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In this issue of the Journal of Nuclear Cardiology,
F. Harel et al compare the effect of two dipyridamole

dosing protocols on absolute myocardial blood flow

(MBF).1 Patients were retrospectively identified over a

12-month period in a single center, and only those

patients who had a coronary artery calcium (CAC) score

available and whose CAC score was 0 were retained for

analyses. Additional exclusion criteria including

myocardial perfusion imaging (MPI) scans with a sum

stress score[3, and body mass index (BMI)[45, were

applied. In the first half of the study period, patients

underwent a 4-minute dipyridamole infusion protocol (n
= 65, standard dipyridamole dose of 0.56 mg/kg over 4

minutes), and during the second half, patients underwent

a 5-minute protocol (n = 82, higher dipyridamole dose of

0.70 mg/kg over 5 minutes). 82Rb-chloride was used as

the positron emission tomography (PET) radiopharma-

ceutical in all patients.

Societal guidelines for the diagnosis of patients with

stable coronary artery disease (CAD) vary across

countries,2 and the growing use of pharmacological

stress testing for MPI—sometimes inappropriately in

eligible patients with exercise capacity who may achieve

adequate cardiac workload—has led to changes in

guideline recommendations in the United States.3 Stress

agents used for MPI are predominantly vasodilator

drugs, either the nonselective adenosine receptor ago-

nists adenosine or dipyridamole, or the (relatively)

selective A2A receptor agonist regadenoson (other

agents will not be discussed here). Whereas in the

United States over 80% of pharmacological stress tests

are performed with regadenoson, in part due to its

simple protocol with a single injection bolus allowing

high-throughput clinical care,4 use of other vasodilators

is still very common, supported by a large body of

evidence demonstrating their efficacy and their lower

cost.5,6

Mechanistically, dipyridamole inhibits adenosine

re-uptake across endothelial and erythrocyte cell mem-

branes, resulting in the increased availability of

adenosine at the tissue level, thereby acting as an indi-

rect coronary artery vasodilator.6 Dipyridamole has a

relatively slow onset of action, with a peak vasodilatory

effect within 3 to 7 minutes from beginning of infusion,

a tri-exponential elimination half-life of 3 to 12 minutes,

33 to 62 minutes, and 11.6 to 15 hours,5 and a hyperemic

effect lasting for more than 15 minutes.6

Following initial description of intracoronary ade-

nosine mediated vasodilation in humans7 and the

feasibility of intravenous adenosine infusion to induce

coronary hyperemia,8 multiple strategies comparing

vasodilators have been developed. Since its adoption in

clinical practice over 5 decades ago, various dipyri-

damole protocols have been proposed to induce maximal

coronary hyperemia.9–12 Compared to adenosine (140

lg/kg/min), initial work in a small number of patients

suggested numerically inferior but statistically insignif-

icant differences in achieved maximal hyperemia using

0.56 mg/kg dipyridamole infusion over 4 minutes, with
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flow measured by an intracoronary Doppler-flow wire 4

minutes after infusion completion.13 Additional obser-

vations similarly suggested that a standard dose of

dipyridamole 0.56 mg/kg infused over 4 minutes may

result in submaximal coronary vasodilation,14 proposing

instead a dose of 0.84 mg/kg.15 However, subsequent

research demonstrated that a dipyridamole dose of 0.56

mg/kg infused over 4 minutes, followed by stress

imaging 4 minutes after the end of infusion, gave rise to

myocardial flow reserve (MFR) values (4.0 ± 1.3)

comparable to adenosine (4.3 ± 1.6) using 13N-ammonia

PET in normal subjects.16 Further, using the same

dipyridamole dosage of 0.56 mg/kg infused over 4

minutes, followed by stress imaging 3 minutes after the

end of infusion with 15O-labeled water PET, yielded no

significant difference compared with adenosine

triphosphate (ATP)-induced hyperemia.17 In contempo-

rary clinical practice, the most routinely used protocol is

dipyridamole 142 lg/kg/min infusion for 4 minutes (=

0.56 mg/kg), followed by PET radiopharmaceutical

injection 4 minutes after the completion of dipyridamole

infusion.18

In the present study, the authors observed no dif-

ferences between the 2 dipyridamole protocols in stress

MBF, MFR, or stress coronary vascular resistance index.

Whereas a numerically higher 7.7% ‘suboptimal’ rate of

maximal hyperemia (defined as MFR \ 2) in the 4-

minute group compared to 3.7% in the 5-minute group

was noted, this was not statistically significant, and may

have been at least in part due to differences in disease

burden. Indeed, although the authors indicate patients

had no apparent obstructive CAD, previous work

demonstrated that a CAC score of 0 does not exclude

coronary epicardial atherosclerosis, as at least 1 to 2%

and up to 15 to 16% (depending on the study population)

of CAD patients have noncalcified plaques only.19 This

was likely the case in a segment of the patient popula-

tion analyzed, given the high prevalence of known

cardiovascular risk factors. Further, although the two

nonrandomized groups were largely comparable, certain

differences in risk-factor profile (BMI and tobacco use)

were present.

Whereas American Society of Nuclear Cardiology

(ASNC) guidelines recommend injection of the radio-

pharmaceutical 3 to 5 minutes after completion of

dipyridamole infusion to achieve maximal hyperemia,6

the authors conducted injections at an earlier 2-minute

time-point after completion of dipyridamole infusion—

both in the 4-minute and 5-minute infusion protocol.

Despite this, the authors emphasize that the stress MBF

values obtained were in a range similar to the published

literature.18,20 Further, as appropriately addressed, in

addition to the vasodilatory agent and protocol for

induction of maximal hyperemia, the selection of the

PET radiopharmaceutical is also critical. To optimize

the absolute MBF assessment by PET, an ideal radio-

pharmaceutical should exhibit a high first-pass cardiac

extraction fraction with the absence of ‘roll-off’

(plateauing) at high flows, as is observed with 82Rb-

chloride.21,22

Finally, although an ideal study design would have

exposed each patient to both dipyridamole dosing pro-

tocols, thereby eliminating biases inherent to all

retrospective analyses, the present body of work is a

welcome addition to our understanding of the physiol-

ogy of dipyridamole, and supports current clinical

practice. This was re-emphasized in the recent joint

position paper of the Society of Nuclear Medicine and

Molecular Imaging (SNMMI) and ASNC on the clinical

quantitation of MBF using PET, with dipyridamole 0.56

mg/kg intravenous infusion over 4 minutes with timing

interval of radiopharmaceutical injection of 3 to 5

minutes after completion of infusion being the recom-

mended protocol.23,24
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