effects
reverse on termination or a decrease in the rate of the
infusion. Aminophylline, an adenosine receptor antagonist,

‘sed infrequently. Only 71 patients (0.8%) in our registry

cived aminophylline as opposed to 11.6% in the report by
- ._anhosky et al. (5) and. its routine use in all patients by
Picano et al. (6). In 20% of our patients receiving adenosine,
adverse events were treated by simply decreasing the dose.
"~ h dose titration is not possible with dipyridamole, which

. a long half-life (>30 min) that does not allow dose
~wjustment and requires aminophylline to reverse side ef-
fects. The administration of aminophylline may itself cause
adverse events. Picano et al. (6) reported clinically signifi-
cant side effects due to aminophylline reversal in 17 patients:
13 episodes of ST segment elevation associated with
echocardiographic wall motion abnormalities in patients
with variant angina, 3 episodes of hypotension/bradycardia
and | episode of atrial fibnllation. Although minor side
effects are more frequent with adenosine, they are well
tolerated and resolve with termination of the infusion.

Considering that patients undergoing pharmacologic
stress testing are generally older and more debilitated than
those undergoing exercise stress, these results suggest that
both dipyridamole and adenosine are safe and that severe
cardiac events are rare using either-agent. Adenosine offers

7o
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the following advantages: rapid onset of action, proven
potency as a direct coronary vasodilator, the ability ito
rapidly modulate its pharmacologic effects through dgse
adjustment, short half-life and a low incidence of amlnophy[-
line administration for reversal.

Incidence of adverse events by age, gender and body
weight. During intravenous dipyridamole infusion, a higher
frequency of total side effects has been reported in women
refalive to men and in obese patients (7,23). We report
simifar findings with the use of adenosine. Younger patients
were more likely (o report adverse events than were older
patients. The reason for this age difference is not obvious
and may be related to differences in perception, adenosme
receptor sensitivity or adenosine metabolism.

Atrioventricular block. This occurred in 7.6% of patients
but terminated spontaneously in most, and there were no
prolonged episodes in any patient. The ificrease in relative
risk in patients 270 years (9.44%) versus patients <70 years
(7.05%) does not allow prediction of risk in an individual
patient. Patients taking beta- or calcium channel blockers
were not at increased risk.

The observation that perfusion defects and ischemic ECG
changes did not predict AV block suggests that the block
was a transient and direct pharmacologic effect of adenosine
on the AV node. This is well known and underlies the
current indication of adenosine as an effective drug for
treatment of supraventricular tachycardia (22). Special care
must be taken to infuse adenosine at a constant rate during
its use with radionuclide perfusion imaging. [t is optimally
infused by using an accurate and preferably computerized
pump system that allows the infusion rate to be decreased
without being completely stopped. Stopping the infusion
completely before reducing the dose results in a rapid
reversal of the hyperemia and it may take I to 2 min to reach
maximal hyperemia at the new dose. Rapid injection and
flushing of the radiopharmaceutical agent through the intra-
venous tubing being used for the adenosine infusion should
be avoided because this bolus effect will cause high blood
levels and increase the risk of AV node block. The transient
effects of adenosine on the conduction system are reported
to be unaresponsive (o atropine.

Delayed .or recurrent adverse events. The occurrence of
delayed or recurrent side effects in the 24 h after adenosine
infusion was low and in most cases considered unrelated to
the prior adenosine infusion. Because adenosine is an endo-
genous substance with a plasma half-life of <10's, it is
difficult to attribute delayed or recurrent adverse events to
its use. Itis more likely that the reported events were related
to the patients’ ongoing medical problems, changes in med-
ications or changes in management. :

Conclusions. These prospective findings in a large group
of patieats establish the overall safety of adenosine pharma-
cologic hyperemia in conjunction with radionuclide perfu-
sion imaging.
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