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Abstract

Cilostazol is a phosphodiesterase III inhibitor with a long track record of safety that is FDA and EMA approved for the treatment of claudication in patients with peripheral arterial disease. In addition, cilostazol has been approved for secondary stroke prevention in several Asian countries based on trials that have demonstrated a reduction in stroke recurrence among patients with non-cardioembolic stroke. The onset of benefit appears after 60-90 days of treatment, which is consistent with cilostazol’s pleiotropic effects on platelet aggregation, vascular remodeling, blood flow, and plasma lipids. Cilostazol appears safe and does not increase the risk of major bleeding when given alone or in combination with aspirin or clopidogrel. Adverse effects such as headache, gastrointestinal symptoms and palpitations, however, contributed to a 6% increase in drug discontinuation among patients randomized to cilostazol in a large secondary stroke prevention trial (CSPS.com). Due to limitations of prior trials, such as open label design, premature trial termination, large loss to follow-up, lack of functional or cognitive outcome data, and exclusive enrollment in Asia, the existing trials have not led to a change in clinical practice or guidelines in Western countries. These limitations could be addressed by a double-blind placebo-controlled randomized trial conducted in a broader population. If positive, it would increase the evidence in support of long-term treatment with cilostazol for secondary prevention in the millions of patients worldwide who have suffered a non-cardioembolic ischemic stroke. 

History and Mechanism of Action of Cilostazol

In the 1980s, Takao Nishi’s lab at the Japanese pharmaceutical company Otsuka synthesized the quinolone derivative cilostamide, which inhibited platelet aggregation and had vasodilatory properties, but caused persistent tachycardia.1 With modification of an amide side chain, the Otsuka researchers created cilostazol, which had the desired effects of cilostamide and a reduced risk of tachycardia (Figure 1). Cilostazol was first marketed in Japan in 1988 as Pletaal and subsequently as Pletal in the United States in 1999 and the United Kingdom in 2001.2 In the United States and Europe, cilostazol is only approved for intermittent claudication in patients with peripheral arterial disease (PAD). Japanese regulators approved cilostazol for PAD as well as prevention of recurrent ischemic stroke in 2003,3 as have several other countries in Asia. At present, cilostazol is available worldwide in both branded and generic formulations, and is available in the United States as a generic medication for less than $10 a month and in Germany for as little as €5 a month.4–6
Cilostazol is a phosphodiesterase III (PDE3) inhibitor that is metabolized by the hepatic cytochrome P450 system and is independent of the cyclooxygenase (aspirin) or platelet P2Y12 receptor (clopidogrel) pathways.7,8 The active metabolites of cilostazol reversibly inhibit PDE3, which mitigates degradation of cyclic adenosine monophosphate (cAMP) and leads to inhibition of platelet reactivity and aggregation. Cilostazol also prevents adenosine uptake into cells, further augmenting cAMP.9,10 Cilostazol’s cAMP-mediated inhibition of platelet reactivity and aggregation is comparable to that of aspirin and ticlopidine, yet cilostazol has a lower incidence of hemorrhagic complications.11–14 Unlike aspirin and ticlopidine, which block extracellular membrane receptors for their antiplatelet effect,15 cilostazol functions intracellularly and does not prolong overall bleeding time.16–20 A comparison of the mechanism of action, common and major adverse events, and out-of-pocket cost of common antiplatelet medications used in stroke prevention is shown in Table 2.
In addition to platelet inhibition, cilostazol enhances vasodilatation, prevents intimal hyperplasia and proliferation of vascular smooth muscle cells, lowers blood pressure, and may increase cerebral blood flow, improve myelin repair, and enhance astrocyte-to-neuron energy supply.21–27 The vasodilatory effects of cilostazol appear to be mediated by endothelial production of nitric oxide (which may be deficient in many patients with stroke, particularly lacunar stroke) in response to elevated concentrations of cAMP23–25,28, as well as the chronic inhibition of vascular smooth muscle cell proliferation that leads to more compliant arteries.29–32 This vascular remodeling occurs because cAMP reduces the activity of platelet derived growth factor, which regulates vascular smooth muscle proliferation.29–31 Cilostazol’s vasodilatory and arterial remodeling effects lead to a mild (2-4 mm Hg) reduction in systolic blood pressure,33 but hypotension is seen in <1% of patients.34 Patients taking cilostazol have an increase in heart rate, typically on the order of 6 beats per minute, but the effect has not been associated with tachyarrhythmia.35,36
Because PDE3 is found throughout the human body, the effects of cilostazol are not limited to platelets and endothelial cells.37 Higher levels of intracellular cAMP reduce the expression of interleukin-6, which can increase the activity of lipoprotein lipase.38,39 Consequently, cilostazol therapy is associated with a 16-29% decrease in triglycerides and a 12-13% increase in high-density lipoprotein cholesterol.40–42 Additional pleiotropic effects that have been proposed include a decrease in systemic inflammation, improved stroke recovery, reduction of amyloid-related neurotoxicity, prevention of restenosis of cardiac stents, and prevention of diabetic nephropathy.37,43–53 Another potential role for cilostazol is in the prevention of dementia or cognitive decline21,27,54–56, particularly in patients with chronic microvascular disease who may benefit from the effects of cilostazol on myelin repair and astrocyte-to-neuron energy supply.13,26,27
Other Phosphodiesterase Inhibitors

Other PDE3 inhibitors include milrinone, vesnarinone and amrinone. These drugs have been used to treat severe congestive heart failure that is refractory to first-line medications.57,58 Milrinone, the most commonly used, inhibits both PDE3 and PDE4, increases cardiac index, has more cardiac side effects than cilostazol, and has been associated with sudden cardiac death and an increase in all-cause mortality with chronic use.59,60 Milrinone is therefore only used for short durations and not a viable alternative to cilostazol for stroke or cardiovascular disease prevention.61 

Cilostazol is sometimes compared to dipyridamole, which inhibits PDE5 and has been combined with aspirin for secondary stroke prevention.62 While cilostazol and dipyridamole are both PDE inhibitors with similar systemic side effects (Table 2), their effects within the platelet are unique because they inhibit different PDEs.63 For example, inhibition of PDE5 (dipyridamole) increases cyclic guanosine monophosphate while inhibition of PDE3 increases cAMP. Outside platelets, the drugs also have different pleotropic effects since PDE5 is only expressed by platelets, smooth muscle cells, and the lung, while PDE3 is more widely expressed throughout the human body.1 Because of these differences, results of clinical trials with dipyridamole do not provide insight into cilostazol’s effect on secondary stroke prevention. 
Trials of Cilostazol for Secondary Stroke Prevention
With the exception of a small trial (n=57) in the United Kingdom,27 all cilostazol trials for stroke and cardiovascular disease prevention have been conducted in Asia.13 These trials have typically used a cilostazol dose of 100 mg BID. The most important and largest randomized clinical trials are CSPS (2000), CSPS 2 (2010), PICASSO (2018), and CSPS.com (2019).33,64,65 In CSPS, 1,095 patients (65.6% male) who had a non-cardioembolic stroke in the prior 1-6 months were randomized to cilostazol 100 mg BID or placebo in a double-blind design. The primary outcome was ischemic stroke, which occurred less frequently in the cilostazol versus placebo arm (3.37% vs. 5.78% annually, relative risk reduction 0.42, 95% CI 0.09-0.63). Bleeding complications were similar in both arms.65 The PICASSO trial of 1,534 ischemic stroke patients with a history of intracerebral hemorrhage or imaging evidence of two or more cerebral microbleeds also found that cilostazol did not increase the risk of intracerebral hemorrhage.66
In CSPS 2, 2,672 patients who had a non-cardioembolic stroke within the prior 26 weeks were randomized to cilostazol 100 mg BID or aspirin 81 mg daily in a double-blind design and followed for a mean of 29 months. The majority of patients (65%) had a lacunar stroke as the index event and 72% were male.64 The primary outcome in CSPS 2 was stroke, including intraparenchymal and subarachnoid hemorrhage, which occurred less frequently in the cilostazol arm (2.8%) compared to the aspirin arm (3.7%), with a hazard ratio for cilostazol of 0.74 (95% CI 0.56-0.98). 

The CSPS.com trial enrolled 1,879 high-risk patients (cervical/intracranial artery stenosis or multiple vascular risk factors) with a non-cardioembolic stroke in the prior 8-180 days. The trial was unblinded and randomized patients who were receiving standard-of-care treatment with aspirin or clopidogrel to cilostazol 100 mg BID versus no additional medication.33 The primary outcome was first recurrence of a symptomatic ischemic stroke and the median follow-up duration was 1.4 years. In CSPS.com, cilostazol was highly effective at preventing recurrent stroke when added to aspirin or clopidogrel monotherapy (hazard ratio 0.49, 95% CI 0.31-0.76). Subgroup analyses showed relatively equal efficacy among all major patient subgroups, with the exception of sex. Female patients experienced less benefit (hazard ratio 0.82, 95% CI 0.37-1.84) than men (hazard ratio 0.40, 95% CI 0.23-0.68), but this difference was not significant (interaction term sex*treatment p=0.13). Since women only represented 30% of the cohort, this could have been due to low power. Cilostazol had a nearly identical risk reduction in the 547 patients with intracranial artery stenosis (hazard ratio 0.48, 95% CI 0.27-0.86) and the 1,177 patients without (hazard ratio=0.47, 95% CI 0.23-0.95, p value for interaction=0.95). In the subgroup of patients with lacunar stroke (n=925), cilostazol had a hazard ratio of 0.41 (95% CI 0.21-0.81). 

The most recent and comprehensive meta-analysis of cilostazol for the prevention of ischemic stroke and major adverse cardiovascular events (MACE) in stroke survivors showed that “cilostazol reduced recurrent ischemic stroke, recurrent hemorrhagic stroke, death, and major adverse cardiovascular events compared with control, in the presence or absence of aspirin, or when compared directly with aspirin.”13 (Figure 2) An important finding from this meta-analysis is that cilostazol was most beneficial in trials that treated patients for 6 months or longer. This is consistent with the Kaplan-Meier analysis for the prevention of any stroke in CSPS 2 and ischemic stroke in CSPS.com (Figure 3), which shows that the curves for the cilostazol and control arms separate 60-90 days after randomization. It is also consistent with the neutral results of the ADS trial, which randomized 1,201 patients with non-cardioembolic stroke within 48 hours of symptom onset to cilostazol plus aspirin versus aspirin alone and followed patients for 3 months.67 During this relatively short follow-up period, cilostazol did not reduce stroke recurrence. The delayed onset of benefit is likely a result of an accumulation of the pleiotropic effects of cilostazol over time. 

Cilostazol Adverse Events, Interactions, and Contraindications

A meta-analysis of eight randomized, placebo-controlled trials of cilostazol among patients with intermittent claudication (n=2,702), identified headache, diarrhea, and abnormal stools as the most common side effects of cilostazol 100 mg BID, which were increased over the placebo arm rates by 19%, 10%, and 10%, respectively.42 Palpitations, dizziness, and tachycardia were also common.68 The adverse events of cilostazol reported in a meta-analysis of secondary stroke prevention trials are listed in Table 1.13 These side effects likely contributed to the increased rate of drug discontinuation in the cilostazol arm of the CSPS.com trial (9.8%) compared to the control arm (3.5%).69 A suggested approach to minimize cilostazol discontinuation is to begin therapy with a lower dose (50 mg twice daily) and titrate to the full 100 mg twice daily dose after 2-4 weeks.70
Cilostazol has potential drug interactions with medications that affect the hepatic P450 enzymes CYP3A4 and CYP2C19. In the United States Food and Drug Administration (FDA) labelling for cilostazol, CYP3A4 and CYP2C19 inhibitors, which decrease cilostazol clearance, such as macrolide antibiotics, diltiazem, azoles, omeprazole, fluoxetine, and sertraline, are identified as having a drug-drug interaction.34 A reasonable approach for patients on these medications would be to decrease the cilostazol dose to 50 mg BID, which is consistent with the labelling for PAD patients.34 Although atorvastatin, fluvastatin, lovastatin, and simvastatin could theoretically decrease cilostazol levels by inhibiting CYP2C19, the effect is not clinically significant.34 Cilostazol has a half-life of 14-15 hours and needs to be dosed twice daily. Cilostazol’s absorption is increased with high-fat meals, which almost doubles the peak effect and reduces the half-life to 5 hours, so it should not be taken within two hours of a meal.71

Because other oral phosphodiesterase inhibitors (e.g. milrinone and vesnarinone – see paragraph above on phosphodiesterase inhibitors for more detail) have caused increased mortality in patients with severe heart failure,60,72 the FDA placed a boxed warning on cilostazol that contraindicates its use in patients with heart failure, which is consistent with a similar contraindication from the European Medicines Agency (EMA).34,73 However, the increase in mortality with milrinone or similar drugs was relatively small (relative risk in a Cochrane Review: 1.17, 95% CI 1.06-1.30)60,74,75, an analysis of the Cilostazol Safety Database did not find an increase in mortality with cilostazol in heart failure patients, and other studies of administrative claims have likewise failed to show an association between cilostazol and mortality among patients with heart failure.74,76,77 

Cilostazol’s pharmacokinetics do not appear to be meaningfully altered by patient age or sex,78,79 and data from PAD patients does not suggest that race or ethnicity impacts the effectiveness of cilostazol for reducing claudication symptoms.68,80,81 Genetic polymorphisms in hepatic P450 enzymes can affect cilostazol pharmacokinetics, but not to the degree seen with platelet P2Y12 receptor inhibitors such as clopidogrel.82–84 Although mild hepatic impairment has little effect on cilostazol levels,34 more severe hepatic impairment warrants caution as cilostazol has not been studied in that patient population and its metabolism could be reduced, leading to elevated serum levels.85 Dose adjustment is not recommended in patients with renal impairment, and dialysis is unlikely to affect levels given the very high (≥95%) protein binding of cilostazol.85 
Clinical Guideline Recommendations Regarding the Use of Cilostazol

A 2014 Cochrane review of fifteen double-blind randomized trials with a total of 3,718 PAD patients showed that cilostazol 100 mg BID increased walking distance prior to claudication compared to both placebo and to cilostazol 50 mg BID.68 The American Heart Association/American College of Cardiology guideline on peripheral arterial disease states that “cilostazol is an effective therapy to improve symptoms and increase walking distance in patients with claudication” (Class IA recommendation).86 Based off this robust and consistent data, cilostazol has an indication for symptomatic treatment of intermittent claudication in the United States, Japan, Korea, China, the United Kingdom, and many other countries.5

In Japan, cilostazol was recommended as a first line antiplatelet agent for the prevention of recurrent ischemic stroke in 2015.87 In the upcoming 2021 Japan Stroke Society prevention guideline, the addition of cilostazol to treatment with either aspirin or clopidogrel will be recommended as a reasonable option for patients with non-cardioembolic stroke or TIA who have cervical/intracranial artery stenosis or multiple vascular risk factors. Secondary stroke prevention guidelines in Asia give a high level of evidence recommendation for cilostazol in all subtypes of non-cardioembolic stroke.88 In the United States, the 2014 American Heart Association secondary prevention guideline gives cilostazol a Class IIb (Level of Evidence C) recommendation specific to only patients with “stroke or TIA attributable to 50% to 99% stenosis of a major intracranial artery”, which states that “the data are insufficient to make a recommendation regarding the usefulness of … cilostazol.”89 European Stroke Organization guidelines do not mention cilostazol for secondary prevention.90
Cilostazol Prescription Patterns for Stroke Prevention in Western Countries
To understand if, despite the lack of guideline endorsement, neurologists in the United States were prescribing cilostazol, we performed a retrospective analysis of the publicly available Medicare Part D Prescriber Files from 2017-2018.91 We included providers designated as “Neurology” and calculated how many prescribed cilostazol and, as a comparator, clopidogrel. In 2017, only 76/12,995 (0.6%) neurologists prescribed cilostazol at least once to a Medicare Part D beneficiary, while 4,601/12,995 (35.4%) prescribed clopidogrel at least once. In 2018, the number of neurologists who prescribed cilostazol was even lower at 65/13,206 (0.5%), while 4,491/13,206 (34.0%) prescribed clopidogrel at least once. 
To explore if patients in the United States with ischemic stroke are being prescribed cilostazol more frequently since CSPS.com, we used data from TriNetX, a global federated health research network providing access to electronic medical records  from approximately 69.5 million patients.92 The TriNetX platform only uses aggregated counts and statistical summaries of de-identified information. No Protected Health Information (PHI) or Personal Data is made available and IRB approval is not required. This analysis included patients diagnosed with ischemic stroke (ICD-10-CM I63)93 from 2017 to the end of 2020. In 2017-18 there were 249,621 patients diagnosed with ischemic stroke, of which 2,490 received cilostazol (1.0%) and 81,455 received clopidogrel (32.6%). In 2019-20, 255,514 patients were diagnosed with ischemic stroke, of which 2,516 received cilostazol (1.0%) and 88,759 received clopidogrel (34.7%). Though this sample is not fully representative, these data suggest that cilostazol prescriptions in United States stroke survivors have not increased since the positive results of the CSPS.com trial were presented in February 2019. 

In Europe, the EMA has only recommended cilostazol for claudication symptoms in PAD patients and in 2013 further restricted the indication to patients who had failed lifestyle changes and do not have comorbid cardiovascular disease.73 A study of five European health agency databases from 2002-2012 examined new off-label prescriptions of cilostazol. In the United Kingdom only 1% of off-label cilostazol prescriptions were for cerebrovascular disease, in Spain it was 0.3-2.1%, in Sweden it was 0.3%, and in Germany it was 4.8%.94 These data suggest that in Europe, like in the United States, cilostazol is not widely use in patients with cerebrovascular disease. 
Barriers to Cilostazol for Stroke Prevention in the United States and Europe
The fact that the major cilostazol trials conducted thus far have not led to a change in practice patterns or guideline recommendations in Western countries might be because of limitations in their design, surprisingly large effect sizes, and the patients that were studied (exclusively Asians and predominantly male participants). Another factor that might give physicians pause before adopting long-term dual antiplatelet therapy (DAPT) with cilostazol is that prior trials of long-term DAPT after ischemic stroke have not shown an acceptable risk/benefit profile. The MATCH trial, which randomized 7,599 patients with recent ischemic stroke or TIA to either DAPT (aspirin plus clopidogrel) or clopidogrel monotherapy, showed no reduction in the primary MACE outcome (ischemic stroke, myocardial infarction, vascular death, or rehospitalization for acute ischemia including TIA, angina pectoris, or worsening of peripheral arterial disease) during a mean follow-up of 18 months.95 While there was a nonsignificant 7.1% (95% CI -8.5-20.4) relative risk reduction in ischemic stroke, the rate of life-threatening bleeding was 1.3% higher in the DAPT arm compared to the clopidogrel monotherapy arm (p<0.001). 
The SPS3 trial compared DAPT (aspirin plus clopidogrel) to aspirin monotherapy in 3,020 patients with recent symptomatic lacunar ischemic stroke.96 The primary outcome was recurrent stroke, including hemorrhagic stroke, and patients were followed for a mean of 3.4 years. Like MATCH, SPS3 showed a nonsignificant lower rate of recurrent ischemic stroke with DAPT (hazard ratio 0.82, 95% CI 0.63-1.09) that was offset by an almost doubling of the rate of major hemorrhage and death with DAPT. The ESPRIT trial compared aspirin plus dipyridamole to aspirin alone (30-325mg daily) in 2,739 patients with recent ischemic stroke who were followed for a mean of 3.5 years.97 The primary outcome in ESPRIT was a MACE composite, which was reduced by 20% (HR 0.80, 95% CI 0.66-0.98). The PRoFESS trial compared aspirin plus dipyridamole to clopidogrel in 20,332 patients with recent ischemic stroke who were followed for a mean of 2.5 years.62 In PRoFESS, aspirin plus dipyridamole was not associated with a significant reduction in recurrent stroke (HR 1.01, 95% CI 0.92-1.11) and resulted in an increase in major hemorrhagic events (hazard ratio 1.15, 95% CI 1.00 to 1.32). 

Given the failure of long-term DAPT in large randomized controlled secondary stroke prevention trials, there has been reluctance to test novel long-term DAPT combinations. In recent years, clinical trials have instead focused on short-term DAPT therapy started within days after stroke onset, to balance the secondary stroke prevention benefit with hemorrhagic risk (CHANCE, POINT, and THALES).98–100
While these trials have demonstrated benefit from short-term DAPT after ischemic stroke, they do not address the high risk of recurrent ischemic events that are experienced by patients beyond the first month. The PRoFESS and MATCH trials show that stroke patients continue to accumulate MACE events at a nearly linear rate of 4-8% per year during long-term follow-up (Figure 4). Cilostazol could reduce this rate by 34% based on the results of a recent meta-analysis, or 48% based on the results of CSPS.com.13,33 Long-term cilostazol combined with aspirin or clopidogrel does not increase bleeding risk beyond that of either aspirin or clopidogrel alone, and has considerably less risk than the long-term combination of aspirin and clopidogrel.13,95 Thus, the safety and efficacy profile of cilostazol could complement current post-stroke DAPT strategies. After completion of a short (3 weeks to 3 months) course of DAPT with aspirin and clopidogrel or ticagrelor, cilostazol could subsequently be added indefinitely to single antiplatelet treatment. 
Ongoing and Future Trials of Cilostazol

There is ongoing research with cilostazol. LACI-2 (ISRCTN 14911850, EudraCT 2016-002277-35) is studying long-term cilostazol and isosorbide mononitrate in a partial factorial PROBE design after lacunar ischemic stroke in the UK (target n=400)70 and the COMCID trial in Japan is evaluating cilostazol’s effects on cognitive function in patients with mild cognitive impairment at baseline (target n=200).54,91 However, there are no ongoing trials that will provide Level 1 evidence of cilostazol for preventing recurrent stroke and MACE. Positive results of a large placebo-controlled trial conducted outside of Asia and with adequate enrollment of both women and men and careful stroke subtyping is needed to change guidelines in Western countries and determine if cilostazol should become standard of care for secondary prevention after non-cardioembolic stroke. 
An alternative to a large RCT is an observational study that compares outcomes between patients who are prescribed cilostazol and those who are not. Limitations of such a design is that there are only small numbers of post-stroke patients who are prescribed cilostazol and that prescription patterns are likely confounded by indication.101 Another alternative is an open-label cluster randomized trial, but such a design would still be costly while not providing the high-level evidence that is lacking. In contrast, a well-designed randomized placebo-controlled trial of cilostazol could provide this evidence. To be most informative such a trial should have the following features: 1) broad inclusion criteria in terms of stroke etiology, 2) stratified randomization (e.g. according to stroke etiology, gender, race/ethnicity, and duration since index stroke), 3) a relatively long follow-up duration (median of at least 2 years) to assess both early and long-term effects, 4) assessment of multiple patient-centric outcomes (e.g. recurrent stroke, dependency, MACE, cognition, and death), and 5) a large enough sample to have sufficient power to detect a relatively modest treatment effect  (e.g. a 10-20% risk reduction for recurrent stroke or MACE would be a clinically relevant finding even though a meta-analysis of prior studies suggests that cilostazol reduces the rate of MACE by 34%). Because cilostazol is currently generic and inexpensive, industry is unlikely to fund such a trial. 
The cost of cilostazol may increase dramatically if a pharmaceutical company pursues a branded formulation and is granted market exclusivity by the FDA.102 A cautionary tale is the anti-inflammatory medication colchicine, which is derived from the autumn crocus plant and was used by ancient Egyptians for rheumatism and joint swelling as far back as 1500 BC and as a tablet extract in 19th century Europe.103,104 Generic colchicine continued to be prescribed and endorsed in guidelines for gout and other indications until in 2009 the FDA granted a Philadelphia pharmaceutical company market exclusivity for a branded form (Colcrys) based off improved labelling and a small trial with 185 gout patients.105–107 The result was an overnight 5,289% price increase, a subsequent decrease in the use of colchicine, and 50 fold increase in the cost of colchicine for Medicare.105,108,109 A 2010 editorial in the New England Journal of Medicine aptly stated “an alternative solution, probably much less expensive, would be for the FDA or the National Institutes of Health to fund trials that address outstanding questions related to widely available drugs such as colchicine”107 and, we would argue, cilostazol.
Conclusion

Cilostazol is a phosphodiesterase III inhibitor with a long track record of safety. In Asian populations, its long-term use has been shown to reduce recurrent stroke and MACE when used alone or in combination with aspirin or clopidogrel for secondary stroke prevention. Cilostazol has a delayed onset of benefit for stroke prevention, which is consistent with its pleotropic effects on platelet aggregation, vascular remodeling, vasoreactivity, and plasma lipid profile. Given the low cost of cilostazol and the encouraging data from Asian trials that suggest a very robust treatment effect, it is imperative that a confirmatory trial is conducted in a Western population to demonstrate generalized efficacy. If positive, it would provide the required evidence to support the long-term use of cilostazol for secondary stroke prevention in the millions of patients worldwide who have suffered a non-cardioembolic stroke. 
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	Table 1. Adverse events in patients taking cilostazol compared to controls taking antiplatelet therapy. 



	Adverse event
	Cilostazol

(n, %)
	Control

(n, %)
	Odds ratio (95% CI)

	Major Bleeding
	79/4211,

1.9%
	102/4176,

2.4%
	0.73

(0.54-0.99)

	Headache
	743/4804, 

15.5%
	413/4778, 

8.6%
	2.00

(1.76-2.28)

	Dizziness
	349/3419,

10.2%
	292/3418,

8.5%
	1.22

(1.04-1.44)

	Palpitations
	281/4566,

6.2%
	124/4581,

2.7%
	2.29

(1.87-2.80)

	Diarrhea
	303/2434,

12.5%
	126/2403,

5.2%
	2.42

(1.99-2.96)

	Constipation
	189/2334,

8.1%
	268/2330,

11.5%
	0.68

(0.56-0.82)

	Nausea
	76/1548,

4.9%
	53/1547,

3.4%
	1.47

(1.02-2.11)


Table 2. Comparison of the mechanism of action, common and major adverse events, and out-of-pocket cost of common anti-platelet medications used in stroke prevention. 

	Medication
	Mechanism of action
	Most common adverse events*
	Major adverse events
	Monthly cost**

	Cilostazol
	Reversible intracellular PDE3 inhibition
	Headache, diarrhea, palpitation, dizziness, tachycardia
	Contraindicated in patients with heart failure
	$9.00

	Dipyridamole
	Reversible 

intracellular PDE5 inhibition
	Headache, dizziness, abdominal distress, angina pectoris, nausea
	Major bleeding (when combined with aspirin)
	$73.54

	Aspirin
	Irreversible extracellular inhibition of COX
	Dyspepsia, rash, minor bleeding, epistaxis
	Major bleeding, upper gastrointestinal ulcers
	$2.47

	Clopidogrel
	Irreversible extracellular inhibition of P2Y12
	Bruising, minor bleeding, epistaxis
	Major bleeding
	$15.00

	Ticagrelor
	Irreversible extracellular inhibition of P2Y12
	Dyspnea, ventricular pause, nausea, dizziness, transient creatinine increase, minor bleeding
	Major bleeding, bradyarrhythmia, thrombotic thrombocytopenic purpura
	$373.90

	Prasugrel
	Irreversible extracellular inhibition of P2Y12
	Hypertension, headache, nausea, minor bleeding, epistaxis
	Fatal bleeding, thrombotic thrombocytopenic purpura
	$32.36


*According to Lexicomp (online.lexi.com). 

**According to goodrx.com, in the United States, without insurance, at Walmart.

Figure 1. The molecular structure of cilostazol. 

Figure 2. Meta-analysis combinations13 of cilostazol versus controls for the outcomes of ischemic stroke (top), major adverse cardiovascular events (middle), and hemorrhagic stroke (bottom), showing odds ratios below 1, consistent with the benefit of cilostazol.
*ASA: aspirin, CLP: clopidogrel, CLZ: cilostazol.
Figure 3. Kaplan-Meier curves for CSPS 2 (left) and CSPS.com (right), showing the failure rate for stroke events in the first year of follow-up and lower rate for patients randomized to cilostazol (CLZ). 

Figure 4. The rate of major adverse cardiovascular events (MACE) during follow-up in the PRoFESS and MATCH trials. 
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