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Do we still need dipyridamole?
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There is limited evidence that dipyridamole is generally an effective antithrombotic
agent when used alone, nor is there convincing evidence that the combination of
aspirin and dipyridamole is more effective than aspirin alone, except perhaps in
cerebrovascular disease. There is no consistent evidence to support the routine use
of dipyridamole after coronary artery bypass grafting and in patients with occlusive
peripheral vascular disease, although these remain common reasons for its use.
Dipyridamole is a useful agent in ‘pharmacological stress’ testing in nuclear cardiology
imaging and may be valuable when combined with warfarin in certain patient
groups, such as those with prosthetic heart valves. When combined with aspirin,
dipyridamole may be of value in the secondary prophylaxis of cerebrovascular
disease, although further studies are clearly needed. In a significant proportion of
cases, evidence-based medicine cannot support the current widespread continued
prescription of dipyridamole in cardiological practice, but the jury is still out on
cerebrovascular disease.
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Introduction Pathophysiology

Dipyridamole is a pyrimidi-pyrimidine compound thatDipyridamole (Persantin) was originally introduced in 1959
as an antianginal medication, since it was found to have inhibits platelet phosphodiesterase, thereby preventing the

degradation of cAMP (cyclic AMP) to AMP [4]. Thecoronary vasodilator properties, supposedly increasing coron-
ary blood flow without significantly affecting myocardial increased platelet cAMP reduces platelet reactivity by

decreasing cytoplasmic calcium and inhibiting plateletoxygen consumption [1]. Antiplatelet effects were sub-
sequently demonstrated in animals and humans, and since prostaglandin synthesis. The adenosine transport blocking

effects of dipyridamole also produce elevation of tissuethen, the drug has been advocated as an antithrombotic agent.
Since its introduction, however, the clinical significance adenosine levels. Furthermore, dipyridamole potentiates the

effects of prostacyclin by increasing synthesis, enhancingof its antianginal and antiplatelet properties and the precise
role of dipyridamole in clinical practice has been the focus release and inhibiting the metabolic degradation of prostacy-

clin [5].of much controversy. In 1988, the Committee for the
Review of Medicines decided that there was insufficient It is well recognised that platelets contribute to arterial

thrombosis by virtue of platelet adhesion, release andevidence to continue the previously wide ranging licensing
indications for dipyridamole. Since that time the product aggregation. Adenosine and prostacyclin are potent inhibitors

of platelet aggregation and dipyridamole acts to increase thehas only been ‘officially’ licensed for use as an adjunct to
oral anticoagulation for prophylaxis of thromboembolism level of adenosine at the platelet vascular-interface by

reducing its cellular uptake and metabolism [6]. The drugassociated with prosthetic heart valves. Despite this, dipyrida-
mole is still a widely prescribed drug in the United therefore has a substantial effect in prolonging platelet

survival when it is shortened in states of accelerated plateletKingdom, with over 750 000 prescriptions issued each year
in general practice [3], and amongst cardiovascular physicians turnover, such as in patients with prosthetic heart valves or

in severe atherosclerosis [7, 8]. In combination with aspirin,and surgeons. A recent study of its use in an elderly
American population has also suggested that the use of the effect of dipyridamole on platelet survival is enhanced

so that a dose of 100 mg when combined with aspirin hasdipyridamole has actually increased since 1979, and that in
only 20% of cases was it for its licensed indication [3]. an effect as great as 400 mg daily of dipyridamole given

alone [8]. Dipyridamole at high doses also inhibits plateletNevertheless, dipyridamole may be useful as a pharmacologi-
cal stress agent in nuclear cardiology and recent evidence aggregation, inhibits the release reaction and may prevent

platelet adhesion to exposed vascular sub-endothelial tissuesuggests some benefit from this drug as an antithrombotic
agent in the secondary prevention of cerebrovascular disease. [9]. However, the relevance of these actions to usual clinical

practice where lower doses are often used is open to debate,
particularly since there is little information available about
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Myocardial ischaemia is believed to result from an often criticized for including many trials of heterogeneous
design and size—nevertheless, a meta-analysis does attemptimbalance between oxygen supply and demand. The

rationale for the presumed anti-ischaemic effect of dipyrida- to make sense of a large number of smaller trials, and to
give a precise answer where otherwise there is confusion.mole was presumably related to both its antithrombotic and

vasodilatatory properties. Dipyridamole markedly increases Caution is suggested, however, as meta-analyses may suggest
a beneficial effect of a particular drug, whilst large, well-oxygen supply without significantly augmenting oxygen

demand, thus suggesting it should re-establish the normal conducted randomized comparisons (‘mega-trials’) of the
same drug(s) may show otherwise. For example, previousoxygen balance [1]. Although initial uncontrolled studies

were encouraging, dipyridamole has been largely discarded meta-analyses of the use of nitrates or magnesium in acute
myocardial infarction have suggested a marked beneficialfor this indication on the basis of inconsistent results in

placebo controlled trials, mainly showing a lack of an acute effect on mortality post-myocardial infarction [24, 25], but
the large ISIS-4 and GISSI-3 studies did not show anyor short-term effect. It is also considered that coronary

arterial vasodilatation can be pro-ischaemic by triggering a significant benefit [26, 27]. Limited indirect comparisons of
aspirin plus dipyridamole have so far failed to provide anycoronary ‘steal’ phenomenon.
clear evidence that combination therapy is more effective
than medium dose aspirin alone (75–325 mg) in angina and

Clinical uses of dipyridamole
secondary prevention of myocardial infarction [14].

Angina and secondary prevention of myocardial infarction

The role of dipyridamole in the treatment of angina and
Coronary artery bypass surgery

secondary prevention of myocardial infarction has frequently
been advocated, but there is limited evidence from only a Dipyridamole continues to be commonly prescribed follow-

ing coronary bypass surgery and the value of aspirin andfew studies [10].
The first Persantin-Aspirin Reinfarction Study (PARIS I) dipyridamole in maintaining graft patency has been assessed

in a number of controlled trials.[11] directly compared aspirin with the combination of
aspirin plus dipyridamole in the secondary prevention of One early study randomly assigned 407 patients under-

going coronary artery bypass surgery to either combinedmyocardial infarction. A total of 2026 patients were
randomized to receive aspirin 324 mg three times daily or aspirin and dipyridamole, or matching placebo [28].

Dipyridamole was started 48 h before surgery and continuedthe same dose of aspirin plus dipyridamole 75 mg three
times daily. The patients in each group were followed for post-operatively. Aspirin (325 mg) was then started a few

hours following surgery and at follow up, and both earlyan average of 41 months for the primary endpoints of total
mortality, coronary mortality and fatal plus non-fatal (median 8 days) and late (median 12 months) bypass graft

patency were shown to be superior in the aspirin-myocardial infarction. Although there was a tendency toward
a reduction in total mortality for each of these endpoints in dipyridamole treatment group [28]. However, aspirin was

started at a much earlier stage than in other studies and aboth active treatment groups, this was not statistically
significant. number of subsequent trials have indicated that aspirin

(rather than dipyridamole) may well be the more importantIn the second PARIS study (PARIS II) [12] patients who
had survived a myocardial infarction 4 weeks to 4 months anti-thrombotic agent.

In a multicentre double-blind placebo-controlled series,earlier were randomly assigned to receive either aspirin plus
dipyridamole or placebo. Whilst there was a 24% reduction 927 consecutive patients were randomized to aspirin 50 mg

three times daily, aspirin 50 mg three times daily plusin the incidence of coronary events in the aspirin-
dipyridamole treatment group, a group receiving aspirin dipyridamole 75 mg three times daily and placebo [29, 30].

The aspirin and the aspirin plus dipyridamole groups reducedalone was not included in the PARIS II study design. It
was therefore not possible to establish directly whether the occlusion rate of grafts compared with placebo, but only

the aspirin-dipyridamole combination reduced the numberaspirin, dipyridamole or the combination accounted for the
beneficial result. of patients with at least one occluded graft. This one study

suggested that perhaps the combination of aspirin andThere have otherwise been relatively few studies to
directly compare the value of aspirin alone with dipyridamole dipyridamole may be more effective than aspirin alone,

although the incidence of early reoperation and hospitalalone, or with the combination of aspirin plus dipyridamole
in the treatment of angina or the secondary prevention of mortality was actually similar in all three groups [30].

By contrast, the Veterans Affairs study, which usedmyocardial infarction. One reason for this is that differences
between the antiplatelet regimes are likely to be relatively preoperative and early postoperative aspirin, showed an

impressive effect on early graft patency, also demonstratedsmall and large scale studies are required of sufficient size to
have power to demonstrate a significant number of vascular that dipyridamole added nothing to the effects of aspirin

[31]. Pantely et al. [32] reported that failure to administerevents. Nevertheless, a 1988 metaanalysis of 1l published
randomized placebo-controlled trials evaluating the efficacy dipyridamole pre-operatively and delaying aspirin-

dipyridamole therapy until the third post-operative dayof dipyridamole for prophylaxis of angina pectoris showed
that there was perhaps some evidence of a slight benefit offered no advantage over placebo. By contrast, starting

aspirin within 60 h of surgery appears to significantlyfrom the drug [13]. Only published trials with random
allocation of treatment, double-blind and placebo-controlled improve graft patency, compared with aspirin started after

60 h [33]. In all these studies, the addition of dipyridamolewere included in the analysis [14–23]. Meta-analyses are
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to either of the aspirin treatment groups did not seem to following lower limb bypass grafts for periperal vascular
disease [40].significantly improve graft patency rates.

In summary, aspirin alone has been shown to be an
effective anti-thrombotic agent in patients undergoing Prosthetic heart valves
coronary artery bypass surgery [34] and at present there is
no consistent or reliable evidence to indicate that dipyridam- Anticoagulation significantly reduces the incidence of throm-

boembolic complications in patients with mechanical valveole provides additional long term benefits on morbidity and
mortality in such patients. prostheses and it has been suggested that dipyridamole may

serve to augment this role.
One early double-blind trial randomly assigned dipyridam-Coronary angioplasty

ole (100 mg four times daily) or placebo to patients who
had been anticoagulated with warfarin following valveThe role of combination antiplatelet therapy in coronary

angioplasty was studied in a randomized double-blind replacements [41]. The patients were followed up for one
year and thromboembolic complications were significantlyplacebo controlled trial by Schwartz et al. [35]. An aspirin-

dipyridamole combination (330 mg-75 mg three times daily) reduced in the dipyridamole treated group (1.3% vs 14.3%
in placebo, P<0.01), although there was no reduction inwas started 24 h prior to angioplasty and follow up coronary

angiography was performed 4–7 months later. The incidence overall mortality. However, more patients were withdrawn
from the warfarin-dipyridamole group before the end ofof transmural myocardial infarction was reduced in the

treatment group compared with placebo, although the one year and there was little detailed information about the
degree of anticoagulation and its relation to embolic eventsrestenosis rate was similar.

However, combination therapy has not been shown to in both groups [42]. Nevertheless, based on evidence from
this study, dipyridamole is still officially licenced for use asbe superior to aspirin alone following coronary angioplasty.

In addition, when compared with aspirin alone, a randomized an adjunct to oral anticoagulation for the prophylaxis of
thromboembolism associated with prosthetic heart valves.trial of oral dipyridamole (75 mg four times daily) has not

been shown to offer additional protection against abrupt The potential benefits of dipyridamole plus warfarin in
patients with mechanical heart valves cannot be extrapolatedclosure following angioplasty [36]. However, a small

retrospective study by Danchin et al. [37] using intravenous to patients with native mitral valve disease [43] or
bioprosthetic heart valves [44]. In addition, althoughdipyridamole found a lower rate of ischaemic complications,

including acute occlusion rate, following coronary dipyridamole has been found to reduce platelet consumption
in patients with artificial valves and other arterial diseaseinterventions.

There is no evidence to support the routine use of [45, 46], there is no evidence to support the use of
dipyridamole alone in these patients. A prospective con-dipyridamole in preventing coronary stent thrombosis. Until

more evidence is supportive of a beneficial effect, dipyridam- trolled trial of aspirin (1.3 g day−1) plus dipyridamole
(200 mg daily) in patients with Starr-Edwards valves alsoole is therefore not recommended for routine clinical use in

coronary interventions. failed to demonstrate any significant reduction in throm-
boembolic events [7].

Peripheral vascular disease
Cerebrovascular disease

Antiplatelet therapy has been shown to reduce occlusion
rates in peripheral vascular disease. Dipyridamole has The role of antiplatelet therapy in cerebrovascular disease

has been closely examined over recent years. For example,therefore been used in peripheral vascular disease in an
attempt to slow disease progression and graft occlusion rates. the Antiplatelet Trialists’ Collaboration reported an aspirin-

related benefit with respect to all vascular events in highAn analysis of data from the Antiplatelet Trialists’
Collaboration demonstrated a substantial absolute reduction risk patients corresponding to a risk reduction of about 25%

[10]. Whilst the value of aspirin is fairly well established, ain the risk of peripheral artery occlusion (that is, 15.7% of
patients treated with antiplatelet agents compared with number of trials have also utilized dipyridamole in combi-

nation with aspirin.24.9% of corresponding controls) [38], although there is no
evidence that combination therapy with regimes including In the Accidents Ischimiques Cerebraux Lies a

l’Atherosclerose (AICLA) trial 604 patients recovering fromdipyridamole were more effective than using aspirin alone.
A double-blind placebo controlled study of 240 patients a transient ischaemic attack (TIA) or mild stroke were

randomized to aspirin, aspirin plus dipyridamole or placebowith peripheral vascular disease, in which patients were
allocated to receive either high dose aspirin (1 g day), aspirin [47]. The rate of cerebral infarction during the 3 year follow

up was 18% in the placebo group compared with 10.5% in(1 g day) plus dipyridamole (225 mg) or placebo, suggested
that combination therapy with aspirin and dipyridamole was the aspirin group and 10.5% in the combination therapy

group. Thus, the addition of dipyridamole did not appearmore effective than aspirin alone and placebo in reducing
disease progression [39]. However, those patients assigned to confer additional benefit.

The Persantine-Aspirin Trial [48] randomized patientsto receive aspirin alone had significantly more stenotic
arterial lesions initially when compared to those in the with carotid territory TIA or minor stroke to receive aspirin

(325 mg four times daily) or aspirin with dipyridamolecombination therapy and placebo groups. There was also no
evidence of an improvement in graft patency rates in patients (75 mg four times daily). There were no significant

differences in the rates of cerebral infarction, retinaltreated prophylactically with aspirin and dipyridamole,
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infarction and death between the groups and one small scale aspirin alone in preventing deep venous thrombosis. The
addition of dipyridamole to aspirin, however, did not appearstudy of dipyridamole alone, in patients with a previous

history of TIA, failed to show any significant reduction in to bring about a further reduction in the incidence of
pulmonary thromboembolism.cerebrovascular events or death 14 or 25 months after the

start of the study [49].
The first European Stroke Prevention Study (ESPS-1)

Pharmacological stress testing
investigated the use of dipyridamole 225 mg (75 mg three
times daily) with aspirin 990 mg (330 mg three times daily) Dipyridamole is as effective as dynamic exercise testing in

the detection of coronary artery disease [53] and isin patients with a prior ischaemic stroke or transient
ischaemic attack; combination treatment resulted in a 38% particularly valuable in patients who are unable to perform

an exercise test. The drug is normally administered by thereduction in secondary stroke over placebo, which was
substantially more than that in trials using aspirin alone [50]. intravenous route and is relatively safe, although it provokes

chest pain in approximately 29% of patients and non-cardiacHowever, this study did not show the relative contributions
of aspirin alone or dipyridamole alone to the combination side effects in one third. In one large scale study of 3911

patients, for example, four (0.1%) patients suffered myocar-treatment results.
However, recent data have been more encouraging. The dial infarction within 24 h of dipyridamole infusion, although

three of these had previous unstable angina [54].second European Stroke Prevention Study (ESPS-2) was a
randomized, placebo-controlled, double-blind trial to
investigate the role of aspirin (50 mg), modified-release

Discussion
dipyridamole (400 mg daily) and their combination in the
secondary prevention of ischaemic stroke, thus addressing On review of the reported clinical trials, there is limited

evidence that dipyridamole is generally an effectivethe deficiencies in ESPS-1 [51]. The odds ratios and 95%
confidence intervals for the active treatment vs placebo on antithrombotic agent when used alone, nor is there

convincing evidence that the combination of aspirin andthe principal endpoints of stroke, stroke or death, and death
are summarized in Table 1. After 2 years’ follow up in over dipyridamole is more effective than aspirin alone in the

reduction of vascular events. However, a small increase in6600 patients, there was a reduction of stroke risk compared
with placebo, of 18% with aspirin alone (P=0.013), 16% benefit from the combination cannot be excluded, particu-

larly in patients with cerebrovascular disease. The lack ofwith dipyridamole alone (P=0.015) and 37% with combi-
nation therapy (P<0.001) [51]. Risk of stroke or death was any statistically significant difference between various anti-

platelet regimes (for example, aspirin-dipyridamole comparedreduced by 13% with aspirin alone (P=0.016), 15% with
dipyridamole alone (P=0.015) and 24% with combination to aspirin alone) does not necessarily mean that these

regimen are exactly equivalent. For example, the Antiplatelettherapy (P<0.001). However, there was no significant
effect on death rate alone. There was a clear additive benefit Trialists’ Collaboration report that whilst the direct compari-

sons of aspirin plus dipyridamole versus aspirin alonein stroke reduction (36%) when aspirin and dipyridamole
were used in combination, when compared with placebo; indicates that dipyridamole may produce no worthwhile

additional reduction in vascular events (316/2661 withthe combination being significantly more effective than
either aspirin or dipyridamole prescribed singly [51]. aspirin plus dipyridamole, vs 312/2656 with aspirin alone),

it does not prove this [10]. If there are real differencesWhilst preliminary data on the additive effect of dipyrida-
mole to aspirin are promising, particularly with recent between one antiplatelet regimen and another, these

differences are unlikely to be large; instead, large, directpublication of ESPS-2, further work is still required to
establish the precise role of dipyridamole in patients with randomized comparisons may be needed, such as ESPS-2

[51], to detect the moderate additional effects of aspirin-cerebrovascular disease, particularly in the presence of carotid
disease and in medical conditions that predispose to a high dipyridamole combination against dipyridamole alone or

aspirin alone.risk of stroke and thromboembolism, such as atrial fibrillation.
Although there is no consistent evidence to support the

routine use of dipyridamole after coronary artery bypass
Deep venous thrombosis and pulmonary embolism

grafting and in patients with occlusive peripheral vascular
disease, these conditions remain common reasons for its use.Antiplatelet therapy appears to reduce the risk of deep

venous thrombosis and pulmonary embolism in a wide However, dipyridamole is a useful agent in ‘pharmacological
stress’ testing in nuclear cardiology imaging and may berange of general and orthopaedic surgical patients [52].

Aspirin in combination with dipyridamole appears to be an valuable when combined with warfarin, in some patients
with prosthetic valves. In addition, one recent study haseffective therapy, although further research is needed to

determine whether this combination is more effective than suggested that when combined with aspirin [51], it may be

Strokes Strokes and/or death Death

Aspirin 0.79 (0.65–0.97) 0.84 (0.71–0.99) 0.88(0.71–1.09)
Dipyridamole 0.81(0.67–0.99) 0.81(0.68–0.96) 0.92(0.74–1.13)
Aspirin+dipyridamole 0.59 (0.48–0.73) 0.71(0.59–0.84) 0.90(0.73–1.12)

Table 1 The second European Stroke
Prevention Study (ESPS-2): odds ratios
and 95% confidence intervals for the
active treatment versus placebo on the
principal endpoints of stroke, stroke
or death, and death (modified from
reference 51).
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