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Abstract: Purpose: Dual antiplatelet therapy with aspirin and a P2Y12 inhibitor is recommended for patients with 
acute coronary syndrome and after percutaneous coronary intervention with stenting in stable coronary artery dis-
ease to help prevent further thromboembolic events. However, there is limited guidance on appropriate strategies 
for switching between oral P2Y12 inhibitors. The aim of this study was to evaluate safety of switching modalities 
at our institution and compare them to the recently published expert consensus recommendations. Methods: This 
was a retrospective, descriptive analysis of patients admitted to Brigham and Women’s Hospital from January 2015 
to December 2018. Patients were included if they were at least 18 years of age and had documented administra-
tions of two or more oral P2Y12 inhibitors during the same admission. The major safety endpoint was incidence of 
major adverse cardiac events (MACE) (cardiovascular death, myocardial infarction, stroke, and non-coronary artery 
bypass grafting (CABG)-related bleeding) at seven days or until hospital discharge. Minor endpoints included the 
incidence of in-stent thrombosis, number of patients who received appropriate loading doses (LD) before and after 
the recently published recommendations, and documented reason for switching between agents. Results: There 
were 253 patients included in the final analysis. Of these, 83 patients were on clopidogrel as the first agent prior to 
switching, 9 patients were on prasugrel, and 161 were on ticagrelor. There was no incidence of the primary safety 
endpoint observed in any group. However, the number of patients who received a LD when switching between oral 
P2Y12 inhibitors increased from 80.0% to 87.0% after publication of the expert consensus paper. The most com-
mon reasons for switching from one agent to another were cost/insurance coverage (19.0%), need for triple therapy 
(16.0%), and bleeding risk (11.0%). Conclusion: Different switching modalities were not associated with an increase 
in MACE at our institution; however, larger randomized controlled trials are warranted.
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Introduction

Dual antiplatelet therapy (DAPT) with aspirin 
and a P2Y12 inhibitor is recommended follow-
ing an acute coronary syndrome (ACS) to help 
prevent further thromboembolic events [1, 2]. 
In the United States, there are three commer-
cially available oral P2Y12 inhibitors: clopido-
grel, prasugrel, and ticagrelor. Clopidogrel is 
the most commonly used agent, likely as a 
result of its cost effectiveness compared to the 
other two agents. However, clinical trials have 
shown that both prasugrel and ticagrelor are 
associated with lower rates of CV death, MI, or 
stroke when compared to clopidogrel in the 
management of ACS [3, 4].

The rationale for switching patients from one 
agent to another is multifactorial. Safety con-

cerns exist surrounding the appropriate strate-
gy for switching between oral P2Y12 inhibitors. 
Due to the pharmacological and pharmacoki-
netic differences between oral P2Y12 inhibi-
tors, including half-life, site of action, mecha-
nism, and onset and offset of action, there may 
be concern that switching between agents 
could lead to a period of inadequate platelet 
inhibition and further thromboembolic events. 
In contrast, there may be concern that a period 
of more robust platelet inhibition could occur 
while switching between agents, raising the risk 
of potential bleeding [5].

Guidance on the best modality for switching 
between these agents had been lacking, par-
ticularly regarding timing and the need for 
reloading. In December 2017, the American 
Heart Association (AHA) published an interna-
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tional expert consensus on strategies for swit- 
ching between P2Y12 receptor antagonists. 
The expert consensus provides an overview of 
the pharmacology of P2Y12 inhibitors, strate-
gies for and definitions of switching between 
agents, and available literature to support the- 
se recommendations. The authors suggest giv-
ing a loading dose (LD) when switching between 
any of the oral P2Y12 inhibitors during the 
acute (< 24 hours after an ACS event or percu-
taneous coronary intervention (PCI)) and early 
phases (1-30 days after an ACS event or PCI), 
and only giving a LD when switching from 
ticagrelor to either prasugrel or clopidogrel in 
the late (> 30 days-1 year) and very late phases 
(> 1 year). They define switching from clopi- 
dogrel to a more potent agent, either ticagrelor 
or prasugrel, as escalation. De-escalation is 
defined as switching from either ticagrelor or 
prasugrel to clopidogrel. Switching between 
prasugrel and ticagrelor was defined as a 
change [5].

The aim of this analysis was to evaluate the 
safety of strategies for switching between oral 
P2Y12 inhibitors at our institution and compare 
our findings to the most recently published 
expert consensus recommendations.

Methods

Design

This was a single-center, retrospective, descrip-
tive analysis evaluating the safety of strategies 
for switching between the currently available 
oral P2Y12 inhibitors in patients with ACS, 
peripheral arterial disease (PAD), or who under-
went PCI who were admitted to Brigham and 
Women’s Hospital within the study time frame 
of January 2015 through December 2018. The 
study protocol was reviewed by the Partners 
Institutional Review Board and due to the re- 
trospective nature of the analysis, a waiver of 
informed consent was approved.

Population

Patients who were eligible for inclusion were at 
least 18 years of age and had documented 
administration of at least two different oral 
P2Y12 inhibitors during the index admission. 
Patients who were on an intravenous P2Y12 
inhibitor (i.e. cangrelor) and were switched  

to an oral P2Y12 inhibitor were excluded. 
Furthermore, any patient who had an oral 
P2Y12 inhibitor held for any reason and were 
switched to another P2Y12 inhibitor were also 
excluded from the analysis.

Patients were identified through an electronic 
medical record database search with docu-
mented administration of more than one oral 
P2Y12 inhibitor (e.g., clopidogrel, ticagrelor, or 
prasugrel).

Outcomes

The major safety endpoint of this analysis was 
the incidence of major adverse cardiac events 
(MACE) (cardiovascular death, myocardial in- 
farction, stroke, and non-CABG-related bleed-
ing) at seven days after switching between oral 
P2Y12 inhibitors or until hospital discharge. 
Minor endpoints included the incidence of stent 
thrombosis, percent of patients who received 
an appropriate LD, documented reasons for 
omitting a LD, and documented reasons for 
switching to an alternative oral P2Y12 inhibitor 
during the same admission. Appropriate LD 
was defined as clopidogrel 300 mg or 600 mg, 
ticagrelor 180 mg, or prasugrel 60 mg [6-8].

Statistical analysis

All data were analyzed using descriptive analy-
sis. Continuous data were expressed in mean 
and standard deviation or median and inter-
quartile range (IQR), as appropriate, and were 
analyzed by using ANOVA test. Categorical data 
were expressed in number and percentage, 
and were analyzed by using chi-squared test or 
Fisher’s exact test as appropriate. A p-value < 
0.05 was considered statistically significant. 
Statistical tests were done utilizing VassarStats.

Results

Patients

From January 2015 through December 2018, a 
total of 276 patients were screened for eligibil-
ity. Of these, 253 patients were included in the 
final analysis. There were 83 patients who ini-
tially received clopidogrel, of which nine were 
switched to prasugrel and 74 were switched to 
ticagrelor. There were nine patients who initially 
received prasugrel, six were switched to clopi-
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dogrel and three were switched to ticagrelor. Of 
the 161 patients initially on ticagrelor, 151 
were switched to clopidogrel and ten were 
switched to prasugrel (Figure 1). All patients 
were categorized into one of three study  
groups based upon the initial P2Y12 inhibitor 
administered.

In the overall population, patients had a mean 
age of 66 ± 12 years old and 170 (67.2%) of  
the patients were men. The incidence of diabe-
tes, hypertension, PAD, stroke, heart failure 
with reduced ejection fraction, and venous 
thromboembolism was similar between all 
study groups. More patients in the ticagrelor 
group had a diagnosis of atrial fibrillation than 
in the clopidogrel or prasugrel groups. A major-
ity of patients (240) were on DAPT with aspirin 
(95.0%) and 82 (23.4%) patients were on con-
comitant anticoagulation therapy (warfarin: 38 
(15.0%), apixaban: 35 (14.0%), rivaroxaban: 7 
(2.7%), dabigatran: 2 (0.8%)). Other baseline 
characteristics were generally well-balanced 
between the three study groups (Table 1).

Among all included patients, 175 (69.0%) had 
new ACS and underwent PCI during the admis-
sion, 54 (21.0%) had stable coronary artery dis-
ease (CAD) and underwent PCI, 20 (8.0%) had 
new medically-managed ACS, and 4 (1.6%) had 
PAD.

en switching increased from 80.0% to 87.0% 
(Figure 2). The most commonly documented 
reasons for switching agents were cost/insur-
ance coverage (19.0%), de-escalation to a less 
potent agent due to the need for concomitant 
anticoagulation (16.0%), and concerns for an 
increased risk of bleeding (11.0%), as shown  
in Figure 3. Reasons for omitting a LD when 
switching between agents were only document-
ed in 27.0% of patients who did not receive a 
LD (Table 2). In all documented cases, the LD 
was omitted due to a concern for an increased 
risk of bleeding.

Discussion

In the present study, we found no incidence  
of MACE regardless of the switching modality 
(escalation, de-escalation, or change). When 
we analyzed whether a LD was given upon 
switching to an alternative P2Y12 inhibitor, we 
found that providers were more likely to pre-
scribe a LD following the publication of the  
AHA expert consensus document when com-
pared to prior. To date, most of the available 
literature is composed of subgroup analyses of 
large clinical trials, registries, or pharmacody-
namic studies. A series of four pharmacody-
namic studies have evaluated various modali-
ties for changing, de-escalating, and escalating 
between the available oral P2Y12 inhibitors 

Figure 1. Patient population.

Study outcomes

Major safety outcome: There 
was no incidence of the pri-
mary outcome of MACE ob- 
served when switching to an 
alternative oral P2Y12 inhibi-
tor at seven days or until hos-
pital discharge in all groups.

Minor safety outcomes: Si- 
milarly, no incidence of stent 
thrombosis was noted in any 
patient after switching to an 
alternative P2Y12 inhibitor. 
When we compared those pa- 
tients whose encounter occu- 
rred prior to the publication  
of the 2017 expert consensus 
paper to those whose encoun-
ter occurred afterwards, the 
number of patients who re- 
ceived an appropriate LD wh- 
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Table 1. Baseline characteristics 

Variable Entire Population
(n = 253)

Initial P2Y12 Inhibitor 
Clopidogrel (n = 83)

Initial P2Y12 
Inhibitor Prasugrel 

(n = 9)

Initial P2Y12  
Inhibitor Ticagrelor 

(n = 161)
p Value

Age, years 66 ± 12 67 ± 13 60 ± 12 66 ± 13 0.37
Gender
    Male 170 (67.2) 62 (75) 7 (78) 101 (63) 0.9
    Female 73 (28.8) 21 (25) 2 (22) 50 (31) 0.9
Weight, kg 83 ± 22 82 ± 21 87 ± 24 82 ± 22 0.32
Past Medical History
    Diabetes Mellitus 126 (49.8) 43 (52) 3 (33) 81 (50) 0.57
    Atrial Fibrillation 61 (24) 10 (12) 1 (11) 50 (31) 0.002
    Hypertension 209 (82.6) 72 (87) 6 (67) 131 (81) 0.25
    Peripheral Arterial Disease 42 (16.6) 13 (16) - 29 (18) 0.35
    Prior Stroke 31 (12.2) 9 (11) - 22 (14) 0.08
    Heart Failure 49 (19.3) 11 (13) 4 (44) 34 (21) 0.05
    Prior VTE 22 (8.6) 4 (5) 2 (22) 16 (10) 0.13
    Concurrent Aspirin Use 240 (95) 83 (100) 9 (100) 148 (92) 0.01
Concurrent Anticoagulation Use
    Warfarin 38 (15) 5 (6) 2 (22) 31 (19) 0.01
    Apixaban 35 (14) 6 (7) 1 (11) 28 (17) 0.09
    Rivaroxaban 7 (2.7) - - 7 (43) 0.12
    Dabigatran 2 (0.8) - - 2 (1) 0.56
Indication for P2Y12 Inhibitor
    New ACS with PCI 175 (69) 57 (69) 8 (89) 110 (68) 0.42
    Stable CAD post-PCI 54 (21) 19 (23) 1 (11) 34 (21) 0.71
    New ACS “medically managed” 20 (8) 5 (6) - 15 (9.2) 0.51
    PAD stenting 4 (1.6) 2 (2) - 2 (1.2) 0.72
Values presented as mean ± SD or n (%); VTE = venous thromboembolism; *Heart failure is defined as heart failure with reduced ejection fraction.

Figure 2. Percent of patients who received a loading dose.

[9-12]. The SWAP (Switching Antiplatelet) study 
evaluated the pharmacodynamic effects of 
escalating patients from maintenance clopido-
grel to prasugrel with or without a preceding 
LD. The authors found that regardless of wheth-

er a LD was given, prasugrel 
resulted in a significant de- 
crease in platelet reactivity 
within one week when com-
pared to clopidogrel. Impor- 
tantly, when a LD of prasugrel 
was given, the reduction in 
platelet reactivity was seen 
within two hours of adminis-
tration. In patients who swit- 
ched to prasugrel without a 
LD, platelet reactivity was sim-
ilar to clopidogrel at 24 hours 
[9]. In the SWAP-2 study, plate-
let reactivity in patients with 
stable CAD was significantly 
higher at 24 and 48 hours 

after switching from ticagrelor to prasugrel 
when compared to patients continuing ticagre-
lor. Importantly, this effect was diminished in 
those patients receiving a LD of prasugrel upon 
switching [10]. In the SWAP-3 study, switching 
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from prasugrel to ticagrelor in patients who 
underwent PCI in the setting of ACS resulted in 
transiently lower platelet reactivity, regardless 
of the use of a LD [11]. The SWAP-4 study 
showed significantly lower platelet reactivity 
during the first 48 hours after de-escalation 
from ticagrelor to clopidogrel when a 600 mg 
LD of clopidogrel was given, irrespective of the 
timing of LD administration (12 vs. 24 hours) 
[12]. In two open-label, randomized trials, 
patients received DAPT with aspirin and either 
ticagrelor or prasugrel and were randomized to 
continue or to de-escalate the P2Y12 inhibitor 
to clopidogrel maintenance dosing. Bleeding 
complications were found to be similar or 
reduced, which was not associated with an 
increase in ischemic events [13, 14].

In 2017 the European Society of Cardiology 
(ESC) released a focused update on DAPT and 
provided an algorithm based on pharmaco- 
dynamic studies for switching between oral 
P2Y12 inhibitors [15]. Later that year, the AHA 
International Expert Consensus on Switching 
Platelet P2Y12 Receptor-Inhibiting Therapies 
was published and provided similar algorithms. 
At the time of the present study, only the 2016 
American College of Cardiology/American Heart 

comes post-discharge. Additionally, the lack of 
incidence of the primary outcome could be a 
result of the small sample size and should be 
interpreted cautiously. Second, a portion of 
patients who were initiated on ticagrelor during 
their admission were switched to a different 
agent after receiving only a single dose due to 
lack of insurance coverage or significant cost.  
It is unclear whether the number of doses of 
the initial P2Y12 inhibitor received prior to tran-
sitioning to a second agent would have any 
effect on outcomes. Similarly, since our inclu-
sion criteria did not differentiate between 
patients who were on P2Y12 inhibitors prior to 
admission and those who were newly started 
during their admission, it is unclear if the dura-
tion of P2Y12 inhibitor therapy would have any 
effect on our results. Lastly, data collection 
was limited to one year following the publica-
tion of the AHA expert consensus document 
and prescribing practices may have evolved 
over the last several years.

Conclusion

In conclusion, there was no incidence of MACE 
observed when switching between oral P2Y12 
inhibitors at seven days or until hospital dis-
charge in all groups. Following the publication 

Figure 3. Documented reasons for switching between oral P2Y12 inhibitors.

Table 2. Documented reasons for omitting loading dose when 
switching between oral P2Y12 inhibitors

Reasons for LD Omission Clopidogrel  
(n = 32)

Prasugrel  
(n = 2)

Ticagrelor  
(n = 14)

Bleeding Concerns 10 (31.3) 0 3 (21.4)
Undocumented 22 (68.7) 2 (100) 11 (78.6)

Association Guideline Focus- 
ed Update on Duration of Du- 
al Antiplatelet Therapy in pati- 
ents with CAD was available. 
This guideline did not provide 
any specific recommendati- 
ons regarding switching bet- 
ween oral P2Y12 inhibitors 
due to lack of randomized clin-
ical trials on the safety and 
efficacy of switching strate-
gies [16]. Both the ESC and 
AHA algorithms place impor-
tance on the timing of switch-
ing between agents with res- 
pect to the index event that 
led to the initiation of a P2Y12 
inhibitor.

There are a few important li- 
mitations to our analysis. This 
was a single-center, retrospe- 
ctive review that was limited 
to in-hospital outcomes and 
may have resulted in the ina- 
bility to capture relevant out-
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of the AHA expert consensus document, there 
was a numerical increase in the percent of 
patients receiving a LD when switching from 
one P2Y12 to another. Larger, randomized con-
trolled trials are warranted to evaluate the safe-
ty and efficacy of switching between oral P2Y12 
inhibitors in such patient populations.
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