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Aspirin plus dipyridamole has the highest surface
under the cumulative ranking curves (SUCRA)
values in terms of mortality, intracranial
hemorrhage, and adverse event rate among

7 drug therapies in the treatment of cerebral

infarction
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Abstract N\
Background: The standardization for the clinical use of drug therapy for cerebral infarction (Cl) has not yet determined in some |
aspects. In this paper, we discussed the efficacies of different drug therapies (aspirin, aspirin plus dipyridamole, aspirin plus
clopidogrel, aspirin plus warfarin, cilostazol, warfarin, and ticlopidine) for Cl.

Methods: \We searched databases of PubMed and Cochrane Library from the inception to April, 2017, randomized controlled trials
(RCTs) met the inclusion and exclusion criteria were enrolled in this study. The network meta-analysis integrated evidences of direct
and indirect comparisons to assess odd ratios (OR) and surface under the cumulative ranking curves (SUCRA) value.

Results: Thirteen eligible RCTs including 7 drug therapies were included into this network meta-analysis. The network meta-
analysis results showed that Cl patients who received aspirin plus dipyridamole presented lower mortality when compared with those
received aspirin plus clopidogrel (OR=0.46, 95% Cl=0.18-0.99), indicating aspirin plus dipyridamole therapy had better efficacy for
Cl. As for intracranial hemorrhage (ICH), stroke recurrence, and adverse event (AE) rate, there were no significant differences of
efficacy among 7 drug therapies. Besides, SUCRA values demonstrated that in the 7 drug therapies, aspirin plus dipyridamole
therapy was more effective than others (mortality: 80.67%; ICH: 76.6%; AE rate: 90.2%).

Conclusions: Our findings revealed that aspirin plus dipyridamole therapy might be the optimum one for patients with Cl, which
could help to improve the survival of Cl patients.

Abbreviations: ADP = adenosine diphosphate, Cl = cerebral infarction, COX-1 = cyclooxygenase-1, ICH = intracranial
hemorrhage, OR = odd ratios, RCTs = randomized controlled trials, SUCRA = surface under the cumulative ranking curves.
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1. Introduction

Cerebral infarction (CI), an ischemic stroke, is a frequent and
serious complication of cerebral vascular disease, characterized
by thrombosis, embolism, or systemic hemodynamic hypoten-
sion." It is accepted that CI is caused by atherosclerosis of large
and small arteries, which results from an atherothrombotic or
embolic blockage of the blood vessels supplying blood to the
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brain."”! Amongst stroke patients, 80% suffer from CI and 20%
suffer from cerebral hemorrhage consequently. In addition, due
to the rising number of patients, CI gradually is becoming a
public health concern and is widely regarded as the first cause of
disability and mortality.”**! Generally, CI is known to be a
multifactorial disease induced by complex interactions between
environmental and genetic factors.”*! Many intrinsic and extrinsic
risk factors for CI have been established, such as diabetes,
tobacco smoking, hypercholesterolemia, high blood pressure,
and obesity.””! Currently, drug therapy is the main treatment for
CL, including thrombolytic agents, anti-platelet aggregation
drugs, anti-fibrinogen drug, anticoagulation, neuro-protective
drugs, and other commonly used drugs. Since the anti-platelet
aggregation drugs can prevent thrombosis, hence they have
beneficial effects on prevention and treatment of CL*~)

A previous study has shown that the application of anti-platelet
aggregation drugs can reduce 11% to 15% of CI recurrence
rate.l"” At present, anti-platelet aggregation drugs include
cyclooxygenase inhibitors (aspirin), ADP receptor antagonists
(prasugrel, clopidogrel, ticlopidine), phosphodiesterase inhibi-
tors (cilostazol, dipyridamole), platelet GP IIb/Illa antagonists
(abciximab), etc. 1% Due to its protective abilities which result
from a variety of different mechanisms, anti-platelet aggregation
is being widely used to treat CI in recent years.'” And these
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widely used drugs had different efficacies in the treatment of CL
For example, a previous study showed that aspirin plus
clopidogrel could significantly decrease vascular death compared
with warfarin while non-significantly reduce the rate of recurrent
stroke (including intracerebral hemorrhage), myocardial infarc-
tion, peripheral embolism in the treatment of ischemic stroke, and
aortic arch plaques."® Besides, it was found that aspirin
combined with dipyridamole had better efficacy than aspirin
alone in the treatment of CL!'"*' However, some findings
suggested that warfarin in combination with aspirin had no
additional benefits while increased the risk of adverse effects in
comparison to aspirin alone.""S! Therefore, when different effects
of anti-platelet aggregation drugs were compared, it suggested
clinical guidelines for drug treatment of CI.

Meta-analysis can compare the efficacy and safety of multiple
interventions for the same disease, and select the best one based
on interventions.'®! Therefore, this study is designed to compare
the efficacy of 7 drug therapies in the treatment of CI and provide
more evidences for clinical application.

2. Materials and methods

2.1. Ethics statement

Our study is a meta-analysis and the ethics statement is not
applicable.

2.2. Retrieval strategy

English databases, including PubMed and Cochrane library were
used to retrieve relevant references in combination of manual
retrieval. Retrieval range was from the establishment of the
database up to January 2017. The search terms included drug
therapy, aspirin, and cerebral infarction based on the combina-
tion of free words and key words.

2.3. Inclusion and exclusion criteria

Eligibility criteria: study types: randomized controlled studies;
interventions: aspirin, aspirin plus dipyridamole, aspirin plus
clopidogrel, aspirin plus warfarin, cilostazol, warfarin, and
ticlopidine; study subjects: CI patients aged between 44 and 86
years; outcomes: intracranial hemorrhage (ICH), mortality, stroke
recurrence, and adverse event rate (AE). Exclusion criteria: patients
with severe artery occlusive diseases; patients allergic to clopidogrel,
aspirin, or anticoagulant therapy; patients with advanced malignant
tumor or dysfunction in blood, liver, and kidney; patients with severe
hypertension; incomplete data; non-randomized controlled trials;
overlap literatures; conference report, system evaluation, or abstract
articles; non-English literatures.

2.4. Data extraction and quality assessment

Two researchers extracted the included literature data indepen-
dently, according to the unified data collection form. Disputa-
tions during the process reached consensus through discussions
of several investigators. The evaluation of randomized controlled
trials was conducted by 2 or more researchers using Cochrane
risk of bias assessment tool,''”! which included 6 domains such as
random assignment, allocation concealment, blinding of partic-
ipants, incomplete outcome data, selective outcome reporting,
and other sources of bias. The assessment of “yes,” “no,” or
“unclear” was assigned to each domain for respective designation
of a low, high, or unclear risk of bias. If “unclear” or “no”
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judgment was rated in any domain, the study was deemed as
presenting a low risk of bias. If over 4 domains were assessed as
“unclear” or “no,” a moderate risk of bias was designated to the
study.!"®! Review Manager 5 conducted both quality evaluation
and publication bias investigation (RevMan 5.2.3, Cochrane
Collaboration, Oxford, UK).

2.5. Statistical analysis

Firstly, traditional pairwise meta-analyses were conducted for the
studies with direct comparison of different treatment arms. Both
odd ratios (ORs) and 95% credible intervals (Cls) estimations
were pooled and reported. I-square test and Chi-square test were
applied to test heterogeneity among different studies.!*’!
Secondly, network diagrams were performed by the software
R (V.3.2.1) package gemtc (V.0.6), and each node represented a
single intervention, the size of node represented the sample size
and the lines between the nodes represented the number of
eligible studies. Thirdly, different interventions were compared
with each other via Bayesian network meta-analyses, which were
performed on the basis of non-informative priors for the purpose
of effect sizes and precision. After 4 chains and a burn-in phase of
20,000 simulations, examinations confirmed convergence and
lack of auto relation, hence conclusively producing direct
probability statements deriving from another 50,000-simulation
phase.*° In order to facilitate the process of the interpretation of
ORs, the probability of each intervention was computed as the
safest or most satisfactory cure method of Bayesian approach
based on probability values, and thus summarized as surface
under the cumulative ranking curve (SUCRA). A larger SUCRA
value symbolized a better rank of intervention.*"** All
calculations were computed by R (V.3.2.1) package gemtc
(V.0.6), and accompanied by Markov Chain Monte Carlo engine
Open BUGS (V.3.4.0).

3. Results

3.1. In total, 16,771 participants from 12 two-arm RCTs
and 1 three-arm RCT are selected in this study

Initially, 1325 records were searched and 775 remained after
exclusion of 10 duplicates, 151 letters or reviews, 226 non-
human studies, and 163 non-English literatures. The full-text
screening ruled out 198 non-cohort studies, 558 irrelevant trials,
6 with incomplete data, and 13 completely randomized
controlled trials were comprised in this network meta-analy-
sis?37331 (Supplementary Fig 1, http://links.lww.com/MD/C160).
A total of 16,771 CI patients were recorded in this study, with the
most preferable treatment being aspirin and the least preferred
being aspirin plus dipyridamole. The eligible studies were
published between 2001 and 2017, of which subjects in 8 trials
were Caucasians and the remainder was Asians. Twelve trials
belonged to two-arm trials and 1 was in the category of a three-
arm trial. The baseline characteristics are outlined in Table 1 and
the Cochrane bias evaluation is shown in Fig. 1.

3.2. Results from pairwise meta-analysis of 7 drug
therapies in the treatment of Cl in terms of mortality rate,
stroke recurrence rate, and AE rate

Pairwise comparisons upon 7 drug therapies revealed a lower
mortality rate in patients who preferred aspirin and aspirin plus
dipyridamole treatment than patients selecting treatment of
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The baseline characteristics for included studies.

Interventions Sample size Gender (M/F) Age (years)

First author Year  Country T T2 T3 Total Ti1 T2 T3 T T2 T3 T T2 T3
Lau AY 2014 China A C - 65 35 30 - 27/8 22/8 - 56.4+12.2 576+137 -
Al-Atassi T 2012 Canada A D - 56 28 28 - 21/7 19/9 - 72+9 7110 -
Uchiyama S 2011 Japan A B - 1294 639 655 - 453/186  472/183 - 66.0+8.6 66.2+8.1 -
Lee YS 2011 Korea A E - 458 227 231 - 133/94 148/82 - 63+12 63+12 -
Shinohara Y~ 2010 Japan A E - 2672 1335 1337 - 957/378  959/378 - 63.4+9.0 63.5+9.2 -
Diedler J 2010  Sweden A B C 3191 3016 175 151 1954/1062 107/68 106/45 71+12 72+14 70+10
Guo JJ 2009 China A E - 68 34 4 - 12/22 12/22 - 62.06+11.12 59.44+10.63 -
Halkes PH 2007 Netherlands A B - 1068 532 536 - 345/187  385/151 - 61+9 62+10 -
Sacco RL 2006  America A F - 576 295 281 - 174121 167/114 - NR NR -
Halkes PH 2006 Netherlands A B - 2739 1376 1363 - 892/484  897/466 - 63+11 63+11 -
Chimowitz Ml 2005  America A F - 569 280 289 - 168/112  182/107 - 62.8+11.3 64.3+11.5 -
Gorelick PB- 2003 America A G - 1809 907 902 - 432/475  410/492 - 61.6+10.4 60.9+10.7 -
Mohr JP 2001 America A F - 2206 1103 1103 — 653/450  656/447 - 62.6+11.4 63.3+11.2 -

A=aspirin, B=aspirin + dipyridamole, C=aspirin + clopidogrel, D=aspirin + warfarin, E=cilostazol, F=female, F=warfarin, G=ticlopidine, M=male, T=treatment.

aspirin plus clopidogrel (OR=0.60, 95%CI=0.40-0.90, OR =
0.31, 95%CI=0.16-0.62, respectively). Aspirin had higher
stroke recurrence rate as compared with cilostazol (OR=1.46,
95%CI=1.10-1.94), indicating aspirin had a worse efficacy in
the treatment of CI. In comparison to aspirin plus clopidogrel and
ticlopidine, aspirin also had higher AE rate (OR =2.97,95%CI=
1.99-4.43, OR=2.26, 95%CI=1.20-4.25, respectively). And
the 5 drug treatments had no significant difference in terms of
ICH (Table 2).

3.3. Network evidence results showing more patients
receive aspirin and less patients receive aspirin

plus clopidogrel among 7 drug therapies in the
treatment of Cl

This study included 7 drug therapies: aspirin, aspirin plus
dipyridamole, aspirin plus clopidogrel, aspirin plus warfarin,
cilostazol, warfarin, and ticlopidine. Among these drug
therapies, the number of patients receiving aspirin was the
highest, and aspirin plus clopidogrel was the least desired
treatment (Fig. 2).

3.4. Results from network meta-analysis suggesting
aspirin plus dipyridamole have better efficacy among 7
drug therapies in the treatment of Cl

Between the 7 drug therapies, aspirin plus dipyridamole had
lower mortality rate than aspirin plus clopidogrel (OR=0.46,
95%CI=0.18-0.99), suggesting that aspirin plus dipyridamole
had better efficacy than aspirin plus clopidogrel in the treatment
of CI (Table 3 and Fig. 3). ICH, stroke recurrence, and AE rate, all
did not deliver any significant difference among the 7 drug
therapies (Supplementary Fig. 2—4 and Supplementary Table 1,
http://links.lww.com/MD/C160).

3.5. SUCRA values results indicating aspirin plus
dipyridamole ranked the highest in terms of mortality, ICH,
and AE rate among 7 drug therapies in the treatment of Cl

Figure 4 implied the rank probability of the treatment effect
among all the therapies. The SUCRA value indicated that aspirin
plus dipyridamole ranked the highest in terms of mortality, ICH
and AE rate (mortality: 80.67%; ICH: 76.6%; AE rate: 90.2%),
while concerning stroke recurrence. Cilostazol ranked the first
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Free of other bias?
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Figure 1. The Cochrane Collaboration’s tool for the assessment of the risk of bias of the selected studies.
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Estimated OR and 95% CI from pairwise meta-analysis for efficacy events in cerebral infarction patients.
Efficacy events Pairwise meta-analysis
Included studies Comparisons Treatment1 Treatment2 OR (95%Cl) P Py
Mortality
Four studies AvsB 563/5263 179/2729 1.24 (0.79-1.95) 68.7% 0.022
Three studies AvsF 135/2486 124/2495 1.10 (0.86-1.42) 0.00% 0.918
Two studies AvsC 403/3051 32/181 0.60 (0.40-0.90) 0.00% 0.804
Three studies AvsE 16/1593 15/1596 1.06 (0.52-2.17) 0.00% 0.858
One study Avs G 40/907 45/902 0.88 (0.57-1.36) NA NA
One study BvsC 13/175 31/151 0.31 (0.16-0.62) NA NA
ICH
Two studies AvsE 3/258 2/259 1.50 (0.24-9.34) 0.00% 0.710
One study Avs F 58/280 51/289 1.22 (0.80-1.85) NA NA
One study BvsC 41175 6/151 0.57 (0.16-2.04) NA NA
Four studies AvsB 116/5563 47/2729 1.02 (0.68-1.53) 42.8% 0.155
Two studies AvsC 74/3051 7181 0.62 (0.27-1.39) 0.00% 0.814
Stroke recurrence
Three studies AvsB 201/2547 182/2554 1.08 (0.77-1.51) 55.9% 0.104
One study AvsC 2/35 1/30 1.76 (0.15-20.40) NA NA
One study AvsD 1/28 1/28 1.00 (0.06-16.82) NA NA
One study Avs G 86/907 107/902 0.78 (0.58-1.05) NA NA
Three studies AvsE 125/1593 88/1596 1.46 (1.10-1.94) 0.00% 0.653
Three studies Avs F 303/2486 347/2495 0.88 (0.70-1.11) 44.0% 0.168
AE rate
One study Avs B 116/405 128/404 0.86 (0.64-1.17) 0.00% 0.406
One study AvsC 105/248 49/247 2.97 (1.99-4.43) NA NA
Three studies Avs E 617/1559 661/1562 0.94 (0.82-1.07) 0.00% 0.764
One study Avs. G 194/210 177/210 2.26 (1.20-4.25) NA NA

A=aspirin, AE = adverse event, B=aspirin + dipyridamole, C=aspirin + clopidogrel, Cl= confidence intervals, D =aspirin + warfarin, E = cilostazol, F =warfarin, G =ticlopidine, ICH=intracranial hemorrhage,

NA=not available, OR=odd ratios.
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Figure 2. Network evidence graphs of mortality, ICH, stroke recurrence, and AE rate among 7 drug therapies in the treatment of Cl. (Note: AE=adverse events,
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Odds ratios and 95% confidence intervals of six treatment modalities of mortality.

Aspirin 0.83 (0.48, 1.26) 1.79 (0.82, 4.11)
1.20 (0.80, 2.07) Aspirin + dipyridamole 2.17 (1.01, 5.58)
0.56 (0.24, 1.22) 0.46 (0.18, 0.99) Aspirin + clopidogrel
1.10 (0.42, 2.85) 0.90 (0.30, 2.58) 2.00 (0.59, 7.06)
1.10 (0.65, 1.81) 0.91 (0.42,1.73) 1.97 (0.77, 5.17)
0.88 (0.36, 2.15) 0.73 (0.25, 1.85) 1.58 (0.50, 5.34)

0.91 (0.35, 2.39) 0.91 (0.55, 1.53) 113 (0.47, 2.80)
1.11 (0.39, 3.37) 110 (0.58, 2.39) 1.37 (0.54, 3.96)
0.50 (0.14, 1.68) 0.51 (0.19, 1.30) 0.63 (0.19, 1.98)
Cilostazol 1.00 (0.34, 2.98) 1.23 (0.34, 4.63)
1.00 (0.34, 2.90) Warfarin 1.25 (0.44, 3.52)
0.81 (0.22, 2.96) 0.80 (0.28, 2.29) Ticlopidine

0dds ratios and 95% confidence intervals below the treatments should be read from row to column while above the treatments should be read from column to row.

(80.0%) and ticlopidine ranked the lowest (33.71%), which
revealed that aspirin plus dipyridamole may be the best treatment
regimens for CI patients, while the effect of aspirin plus
clopidogrel on IC was the worst.

4. Discussion

This network meta-analysis evaluated the relative efficacy of 7 drug
therapies (aspirin, aspirin plus dipyridamole, aspirin plus clopidog-
rel, aspirin plus warfarin, cilostazol, warfarin, and ticlopidine) on CL
According to the results, aspirin plus dipyridamole appeared to be
the most effective treatment, while aspirin plus clopidogrel exhibited
the poorest efficacy, correspondingly.

The study demonstrated that the combination of aspirin and
dipyridamole was relatively the most effective in comparison to

the other 6 drug therapies for CL It is known that aspirin can
achieve remarkable antiplatelet effects through acetylation of
serine residue 530 of cyclooxygenase-1 (COX-1), causing
irreversible inactivation of COX-1 and blocking the transforma-
tion of arachidonic acid into thromboxane A2 (a powerful
platelet agonist and vasoconstrictor). Thus, aspirin can reduce
risks of stroke and coronary artery disease.*®3”1 As the previous
study indicated, dipyridamole was reported to reduce risk of
vascular event after ischemic stroke similarly to aspirin.[*3! The
combination of aspirin and dipyridamole played a more effectual
role than aspirin monotherapy in ischemic stroke of presumed
arterial origin,’®”! which indicated that aspirin and dipyridamole
may exhibit synergistic action during the process. Also, aspirin
plus extended-release dipyridamole presented a relative de-
creased risk of 22% in comparison to only aspirin.*?! Besides, it

Mortality
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Figure 3. Relative relationship forest plots of mortality among (A) aspirin, (B) aspirin plus dipyridamole, (C) aspirin plus clopidogrel, (D) cilostazol, (E) warfarin, and (F)

ticlopidine therapies in the treatment of Cl. Cl=confidence interval.
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Figure 4. The SUCRA diagrams in terms of mortality, ICH, stroke recurrence, and AE rate among 7 drug therapies in the treatment of Cl. (Note: AE=adverse
events, Cl=confidence interval, ICH=intracranial hemorrhage, SUCRA =surface under the cumulative ranking curves).

was found that warfarin plus aspirin had superiority of reducing
the risk of infarction and ischemic stroke while could lead to a
higher risk of bleeding.[*”! However, Li et al'*!! found that aspirin
plus dipyridamole therapy was efficacious in decreasing the
recurrence of ischemic stroke without significant bleeding
complication, which showed that aspirin plus dipyridamole
was superior to warfarin plus aspirin treatment. In addition,
aspirin plus dipyridamole had similar effects on preventing
recurrent stroke when compared with clopidogrel.**!
Additionally, our study also revealed that the combination of
aspirin and clopidogrel was deemed as relatively the worst
treatment method for CI. Clopidogrel is a derivative of
thienopyridine that can inhibit platelet aggregation by selectively
and irreversibly interdicting the adenosine diphosphate (ADP)
receptor-P,Y > on platelets, thus improving coronary syn-
dromes."*3! A previous study revealed that clopidogrel was
superior to aspirin alone in reducing the risk of ischemic
stroke.[** However, the combination of clopidogrel with aspirin
failed to be more effective than clopidogrel monotherapy and
instigated higher incidence of bleeding.!**! Bhatt et al*®! further
proved this phenomenon by suggesting that the long-term
addition of clopidogrel to aspirin was not available to broad

population and may have harmed patients in primary prevention,
which was also in line with the result of this study. It was noted
that the two-step activation process of clopidogrel involved a
series of cytochrome P450 enzyme metabolism which was
susceptible to drug—drug interactions.!*”! It was conjectured that
antagonistic action existed between aspirin and clopidogrel.
Aspirin and clopidogrel resistance was recognized in the
prevention and treatment of coronary artery disease.l®”*®!
Besides, as compared with the combination of aspirin and a
thienopyridine (ticlopidine or clopidogrel), aspirin alone was
reported to be safer and more effective in the prevention of stent
thrombosis after optimal intracoronary implantation of the
CarboStent.™’! A previous study also revealed that anticoagu-
lation with warfarin may have better efficacy than aspirin plus
clopidogrel as thromboprophylaxis in atrial fibrillation since
aspirin plus clopidogrel could not decrease plasma indices of
thrombogenesis and platelet activation.!*"!

Network meta-analysis had some major advantages over
traditional meta-analysis. It was not only a potent tool to
integrate existing treatments for one clinical disease, but also
served as an updated supplement to clinical guidelines and
predicted future research needs.*'! However, there were some
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limitations in this study. Firstly, this study was assessing
outcomes only in European, American, and Asian population.
Secondly, only 13 studies were enrolled in this meta-analysis and
the number of included studies was relatively small with limited
data and information. Therefore, it is hoped that these limitations
will be improved in the future studies.

In summary, this study integrated and compared the efficacy of
aspirin, aspirin plus dipyridamole, aspirin plus clopidogrel,
aspirin plus warfarin, cilostazol, warfarin, and ticlopidine in the
treatment of CI. The combination of aspirin plus dipyridamole
treatment could achieve the greatest efficacy in comparison with
other drug therapies, providing a significant guidance for the
clinical treatment of CL
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