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Safety of dipyridamole testing in 73,806 patients: 
The Multicenter Dipyridamole Safety Study 
Jean Lette, MD, James L. Tatum, MD, Sheila Fraser, CA, 
D. Douglas Miller, MD, David D. Waters, MD, Gary Heller, MD, 
Eric B. Stanton, MD, Hee Seung Born, MD, Jeffrey Leppo, MD, and 
Stanley Nattel, MD, for the Multicenter Dipyridamole Safety 
Study Investigators 

Background. Dipyridamole imaging is widely used as an alternative to exercise testing to 
identify and risk stratify patients with coronary artery disease. Safety data on intravenous 
dipyridamole stress testing has been derived largely from individual institutional data. 

Methods and Results. Data were collected retrospectively by 85 coinvestigators from 73,806 
patients who underwent intravenous dipyridamole stress imaging in 59 hospitals and 19 
countries to determine the incidence of major adverse reactions during testing. The dose of 
dipyridamole infused was 0.56 mg/kg in 64,740 patients, 0.74 mg/kg in 6551 patients, and 0.84 
mg/kg in 2515 patients. Combined major adverse events among the entire 73,806 patients 
included seven cardiac deaths (0.95 per 10,000), 13 nonfatal myocardial infarctions (1.76 per 
10,000), six nonfatal sustained ventricular arrhythmias (0.81 per 10,000) (ventricular 
tachycardia in two and ventricular fibrillation in four), nine transient cerebral ischemic attacks 
(1.22 per 10,000), (with speech or motor deficit), one stroke, and nine severe bronchospasms 
(1.22 per 10,000) (one intubation and eight near  intubations). In addition to the safety data, 
detailed demographic, peripheral hemodynamic, side effect, and concomitant drug data were 
examined in a subgroup of 3751 patients. End points from subsets of patients were compared 
with those of the group as a whole. Multivariate analysis revealed that  dipyridamole-induced 
chest pain was more common in patients less than 70 years old (p = 0.0017), those with a history 
of coronary revascularization (p = 0.002), or patients taking aspirin (p = 0.0001). Minor 
noncardiac side effects were less frequent among the elderly (p  = 0.0053) and more frequent 
in women (p = 0.0001) and patients taking maintenance aspirin (p = 0.0034). When a patient 
was judged on the basis of the adequacy of hemodynamic response to be a dipyridamole 
"nonresponder"  ( < 10 mm Hg drop in systolic blood pressure and 10 beats/min increase in heart  
rate), the only significant predictor was angiotensin-converting enzyme inhibitor intake 
(p = 0.0025). Inferoposterior hypoperfusion was significantly more frequent in patients with 
dipyridamole-induced hypotension: 57% (44/77) (p < 0.0001) of those who had hypotension and 
89% (8/9) (p = 0.0076) who had severe symptomatic bradyarrhythmias displayed inferopos- 
terior defects on thallium scanning. Caffeine levels were determined in 391 consecutive patients: 
levels greater than 5 mg/L were observed in only eight patients (2%), suggesting that 
methylxanthine levels sufficient to alter the hemodynamic response to dipyridamole resulting 
in suboptimal hyperemic stress are unlikely when patients take nothing by mouth after midnight. 

Conclusion. The risk of serious dipyridamole-induced side effects is very low and is 
comparable to that reported for exercise testing in a similar patient population. (J NUCL 
CARDIOL 1995;2:3-17.) 
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Pharmacologic coronary vasodilation stress pro- 
duced by intravenous dipyridamole, when used in 
conjunction with myocardial perfusion imaging, pro- 
vides a clinically useful alternative to exercise testing 
in patients who are unable to achieve an acceptable 
level of dynamic cardiac stress. The heterogeneous 
regional distribution of coronary blood flow produced 
by dipyridamole hyperemia yields myocardial perfu- 
sion images similar to those obtained with exercise 
testing, allowing for both  the accurate detection of 
underlying coronary stenoses and the risk stratifica- 
tion of patients with suspected and known coronary 
heart  disease. 1-9 

The risk of severe complications including myo- 
cardial infarction, death, and stroke has been previ- 
ously repor ted to be low. 10'11 Recent  anecdotal case 
reports  12-a3 have generated concern that the compli- 
cation rate may be increasing as the test is used more 
widely, prompting some clinicians to seek alternative 
methods of pharmacologic stress testing. The princi- 
pal goal of this study was to define the incidence of 
severe complications of dipyridamole stress testing in 
a large and clinically heterogeneous cohort of pa- 
tients. 

A secondary goal of this study was to determine 
the covariables associated with variation in heart rate, 
blood pressure, minor noncardiac side effects, chest 
pain, and S-T segment changes, which have been 
reported previously, 23-3~ in a subgroup of 3715 pa- 
tients for whom detailed hemodynamic,  clinical elec- 
trocardiographic, and drug data were available. The 
efficacy of aminophylline as a dipyridamole antidote 
was evaluated in 92 patients with hyperemia-induced 
S-T segment changes. Caffeine blood levels also were 
m e a s u r e d i n  391 unselected patients who had been 
instructed to take nothing by mouth  (including coffee 
and tea) after midnight to assess patient compliance 
with physician instructions. 

MATERIAL AND METHODS 

Multicenter Survey of 73,806 Patients. Seventy- 
five sites were surveyed to determine their capacity to 
provide required information on the number of dipyridam- 
ole tests performed, the interval during which they were 
performed, the dose regimen used, and the number of 
severe complications encountered. Severe complications to 
be ascertained were cardiac death, nonfatal myocardial 
infarction, sustained ventricular tachycardia, ventricular 
fibrillation, transient ischemic attacks (speech or motor 
defect), stroke, noncardiac death, severe bronchospasm 
(with intubation, near intubation, or hospitalization), and 
severe or unusual reactions to dipyridamole or aminophyl- 
line. The exact number of tests performed was compiled at 
each site with either individual patient records, patient data 

bases, or pharmacy records. Because reporting of severe 
reactions was dependent on physician recollection, a 
number of measures were taken to ensure that reporting 
was reliable: only severe adverse effects were considered 
and, for all cases of adverse effects reported, the site 
investigator was required to review the medical chart and 
complete a detailed questionnaire pertaining to the se- 
quence of events leading to the complication, as well as the 
patient's medical history and subsequent investigation. 

Any center that was either unable to identify all 
patients who sustained adverse effects or who did not 
complete the detailed complication reports was excluded 
from the study. These techniques contributed to the high 
level of ascertainment for complications. Interestingly, the 
complication rates reported exceeded those in some previ- 
ous large-scale reports of pharmacologic stress testing. In 
addition, the variability of complication rates between sites 
was low, indicating that the level of reporting was similar. Of 
the 75 sites, 16 were not able to comply with the 
aforementioned requirements, usually because of lack of 
resources to compile the data and not because of a higher 
complication rate. Unstable angina requiring hospitaliza- 
tion and coronary revascularization and acute pulmonary 
edema were uncommon and were not included as study end 
points because of the difficulty in defining these conditions 
objectively. 

Substudy of 3715 Patients 
Patient population. This phase of the study consisted 

of 3715 consecutive patients referred for dipyridamole 
myocardial perfusion imaging at the Medical College of 
Virginia between 1986 and 1992. Patients were referred for 
dipyridamole stress testing based on the clinical determi- 
nation that they would not reach an adequate level of 
exercise on the treadmill, most commonly because of 
physical limitations or negative chronotropic drugs. 

Each patient was interviewed and medical records 
were reviewed before the patient signed an informed, 
written consent to participate in the dipyridamole testing 
protocol, as approved by the Institutional Review Board on 
the Conduct of Human Research. Data from the patient 
interview, available medical records, and subsequent record 
searches were entered into a database that included the 
parameters listed in Tables 1 and 2. Theophylline deriva- 
tives (except pentoxiphylline) were discontinued 48 hours 
before testing. Patients otherwise took nothing by mouth 
after midnight for all other drugs, including coffee, tea, and 
other caffeine-containing drinks (thus discontinued 8 to 12 
hours before testing). 

Dipyridamole testing protocol. Dipyridamole was 
infused during 4 minutes in the supine position with a dose 
of 0.56 mg/kg to a maximum of 60 mg. The heart rate, blood 
pressure, and a 12-lead electrocardiogram (ECG) were 
recorded before and every minute after the onset of 
dipyridamole infusion for a total of 10 minutes. In addition, 
three electrocardiographic leads were monitored continu- 
ously. 2~ was injected at 7 minutes (2.5 to 3.5 mCi). The 
early set of single-photon emission computed tomographic 
(SPECT) images was acquired after the 10-minute period of 
monitoring. Redistribution imaging was performed 3 to 4 
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hours later. SPECT imaging was performed with a standard 
180-degree semicircular arc starting from the 45-degree 
right anterior oblique position. 

Side effects. Side effects were recorded continuously 
during the 10-minute observation period. Patients were 
informed as to the potential side effects at the time they 
provided informed consent (30 to 60 minutes before 
testing). The presence of side effects was not solicited 
actively at the time of or after the infusion of dipyridamole 
but was simply questioned in general terms, with side effects 
recorded as volunteered by the patient. 

Electrocardiographic interpretation. All ECGs were 
interpreted by a blinded observer. The baseline electrocar- 
diogram was used for comparison. 

Study End Points 
Change in heart rate. The maximal increase in heart 

rate during the 10-minute observation period compared 
with the baseline supine heart rate was the first end point. 

Change in systolic blood pressure. The maximal 
decrease in systolic blood pressure during the 10-minute 
observation period compared with the baseline value was 
another endpoint. 

Nonresponders. Two different definitions of "non- 
responder" were considered. Heart rate nonresponder 
included patients whose heart rate increased by less than 
10 beats/min during the test. Heart rate and blood 
pressure nonresponders were those patients whose heart 
rate increased by less than 10 beat/min and whose systolic 
blood pressure decreased by less than 10 mm Hg during 
the test. 

Hypotension. In view of the controversy surrounding 
the definition of hypotension in the medical literature, we 
used three different classifications for the purpose of data 
analysis (Table 3): a systolic blood pressure of 90 mm Hg or 
less, a greater than 20% drop in systolic blood pressure, or 
a greater than 50 mm Hg drop in mean arterial pressure. 
Patients with symptomatic hypotension had either dizzi- 
ness, lightheadedness, or syncope. 

Chest pain. Dipyridamole-induced chest pain in- 
cluded symptoms of chest discomfort, arm pain, or neck 
tightness. 

Criteria for positive electrocardiographic changes. 
The electrocardiographic response to dipyridamole was 
considered positive if there was I or more mm of additional 
(compared with baseline) horizontal or downsloping S-T 
segment depression. Electrocardiographic changes were 
deemed to have resolved if the ECG no longer met the 
criteria for positivity (>-1 mm of additional horizontal or 
downsloping S-T segment depression during the period of 
observation, for a total of 10 minutes). 

Aminophylline-Electrocardiographic Substudy. In 
this substudy, 92 consecutive patients with criteria for a 
positive electrocardiographic response were evaluated as to 
the response of intravenous aminophylline. Forty-seven 
patients received aminophylline and 45 did not. A profile of 
these patients is shown in Table 4. 

Caffeine Substudy. Caffeine blood levels were 
measured by high-pressure liquid chromatography in an 
unselected population of 391 patients referred for dipyri- 

damole testing, who were told to take nothing by mouth 
(including coffee) after midnight. 

Statistical Analysis of Data from the Subgroup. 
All data from the subgroup study were maintained in a 
relational data base (Ingres; Relational Technology, 
Alameda, Calif.). Statistical analysis was performed with 
the SAS software system for data analysis (SAS Institute 
Inc., Cary, N.C.). Mean and SD determinations are re- 
ported for continuous variables and simple frequency 
distributions for discrete measurements. Intergroup 
univariate comparisons used the t test procedure for 
impaired continuous variables. For discrete variables, the • 
analysis was used. In each case the significance level was set 
atp < 0.05. Multivariate analysis was performed by logistic 
regression applied to the independent variables listed in 
Tables 1 and 2 in a stepwise fashion. Models were designed 
to examine four dependent testing outcomes: angina-like 
chest pain, minor side effects, heart rate nonresponders, 
and heart rate and blood pressure nonresponders (Table 5). 
A significance level ofp < 0.05 was set for inclusion of the 
variable in the model. 

RESULTS 

Multicenter Survey of 73,806 Patients. Data  
were collected retrospectively by 85 coinvestigators 
from 59 hospitals in 19 countries. The dose of 
dipyridamole infused was 0.56 mg/kg in 64,740 pa- 
tients, 0.74 mg/kg in 6551 patients, and 0.84 mg/kg in 
2515 patients, for a total of 73,806 patients. 

The  variability in the complication rate from one 
center to another is low, suggesting that the detection 
and reporting of events were accomplished with a 
similar degree of accuracy. All patients who had 
complications were identified and their medical 
charts reviewed. 

Nonfatal Myocardial Infarctions. There were 
13 nonfatal myocardial infarctions, including 7 non- 
Q-wave infarctions and 6 Q-wave infarctions. The 
patients were 61 _+ 9.3 years old at the time of the 
event. O f  the 13 patients, 23% (3/13) had had a recent 
( < 3  weeks) infarction (3, 12, and 13 days before 
testing), 23% (3/13) had a history of spontaneous 
angina at rest less than 48 hours (2, 10, and 36 hours) 
before the test, 31% (4/13) had diabetes, and 62% 
(8/13) had a history of hypertension. None of these 
patients had hypotension during dipyridamole in- 
fusion. 

There  were two patterns of presentation of 
dipyridamole-induced nonfatal myocardial infarc- 
tion. In 62% (8/13) of patients, chest pain or ischemic 
S-T segment changes were followed rapidly by signs of 
infarction despite aminophylline injection. The delay 
between the onset of the infusion and the appearance 
of ischemia was less than 10 minutes in six of eight 
patients and 30 and 60 minutes in the remaining two. 
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Table 1. Substudy clinical parameters  

A SBP (mm Hg) A HR (beats/min) 
Group n (%) (mean -+ SD) [p value] (mean -+ SD) [p value] 

Total 3715 (100) 14.07 _+ 14.83 17.11 -+ I 1.26 
Male patients 1484 (39.95) 14.94 _+ 14.25 15.62 _+ 10.72 [0.0001] 
Age ->70yr 1007 (27.11) 17--- 15.9 [0.0001] 15.5-+ 10.37 [0.0001] 
Weight >_93 kg 544 (14.64) 10.09 + 11.94 [0.0001] 18.38 _+ 11.13 [0.0043] 
Insulin-dependent diabetics 267 (7.2) 14.91 _+ 15.74 [0.373] 13.88 +_ I0.14 [0.0001] 
Hypertension 414 (I 1.14) 14.53 +- 16.72 [0.546] 17.67 _+ 11.47 [0.29] 
After CABG or PTCA 222 (5.98) 14.39 +__ 14.85 [0.737] 15.03 _+ 10.7 [0.003] 
Kidney transplantation 106 (2.85) 15.31 _+ 16.06 [0.428] 14.59 _+ 8.84 [0.004] 
Hepatic failurer 58 (I.56) 9.43 +- 12.51 [0.006] 16 .97_ 12.41 [0.929] 

SBP, Systolic blood pressure; HR, heart rate; /VISE, minor noncardiac side effects; CABG, coronary artery bypass grafting; PTCA, 
percutaneous transluminal coronary angiography. 
*Increment in heart rate less than 10 beats/min. 
1"Increment in heart rate less than 10 beats/min and drop in systolic blood pressure less than 10 mm Hg. 
:[Pre-liver transplantation workup. 

Table 2. Substudy concurrent  medical therapy 

A SBP (mm Hg) A HR (beats/min) 
Group n (%) (mean -+ SD) [p value] (mean -+ SD) [p value] 

Total 3715 (100) 14.07___ 14.83 17.11 _+ 11.26 
Antihypertensives 243 (6.54) 14.21 _+ 17.62 [0.895] 16.84-4- 10.37 [0.678] 
Antiarrhythmics 54 (I.45) 15.19 _+ 11.46 [0.485] 13.09 _+ 8.76 [0.0013] 
Diuretics 595 (16.02) 13.37 _+ 13.61 [0.169] 14.48 _+ 10.39 [0.0001] 
Dipyridamole 89 (2.40) 14.87 _+ 13.14 [0.597] 16.45 _+ 11.27 [0.571] 
Pentoxiphylline 45 (1.21) 18 .66_ 17.63 [0.086] 13.93 _+ 8.87 [0.02] 
Immunosuppressants 90 (2.42) 14.35 --- 16 [0.878] 14.62 - 10.79 [0.03] 
Digoxin 176 (4.74) I4.61 +- 12.99 [0.591] I3.77 +_ I0.44 [0.0001] 
Aspirin 572 (15.40) 12.14-4- 15.66 [0.0012] 16.67 _+ 10.24 [0.276] 
ACE inhibitors 307 (8.26) 13.57 _+ 15.57 [0.54] 14.06 --- 9.37 [0.0001] 
Calcium antagonists 533 (14.35) 13.15 --- 15.01 [0.117] 16.32 ___ 11.18 [0.079] 
13-Blockers 178 (4.79) 13.2 _+ 14.49 [0.404] 16.3 _+ 8.97 [0.223] 

For abbreviations see Table 1. 
*Increment in heart rate less than 10 beats/min. 
tlncrement in heart rate less than 10 beats/min, and drop in systolic blood pressure less than 10 mm Hg. 

In 38% (5/13) of patients, dipyridamole-induced chest 
pain or ischemic S-T segment changes resolved 
completely after aminophylline injection, only to 
recur later and progress to myocardial infarction. The 
delay from the onset of the infusion to the initial 
episode of transient ischemia in the five patients was 
3, 4, 7, 12, and 48 minutes. Recurrent ischemia 
followed by signs of infarction appeared, respectively, 
15, 33, 50, 240, and 248 minutes from the onset of 
infusion. We would expect delayed and asymptomatic 
(without immediate electrocardiographic changes) 
infarctions to be underreported in our study. 

Sustained Ventricular Arrhythmia (Table 6). 
Dipyridamole-induced sustained ventricular arrhyth- 
mias were reported in six patients, ventricular tachy- 
cardia in four, and fibrillation in two. All patients 
required emergency cardioversion. Only 50% (3/6) of 
patients had clinical or electrocardiographic signs of 
ischemia before the onset of the arrhythmia. All 
patients had a history of myocardial infarction and 
severe baseline left ventricular dysfunction. None of 
the patients had significant dipyridamole-induced 
hypotension before the onset of the arrhythmia and 
none gave a history of spontaneous resting angina 



JOURNAL OF NUCLEAR CARDIOLOGY Let te  et al. 7 
Volume 2, Number 1;3-17 Safety of dipyridamole testing 

MSE (n/%) Chest pain (n/%) Nonresponder Nonresponder 
[p value] [p value] HR* (n/%) Lo value] HR + BP~ (n/%) [p value] 

357/9.61 
86/5.80 [o.oo i] 
73/7.25 [0.003] 
57/10.48 [0.457] 
35/13.11 [0.045] 
35/8.45 [0.397] 
17/7.66 [0.299] 
11/10.09 [0.790] 
4/6.90 [0.477] 

362/9.74 
87/5.86 [0.0001 ] 
74/7.35 [0.003] 
54/9.93 [0.877] 
28/10.49 [0.679] 
48/11.59 [0.178] 
33/14.86 [0.009] 

5/4.59 [0.076] 
3/5.17 [0235] 

794/2 I. 37 
362/24.39 [ < 0.0001 ] 
241/23.93 [0.02] 

90/I 6.54 [0.003] 
88/32.96 [ < 0.0001 ] 
90/21.74 [0.847] 
50/22.52 [0.694] 
23/21.7 [0.937] 
14/24.14 [0.607] 

83/2.23 
27/I.82 [0.189] 
18/I.79 [0.261] 
13/2.39 [0.791] 
10/3.75 [0.078] 
10/2.42 [0.791] 
4/1.80 [0.646] 
2/1.9 [0.815] 
2/3.45 [0.521] 

MSt (./%) 
[p value] 

Chest pain (n/%) 
[p value] 

Nonresponder HR* 
(n/%) [p value] 

Nonresponder 
HR + BPf (n/%) [p 

value] 

357/9.61 
26/10.70 [0.551] 

4/7.41 [0.578] 
53/8.91 [0.516] 

7/7.9 [0.366] 
6/13.3 [0.429] 
6/6.7 [0.350] 

15/8.52 [o.611] 
75/13.11 [0.002] 
25/8.14 [<0.357] 
63/i 1.82 [0.068] 
21/11.8 [0.324] 

362/9.74 
28/11.52 [0.334] 

8/14.81 [0.208] 
61/10.25 [0.660] 

9/10.1 [0.882] 
5/I 1.1 [0.779] 
5/5.6 [0.182] 

22/12.50 [0.210] 
89/15.56 [< 0.0001] 
32/10.42 [0.683] 
80/22 [<0.0001] 
24/13.5 [0.092] 

794/21.37 83/2.23 
52/21.40 [0.992] 6/2.47 [0.798] 
16/29.63 [0.137] 0/0 [0.265] 

169/28.40 [ < 0.0001 ] 22/3.70 [0.007] 
19/21.35 [0.963] 3/3.37 [0.442] 
13/28.89 [0.253] I/2.22 [0.984] 
24/26.67 [0.194] 2/2.22 [0.985] 
60/34.09 [ < 0.0001 ] 7/3.98 [0.104] 

119/20.80 [0.710] 14/2.45 [0.684] 
91/29.64 [<0.0001] 15/4.89 [0.001] 

121/22.7 [0.454] 15/2.80 [0.319] 
25/14 [0.013] 6/3.37 [0.291] 

within 48 hours of the test. Only one patient had a 
history of malignant ventricular arrhythmia and 
underwent implantation of an automatic cardiac 
defibrillator with a known malfunction. Electrophysi- 
ologic testing was subsequently performed in three 
patients: results were negative in two patients and 
positive in one. The latter patient subsequently 
underwent uneventful dipyridamole testing with 
maintenance doses of sotalol. 

Cardiac Death (Table 7). Seven patients died of 
cardiac complications after dipyridamole testing. The 
events leading to death were progressive hypotension 
in three patients, intractable pulmonary edema in 
two, and refractory ventricular fibrillation in two, 

despite prompt administration of aminophylline in 
each case. 

All patients who died had a history of myocardial 
infarction and 57% (4/7) had a history of congestive 
heart failure. One patient had a history of prolonged 
chest pain the night before the test. 

Acute Severe Bronchospasm (Table 8). There 
were nine cases of severe bronchospasm requiring 
either intubation, near intubation, or hospitalization. 
The final diagnoses were acute pulmonary edema in 
one patient and probable anaphylactic reaction in 
another. Of the remaining seven patients, 71% (5/7) 
had either severe labile asthma (1/5) or severe chronic 
obstructive pulmonary disease (COPD) with a history 
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Table 3. Hypotension 

Symptomatic Asymptomatic 
Definition in/*/.)* in/%) 

Dipyridamole-induced systolic BP < 90 mm Hg 
> 20% drop in systolic BP 
> 50 mm drop in mean pressure 

4/0. I 73/2 
13/0.4 378/11 
0 4/0.11 

BP, Blood pressure. 
*Symptoms include dizziness, lightheadedness, or syncope. 

Table  4 .  Aminophylline-electrocardiographic substudy: all patients 

Aminophylline in = 47) No aminophylline ( n = 45) p Value 

Age (yr) 64.3 • 1.6 69.6 • 1.7 0.03 
No. of mean (%) 12 (25.5) 17 (37.8) NS 
Time ECG positive 7.4 _+ 0.2 7.2 • 0.2 NS 
No. with symptoms (%)* 

Chest pain 36 (76.6) 10 (22.2) 0.001 
Headache 4 (8.5) 3 (6.7) NS 
Dizziness 3 (6.4) I (2.2) NS 
Flushing 2 (4.2) 0 (0.0) NS 
Nausea 7 (14.9) 1 (2.2) 0.03 
Hypotension 3 (6.4) 1 (2.2) NS 
Dyspnea 10 (21.3) 2 (4.4) 0.02 

RPP 
Baseline 11,777 _+ 471 12,202 -+ 481 NS 
7 Min 14,665 • 583 14,089 • 596 NS 
10 Min 15,176 • 593 14,222 • 607 NS 

No. with ECG resolution (%) 28 (60.0) 3 (6.7) 0.001 
Duration of ECG change 2.6 • 0.5 5 • 0.9 0.05 

NS. Not significant; ECG, electrocardiogram; RPP. rate pressure product. 
*Before administration of aminophylline. 

of acute respiratory failure (4/5); 71% (5/7) of 
patients were receiving maintenance oral prednisone 
therapy. 

C e r e b r o v a s c u l a r  Events .  There were nine 
transient cerebral ischemic attacks (TIAs) with tran- 
sient motor or speech defect and one stroke. The 
mean age was 64.1 years (range 33 to 84 years). The 
event was hemispheric in six patients (left-sided in 
four and right-sided in two), bulbar in two, and 
indeterminate in one; signs of cerebrovascular isch- 
emia lasted less than 30 minutes in seven patients and 
24 hours in the remaining two. None of the patients 
had hypotension (systolic blood pressure _< 90 mm 
Hg) before the event. A carotid artery Doppler study 
was performed in five patients with TIAs: two had 
significant underlying stenoses and three did not. The 
patient who had a stroke had a history of left 
hemispheric TIA and a 90% stenosis of both internal 

carotid arteries on carotid Doppler ultrasonography. 
A minimal residual defect remained 2 months later. 

Risk o f  High- V e r s u s  L o w - D o s e  Test ing.  The 
number of patients who received the low (0.56 
mg/kg)-, intermediate (0.70 mg/kg)-, and high (0.84 
mg/kg)-dose regimens was, respectively, 12, 0, and 1 
for myocardial infarction; 6, 1, and 0 for cardiac 
death; 3, 1, and 2 for sustained ventricular arrhyth- 
mia; 9, 0, and 0 for TIAs; 8, 1, and 0 for severe 
bronchospasm; and 1, 0, and 0 for stroke. 

Other  C o m p l i c a t i o n s  
Noncardiac death. One patient died during 

cardiac imaging about 10 minutes after the onset of 
dipyridamole imaging. An autopsy revealed massive 
pulmonary embolism. The test had been performed 
for the investigation of atypical chest pain of recent 
onset. 

Seizures.  Three  patients had seizures during 
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Table 5. Logistic regression analysis 

Predictor (end point) Standard error p Value Odds ratio 

Chest pain 
Aspirin 0.13 0.0001 1.945 
Prior CABG or PTCA 0.186 0.0002 2.0 
Age _ 70 yr 0.135 0.0017 0.653 
Male sex 0.125 0.0001 0.45 
Constant 0.077 0.0001 0.133 

Minor noncardiac side effects 
Male sex 0.1255 0.0001 0.463 
Aspirin 0.1385 0.0034 1.499 
Age _ 70 yr 0.135 0.0053 0.686 
Constant 0.075 0.0001 0.1412 

Heart rate and blood pressure nonresponders 
ACE inhibitors 0.29 0.0025 2.409 
Constant 0.12 0.0001 0.020 

Heart rate nonresponders 
Weight _> 93 kg 0.1253 0.0025 0.6849 
Diuretics 0.1068 0.0009 1.428 
Digoxin 0.1685 0.0020 1.683 
~3-Blockers 0.2213 0.0038 0.527 
Insulin 0.1245 0.0001 1.808 
Renal failure 0.2221 0.312 1.612 
Age -> 70 yr 0.09 0.0294 1.216 
Male sex 0.081 0.0001 1.402 
Constant 0.07 0.0001 0.201 

CABG, Coronary artery bypass grafting; PTCA, percutaneous transluminal coronary angioplasty. 

dipyridamole infusion: two were known to have 
epilepsy and had not taken their medication the 
morning of the test (one patient underwent unevent- 
ful repeat  testing while receiving anticonvulsant 
medication). A detailed neurologic investigation of a 
third patient was entirely negative. 

Severe reactions to dipyridamole (n = 3) or 
aminophylline (n = 1) were uncommon. Reactions to 
dipyridamole included severe chills (n = 2) and one 
death from probable anaphylaxis (bronchospasm and 
hypotension followed by death). One patient had 
tachycardia and hypotension (reversed with intrave- 
nous fluids) after aminophylline injection. 

Symptomatic bradyarrhythmias (sinus bradycar- 
dia or heart  block) were uncommon (n = 7; 1/10,000) 
but probably underreported because they were clas- 
sified as "other  severe complications" in the report  
form and patients' charts were not reviewed individu- 
ally in the large-scale study. We believed that the 
substudy of 3715 patients would be more reliable to 
determine the risk of bradyarrhythmias, because it 
involved better-controlled electrocardiographic 
monitoring. 

S u b s t u d y  o f  3 7 1 5  Pat i en t s  (Tables 1 and 2) 
Sex. The subset of male patients had a signifi- 

cantly diminished heart rate response to dipyridamole 
infusion and were more likely to be classified as heart 
rate nonresponders (24% of men) (p = 0.0001). 

Age. Elderly patients ( >  70 years) had a more 
significant decrease in mean systolic blood pressure 
(p  = 0.0001) and a less signifcant increase in heart 
rate during drug infusion (p = 0.0001). These hemo- 
dynamic changes were associated with a lesser inci- 
dence of minor side effects (7.3%) (p = 0.003) and a 
greater incidence of chest pain (7.4%) (p = 0.003). 
Of interest, 24% of the elderly population were 
judged to be heart  rate nonresponders (p  = 0.02). 

Body weight. Patients of greater body weight 
demonstrated a significantly smaller change in mean 
systolic blood pressure (p  = 0.0001) but a signifi- 
cantly greater increase in mean heart rate after 
dipyridamole infusion (p = 0.0043). A relatively 
small percentage of these patients, who received the 
largest doses of dipyridamole (maximum 60 mg, which 
corresponds to 93 kg on a milligram-per-killigram 
basis), were heart rate nonresponders (16.5%) 
(p  = 0.003). 

Diabetes mellitus treated with insulin. The 
diabetic population had a decreased heart rate 
response to dipyridamole infusion (p = 0.0001), with 
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Table 6. S u s t a i n e d  ven t r i cu la r  a r rhy thmia  

Dose Delay DIP-induced Age LVEF Coronary Known V 
Patient Arrhythmi a (mg) (min)* ischemia (yr) Sex (%) angiogram arrhythmia Comments 

I V Tach 44 60 No 75 M 19 N/A No 
2. V Tach 55 30 No 53 M 30 3VD Yes 

3 V Fib 38 10 CP 75 F 35 2VD No 
4 V Fib 73 45 CP, ~ST 56 M 27 3VD No 

5 V Fib 43 8 No 66 M t 2VD No 
6 V Fib 57 19 ~ ST 68 M 31 1VD No 

Implantable automatic 
cardiac defibrillator 
with known mal- 
function 

Sudden death  I yr later 
Negative EPS, follow- 

up: Asx 2 yr after 
CABG 

Negative EPS 
Positive EPS, repeat 

DIP test ing under so- 
tacor uneventful 

DIP, Dipyridamole; LVEF, left ventricular ejection fraction; V, ventricular; V Tach, ventricular tachycardia; N/A, test not performed; VD, 
vessel disease; V Fib, ventricular fibrillation; CP, chest pain; EPS, electrophysiologic study; Asx, asymptomatic; CABG, coronary artery 
bypass grafting. 
*Delayed from the onset of dipyridamole infusion. 
tSignificant left ventricular dysfunction (anterior and posterior akinesis). 

Table 7. Cardiac dea th  

Severity of 
Dose Delay Description Age Recent pretest Previous 

Patient (mg) (min) of event (yr) Sex ischemia* angina MI CHF Comments 

l 55 5 Chest pain ~ ST--~ 48 M N 3 I N 
shock 

2 50 34 Pulmonary e d e m a  -~ 46 M N 0 I 1 
cardiac arrest 

3 44 8 Chest pain--~ 57 M N 0 I 1 
pulmonary e d e m a  -~ 
cardiac arrest 

4 41 17 Chest pain--~V Fib--~ 55 M N 1 I I 
cardioversion -+ 
irreversible V Fib 30 
rain later 

5 2.5 2. Mi --~ shock 70 M I 3 ! I Died after 4 wk in ICU 
(on ventilator and 
intraaortic balloon) 

6 32. 34 Irreversible V Tach --~ 62 M N 0 l N Autopsy: recent MI 
V Fib 

7 45 4 Irreversible hypoten- 70 M l 4 1 N Prolonged chest  pain 
siGn --~ shock night before test  

Autopsy: severe 3VD, 
recent infarction 

Only one patient (no. 6) had a recent (I 0 day) myocardial infarction. 
All, Myocardial infarction; CHF, history of congestive heart failure; VD, vessel disease; VFib, ventricular fibrillation; ICU, intensive care 
unit; V Tach, ventricular tachycardia. 
*Spontaneous angina less than 48 hours before test. 

31% of  this  p o p u l a t i o n  be ing  classif ied as h e a r t  r a te  
n o n r e s p o n d e r s .  

Organ transplantation. T h e  subset  of  pa t i en t s  
unde rgo ing  eva lua t ion  for  k idney  t r ansp lan ta t ion ,  

17% of  w h o m  were  suffer ing f rom diabe tes ,  also 
d e m o n s t r a t e d  a d imin i shed  ch rono t rop i c  response  to  
d i p y r i d a m o l e  infusion ( p  = 0.004). By contras t ,  pa-  
t ients  wi th  hepa t i c  fa i lure  (pre~ t r ansp l an t a t i on  



JOURNAL OF NUCLEAR CARDIOLOGY L e t t e  e t  al. 11 

Volume 2, Number 1;3-17 Safety of dipyridamole testing 

Table 8. Acute severe bronchospasm 

Dose Delay 
Patient (rag) (min)* 

Duration of 
wheezing Age 

(min) (yr) Sex Pulmonary history Medication 

I 72 5 

2 30 4 

3 43 6 
4 t  20 2 

5 40 6 

6 50 2 and 90 

7~: 40 45 

8 40 4 

9 34 4 

240 63 F Admission for COPD 13 z, Th, Pred 
and asthma (prior 
ARF, continuous 
O z at home) 

I 0 51 M COPD, emphysema [3 z, Pred 
(prior intubation 
for ARF) 

20 55 M COPD, emphysema [3 z, Atr, Pred 
60 68 F Asthma during None 

childhood 
20 50 M COPD, asthma (prior [3 z, Atr, Becl, Th, 

intubation for ARF) Pred 
180 55 F Asthma (severe [3 z, Becl, Th 

labile) 
45 61 F Prior admissions for Th 

pulmonary edema, 
CHF 

180 67 M COPD, emphysema [3 z, Atr, Pred 
(prior intubation 
for ARF) 

45 69 F Asthma (moderate) [3 z, Becl 

COPD, Chronic obstructive pulmonary disease; ARF, acute respiratory failure; /3 z, 13z-agonist; Th, theophylline; Pred, prednisone; Atr, 
atrovent; Bed, beclovent; CHF, congestive heart failure. 
*Delay from onset of dipyridamole infusion. 
tFinal diagnosis: anaphylaxis. 
r diagnosis: acute pulmonary edema (on chest x-ray film). 

workup) had a normal chronotropic response but 
significantly smaller decreases in systolic blood pres- 
sure during drug infusion (p = 0.006). 

Hypertension. Of interest, hypertensive pa- 
tients did not demonstrate significant differences in 
peripheral hemodynamic response from the mean 
response of the total population. These patients were 
no more likely to have hypertension during drug 
infusion. 

Previous coronary revascularization. The sub- 
group of patients who had undergone prior coronary 
bypass graft surgery or percutaneous transluminal 
coronary angioplasty demonstrated a smaller change 
in heart rate during dipyridamole infusion 
(p = 0.003). Despite this, a significantly greater 
percentage of the population who had undergone 
prior coronary revascularization (14.9%) had chest 
pain during dipyridamole infusion (p = 0.009). 

Concomitant drug therapy. Diabetic patients 
taking insulin had more noncardiac side effects 
(13.1%; p = 0.045), and patients taking aspirin had 
more minor side effects (13.1%;p = 0.002) and chest 
pain (15.6%;p = 0.0001) during drug stress, Previous 

administration of dipyridamole (n = 89) or pentoxi- 
phylline (n -- 45) was not associated with a higher 
nonresponse rate. The number of heart rate nonre- 
sponders was significantly higher among patients 
taking diuretics (28.4%; p < 0.0001), digoxin (34%; 
p < 0.0001), and angiotensin-converting enzyme 
(ACE) inhibitors (30%; p < 0.0001). 

Interestingly, among all clinical parameters and 
drugs recorded, only digoxin (4%; p = 0.007) and 
ACE inhibitors (4.9%;p = 0.01) were associated with 
a higher rate of both heart rate and blood pressure 
nonresponse. 

Multiple Analysis (Table 5). When logistic 
regression (maximal likelihood ratio method) was 
applied to the independent variables, the predictors 
were (1) for chest pain; aspirin intake (p = 0.0001), 
female sex (p = 0.0001), prior coronary revascular- 
ization (p = 0.0002), and age less than 70 years 
(p  = 0.0017); (2) for minor noncardiac side effects: 
female sex (p = 0.0001), aspirin intake (p = 0.0034), 
and age less than 70 years (p  = 0.0053); (3) for heart 
rate and blood pressure nonresponders: ACE inhibi- 
tor intake (p -- 0.0025); (4) for heart  rate nonre- 
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Dipyridamole-induced drop in blood pressure 
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Figure 1. Spectrum of dipyridamole-induced drop in systolic (syst.), diastolic (diast.), and mean blood 
pressure. 

sponders: weight of 93 kg or greater (p = 0.0025), 
diuretics (p = 0.0009), digoxin (p = 0.002) or insulin 
intake (p = 0.0001), absence of [3-blocker intake 
(p = 0.0038), kidney transplantation (p --- 0.029), 
and male sex (p -- 0.0001). 

Characteristics of Patients with Dipyridam- 
ole-lnduced Hypotension (Figure 1, Table 3). 
Asymptomatic episodes of significant hypotension (as 
high as 11% depending on the definition of hypoten- 
sion) were more common than symptomatic episodes 
(to 0.4%). A significant drop in systolic blood pressure 
to less than 90 mm Hg was observed in 77 patients. In 
10 of 77 patients the hypotension appeared to be 
caused by a bradyarrhythmia, with a heart rate of less 
than 60 beats/rain. The result of the 2~ 
SPECT myocardial perfusion study was normal in 22 
patients (29%) and displayed inferoposterior defects 
in 44 (57%): the defects were fixed in 14 of 44 patients 
and partially or completely reversible in 30 of 44. 
There were perfusion defects in all three coronary 
territories in five patients (6.5%). Inferoposterior 
defects (44/77) were more common than anterior 
defects (18/77) (p < 0.0001). 

Of the 10 patients with both bradycardia (heart 
rate < 60 beats/rain; sinus bradycardia in all cases) 
and hypotension (systolic blood pressure < 90 mm 
Hg), one patient had a pacemaker set at a rate of less 
than 60 beats/min and all nine remaining patients had 
underlying perfusion defects (inferoposterior in seven 
of nine, apical in one of nine, and in all three coronary 
territories in one of nine patients). Inferoposterior 
defects (8/9) were more common than anterior 
defects (2/9) (p = 0.0076). 

Aminophylline-Electrocardiographic Sub- 
study (Table 4). The two groups (aminophylline and 
no aminophylline) were not significantly different 

with regard to sex, time at which the ECG became 
positive, and rate pressure products (baseline, 
7 minutes, and 10 minutes) (Table 4). The patients 
receiving aminophylline were younger than the pa- 
tients not receiving aminophylline (64 vs 70 years; 
p < 0.03). The group receiving aminophylline had 
more symptoms, most commonly chest pain (77% vs 
22%) but also nausea, dyspnea, and hypotension. The 
electrocardiographic evidence of ischemia resolved 
within the 10-minute observation period in 28 (60%) 
of the 47 patients given aminophylline but resolved in 
only three (7%) of the 45 patients in the group not 
treated with aminophylline (p < 0.001) (Table 4). 
The time required for the ECG to become negative in 
patients receiving aminophylline was 2.6 +_-0.5  
minutes, whereas without aminophylline electrocar- 
diographic resolution required 5.0 _+ -0 .9  minutes 
(p < 0.05). 

Caffeine Substudy. The caffeine blood level 
was 0 mg/L in 252 patients, 0.5 mg/L in 54 patients, 
1 mg/L in 46 patients, 2 mg/L in 31 patients, 5 mg/L 
in three patients, and 10 mg/L in five patients. The 
sample of patients with blood levels above 5 mg/L 
(n = 8; 2%) was too small to provide reliable statistics 
on the correlation between caffeine and peripheral 
hemodynamic effects. 

Severe Complications. Among the 3715 pa- 
tients, there was one nonfatal myocardial infarction, 
one transient cerebral ischemic attack, one noncar- 
diac death from anaphylaxis to dipyridamole, and one 
case of severe bronchospasm that responded to 
aminophylline. There were no episodes of pulmonary 
edema, no cardiac deaths, no malignant ventricular 
arrhythmias, and no strokes. Four patients had severe 
symptomatic sinus bradycardia with secondary hy- 
potension. There were no cases of transient heart 
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block. None of the patients required immediate 
hospitalization for unstable angina or emergency 
coronary revascularization. 

DISCUSSION 

Response to Dipyridamole in Patient Subsets 
Age. Elderly patients ( _  70 years) had a more 

significant drop in systolic blood pressure and a less 
significant increase in heart rate during the infusion 
protocol. Although this hemodynamic response is at 
variance with an earlier publication of data from 93 
patients in which 79 were greater than 65 years of 
age, 31 our findings are consistent with a more recent 
study of 129 patients in which the eldest group 
demonstrated a more profound drop in systolic blood 
pressure. 32 Our study confirms that dipyridamole 
testing can be carried out safely in elderly patients. 

Insulin-dependent diabetes. The diabetic 
population is known to be at risk for autonomic 
nervous system dysfunction, which may account for 
the high rate of heart rate nonresponders (31%). 

Concomitant drug therapy. The higher rate of 
nonresponders in patients taking digoxin, diuretics, 
and ACE inhibitors may be related to vagal poten- 
tiation by digoxin or a decreased baroreflex function 
associated with congestive heart failure and hyper- 
tension, for which these drugs are commonly pre- 
scribed.33, 34 

Minor side effects. We report a lower incidence 
of chest pain (362/3715; 10%) and minor noncardiac 
side effects (357/3715; 10%) compared with previous 
studies.4'1~ 23'35 Although this may reflect a selection 
bias in favor of less sick patients, we suspect that the 
data reported in previous studies were obtained after 
actively soliciting reports of side effects from patients 
during the infusion. We limited our intervention to 
describing potential side effects before the test and 
asking patients to report them at the time of the 
infusion. 

Hypotension with and without bradycardia. A 
wide range of pathophysiologic pathways can lead to 
dipyridamole-induced hypotension. When there is 
associated tachycardia, systemic arteriolar hypersen- 
sitivity to dipyridamole or transient left ventricular 
dysfunction is the most likely mechanism. 1,36,37 Pos- 
sible mechanisms for dipyridamole-induced bra- 
dyarrhythmias and secondary hypotension include 
transient inferoposterior wall ischemia with reflex 
sinus bradycardia or atrioventricular nodal block or 
peripheral arteriolar vasodilation (Bezold-Jarish re- 
flex), transient exacerbation of a preexisting sick sinus 

syndrome, or an inhibitory effect of dipyridamole on 
the sinoatrial or atrioventricular node. 15'38,39 Our 
findings suggest that inferoposterior ischemia plays a 
major role: 89% (8/9) (p = 0.0076) of patients who 
had severe symptomatic bradycardia and 57% (44/77) 
(p < 0.0001) of patients with dipyridamole-induced 
hypotension displayed inferoposterior perfusion de- 
fects on 2~ scanning. Transient left ventricular 
dysfunction may have occurred in 6% (5/77) of 
patients with perfusion defects in all three coronary 
territories. 

Efficacy of aminophylline. Although anginal 
pain is not a reliable indicator of ischemia in 
association with dipyridamole infusion, 23'27,4~ S-T 
segment depression is highly specific although rela- 
tively insensitive. 26,2s-3~ For this reason, we chose 
electrocardiographic changes as an objective marker 
of ischemia and an end point to assess the efficacy of 
aminophylline in reversing the effects of dipyridam- 
ole. In our study, during the 10-minute observation 
period, only 3% of electrocardiographic changes 
resolved within the 10-minute observation period in 
patients who did not receive aminophylline, com- 
pared with 60% of those who did (p = 0.001). 
Our findings confirm previous reports that amino- 
phylline promptly reverses dipyridamole-induced 
ischemia.36,41,42 

Caffeine substudy. Several investigators have 
expressed concern that consumption of caffeine 
before intravenous dipyridamole may block adeno- 
sine vasodilation, producing false-negative pharma- 
cologic stress test results. 43-46 Prior studies have 
shown that caffeine blood levels on the order of 10 
mg/L 46 can produce erroneous results in patients with 
known coronary disease, although experimental data 
suggest an effect at lower levels. 43 The caffeine 
substudy was carried out to assess the frequency of 
significant caffeine blood levels in an unselected 
population of patients who are instructed to take 
nothing by mouth after midnight. In our group of 391 
patients, only eight (2%) had levels above 5 mg/L. 
This suggests that in routine clinical practice, caffeine 
levels sufficient to alter the hemodynamic response 
resulting in false-negative study results are infre- 
quent. 

Severe myocardial ischemia during dipyridam- 
ole testing. Dipyridamole-induced unstable angina 
and transient pulmonary congestion/edema were not 
included in the large-scale study because of the 
problem of interobserver variability in defining these 
end points. Both our substudy of 3715 patients and 
previous reports 1~ indicate that these are both 
uncommon and treatable conditions. 
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Comparison with exercise stress testing. Al- 
though exercise testing is generally considered to be 
safe, it carries a risk 60-fold to 100-fold higher than 
that of daily physical activity in patients with coronary 
disease. According to the guidelines of the American 
Heart Association, one can expect about 74 infarc- 
tions and deaths during exercise testing in 73,806 
patients. 47 The cardiac event rate (13 nonfatal myo- 
cardial infarctions and 7 cardiac deaths = 20/73,806), 
which we report after dipyridamole infusion, there- 
fore compares favorably with that of exercise testing, 
despite the selection bias in favor of sicker patients 
referred for dipyridamole imaging. Potential causes 
for underdiagnosis of myocardial infarctions in our 
study, such as delayed complications or silent infarc- 
tions, would apply equally to exercise testing. 

Dipyridamole-induced bronchospasm. We de- 
scribe nine cases of severe wheezing during dipyri- 
damole testing. However, it is apparent that the 
wheezing was attributable to pulmonary edema in one 
patient, probably a manifestation of dipyridamole 
allergy in another (with a history of childhood 
asthma), and completely unpredictable in a third 
patient with emphysema in whom pretest respiratory 
function testing had not demonstrated any significant 
bronchospastic component. All of the six remaining 
patients had asthma or COPD with a significant 
bronchospastic component. Indeed, of the six pa- 
tients, three had previously undergone intubation for 
acute respiratory failure, one had known severe labile 
asthma, and four required maintenance prednisone 
therapy. 

Although severe bronchospasm has been re- 
ported previously, 23,4s-5~ the risk appears low, but we 
do not know precisely how many of the 73,806 patients 
bad known asthma or COPD at the time of the test 
and therefore cannot quantify the risk on the basis of 
our large-scale study. In the substudy of 3715 patients, 
there were three (one severe) cases of bronchospasm 
among 62 patients with known asthma or COPD 
(based on a history of intake of bronchodilators). 

Based on our data, we suggest that clinicians 
consider an alternative mode of stress testing in 
patients with a history of acute respiratory failure or 
severe or labile asthma and those taking maintenance 
doses of oral prednisone for pulmonary disease. 
Dobutamine infusion is a safe and simple alternative 
to dipyridamole in patients with severe bronchospas- 
tic disease, sl 

Cerebrovascular disease. The issue of dipyri- 
damole testing in patients with cerebrovascular dis- 
ease is controversial, mainly because recommenda- 
tions have been made on the basis of anecdotal case 
reports, z~,52 In our study ~ere  was only one stroke 

among 73,806 patients. There were nine (1/8,000) 
TIAs with a motor or speech defect. Of the five 
patients who underwent Doppler ultrasonography, 
only two had underlying carotid stenoses, and none of 
the patients were hypotensive during the test. We 
suspect that the TIAs represent a transient effect of 
dipyridamole on cerebral autoregulation and micro- 
circulation. 53-57 The theoretic risk of dipyridamole- 
induced hypotension followed by stroke in patients 
with carotid stenoses does not appear to be high in 
clinical practice. Severe nondiagnosed coronary dis- 
ease is a major cause of death in patients with 
cerebrovascular disease, so the risk of not performing 
the test should be considered in evaluating the 
risk-benefit relationship. 58 A study (the Dipyridamole 
Cerebrovascular Disease Study) 52 is presently under- 
way to attempt to determine the risk/benefit ratio of 
dipyridamole testing in patients with known cere- 
brovascnlar disease. Preliminary results suggest that 
the risk is very low; there was only one TIA among 400 
patients with known cerebrovascular disease. 

Risk of  low- versus high-dose testing. Our 
study confirms previous reports to the effect that 
intermediate- and high-dose testing does not carry a 
greater risk than low-dose testing. 39 Because high- 
dose testing usually consists of administering the low 
(0.56 mg/kg)-dose regimen during 4 minutes followed 
by a supplementary dose only if the patient tolerates 
the initial dose well, the safety of the high-dose 
regimen probably indicates that patients who are 
destined to have a severe reaction will do so during 
the low-dose test. 

C o n c l u s i o n .  The risk of serious dipyridamole- 
induced side effects is very low and is comparable to 
that reported for exercise testing in a similar patient 
population. 
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