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ABSTRACT
Objective  To estimate the incidence and HRs for bleeding 
for different dual antiplatelet therapies (DAPT) in a real-
world population with acute coronary syndrome (ACS) 
undergoing percutaneous coronary intervention (PCI) in 
England.
Design  A retrospective, population-based cohort study 
emulating a target randomised controlled trial (tRCT).
Data sources  Linked Clinical Practice Research Datalink 
(CPRD) and Hospital Episode Statistics (HES).
Setting  Primary and secondary care.
Participants  Patients ≥18 years old with ACS undergoing 
emergency PCI.
Interventions  Aspirin and clopidogrel (AC, reference) 
versus aspirin and prasugrel (AP) or aspirin and ticagrelor 
(AT); AP evaluated only in patients with ST-elevation 
myocardial infarction (STEMI).
Main outcome measures  Primary: any bleeding up to 12 
months after the index event (HES- or CPRD- recorded). 
Secondary: HES-recorded bleeding, CPRD-recorded 
bleeding, all-cause and cardiovascular mortality, mortality 
from bleeding, myocardial infarction, stroke, additional 
coronary intervention and major adverse cardiovascular 
and cerebrovascular events (MACCE).
Results  In ACS, the rates of any bleeding for AC and AT 
were 89 per 1000 person years and 134 per 1000 person 
years, respectively. In STEMI, rates for AC, AP and AT were 
93 per 1000 person years, 138 per 1000 person years and 
143 per 100 person years, respectively. In ACS, compared 
with AC, AT increased the hazard of any bleeding (HR: 
1.47, 95% CI 1.19 to 1.82) but did not reduce MACCE 
(HR: 1.06, 95% CI 0.89 to 1.27). In STEMI, compared with 
AC, AP and AT increased the hazard of any bleeding (HR: 
1.77, 95% CI 1.21 to 2.59 and HR: 1.50, 95% CI 1.10 to 
2.05, respectively) but did not reduce MACCE (HR: 1.10, 
95% CI 0.80 to 1.51 and HR: 1.21, 95% CI 0.94 to 1.51, 

respectively). Non-adherence to the prescribed DAPT 
regimen was 28% in AC (29% in STEMI only), 31% in AP 
(STEMI only) and 33% in AT (32% in STEMI only).

WHAT IS ALREADY KNOWN ON THIS TOPIC
	⇒ Randomised controlled trials (RCTs) have shown 
that in patients with acute coronary syndrome (ACS) 
undergoing percutaneous coronary intervention 
(PCI), more potent dual antiplatelet therapy (DAPT) 
using prasugrel and ticagrelor is more effective at 
reducing cardiovascular events at the expense of 
more bleeding events compared with less potent 
DAPT using clopidogrel.

WHAT THIS STUDY ADDS
	⇒ In ACS and STEMI-only real-world populations, 
DAPT using ticagrelor or prasugrel was associated 
with increased rates of bleeding but no reductions 
in cardiovascular events.

	⇒ In 12 months post ACS, up to one-fifth of patients 
switched DAPT prescription and up to one-third of 
patients did not adhere to DAPT, with rates of non-
adherence slightly higher in patients taking more 
potent DAPT (with ticagrelor or prasugrel). These 
rates are higher than those reported in trials.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

	⇒ The results of this study should be carefully con-
sidered by clinicians and decision-makers along-
side RCT evidence when making recommendations 
about DAPT, given that more potent DAPT may in-
crease risk of bleeding without reducing cardiovas-
cular events.
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Conclusions  In a real-world population with ACS, DAPT with ticagrelor 
or prasugrel are associated with increased bleeding compared with DAPT 
with clopidogrel.
Trial registration number  ISRCTN76607611.

INTRODUCTION
Contemporary treatment of patients with acute coronary 
syndrome (ACS), with or without ST-elevation, focuses on 
an early invasive coronary intervention strategy combined 
with potent dual antiplatelet therapy (DAPT)—aspirin 
and ticagrelor for ACS or aspirin and prasugrel for ST-el-
evation myocardial infarction (STEMI).1 2 Two landmark 
randomised controlled trials (RCTs) conducted over 10 
years ago, TRITON and PLATO, shifted prescribing from 
less potent clopidogrel to more potent prasugrel or tica-
grelor,3 4 as these reduced the risk of future myocardial 
infarction (MI) and particularly stent thrombosis.

Real-world use of these potent antiplatelet agents 
is likely to result in a higher risk of bleeding than that 
reported in the selectively recruited populations of 
RCTs.5 6 The increased bleeding risk from DAPT with 
ticagrelor and prasugrel has not been adequately quan-
tified in previous RCTs, which were designed primarily 
to investigate ischaemic rather than bleeding events. We, 
therefore, designed a target trial using routinely collected 
clinical data to emulate a hypothetical RCT,7 hereafter 
referred to a tRCT, to compare the risk of bleeding for 
DAPT using prasugrel or ticagrelor with DAPT using 
clopidogrel. We used the framework recommended by 
the Cochrane Bias and Non-randomised Studies Methods 
Groups8 to define the appropriate patient population, 
treatment assignment, specification of ‘time zero’, 
outcomes and follow-up.

METHODS
Data sources
Clinical Practice Research Datalink (CPRD) is a database 
of primary care electronic health record data covering 
roughly 7% of the UK population.9 CPRD is linked with 
Hospital Episode Statistics (HES), which covers hospital 
admissions for all English patients whose treatment is 
funded by the UK National Health Service.10 The study 
protocol was approved by the Independent Scientific 
Advisory Committee of the CPRD (protocol number: 
16_126R).11

Study population
We specified a tRCT for patients with ACS undergoing 
emergency percutaneous coronary intervention (PCI). 
We also identified a subgroup of ACS with STEMI 
because prasugrel is recommended only for this popu-
lation.1 2 Patients were eligible if they had a PCI with 
an ACS diagnosis (index event) in the same hospital 
admission recorded in HES during the study period (1 
April 2010–31 January 2017). Full details of eligibility, 
exclusion criteria and procedure/diagnosis codes for 

identifying the population for the tRCT are listed in the 
study protocol.11

Interventions
In ACS, risk of bleeding was compared between aspirin 
plus clopidogrel (AC, reference) versus aspirin plus tica-
grelor (AT). In STEMI, risk of bleeding was compared 
between AC (reference) versus AT, and between AC 
versus aspirin plus prasugrel (AP). Because HES data do 
not contain medication information, we used the first 
prescription in CPRD, recorded during the first 2 months 
after discharge from the index event, as a proxy for the 
medications that patients started in hospital. Patients with 
no antiplatelet prescription or who experienced a major 
bleed or major adverse cardiovascular or cerebrovascular 
event (MACCE) before the first antiplatelet prescription 
in CPRD within the 2-month window were excluded from 
the main analysis. A bleed or MACCE would likely lead to 
the DAPT assigned in hospital being changed after the 
event.

Outcomes
The primary outcome was time to the first bleeding event 
(HES or CPRD). Secondary outcomes were HES-recorded 
bleeding (requiring hospital admission), CPRD-recorded 
bleeding, all-cause mortality, cardiovascular mortality, 
mortality from bleeding, MI, stroke, additional coronary 
intervention and MACCE, defined as any of MI, stroke, 
cardiovascular mortality or additional coronary inter-
vention. To ensure that bleeds recorded in CPRD were 
not duplicating events recoded in HES, CPRD-reported 
bleeding was defined as any CPRD bleed without any 
HES bleed recorded within ±14 days of the CPRD bleed.

Confounding and co-interventions
Confounders and co-interventions were specified a priori 
through a systematic review, interviews with cardiologists 
and a survey with additional cardiologists.11

Sample size
We used preliminary feasibility counts provided by CPRD 
to identify numbers of eligible participants and propor-
tions assigned to different therapies. We estimated rates 
of any bleeding event expected with the different ther-
apies based on published studies, 9% for AC and 12% 
for AP and AT.3 12–14 These estimates gave an expected 
number of first bleeding events of at least 700. Assuming 
a ratio of 8:1 (AC:AP or AC:AT), we estimated that 6738 
patients assigned to AC (reference) versus 842 assigned 
to AP or 770 to AT would allow us to detect HRs of 1.74 
with 90% power and 5% statistical significance, assuming 
a correlation of DAPT treatment with other covariates of 
0.5.

Data cleaning and managing missing data
For smoking status and body mass index (BMI), we used 
the most recent record in CPRD and applied standard 
data cleaning rules.15 16 For binary variables, we assumed 
that no recorded event code meant absence of the event. 
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We examined all non-binary variables for missing data. 
Smoking and BMI had 4% and 8% missing values, respec-
tively; these were replaced with age-adjusted and sex-
adjusted averages estimated from the rest of the cohort.

Statistical analyses
Statistical analyses were undertaken using Stata V.15.1 
(StataCorp LLC, College Station, Texas, USA). We used 
descriptive statistics to summarise the characteristics 
of the different intervention groups and standardised 
mean differences to compare them. We estimated hazard 
rates of any bleeding (number of events/person time, 
including only time up to the first bleed) with 95% CIs 
for each group. We censored all bleeds at the General 
Practice (GP) transfer out date or last collection date, 
thereby ignoring any bleeds in the HES dataset recorded 
after this period.

We conducted separate analyses for ACS (AC vs AT) 
and STEMI (AC vs AP vs AT) emulating an intention-to-
treat analysis for the antiplatelet regimens assigned by 
the first prescription of DAPT in CPRD. We calculated 
propensity scores (PS) for the assigned interventions 

using a backward stepwise logistic regression with signifi-
cance level for removal from the model set at 0.25. The 
AC versus AP versus AT analysis in STEMI was conducted 
using a multinomial logistic regression due to the three 
interventions.

All confounders identified were included in these 
stepwise models. Criteria for excluding tails of PS distri-
butions were decided by reviewing the bleeding events 
between interventions, based on cut points of the PS 
at 5th, 25th, 50th, 75th and 95th percentiles.17 There 
was good overlap of PS distributions; therefore, no tails 
needed to be excluded (online supplemental material). 
Kaplan-Meier curves were generated after adjusting by 
the inverse probability of treatment weights using the 
PS,18 where the weights were defined as 1/PS for the 
treatment assigned.

We used Cox regression models to estimate crude and 
adjusted HRs with 95% CIs for the time to first event 
(primary and secondary outcomes), comparing interven-
tion groups for each population. Participants free from 
a bleeding event were censored at 12 months after the 
index event. For each analysis, we adjusted for all prespec-
ified confounders and the PS. All continuous variables 
(calendar year, age, BMI and PS) were included in models 
as cubic splines with knots set at the 25th and 75th percen-
tiles. Confounders (including the Charlson Comorbidity 
Index19 for mortality) were included using a backward 
stepwise approach with significance level for removal from 
the model set at 0.25, and additionally adjusted for PS.

Sensitivity analyses
We prespecified four sensitivity analyses11: (1) multiple 
imputation for unknown intervention group, based on 
the PS calculated from the main analysis populations,17 
(2) Including patients at low risk of bleeding (excluding 
stage 4/stage 5 chronic kidney disease, anaemia, clotting 
disorder, cancer, liver cirrhosis with portal hypertension, 
stroke or surgery within the last 30 days), (3) Including 
patients who had a first HES bleed after the patient had 
transferred out of a GP practice or after the last collection 
date for that GP practice and (4) excluding patients who 
changed medication before first observed bleeding event 
if  >10% changed medication. This was not conducted 
because only 3% of our population changed medication 
before their first bleed.

Subgroup analyses
The following subgroups were investigated: diabetic 
versus non-diabetic, chronic kidney disease versus non-
chronic kidney disease and concurrent prescription for 
proton pump inhibitor (PPI). For each subgroup, the 
main primary outcome analysis (adjusted by PS and 
all selected confounders) was repeated, including a 
subgroup by intervention interaction term.

Treatment switches and adherence
Treatment switch/discontinuation was defined as stop-
ping aspirin or the second antiplatelet or starting a 
different antiplatelet to those assigned at baseline. 

Figure 1  Flow diagram describing the construction of the 
tRCT. AC, aspirin and clopidogrel; ACS, acute coronary 
syndrome; AP, aspirin and prasugrel; AT, aspirin and 
ticagrelor; CPRD, Clinical Practice Research Datalink; PCI, 
percutaneous coronary intervention; STEMI, ST-elevation 
myocardial infarction; tRCT, target randomised controlled 
trial.
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Stopping aspirin or the second antiplatelet was defined as 
a gap between repeat prescriptions >1.5 times the number 
of days’ supply of the last prescription. Starting another 
antiplatelet was defined as a patient receiving at least one 
prescription of the antiplatelet during follow-up.

Adherence was defined using the medication posses-
sion ratio (MPR).20 MPR was calculated as the total 
number of days of available medication (quantity of 
drug prescribed divided by the daily dose) divided by the 
number of days to the end of follow-up (1 year, or to date 

Figure 2  Kaplan-Meier curves displaying cumulative bleeding (any (A), HES-recorded (B) and CPRD-recorded (C)) according 
to intervention group in the ACS population. Plots are weighted according to the inverse probability of treatment received, and 
so compare outcomes if all eligible patients received AC or AT. AC, aspirin and clopidogrel; ACS, acute coronary syndrome; AT, 
aspirin and ticagrelor; CPRD, Clinical Practice Research Datalink; HES, Hospital Episode Statistics.

Figure 3  Kaplan-Meier curves displaying cumulative bleeding (any (A), HES-recorded (B) and CPRD-recorded (C)) according 
to intervention group in the STEMI population. Plots are weighted according to the inverse probability of treatment received, 
and so compare outcomes if all eligible patients received AC, AP or AT. AC, aspirin and clopidogrel; ACS, acute coronary 
syndrome; AP, aspirin and prasugrel; AT, aspirin and ticagrelor; CPRD, Clinical Practice Research Datalink; HES, Hospital 
Episode Statistics; STEMI, ST-elevation myocardial infarction.
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of death, or to 31 July 2017 for later events). For example, 
for AC, overall MPR was calculated as the average MPR of 
aspirin and clopidogrel. Non-adherence was defined as 
MPR <0.80.

 
RESULTS
Figure  1 shows the construction of tRCT. We included 
4689 and 2587 participants and excluded 520 and 306 
(10% and 11% of eligible participants) in the ACS and 
STEMI groups, respectively. The baseline characteristics 
of included participants are listed in table 1. Generally, 
compared with patients receiving AC, patients receiving 
AT or AP were younger and had a higher proportion of 
men and smokers and fewer comorbidities. In both popu-
lations, the median length of hospital stay was similar 
between different DAPT groups (2 days for ACS and 3 
days for STEMI). The baseline characteristics of excluded 
participants are shown in the online supplemental mate-
rial.

Table 2 shows the rates of HES, CPRD and total bleeds 
by antiplatelet regimen. Of the 4689 patients with ACS, 
415 (9%) experienced at least one bleed; 209/2769 (8%) 
assigned to AC and 206/1919 (11%) assigned to AT. Of 
the 2587 patients with STEMI, 259 (10%) experienced at 
least one bleed; 80/1023 (8%) assigned to AC, 46/406 
(11%) assigned to AP and 133/1157 (12%) assigned to 
AT.

In ACS, AT versus AC was associated with a 24% higher 
unadjusted hazard rate of HES bleeding (29 vs 23 events 
per 1000 person years) and a 56% higher unadjusted 

hazard rate of CPRD bleeding (94 vs 60 events per 1000 
person years). In STEMI, AT but not AP was associated 
with a 58% increase in HES bleeding (23 (AP) vs 34 (AT) 
vs 22 (AC) events per 1000 person years), but both AP 
and AT resulted in higher hazard rates of CPRD bleeding, 
a 62% and 54% increase against AC, respectively (102 
(AP) vs 97 (AT) vs 63 (AC) events per 1000 person years).

The cumulative bleeding events are shown in figures 2 
and 3. In both ACS and STEMI, the cumulative hazard 
of any bleeding was higher in AP and AT than in AC, 
but these were driven largely by CPRD rather than HES 
bleeding. In STEMI, there was a lower cumulative hazard 
of HES bleeding in AP than in AT.

Of patients who experienced bleeding, the majority 
(ACS: 75%; STEMI: 72%) experienced one bleed, about 
one-fifth (ACS: 19%; STEMI: 22%) experienced two 
bleeds and the remainder (ACS: 7%; STEMI: 6%) expe-
rienced three or more bleeds. Bleeds by site are shown 
in figure 4. In ACS, there were no major differences in 
bleeds by site between AC and AT, while in STEMI there 
were slightly higher numbers of ear, nose and throat 
bleeds in AP and higher gastrointestinal bleeds in AC. 
HES bleeding was most commonly gastrointestinal, 
whereas CPRD bleeding was more frequently skin or soft 
tissue bleeding.

The unadjusted and adjusted HRs for the primary 
outcome of any bleeding and secondary outcomes are 
listed in table 3. After adjustment, AT versus AC signifi-
cantly increased the hazard of any bleeding (by about 
50%) in both ACS and STEMI. In STEMI, AP versus AC 
increased the hazard of any bleeding by 75%. The HRs 

Figure 4  Total bleeding (HES and CPRD), HES-recorded bleeding, CPRD-recorded bleeding by antiplatelet regimen in the 
ACS and STEMI populations. AC, aspirin and clopidogrel; ACS, acute coronary syndrome; AP, aspirin and prasugrel; AT, aspirin 
and ticagrelor; CPRD, Clinical Practice Research Datalink; HES, Hospital Episode Statistics; STEMI, ST-elevation myocardial 
infarction.

 on A
ugust 31, 2022 by guest. P

rotected by copyright.
http://openheart.bm

j.com
/

O
pen H

eart: first published as 10.1136/openhrt-2022-001999 on 12 A
ugust 2022. D

ow
nloaded from

 

https://dx.doi.org/10.1136/openhrt-2022-001999
https://dx.doi.org/10.1136/openhrt-2022-001999
http://openheart.bmj.com/


9Pufulete M, et al. Open Heart 2022;9:e001999. doi:10.1136/openhrt-2022-001999

Interventional cardiology

Ta
b

le
 3

 
C

ru
d

e 
an

d
 a

d
ju

st
ed

 H
R

s 
fo

r 
as

so
ci

at
io

n 
of

 a
nt

ip
la

te
le

t 
p

re
sc

rip
tio

n 
(A

C
 v

s 
A

P
 a

nd
 A

C
 v

s 
AT

) w
ith

 b
le

ed
in

g 
an

d
 is

ch
ae

m
ic

 e
ve

nt
s 

an
d

 m
or

ta
lit

y 
in

 A
C

S
 a

nd
 

S
TE

M
I-

on
ly

 p
at

ie
nt

s 
(2

01
2–

20
17

)

A
C

S
S

T
E

M
I

N
um

b
er

 o
f 

b
le

ed
s

N
um

b
er

 o
f 

b
le

ed
s

A
ll 

n=
46

89
A

C
 n

=
27

69
A

T
 n

=
19

20
H

R
 (9

5%
 C

I)
(A

C
 v

s 
A

T
)

A
ll 

n=
25

87
A

C
 n

=
10

23
A

P
 n

=
40

6
A

T
 n

=
11

58
H

R
 (9

5%
 C

I)
(A

P
 v

s 
A

C
 a

nd
 A

T
 v

s 
A

C
)

Pr
im

ar
y 

ou
tc

om
e 

(a
ny

 b
le

ed
in

g)

 �
Un

ad
ju

st
ed

; n
 (%

)
41

6 
(8

.9
%

)
20

9 
(7

.5
%

)
20

7 
(1

0.
8%

)
1.

48
 (1

.2
2 

to
 1

.8
0)

26
0 

(1
0.

1%
)

80
 (7

.8
%

)
46

 (1
1.

3%
)

13
4 

(1
1.

6%
)

AP
: 1

.4
8 

(1
.0

2 
to

 2
.1

2)
AT

: 1
.5

3 
(1

.1
6 

to
 2

.0
1)

 �
Ad

ju
st

ed
1.

47
 (1

.1
9 

to
 1

.8
2)

AP
: 1

.7
7 

(1
.2

1 
to

 2
.5

9)
11

AT
: 1

.5
0 

(1
.1

0 
to

 2
.0

5)
11

Se
co

nd
ar

y 
ou

tc
om

es
 (a

dj
us

te
d)

 �
M

aj
or

 b
le

ed
in

g 
(H

ES
-r

ec
or

de
d)

; n
 (%

)
11

7 
(2

.5
%

)
63

 (2
.3

%
)

54
 (2

.8
%

)
1.

33
 (0

.8
9 

to
 1

.9
9)

70
 (2

.7
%

)
22

 (2
.2

%
)

9 
(2

.2
%

)
39

 (3
.4

%
)

AP
: 1

.2
6 

(0
.5

6 
to

 2
.8

7)
12

AT
: 1

.9
9 

(1
.1

1 
to

 3
.5

7)
12

 �
M

in
or

 b
le

ed
in

g 
(C

PR
D-

re
co

rd
ed

); 
n 

(%
)

33
2 

(7
.1

%
)

16
1 

(5
.8

%
)

17
1 

(8
.9

%
)

1.
60

 (1
.2

6 
to

 2
.0

3)
20

8 
(8

.0
%

)
62

 (6
.1

%
)

39
 (9

.6
%

)
10

7 
(9

.2
%

)
AP

: 1
.9

0 
(1

.2
6 

to
 2

.8
8)

13

AT
: 1

.5
3 

(1
.0

9 
to

 2
.1

5)
13

 �
Al

l-c
au

se
 m

or
ta

lit
y;

 n
 (%

)
10

4 
(2

.2
%

)
70

 (2
.5

%
)

34
 (1

.8
%

)
0.

94
 (0

.6
0 

to
 1

.4
7)

60
 (2

.3
%

)
31

 (3
.0

%
)

7 
(1

.7
%

)
22

 (1
.9

%
)

AP
: 1

.3
0 

(0
.5

4 
to

 3
.1

7)
14

AT
: 0

.9
2 

(0
.5

1 
to

 1
.6

7)
14

 �
Ca

rd
io

va
sc

ul
ar

 m
or

ta
lit

y;
 n

 (%
)

48
 (1

.0
%

)
32

 (1
.2

%
)

16
 (0

.8
%

)
0.

92
 (0

.4
8 

to
 1

.7
8)

27
 (1

.0
%

)
15

 (1
.5

%
)

4 
(1

.0
%

)
8 

(0
.7

%
)

AP
: 1

.4
8 

(0
.4

5 
to

 4
.8

7)
15

AT
: 0

.6
0 

(0
.2

4 
to

 1
.5

2)
15

 �
M

or
ta

lit
y 

fro
m

 b
le

ed
in

g;
 n

 (%
)

7 
(0

.1
%

)
6 

(0
.2

%
)

1 
(0

.1
%

)
0.

33
 (0

.0
4 

to
 2

.8
6)

6 
(0

.2
%

)
4 

(0
.4

%
)

2 
(0

.5
%

)
0

AP
: 2

.6
4 

(0
.3

2 
to

 2
1.

86
)16

AT
: -

-

 �
M

I; 
n 

(%
)

13
3 

(2
.8

%
)

85
 (3

.1
%

)
48

 (2
.5

%
)

0.
91

 (0
.6

1 
to

 1
.3

4)
72

 (2
.8

%
)

27
 (2

.6
%

)
12

 (3
.0

%
)

33
 (2

.8
%

)
AP

: 1
.2

0 
(0

.6
0 

to
 2

.4
2)

17

AT
: 1

.2
2 

(0
.6

9 
to

 2
.1

4)
17

 �
St

ro
ke

; n
 (%

)
9 

(0
.2

%
)

5 
(0

.2
%

)
4 

(0
.2

%
)

1.
56

 (0
.4

0 
to

 6
.0

3)
5 

(0
.2

%
)

2 
(0

.2
%

)
1 

(0
.2

%
)

2 
(0

.2
%

)
AP

: 0
.7

1 
(0

.0
3 

to
 1

6.
21

)18

AT
: 0

.8
3 

(0
.0

6 
to

 1
1.

21
)18

 �
Ad

di
tio

na
l c

or
on

ar
y 

in
te

rv
en

tio
n;

 n
 (%

)
47

5 
(1

0.
1%

)
27

2 
(9

.8
%

)
20

3 
(1

0.
6%

)
1.

03
 (0

.8
5 

to
 1

.2
6)

29
3 

(1
1.

3%
)

10
9 

(1
0.

7%
)

52
 (1

2.
8%

)
13

2 
(1

1.
4%

)
AP

: 1
.1

4 
(0

.8
2 

to
 1

.6
1)

19

AT
: 1

.1
7 

(0
.8

8 
to

 1
.5

5)
19

 �
M

AC
CE

; n
 (%

)
58

6 
(1

2.
5%

)
33

7 
(1

2.
2%

)
24

9 
(1

3.
0%

)
1.

06
 (0

.8
9 

to
 1

.2
7)

35
0 

(1
3.

5%
)

13
2 

(1
2.

9%
)

57
 (1

4.
0%

)
16

1 
(1

3.
9%

)
AP

: 1
.1

0 
(0

.8
0 

to
 1

.5
1)

20

AT
: 1

.2
1 

(0
.9

4 
to

 1
.5

1)
20

A
d

ju
st

ed
 m

od
el

s 
in

cl
ud

ed
: P

S
 (i

nc
lu

d
in

g 
ye

ar
, a

ge
, g

en
d

er
, a

nt
ic

oa
gu

la
nt

s,
 is

ch
ae

m
ic

 h
ea

rt
 d

is
ea

se
 (e

ve
r)

, h
yp

er
te

ns
io

n,
 M

I (
ev

er
), 

he
ar

t 
fa

ilu
re

, S
TE

M
I o

nl
y 

an
d

 p
re

vi
ou

s 
su

rg
er

y 
(A

C
S

); 
an

d
 in

cl
ud

in
g 

ye
ar

, a
ge

, g
en

d
er

, M
I (

ev
er

), 
p

re
vi

ou
s 

C
A

B
G

/P
C

I a
nd

 h
yp

er
ch

ol
es

te
ro

la
em

ia
 (S

TE
M

I))
 a

nd
 a

ls
o 

ad
ju

st
ed

 fo
r 

th
e 

fo
llo

w
in

g 
co

nf
ou

nd
er

s 
w

hi
ch

 r
em

ai
ne

d
 in

 t
he

 m
od

el
 

af
te

r 
b

ac
kw

ar
d

s 
el

im
in

at
io

n:
 a

ge
, g

en
d

er
, B

M
I, 

et
hn

ic
 g

ro
up

, s
m

ok
in

g 
ca

te
go

ry
, p

re
vi

ou
s 

M
I, 

p
re

vi
ou

s 
C

A
B

G
/P

C
I, 

p
re

vi
ou

s 
b

le
ed

, p
re

vi
ou

s 
su

rg
er

y,
 p

re
vi

ou
s 

is
ch

ae
m

ic
 h

ea
rt

 d
is

ea
se

, 
d

ia
b

et
es

, h
yp

er
te

ns
io

n,
 h

yp
er

ch
ol

es
te

ro
la

em
ia

, p
er

ip
he

ra
l v

as
cu

la
r 

d
is

ea
se

, s
tr

ok
e,

 h
ea

rt
 fa

ilu
re

, p
ep

tic
 u

lc
er

 d
is

ea
se

, h
ae

m
od

ia
ly

si
s 

or
 r

en
al

 d
is

ea
se

, c
an

ce
r, 

cl
ot

tin
g 

d
is

or
d

er
, a

na
em

ia
, 

liv
er

 c
irr

ho
si

s,
 N

S
A

ID
s,

 s
te

ro
id

s,
 P

P
Is

, a
nt

ic
oa

gu
la

nt
s 

an
d

 C
ha

rls
on

 C
om

or
b

id
ity

 In
d

ex
.

A
C

, a
sp

iri
n 

an
d

 c
lo

p
id

og
re

l; 
A

C
S

, a
cu

te
 c

or
on

ar
y 

sy
nd

ro
m

e;
 A

P,
 a

sp
iri

n 
p

lu
s 

p
ra

su
gr

el
; A

T,
 a

sp
iri

n 
p

lu
s 

tic
ag

re
lo

r;
 B

M
I, 

b
od

y 
m

as
s 

in
d

ex
; C

A
B

G
, c

or
on

ar
y 

ar
te

ry
 b

yp
as

s 
gr

af
t;

 C
P

R
D

, 
C

lin
ic

al
 P

ra
ct

ic
e 

R
es

ea
rc

h 
D

at
al

in
k;

 H
E

S
, H

os
p

ita
l E

p
is

od
e 

S
ta

tis
tic

s;
 M

A
C

C
E

, m
aj

or
 a

d
ve

rs
e 

ca
rd

io
va

sc
ul

ar
 a

nd
 c

er
eb

ro
va

sc
ul

ar
 e

ve
nt

s;
 M

I, 
m

yo
ca

rd
ia

l i
nf

ar
ct

io
n;

 N
S

A
ID

s,
 n

on
-

st
er

oi
d

al
 a

nt
i-

in
fla

m
m

at
or

y 
d

ru
gs

; P
C

I, 
p

er
cu

ta
ne

ou
s 

co
ro

na
ry

 in
te

rv
en

tio
n;

 P
P

Is
, p

ro
to

n 
p

um
p

 in
hi

b
ito

rs
; P

S
, p

ro
p

en
si

ty
 s

co
re

; S
A

, s
en

si
tiv

ity
 a

na
ly

si
s;

 S
TE

M
I, 

S
T-

el
ev

at
io

n 
m

yo
ca

r d
ia

l 
in

fa
rc

tio
n.

 on A
ugust 31, 2022 by guest. P

rotected by copyright.
http://openheart.bm

j.com
/

O
pen H

eart: first published as 10.1136/openhrt-2022-001999 on 12 A
ugust 2022. D

ow
nloaded from

 

http://openheart.bmj.com/


Open Heart

10 Pufulete M, et al. Open Heart 2022;9:e001999. doi:10.1136/openhrt-2022-001999

remained unchanged following all the sensitivity analyses 
(see online supplemental material).

In ACS, AT increased the hazard of CPRD (by 33%) but 
not HES bleeding. In STEMI, AT increased the hazard of 
both HES and CPRD bleeding (twofold and 53%, respec-
tively), while AP increased the hazard of CPRD (by almost 
twofold) but not HES bleeding. There was no evidence of 
any subgroup effects. There was no association between 
antiplatelet prescription and any of the secondary 
outcomes (table 3, see the online supplemental material 
for the Kaplan-Meier curves).

Table 4 shows treatment switches. In ACS, there were 
more switches in patients assigned to AT (404/1920, 
21%) than AC (379/2769,14%). In STEMI, the propor-
tion switching was similar for AC and AP (141/1023, 
14%; and 60/406, 15%, respectively) but higher for AT 
(242/1158, 21%). In both populations, between 16% and 
20% of patients who switched had a bleed or ischaemic 
event, with most of these occurring before the switch. 
Across all intervention groups, ischaemic events were 
higher in those who switched compared with event rates 
in the populations overall. Adherence was 72% in AC and 
67% in the AT in ACS and 71% in AC, 69% in the AP and 
68% in AT in STEMI.

DISCUSSION
The main findings from this study based on a real-world 
English ACS population undergoing PCI are that: more 
potent DAPT (with prasugrel or ticagrelor) increases the 
risk of bleeding when compared with less potent DAPT 
(with clopidogrel); more potent DAPT does not decrease 
ischaemic or major adverse cardiovascular endpoints; the 
rate of overall bleeding was similar between DAPT with 
prasugrel and DAPT with ticagrelor; and adherence to 
the potent DAPT regimens prescribed at baseline was 
lower than adherence observed in RCTs.

The incidence of bleeding we observed in our study (9% 
in ACS and 10% in STEMI) is consistent with incidences 
reported in RCTs and observational studies (11%).21 22 
Despite the fact that we had detailed information on the 
type of bleeds, we could not categorise bleeding severity 
due to the absence of laboratory parameters. However, it 
is reasonable to assume that CPRD bleeding is less severe 
since it was represented more frequently by skin or soft 
tissue bleeds and was more frequent than HES bleeding 
for both ACS (7% vs 2.5%, respectively) and STEMI (8% 
vs 3%, respectively).

In our study, ACS and STEMI treatment with tica-
grelor was associated with approximately 50% increased 
risk of overall bleeding. In ACS, ticagrelor had a greater 
impact on CPRD than HES bleeding (60% and 33% 
higher, respectively). IN STEMI, ticagrelor doubled 
the risk of HES bleeding and increased risk of CPRD 
bleeding by 53%. Our results reflect those from recent 
meta-analyses21 22 (>25 000 patients) and a network meta-
analysis in ACS populations revascularised by PCI (>52 

000 patients),23 which showed increased risks of both 
major and minor bleeding (between 27% and 57%).

In STEMI, bleeding events were similar between pras-
ugrel and ticagrelor (11% vs 12%, respectively). This 
confirms findings from other reports; the ISAR-REACT 5 
trial,24 which included 4018 participants with ACS under-
going PCI, and the network meta-analysis above23 both 
showed no difference between prasugrel and ticagrelor 
for major bleeding (HR: 1.12, 95% CI 0.83 to 1.51 and 
HR: 0.99, 95% CI 0.79 to 1.24, respectively) or minor 
bleeding (HR: 0.90, 95% CI 0.76 to 1.06, ISAR-REACT 5).

In our study, ticagrelor and prasugrel did not reduce 
the risk of death or MACCE or any of the individual 
components of the MACCE composite compared with 
clopidogrel. Our findings reflect those from meta-
analyses,21 22 which showed no significant association 
between ticagrelor versus clopidogrel and major adverse 
cardiovascular events (MACE) (OR: 0.83, 95% CI 0.66 to 
1.03 and OR: 0.64, 95% CI: 0.41 to 1.01). Two network 
meta-analyses,23 25 including between 50 000 participants 
and 145 000 participants, show conflicting results. One 
failed to show a difference in MACE at 1 year between 
clopidogrel and prasugrel (OR: 0.81, 95% CI 0.60 to 
1.11) or ticagrelor (OR: 0.82, 95% CI 0.60 to 1.10).25 The 
other showed that compared with clopidogrel, ticagrelor 
reduced cardiovascular (HR: 0.82, 95% CI, 0.72 to 0.92) 
and all-cause mortality (HR: 0.83, 95% CI 0.75 to 0.92) 
but not MI (HR: 0.97, 95% CI 0.78 to 1.22), whereas pras-
ugrel did not reduce either cardiovascular or all-cause 
mortality (HR: 0.90, 95% CI 0.80 to 1.01 and HR: 0.92, 
95% CI 0.84 to 1.02, respectively) but reduced MI (HR: 
0.81, 95% CI 0.67 to 0.98).23

This inconsistency highlights the uncertain benefit 
of potent P2Y12 inhibition. Further evidence from 
the TOPIC trial26 showed a significant reduction in 
bleeding with no adverse impact on MACE, through 
switching from potent P2Y12 inhibition to clopidogrel, 
1 month following ACS. Importantly, a difference in 
non-adherence was observed, with 25% of patients on 
unchanged DAPT regimen versus 14% of the clopido-
grel switch group (p<0.01) not adhering to treatment. 
In our study, non-adherence was high across all three 
DAPT regimens (28% for clopidogrel and 31% and 
33% for prasugrel and ticagrelor, respectively). This far 
exceeds the rate of observed in the PLATO trial (17%).3 
Up to one-fifth of patients in all DAPT groups switched 
their first DAPT prescription, with median time to 
switch about 8 months in all groups. It is unclear to what 
extent non-adherence/switching influenced the find-
ings with regards to bleeding or ischaemic outcomes 
in our tRCT.

Strengths and limitations of this study
We used a real-world population and our datasets 
provided high resolution at the patient level with detec-
tion of bleeding of both major and minor severity and a 
thorough assessment of comorbidity, far extending the 
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findings with regards to bleeding previously achieved 
through registry datasets.27 We used the tRCT approach 
as there is growing evidence that observational studies 
explicitly emulating existing RCTs can result in similar 

effect estimates to the RCT they are emulating,28 
avoiding contradictory directions of effect.29 We 
identified confounders systematically using different 
sources.30

Table 4  Treatment switches in the ACS and STEMI-only populations by intervention group (AC and AT) and by type of switch 
and whether the switch occurred before or after a bleeding or ischaemic event

Type of switch

Median (IQR) 
time to switch 
(months)

Bleed occurred Ischaemic event* occurred No ischaemic 
or bleeding 
events

Before 
switch*

After 
switch

Before switch 
(within 2 months)

Before 
switch

After 
switch

 �   �  ACS

AC Discontinued Asp
300/2769 (11%)

8.0 (5.6, 10.9) 19 (6%) 8 (3%) 5 (2%) 19 (6%) 6 (2%) 251 (84%)

Discontinued C
124/2769 (4%)

8.0 (5.9, 10.2) 8 (6%) 2 (2%) 3 (2%) 12 (10%) 2 (2%) 102 (82%)

Discontinued AC
84/2769 (3%)

7.9 (5.5, 9.9) 5 (6%) 2 (2%) 3 (4%) 8 (10%) 4 (5%) 66 (79%)

Initiated a different P2Y12 inhibitor 
52/2769 (2%)

2.0 (1.0, 3.8) 2 (4%) 4 (8%) 11 (21%) 11 (21%) 3 (6%) 34 (65%)

AT Discontinued Asp
210/1920 (11%)

8.0 (6.0, 10.3) 22 (10%) 2 (1%) 1 (1%) 8 (4%) 3 (1%) 177 (84%)

Discontinued T
154/1920 (8%)

8.1 (6.3, 10.3) 12 (8%) 4 (3%) 2 (1%) 8 (5%) 3 (2%) 129 (84%)

Discontinued AT
85/1920 (4%)

7.6 (6.1, 9.7) 7 (8%) 3 (4%) 2 (2%) 5 (6%) 2 (2%) 69 (81%)

Initiated a different P2Y12 inhibitor 
151/1920 (8%)

3.3 (1.9, 6.0) 11 (7%) 7 (5%) 2 (1%) 4 (3%) 2 (1%) 128 (85%)

 �   �  STEMI

AC Discontinued Asp
114/1023 (11%)

7.9 (5.6, 11.2) 11 (10%) 0 1 (1%) 6 (5%) 2 (2%) 96 (84%)

 �  Discontinued C
43/1023 (4%)

7.9 (6.4, 9.5) 7 (16%) 0 1 (2%) 6 (14%) 0/43 32 (74%)

 �  Discontinued AC
30/1023 (3%)

7.2 (5.1, 9.1) 5 (17%) 0 1 (3%) 3 (10%) 1 (3%) 22 (73%)

 �  Initiated a different P2Y12 inhibitor 
18/1023 (2%)

1.2 (0.8, 3.1) 2 (11%) 1 (6%) 2 (11%) 2 (11%) 1 (6%) 13 (72%)

AP Discontinued Asp
38/406 (9%)

8.7 (6.4, 10.9) 4 (11%) 0 1 (3%) 1 (3%) 1 (3%) 32 (84%)

Discontinued P
16/406 (4%)

9.9 (7.9, 11.6) 2 (13%) 0 1 (6%) 2 (13%) 0 12 (75%)

Discontinued AP
14/406 (3%)

8.8 (6.3, 11.3) 1 (7%) 0 1 (7%) 1 (7%) 1 (7%) 11 (80%)

Initiated a different P2Y12 inhibitor 
22/406 (5%)

2.9 (1.5, 4.6) 1 (5%) 0 0 0 0 21 (95%)

AT Discontinued Asp
128/1158 (11%)

7.7 (5.9, 9.9) 16 (13%) 2 (2%) 1 (1%) 5 (4%) 3 (2%) 103 (80%)

 �  Discontinued P
92/1158 (8%)

7.8 (6.0, 9.6) 7 (8%) 3 (3%) 2 (2%) 5 (5%) 3 (3%) 74 (80%)

 �  Discontinued AP
50/1158 (4%)

7.2 (6.1, 8.7) 5 (10%) 2 (4%) 2 (4%) 3 (6%) 2 (4%) 38 (76%)

 �  Initiated a different P2Y12 inhibitor 
84/1158 (7%)

3.3 (1.7, 6.8) 8 (10%) 5 (6%) 0 1 (1%) 2 (2%) 68 (76%)

Follow-up was censored at time of first bleed; therefore, any patients who switched because of a bleed were not included in the analysis after the 
switch.
*MI or stroke. NB: ‘After switch’ includes switches on the same day as the event; for those who discontinued aspirin and clopidogrel, the earliest 
date of cessation was used.
AC, aspirin and clopidogrel; ACS, acute coronary syndrome; AP, aspirin and prasugrel; Asp, aspirin; AT, aspirin and ticagrelor; STEMI, ST-elevation 
myocardial infarction.
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Our tRCT may be affected by residual confounding and 
selection bias. Patients assigned clopidogrel were older 
and had more comorbidities than patients assigned pras-
ugrel/ticagrelor. Although these factors were adjusted 
for in the analyses, there remains the possibility that the 
groups still had different underlying risks of bleeding 
and ischaemia. We had no data on some confounders, 
for example, PCI procedural characteristics or severity of 
underlying disease, although these factors are more likely 
to bias ischaemic rather than bleeding outcomes. We had 
to exclude some eligible patients from the analysis (10% 
of ACS and 11% of STEMI) because we could not assign 
them to an intervention group. Their exclusion may have 
biased results for both bleeding and ischaemic outcomes. 
Nevertheless, the fact that our effect estimates remained 
largely unchanged following adjustment for confounders 
and the sensitivity analyses, including the excluded popu-
lations suggests that our estimates are robust.
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