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Background/Aims: While switching strategies of P2Y12 receptor inhibitors (RIs) have sometimes been used in acute myo-
cardial infarction (AMI) patients, the current status of in-hospital P2Y12RI switching remains unknown.

Methods: Overall, 8,476 AMI patients who underwent successful revascularization from Korea Acute Myocardial Infarction
Registry-National Institute of Health (KAMIR-NIH) were divided according to in-hospital P2Y12RI strategies, and net adverse
cardiovascular events (NACEs), defined as a composite of cardiac death, non-fatal myocardial infarction (Ml), stroke, or
thrombolysis in myocardial infarction (TIMI) major bleeding during hospitalization were compared.

Results: Patients with in-hospital P2Y12RI switching accounted for 16.5%, of which 867 patients were switched from clopi-
dogrel to potent P2Y12RI (C-P) and 532 patients from potent P2Y12RI to clopidogrel (P-C). There were no differences in NA-
CEs among the unchanged clopidogrel, the unchanged potent P2Y12Rls, and the P2Y12RI switching groups. However, com-
pared to the unchanged clopidogrel group, the C-P group had a higher incidence of non-fatal MI, and the P-C group had a
higher incidence of TIMI major bleeding. In clinical events of in-hospital P2Y12RI switching, 90.9% of non-fatal Ml occurred
during pre-switching clopidogrel administration, 60.7% of TIMI major bleeding was related to pre-switching P2Y12RIs, and
71.4% of TIMI major bleeding was related to potent P2Y12RIs. Only 21.6% of the P2Y12RI switching group switched to
P2Y12RIs after a loading dose (LD); however, there were no differences in clinical events between patients with and without
LD.

Conclusions: In-hospital P2Y12RI switching occurred occasionally, but had relatively similar clinical outcomes compared
to unchanged P2Y12RIs in Korean AMI patients. Non-fatal MI and bleeding appeared to be mainly related to pre-switching

P2Y12RIs.

Keywords: Myocardial infarction; Platelet aggregation inhibitors; Hemorrhage

INTRODUCTION

It is well known that patients with acute myocardial in-
farction (AMI) have a higher risk of ischemic events than
patients with stable coronary artery disease. Many studies
have shown that potent P2Y12 receptor inhibitors (RIs),
such as ticagrelor or prasugrel, could reduce ischemic events
compared with clopidogrel in patients with acute coronary
syndrome (ACS) [1-3]. Therefore, recent guidelines for the
treatment of AMI have reported that ticagrelor or prasugrel
over clopidogrel is recommended before percutaneous cor-
onary intervention (PCl) and maintained over 12 months un-
less there are contraindications such as an excessive risk of
bleeding [4,5]. Nevertheless, recent studies of patients with
AMI in East Asians reported that potent P2Y12RIs could
increase the risk of bleeding rather than reduce ischemic
events [6-8]. Therefore, in actual clinical practice, it tends
to be frequently used to intentionally switch between a po-
tent P2Y12RI and clopidogrel depending on the patient’s
baseline characteristics, clinical conditions, or physician’s
decision. However, while a previous study has shown that
early post-discharge switches from potent P2Y12RlI to clopi-
dogrel (the P-C) were not associated with an increased risk
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of ischemic events in stabilized AMI patients [9], another
study has found that P2Y12RI switching after discharge
from index admission was associated with adverse clinical
adverse events during 1-year follow-up [10]. However, the
current status and clinical outcomes of in-hospital P2Y12RI
switching remain unknown.

Therefore, the purpose of our study was to assess the cur-
rent status of in-hospital P2Y12RI switching and to investi-
gate which P2Y12RI affected the clinical events before and
after P2Y12RI switching.

METHODS

Study population

We analyzed 13,104 patients with AMI between November
2011 and December 2015 from the Korea Acute Myocardial
Infarction Registry-National Institute of Health (KAMIR-NIH),
which is a prospective, multicenter, web-based observation-
al cohort study from 20 centers in South Korea [11]. We
excluded patients who were enrolled before 2013, those
who did not undergo PCl, those with suboptimal or failed
PCl, and those with in-hospital switching between potent
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P2Y12RIs (ticagrelor and prasugrel). According to in-hos-
pital P2Y12RI strategies, we divided the enrolled patients
into three groups: unchanged clopidogrel, unchanged po-
tent P2Y12RIs, and in-hospital P2Y12RI switching. Patients
with in-hospital P2Y12RI switching could be subdivided into
two groups: those who switched from clopidogrel to po-
tent P2Y12RI (the C-P) and those who switched the P-C.
Unfortunately, we could not know exactly why P2Y12Rls
were switched during hospitalization, because KAMIR-NIH
was an observational study with no variables to explain it.
Therefore, we investigated each clinical event before and
after P2Y12RI switching to determine if there was a cause-
and-effect relationship between P2Y12RI switching and
clinical events and to evaluate which P2Y12RI affected the
ischemic and bleeding events. We also examined whether
the loading dose (LD) was administered just before P2Y12RI
switching and compared the clinical outcomes between pa-
tients with and without LD.

The study protocols were approved by the Institutional
Review Board of each participating center and conducted in
accordance with the Declaration of Helsinki 2013. Written
informed consent was obtained from all patients for par-
ticipation in the study. The approval numbers were CNUH-
2011-172 and CNUH-2022-003 of Chonnam National
University Hospital, and CHOSUN 2021-11-002 of Chosun
University Hospital. Trained study coordinators at each par-
ticipating institution collected data using a formalized form.

Determination of events-related P2Y12RIs

In principle, the P2Y12RIs administered when a clinical event
occurred were considered event-related P2Y12RIs. Howev-
er, it is well known that the efficacy of potent P2Y12RIs
appears immediately after administration and lasts for
at least 3 days after discontinuation (especially ticagrelor)
[12,13]. Therefore, it could be considered that pre-switch-
ing potent P2Y12RIs were related to bleeding events that
occurred within at least 3 days after switching to clopido-
grel, and post-switching potent P2Y12RIs were related to
bleeding events that occurred just after switching from
clopidogrel (the day of switching). Conversely, pre-switch-
ing clopidogrel was related to bleeding events that occurred
before switching, and post-switching clopidogrel was relat-
ed to bleeding events 7 days after switching from potent
P2Y12RIs. However, since it was unclear which P2Y12RI
was related to bleeding events that occurred 4 days after
switching from ticagrelor to clopidogrel, the bleeding-relat-
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ed P2Y12RI was considered to be “indeterminate.” When
ischemic events occurred within a few days after P2Y12RI
switching, it was very difficult to determine whether the
ischemic events were directly related to post-switching
P2Y12RIs or the persistent severe clinical conditions result-
ing from pre-switching P2Y12RIs. Therefore, in these cases,
the ischemic event-related P2Y12RI was also considered to
be “indeterminate.”

Intervention and medications

The choice of antiplatelet agents (clopidogrel, prasugrel,
or ticagrelor), antithrombotic therapy, the timing of inva-
sive strategies (primary or early or delayed), vascular assess-
ment sites, pre- or post-dilatation, type of stents, and use
of periprocedural glycoprotein lib/llla inhibitors were deter-
mined based on the clinical status of AMI patients according
to the clinical decision of operators in each institute. An-
tiplatelet agents were administered to all patients prior to
PCl, with aspirin 300 mg LD and clopidogrel 300 or 600 mg
LD or prasugrel 60 mg LD or ticagrelor 180 mg LD. Simulta-
neously, PCl was performed in a standard and conventional
manner. After the intervention, all patients were required to
take one of the following three P2Y12RIs along with aspirin,
which included a maintenance dose (MD) of clopidogrel 75
mg once a day, 10 mg or 5 mg MD of prasugrel once a day,
or 90 mg ticagrelor twice a day. It was customary to contin-
ue dual antiplatelet therapy (DAPT) for at least 12 months
in our registry, if possible. However, P2Y12RIs were unre-
strictedly switched according to the physician’s decision. In
addition, they were free to decide whether to administer
the LD before switching. Other medical treatments based
on standard therapies for AMI patients were also freely ad-
ministered, considering the patient’s condition.

Study endpoints

Primary composite endpoints were net adverse cardiovas-
cular events (NACEs), defined as a composite of cardiac
death, nonfatal MI, stroke, or thrombolysis in myocardial
infarction (TIMI) major bleeding during hospitalization. The
efficacy outcomes were major adverse cardiovascular events
(MACEs), defined as a composite of cardiac death, non-fa-
tal myocardial infarction (MI), definite stent thrombosis, or
stroke during hospitalization. The safety outcome was TIMI
major bleeding during hospitalization. Secondary endpoints
were the individual component endpoints, and TIMI major
or minor bleeding during hospitalization. Non-fatal Ml was
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defined as reinfarction, which was diagnosed by compre-
hensively considering the clinical signs or symptoms, the cri-
teria of electrocardiogram diagnosis, or significant changes
in cardiac troponin based on the Third Universal Definition
of Myocardial Infarction [14], and the periprocedural myo-
cardial injury or infarction was rigorously excluded. Stroke
was defined as the inclusion of both ischemic and hemor-
rhagic stroke.

Statistical analysis

Categorical variables are expressed as frequencies and per-
centages and continuous variables as mean + standard error
of mean. Categorical variables were analyzed using Pear-
son’s chi-square test or Fisher's exact test, as appropriate,
and continuous variables were assessed using Student's t
test or one-way analysis of variance. When we performed
pairwise comparisons between any two groups, the Bonfer-
roni correction method was used.

To minimize the effect of selection bias between in-hospi-
tal P2Y12Rl strategies, first, a multivariate logistic regression
model with an “enter” method was performed using the
independent variables for all individual outcome compo-
nents. Only variables with a p value < 0.05 in the univariate
analysis were included in the multivariate model. It was also
used to compare clinical outcomes between four subdivided
subgroups and between patients with and without LD. Sec-
ond, the propensity score (PS) was estimated using a mul-
tivariable logistic regression model, wherein the in-hospital
P2Y12RI switching strategy was checked in reverse on all
baseline clinical, angiographic, and procedural characteris-
tics and in-hospital medications. Thereafter, both patients
with unchanged clopidogrel and those with unchanged
potent P2Y12RIs were one-to-one matched with those
with in-hospital P2Y12RI switching as per the PS using the
nearest neighbor matching within a caliper width of 0.05 of
the standard deviation of the logit of the PS. Third, patients
were weighted based on the probability of each individual
receiving a specific treatment given the confounders and
adjusted using the inverse probability weight (IPW) method.
The weights were 1/PS in patients with in-hospital P2Y12RI
switching and 1/(1 = PS) in patients with unchanged clopi-
dogrel and those with unchanged potent P2Y12RIs. The
balance between the two groups after PS matching or IPW
adjustment was assessed by calculating the standardized
mean difference (SMD). The SMD was calculated by divid-
ing the difference in means or proportions by standard error
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and was considered an imbalance if the absolute value was
greater than 0.10. All variables were well balanced, except
for aspirin, due to the small sample size (Supplementary
Table 1). All statistical tests were two-tailed, and a p value
< 0.05 was considered statistically significant. All statistical
analyses were performed using SPSS for Windows version
27.0 (IBM Co., Armonk, NY, USA).

RESULTS

Baseline characteristics of all the patients
Between January 2013 and December 2015, a total of
8,476 AMI patients who underwent successful PCl were an-
alyzed from the KAMIR-NIH. Among them, 4,674 patients
(55.1%) were continuously administered clopidogrel, 2,403
patients (28.4%) were continuously administered with a po-
tent P2Y12RI, and 1,399 patients (16.5%) were switched
between clopidogrel and a potent P2Y12RI during hospital-
ization. Switching from clopidogrel to ticagrelor occurred in
503 patients, and switching from clopidogrel to prasugrel
in 364 patients (the C-P group, all 867 patients). Switch-
ing from ticagrelor to clopidogrel occurred in 391 patients
and from prasugrel to clopidogrel in 141 patients (the P-C
group, all 532 patients) (Fig. 1).

There were significant differences in baseline clinical and
procedural characteristics and in-hospital medications be-
tween the three groups (Table 1). The average period of
hospital stay in the in-hospital P2Y12RI switching group was
6.48 + 0.19 days, that from admission to P2Y12RI switching
was 2.14 + 0.08 days, and that from PCl to P2Y12RI switch-
ing was 1.62 + 0.76 days. In 74.9% (1,048 patients) of the
P2Y12RI switching group, P2Y12RIs were switched within 2
days after PCI.

Clinical outcomes between unchanged
P2Y12RIs and P2Y12RI switching

There were no significant differences in NACEs among the
unchanged clopidogrel, the unchanged potent P2Y12RiIs,
and P2Y12RI switching groups (Table 2). However, TIMI ma-
jor or minor bleeding was significantly higher in the P2Y12RiI
switching group than those in the unchanged clopidogrel
group. Consistent results were observed after all confound-
ing variables were adjusted using multivariate regression, PS
matching, and IPW analysis (Supplementary Table 2).
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13,104 AMI patients enrolled from KAMIR-NIH
between Nov. 2011 and Dec. 2015

Exclusion criteria
3,386 Patients who enrolled before 2013
1,038 Patients without PCI
71 Patients with suboptimal PCl and 43 patients with failed PCI
90 Patients with in-hospital switching between ticagrelor and prasugrel

8,476 AMI patients underwent successful PCl from KAMIR-NIH between Jan. 2013 and Dec. 2015

4,674 Unchanged clopidogrel

From clopidogrel to potent P2Y12RI
(The C-P group: n = 867)
503 Clopidogrel to ticagrelor
364 Clopidogrel to prasugrel

2,403 Unchanged potent P2Y12RIs
1,748 Ticagrelor [ 655 Prasugrel

1,399 In-hospital P2Y12RI switching

T

From potent P2Y12RI to clopidogrel
(The P-C group: n = 532)
391 Ticagrelor to clopidogrel
141 Prasugrel to clopidogrel

Figure 1. Flow chart of study patients. AMI, acute myocardial infarction; KAMIR-NIH, Korea Acute Myocardial Infarction Registry-Nation-
al Institute of Health; PCl, percutaneous coronary intervention; P2Y12RI, P2Y12 receptor inhibitor; C-P, from clopidogrel to potent P2Y12Rl;

P-C, from potent P2Y12RI to clopidogrel.

Clinical outcomes between the unchanged
P2Y12Rls, the C-P, and the P-C groups

There were also no significant differences in NACEs among
the four groups (Table 2). However, the C-P group had a
higher incidence of non-fatal Ml compared to that in the
unchanged clopidogrel and unchanged potent P2Y12Rls
groups, and the P-C group had a higher incidence of TIMI
major bleeding compared to that in the unchanged clopido-
grel group (Table 3).

The in-hospital P2Y12RI switching and the
timing of clinical events

A large amount of total ischemic (27/35 patients, 77.1%)
and total bleeding events (45/66 patients, 68.2%) occurred
within 3 days before and after P2Y12RI switching (between
D-3 and D+3).

Twelve patients (0.9%) experienced both ischemic
and bleeding events before or after P2Y12RI switching.
The in-hospital clinical progress summary of 12 patients
is shown in Supplementary Table 3. The definite cases of
ischemic events that developed after in-hospital switching
from potent P2Y12RIs to clopidogrel due to bleeding events
were numbers 1, 2, 6, and 7, and the bleeding event that
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developed after in-hospital switching from clopidogrel to a
potent P2Y12RI due to an ischemic event was number 12.

Most of the cardiac deaths (12/16 patients, 75%) oc-
curred in the P-C group. However, in most cases, it was not
clear which P2Y12RI was related to cardiac death, except
in cases that occurred on the day of P2Y12RI switching (D-
0) and 33 days after P2Y12RI switching (D+33). Therefore,
62.4% of all cardiac deaths (10/16 patients) remained inde-
terminate in cardiac death-related P2Y12RI (Fig. 2A).

All nonfatal Ml occurred in the C-P group, and most of
them (10/11 patients, 90.9%) occurred during the admin-
istration of clopidogrel before switching, or on the day of
P2Y12RI switching (D-0). Therefore, nonfatal Ml appeared
to be strongly associated with pre-switching clopidogrel
(Fig. 2B).

Most of the definite stent thromboses (9/10 patients,
90.0%) also were related to pre-switching clopidogrel,
however, many cases of the all strokes-related P2Y12RI (5/8
patients, 62.5%) remained indeterminate (Fig. 2C and 2D).

Thirteen patients had both TIMI major and minor bleeding.
Moreover, 60.7% of TIMI major bleeding (17/28 patients),
58.8% of TIMI minor bleeding (30/51 patients), and 60.6%
of TIMI major or minor bleeding were related to pre-switch-
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Table 1. Baseline characteristics and in-hospital medications of the enrolled patients

In-hospital P2Y12RI switching

Unchanged Unchanged

Variable clopidogrel  potent P2Y12RIs Al patients The C-P The P-C p value?
(=467  (n=2403)  (n=1,399) (n = 867) (n=532) pvalue
Age, yr 65.86 +£0.19 60.34 £0.24 62.10+£0.33 60.82 £ 0.40 64.20 £ 0.55 < 0.001 < 0.001
Age > 75 years 1,348 (28.8) 314 (13.1) 243 (17.4) 115 (13.3) 128 (24.1) < 0.001 < 0.001
Male gender 3,339 (71.4) 1980 (82.4) 1,086 (77.6) 703 (81.1) 383(72.0) < 0.001 < 0.001
Hypertension 2,494 (53.4) 1.062 (44.2) 680 (48.6) 434 (50.1) 246 (46.2) 0.169 < 0.001
Diabetes 1,390 (29.7) 587 (24.4) 360 (25.7) 222 (25.6) 138 (25.9) 0.900 <0.001
Dyslipidemia 559 (12.0) 267 (11.1) 141 (10.1) 96 (11.1) 45 (8.5) 0.121 0.131
Current smoker 1,624 (34.7) 1,131 (47.1) 595 (42.5) 392 (45.2) 203 (38.2) 0.010 <0.001
Family history 284 (6.1) 170 (7.1) 82 (5.9) 49 (5.7) 33(6.2) 0.725 0.194
of coronary
artery disease
Previous history 505 (10.8) 135 (5.6) 119 (8.5) 78(9.0) 4 (7.7) 0431  <0.001
of angina
Previous history 73 (1.6) 16 (0.7) 25 (1.8) 17 (2.0) 8(1.5) 0.679 0.002
of heart failure
Previous history 339(7.3) 116 (4.8) 128 (9.1) 95 (11.0) 33(6.2) 0.003 < 0.001
of Ml
Previous history 364 (7.8) 83(3.5) 65 (4.6) 40 (4.6) 25(4.7) 1.000 < 0.001
of CVA/TIA
Killip class 0.941 <0.001
| 3,652 (78.1) 2,057 (85.6) 1,167 (83.4) 724 (83.5) 443 (83.3)
-1V 1,022 (21.9) 346 (14.4) 232 (16.6) 143 (16.5) 89 (16.7)
Final diagnosis 0.013 < 0.001
Non-ST 2,462 (52.7) 969 (40.3) 704 (50.3) 459 (52.9) 245 (46.1)
segment
elevation Ml
ST segment 2,212 (47.3) 1,434 (59.7) 695 (49.7) 408 (47.1) 287 (53.9)
elevation M
Left ventricular 51.77 £0.17 52.87 +0.21 5213 +£0.29 5245 +0.37 51.62 +0.47 0.163 < 0.001
ejection fraction, %
Creatinine 72.74 £ 0.53 8778 +0.89  83.82+1.01 86.75 + 1.28 79.02 + 1.63 < 0.001 < 0.001
clearance,
mL/min/1.73 m?
Vascular access 0.956 <0.001
Trans-radial 1,729 (37.0) 1,095 (45.6) 701 (50.1) 435 (50.2) 266 (50.0)
approach
Trans-femoral 2,945 (63.0) 1,308 (54.4) 698 (49.9) 432 (49.8) 266 (50.0)
approach
Infarct-related 0.424 0.263
artery
Left anterior 2,169 (46.4) 1,133 (47.2) 664 (47.5) 410 (47.3) 254 (47.7)
descending
Left circumflex 838 (17.9) 431 (17.9) 216 (15.4) 135 (15.6) 81 (15.2)
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Table 1. Continued

In-hospital P2Y12RI switching

Unchanged Unchanged
Variable clopidogrel potent P2Y12RIs  All patients The C-P The P-C p value?
(h=4674)  (=2403)  (h=1,399 (n = 867) (n=532) palue
Right coronary 1,559 (33.4) 795 (33.1) 483 (34.5) 295 (34.0) 188 (35.3)
Left main 108 (2.3) 44(1.8) 36 (2.6) 27 (3.1) 9(1.7)
Involved vessel 0.047 0.001
number
Single vessel 2,200 (47.1) 1,236 (51.4) 712 (50.9) 423 (48.8) 289 (54.3)
Left main or 2,474 (52.9) 1,167 (48.6) 687 (49.1) 444 (51.2) 243 (45.7)
multi-vessel
disease
ACC/AHA lesion 0.931 < 0.001
classification
Type A/B1 755 (16.2) 227 (9.4) 157 (11.2) 98 (11.3) 59 (11.1)
Type B2/C 3,919 (83.8) 2,176 (90.6) 1,242 (88.8) 769 (88.7) 473 (88.9)
Procedure for 0.805 0.001
target lesion
Only balloon 276 (5.9) 108 (4.5) 72 (5.1) 42 (4.8) 30 (5.6)
angioplasty
Bare metal stent 150 (3.2) 44 (1.8) 39(2.8) 24 (2.8) 15(2.8)
Drug-eluting 4,248 (90.9) 2,251 (93.7) 1,288 (92.1) 801 (92.4) 487 (91.6)
stent
Use of glycoprotein 514 (11.0) 457 (19.0) 238 (17.0) 157 (18.1) 81(15.2) 0.187 < 0.001
llb/llla inhibitor
In-hospital medications
Aspirin 4,668 (99.9) 2,402 (100.0) 1,396 (99.8) 864 (99.7) 532 (100.0) 0.292 0.311
Clopidogrel 4,674 (100.0) - 1,399 (100.0) 867 (100.0) 532 (100.0) - -
Ticagrelor - 1,748 (72.7) 894 (63.9) 503 (58.0) 391 (73.5) <0.001 -
Prasugrel - 655 (27.3) 505 (36.1) 364 (42.0) 141 (26.5) < 0.001 -
Cilostazol 585 (12.5) 2(0.5) 42 (3.0 7(2.0) 25(4.7) 0.005 <0.001
Beta-blocker 3,869 (82.8) 2,048 (85.2) 1,167 (83.4) 750 (86.5) 417 (78.4) < 0.001 0.031
Calcium channel 322 (6.9) 103 (4.3) 77 (5.5) 47 (5.4) 30 (5.6) 0.904 < 0.001
blockers
ACEi or ARB 3,725 (79.7) 1,908 (79.4) 1,107 (79.1) 706 (81.4) 401 (75.4) 0.008 0.886
Statin 4,307 (92.1) 2,284 (95.0) 1,323 (94.6) 824 (95.0) 499 (93.8) 0.333 < 0.001
Oral 156 (3.3) 29(1.2) 46 (3.3) 8(0.6) 38(7.1) < 0.001 < 0.001
anticoagulants

Values are presented as mean = standard error of mean or number (%).
RI, receptor inhibitor; C-P, from clopidogrel to potent P2Y12RI; P-C, from potent P2Y12RI to clopidogrel; MI, myocardial infarction; CVA,
cerebrovascular accident; TIA, transient ischemic attack; ST, stent thrombosis; ACC, American College of Cardiology; AHA, American
Heart Association; ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin Il receptor blocker.
4p value between unchanged clopidogrel vs. unchanged potent P2Y12RIs vs. all patients of in-hospital P2Y12RI switching.

356  www.kjim.org

https://doi.org/10.3904/kjim.2021.101


www.kjim.org

Park KH, et al. In-hospital P2Y12RI switching in AMI

KJIM™

Table 2. In-hospital clinical outcomes among individual groups

Uidiereed Unchanged In-hospital P2Y12RI switching
Variable clopidogrel ng;ir;:ls All patients ~ The C-P The P-C X2 pvalue® X  pvalue®
(=4674) 403 ©=139) (=87 (=532
All-cause death 162 (3.5) 60 (2.5) 24(1.7) 9(1.0) 15(2.8) 13.664 0.001 17.377 0.001
Cardiac death 138 (3.0) 49 (2.0) 16 (1.1) 4(0.5) 12 (2.3) 16.887 <0.001 21428 <0.001
Non-fatal Ml 9(0.2) 9(0.4) 11 (0.8) 1(1.3) 11.235 0.004 26.799 <0.001
Definite stent 7(0.1) 7(0.3) 10(0.7) 0(1.2) 0 12.183 0.002 27717 <0.001
thrombosis
Stroke 35(0.7) 3(0.7) 8(0.6 4(0.5) 4(0.8) 11.474 0.003  11.990 0.007
MACEs 174 (3.7) 61 (2.5) 35(2.5) 19 (2.2) 16 (3.0) 9.756 0.008 10.468 0.015
TIMI major 63 (1.3) 65 (2.7) 28 (2.0 11(1.3) 17 (3.2) 16.418 <0.001 23.193 <0.001
bleeding
TIMI minor 108 (2.3) 92 (3.8) 51 (3.6) 22 (2.5) 29 (5.5) 15.454 <0.001 25.194 <0.001
bleeding
TIMI major or 151 (3.2) 132 (5.5) 66 (4.7) 28(3.2) 38(7.1) 22106 <0.001 34.895 <0.001
minor bleeding
NACEs 222 (4.7) 117 (4.9) 58 (4.1) 28(3.2) 30 (5.6) 1137 0.566 5.425 0.143

Values are presented as number (%).

RI, receptor inhibitor; C-P, from clopidogrel to potent P2Y12RI; P-C, from potent P2Y12RI to clopidogrel; MI, myocardial infarction; MACE,
major adverse cardiovascular event; TIMI, thrombolysis in myocardial infarction; NACE, net adverse cardiovascular event.
#Pearson’s Chi-square and p value between unchanged clopidogrel vs. unchanged potent P2Y12RlIs vs. all patients of in-hospital P2Y12Rl

switching.

PPearson’s Chi-square and p value between unchanged clopidogrel vs. unchanged potent P2Y12RIs vs. the C-P vs. the P-C.

ing P2Y12RIs (Fig. 3). Further, 42.8% of TIMI major bleeding
(12/28 patients) and 48.5% of TIMI major or minor bleed-
ing (32/66 patients) were related to pre-switching potent
P2Y12RIs, and 28.6% of TIMI major bleeding (8/26 patients)
and 30.3% of TIMI major or minor bleeding (20/66 patients)
were related to post-switching potent P2Y12RlIs. Therefore,
potent P2Y12RIs were strongly related to TIMI major bleed-
ing (20/28 patients, 71.4%) and TIMI major or minor bleed-
ing (52/66 patients, 78.8%) (Fig. 3A and 3C).

Clinical outcomes between no LD and LD
before switching

Baseline clinical and procedural characteristics and in-hos-
pital medications were observed between the no LD and
LD groups in both the C-P and the P-C groups (Supple-
mentary Table 4). Only 21.6% of the P2Y12RI switching
group (302/1,399 patients) received a LD of P2Y12RIs be-
fore switching. Of these, 22.8% of the C-P group (198/867
patients) were given a LD of potent P2Y12RIs (180 mg in
ticagrelor or 30 to 60 mg in prasugrel), and 19.6% of the

https://doi.org/10.3904/kjim.2021.101

P-C group (104/532 patients) were given a LD of clopidogrel
(300 to 600 mg) just before switching. Through multivariate
regression analysis, there were no significant differences in
MACEs, NACEs, and TIMI major bleeding between no LD
and with LD of both the C-P and the P-C groups (Table 4).

Only three out of 10 patients who had suffered Ml during
pre-switching clopidogrel were switched to potent P2Y12Rls
with a LD. Conversely, even though TIMI major or minor
bleeding had already occurred before switching, including
on the day of P2Y12RI switching (D-0), two patients in the
C-P group and six patients in the P-C group were switched
to P2Y12RIs with a LD followed by MD.

DISCUSSION

Our study was conducted to assess the clinical outcomes
of in-hospital P2Y12RI switching compared to unchanged
P2Y12RIs and to determine the clinical event-related
P2Y12RIs before and after switching in Korean patients with
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Table 3. In-hospital clinical outcomes among four groups

i Unadjusted Multivariate-adjusted
Variable No. (%)
OR (95% Cl) p value? OR (95% Cl) p value
Unchanged clopidogrel vs. The C-P 4,674 867
All-cause death 162 (3.5) 9(1.0) 0.292 (0.149-0.574) < 0.001 0.778 (0.242-2.507) 0.674
Cardiac death 138 (3.0) 4(0.5) 0.152 (0.056-0.413) < 0.001 0.169 (0.030-0.970) 0.046
Non-fatal Ml 9(0.2) 11 (1.3) 6.661 (2.752-16.122) < 0.001 7.075 (2.858-17.517) < 0.001
Definite stent 7(0.1) 10 (1.2) 7780 (2.953-20.494) < 0.001 5.977 (2.195-16.278) < 0.001
thrombosis
Stroke 35(0.7) 4(0.5) 0.614 (0.218-1.733) 0.357 0.828 (0.286-2.396) 0.728
MACEs 174 (3.7) 19(2.2) 0.579 (0.359-0.936) 0.026 1.246 (0.669-2.318) 0.488
TIMI major bleeding 63 (1.3) 11(1.3) 0.941 (0.494-1.792) 0.852 1.085 (0.542-2.170) 0.818
TIMI minor bleeding 108 (2.3) 22 (2.5) 1.101 (0.692-1.757) 0.685 1.386 (0.843-2.281) 0.198
TIMI major or minor 151 (3.2) 28(3.2) 1.000 (0.663-1.506) 0.999 1.276 (0.818-1.990) 0.282
bleeding
NACEs 222(47) 28(3.2) 0.669 (0.449-0.998) 0.049 1.222 (0.750-1.993) 0.421
Unchanged potent P2Y12RIs 2,403 867
vs. The G-P
All-cause death 60 (2.5) 9(1.0) 0.410 (0.202-0.829) 0.013 0.168 (0.026-1.085) 0.061
Cardiac death 49 (2.0) 4(0.5) 0.223 (0.080-0.619) 0.004 0.015 (0.001-0.355) 0.009
Non-fatal Ml 9(0.4) 11(1.3) 3.418 (1.412-8.277) 0.006  3.944 (1.619-9.606) 0.003
Definite stent 7(0.3) 10(1.2) 3.994 (1.516-10.526) 0.005 4.661 (1.756-12.371) 0.002
thrombosis
Stroke 3(0.1) 4(0.5) 3.708 (0.828-16.601) 0.087 3.595 (0.801-16.133) 0.095
MACEs 61(2.5) 19 (2.2) 0.860 (0.511-1.448) 0.571 1.373 (0.683-2.757) 0.374
TIMI major bleeding 65 (2.7) 1(1.3) 0.462 (0.243-0.880) 0.019 0.454 (0.230-0.895) 0.023
TIMI minor bleeding 92(3.8) 22(2.5) 0.654 (0.408-1.048) 0.078 0.639 (0.389-1.049) 0.076
TIMI major or 132(5.5) 28(3.2) 0.574 (0.379-0.870) 0.009 0.570 (0.366-0.889) 0.013
minor bleeding
NACEs 1749  28(3.2) 0.652 (0.428-0.992) 0.046 0.707 (0.431-1.159) 0.170
Unchanged clopidogrel 4,674 532
vs. The P-C
All-cause death 162 (3.5) 15 ( 0.808 (0.472-1.382) 0.436 1.238 (0.477-3.213) 0.661
Cardiac death 138 (3.0) 12 ( 0.759 (0.418-1.378) 0.364 1.163 (0.391-3.459) 0.785
Non-fatal Ml 9(0.2) - - - -
Definite stent 7(0.1) - - - -
thrombosis
Stroke 35(0.7) 4(0.8) 1.004 (0.355-2.836) 0994  0.904 (-0.315-2.598) 0.852
MACEs 174 (3.7) 16 (3.0) 0.802 (0.477-1.349) 0.405 0.922 (0.455-1.867) 0.821
TIMI major bleeding 63 (1.3) 17 (3.2) 2.416 (1.403-4.160) 0.001 2.379 (1.310-4.321) 0.004
TIMI minor bleeding 108 (2.3)  29(5.5) 2.437(1.601-3.710) < 0.001 2.683(1.714-4.202) < 0.001
TIMI major or 151 (3.2) 38 (7.1) 2.304 (1.595-3.328) < 0.001 2.575 (1.722-3.851) < 0.001
minor bleeding
NACEs 222 (4.7) 30 (5.6) 1.198 (0.810-1.774) 0.366 1.534 (0.935-2.518) 0.090
Unchanged potent P2Y12RIs 2,403 532

vs. The P-C
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Table 3. Continued

, Unadjusted Multivariate-adjusted
Variable No. (%)

OR (95% Cl) p value? OR (95% Cl) p value
All-cause death 60 (2.5) 15 ( 1133 (0.638-2.011) 0.670 0.259 (0.049-1.378) 0.113
Cardiac death 49 (2.0) 12 ( 1.109 (0.586-2.099) 0.752 0.374 (0.071-1.961) 0.245
Non-fatal Ml 9(0.4) 0 - - - -
Definite stent thrombosis 7(0.3) 0 - - - =
Stroke 3(0.1) 4(0.8) 6.061 (1.352-27.159) 0.019 3.892 (0.799-18.969) 0.093
MACEs 61 (2.5) 16 (3.0) 1.190 (0.681-2.081) 0.541 0.912 (0.389-2.135) 0.832
TIMI major bleeding 65 (2.7) 17 (3.2) 1.187 (0.690-2.042) 0.535 0.990 (0.547-1.794) 0.974
TIMI minor bleeding 92 (3.8) 29(5.5) 1.448 (0.944-2.223) 0.090 1.301 (0.821-2.061) 0.262
TIMI major or 132 (5.5) 38 (7.1) 1.323(0.911-1.923) 0.142 1.147 (0.761-1.727) 0.512
minor bleeding
NACEs 117 (4.9) 30 (5.6) 1.168 (0.773-1.764) 0.462 0.957 (0.573-1.597) 0.866

Values are presented as number (%).
OR, odds ratio; Cl, confidence interval; C-P, from clopidogrel to potent P2Y12RI; MI, myocardial infarction; MACE, major adverse cardio-
vascular event; TIMI, thrombolysis in myocardial infarction; NACE, net adverse cardiovascular event; R, receptor inhibitor; P-C, from po-

tent P2Y12RI to clopidogrel.
4p value < 0.0083 was considered statistically significant.

AMI. The main findings of our study are that in-hospital
P2Y12RI switching occurred occasionally (16.5%) and had
no significant differences in NACEs compared to unchanged
P2Y12RIs. Non-fatal Ml and TIMI major bleeding were main-
ly related to pre-switching P2Y12RIs and in-hospital bleeding
complications were still strongly related to potent P2Y12RiIs.
Therefore, it appears that in-hospital P2Y12RI switching was
not the cause of clinical events, but a response to expected
or already occurring clinical events.

Western registries reported that switching antiplatelet
therapy from one agent to another during the index hospi-
talization ranged from 5% to 60% [15,16]. In the Switching
from Clopidogrel to New Oral Antiplatelet Agents during
PErcutaneous Coronary Intervention (SCOPE) registry,
switching of oral antiplatelet therapies occurred in approxi-
mately 10% of ACS patients within the first month after the
acute event [17]. Our study showed that the incidence of
in-hospital P2Y12RI switching was 16.5% from KAMIR-NIH,
which is not uncommon compared to Western registries.

This was a retrospective study using data from KAMIR-NIH
between 2013 and 2015, the early period when ticagrelor
or prasugrel was introduced and used in South Korea. De-
spite the fact that the bleeding risk of potent P2Y12Rls in
East Asian patients was still unknown, in-hospital P2Y12RI
switching was not infrequent and occurred mainly 2 days

https://doi.org/10.3904/kjim.2021.101

after PCI. Although it is not known exactly from KAMIR-NIH
data why P2Y12RIs were switched during hospitalization, it
is estimated that the angiographic features and the result
of PCl had a great influence on the decision of in-hospi-
tal P2Y12RI switching. In actual clinical practice, P2Y12RI
switching may be attributed to a variety of factors, includ-
ing the clinical setting, patient characteristics, concomitant
therapies, costs, social issues, development of side effects,
medication adherence, and patient/physician preference
[18]. Our study showed that most of the total ischemic or
bleeding events in the P2Y12RI switching group occurred
within 3 days before and after P2Y12RI switching; there-
fore, it appears that the adverse clinical event was one of
the major factors causing in-hospital P2Y12RI switching in
our clinical practice.

Our study showed that the incidences of MACEs and NA-
CEs in the P2Y12RI switching groups were 2.5% and 4.1%,
respectively, which were not significantly different com-
pared to unchanged clopidogrel and to unchanged potent
P2Y12RIs groups. Even considering that there were many
P2Y12RI switching before or after adverse events in actu-
al clinical practice, the event rate of the P2Y12RI switching
group appears to be acceptable compared to the unchanged
P2Y12RIs. In particular, it was very rare for an ischemic event
to occur after P2Y12RIs were switched due to bleeding and
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Figure 2. The efficacy outcomes before and after the day of in-hospital P2Y12 receptor inhibitor (RI) switching. Frequency of (A) cardiac
death, (B) non-fatal myocardial infarction (M), (C) definite stent thrombosis (ST), and (D) stroke before and after the day of in-hospital
P2Y12RI switching (D-0) among the patterns of P2Y12RI switching. The bar graphs illustrate, for example, that on D-0 in (A), there were
two cases of cardiac death in the group from ticagrelor to clopidogrel, one case in the group from prasugrel to clopidogrel, one case in
the group from clopidogrel to ticagrelor, and one case in the group from clopidogrel to prasugrel, which meant that three cases of car-
diac death were related to a potent P2Y12RI (PP2Y12Rl; ticagrelor or prsugrel) and two cases of clopidogrel. One day before in-hospital
P2Y12RI switching (D-1) in (B), there were four cases of Ml in the group from clopidogrel to ticagrelor and three cases in the group from
clopidogrel to prasugrel, which meant that all seven cases of Ml occurred during the administration of clopidogrel before in-hospital
P2Y12RI switching; therefore, they were related to clopidogrel. D+1, 1 day after in-hospital P2Y12RI switching; C-P, from clopidogrel to
potent P2Y12RI; P-C, from potent P2Y12RI to clopidogrel. ?Brackets mean the first letter of clinical event-related P2Y12Rls.

vice versa. We have always been concerned about increas- A previous study, which showed high incidences of M,
ing ischemic risk after de-escalation of P2Y12Rls in the acute stroke, and bleeding in the P2Y12RI switching group, from
phase of MI patients; however, there was no difference in Korean AMI patients from the Health Insurance Review
MACEs between the unchanged potent P2Y12RIs and the and Assessment Service (HIRA) database [10] differs from
P-C groups in our study. Therefore, even though the current our study in many ways. Our study assessed in-hospital
guidelines do not recommend P2Y12RI switching during P2Y12RI switching outcomes in older patients and patients
hospitalization, it seems that selective in-hospital switching with acute-phase M, but the HIRA study assessed 1-year
from potent P2Y12RIs to clopidogrel could be effective in outcomes of P2Y12RI switching in patients with stabilized
reducing in-hospital bleeding only for Korean AMI patients M| after discharge. Therefore, our study showed a relatively
who are not at high risk of ischemia. However, large-scale, higher incidence of all-cause death and bleeding and a low-
long-term, randomized trials are required to establish the ef- er incidence of Ml and stroke compared to the HIRA study.
ficacy and safety of in-hospital P2Y12Rls in Korean patients However, since non-fatal Ml was much higher in the C-P
with AMI. group and bleeding was much higher in the P-C group than

360  www.kjim.org https://doi.org/10.3904/kjim.2021.101


www.kjim.org

Park KH, et al. In-hospital P2Y12RI switching in AMI

Frequency of TIMI major bleeding

o D-4NNCH  From ticagrelor to clopidogrel J Thepoc Major bleeding-related P2Y12RIs
'_% D—3 M From prasugrel to clopidogrel e %gfzeéeqmo\;én)e
M From clopidogrel to ticagrelor , 10.7%
£ D-2lu
= M From clopidogrel to prasugrel JThe C-P
Z Di
N 2 1) 1(P) 2 (1) .
P Clopidogrel
AR 3 (1) 2(T) (5/28, 17.9%)
o D+2[llU PP2Y12RIs
é * (20/28, 71.4%)
o D+3 2 (1) 1(P) Ticagrelor (16/20, 80%)
I )] Meior bleding-reated P2Y12Rls e AR )
€TOre or arter switchin
$ owolIEH * A
> 0Bl 1
terminate
© 0+4 I Pas sltching (128, 107%
= 2Y12RIs
A () | (8/28,28.6%)

Pre-switching
12RIs
(17/28,60.7%)

Frequency of TIMI major or minor bleeding

D-9 M From ticagrelor to clopidogrel
D-7 o From prasgugrel to clo;doggre\ JThe p-C X X .
D-6 (TS B From clopidogrel to ticagrelor Major or minor bleeding-related P2Y12Rls
D-4 EEIUNNEIG] ™ From clopidogrel to prasugrel }The C-P
D-3 Clopidogrel
D-2 (11/66, 16.7%)
D-1
5 (1) 4(P) 4(1)
D+1 4 (1) 4 (1) PP2Y12Rls (52/66, 78.8%)

Ticagrelor (39/52, 75%)
Prasugrel (13/52, 25%)

D+2 I ENUIE)
D+3 IFTUMENG)

Major or minor bleeding-related

The day before or after P2Y12RI switching

D+4 P2Y12Rls before or after switching

D+6 IFICIFIU]

D+7

D+10 - Post-switching Indeterminate
D+18 P2Y12RIs (3/66, 4.5%)

(23/66, 34.9%) o
Pre-switching
P2Y12RIs

(40/66, 60.6%)

KJIM™

Frequency of TIMI minor bleeding Minor bleeding-related P2Y12RIs

Indeterminate
(2/51, 3.9%)

D-9

D-7

D-6
D-4
D-3

D-2

Clopidogre!
(9/51, 17.7%)

D-1 PPZ_Y1 2Rls (40/51, 78.4%)
Ticagrelor (30/40, 75%)

D-0 - 30 30 Prasugrel (10/40, 25%)

D+1 IFAUNNF] ) )

D+2 () 1) Major bleeding-related P2Y12RIs

D+3

D+4

D+6
D+7

before or after switching /

Post-switching Indeterminate

e day before or after P2Y12RI switching

Pre-switching

S D+10 Rl P2Y12RIs (2/51, 3.9%)
= D+12 RN (19/51, 37.3%)
D+18

M From ticagrelor to clopidogrel
M From prasugrel to clopidogrel
B From clopidogrel to ticagrelor
M From clopidogrel to prasugrel }The C-P

Jme-c

Indeterminate
(3/66, 4.5%)

Figure 3. The safety outcomes before and after the day of in-hospital P2Y12 receptor inhibitor (RI) switching. Frequency of (A) thrombol-
ysis in myocardial infarction (TIMI) major bleeding, (B) TIMI minor bleeding, and (C) TIMI major or minor bleeding before and after the day
of in-hospital P2Y12RI switching (D-0) among the pattern of P2Y12RI switching. The bar graphs illustrate, for example, that 2 days before
in-hospital P2Y12RI switching (D-2) in (A), there was one case of TIMI major bleeding in the group from ticagrelor to clopidogrel, which
meant that this one case of TIMI major bleeding occurred during the administration of ticagrelor before in-hospital P2Y12RI switching;
therefore, it was related to a potent P2Y12RI (PP2Y12RI; ticagrelor). On the day of in-hospital P2Y12RI switching (D-0) in (A), there was
one case of TIMI major bleeding in the group from ticagrelor to clopidogrel, one case in the group from prasugrel to clopidogrel, and two
cases in the group from clopidogrel to ticagrelor, which meant that all four cases of bleeding were related to potent P2Y12RIs. Two days
after in-hospital P2Y12RI switching (D+2) in (B), there were four cases of TIMI minor bleeding in the group from ticagrelor to clopidogrel,
one case in the group from clopidogrel to ticagrelor, and one case in the group from clopidogrel to prasugrel. In the preceding four cas-
es, although ticagrelor was discontinued, its lasting effect resulted in TIMI minor bleeding, while in the latter two cases, minor bleeding
occurred during the administration of ticagrelor and prasugrel, respectively. This meant that all six cases of bleeding were related to po-
tent P2Y12RIs. C-P, from clopidogrel to potent P2Y12RI; P-C, from potent P2Y12RI to clopidogrel. #Brackets mean the first letter of clinical

event-related P2Y12Rls.

that in the unchanged clopidogrel group in our study, the
results of our study also appear to be similar to those of the
HIRA study. However, it should be noted that our study tried
to determine the correlation between pre- or post-switch-
ing P2Y12RIs and adverse clinical events and found that
many non-fatal Ml and bleeding events were mainly related
to pre-switching P2Y12RIs. This result means that P2Y12RI
switching was more likely not a direct cause of adverse clin-
ical events. We believe that the HIRA study should also have

https://doi.org/10.3904/kjim.2021.101

analyzed the causal relationship between switching and
clinical events to accurately evaluate the impact of P2Y12RI
switching; therefore, much attention is needed in interpret-
ing its findings.

To date, there have been several studies on the efficacy
and safety of P2Y12RIs in Korean patients with AMI; how-
ever, most of these studies have excluded patients with
in-hospital P2Y12RI switching from the analysis [6,19,20].
This is because two or more P2Y12RlIs are used, making it
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Table 4. In-hospital clinical outcomes between no LD and LD in both the C-P and the P-C groups

In-hospital clinical ol = Unadjusted Multivariate-adjusted
outcomes OR (95% Cl) p value OR (95% Cl) p value
The G-P (n = 867) 669 198
All-cause death 8(1.2) 1(0.5) 0.419 (0.052-3.374) 0.414 0.660 (0.052-8.337) 0.748
Cardiac death 3(0.4) 1(0.5) 1.127 (0.117-10.894) 0.918 8.288 (0.253-271.357) 0.235
Non-fatal Ml 7(1.0) 4(2.0) 1.950 (0.565-6.730) 0.291 1.963 (0.566-6.810) 0.288
Definite stent 6(0.9) 4(2.0) 2.278 (0.636-8.155) 0.206 2.333(0.648-8.397) 0.195
thrombosis
Stroke 4(0.6) 0 - 0.579 - -
MACEs 14.(2.1) 5(2.5) 1.212 (0.431-3.408) 0.715 1.251(0.400-3.913) 0.701
TIMI major bleeding 10 (1.5) 1(0.5) 0.335(0.043-2.629) 0.298 0.368 (0.036-3.702) 0.396
TIMI minor bleeding 13(1.9) 9(4.5) 2.403 (1.012-5.708) 0.047 3.451 (1.311-9.082) 0.012
TIMI major or minor 19 (2.8) 9 (4.5) 1.629 (0.725-3.660) 0.237 2.212 (0.906-5.398) 0.081
bleeding
NACEs 22(3.3) 6 (3.0) 0.919 (0.367-2.299) 0.857 1.230(0.445-3.400) 0.689
The P-C (n = 532) 428 104
All-cause death 11 (2. 4(3.8) 1.516 (0.473-4.861) 0.484 1.853 (0.065-52.937) 0.718
Cardiac death 10 (2 2(1.9) 0.820 (0.177-3.798) 0.799 1.044 (0.161-6.759) 0.964
Non-fatal Ml 0 0 - - - -
Definite stent thrombosis 0 0 - - - -
Stroke 3(0.7) 1(1.0) 1.375(0.142-13.358) 0.783 1.101 (0.112-10.796) 0.934
MACEs 13 (3.0) 3(2.9) 0.948 (0.265-3.390) 0.935 1.936 (0.378-9.915) 0.428
TIMI major bleeding 15 (3.5) 2(1.9 0.540 (0.122-2.398) 0.418 0.476 (0.096-2.356) 0.363
TIMI minor bleeding 21 (4.9) 8(7.7) 1.615 (0.694-3.757) 0.266 2.040 (0.823-5.054) 0.123
TIMI major or minor 29 (6.8) 9(8.7) 1.303 (0.597-2.845) 0.506 1.526 (0.648-3.593) 0.334
bleeding
NACEs 26 (6.1) 4(3.8) 0.618 (0.211-1.812) 0.381 0.470 (0.120-1.838) 0.278

Values are presented as number (%).

LD, loading dosage; C-P, from clopidogrel to potent P2Y12RI; P-C, from potent P2Y12RI to clopidogrel; OR, odds ratio; Cl, confidence
interval; MI, myocardial infarction; MACE, major adverse cardiovascular event; TIMI, thrombolysis in myocardial infarction; NACE, net ad-

verse cardiovascular event.

difficult to assess the outcomes of a single P2Y12RI. Our
study on event-related P2Y12RI in the in-hospital P2Y12RI
switching group showed that nonfatal Ml was related to
clopidogrel, and bleeding was related to potent P2Y12RiIs.
When we judged these results in combination with previous
studies on the efficacy and safety of potent P2Y12Rls, po-
tent P2Y12RiIs still had a high bleeding tendency in Korean
patients with AMI. Since East Asians have the lowest throm-
bogenicity compared to other races, East Asian patients
with cardiovascular disease have reduced anti-ischemic ben-
efits and elevated bleeding risk with antithrombotic therapy,

362  www.kjim.org

including potent P2Y12Rls, compared to Caucasian patients
[21]. In addition, although the effect of reducing ischemic
events of potent P2Y12RIs was significant in the early phase
after PCl when compared to clopidogrel, the risk of bleeding
was continuously and gradually increasing during the main-
tenance phase of DAPT [22]. Therefore, clinical trials to find
the best strategy for reducing bleeding without increasing
ischemia in East Asian patients are mostly about the de-es-
calation strategy of potent P2Y12RIs [23-25]. However,
most of the trials on de-escalation that have been or are
in progress have decided to switch potent P2Y12Rls after
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at least 1 month following PCl; therefore, our findings may
provide basic data for the in-hospital de-escalation strategy
of potent P2Y12RIs in the future.

International expert consensus on switching platelet
P2Y12RI therapies recommended that in the acute/early
phase (< 30 days from the index event), switching should
occur with the administration of LD in most cases, except for
patients who are de-escalating therapy because of bleeding
or bleeding concerns [26]. We do not know exactly why the
rate of P2Y12RI loading before switching was low (21.6%)
in our study and could not find that LD administration was
necessarily consistent with the clinical events. Some cases of
inappropriate loading were observed, such as not loading
when switching after MI occurrence, loading when switch-
ing after bleeding, or switching to a potent P2Y12RI even
after bleeding occurred. However, there were no signifi-
cant differences in ischemic and bleeding events between
the no LD and LD groups in our study. We believe that the
LD should be properly administered as recommended in
the guidelines for in-hospital switching; however, further
studies on the impact of LD before switching are needed
in East Asian patients who are known to have a high risk
of bleeding.

Our study had several limitations. First, we could not ex-
actly determine the reasons for in-hospital P2Y12RI switch-
ing because of the limitation of registry data. Therefore, it
was impossible to accurately assess whether the switching
of P2Y12RI affected adverse clinical events, even though we
analyzed the association between pre- or post-switching
P2Y12RIs and adverse clinical events. Furthermore, in-hospi-
tal events may be related to other clinical factors in addition
to P2Y12RIs. However, we are confident that the results
of our study can identify the current status of in-hospital
P2Y12RI switching and provide basic data for further studies
on the optimal timing of P2Y12RI switching. Second, our
study was based on a nonrandomized, prospective, and
observational registry; therefore, selection bias could not
be completely avoided when comparing between in-hos-
pital P2Y12RI switching and unchanged P2Y12RI groups,
although it was partially compensated by multivariate lo-
gistic regression, PS-matched, and IPW-adjusted analyses.
Third, our study was a small, nonrandomized cohort study
that assessed the efficacy and safety of LD before switch-
ing; therefore, selection bias was hardly avoidable and the
ischemic event rates were very low. Therefore, our study
was underpowered to evaluate the benefit of reducing isch-
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emic events according to LD before switching. Fourth, there
were few medical records regarding other adverse effects
of P2Y12RI including dyspnea, heart block, and no external
bleeding or any overt bleeding that did not meet any of the
TIMI major or minor bleeding criteria.

In conclusion, our study showed that in-hospital P2Y12RI
switching occurred occasionally, but had relatively simi-
lar clinical outcomes compared to unchanged P2Y12RIs.
Non-fatal MI and bleeding events in the in-hospital
P2Y12RI switching group appeared to be mainly related
to pre-switching P2Y12RIs, and in-hospital bleeding com-
plications were still strongly related to potent P2Y12Rls in
Korean AMI patients. Therefore, further, large, long-term
randomized trials are needed to evaluate the efficacy and
safety of in-hospital P2Y12RI switching and to determine
the optimal timing of potent P2Y12RI switching in Korean
AMI patients who underwent PCI.

KEY MESSAGE

1. In-hospital P2Y12 receptor inhibitor (RI) switching
occurred occasionally (16.5%), but had relatively
similar clinical outcomes compared to unchanged
P2Y12RlIs in Korean acute myocardial infarction pa-
tients.

2. Non-fatal myocardial infarction and bleeding
events in patients with in-hospital P2Y12RI switch-
ing appeared to be mainly related to pre-switching
P2Y12Rls.

3. The rate of P2Y12RI loading before in-hospital
switching was low (21.6%); therefore, loading
should be properly administered as recommended
in the guidelines.
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Supplementary Table 3. Clinical progress summaries of patients with both ischemic and bleeding events before or after

P2Y12RI switching

Patient Age/sex Pattern of switching Clinical courses
1 68/F From ticagrelor to Performed PCl with ticagrelor 6 days ago and minor bleeding developed, so patient
clopidogrel was switched to clopidogrel MD, and then stroke developed 10 days later.
2 55/M From ticagrelor to Performed PCl with ticagrelor and minor bleeding developed after PCl, so patient
clopidogrel was switched to clopidogrel MD, and then cardiac death developed 8 days later.
3 79/M From ticagrelor to Performed PCl with ticagrelor 5 days ago and patient was switched to clopidogrel
clopidogrel MD, and then minor bleeding developed 3 days later and cardiac death 5 days
later.
4 89/F From ticagrelor to Performed PCl with ticagrelor 7 days ago and patient was switched to clopidogrel
clopidogrel MD, and then, both minor bleeding and cardiac death developed 2 days later.
5 80/F From ticagrelor to Performed PCl with ticagrelor 1 day ago and patient was switched to clopidogrel
clopidogrel LD followed by MD, and then, both minor bleeding and cardiac death developed
2 days later.
6 60/M From prasugrel to Performed PC| with prasugrel 6 days ago and minor bleeding developed, so patient
clopidogrel was switched to clopidogrel LD followed by MD, and then, cardiac death devel-
oped 7 days later.
7 46/M From prasugrel to Performed PCl with prasugrel 1 day ago and major bleeding developed, so patient
clopidogrel was switched to clopidogrel MD, and then, cardiac death developed 4 days later.
8 45/M From clopidogrel to Performed PCI with clopidogrel 10 days ago and minor bleeding developed 6 days
ticagrelor ago, and myocardial infarction developed 2 days ago, so patient was switched to
ticagrelor MD.
9 68/M From clopidogrel to Performed PCl with clopidogrel 5 days ago and minor bleeding developed 1 day
ticagrelor after PCl, so patient was switched to ticagrelor MD, and then, cardiac death devel-
oped 4 days later.
10 84/F From clopidogrel to Performed PCl with clopidogrel 4 days ago and patient was switched to prasugrel
prasugrel MD, and then, cerebral hemorrhage developed 3 days later.
" 50/M From clopidogrel to Performed PCl with clopidogrel 1 day ago and minor bleeding developed, so pa-
prasugrel tient was switched to prasugrel MD, and then, stroke developed 3 days later.
12 73/M From clopidogrel to Performed PCl with clopidogrel 1 day ago and myocardial infarction developed, so

prasugrel

patient was switched to prasugrel MD, and then, minor bleeding developed 1 day
later.

RI, receptor inhibitor; PCl, percutaneous coronary intervention; MD, maintenance dose; LD, loading dose.
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Supplementary Table 4. Baseline clinical, angiographic, and procedural characteristics and in-hospital medications of pa-
tients with or without LD in both the C-P and the P-C groups

The C-P (n = 867)

The P-C (n = 532)

Characteristics No LD LD No LD LD
(n = 669) =199 P _pg (=104  PYaue
Age, yr 6119+ 047  59.57+0.76 0.071 64.65+0.60 6236126 0.095
Age > 75 years 95 (14.2) 20 (10.1) 0.153 109 (25.5) 9(18.3) 0.159
Male gender 537 (80.3) 166 (83.8) 0.302 305 (71.3) 8 (75.0) 0.468
Hypertension 338(50.5) 96 (48.5) 0.628 200 (46.7) 46 (44.2) 0.663
Diabetes 179 (26.8) 43 (21.7) 0.165 104 (24.3) 34 (32.7) 0.082
Dyslipidemia 76 (11.4) 20 (10.1) 0.700 31(7.2) 14 (13.5) 0.049
Current smoker 291 (43.5) 101 (51.0) 0.074 157 (36.7) 46 (44.2) 0.177
Family history of coronary 36 (5.4) 13 (6.6) 0.489 28 (6.5) 5(4.8) 0.653
artery disease
Previous history of angina 61(9.1) 17 (8.6) 0.888 36 (8.4) 5(4.8) 0.304
Previous history of heart failure 16 (2.4) 1(0.5) 0.093 5(1.2) 3(2.9) 0.197
Previous history of MI 76 (11.4) 19(9.6) 0.520 27 (6.3) 6 (5.8) 1.000
Previous history of CVA 26 (3.9) 14(7.1) 0.080 19 (4.4) 6 (5.8) 0.605
Killip class 0.448 0.008
| 555 (83.0) 169 (85.4) 355 (85.5) 77 (74.0)
-1V 114 (17.0) 29 (14.6) 62 (14.5) 27 (26.0)
Final diagnosis 1.000 0.049
Non-ST segment elevation MI 354 (52.9) 105 (53.0) 188 (43.9) 57 (54.8)
ST segment elevation Ml 315 (47.1) 93 (47.0) 240 (56.1) 47 (45.2)
LV ejection fraction, % 52.26 £ 0.42 53.07 £0.72 0.356 51.56 £ 0.51 51.83 = 1.17 0.836
Creatinine clearance, mL/min 85.56 + 1.51 90.70 £ 2.32 0.064 76.96 = 1.67 87.40 £ 4.59 0.034
Vascular access 0.686 0.063
Transradial approach 333 (49.8) 102 (51.5) 223 (52.1) 43 (41.3)
Transfemoral approach 336 (50.2) 96 (48.5) 205 (47.9) 61 (58.7
Infarct-related artery 0.398 0.608
Left anterior descending 319 (47.7) 91 (46.0) 208 (48.6) 46 (44.2)
Left circumflex 98 (14.6) 37 (18.7) 66 (15.4) 15 (14.4)
Right coronary 233 (34.8) 62 (31.3) 148 (34.6) 40 (38.5)
Left main 19 (2.8) 8 (4.0) 6 (1.4) 3(2.9)
Involved vessel number 1.000 0.028
Single vessel 326 (48.7) 97 (49.0) 243 (56.8) 46 (44.2)
Left main or multi-vessel disease 343 (51.3) 101 (51.0) 185 (43.2) 58 (55.8)
ACC/AHA lesion classification 0.073 0.486
Type A/B1 83(12.4) 15 (7.6) 50 (11.7) 9(8.7)
Type B2/C 586 (87.6) 183 (92.4) 378 (88.3) 95 (91.3)
Procedure for target lesion 0.470 0.081
Only balloon angioplasty 32 (4.8) 10 (5.1) 28 (6.5) (1.9
Bare metal stent 21 (3.0 3(1.5) 10(2.3) 4.8)
Drug-eluting stent 616 (92.1) 185 (93.4) 390 (91.1) 97 (93.3)
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Supplementary Table 4. Continued

The Korean Journal of Internal Medicine Vol. 37, No. 2, March 2022

The G-P (n = 867)

The P-C (n = 532)

Characteristics No LD LD No LD LD
(n = 669) (=108 PV 4 (=104  PYaue
Use of glycoprotein lIb/llla inhibitor 120 (17.9) 37 (18.7) 0.834 62 (14.5) 19 (18.3) 0.361
In-hospital medications
Aspirin 666 (99.6) 198 (100.0)  0.345 428 (100.0) 104 (100.0) -
Clopidogrel 669 (100.0) 198 (100.0) - 428 (100.0) 104 (100.0) -
Ticagrelor 365 (54.6) 138 (69.7) < 0.001 327 (76.4) 64 (61.5) 0.003
Prasugrel 304 (45.4) 60 (30.3) <0.001 101 (23.6) 40 (38.5) 0.003
Cilostazol 3(1.9) 4(2.0) 0.945 22 (5.1) 3(2.9) 0.330
Beta-blocker 581 (86.8) 169 (85.4) 0.636 333 (77.8) 84 (80.8) 0.596
Calcium channel blockers 31 (4.6) 6(8.1) 0.073 27 (6.3) 3(2.9) 0.175
ACEi or ARB 540 (80.7) 166 (83.8) 0.350 314 (73.4) 87 (83.7) 0.031
Statin 635 (94.9) 189 (95.5) 0.854 400 (93.5) 99 (95.2) 0.653
Oral anticoagulants 6 (0.9) 2 (1.0) 0.884 30 (7.0) 8(7.7) 0.832

Values are presented as mean = standard error of mean or number (%).
LD, loading dosage; C-P, from clopidogrel to potent P2Y12 receptor inhibitor (RI); P-C, from potent P2Y12RI to clopidogrel; MI, myocardial
infarction; CVA, cerebrovascular accident; LV, left ventricular; ACC, American College of Cardiology; AHA, American Heart Association;
ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin Il receptor blocker.
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