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Abstract
Background: Early administration of P2Y12‐receptor inhibitors is recommended in all 
patients with acute coronary syndrome undergoing invasive management, with the 
aim to achieve the fastest and most effective platelet inhibition. Several trials inves‐
tigated alternative methods of P2Y12‐receptor inhibitor administration (mainly 
chewed or crushed) aimed at ensuring faster and higher platelet inhibition. Thus, we 
decided to perform a systematic review and meta‐analysis analyzing efficacy and 
safety of alternative P2Y12‐receptor inhibitor administration strategies.
Methods: Systematic research was performed on Pubmed, Cochrane Library, Biomed 
Central, and Web of Science databases. We included randomized or observational 
trials testing at least one P2Y12‐receptor inhibitor alternative administration. The 
primary outcome of the study was the value of the platelet reactivity unit (PRU) at 1 h 
after drug administration, assessed by VerifyNow P2Y12 test (Accumetrics, Inc., San 
Diego, CA). Secondary outcomes were adverse bleeding events (safety outcome).
Results and discussion: Fourteen studies were selected for qualitative analysis. Five 
studies, all focused on ticagrelor, were selected for quantitative efficacy analyses. 
These five studies compared the administration of crushed/chewed ticagrelor 
180 mg loading dose (LD) with the standard whole tablets LD. The pooled mean dif‐
ference between the two administrations was −59.24 PRU (95% CI from −30.61 to 
−87.87 PRU) in favor of the crushed/chewed administration, corresponding to a 25% 
mean relative PRU reduction between alternative and standard P2Y12‐receptor in‐
hibitor administrations at 1 h after drug intake. A similar relationship was found in 
other studies on alternative administration of clopidogrel and prasugrel, not included 
in the quantitative analysis.
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1  |  INTRODUC TION

As soon as the diagnosis of acute coronary syndrome is established, 
current European Guidelines recommend an early administration 
of P2Y12‐receptor inhibitors in all patients undergoing invasive 
management, with the aim to achieve the fastest and most effec‐
tive platelet inhibition. Clopidogrel was the first P2Y12 inhibitor in 
which the use of a higher LD was tested (300 mg vs 600 mg) showing 
that 600 mg clopidogrel reduces the rate of major adverse cardiac 
events because of the more intense and rapid inhibition of platelet 
reactivity compared to the 300‐mg dose.1,2 Next, both ticagrelor 
and prasugrel showed a better pharmacodynamic profile than clopi‐
dogrel, reaching quicker and more powerful platelet inhibition.3,4 
Nevertheless, newer P2Y12 receptor inhibitors take at least 30 to 
60 min to achieve maximal platelet inhibition in patients with stable 
ischemic heart disease, and an even longer time in patients with my‐
ocardial infarction.5 Hence, because the delay in platelet inhibition 
seems to be mostly related to intestinal absorption, in the last few 
years, several trials tried to investigate different kinds of P2Y12‐re‐
ceptor inhibitor administrations (mainly chewed or crushed) aimed at 
ensuring faster and higher platelet inhibition. The aim of the present 
report is to perform a systematic review and meta‐analysis analyzing 
efficacy and safety of alternative P2Y12‐receptor inhibitor adminis‐
tration strategies.

2  | METHODS

The systematic research was performed on Pubmed, Cochrane 
Library, Biomed Central, and Web of Science databases using the 
following words: ((ticagrelor) OR (clopidogrel) OR (prasugrel) OR 
(p2y12)) AND ((chuw*) OR (chew*) OR (crush*) OR (swallow*)). 
Inclusion criteria for qualitative analysis were (a) randomized or 
observational trial, (b) administration of at least one P2Y12‐recep‐
tor inhibitor (clopidogrel and/or ticagrelor and/or prasugrel) in an 
alternative way (crushed and/or chewed), (c) reporting at least one 
measurement of platelet reactivity or drug/active metabolite plasma 
concentration at definite times from administration. Further inclu‐
sion criteria for quantitative analysis were (a) providing at least one 
control arm with standard P2Y12‐receptor inhibitor administration 
and (b) providing efficacy measurements of interest at 1 h after ad‐
ministration. Exclusion criteria were (a) duplicate reports, (b) dupli‐
cate of the sample population, (c) case reports/series, (d) review or 
meta‐analysis, (e) lack of outcome of interest. All the authors agreed 
on the final number of studies included. The reviewers completed 
a database with data regarding study title, study authors, type of 
study, drug investigated, kind of drug administration, clinical pres‐
entation, main outcomes analyzed, pharmacokinetic measure‐
ments, techniques, and time assessment. The primary outcome of 
the study (efficacy outcome) was the value of PRU at 1 h after drug 
administration, assessed by VerifyNow P2Y12 test (Accumetrics, 
Inc., San Diego, CA). Secondary outcomes were adverse bleeding 
events (safety outcome). The quality of selected studies included in 

quantitative analysis was tested with the Cochrane method for ran‐
domized clinical studies.6 The pooled mean difference with 95% CI 
using the inverse variance method was calculated. Considering the 
high likelihood of between‐study variance, a random effect model 
was used. Statistical heterogeneity was assessed using Cochran's 
Q test and I2 statistic.7 Publication bias was appraised through the 
Kendall rank correlation. Prometa software 3 (Internovi, Cesena, 
Italy) and RevMan 5 (The Cochrane Collaboration, The Nordic 
Cochrane Centre, Copenhagen, Denmark) were the software used 
for the meta‐analysis.

3  | RESULTS AND DISCUSSION

A total of 64 records were screened, of which 14 studies were se‐
lected for qualitative analysis.8‒21 Among the 14 studies (Table 1), 
10 tested ticagrelor (crushed or chewed) alternative administra‐
tion,11‒20 2 tested the effect of crushed clopidogrel,10,21 1 of crushed 
prasugrel8 and 1 of both crushed clopidogrel and ticagrelor.9 Only 
5 were selected for quantitative efficacy analysis,11,12,15‒17 because 
only these studies reported PRU value at 1 h and had a control arm 
with standard P2Y12‐receptor inhibitor administration. All these 
studies were focused on ticagrelor crushed/chewed administration. 
Of the remaining 9 studies excluded from quantitative analysis, but 
included in the systematic review, 3 lacked a control group,9,13,20 
whereas 6 lacked of efficacy measurement8,10,14,18,19,21 (Figure 1).

The studies focused on clopidogrel did not report standardized 
measurements as required for the present analysis (PRU values 
1 h after the intake). Zafar et al reported a plasmatic SR26334 
peak concentration earlier after crushed delivery than after stan‐
dard oral intake (44 minutes vs. 70 minutes, P = 0.023).21 Instead, 
Khochtali et al10 reported the absence of a significant difference in 
PRU with crushed clopidogrel compared with whole tablets at 24 h 
(199.7 ± 79 vs. 216.9 ± 70, P = 0.53). Steblovnik et al compared ti‐
cagrelor 180 mg LD with clopidogrel 300 mg LD administered by 
nasogastric tube in a comatose survivor of out‐of‐hospital cardiac 
arrest.9 The authors found faster platelet inhibition after ticagrelor 
administration.9 Only one trial tested alternative administration of 

Essentials
•	 Administration of P2Y12‐receptor inhibitor is recom‐

mended during acute coronary syndrome.
•	 Several trials investigated administration of chewed or 

crushed P2Y12‐receptor inhibitors.
•	 Ticagrelor and prasugrel showed a better pharmacody‐

namic profile than clopidogrel.
•	 A 25% mean relative PRU reduction with alternative 

(crushed/chewed) ticagrelor intake at 1 h was found.
•	 The available data on safety, despite an unstandardized 

endpoint, seem reassuring.
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prasugrel in ST‐segment elevation MI patients.8 A crushed prasu‐
grel 60 mg LD led to a significant reduction in 30‐min PRU values, 
which persisted at 1, 2 (164 vs. 95 PRU; least square mean differ‐
ence = 68; 95% CI 10‐126) and 4 h, compared to the whole‐tablet 
prasugrel LD intake.

Conversely, the 10 studies focused on the administration of tica‐
grelor reported in a consistent fashion the presence of higher plasma 
concentration and pharmacological activity in patients treated with 
alternative oral administration of ticagrelor.8,11,12,14‒19 Considering 
the 5 studies included in the meta‐analysis, overall 361 patients 
were included. The 5 studies were focused on the comparison be‐
tween the administration of crushed/chewed ticagrelor 180 mg 
LD with the standard whole‐tablet LD (Table 1, Figure 2). A total of 

96 patients received crushed ticagrelor, while 44 patients received 
chewed ticagrelor (Figure 2). The pooled mean difference between 
the two administrations was −59.24 PRU (95% CI from −30.61 to 
−87.87 PRU) (Figure 2) in favor of the crushed/chewed administra‐
tion, corresponding to a 25% mean relative PRU reduction between 
alternative and standard ticagrelor administrations at 1 h after drug 
intake. Most of the studies showed lower values of PRU at 1 h, com‐
parable with the value of PRU of the standard administration at 2 h. 
A similar relationship was found also in the study from Rollini et al 
regarding crushed administration of prasugrel.8 The analysis dis‐
closed the absence of publication bias (Z value for Kendall's tau 0.56, 
P = 0.573). The presence of risk of selection, analytical, adjudication, 
attrition, and detection bias has also been evaluated (Figure 3). In 

F I G U R E  1   Outline of the search strategy

Record identified through databases searching
(n = 190) 

n = 126 out of the field of interest

Records screened
(n = 64)

n = 28 duplicates
n = 18 letters, posters, protocols, only abstract
n = 7 ongoing studies
n = 1 ex-vivo study

Full text articles assessed for eligibility and included in qualitative analysis
(n = 14)

n = 3 studies without a control arm

n = 6 studies lacking pharmacokinetic

measurement of interest

Studies included in the quantitative analysis
(n = 5)In
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F I G U R E  2   Forest plot of mean difference in platelet reactivity unit after ticagrelor alternative versus standard administration

Study or Subgroup
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Ventesanos et al. 2016 (Stable angina, crushed)
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all the trials included in the systematic review (n = 14), safety out‐
comes were also reported, but they were not standardized (Table 1). 
All data agreed, showing the absence of concerning differences in 
drug‐related adverse event rate, including major and minor bleed‐
ing events, after alternative P2Y12‐receptor inhibitor administration 
(Table 1).

Results of this systematic review and meta‐analysis show 
that the administration of crushed/chewed ticagrelor is related 
to faster platelet inhibition at 1 h after drug intake compared to 
the whole‐tablet administration. These trends are confirmed also 
for clopidogrel and prasugrel, even if fewer data are available. The 
delay in platelet inhibition in response to a LD of a P2Y12‐recep‐
tor is related to several factors including drug‐drug interactions, 
impaired intestinal absorption, increased platelet turnover, active 
vomiting, the clinical presentation (stable vs. acute), and patient‐
related factors such as age and diabetes.22‒27 Finally, we did not 
observe a warning for the increase in bleeding complications in 
any study (Table 1). The Comparison of prasugrel at the time of 
percutaneous Coronary intervention Or as pre‐treatment At 
the time of diagnosis in patients with non‐ST‐segment elevation 
myocardial infarction (ACCOAST) trial showed that pretreatment 
with prasugrel was not associated with a decrease in total mor‐
tality and in the ischemic outcomes, but with a three‐fold to six‐
fold increase in adverse bleeding events.28 The ATLANTIC trial 23 
failed to show improvement in coronary reperfusion before per‐
cutaneous coronary intervention by prehospital administration of 
ticagrelor in ST‐segment myocardial infarction patients, even if a 
significant reduction in stent thrombosis in the prehospital group 
at 24 h (P = 0.008) and 30 days (P = 0.02) was found. This finding 
indirectly supports the hypothesis that faster platelet inhibition 
during ST‐segment myocardial infarction could significantly in‐
fluence clinical outcomes. Our analysis suggests that higher PRU 
inhibition could be achieved by the administration of chewed or 
crushed P2Y12‐receptor inhibitors, because of the better bio‐
availability and more rapid and effective platelet inhibition than 
whole‐tablets administration. This simple change in the adminis‐
tration strategy of the P2Y12 inhibitor might be beneficial in the 
setting of myocardial infarction. Because of the small sample size 

of studies considered, data of this meta‐analysis have to be con‐
sidered only hypothesis‐generating and thus larger randomized 
trials are needed to confirm the real impact of administration of 
different P2Y12 inhibitors on clinical outcomes.
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