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Abstract

Background The association between P2Y12 receptor inhibitors reloading and in-hospital outcomes in non-ST-seg-
ment elevation acute coronary syndrome (NSTEACS) patients who were on chronic P2Y12 receptor inhibitors therapy
remained underdetermined.

Methods The Improving Care for Cardiovascular Disease in China—Acute Coronary Syndrome (CCC-ACS project) is a
national registry active from November 2014 to December 2019. 4790 NSTEACS patients on chronic P2Y12 receptor
inhibitors therapy were included. Cox proportional hazard models, Kaplan-Meier curves, and subgroup analyses were
conducted.

Results The NSTEACS patients who received reloading of P2Y12 receptor inhibitors were younger and had fewer
comorbid conditions. The reloading group had a lower risk of major adverse cardiac events (MACE) (0.51% vs. 1.43%,
P=0.007), and all-cause death (0.36% vs. 0.99%, P=0.028), the risks of myocardial infarction and major bleeding were
not significantly different between patients with and without reloading. In survival analysis, a lower cumulative risk of
MACE could be identified (Log-rank test, P=0.007) in reloading group. In the unadjusted Cox model, reloading P2Y12
receptor inhibitors was associated with a decreased risk of MACE [HR, 0.35; 95% Cl 0.16-0.78; (P=0.010)] and all-cause
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risk of MACE in most of the subgroups.

death [HR, 0.37; 95% Cl 0.14-0.94; (P=0.036)]. Reloading of P2Y12 receptor inhibitors was associated with a decreased

Conclusions In NSTEACS patients already taking P2Y12 receptor inhibitors, we observed a decreased risk of in-
hospital MACEs and all-cause mortality and did not observe an increased risk of major bleeding, with reloading. The
differential profile in the two groups might influence this association and further studies are warranted.

Clinical trial registration: https://www.clinicaltrials.gov (Unique identifier: NCT02306616, date of first registration:

03/12/2014)
Keywords P2Y12 receptor inhibitors, Non-ST-segment elevation acute coronary syndrome, Loading dose, Outcome,
Therapy

Introduction be warranted to evaluate the effects of reloading P2Y12

Coronary heart disease remains a serious public health
concern, emerging as the leading cause of mortality and
morbidity from cardiovascular disease [1]. Approxi-
mately half of the reduction in mortality can be attrib-
uted to optimal management of the acute phase of
acute coronary syndrome (ACS), improved revasculari-
zation, and prevention strategies [2]. According to cur-
rent guidelines, dual antiplatelet therapy using aspirin
and P2Y12 receptor inhibitors is the standard of care
treatment in the management of patients with ACS. In
ACS patients undergoing percutaneous coronary inter-
vention (PCI), it is strongly recommended to receive
a loading dose of dual antiplatelet therapy as early as
possible [3-6]. In real-life clinic scenarios, physicians’
compliance with guideline recommendations remains
suboptimal and challenging [7]. In addition, some
patients may already be on long-term therapy with
P2Y12 receptor inhibitors. Whether it is necessary to
reload P2Y12 receptor inhibitors for these patients or
not remained underdetermined.

Patients on chronic clopidogrel therapy or treated with
the daily clopidogrel dose were commonly excluded by
most previous large randomized trials evaluating P2Y12
inhibitors for the treatment of ACS [8-12]. Thus, few
studies have explored this issue to date. For STEMI
(ST-segment elevation myocardial infarction) patients
on long-term treatment with clopidogrel, clopidogrel
reloading was associated with a decreased risk of in-hos-
pital death and did not increase the risk of major bleed-
ing [13]. However, previous reports about the effects of
reloading P2Y12 inhibitors in non-ST-segment elevation
acute coronary syndrome (NSTEACS) are conflicting.
Compared with a maintenance dose of clopidogrel, a ben-
efit of clopidogrel reloading was found in 242 NSTEACS
patients planned for PCI [14]. However, the beneficial
effect of clopidogrel reloading was not observed in the
Acute Coronary Treatment Intervention Outcomes Net-
work Registry-Get with the Guidelines (ACTION Regis-
try-GWTQ) study [13]. In addition, with the application
of more powerful antiplatelets, such as ticagrelor, it may

inhibitors in NSTEACS patients further.

Therefore, this study was designed to examine the asso-
ciation between reloading with P2Y12 receptor inhibitors
and the occurrence of in-hospital major adverse cardiac
events or major bleeding in NSTEACS patients, with
data from CCC-ACS (Improving Care for Cardiovascu-
lar Disease in China-Acute Coronary Syndrome) Project.

Methods

The CCC-ACS project was a nationwide registry and
quality improvement study focusing on quality of ACS
care, which was launched in 2014 as a collaborative initi-
ative of the American Heart Association and the Chinese
Society of Cardiology. As a retrospectively observational
study, each participating hospital recruited the first con-
secutive 20 to 30 ACS inpatient cases each month to the
study, identified through principal discharge diagnosis
based on review of the inpatient list. Details of the design
and method of the CCC-ACS project have been pub-
lished [15]. This project was registered at: https://www.
clinicaltrials.gov (Unique identifier: NCT02306616, date
of first registration: 03/12/2014).

Basing on the principal discharge diagnosis, 113,650
ACS patients were enrolled from November 2014 to
December 2019. Of these, 18,401 patients were identi-
fied as receiving long-term P2Y12 receptor inhibitors
treatment (95,249 patients who did not take clopidogrel
or ticagrelor within 2 weeks before admission were
excluded). Reloading of P2Y12 inhibitors was regarded
as occurring if patients received clopidogrel > 300 mg
or ticagrelor > 180 mg within 24 h of the first medical
contact (10,397 patients without clopidogrel or tica-
grelor prescription were excluded). 7521 ACS patients
with P2Y12 reloading were examined after eliminating
those with missing data or obvious data error (N=483).
2731 STEMI patients were also excluded. Finally, 4790
NSTEACS patients represented the subject group,
including 2323 non-ST-segment elevation myocar-
dial infarction (NSTEMI) patients and 2467 unstable
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95,249 not taking clopidogrel or ticagrelor

within two weeks

10,397 no P2Y 12 inhibitor prescribed
within 24 hours of admission

Exclusion criteria

483 missing P2Y'12 inhibitor or obvious

error data

— 2,731 diagnosed STEMI

4,790 NSTE-ACS patients
Candidates for P2Y12 inhibitor reloading

2,323 NSTEMI 2,467 UAP
patients patients

Fig. 1 Flow diagram of the study selection process. ACS acute coronary syndrome, NSTEACS non-ST-segment elevation acute coronary syndrome,
STEMI ST-segment elevation myocardial infarction, NSTEMI non-ST-segment elevation myocardial infarction, UAP unstable angina pectoris

angina pectoris (UAP) patients (Fig. 1). The study was
conducted in accordance with the Declaration of Hel-
sinki. The CCC-ACS project was approved by the insti-
tutional review board of Beijing Anzhen Hospital. The
institutional review board of Beijing Anzhen Hospital
waived the need for informed consent as retrospective
nature of the study.

The definition of reloading of P2Y12 inhibitors is
described above. A non-loading dose of P2Y12 inhibi-
tors was defined as clopidogrel <300 mg or the tica-
grelor <180 mg. Effectiveness outcomes were major
adverse cardiovascular event (MACE), a composite
of all-cause death, myocardial infarction (MI), stent
thrombosis, and ischemic stroke during hospitaliza-
tion. Safety outcomes were in-hospital major bleeding,
including intracranial bleeding, retroperitoneal bleed-
ing, a decline in hemoglobin levels > 20 g/l during hos-
pitalization, and transfusion with overt bleeding. All
of these outcomes were recorded by clinicians during
patients’ hospitalization and recorded in the medical
records.

All the patients were categorized as either reloading
of P2Y12 receptor inhibitors group and the non-reload-
ing P2Y12 receptor inhibitors group. The demographic,
clinical, and in-hospital treatment information of these
two groups were compared. Continuous variables were
presented as mean=+ SD or median (interquartile range)

according to different distributions. Categorical variables
were shown as a number (percentage).

Differences in various characteristics between the
reloading group and the non-reloading group were
compared using ¢ test, Wilcoxon test and chi-square
test where applicable.

Univariable and multivariable Cox proportional haz-
ard models were performed to examine the association
between reloading of P2Y12 receptor inhibitors and in-
hospital outcomes. In multivariable analysis, different
Cox regression models adjusting various variables were
derived. Candidate adjustment variables were exam-
ined with forward stepwise selection setting entry and
exit criteria at the P=0.05 and 0.1 levels, respectively.
Hazard ratios (HRs) for different variables and corre-
sponding 95% confidence intervals (CIs) were shown.

Survival curves of MACE and major bleeding were
illustrated using Kaplan—Meier curves and compared
by employing log-rank tests. Because most of the
patients discharged within 2 weeks, this study only
took events that occurred within 14 days after admis-
sion into account. Thus, the Kaplan—Meier curves were
based on an observation duration of 14 days.

In the subgroup analysis, clinically important varia-
bles were considered, including age (older than 75 years
or not), Hemoglobin (>110 g/l or not), previous bleed-
ing history (yes or no), aspirin loading (yes or no) and
left ventricular ejection fraction (LVEF) (< 30% or no).
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Table 1 Baseline characteristics of NSTEACS patients in reloading P2Y12 receptor inhibitors and non-reloading P2Y12 inhibitors group

Reloading group (N=1371) Non-reloading group (N=3419) Pvalue
Demographics
Age, (years) 6433£1135 66.18+£11.48 <0.001
Male, n (%) 946 (69.00) 2290 (66.98) 0.177
BMI, (kg/m?) 2449+£336 24.7+3.53 0.101
Clinical history
Previous MI 336 (24.51) 1125 (32.90) <0.001
Previous PCl 389 (28.37) 1310(38.32) <0.001
Previous CABG 19(1.39) 56 (1.64) 0.525
Atrial fibrillation 35(2.55) 146 (4.27) 0.005
Chronic heart failure 53(3.87) 282 (8.25) <0.001
Hypertension 790 (57.62) 2179 (63.73) <0.001
Diabetes mellitus 361 (26.33) 1066 (31.18) <0.001
Hyperlipemia 224 (16.34) 592 (17.32) 0416
Smoking 364 (26.55) 778 (22.76) 0.005
Bleeding history 14 (1.02) 68 (2.06) 0014
Stroke/TIA 114 (832) 355(10.38) 0.030
Peripheral vascular disease 28 (2.04) 94 (2.75) 0.160
COPD 28 (2.04) 71(2.08) 0.9398
Renal dysfunction 26 (1.90) 162 (4.74) <0.001
Presentation
Cardiac shock 3(0.22) 14(0471) 0316
Acute heart failure 25(1.82) 107 (3.13) 0.013
Cardiac arrest 1(0.07) 7 (0.20) 0313
GRACE score 12698 £40.73 125.67 £40.96 <0.001
Killip classification <0.001
I 872 (63.60%) 1763 (51.56%)
Il 312 (22.76%) 1024 (29.95%)
1l 139 (10.14%) 467 (13.66%)
\% 48 (3.50%) 165 (4.83%)
Laboratory examinations
Platelet, (*10%) 203.6+£67.04 206.8+64.85 0.131
Creatinine, (umol/l) 98.6+86.8 93.35+80.89 0.060
Hemoglobin, (g/1) 12254+11.08 123541238 0.016
NT-proBNP, (pg/ml) 1786.12 £4006.99 2158.66£4933.15 0.072
Medications
Previous aspirin use 1094 (79.80) 2892 (84.59) <0.001
Reloading aspirin 898 (65.50) 104 (3.04) <0.001
Proton pump inhibitor 764 (55.73) 1640 (49.68) <0.001
GP lIb/llla 170 (12.40) 310(9.07) <0.001
Operative treatment
Thrombolysis 1(1.92) 2(2.13) 0.9335
Coronary artery angiography 1013 (73.89) 2088 (63.25) <0.001
Three-vessel disease 352(25.67%) 634(18.54%) <0.001
Left main disease 97 (7.08%) 241 (7.05) 0.974
PCl 829 (60.47) 1669 (48.82) <0.001
CABG 9(0.66) 9(0.66) 0.773
Any Coagulant 845 (61.63) 1627 (47.59) <0.001
Warfarin 9 (0.66) 27(0.79) 0.629

Heparin 45 (5.33) 68 (4.18) 0.196
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Table 1 (continued)

Reloading group (N=1371) Non-reloading group (N=3419) Pvalue

LMWH 787 (93.14) 1458 (89.61) 0.004

Bivalirudin 4(0.29) 16 (0.47) 0.393

Fondaparinux 11 (1.30) 46 (2.83) 0.017

LVEF 5846+9.97 57.92+£10.09 0.141

BMI body mass index, CABG coronary artery bypass grafting, COPD chronic obstructive pulmonary disease, GP lIb/llla glycoprotein llb/llla inhibitors, LMWH low
molecular weight heparin, LVEF left ventricular ejection fraction, Ml myocardial infarction, PCI percutaneous coronary intervention, TIA transient ischemic attacks

Overall, a two-sided P<0.05 was considered statisti-
cally significant. All analyses were performed with SAS
software version 9.4 (SAS Institute Inc, Cary, NC).

Results

In the present study, 48,032 NSTEACS patients were ana-
lyzed, of whom 4790 (9.97%) were on long-term P2Y12
receptor inhibitors therapy, including 1371 in the reload-
ing of the P2Y12 receptor inhibitors group and 3419 in
the non-reloading group. For patients in the reloading
group, 835 (60.9%) patients were clopidogrel reloaded
and 536 (39.1%) patients were ticagrelor reloaded. 62.1%
patients received chronic P2Y12 receptor inhibitors in
the reloading group, while 37.9% in the non-reloading
group. As shown in Tablel, there was a lower prevalence
of previous myocardial infarction, PCI, atrial fibrilla-
tion, chronic heart failure, hypertension, diabetes melli-
tus, smoking, bleeding history, stroke/transient ischemic
attacks (TIA), renal dysfunction and acute heart failure
in the reloading group. Patients in the reloading group
were more likely to receive proton pump inhibitors, a
loading dose of aspirin, GP IIb/Illa and percutaneous
coronary intervention. Comparisons of baseline charac-
teristics between reloading and the non-reloading groups
in NSTEMI and UAP are shown in Additional file 1:
Table S2.

Compared with the non-reloading group, the inci-
dence of in-hospital effectiveness outcomes was much
lower in the reloading group. Reloading P2Y12 receptor
inhibitors had a lower incidence of MACE [7(0.51%) vs.
49 (1.43%), P=0.007], predominantly driven by all-cause
death [5 (0.36%) vs. 34 (0.99%), P=0.028]. For the end-
point of myocardial infarction, there was no significant
difference between the reloading group and the non-
reloading group. For major bleeding, there was no obvi-
ous difference between these two groups (Fig. 2). A lower
incidence of MACE was observed in the ticagrelor group,
compared with non-reloading group (0.37% vs. 1.43%,
P=0.043). A similar tendency was also observed in the
comparison of MACE between the clopidogrel group
and the non-reloading group (0.60% vs. 1.43%, P=0.054).
No significant difference was found for major bleeding

(Additional file 1: Table S5). As shown in Kaplan—Meier
curves, the cumulative incidence of MACE was lower in
the reloading P2Y12 receptor inhibitors group (Log-rank
test, P=0.007). We did not observe a difference in cumu-
lative incidence of major bleeding between two groups
(Fig. 3).

In the unadjusted Cox regression model, reload-
ing P2Y12 receptor inhibitors was associated with a
decreased risk of MACE [HR, 0.35; 95% CI 0.16-0.78;
(P=0.010)] and all-cause death [HR, 0.37; 95% CI 0.14—
0.94; (P=0.036)] (Table 2). Among NSTEMI patients, the
reloading P2Y12 receptor inhibitors group had a lower
risk of MACE, all-cause death and myocardial infarction.
However, this relationship could not be observed in the
UAP patients.

In the multivariable Cox regression analysis (Table 3),
reloading P2Y12 receptor inhibitors was independently
associated with MACE after adjusting age and sex [HR,
0.39; 95% CI 0.18-0.87; (P=0.021)]. This relation-
ship remained after adjusting age, sex and percutane-
ous coronary intervention [HR, 0.43; 95% CI 0.19-0.96;
(P=0.039)]. (HRs in the adjusting models are shown in
Additional file 1: Table S3). However, when more vari-
ables were included in the multivariable Cox regression
model, this association was undermined, with only a
tendency for beneficial effects of reloading P2Y12 recep-
tor inhibitors observed (the results for stepwise analysis
are shown in Additional file 1: Table S4). The variables
that were significantly different between reloading and
non-reloading groups, such as GRACE score and Kil-
lip classification, when adjusted in the multivariable Cox
regression model, resulted in the loss of the beneficial
effects of reloading P2Y12 receptor inhibitors for MACE
(data not shown).

Subgroup analyses were performed according to
important baseline characteristics among NSTEACS
patients, taking MACE into account. Reloading of P2Y12
receptor inhibitors was associated with a decreased risk
of MACE in most subgroups (Fig. 4). Because no events
occurred in some subgroups (such as the reloading group
in patients with hemoglobin <110 g/L), comparisons
were not applied. No interactions were found in different
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Fig. 2 In-hospital outcomes within 15 days after hospitalization. The incidence of in-hospital primary effectiveness outcomes [major adverse
cardiovascular event (MACE)] (A) and all cause death (B) were higher in the non-reloading group compared with reloading group in NSTEACS study
population. The incidence of both MI (C) and major bleeding (D) were no statistically significant difference compared with the non-reloading group

in both the whole study population
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Fig. 3 Cumulative Kaplan-Meier curve estimates of effectiveness outcomes during the 15 days in hospital period. Survival curves of MACE and
major bleeding were illustrated using Kaplan—-Meier curves and compared employing log-rank tests. A, B Data for the primary effectiveness
outcomes of a major adverse cardiovascular event (MACE) and the primary safety outcomes in the NSTEACS patients
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Table 2 Univariable Cox proportional hazard models for

NSTEACS patients

HR (95% CI) P value
MACE 0.35(0.16-0.78) 0.010
All-cause death 037 (0.14-0.94) 0.036
Myocardial infarction 0.29 (0.07-1.27) 0.100
Stent thrombosis NA NA
Ischemic stroke NA NA
Major bleeding 041 (0.09-1.85) 0.248
Obvious bleeding 0.62 (0.13-2.93) 0.548
Transfusion bleeding 0.50 (0.06-4.26) 0.524
Intracranial bleeding 0.00 (0.00-00) 0.995
Retroperitoneal bleeding NA NA

HR hazard ratios, C/ confidence intervals

Table 3 Multivariable Cox proportional hazard models for

NSTEACS patients with MACE

HR (95% Cl) P value
Model® 0.39(0.18-0.87) 0.021
Model® 0.43 (0.19-0.96) 0.039
Model 049 (0.22-1.10) 0.086
Modeld 0.56 (0.25-1.25) 0.156

@ Adjusting age and sex
b Adjusting age, sex and percutaneous coronary intervention
€ Adjusting age, sex and coronary artery angiography

d Stepwise regression model adjusting age, sex, previous myocardial infarction,
previous heart failure, glycoprotein IIb/llla inhibitors and coronary artery
angiography

subgroups. Notably, P2Y12 inhibitors reloading was ben-
eficial in those patients undergoing PCI [HR, 0.28; 95%
CI10.11-0.71; (P=0.007)].

Discussion

In the present study, we evaluated the effect of reload-
ing of P2Y12 inhibitors on in-hospital outcomes in ACS
patients who were already on chronic treatment with
P2Y12 inhibitors. The results showed that treating with
a reloading dose of P2Y12 inhibitors within 24 h of first
medical contact was associated with decreased risk of
major adverse cardiac events, and did not increase the
risk of major bleeding.

Previous studies had generally demonstrated that
receiving treatment with adequate and timely plate-
let inhibition could decrease rates of ischemic events.
Thus, antithrombotic treatment is fundamental in ACS
patients. Some patients may be already taking P2Y12
receptor inhibitors for secondary prevention of myo-
cardial infarction or stroke; or after the coronary or
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peripheral vascular intervention or primary intervention
of atherosclerotic vascular diseases. Among NSTEACS
patients, 9.97% (4790/48032) were on long-term P2Y12
receptor inhibitors therapy. Doll et.al. reported that pre-
admission P2Y12 receptor inhibitor use was 9.3% among
STEMI patients and 18.9% among NSTEMI patients
[13]. In a real-world clinical setting, the proportion of
patients with AMI receiving loading doses of aspirin
and P2Y12 inhibitors during hospitalization was rela-
tively low [16]. For those patients on chronic treatment
with P2Y12 inhibitors, the proportion of patients receiv-
ing loading doses of P2Y12 inhibitors was extremely low
(28.6% in our present study). Thus, adherence to the use
of enough antiplatelet therapy remained challenging. For
the loading of antiplatelet therapy, many factors might
influence the clinical decision. Elderly patients, con-
comitant comorbidities and those receiving conserva-
tive treatment were less likely to receive oral antiplatelet
therapy. The effects of pretreatment with P2Y12 receptor
inhibitors in patients with NSTEACS is controversial.
Notably, the mortality risk and outcome of NSTEACS
patients were influenced by both ischemic and bleed-
ing complications [17]. Therefore, the optimal antiplate-
let strategy should equally balance the ischemic and
bleeding risk of the patient. Available evidence suggests
that a “one-size-fits-all” strategy (i.e., routine use of pre-
treatment or absolute avoidance of it) is unsuitable [18].
According to the current guidelines, whether to admin-
ister routine pre-treatment with a P2Y12 receptor inhibi-
tor in NSTEACS patients or not is undetermined [3,
5]. As for those already on chronic therapy with P2Y12
inhibitors, whether it is necessary to reload again is con-
troversial. The Antiplatelet therapy for Reduction of
MYocardial Damage during Angioplasty [ARMYDA-8
RELOAD-ACS] trial demonstrated the protective effect
of clopidogrel reloading compared with a maintenance
dose [14]. Similar to this result, our present study dem-
onstrated that for patients presenting with NSTEACS
particularly NSTEMI already taking long-term P2Y12
inhibitors, reloading of P2Y12 inhibitors was associated
with a decreased risk of in-hospital major adverse car-
diac events and did not increase the risk of major bleed-
ing. Physiologically, loading antiplatelet therapy should
be associated with an increased risk of bleeding. How-
ever, we found that loading P2Y12 inhibitors did not
increase the risk of major bleeding. Similar results are
found elsewhere [13, 14]. In our cohort this might be due
to a higher proportion of those receiving proton pump
inhibitor treatment in the reloading group (55.73% vs.
49.68%, P<0.001, Tablel), since gastrointestinal bleed-
ing dominated the major bleeding in our present study.
To date, the optimal reloading strategy for NSTEACS
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Subgroup No. of patients Reloading group Non-reloading group Hazard Ratio (95% Cl) P value
Age >75r

Yes 1045 3(1.2%) 24(3.02%) n 0.39(0.12-1.31) 0.127

No 3745 4(0.36%) 25(0.95%) = 0.37(0.13-1.07) 0.068
Hemoglobin > 110 g/L

Yes 3997 6(0.57%) 42(1.43%) L] 0.40(0.17-0.93) 0.033

No 503 0(0.00%) 3(1.01%)
Pre bleeding history

Yes 82 0(0.00%) 1(1.47%)

No 4590 7(0.52%) 42(1.3%) n 0.40(0.18-0.88) 0.023
Aspirin loading

Yes 1002 4(0.45%) 0(0.00%)

No 3788 3(0.63%) 49(1.48%) L 0.43(0.13-1.37) 0.153
LVEF < 30%

Yes 37 0(0.00%) 3(8.82%)

No 3604 4(0.36%) 30(1.18%) n 0.32(0.14-0.92) 0.034
PCI

Yes 4601 5(0.37%) 43(1.32%) L] 0.28(0.11-0.71) 0.007

No 74 2(6.45%) 0(0.00%)

0I 0.'5 1I 1.I5

Reloading favor Non-reloading favor

Fig. 4 Subgroup analysis was performed according to important baseline characteristics in the whole NSTEACS patients, taking into account of
MACE. Values are given as number of patients (%). LVEF left ventricular ejection fraction, PC/ percutaneous coronary intervention

patients remains controversial. However, this beneficial
effect of clopidogrel reloading was not observed in Acute
Coronary Treatment Intervention Outcomes Network
Registry-Get With the Guidelines (ACTION Registry-
GWTG) [13]. Among 39 158 patients with NSTEMI, no
significant mortality difference was found (OR 1.13, 95%
CI10.93-1.37).

Our present study found that reloading the P2Y12
inhibitor was related to decreased risk of in-hospital
major adverse cardiac events, all-cause death and did
not increase the risk of major bleeding for NSTEACS
patients, particularly for NSTEMI patients. There were
several potential explanations for the beneficial effect
of reloading P2Y12 inhibitor. First, patients on pre-
admission clopidogrel may be at higher risk of adverse
outcomes. In the TRILOGY trial [11], the incidence of
the ischemic event at 30 months after NSTEACS was
higher compared to those without chronic clopidogrel
therapy. It was necessary to reinforce antithrombotic
therapy in these patients who were already taking clopi-
dogrel. Laboratory examinations of platelet function in
166 patients already on clopidogrel therapy suggested
inhibition of platelet aggregation 4 h after reloading-
dose clopidogrel occurred in a dose-dependent manner

[19, 20]. An additional antiplatelet effect obtained with
a reloading dose of clopidogrel on the basis of the main-
tenance dose of clopidogrel might potentially improve
clinical outcomes. Second, reloading clopidogrel patients
were younger and more likely to be with fewer comorbid
conditions [13]. As shown in Tablel, reloading P2Y12
patients had a lower incidence of comorbidity and were
more likely to receive invasive intervention, resulting
in improvement of in-hospital outcomes. After adjust-
ing age, sex and coronary artery angiography, reloading
P2Y12 inhibitors remained independently associated with
MACE (Additional file 1: Table S3). Thirdly, more power-
ful inhibition of platelet activation and the coagulation
cascade in the initial phase and evolution of NSTEACS
might play an important role. Based on different pharma-
cokinetic and pharmacodynamic characteristics between
clopidogrel and ticagrelor, ticagrelor might provide more
rapid and potent platelet inhibition. In the study of Doll
et.al. no beneficial effect of reloading P2Y12 inhibitors for
NSTEMI patients was observed [13]. In their study, only
clopidogrel reloading was examined. As demonstrated
in the PLATO trial [10], clopidogrel was proved to be
inferior to ticagrelor in ACS patients. In our study, not
only clopidogrel but also ticagrelor were included. The
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P2Y12 reloading group included 835(60.9%) clopidogrel
reloading and 536 (39.1%) ticagrelor reloading. For the
endpoint of major adverse cardiac events, reloading of
ticagrelor tended to be superior to clopidogrel compared
with non-reloading group [HR=0.26 (95% CI 0.06—1.07),
P=0.061 and HR=0.42 (95% CI 0.17-1.04), P=0.062,
respectively].

In the management of NSTEACS, some baseline char-
acteristics of patients should be considered when decid-
ing on antithrombotic strategies. These characteristics
are described in the subgroup analyses. For NSTEACS,
age was a predictor of in-hospital and 6-month mortal-
ity [21, 22]. In addition, elderly patients were vulnerable
to major bleeding, which was associated with prolonged
hospitalization and increased mortality [23]. In our pre-
sent study, whether in subgroups under or over 75 years
of age, reloading P2Y12 inhibitors tended to be associated
with a lower risk of MACE and not associate with a risk
of major bleeding, suggesting reloading might be efficient
and safe for elder patients. Because of lack of end-point
events in the remainder of the subgroups, we could not
evaluate the effects of association between the reloading
P2Y12 inhibitors and in-hospital outcomes. Antithrom-
botic strategies should be considered depending on the
balance between ischemic risk and bleeding risk in actual
clinical setting [5, 24]. In a real-world clinical scenario,
younger patients without fewer comorbidities undergo-
ing intervention tend to be treated with a loading dose
of P2Y12 inhibitor. In clinical practice, P2Y12 inhibitors
and aspirin were always simultaneously administered if
loading dose was considered. Reloading of P2Y12 recep-
tor inhibitors tended to decrease the risk of MACE both
in the subgroup with and without aspirin loading. We
attempted to adjust the potential factors that might affect
the clinical decision on reloading P2Y12 inhibitors. Mul-
tivariable Cox proportional models were derived to mini-
mize the effects of confounding factors.

There are several limitations in this study. This is a
real-world observational study, and thus cannot deter-
mine causality. As a post hoc analysis from the CCC
program, the present study should be considered as
hypothesis-generating. We attempted to adjust the
potential confounders with the multivariable Cox
regression model, to explore the association between
reloading P2Y12 inhibitors and in-hospital outcomes
improvement in NSTEACS patients. Given the rela-
tively few composite endpoint events that occurred in
the present study and events per variable (EPV) ratio
no less than 10, we attempted to limit the number of
variables included in the multivariable Cox models to
avoid the problem of overfitting [25]. Thus, with more
adjusting variables included in the multivariable Cox
regression model, the beneficial effect of reloading
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P2Y12 inhibitors seemed to be weakened. Therefore,
no amount of statistical adjusting can completely
remove confounding factors. Significant differences
in baseline characteristics might significantly affect
the outcomes, as well as the interpretation of the final
results. We conducted propensity score (PS) match
analysis. After PS matching of a total of 668 cases, 334
in reloading and non-loading groups, there were no
significant differences of baseline characteristics. Lim-
ited by the relatively small sample size and number of
events, no difference of risk of MACE and major bleed-
ing between the two groups was found (data were not
shown). A larger scale study is warranted to verify the
association between P2Y12 receptor inhibitors and
the outcomes. In addition, only in-hospital outcomes
could be obtained and analyzed limited by the design
of the CCC program. A previous study indicated that
different effects of initial antiplatelet drugs occurred
within 10 days in accordance with different types and
dosages of antiplatelet agents [26] and the majority of
events occurred in the first week after discontinua-
tion of P2Y12 inhibitors [27]. Thus, the major effects
of reloading P2Y12 inhibitors could be observed dur-
ing hospitalization. The association between reloading
P2Y12 inhibitors within 24 h after first medical contact
and long-term outcomes could be further explored in
the future. Finally, all results of this study were derived
from Chinese patients. Whether this result could be
extrapolated to all ethnic groups of NSTEACS patients
is unclear.

Conclusion

In patients presenting with NSTEACS particularly
NSTEMI already taking P2Y12 receptor inhibitor, we
observed a decreased risk of in-hospital major adverse
cardiac events and all-cause mortality, and did not
observe an increase the risk of major bleeding, with
reloading of P2Y12 receptor inhibitors within 24 h after
first medical contact. The differential profile and the
global management of the patients might influence the
interpretation of results, and more studies are warranted
to verify the association between reloading of P2Y12
receptor inhibitors and outcomes.
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