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ABSTRACT

Background:Coronary artery disease (CAD) remains a
leading cause of morbidity and mortality worldwide, neces-
sitating effective antiplatelet therapy in patients undergo-
ing percutaneous coronary intervention (PCl). Prasugrel and
Ticagrelor, both potent P2Y12 receptor inhibitors, have
emerged as pivotal components of dual antiplatelet ther-
apy in this setting. Despite their widespread use, there is
an ongoing debate regarding the comparative efficacy and
safety of Prasugrel and Ticagrelor. This systematic review
and meta-analysis aim to compare the efficacy and safety
of Prasugrel and Ticagrelor in patients undergoing percu-
taneous intervention (PCl) through an exhaustive exami-
nation of randomized controlled trials (RCTs). Methods:
A comprehensive search of electronic databases, including
PubMed, Embase, and Cochrane Library, was conducted
to identify relevant RCTs comparing Prasugrel and Tica-
grelor in patients undergoing PCI. Data extraction and quality
assessment were performed independently by two review-
ers. The composite outcomes assessed were those includ-
ing death, myocardial infarction, and stroke. Secondary out-
comes included bleeding events and dyspnea. The random-
effects model was employed for the meta-analysis, and sub-
group analyses were conducted based on specific patient
characteristics and study characteristics. Results:Ticagrelor
exhibits a significantly increased risk of dyspnea compared to
Prasugrel (OR: 13.929, 95% Cl: 3.495 to 55.514). The analy-
sis reveals substantial heterogeneity (12 = 3.734), indicating
variability in the effect estimates across studies.No signifi-
cant difference in bleeding risk is observed between Tica-
grelor and Prasugrel (OR: 1.245, 95% Cl: 0.996 to 1.555). The

analysis suggests moderate heterogeneity (12 = 1.926).The
odds of death are comparable between Ticagrelor and Pra-
sugrel (OR: 1.166, 95% Cl: 0.919 to 1.479). Heterogeneity is
low (12 = 1.263).Ticagrelor is associated with a significantly
higher risk of Ml compared to Prasugrel (OR: 2.732, 95% Cl:
2.155 to 3.465). The analysis indicates low heterogeneity (12
= 8.294).A significantly increased risk of stroke is observed
with Ticagrelor compared to Prasugrel (OR: 2.732, 95% Cl:
2.155 to 3.465). Heterogeneity is low (12 = 8.294).The over-
all findings suggest that Ticagrelor may be associated with
a higher risk of dyspnea, MI, and stroke compared to Pra-
sugrel in ACS patients. However, no significant differences
are noted in bleeding and death outcomes. Conclusion:
This systematic review and meta-analysis suggests that Pra-
sugrel and Ticagrelor exhibit similar efficacy and safety pro-
files in patients undergoing PCl. The findings may aid clin-
icians in making informed decisions regarding antiplatelet
therapy selection based on individual patient characteris-
tics and preferences. Further research, including large-scale
RCTs, is warranted to validate these findings and provide
more nuanced insights into the comparative effectiveness of
Prasugrel and Ticagrelor in specific patient subgroups. Dis-
cussion: These findings have important for choosing appro-
priate antiplatelet therapy. Prasugrel and Ticagrelor can be
considered as effective treatment options. However, health-
care providers need to carefully consider the safety profiles
and potential side effects of these medications when making
treatment decisions. The study relied on aggregated data,
which might introduce bias. High attrition rates and hetero-
geneity among studies limit the findings.

KEYWORDS: Meta analysis, Ticagrelor, Prasugrel, Dual anti-
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platelet therapy

INTRODUCTION

Coronary artery disease remains a leading cause of
morbidity and mortality worldwide, necessitating effective
antiplatelet therapy in patients undergoing percutaneous
coronary intervention (PCl). Prasugrel and Ticagrelor, both
potent P2Y12 receptor inhibitors, have emerged as pivotal
components of dual antiplatelet therapy in this setting. [
Despite their widespread use, there is an ongoing debate
regarding the comparative efficacy and safety of Prasugrel
and Ticagrelor.

Prasugrel is a thienopyridine, an irreversible antago-
nist of the ADP P,Y sreceptor. Thienopyridine antiplatelet
agents interfere with platelet activation and aggrega-
tion induced by ADP.@Ticagrelor inhibits platelet activa-
tion and aggregation by reversibly interacting with the
platelet P,Y15 adenosine diphosphate (ADP) receptor to
prevent signal transduction. B!Previous studies and meta-
analyses have attempted to address this question; how-
ever, discrepancies in trial designs, patient populations,
and outcomes measured have contributed to inconclusive
evidence. Furthermore, advancements in interventional
cardiology and evolving treatment paradigms underscore
the need for a contemporary and comprehensive analysis to
guide clinical decision-making.

This systematic review and meta-analysis aim to fill this
gap by synthesizing the available evidence from randomized
controlled trials (RCTs) comparing Prasugrel and Ticagrelor
in patients undergoing PCI. By rigorously evaluating major
adverse cardiovascular events (MACE), bleeding events, and
other clinically relevant outcomes, we seek to provide
clinicians with a nuanced understanding of the relative
merits of these two antiplatelet agents. The identification
of the optimal P2Y12 receptor inhibitor is crucial for
individualized treatment strategies, considering factors such
as patient comorbidities, risk profiles, and preferences.
Ultimately, a comprehensive analysis of existing RCTs will
contribute valuable insights to the ongoing discourse on
antiplatelet therapy in PCl patients, guiding evidence-based
decisions for optimal clinical outcomes.

Objectives: To assess the research comparing the effec-
tiveness and safety of Prasugrel vs Ticagrelor in patients
having coronary artery disease. Additionally, we want to
describe the composite outcome in terms of MlI, Death and
stroke with these medications and provide a comparison
viewpoint.Also, to describe the adverse effects in terms of
Dyspnea bleeding and type of bleeding(BARC/TIMI).

METHODS

In this meta-analysis, we considered Randomized Control
Trials. The time frame for the inclusion of studies in this
meta-analysis extends from the inception of the earliest rel-
evant studies till 2023. Studies published in the English lan-
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guage were included in this meta-analysis. Only published
studies were included.

Inclusion criteria: Randomized controlled trials with
adequate method of concealment and single/double-blind
trials. For this study, all Randomized controlled trials in
which all participants who are undergoing per cutaneous
intervention, with or without any co-morbidities and who
have been subjected to either Ticagrelor or prasugrel.

Exclusion criteria: Those not fulfilling the inclusion criteria
and sudies with incomplete information.

Search strategy: We conducted a comprehensive search
of electronic databases ([PubMed, Embase, Cochrane
Library, and Scopus) to identify relevant randomized con-
trolled trials (RCTs) published, with no restrictions on the
publication language or year.

Selection of studies: The abstracts of all the records
that met our predefined inclusion criteria were screened
by all the authors, and studies that entirely fulfilled our
inclusion criteria, were retrieved with their supplementary
appendix, for further analysis. Any ambiguity during the
study selection has been resolved by mutual discussions and
consensus.

Data collection process: In this study, data collection from
reports was conducted by two independent reviewers for
each report. Three Reviewers have worked separately to
minimize bias and enhance the reliability of data extraction.
Any discrepancies or uncertainties in data extraction were
resolved through discussion and consensus between the
reviewers. To ensure data accuracy and completeness,
we employed a process to contact study investigators
when necessary. Any missing or unclear data points
were clarified through direct communication with the
investigators to ensure the integrity of the information
collected. Additionally, automation tools were not used in
the data collection process. Data extraction was performed
manually by the reviewers to maintain the precision and
accuracy of the collected information.

Data abstraction: Study design data including design
synopsis, treatment comparators, dosage, titration schedule
and duration of treatment were abstracted, along with
baseline characteristics including summary statistics of BMI,
age, and sex.

Study Settings: In this meta-analysis multiple research
contexts were considered. These settings encompass clinical
trials conducted within controlled clinical environments. The
inclusion of studies from a range of settings will enhance
the generalizability and applicability of the findings to both
controlled experimental conditions and real-world clinical
practice.”

Time frame: The time frame for the inclusion of studies in
this meta-analysis extends from the inception of the earliest
relevant studies till 2023. This duration allows us to capture
a comprehensive range of evidence while accommodating
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developments and changes in interventions and outcomes
over time.

Language: Studies published in the English language were
included in this meta-analysis. The decision to limit the
review to English language studies is based on resource
constraints and the non-availability of qualified translators
for other languages.

Publication Status: Only published studies are included
in this meta-analysis. The decision to exclude unpublished
or grey literature is made to maintain a high standard of
evidence and ensure the reliability of data sources.

Report Characteristics: Full-text articles are considered
for inclusion in this meta-analysis. Any study that fails to
provide essential data was excluded from the analysis.

Risk Bias/Meta-bias(es): We have assessed potential
meta-biases in this meta-analysis, including publication bias
and selective reporting. Publication bias was evaluated
using funnel plots, Egger’s regression test and Begg’s test.
Selective reporting within studies was explored through
visual inspection of forest plots and comparison of reported
outcomes with pre-specified outcomes in the protocols.”

Effect Measures : In this meta-analysis, we employed
standardized mean Difference (SMD) as our Primary effect
measure. The SMD was calculated by taking the Mean
Difference (MD) between the intervention group and the
placebo group and dividing it by the Standard Deviation (SD)
of the Outcomes. We considered the Mainly Odds ratio for
Secondary effect measure.

Synthesis Methods: We conducted a comprehensive
search of electronic databases (PubMed, Embase, Cochrane
Library, and Scopus) to identify relevant randomized con-
trolled trials (RCTs) published till 2023. Two reviewers
independently screened the studies, extracted data and
assessed the risk of bias using the Cochrane Risk of Bias tool.
Bucher’s and Bayesian Meta-regression Simulation Method
were used for indirect head-to-head comparison between
various active drugs. MedCalc® statistical software, RevMan
Version 5.47¢l€dE: glong with A Meta- Analysis Toolkit by
Cochrane Methods were used. P-value< 0.05 was consid-
ered significant.

Reporting Bias assessment: Visual Inspection of Funnel
Plots: Funnel plots were visually inspected to assess the
symmetry of data points, where each point represents an
individual study’s effect size plotted against its standard
error. Asymmetry in the funnel plot can be indicative of
publication bias, and we assessed the potential impact of
this bias on our findings.

Egger’s Test and Begg’s test: Egger’s and Begg’s tests were
conducted to quantify the degree of asymmetry in the funnel
plot, providing statistical evidence for publication bias.

Certainty assessment: We conducted sensitivity analy-
sis to assess the influence of reporting bias on our findings.
This involved comparing the outcomes of the primary analy-
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sis with adjusted estimates obtained through imputation of
potentially missing studies, employing a graphical represen-
tation known as a “publication bias assessment plot” (Fig-
ure 1) and a "summary plot.” (Figure 2)

Bias arising from the randomization process

Bias due to deviations from intended interventions
Bias due to missing outcome data

Bias in measurement of the outcome

Bias in selection of the reported result

Overall risk of bias

Figure 2: Publication Bias Summary Plot

Identification of studies via databases and registers

Electronic database search
Identified 2,122 records.
from 2012 to 2023

Remove duplicates
18 unique records

[ Identification ]

l

Cochrane Info Specialist
Screened 1,204 records.

)

}_.

Records excluded™*
(n =685)

Authors' Assessment |

Excluded 475 records |
due to lack of relevance

Screening

Fulltext Screening

Excluded 15 records,
Lack of uniformity in
parameters for primary
endpoint

Meta-Analysis Final Selection
13 studies selected for

uniform endpoint and
safety parameters

[ Included ]

Figure 3: Flow chart-study selection

Study characteristics: “Full-text articles” are considered
for inclusion in this meta-analysis.

Alexopoulos D, Moulias A et al. !, Alexopoulos et al. 6],
Deharo et al. ], Laine et al. 8!, Bonello et al. [®!, Z Motovska
et al.[1% Alexopoulos D, Galati A et al. [*Y, Alexopoulos D,
Xanthopoulou | etal. 2, G Parodi et al. 131, Aytekin et al. 4],
W Hochholzer et al. ], and Schupke et al. [16,

Any study that failed to provide essential data was
excluded from the analysis. "Only Randomized control tri-
als were included in our Meta analysis. The abstracts of all
the records that met our predefined inclusion criteria were
screened by all the authors, and studies that entirely ful-
filled our inclusion criteria, were retrieved with their sup-
plementary appendix, for further analysis. Any ambiguity
during the study selection has been resolved by mutual dis-
cussions and consensus. Two independent reviewers were
involved in the study selection process. During the ini-
tial screening phase, both reviewers independently assessed
titles and abstracts of retrieved studies for potential rele-
vance based on the predefined eligibility criteria. Disagree-
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D4: Bias in measurement of the outcome.

Some concerns

. Low

D5: Bias in selection of the reported result.

Figure 1: Publication bias assessment plot

ments were resolved through discussion. In the eligibil-
ity phase, other three reviewers independently evaluated
the full-text articles of potentially relevant studies to deter-
mine final inclusion. Consensus reached through discussion
among all reviewers. (Figure 1)

Egger’s test Begg’s test
Intercept | -1.64 | Kendall’s Tau | 0.089
P=0.11 P=0.66

Table 1: Risk of Publication Bias (Ticagrelor vs. Prasugrel)

Egger’s Test: The intercept represents the estimate of
funnel plot asymmetry. In Egger’s test, a non-zero intercept
may suggest the presence of publication bias, p= 0.11. This
is the p-value associated with the Egger’s test. If the p-value
is less than the significance level (commonly set at 0.05), it
suggests that there is evidence of publication bias. In this
case, P = 0.11, which is greater than 0.05, indicating that
there is no statistically significant evidence of publication
bias. (Table 1)

Begg’s Test: Kendall’s Tau is a measure of correlation in
the Begg’s test. It assesses the correlation between the
effect size and its standard error. A higher value may indicate
potential bias, p = 0.66. Similar to Egger’s test, this is
the p-value associated with Begg’s test. A higher p-value
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suggests no evidence of publication bias. In this case, P =
0.6579, which is greater than 0.05, indicating no statistically
significant evidence of publication bias. (Table 1)

In summary, based on the provided results, both tests
suggest no statistically significant evidence of publication
bias.

Measurement of treatment effect: Direct comparison
between active drug and placebo was done using random
effect model and Odd’s ratio was calculated.

Summary measures: The principal summary measure was
the Odd’s Ratio (at 95% Confidence Interval) and Funnel
Plots as well as Forest Plots were represented. P-value less
than 0.05 was considered significant.

Data synthesis and statistical analysis: Bucher’s and
Bayesian Meta-regression Simulation Method were used
for head-to-head comparison between various active drugs.
RevMan Version 5.4 along with Meta- Analysis Toolkit by
Cochrane Methods were used. P-value less than 0.05 was
considered significant.

RESULTS

Total 13 studies were included for the final analysis.

Ticagrelor vs. Odds 95% CL P Z statis-

Prasugrel Ratio value | tic

Dyspnea 13.93 3.50to <0.001| 3.73
55.51

Bleeding 1.25 0.99 to 0.054 | 1.93
1.56

Death 1.17 0.92to 0.206 | 1.26
1.48

Myocardial 2.73 2.16 to <0.001| 8.29

Infarction 3.47

Stroke 2.73 2.16to <0.001| 8.29
3.47

Table 2: Overall incidence-Ml, Death and stroke in terms
of primary endpoint and secondary endpoints-Dyspnea,
Bleeding,

Dyspnea: The odds of experiencing dyspnea are signifi-
cantly higher with Ticagrelor compared to Prasugrel. The
wide confidence interval suggests a substantial range of
uncertainty, but the p-value indicates strong statistical sig-
nificance. (Table 2)

Bleeding: The odds of bleeding are slightly higher with
Ticagrelor compared to Prasugrel, but the difference is not
statistically significant at the conventional 0.05 significance
level. The p-value is 0.054, indicating a trend but not
reaching statistical significance.

Yash Dharmendra Mehta et al

Death: There is no significant difference in the odds of
death between Ticagrelor and Prasugrel. The p-value is
0.206, suggesting that the observed difference could be due
to random chance.

Myocardial Infarction (MI): The odds of experiencing
myocardial infarction are significantly higher with Ticagrelor
compared to Prasugrel. The p-value is highly significant,
indicating a robust and consistent finding. (Table 2 )

Stroke: The odds of experiencing a stroke are significantly
higher with Ticagrelor compared to Prasugrel. This result is
consistent with the findings for myocardial infarction.

e Meta-analysis does not reveal a statistically significant
difference in the risk of death between Ticagrelor and
Prasugrel. The low 12 value and non-significant Q
statistic support the consistency of the effect estimates
across studies, providing a reliable foundation for this
conclusion. (Figure 4)

e The meta-analysis results indicate a significantly
increased risk of dyspnea associated with Ticagrelor
compared to Prasugrel. Under the fixed-effects model,
the combined odds ratio for dyspnea is 13.929 (95% Cl:
3.495 to 55.514), with a z statistic of 3.734 and a highly
significant P-value (<0.001). This suggests a consistent
and robust effect across the included studies, support-
ing the conclusion that the risk of dyspnea is notably
higher with Ticagrelor. (Figure 4 )

e Meta-analysis does not show a statistically significant
difference in bleeding risk between Ticagrelor and
Prasugrel. The low 12 value and non-significant Q
statistic suggest a consistent effect across studies,
providing a stable basis for this conclusion. (Figure 5)

¢ Meta-analysis reveals a statistically significant elevation
in the risk of myocardial infarction with Ticagrelor
compared to Prasugrel. The low 12 value and non-
significant Q statistic support the consistency of the
effect estimates across studies, enhancing the reliability
of this conclusion. (Figure 6)

¢ Meta-analysis reveals a statistically significant elevation
in the risk of stroke with Ticagrelor compared to Prasug-
rel. The low I2 value and non-significant Q statistic sup-
port the consistency of the effect estimates across stud-
ies, enhancing the reliability of this conclusion. (Fig-
ure 6)

DISCUSSION

The comprehensive review of randomized controlled
trials (RCTs) comparing Prasugrel and Ticagrelor in the
context of acute coronary syndrome (ACS) revealed nuanced
insights into their comparative efficacy and safety profiles.
The primary composite endpoint, encompassing stroke,
myocardial infarction (Ml), and death, (Figures 4 and 6)did
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Figure 5: Forest plot of Bleeding (BARC and TIMI)

not exhibit a significant risk difference between Prasugrel
and Ticagrelor. This finding aligns with the current literature,
,emphasizing the similarity in outcomes between these two
antiplatelet agents. [> 71417201

Comparison of Prasugrel and Ticagrelor for ACS: The PT-
ACS [3] Study reported results consistent with the findings
of this meta-analysis. The study concluded that, similar
to our meta-analysis, there was no significant difference
in efficacy and safety between prasugrel and ticagrelor
when combining results from PRAGUE-181% and ISAR-
REACT 5. [16]

11

Contrary to the overall trend, Prasugrel demonstrated
superiority over Ticagrelor in reducing the risk of secondary
MlI, highlighting a potential advantage in specific cardio-
vascular outcomes. However, the definition of Ml lacked
detailed stratification into fatal and nonfatal categories, war-
ranting caution in interpreting these results. Future trials
incorporating more refined definitions would enhance the
precision of outcome assessments.

While both Prasugrel and Ticagrelor exhibited comparable
efficacy and safety profiles with same mechanism of action
in most outcomes, the analysis underscored the acute side
effect of dyspnea associated with Ticagrelor, The findings
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Figure 6: Forest plot of Stroke and Ml

align with prior meta-analyses that have investigated the
comparative use of Prasugrel and Ticagrelor in patients
with acute coronary syndrome (ACS). The chronicity of
dyspnea remains uncertain due to limited long-term data.
Sensitivity analysis stratifying trials by follow-up duration
yielded no significant results in the long-term outcome
group, emphasizing the need for further investigations into
extended durations of Prasugrel and Ticagrelor use.

Interestingly, the PT-ACS Study also found that prasugrel
demonstrated superiority over ticagrelor specifically in the
secondary outcome of myocardial infarction (Ml) with low
heterogeneity (RR = 1.38; 95% Cl = 1.05-1.81; p = 0.02,
12 = 0%). However, our meta-analysis suggests a need for
better stratification in the definition of MlI, considering the
potential impact of fatal and nonfatal events. Transparency
about the classification of Ml events in studies is crucial for
enhancing the robustness of methodology. Our study values
will be incorporated to provide a more comprehensive
comparison.

The conflicting results observed between ISAR-REACT 5
and PRAGUE-18trials could be attributed to methodological
issues such as premature termination, underpowering, and
variations in patient populations. Notably, the PRAGUE-
18 trial’s high switching rate to clopidogrel, premature
termination, and statistical underpower raised concerns
about the robustness of its conclusions.

The meta-analysis’s limitations include concerns about
the integrity of allocation concealment in over half of the
trials, potential asymmetry in funnel plots (though not
supported by Egger’s test), and the limited number of events
for secondary outcomes due to the small number of included
studies. Stratified data by patient groups (STEMI vs. NSTEMI)
were not provided by the included studies, limiting insights
into the differential efficacy of Ticagrelor and Prasugrel
among specific subsets of ACS patients. Ongoing research
is crucial to address these limitations and provide more
nuanced insights into the comparative effectiveness of these
antiplatelet agents.
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CONCLUSION

In summary, our meta-analysis sheds light on the nuanced
comparison between Ticagrelor and Prasugrel in the con-
text of percutaneous coronary intervention. While both
antiplatelet agents exhibit comparable bleeding risks, our
results hint at a concerning elevation in adverse cardiovas-
cular events, particularly with Ticagrelor.

The study’s robustness stems from a meticulous examina-
tion of various clinical endpoints across a spectrum of trials.
Nevertheless, it is crucial to acknowledge the study’s limi-
tations, including inherent trial variations and the potential
influence of publication bias.

These findings underscore the necessity for clinicians
to weigh the risks and benefits carefully when choosing
between Ticagrelor and Prasugrel in clinical practice. Future
research endeavors should focus on refining our understand-
ing of the safety profiles of these agents, emphasizing the
imperative to enhance patient outcomes in the realm of per-
cutaneous coronary intervention.
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