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ABSTRACT

Objectives The objective of this study is to examine the
temporal trend of antiplatelet prescribing pattern during
index hospitalisation discharge in Hong Kong (HK) acute
coronary syndrome (ACS) population.

Design The study is a retrospective observational cohort
study.

Setting The study retrieved data from electronic health
record from Hospital Authority (HA), HK.

Participants The study included patients aged 18 years
old or above, who were admitted to seven institutions
under HA with diagnosis of ACS during 2008—2017.
Primary and secondary outcome measures The
primary outcome was the frequency of antiplatelet therapy
prescription at the point of index hospitalisation discharge
each year during 2008-2017. Association between
demographics, baseline comorbidities, procedures and
antiplatelet prescription were examined as secondary
outcome using multivariate logistic regression model,
with commonly used antiplatelet groups selected for
comparison.

Results Among the included 14716 patients, 5888
(40.0%) discharged with aspirin alone, 6888 (46.8%)
discharged with dual antiplatelet therapy (DAPT) with
clopidogrel, and 973 (6.6%) discharged with DAPT with
prasugrel/ticagrelor. Prescribing rate of aspirin alone
decreased substantially from 56.8% in 2008 to 27.5%

in 2017. Utilisation of DAPT with clopidogrel increased
from 33.7% in 2008 to 52.7% in 2017. Use of DAPT

with prasugrel/ticagrelor increased from 0.3% in 2010

10 15.3% in 2017. Compared with those prescribed with
DAPT with clopidogrel, male patients (adjusted OR (aOR)
1.34, 95% Cl 1.09 to 1.65), patients with non-ST-elevation
myocardial infarction (a0R 2.50, 1.98 to 3.16) or ST-
elevation myocardial infarction (aOR 3.26, 2.59 to 4.09),
use of glycoprotein llb/llla (aOR 3.03, 2.48 to 3.68) or
undergoing percutaneous coronary intervention (aOR 3.85,
3.24 10 4.58) or coronary artery bypass graft (aOR 6.52,
4.63 to 9.18) during index hospitalisation, concurrent use
of histamine-2 receptor antagonists (aOR 1.35, 1.10 to
1.65) or proton pump inhibitors (a0R 3.57, 2.93 to 4.36)
during index hospitalisation discharge were more likely to
be prescribed with DAPT with prasugrel/ticagrelor. Patients
with older age (aOR 0.97, 0.96 to 0.97), diabetes (aOR
0.68, 0.52 to 0.88), chronic kidney disease (aOR 0.43,
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Strengths and limitations of this study

» This is the first study to investigate 10-year anti-
platelet prescription pattern in patients with acute
coronary syndrome in Hong Kong.

» The retrospective real-world observational study
collected clinical data through territory-wide elec-
tronic health record system.

» The study showed slow adaption on use of newer
P2Y12 inhibitor in Hong Kong, and association be-
tween conservative treatment strategy and identi-
fied risk factors for bleeding.

» The study did not account for availability of medica-
tion in individual institution and patients’ preference.

0.22 to 0.85) or concurrent use of oral anticoagulant (aOR
0.16, 0.07 to 0.42) were more likely to received DAPT with
clopidogrel.

Conclusions Use of DAPT with prasugrel/ticagrelor

was suboptimal yet improving during 2008—-2017 in

HK patients with ACS. Considering DAPT, predictors

for clopidogrel prescription, compared with prasugrel/
ticagrelor, were consistent with identified risk factors of
bleeding.

INTRODUCTION

Use of dual antiplatelet therapy (DAPT) in
patients with acute coronary syndrome (ACS)
has been introduced since 2002. Clinical
benefit on major adverse cardiovascular (CV)
event reduction of DAPT has been shown
in numerous studies."™ Recommendations
from clinical practice guidelines advocates
use of DAPT over aspirin alone.” ® Prasu-
grel and ticagrelor have been introduced to
the market for 10 years. Additional clinical
benefits shown in landmark trials supported
the guidelines’ update on choice of P2Y12
receptor antagonists accordingly. The Trial
to Assess Improvement in Therapeutic
Outcomes by Optimizing Platelet Inhibition
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With Prasugrel-Thrombolysis in Myocardial Infarction
38 (TRITON-TIMI 38) demonstrated that prasugrel
reduced risk of CV death, non-fatal myocardial infarction
(MI) or non-fatal stroke in patients with ACS with percu-
taneous coronary intervention (PCI), compared with
clopidogrel.” Clinical benefit of ticagrelor over clopido-
grel in patients with ACS was established in the PLATO
trial, which showed risk reduction in death from vascular
causes, MI or stroke.® Clinical guideline recommended
use of ticagrelor over clopidogrel in patient with ACS
received medical care without revascularisation, while
prasugrel or ticagrelor was preferred over clopidogrel in
post-PCI patients with ACS.’

Suboptimal DAPT adherence in ACS population was
observed in published literature from other countries.
Prevalence of DAPT use in patients with ACS varied from
67% to 87%."""* Use of DAPT was reported even lower
in patients with ACS without receiving revascularisation,
ranging from 44% to 81.8%."" "' ¥ Use of prasugrel or tica-
grelor in patients with ACS ranged from 8% to 49.8%."*'*
Yet comprehensive description on current antiplatelet
prescribing strategy in Hong Kong patients with ACS is
lacking. With the findings on antiplatelet prescription
pattern, it is hoped to review the guideline recommenda-
tion adaptation by local healthcare practitioners and to
provide evidence for local healthcare policy-makers for
future prescription policy planning and implementation.

The primary objective of this study was to describe
the frequency of antiplatelet therapy prescription at the
point of index hospitalisation discharge each year from
2008 to 2017 using electronic health records. Associ-
ation between demographics, baseline comorbidities,
procedures and antiplatelet prescription are examined
as secondary objectives, with commonly used antiplatelet
groups selected for comparison.

METHODOLOGY

Study design and study population

This real-world retrospective territory-wide observational
cohortstudy included patients, aged 18 years old or above,
admitted to seven institutions under New Territories East
cluster (NTEC), Hospital Authority (HA), Hong Kong,
of which serves the districts of 1.31 million population in
total, with diagnosis of ACS from 1 January 2008 to 31
December 2017." The seven institutions included three
acute hospital (Prince of Wales Hospital, Alice Ho Miu
Ling Nethersole Hospital, North District Hospital), three
extended-care hospitals (Shatin Hospital, Tai Po Hospital,
Cheshire Home Sha Tin) and a hospice (Bradbury
Hospice). Being the largest healthcare providers in Hong
Kong, HA managed 85.9% of all hospital beds in Hong
Kong as of 2017 (excluding nursing homes and correc-
tional institution).'® In particular, 96% of discharges and
deaths related to acute MI were from hospitals under
HA."” Demographic, clinical and procedural data and
drug dispensing history were retrieved through HA clin-
ical data analysis and report system (CDARS). Quality of

data from CDARS was assessed in previous study, showing
CDARS being a valid tool for research purpose with
high positive predictive value in identifying diagnosis
(96.8%)."® Admission diagnosis, baseline demographics
and comorbidities, and procedures were identified
based on International Classification of Disease, 9th
Revision Clinical Modification (ICD-9-CM) codes. List
of ICD-9-CM codes used was attached in supplementary
document (table s1). Information on demographics and
comorbidities included sex, age on admission, hyperten-
sion, diabetes, heart failure, chronic kidney disease, liver
disease, arrhythmia, dyslipidaemia, history of stroke (isch-
aemic or haemorrhagic), ischaemic heart disease, history
of ACS episode, anaemia or history of bleeding event.
Information on procedures included PCI with bare metal
stent, PCI with drug-eluting stent and coronary artery
bypass graft (CABG). Concurrent prescription of oral
anticoagulant (OAC), including warfarin, dabigatran,
rivaroxaban, apixaban and edoxaban, gastric protectants
including histamine-2 receptor antagonists (H2RA) and
proton pump inhibitors (PPI), use of fibrinolytics or
glycoprotein IIb/Illa (GP IIb/IIla) receptor inhibitors
during index hospitalisation were also captured.

Focus of current study is on maintenance phase of anti-
platelet therapy, instead of acute antiplatelet treatment.
Patients who died at index hospitalisation or missing
drug dispensing record were excluded. Antiplatelet
prescription was defined as antiplatelet agent prescribed
during index hospitalisation discharge. Antiplatelet use
only during index hospitalisation yet not continued on
discharge was not described in this study. Subjects were
categorised into groups of ‘Aspirin only’, ‘Clopidogrel
only’, ‘Prasugrel or Ticagrelor only’, ‘DAPT with clopi-
dogrel’, ‘DAPT with Prasugrel’, ‘DAPT with Ticagrelor’,
‘Other’ and ‘No antiplatelet’. ‘Other’ group was defined
as concurrent prescription of prasugrel and ticagrelor.

Subgroup analysis

Choice of antiplatelet depends on ACS type and status of
revascularisation. Concurrent use of antiplateletand OAC
is indicated in atrial fibrillation patients with ACS under-
going PCL" This strategy increases risk of bleeding, which
could affect choice of antiplatelet agent.*” Subgroup
analyses of description on antiplatelet prescription and
association between demographics, baseline comorbidi-
ties, procedures and antiplatelet prescription were done
in (1) patients undergoing PCI during index hospitalisa-
tion; (2) patients receiving medical therapy only during
index hospitalisation admission; and (3) patients with
concurrent prescription of antiplatelet and OAC at the
point of index hospitalisation discharge.

As clinical practice guidelines updated along the time,
change of real-world practice was expected accord-
ingly. Ticagrelor was first introduced in 2012 American
College of Cardiology Foundation/American Heart
Association (ACCF/AHA) clinical practice guideline
in non-ST-segment elevation (NSTE)-ACS manage-
ment, while preferred use of newer P2Y12 receptor
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antagonists was stated in clinical practice guideline
update in 2014.°*' Therefore, further subgroup analysis
on association between demographics, baseline comor-
bidities, procedures and antiplatelet prescription was
done in patients admitted after 2014 to test robustness of
previous results.

Statistical analysis

Descriptive  statistics were presented as counts
(percentage) for qualitative variable and mean (SD) for
quantitative variable. Comparison on qualitative vari-
ables was made between groups with Pearson’s ” test or
Fisher’s exact test if appropriate.” Difference on quan-
titative variables between groups was compared with
Student’s t-test. As multiple testing was adopted with the
existence of more than two groups, p value was adjusted
using the Benjamini and Hochberg method. Association
of antiplatelet prescription preference and variables was
examined using both univariate and multivariate logistic
regression and presented with OR, adjusted OR (aOR)
and 95% CI. Demographics, baseline comorbidities,
admission diagnosis, procedures during index hospital-
isation and concurrent anticoagulant use were included
in variable selection process. Stepwise selection was used
in logistic regression model building. Statistical signif-
icance was defined as p<0.05 (two sided). All statistical
analyses were performed using R (V.3.5.3).

Patient and public involvement

This research was done without patient involvement.
Patients were not invited to comment on the study
design and were not consulted to develop patient rele-
vant outcomes or interpret the results. Patients were not
invited to contribute to the writing or editing of this docu-
ment for readability or accuracy.

RESULTS

A total number of 17893 patients aged 18 years old or
above was admitted to HA NTEC hospital for ACS during
2008-2017. Of these 17893 patients, 3127 subjects were
excluded due to death during index hospitalisation, and
50 were excluded due to missing drug dispensing record.
Among the included cohort of 14716 subjects, 5888
(40.0%) of subjects were prescribed with aspirin alone,
173 (1.2%) with clopidogrel alone, 7 (<0.05%) with pras-
ugrel or ticagrelor alone, 6888 (46.8%) with DAPT with
clopidogrel, 123 (0.8%) with DAPT with prasugrel, 850
(5.8%) with DAPT with ticagrelor, 783 (5.3%) without
any antiplatelet agents and 4 (<0.05%) with concurrent
dispensing record of prasugrel and ticagrelor when
discharged. There were 7861 (53.4%) prescribed with
DAPT at the index hospitalisation discharge over the
10-year cohort. Prescription of prasugrel in patients with
ACS was first detected in 2010, while that of ticagrelor was
in 2012. The study cohort diagram was shown in figure 1.
Demographics and baseline comorbidities of overall
cohort, groups of aspirin only, DAPT with clopidogrel,
DAPT with prasugrel or ticagrelor and no antiplatelet,
were described in table 1.

Trend of antiplatelet prescription for each year during
2008-2017 was shown in table 2 and illustrated in figure 2.
Common antiplatelet treatment in patients with post-ACS
included aspirin only and DAPT with clopidogrel from
2008 to 2017. Use of aspirin only as antiplatelet treatment
in patients with post-ACS was substantially decreased
from 56.8% in 2008 to 27.5% in 2017. On the contrary,
use of DAPT with clopidogrel was increased from 33.7%
in 2008, peaked at 55.7% in 2012, and remained stable
at approximately 50% in subsequent years. Focusing
on newer P2Y12 receptor antagonists, use of prasugrel
as DAPT in Hong Kong remained unpopular in Hong
Kong throughout. Since 2012, use of ticagrelor has been
increased from 2.7% to 16.8% in 2016 and was maintained
at 15.3% in 2017. When we considered the overall use of

Admitted for ACS diagnosis

Death during index
3127

during 2008 -

17893

Missing Drug dispensing
record:
50

2017:

Included ACS cohort:
14716

Aspirin alone:
5888 (40.0%)

Clopidogrel alone:
173 (1.2%)

Prasugrel or ticagrelor alone:
7 (<0.05%)

J L

Concurrent prasugrel and
ticagrelor:
4(<0.05%)

DAPT:
7861 (53.4%)

No antiplatelet agent:
783 (5.3%)

a a

DAPT with clopidogrel:
6888 (46.8%)

DAPT with prasugrel:

123 (0.8%) 850 (5.8%)

|

DAPT with ticagrelor: ’

Figure 1

Study cohort diagram for the analysis. ACS, acute coronary syndrome. DAPT, dual antiplatelet therapy.
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Table 1 Demographics and baseline comorbidities of overall cohort, treatment groups of aspirin only, dual antiplatelet therapy
(DAPT) with clopidogrel, DAPT with prasugrel or ticagrelor, and no antiplatelet
No P value P value
Overall Aspirin DAPT.C DAPT.PT antiplatelet p-value aspirin DAPT.C
aspirin versus versus versus
N=14716 N=5888 N=6888 N=973 N=783 no antiplatelet DAPT.C DAPT.PT
Male 9532 (64.8) 3063 (52.0) 5154 (74.8) 831 (85.4) 378 (48.3) 0.053 <0.001  <0.001
Age, mean (SD) 70.2 (13.8) 76.4 (12.3) 65.3 (12.6) 60.1 (9.8) 79.2(12.3)  <0.001 <0.001  <0.001
Type of ACS 0.755 <0.001 <0.001
UA 6238 (42.4) 3331 (56.6) 2234 (32.4) 132 (13.6) 454 (58.0)
NSTEMI 5011 (34.1) 1892 (32.1) 2498 (36.3) 311 (32.0) 243 (31.0)
STEMI 3467 (23.6) 665 (11.3) 2156 (31.3) 530 (54.5) 86 (11.0)
Baseline comorbidities
HTN 3829 (26.0) 2027 (34.4) 1345 (19.5) 102 (10.5) 300 (38.3) 0.035 <0.001 <0.001
DM 2920 (19.8) 1518 (25.8) 1093 (15.9) 80 (8.2) 192 (24.5) 0.474 <0.001  <0.001
HF 1445 (9.8) 950 (16.1) 322 (4.7) 14 (1.4) 140 (17.9) 0.234 <0.001  <0.001
CKD 776 (5.3) 425 (7.2) 253 (3.7) 10 (1.0) 72 (9.2) 0.056 <0.001 <0.001
Liver disease 132 (0.9) 50 (0.9) 61(0.9) 3(0.3) 16 (2.0) 0.008 0.9 0.135
Arrhythmia 446 (3.0) 262 (4.5) 134 (2.0) 10 (1.0) 36 (4.6) 0.923 <0.001 0.074
Dyslipidaemia 1377 (9.4) 658 (11.2) 586 (8.5) 49 (5.0) 62 (7.9) 0.01 <0.001 0.001
Ischaemic stroke 612 (4.2) 337 (5.7) 194 (2.8) 16 (1.6) 54 (6.9) 0.218 <0.001 0.053
Haemorrhagic stroke 135(0.9) 85 (1.4) 22 (0.3) 2(0.2) 25(3.2) 0.001 <0.001 0.76
IHD 2565 (17.4) 1302 (22.1) 1004 (14.6) 72 (7.4) 143 (18.3) 0.016 <0.001 <0.001
Prior episode of ACS 1125 (7.6) 581 (9.9) 433 (6.3) 32 (3.3) 65 (8.3) 0.184 <0.001 <0.001
Anaemia 1129 (7.7) 659 (11.2) 284 (4.1) 15 (1.5) 147 (18.8) <0.001 <0.001  <0.001
History of bleeding 1388 (9.4) 687 (11.7) 489 (7.1) 41 (4.2) 153 (19.5) <0.001 <0.001 0.001
During index hospitalisation
GP llb/llla 743 (5.1) 4(0.1) 469 (6.8) 262 (26.9) 0 1 <0.001 <0.001
Fibrinolytics 238 (1.6) 43 (0.7) 166 (2.4) 23 (2.4) 4(0.5) 0.773 <0.001 1
PCI 3327 (22.6) 21 (0.4) 2586 (37.5) 695 (71.4) 1(0.1) 0.505 <0.001  <0.001
CABG 499 (3.4) 227 (3.9) 188 (2.7) 72 (7.4) 6 (0.8) <0.001 <0.001  <0.001
Concurrent medication during index hospitalisation discharge
H2RA 6117 (41.6) 2726 (46.3) 2776 (40.3) 308 (31.7) 248 (31.7) <0.001 <0.001  <0.001
PPI 5915 (40.2) 2276 (38.7) 2643 (38.4) 573 (58.9) 349 (44.6) 0.002 0.756  <0.001
OAC 520 (3.5) 248 (4.2) 150 (2.2) 5 (0.5) 104 (13.3) <0.001 <0.001 0.001

Data are shown as frequency (percentage) unless specified. Multiple comparison was done among the presented groups. Only adjusted p value for comparison
between (1) aspirin and no antiplatelet group; (2) aspirin and DAPT with clopidogrel group; and (3) DAPT with clopidogrel and DAPT with prasugrel or ticagrelor, were

shown.

ACS, acute coronary syndrome; CABG, coronary artery bypass grafting; CKD, chronic kidney disease; DAPT.C, dual antiplatelet therapy with clopidogrel; DAPT.
PT, dual antiplatelet therapy with prasugrel or ticagrelor; DM, diabetes; HF, heart failure; H2RA, histamine-2 receptor antagonist; HTN, hypertension; IHD, ischaemic
heart disease; GP llb/llla, glycoprotein lIb/llla receptor inhibitor; NSTEMI, non-ST-elevation myocardial infarction; OAC, oral anticoagulant; PCI, percutaneous
coronary intervention; PPI, proton pump inhibitor; STEMI, ST-elevation myocardial infarction; UA, unstable angina.;

DAPT regardless of choice of P2Y12 receptor antagonist,
the proportion of patients receiving DAPT was increased
significantly from 33.7% in 2008 to 68.0% in 2017.
Subgroup analysis considering PCI status and status
of concurrent OAC use showed difference antiplatelet
prescription pattern. Detailed results were shown in
supplementary tables, respectively, on (1) patients with
PCI done during index hospitalisation (online supple-
mental table s2 and figure s1); (2) patients received only
medical care without revascularisation during index
hospitalisation (online supplemental table s3 and figure

s2); and (3) patients with concurrent OAC (online
supplemental table s4 and figure s3).

Utilisation of DAPT was consistently above 95% in
post-PCI patients with ACS (n=3327). Since the introduc-
tion of prasugrel and ticagrelor, proportional of patients
receiving clopidogrel dropped to 59.7% of all DAPT
users, while that of ticagrelor increased to 40.3% in 2017.
In patients received only medical care without revascular-
isation during index hospitalisation (n=11368), a large
proportion of subjects received aspirin only as discharge
antiplatelet treatment. The prescription rate of aspirin
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only decreased from 62.4% in 2008 to 44.5% in 2012
and remained stable with 39.3% in 2017. Strategy on
use of aspirin switched to use of DAPT with clopidogrel,
as we observed prescription rate of DAPT with clopido-
grel increased from 27.4% in 2008 to 46.4% in 2012 and
maintained at 49.8% in 2017. Only a small proportion
of subjects received DAPT with ticagrelor. A significant
proportion of subjects was not receiving any antiplatelet
agents at index hospitalisation discharge. The rate of ‘no
antiplatelet’ was at 9.2% in 2008, and slowly dropped to
4.7% in 2017.

A subgroup description on antiplatelet prescription
pattern was done in patients prescribed with OAC during
index hospitalisation discharge. A total number of 520
subjects (3.5% of overall included cohort) were included
in this subgroup analysis. Majority of the group was
prescribed with aspirin only (47.7%), followed by DAPT
with clopidogrel (28.8%) and no antiplatelet prescribed
(20.0%). Use of DAPT with clopidogrel with concurrent
OAC was increased from 18.8% in 2008 to 36.8% in 2017,
while ‘no antiplatelet’ dropped from 26.6% in 2008 to
13.2% in 2017. To highlight, the rate of ‘no antiplatelet’
group was the highest in the subgroup of patients with
concurrent OAC use, compared with other subgroups.

When comparing DAPT with clopidogrel and aspirin
alone groups, patients with older age (aOR 0.94, 95% CI
0.94 to 0.95), diabetes (aOR 0.78, 95% CI 0.70 to 0.88),
heart failure (aOR 0.60, 95% CI 0.51 to 0.71), chronic
kidney disease (aOR 0.74, 95% CI 0.60 to 0.90), history
of haemorrhagic stroke (aOR 0.36, 95% CI 0.20 to 0.63),
anaemia (aOR 0.65, 95% CI 0.54 to 0.78), CABG (aOR
0.68, 95% CI 0.54 to 0.86) during index hospitalisation,
concurrent H2RA (aOR 0.88,95% CI10.79 t0 0.99) or OAC
(aOR 0.40, 95% CI 0.30 to 0.52) during index hospital-
isation discharge, were more likely to be prescribed with
aspirin alone (table 3). Male patients (aOR 1.33, 95% CI
1.20 to 1.46), patients admitted for non-ST-elevation
myocardial infarction (NSTEMI) (aOR 2.58, 95% CI 2.33
to 2.86) or ST-elevation myocardial infarction (STEMI)
(aOR 3.00, 95% CI 2.64 to 3.40), baseline comorbidities of
ischaemic heart disease (aOR 1.14, 95% CI 1.01 to 1.29),
use of GP IIb/IIla (aOR 16.64, 95% CI 5.91 to 46.81) or
undergoing PCI (aOR 112.90, 95% CI 73.05 to 174.51)
during index hospitalisation, or concurrent use of PPI
(aOR 1.32, 95%CI 1.17 to 1.48) during index hospi-
talisation discharge, were more likely to be prescribed
with DAPT with clopidogrel. When comparing DAPT
with clopidogrel and DAPT with prasugrel or ticagrelor,
patients with older age (aOR 0.97, 95% CI 0.96 to 0.97),
diabetes (aOR 0.68, 95% CI 0.52 to 0.88), chronic kidney
disease (aOR 0.43, 95% CI 0.22 to 0.85) or concurrent use
of OAC (aOR 0.16, 95% CI 0.07 to 0.42) were more likely
to received DAPT with clopidogrel (table 4, figure 3).
Male patients (aOR 1.34, 95% CI 1.09 to 1.65), patients
with NSTEMI (aOR 2.50, 95% CI 1.98 to 3.16) or STEMI
(aOR 3.26, 95% CI 2.59 to 4.09), use of GP IIb/IIIa (aOR
3.03, 95% CI 2.48 to 3.68) or undergoing PCI (aOR 3.85,
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Figure 2 Prescription pattern of antiplatelet agents from 2008 to 2017. ACS, acute coronary syndrome. DAPT, dual antiplatelet

therapy.

95% CI 3.24 to 4.58) or CABG (aOR 6.52, 95% CI 4.63
to 9.18) during index hospitalisation, concurrent use
of H2RA (aOR 1.35, 95%CI 1.10 to 1.65) or PPI (aOR
3.57, 95% CI 2.93 to 4.36), during index hospitalisation
discharge were more likely to be prescribed with DAPT
with prasugrel or ticagrelor.

Subgroup analysis on association between demo-
graphics, baseline comorbidities, procedures and anti-
platelet prescription was done in post-PCI patients
(online supplemental table s5) and medically treated
patients with ACS (online supplemental table s6), with
details shown in online supplemental tables.

In post-PCI patients, DAPT with clopidogrel and DAPT
with prasugrel and ticagrelor were selected for investi-
gation. Patients with older age (aOR 0.97, 95% CI 0.96
to 0.98), diabetes (aOR 0.56, 95% CI 0.39 to 0.82), or
concurrent use of OAC (aOR 0.08, 95% CI 0.02 to 0.33),
were more likely to be prescribed with DAPT with clopi-
dogrel. Male patients (aOR 1.32, 95% CI 1.02 to 1.71),
patients admitted for NSTEMI (aOR 2.30, 95% CI 1.71
to 3.09) or STEMI (aOR 2.95, 95% CI 2.23 to 3.90), GP
ITb/IIa use (aOR 2.59, 95% CI 2.08 to 3.22) during index
hospitalisation, concurrent use of H2RA (aOR 1.32,
95% CI 1.03 to 1.70) or PPI (aOR 4.57, 95% CI 3.57 to
5.85) during index hospitalisation discharge, were more
likely to be prescribed with DAPT with prasugrel or tica-
grelor. In medically treated patients with ACS, majority
of patients were prescribed with DAPT with clopido-
grel or aspirin alone. Patients with older age (aOR 0.94,
95% CI 0.94 to 0.95), diabetes (aOR 0.79, 95% CI 0.70
to 0.89), heart failure (aOR 0.59, 95% CI 0.50 to 0.70),
chronic kidney disease (aOR 0.73, 95% CI 0.59 to 0.89),
history of ischaemic (aOR 0.80, 95% CI 0.64 to 0.99) or
haemorrhagic stroke (aOR 0.38, 95% CI 0.22 to 0.68),
anaemia (aOR 0.64, 95% CI 0.53 to 0.77), undergoing
CABG during index hospitalisation (aOR 0.69, 95% CI
0.55 to 0.87), concurrent use of H2RA (aOR 0.88, 95% CI

0.79 to 0.99)_or OAC (aOR 0.39, 95% CI 0.30 to 0.52)
during index hospitalisation discharge, were more likely
to be prescribed with aspirin alone. On the other hand,
male patients (aOR 1.33, 95% CI 1.21 to 1.47), patients
admitted for NSTEMI (aOR 2.60, 95% CI 2.34 to 2.89)
or STEMI (aOR 3.05, 95% CI 2.68 to 3.46), GP IIb/IIla
during index hospitalisation (aOR 21.77, 95% CI 6.66 to
71.13), or concurrent use of PPI during index hospital-
isation discharge (aOR 1.32, 95% CI 1.17 to 1.49), were
more likely to be prescribed with DAPT with clopidogrel.

An additional set of analyses on predictors for anti-
platelet prescription in patients admitted during 2014
to 2017 was done with the following comparison groups:
(1) overall cohort, DAPT with clopidogrel versus aspirin
only; (2) overall cohort, DAPT with clopidogrel versus
DAPT with prasugrel or ticagrelor; (3) post-PCI cohort,
DAPT with clopidogrel versus DAPT with prasugrel or
ticagrelor; (4) medically treated ACS cohort, DAPT with
clopidogrel versus aspirin only.

In overall cohort comparing DAPT with clopidogrel and
aspirin alone, most of the results on predictors remained
robust. In the subgroup of 2014-2017 cohort, comorbidi-
ties of chronic kidney disease, ischaemic heart disease, use
of GP IIb/IIla, and concurrent use of PPI were no longer
predictors for the choice of antiplatelet medication. On
the contrary, ischaemic stroke (aOR 0.69, 95% CI 0.49
to 0.98), prior episode of ACS (aOR 2.20, 95% CI 1.53
to 3.16), use of fibrinolytics during index hospitalisation
(aOR 0.22, 95% CI 0.10 to 0.48) became new predictors.
In overall cohort comparing DAPT with clopidogrel and
DAPT with prasugrel or ticagrelor, gender, admission for
NSTEMI, and concurrent use of H2RA were no longer
predictors in the 2014-2017 subgroup. Similar exclu-
sion of predictors was obtained in the post-PCI cohorts
when considering the same comparison in 2014-2017
subgroup. In medically treated ACS cohort comparing
DAPT with clopidogrel and aspirin alone, chronic kidney
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Figure 3 Adjusted ORs of dual antiplatelet therapy (DAPT) with prasugrel/ticagrelor prescription, compared with DAPT with
clopidogrel. Adjusted OR was calculated with multivariate logistic regression. OR greater than 1 indicated that the presence
of the variable was associated with prescription of DAPT with prasugrel or ticagrelor as antiplatelet therapy, compared with
DAPT with clopidogrel. For acute coronary syndrome (ACS) type, unstable angina was used as reference. CABG, coronary
artery bypass grafting; CKD, chronic kidney disease; DM, diabetes; GP lIb/llla, glycoprotein llb/llla receptor inhibitor; HF, heart
failure; HTN, hypertension; H2RA, histamine-2 receptor antagonist; IHD, ischaemic heart disease; NSTEMI, non-ST-elevation
myocardial infarction; OAC, oral anticoagulant; PCI, percutaneous coronary intervention; PPI, proton pump inhibitor; STEMI,

ST-elevation myocardial infarction.

disease, use of GP IIb/IIla and concurrent use of PPI
were excluded as predictors, while prior episode of ACS
(aOR 2.19, 95% CI 1.53 to 3.15) and use of fibrinolytics
(aOR 0.25, 95% CI 0.11 to 0.56) were included as new
predictors.

DISCUSSION

Thus far, there has not been a review on antiplatelet
prescribing pattern in Hong Kong ACS population.
This study is the first study to describe the antiplatelet
use in Hong Kong patients with ACS during hospitalisa-
tion discharge for a 10-year review. An overall trend of
increasing use of DAPT and decreasing use of aspirin
alone in patients with ACS was observed, while propor-
tion of ticagrelor use in DAPT was on rising trend over
the 10-year study period. Prescription pattern of medica-
tion depended on the availability of medication, evidence
of medication on disease management and recommenda-
tion from international professional bodies. Availability
of medication and changes on guideline recommenda-
tion were examined along with the trend observed from
our results.

In 2000, ACC/AHA guideline recommended use of
aspirin, or clopidogrel in those unable to take aspirin,
in patients with UA or NSTEML* Subsequently in 2002,
an update on the UA and NSTEMI guideline made an
recommendation on addition of clopidogrel to aspirin
in patients with whom non-interventional approach was
planned.** Update on ACC/AHA guideline update for
STEMI in 2004 also recommended use of clopidogrel
in patients with planned PCI in addition to aspirin.”

In patients with PCI, ACC/AHA updated recommenda-
tion with Society for Cardiovascular Angiography and
Interventions that both aspirin and clopidogrel should
be given.” Despite the fact that DAPT was advocated by
the guideline recommendation before the start of study
period, the use of DAPT was only increased from 33.7% in
2008 to 68.0% in 2017 in patients with ACS. Use of aspirin
alone in patients with ACS decreased from 56.8% in 2008
to 27.5% in 2017. In another words, there remained more
than one-fourth of patients with ACS received aspirin
only as antiplatelet treatment on index hospitalisation
discharge. Vast majority of aspirin only group was medi-
cally treated without undergoing PCI (99.6%) or CABG
(96.1%). Use of DAPT in post-PCI patients ranged from
96.9% to 98.1% during 2008-2012 and remained at more
than 99% since 2013. Overall DAPT utilisation in patients
with ACS, particularly in medically treated subjects, was
unsatisfactory.

Published studies on ACS antiplatelet prescription
pattern revealed high adherence of DAPT in other
countries. A study on antiplatelet use in Spain with data
collected from multicentre registry demonstrated high
adherence of DAPT in patients with ACS, ranging from
79% to 87% throughout the study period of 2012-2015."
Yet such high adherence was not observed in other
studies. For example, rate of DAPT in patients with ACS
was ranging 67%-75% in Sweden and DAPT adherence
rate in ACS subjects was 70.4% from Australia experi-
ence.'” "' When considering the trend of antiplatelet
prescription pattern, study from Australia showed that
DAPT use improved from 69.4% in 2013 to 78.4% in
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2016."" Adherence rate of DAPT prescription in Hong
Kong patients with ACS was lower than in other countries
(average 46.8%, ranging 33.7%—-68.0%).

Rate of DAPT use in medically treated patients with ACS
increased gradually from 27.4% in 2008 to 54.5% in 2017,
while use of aspirin alone reduced from 62.4% in 2008 to
39.3% in 2012. There remained 4.7% of medically treated
patients with ACS discharged without any antiplatelet in
2017. It shall be noted that in medically treated patients
with ACS, of which patients with NSTE-ACS shall be
assumed from the point of guideline recommendation,
DAPT should be used since hospitalisation and continued
for at least 1 month.

Non-adherence of DAPT prescription in medically
treated patients with ACS was observed in other studies.
Experience in Australia during 2009-2016 revealed that
in patients with ACS without undergoing PCI, 52.6% of
subjects received DAPT while 47.4% received single anti-
platelet therapy.'" The Sweden study also showed that
use of DAPT in patients with ACS without PCI improved
from 44% in 2009 to 50% in 2013."" Adherence to DAPT
prescription in non-PCI ACS subjects was better in China,
of which 81.8% of non-PCI NSTE-ACS subjects during
2014-2016 received DAPT."”” The Hong Kong data were
comparable with the Caucasian experience, yet much
lower than the China’s experience (average 40.3%,
ranging 27.4%-54.5%) . The difference of DAPT prescrip-
tion rate between China and Hong Kong could possible
due to the dissimilarity of drug policy. National Essential
Medicines List was established in China, of which enlisted
medications could be reimbursed under medical insur-
ance system to ensure availability and affordability of
essential drugs.?” Clopidogrel had been enlisted in the
National Essential Medicines Lists 2012 and there was
not restriction on indication of drug, unlike the HA drug
formulary in Hong Kong.*® Implementation of National
Essential Medicines List was shown to improve rational
use of drugs.” The unrestricted use of P2Y12 inhibitors
from the policy aspect may contribute to better prescrip-
tion rate of DAPT in China than in Hong Kong.

When considering choice of P2Y12 receptor antagonist,
guideline recommendation was updated accordingly with
emerging evidence on prasugrel and ticagrelor as part of
DAPT in ACS population. In 2013, ACCF/AHA guideline
recommendation for management of STEMI suggested
that in patients with STEMI undergoing primary PCI with
stent insertion, aspirin should be given indefinitely, while
P2Y12 receptor antagonist (clopidogrel, prasugrel or tica-
grelor) should be given for 1 year for maintenance.’ Subse-
quently in 2014, AHA/ACC also updated their guidelines
for management of NSTE-ACS on use of antiplatelet
agents, suggesting that clopidogrel or ticagrelor should
be used in addition to aspirin for up to 12 months in all
patients with NSTE-ACS without contraindication, regard-
less of whether invasive revascularisation was used.” It was
also first mentioned in the 2014 ACC/AHA guidelines
for NSTE-ACS that ticagrelor was preferred over clopido-
grel.” In 2016, ACC/AHA published another guideline

focused on DAPT in patients with coronary artery disease.
Medically treated patients with ACS without undergoing
revascularisation were suggested to be treated with DAPT
with either clopidogrel or ticagrelor for 12 months, while
ticagrelor was preferred over clopidogrel.” In post-PCI
patients with ACS, DAPT with either clopidogrel, prasu-
grel or ticagrelor should be used.” Prasugrel was preferred
over clopidogrel, in patients who were not at high risk of
bleeding and did not have history of stroke or transient
ischaemic attack (TIA), whereas ticagrelor was preferred
over clopidogrel.”

From our observation, use of DAPT with prasugrel
in Hong Kong patients with ACS remained low. Use of
DAPT with prasugrel was peaked at 2.9%, when consid-
ering overall ACS cohort in 2014 and there was no record
of prasugrel as discharge antiplatelet therapy in 2017. Use
of DAPT with ticagrelor in patients with ACS increased
from 2.7% in 2012 to 15.3% in 2017. When focusing
on proportional of ticagrelor use among three P2Y12
receptor antagonists, ticagrelor constituted 22.4% of
post-ACS DAPT maintenance regimen in 2017, while the
remaining portion were all receiving clopidogrel. Majority
of patients receiving DAPT with ticagrelor underwent PCI
during index hospitalisation (71.4%). When considering
post-PCI patients with ACS, use of DAPT with ticagrelor
was increased from 6.9% in 2012 to 40.1% in 2017, with
an average rate of 17.9%. Adherence of P2Y12 receptor
antagonist in patients with post-ACS to international
guideline recommendation on the preferred use of newer
agent (ticagrelor) was, despite low, improving gradually.

Prevalence of use of prasugrel varied across studies. In
Switzerland, use of prasugrel constituted 31.2% of anti-
platelet regimen in post-PCI patients with ACS.*’ Use
of prasugrel in Spanish ACS population maintained at
8%—14% during 2012-2015, while experience in Belgium
demonstrated use of prasugrel at 19.0% in patients with
ACS." ™ Study in the USA showed that 18.4% of newer
P2Y12 receptor antagonists users received prasugrel.”’
Similar to Hong Kong data (average 0.8%), use of pras-
ugrel in Sweden was only 1% in post-PCI ACS subjects."’
While prasugrel was yet to be available in China, 10.6% of
patients with acute MI in Korea during 2013-2015 were
prescribed with prasugrel.'” *' In Japan, use of prasugrel
was common, accounting for 80.6% of P2Y12 inhibitor
prescription in acute MI patients during 2015-2017,
while majority of them received reduced dose of prasu-
grel at 3.75mg.” Generally, low prevalence of prasugrel
use could attribute to the increased bleeding and less net
clinical benefit in the group of patients with history of
stroke or transient ischaemic attack, age 75 years old or
above, or those with body weight less than 60kg.”

Use of ticagrelor in patients with ACS from other studies
was more common as well. Prevalence of use of ticagrelor
in Belgium study was 49.8% in ACS subjects."* Spanish
study demonstrated improved use of ticagrelor from 15%
in 2012 to 28% in 2015 in patients with ACS." Results
from both studies showed better prevalence on tica-
grelor use in overall ACS population in other countries.
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When focusing in post-PCI patients with ACS, preva-
lence of DAPT with ticagrelor use was up to 54% from
Swedish ACS nationwide registry, doubling that of DAPT
with clopidogrel (26%)." Experience from Switzerland
showed 39.3% of post-PCI patients with ACS received tica-
grelor.” It should be noted that there was also another
31.2% of patients receiving prasugrel, leading to a total
of 70.5% of post-PCI patients with ACS receiving newer
P2Y12 receptor antagonists, compared with 14.5%-40.1%
of post-PCI patients with ACS receiving DAPT with prasu-
grel or ticagrelor in our study during 2012-2017.* When
considering Chinese population, use of DAPT with tica-
grelor in post-PCI patients with NSTE-ACS was also low,
reported at 11.1%." From these results, use of newer
P2Y12 receptor antagonists was more conservative in
Asia compared with Western countries. Asian has a lower
body mass index and higher bleeding risk compared with
Caucasian counterparts, leading to physicians’ conser-
vative attitude to prescribe newer P2Y12 receptor antag-
onists.”® * Despite more use of DAPT with ticagrelor in
patients with ACS in recent years, the results from our
study showed that there was a delay of practice adaptation
to the international guideline recommendation in Hong
Kong.

Clinical benefit of newer P2Y12 receptor antagonists
over clopidogrel was demonstrated in the landmark
randomised controlled trials, TRITON-TIMI-38 study
and PLATO study, and in the nationwide observational
studies.” ® ¥ Moreover, higher guideline adherence rate
in patients with NSTE-ACS was associated with lower rate
of MI or mortality.” A 20-year nationwide observational
study showed that the uptake of evidence-based proce-
dural and medical intervention in patients with NSTEMI
substantially reduced mortality and CV event.” This high-
lights the importance of guideline adherence to patients’
outcomes.

As we observed the consistently low adherence of DAPT,
especially in DAPT with newer P2Y12 receptor antagonist,
our study tried to illustrate the association of antiplatelet
prescription and patients’ demographics to explain the
reason behind. Predictors for the aspirin only group
compared with DAPT with clopidogrel included female,
older age, diagnosis of UA (compared with NSTEMI and
STEMI), diabetes, heart failure, prior history of stroke,
anaemia, CABG, concurrent use of H2RA or OAC. Most
of the predictors suggested that patients being more
fragile were more likely to be prescribed with aspirin
alone instead of DAPT. Similar result was demonstrated
previously by Anastasius et al, that predictors for DAPT
non-prescription in patients with ACS were CABG, use
of warfarin, bleeding during hospitalisation, diagnosis
of UA or NSTEMI (compared with STEMI), arrhythmia,
hypertension and high Global Registry of Acute Coronary
Events (GRACE) score.'! Our study also found that older
age, diagnosis of UA (compared with STEMI), diabetes,
absent of use of GP IIb/Illa or PPI and concurrent use
of OAC were the predictors of clopidogrel use compared
with prasugrel or ticagrelor as part of DAPT. Our study

detected less predictors than the published study. The
Italian study demonstrated that those with clopidogrel
prescription were more likely to be of older age, female,
diabetes, renal failure, anaemia, atrial fibrillation,
multivessel disease, worse Killip class, lower ejection frac-
tion and higher GRACE and Can Rapid Risk Stratification
of Unstable Angina Patients Suppress Adverse Outcomes
with Early Implementation of the ACC/AHA Guide-
lines(CRUSADE) scores.”” Both studies suggested that
patients receiving clopidogrel were generally more fragile
and vulnerable, and thus it was postulated that physician
tended to be more conservative when considering choice
of medications.

Indeed, the above-mentioned findings on predictors
for more conservative approach of antiplatelet therapy
were consistent with the identified risk factors of bleeding
in patients with ACS as mentioned from ACCF/AHA
guideline on STEML" Identified risk factors of bleeding
included older age, female, heart failure, diabetes,
history of gastrointestinal (GI) bleeding, anaemia, inva-
sive strategy or use of chronic OAC.® Female gender
(OR 2.32, 95% CI 1.98 to 2.72), increasing age (OR 1.17,
95%CI 1.13 to 1.21), increased serum creatinine (OR
1.09,95% CI 1.07 to 1.12) and anaemia (OR 1.98, 95% CI
1.65 to 2.37) were shown to be independent predictors
for non-CABG related major bleeding." Major bleeding
was shown to be associated with increased mortality.*' **
Therefore, the conservative choice of antiplatelet therapy
could be due to increased risk of bleeding of patients with
ACS.

There are a few limitations in our study. First, despite
our study trying to match the availability of drug with the
date of local registration, availability of newer medication
within each institution could be not traced. The HA has
established drug formulary with standardisation of drug
policy since 2005 to ensure equal access of treatment for
patients under the care of HA institutions.* Yet decision
on stocking of medications is based on the respective
service needs for each individual institution. Therefore,
availability of medication varies across different hospi-
tals and clinics. This could cause unavailability of newer
medication in certain hospital at earlier phase of study
period. Second, choice of medication prescription does
not depend merely on clinical evidence of medication
or availability, but also affordability of medication by
patients. Medications available within HA institution
are classified into either general drug, special drug or
selffinanced item. For general drug and special drug
prescribed with specified indications, medications would
be provided at standard charges under HA institution.
Yet for selffinanced item and special drug prescribed
with indication other than specified clinical condition,
patients would be required to pay the full charge for the
medications.* Historical classification of study medica-
tions is unknown. Currently, all three P2Y12 receptor
antagonists are under category of special drug. Prasugrel
and ticagrelor are with the specified indication of post-PCI
patients or alternative to hypersensitivity of clopidogrel,
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while clopidogrel are indicated for both post-coronary
intervention and high-risk patients with ACS. Such differ-
ence of indication of P2Y12 receptor antagonists within
HA drug formulary could lead to additional financial
consideration of patients when choosing between clopi-
dogrel and newer P2Y12 receptor antagonists. Third, the
study relied on antiplatelet dispensing record in patients
with ACS treated in institutions under HA. Prescribing
pattern of antiplatelet therapy in private sector was not
investigated; thus, this could not explicitly represent the
whole landscape of antiplatelet agent prescribing pattern
in Hong Kong. Fourth, the current study focused on anti-
platelet therapy on patients’ discharge. Use of antiplatelet
during index hospitalisation was not captured. There
could be chance that patients were prescribed other-
wise, yet with the bleeding episode, more conservative
antiplatelet approach was adopted at discharge. Finally,
the cross-sectional cohort design of the study did not
consider the subsequent follow-up of antiplatelet treat-
ment. Any changes on antiplatelet therapy could not be
captured, and thus the study could not reflect the overall
antiplatelet management of patients with ACS.

CONCLUSION

The trend of prescription pattern of antiplatelet therapy
in patients with ACS was evaluated using real-world
territory-wide electronic database in Hong Kong. Use of
DAPT and newer P2Y12 receptor antagonists in patients
with ACS was suboptimal yet improving. A delay of prac-
tice adaptation to the international guideline recom-
mendation in Hong Kong was observed. Predictors for
more conservative approach of antiplatelet treatment in
patients with ACS were examined, of which the results
were generally consistent with the guideline identified
risk factors for bleeding risk.
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