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Abstract

Dipyridamole is an old anti-platelet and coronary vasodilator agent that inhibits platelet phosphodiesterase and increases
interstitial adenosine levels. Its use in coronary artery disease (CAD) has fallen out of practice in the modern era with the
advent of new anti-platelet agents, and most modern guidelines on the management of CAD either neglect to comment on
its utility or outright recommend against it. The majority of the studies used in these guidelines are outdated and took place
in an era when high doses of aspirin were used and statins were not widely utilized. There is growing evidence in rat models
of dipyridamole’s synergy with statins through adenosine modulation resulting in significant myocardial protection against
ischemia—reperfusion injury and limitation of infract size. The data in human studies are limited but show a similar potential
synergy between dipyridamole and statins. It would thus be prudent to reconsider the recommendations against the use of
dipyridamole in CAD and to re-evaluate its possible role and potential benefits through well-designed randomized trials
combining it with statins, low-dose aspirin, and/or other anti-platelet agents.
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Introduction

Dipyridamole is an old anti-platelet and coronary vasodila-
tor agent that was first introduced in 1959 [1]. It decreases
platelet aggregation by inhibiting platelet phosphodiesterase
which in turn leads to the accumulation of cyclic adenosine
monophosphate (cAMP) and cyclic guanine monophos-
phate (cGMP) [2]. Furthermore, dipyridamole increases
interstitial adenosine levels by inhibiting its reuptake into
the cells. Activation of the adenosine receptors stimulates
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adenylyl cyclase, further increasing the intracellular levels of
cAMP. It is also thought to have vasodilatory effects through
stimulation of prostacyclin production and potentiation of
endothelial nitric oxide synthase activity downstream of
cAMP (Fig. 1) [2].

Historically, dipyridamole was widely used as an anti-
anginal and anti-thrombotic agent. It was frequently pre-
scribed for a host of indications, including secondary pre-
vention of myocardial infarction (MI), post coronary artery
bypass surgery, and post coronary angioplasty [1]. It has
slowly fallen out of favor over the years due to insufficient
evidence to support its use for the various indications as
well as the advent of newer anti-platelet agents with less
frequent dosing.

In modern times, the primary utility of dipyridamole has
been in coronary artery disease (CAD) diagnostics, namely
its use as a coronary vasodilator in nuclear stress testing.
Even for this indication, it has been replaced by adenosine
and more recently by the A,, adenosine receptor agonist
Regadenoson, as they are more potent vasodilators and the
onset of action is faster [3, 4].

Currently, the only FDA-approved therapeutic indica-
tion for oral dipyridamole is as an adjunct to warfarin for
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Fig. 1 The effects of dipyrida-
mole on adenosine, cCAMP and
cGMP
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thromboembolism prophylaxis in patients undergoing car-
diac valve replacement. Dipyridamole is also used off label
in addition to aspirin for secondary prevention of cerebral
thromboembolism after the European/Australian Stroke
Prevention in Reversible Ischaemia Trial (ESPRIT) showed
that the dipyridamole-aspirin combination was superior to
aspirin alone [5].

In this article, we will review current and recent cardi-
ovascular guidelines recommendations against the use of
dipyridamole for acute coronary syndrome and stable coro-
nary artery disease. We will then analyze the studies upon
which these recommendations are based and explore their
limitations leading to sub-optimal conclusions regarding the
drug. Finally, we will review and present the evidence in
animal and human models that show potential benefits of
dipyridamole and thus the need to reconsider the general
recommendations against it in the guidelines.

Methods

To prepare this review article, the authors first collected
background information regarding the history of dipyrida-
mole and its use in cardiovascular disease (Fig. 2). Next, the
most recent management guidelines from prominent cardio-
vascular disease professional societies were identified and
reviewed for recommendations pertaining to dipyridamole.
In addition, we reviewed and summarized the clinical tri-
als upon which these recommendations were based in said
guidelines. We then searched the basic science literature
including animal studies for studies and trials exploring the
mechanism of action of dipyridamole and its various effects
on cardiovascular disease. Finally, we searched clinicaltri-
als.gov for active human clinical trials exploring the role of
dipyridamole of cardiovascular disease (Table 1).
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Dipyridamole in Cardiovascular Disease
Guidelines

Over the past 20 years, major cardiovascular disease
guidelines have generally either recommended against the
use of dipyridamole or did not provide any recommenda-
tion regarding its use.

The American College of Cardiology (ACC)/American
Heart Association (AHA) 2012 guideline for the diagnosis
and management of patients with stable ischemic heart
disease makes a class III recommendation (no benefit)
against the use of dipyridamole as anti-platelet therapy
in patients with stable disease (level of evidence: B) [11].

The most recent AHA/ACC 2014 guideline for the man-
agement of patients with non-ST-elevation acute coronary
syndromes does not make any recommendation regard-
ing dipyridamole [12]. However, the previous ACC/AHA
2007 guideline for the management of patients with unsta-
ble angina (UA)/non-ST-elevation myocardial infarction
(NSTEMI) makes a class III recommendation (no benefit)
against the use of dipyridamole as an anti-platelet agent
in post-UA/NSTEMI patients “because it has not been
shown to be effective” (level of evidence: B) [13]. The
2012 focused update to the same guideline maintained the
same recommendation [14].

For patients with ST-elevation myocardial infarction
(STEMI), the most recent ACC/AHA 2013 guideline
does not provide any recommendations regarding the use
of dipyridamole [15]. The previous ACC/AHA STEMI
guideline from 2004 recommends the use of dipyridamole
and aspirin for STEMI patients with ischemic stroke not
of cardioembolic source who do not undergo percutane-
ous intervention (PCI) [16]. The 1999 ACC/AHA STEMI
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Fig.2 Timeline of major events
and clinical trials pertaining to
dipyrdidamole use in cardiovas-
cular disease
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guideline allows for the substitution of dipyridamole in
lieu of aspirin in patients with aspirin allergy [17].

The American College of Chest Physicians 2008 clini-
cal practice guideline for the primary and secondary pre-
vention of CAD takes a more aggressive stance against
dipyridamole use. The guideline makes a grade 1B recom-
mendation for the use of a thienopyridine derivative rather
than dipyridamole in aspirin-intolerant patients undergo-
ing PCI. Furthermore, the guideline makes a grade 1A rec-
ommendation against the addition of dipyridamole to aspi-
rin in patients undergoing coronary artery bypass grafting

(CABQG). It also contends that the addition of dipyridamole
to aspirin provides “little incremental benefit over aspirin
alone” for the prevention of early complications after PCI
[18].

The 2016 European Society of Cardiology (ESC) Guide-
lines on cardiovascular disease prevention in clinical prac-
tice only recommend the use of dipyridamole for secondary
prevention in patients with non-cardioembolic ischemic
strokes [19]. There is no mention of dipyridamole in the
2017 European STEMI guidelines, and it is only mentioned
in the scope of stress testing in the 2020 ESC Guidelines for
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Table 1 Summary of major clinical trials evaluating use of dipyridamole in cardiovascular disease

Trial name Year

Summary

Dipyridamole: a Controlled Trial of its Effect in Acute Myocardial 1968
Infarction [6]

PARIS 1 [7] 1980
PARIS 2 [8] 1986
Effect of pretreatment with aspirin versus aspirin plus dipyrida- 1990

mole on frequency and type of acute complications of percutane-
ous transluminal coronary angioplasty [9]

Antithrombotic Trialists Collaboration [10] 2002

Dipyridamole vs. placebo in patients with acute MI. No statistically
significant difference found in mortality or complications

Aspirin and dipyridamole vs. aspirin alone for secondary prevention
of MI. No statistically significant difference found in mortality or
non-fatal Mls

Aspirin and dipyridamole vs. placebo in patients with history of
MI 1-4 months prior. A statistically significant reduction in the
incidence of coronary events was seen with the treatment vs. the
placebo group

Pretreatment with aspirin and dipyridamole vs. aspirin alone in
patients undergoing elective PCI. No statistically significant differ-
ence found in clinical success or need for CABG

Meta-analysis that pooled data from 25 trials comparing combina-
tion of dipyridamole plus aspirin vs. aspirin alone. There was a
slight reduction in serious vascular events with the combination
group, but it was not statistically significant

the management of acute coronary syndromes in patients
presenting without persistent ST-segment elevation [20, 21].

Clinical Trials

To understand the context in which the aforementioned
practice guidelines made their recommendations on the use
of dipyridamole for CAD, we examined the evidence upon
which these recommendations were based. Randomized con-
trol trials (RTC) evaluating the use of dipyridamole in CAD
are actually quite limited in the literature. Common among
all these trials is that they are all took place well before the
modern era of widespread statin use. Furthermore, almost
all of them involved the co-administration of high doses of
aspirin by modern standards.

Two of the most prominent RTCs referenced in the guide-
lines on the use of dipyridamole are the Persantine-Aspirin
Reinfarction Study (PARIS) I and PARIS II trials performed
in 1980 and 1986, respectively. In Paris I, 2026 patients with
CAD were randomized to either the combination of 324 mg
of aspirin and 75 mg of dipyridamole three times daily or the
same dose of aspirin alone to evaluate their role in the sec-
ondary prevention of myocardial infarction (MI). There was
no statistically significant difference in the two groups for
the primary endpoints of total mortality, coronary mortality,
and fatal plus non-fatal myocardial infarction [7].

In PARIS II, 3128 patients who had survived a myo-
cardial infarction 1 to 4 months earlier were randomized
to aspirin 330 mg and dipyridamole 75 mg combination
three times a day or to placebo. There was no aspirin-only
treatment group. A statistically significant reduction in the
incidence of coronary events was seen with the treatment
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vs. the placebo group. However, due to the lack of an
aspirin-only treatment group, it was not clear whether the
benefit was due to the combination of aspirin/dipyridamole
or just aspirin [8].

Another often-cited source for the argument against
dipyridamole is The Antithrombotic Trialists’ Collabora-
tion 2002 meta-analysis of randomized trials of anti-plate-
let therapy for prevention of death, myocardial infarction,
and stroke in high-risk patients. The meta-analysis pooled
data from 25 trials occurring before 1997 that compared
the combination of dipyridamole plus aspirin vs. aspirin
alone. There was a slight reduction in serious vascular
events with the combination group, but it was not statisti-
cally significant [10].

Probably the oldest trial looking at dipyridamole
in CAD was performed by Gent et al. in 1968. Patients
admitted with acute MI were randomized to dipyridamole
alone or placebo. No statistically significant difference in
mortality or complications rate was found [6]. Of note,
aspirin was not given to either the treatment or placebo
group. This study is the basis on which the recommenda-
tion against dipyridamole is made in the 2007 ACC/AHA
UA/NSTEMI guideline [13].

The 2008 American College of Chest Physicians guide-
line bases its aforementioned recommendations against
dipyridamole partly on a 1990 prospective randomized
trial performed by Lembo et al. [18]. In this study, 232
patients were randomly assigned to aspirin 325 mg TID
plus dipyridamole 75 mg TID or aspirin alone before
undergoing elective coronary angioplasty. No statistically
significant differences were seen in the primary end points
of clinical success, Q-wave MI frequency, or the need for
emergency CABG [9].
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Discussion

Almost all of the aforementioned studies took place in the
1960s—1980s, well before the widespread use of statins or
the establishment of the non-inferiority of low-dose aspi-
rin compared to higher doses. The high doses of aspirin
used in most of these older studies likely confound the
results and make it difficult to extrapolate them to modern
times. Even more limiting is the occurrence of these stud-
ies before the era of statins.

In 1987, the FDA first approved Lovastatin for the treat-
ment of hypercholesteremia [22]. Lovastatin was the first
hydroxymethyl glutaryl coenzyme A (HMG-CoA) reduc-
tase inhibitor approved for this indication and it was fol-
lowed by several other statins over the next decade, most
notably Atorvastatin in 1997 and Rosuvastatin in 2003. It
was not until the 2000s that statins started being widely
used and accessible to a large segment of the population
especially those with CAD.

Statins have been shown to activate the adenosine-pro-
ducing enzyme ecto-5"-nucleotidase, which in turn plays a
role in restoring the infarct size-limiting effect of ischemic
preconditioning, an effect that is known to be blunted by
hypercholesterolemia. Ueda et al. illustrated this effect with
Pravastatin in rabbit model of myocardial infarction [23].
This phenomenon was also described by Sanada et al. in
canine models using several different statins, postulating the
existence of an optimal dose for each statin to produce this
effect irrespective of the extent of their cholesterol-lower-
ing effect [24]. Obata and Nakashima further described the
underlying mechanism of statin-induced adenosine produc-
tion in rats ventricular myocardium through activation of
ecto-5'-nucleotidase which in turn stimulates al-adrenocep-
tors of protein kinase C resulting in increased adenosine
concentration [25]. The myocardial protective effects of
statins depend on adenosine receptor activation. Adenosine
receptor inhibitors, including caffeinated coffee, blunt the
infarct size-limiting effects of statins [26].

This is relevant to dipyridamole because of its hypoth-
esized synergistic effects with statins in reducing myocar-
dial infarct size in animal models [27]. As discussed above,
statins increase the release of adenosine via activation of
ecto-5"-nucleotidase, and dipyridamole is thought to potenti-
ate this effect through prevention of adenosine reuptake [28].
In fact, dipyridamole has been found to confer a chronic
preconditioning-like cardio-protection in guinea pig models
and this effect seems to pers for 3 days after discontinuation
of dipyridamole. This effect is mediated through adenosine
Al receptors along with increased levels of activated Akt
and endothelial nitric oxide synthase [29].

Ye et al. demonstrated the synergistic effects of dipy-
ridamole and statins in a rat model. In the first protocol,

rats were treated with 3 days of water, atorvastatin alone,
dipyridamole alone, or combination atorvastatin-dipyrida-
mole. In the second protocol, rats were treated with 3 days
of aminophylline alone or aminophylline plus atorvastatin-
dipyridamole combination. Rats were subjected to liga-
tion of coronary arteries for 30 min followed by 4 h of
reperfusion [28].

The combination of atorvastatin and dipyridamole was
found to induce a statistically significant decrease in infarct
size compared to each of the medications alone. This com-
bination was also found to cause a statistically significant
increase in adenosine levels. As expected, the addition of
the nonselective adenosine receptor inhibitor aminophylline
to the combination completely blocked this effect, further
suggesting that the synergistic effects of atorvastatin and
dipyridamole were attained through potentiation of adeno-
sine [28].

Ye et al. further demonstrated this phenomenon in a
second study in a rat model. In this study, rats were pre-
treated with 3 days of simvastatin before they underwent
30 min of myocardial ischemia followed by 4 h of reperfu-
sion using the same process described above. Five minutes
after ischemia was induced, rats were treated with intrave-
nous dipyridamole alone, high- or low-dose aspirin alone,
or combination of dipyridamole with high- or low-dose
aspirin. Low-dose aspirin alone did not attenuate the infarct
size-limiting effect of simvastatin, whereas high-dose aspirin
completely blocked it. Dipyridamole alone or in combina-
tion with low-dose aspirin did not attenuate the infarct size-
limiting effect of simvastatin. In fact, the combination of
dipyridamole, simvastatin, and low-dose aspirin led to the
smallest measured infarct size in this experiment [30].

As the aforementioned study shows, aspirin is thought to
attenuate the infract size-limiting cardio-protective proper-
ties of statins by inhibiting cyclooxygenase-2, whereas dipy-
ridamole appears to augment these effects by increasing the
availability of adenosine. Furthermore, adding dipyridamole
to low-dose aspirin in the setting of statins appears to limit
the attenuation of statins cardio-protective properties seen
with high-dose aspirin [30].

There are limited data in human studies that show a simi-
lar potential myocardial protection against ischemia—reper-
fusion injury of dipyridamole when combined with statins.
Meijer et al. showed that rosuvastatin augmented the fore-
arm vasodilator response to intra-arterial dipyridamole in
healthy volunteers [31]. Additionally, there is some evidence
in human studies showing benefit of dipyridamole alone on
ischemia—reperfusion injury. Riksen et al. showed that oral
dipyridamole limits ischemia—reperfusion injury in human
forearm skeletal muscle [32].

In addition to their potential benefit when combined with
statins, there are many important clinical applications of
dipyridamole in cardiovascular disease, particularly in heart
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failure. Akhtar et al. showed in a pilot study of ischemic
cardiomyopathy patients that sustained-release dipyridamole
improved hyperemic myocardial blood flow and left ventric-
ular systolic function [33]. Sanada et al. performed a rand-
omized clinical trial examining potential benefit of 1 year of
dipyridamole use in patients with chronic heart failure. The
results showed statistically significant improvement in echo-
cardiographic ejection fraction (32.4 +2.7 to 43.9+3.9%,
p<0.01), plasma B-type natriuretic peptide level (282 +60
to 121 +35 pg/mL, p<0.01), and specific activity scale
score (5.1 +0.72 to 6.2+0.44, p < 0.05), among others [34].

Dipyridamole may play a potential role for treatment of
microvascular angina. The presence of adenosine resistance in
the regulation in blood flow was reported previously and may
serve as one of the mechanisms of abnormal coronary flow
reserve [35]. Moreover, there might also be some benefits of
dipyridamole in small vessel disease as Kihara et al. showed in
a 1990 Japanese study of hypertrophic cardiomyopathy patients
[36]. The lack of state-of-the-art treatment for abnormal coronary
flow reserve and slow coronary blood flow may serve as a
rationale to use dipyridamole as one of the treatments. Treatment
with 2 weeks of dipyridamole 150 mg/day was found to improve
subjective symptoms, left ventricular function, exercise tolerance,
and arrhythmias, effects that are thought to be attained through
improvement in myocardial perfusion [36].

The fact that dipyridamole increases intracellular cAMP
could have a potential effect in diabetes too. Activation of the
GLP-1 receptors with direct GLP-1 agonists or dipeptidyl-
peptidase-4 (DPP4) inhibitors increases intracellular cAMP
[36]. A synergistic effect between a GLP-1 agonist or
DPPP4 inhibitor and cilostazol (another PDE-3 inhibitor)
has been shown in a rat model of ischemia—-reperfusion
injury [37].

Analysis of the aforementioned animal models and lim-
ited human studies presents an interesting question that may
be worth further exploring in future human trials: How sig-
nificant would the potential benefit be of adding dipyrida-
mole to the currently standard regimen of aspirin and statin?
Furthermore, are current guidelines selling dipyridamole
short when we seem to have reasonable suspicion of the
existence of such cardio-protective benefits?

Conclusion

Major cardiovascular disease guidelines over the past 20 years
have generally recommended against the use of dipyridamole
for CAD. Upon review of the evidence on which these
recommendations are based, it is clear that the majority of the
trials are outdated and took place in an era when high doses
of aspirin were used, and statins were not widely utilized.
Despite this, most of the studies on dipyridamole from that
period were either neutral or slightly positive.

One possible reason for this theme of recommending
against the use dipyridamole in the various guidelines is
the fact that high-dose intravenous dipyridamole induced
ischemia in stress tests. However, it is faulty to assume that
the effects of high dose intravenous form are applicable to
low-dose oral administration of dipyridamole.

There is decent evidence in animal and human models of
possible synergy of dipyridamole and statins through adeno-
sine modulation resulting in significant myocardial protec-
tion against ischemia—reperfusion injury and limiting infract
size. Aspirin is well known to attenuate that effect of statins,
and there is a well-established advantage of ticagrelor over
clopidogrel or prasugrel in the literature, which has been
shown in animal trials to be likely related to the adenosine
reuptake inhibition effects of ticagrelor [38—40]. As dis-
cussed earlier, dipyridamole also inhibits adenosine reup-
take and could provide similar benefit to ticagrelor or even
potentially augment its effects with used in combination.

Clinicians should usually follow the recommendations set
by the guidelines and the approved indications of each drug.
However, in light of the aforementioned studies and discussion,
it would be prudent to critically re-examine the recommendations
against the use of dipyridamole in CAD and to re-evaluate its
possible role and potential benefits through well-designed clinical
trials combining it with statins, low-dose aspirin, or other anti-
platelet agents such as ticagrelor. Furthermore, it might be
worthwhile to conduct clinical trials for the use of dipyridamole
for special indications such as hypertrophic cardiomyopathy and
angina with slow coronary flow, among others. Current ongoing
clinical trials evaluating dipyridamole use in cardiovascular
disease are summarized in Table 2.

Table 2 Summary of active clinical trials evaluating dipyridamole use in cardiovascular disease

NCT number Trial name

Phase Year

Summary

NCT04424901 Trial of Open Label Dipyridamole- In Hospitalized

Patients With COVID-19

NCT04391179 Dipyridamole to Prevent Coronavirus Exacerbation of =~ Phase 2

Respiratory Status (DICER) in COVID-19

NCT04666454 BROKEN-SWEDEHEART-Optimized Pharmaco-
logical Treatment for Broken Heart (Takotsubo)
Syndrome

Phase 2

Phase 2

2020 Evaluate dipyridamole in treating respiratory tract
infection and circulatory dysfunction due to

SARS-CoV-2 coronavirus in hospitalized patients

2020 Evaluate whether 14 days of treatment with dipy-
ridamole will reduce excessive blood clotting in

COVID-19
Adenosine + dipyridamole vs. apixaban vs. ESC

standard of care vs. placebo for treating takot-
subo syndrome

2020
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