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Abstract
Chronic kidney disease (CKD) increases the risk of adverse outcomes in acute coronary syndrome (ACS). The optimal regi-
men of dual antiplatelet therapy (DAPT) post-percutaneous coronary intervention (PCI) in CKD poses a challenge due to 
the increased bleeding and clotting tendencies, particularly since patients with CKD were underrepresented in randomized 
controlled trials. We examined the practice patterns of DAPT prescription stratified by the presence of CKD. The multicentre 
prospective Canadian Observational Antiplatelet Study (COAPT) enrolled patients with ACS between December 2011 and 
May 2013. The present study is a subgroup analysis comparing type and duration of DAPT and associated outcomes among 
patients with and without CKD (eGFR < 60 ml/min/1.73  m2, calculated by CKD-EPI). Patients with CKD (275/1921, 14.3%) 
were prescribed prasugrel/ticagrelor less (18.5% vs 25.8%, p = 0.01) and had a shorter duration of DAPT therapy versus 
patients without CKD (median 382 vs 402 days, p = 0.003). CKD was associated with major adverse cardiovascular events 
(MACE) at 12 months (p < 0.001) but not bleeding when compared to patients without CKD. CKD was associated with 
MACE in both patients on prasugrel/ticagrelor (p = 0.017) and those on clopidogrel (p < 0.001) (p for heterogeneity = 0.70). 
CKD was associated with increased bleeding only among patients receiving prasugrel/ticagrelor (p = 0.007), but not among 
those receiving clopidogrel (p = 0.64) (p for heterogeneity = 0.036). Patients with CKD had a shorter DAPT duration and 
were less frequently prescribed potent  P2Y12 inhibitors than patients without CKD. Overall, compared with patients without 
CKD, patients with CKD had higher rates of MACE and similar bleeding rates. However, among those prescribed more potent 
 P2Y12 inhibitors, CKD was associated with more bleeding than those without CKD. Further studies are needed to better define 
the benefit/risk evaluation, and establish a more tailored and evidence-based DAPT regimen for this high-risk patient group.
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Introduction

The prevalence of chronic kidney disease (CKD) continues 
to increase globally [1] and these patients are at an increased 
risk of coronary artery disease (CAD), acute coronary syn-
drome (ACS), and cardiovascular death [2–5]. Dual anti-
platelet therapy (DAPT) consisting of aspirin and a P2Y12 
inhibitor is the standard of treatment post-percutaneous 

coronary intervention (PCI) in ACS. However, little is 
known regarding the efficacy of DAPT in patients with CKD 
as they are often underrepresented in randomized controlled 
trials [3].

Patients with CKD have increased platelet reactivity, 
heightened inflammation and oxidative stress, endothelial 
dysfunction, and associated comorbidities that predispose to 
thrombotic events [2, 6]. On the other hand, they also have 
increased bleeding risk due to dysregulated platelet function 
and alteration in drug metabolism [3, 4, 6]. This complex 
interplay of risk factors poses a unique challenge to clini-
cians in weighing the risk of thrombotic events against the 
risk of bleeding.
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The current recommended duration of DAPT is 
12 months post-ACS, with longer therapy recommended in 
the absence of increased bleeding risks [7, 8]. As patients 
with CKD have an increased risk of both thrombotic events 
and bleeding, it is unclear whether this patient group would 
derive the same benefit from this guideline-directed treat-
ment based on randomized trials that enrolled only a minor-
ity of patients with CKD. This unique patient group may 
benefit from more individualized DAPT that may differ from 
that for the general ACS population.

The Canadian Observational Antiplatelet Study (COAPT) 
is a multicentre prospective cohort study of DAPT prac-
tices in a Canadian population. Using data from COAPT, we 
sought to examine the patterns of antiplatelet therapy after 
PCI for an ACS in relation to CKD status, and the associated 
major adverse cardiovascular events (MACE) and bleeding 
events.

Materials and methods

The methods of the Canadian Observational Antiplatelet 
Study (COAPT) have been previously described [9]. Briefly, 
COAPT was a prospective observational cohort study 
designed to describe the real-world patterns of P2Y12 inhib-
itor therapy duration after PCI in ACS in Canada. Of the 43 
Canadian centres that performed PCI, 26 recruited patients 
into this study between December 2011 and May 2013, with 
the goal of enrolling 2200 patients to sufficiently describe 
DAPT patterns during the 15 month follow-up period.

Eligible patients included those over 18 years of age 
who were admitted for ST-elevation myocardial infarc-
tion (STEMI) or non-ST-elevation myocardial infarction 
(NSTEMI), and were prescribed antiplatelet therapy post-
PCI. Patients with unstable angina were excluded, as were 
those who were participating in other clinical trials of anti-
platelet or anticoagulant therapy. The present study included 
all participants who had a documented estimated glomerular 
filtration rate (eGFR). The research ethics board commit-
tees at participating institutions approved this study, and 
informed consent was obtained from all participants.

Participants were enrolled during their admission and 
followed thereafter with telephone interviews at 6 weeks, 
6 months, 12 months, and 15 months. Information obtained 
included prescription of medications, major cardiovascular 
events, subsequent cardiac procedures, and bleeding based 
on patient reporting and verified by the local investigators 
based on additional relevant hospital medical records.

Primary outcomes included type of DAPT prescrip-
tion and duration of DAPT prescription. Secondary out-
comes included bleeding events or transfusion, and MACE. 
CKD was defined as an estimated glomerular filtration 
rate (eGFR) of < 60 ml/min/1.73  m2 as calculated by the 

CKD-EPI equation [10]. MACE included death, reinfarc-
tion, stroke, or urgent revascularization. Other secondary 
cardiac events included stent thrombosis, cardiogenic shock 
or new diagnosis or progression of heart failure. Bleeding 
events were classified as any bleeding event or transfusion 
which prompted presentation to the emergency department. 
MACE and bleeding events were analyzed individually. 
Events were reported by patients and verified by the local 
investigators, and there was no central adjudication. DAPT 
therapy comprised of aspirin and a P2Y12 inhibitor (clopi-
dogrel, prasugrel or ticagrelor). Patients were classified by 
the type of P2Y12 inhibitor prescribed at index admission, 
and subsequent changes in P2Y12 inhibitor class were not 
accounted for in the present study. The more potent P2Y12 
inhibitors prasugrel and ticagrelor were combined as one 
group for analysis in the present study.

Continuous variables were described with mean and 
standard deviation, or median and interquartile values, 
and compared using Mann–Whitney test. Categorical vari-
ables were reported as percentages and compared using 
chi-squared tests, and homogeneity across subgroups was 
evaluated using the Breslow–Day test. Multivariable logistic 
regression was utilized to assess the independent association 
of CKD with MACE and bleeding. Variables adjusted for 
when assessing the independent association between CKD 
and MACE included the GRACE risk score components of 
age, heart rate, systolic blood pressure, Killip class, cardiac 
arrest on presentation, and ST segment deviation [11]. Vari-
ables adjusted for when assessing the independent associa-
tion between CKD and bleeding included age, previous GI 
bleeding event and gender [12] and type of ADPRi. We also 
tested for an interaction between CKD and type of ADRPi. 
Statistical analyses were completed using SPSS version 25 
and statistical significance was defined as a two-sided P 
value at < 0.05.

Results

Of the 2179 participants enrolled, 1921 had available infor-
mation regarding eGFR. Characteristics of the study popula-
tion are outlined in Table 1. Of the 1921 participants, 275 
(14%) had CKD. Overall, patients with CKD were older, 
more frequently female, and had higher prevalence of cer-
ebrovascular disease, heart failure, hypertension, and previ-
ous MI/ACS. They were also more likely to have cardiac risk 
factors including diabetes, dyslipidemia, and current smok-
ing, and previously documented gastrointestinal bleeding. 
Additionally, patients with CKD were more likely to have 
atrial fibrillation, and to be discharged on an oral anticoagu-
lant and a proton pump inhibitor. Of the patients with CKD, 
176 had an eGFR 45–59 (CKD Stage 3a), 68 had an eGFR 
30–44 (stage 3b), 22 had an eGFR 15–29 (stage 4), and 9 
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Table 1  Baseline characteristics 
of patients stratified by the 
presence of CKD

a Median (25th, 75th interquartile ranges)
b Estimated glomerular filtration rate (eGFR) as calculated by the CKD-EPI equation

No CKD (n = 1646) CKD (n = 275) P value

Agea 59 (52–66) 70 (63–78)  < 0.001
Female (%) 337 (20.5) 75 (27.3) 0.011
Medical history (%)
 Atrial fibrillation 45 (2.7) 18 (6.5) 0.001
  Stroke 27 (1.6) 11 (4.0) 0.002
  Heart failure 25 (1.5) 15 (5.5)  < 0.001
  Hypertension 756 (45.9) 210 (76.4)  < 0.001
  Myocardial infarction 534 (32.4) 114 (41.5) 0.003
  Unstable angina 33 (2.0) 10 (3.6) 0.09
  Diabetes mellitus 256 (16.1) 84 (30.5)  < 0.001
  Dyslipidemia 722 (43.9) 167 (60.7)  < 0.001
  Peripheral arterial disease 47 (2.9) 26 (9.5)  < 0.001
  Coronary artery bypass graft 60 (3.6) 35 (12.7)  < 0.001
  Percutaneous coronary intervention 357 (21.7) 81 (29.5) 0.004
  Current smoker 576 (39.2) 42 (18.5)  < 0.001
  Gastrointestinal bleeding 8 (0.5) 5 (1.8) 0.013

Presenting characteristics
  GRACE risk score 126 (106–145) 153 (126–173)  < 0.001
CHADS2  scorea 1 (0–1) 2 (1–2)  < 0.001
Cardiac arrest on presentation (%) 89 (5.4) 22 (8.0) 0.089
BMIa 28.3 (25.2–31.6) 28.6 (25.3–31.1) 0.46
Weight,  kga 84.0(73.5–95.9) 83.9 (74.6–95.4) 0.65
Systolic blood pressure,  mmHga 139 (122–159) 140 (119–157) 0.38
Heart rate, beats per  minutea 75 (65–88) 74 (63–87) 0.23
Creatinine, µmol/La 79 (68–90) 123 (110–143)
eGFRb (%)
< 15 0 9 (3.8)
15–29 0 22 (8.0)
30–44 0 68 (24.7)
45–59 0 176 (64.0)
> 60 1646 (100) 0
ST elevation 933 (57.2) 151 (55.9) 0.70
ST depression 375 (23.0) 61 (22.6) 0.89
Left bundle branch block 23 (1.4) 8 (3.0) 0.06
Adjunctive therapy during admission:
Unfractionated heparin 1306 (79.3) 227 (82.5) 0.22
Low molecular weight heparin or
Fondaparinux

562 (34.1) 83 (30.2) 0.20

Bivalirudin 495 (30.1) 84 (30.5) 0.87
Glycoprotein IIb/IIIa inhibitor 463 (28.1) 52 (18.9) 0.001
Fibrinolytic 227 (13.8) 38 (13.8) 0.99
Discharge medications (%):
 Aspirin 1528 (92.8) 259 (94.2) 0.42
 Warfarin 95 (5.8) 32 (11.6)  < 0.001
 Non-warfarin oral anticoagulation therapy 216 (13.1) 53 (19.3) 0.007
 Proton pump inhibitor 490 (29.8) 105 (38.2) 0.005
 Histamine 2 inhibitor 28 (1.7) 5 (1.8) 0.89
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had an eGFR of < 15 (Stage 5). At the 12 month follow-up 
period, data were missing in 35 participants for MACE and 
134 for DAPT duration.

Patients with CKD were less likely than patients with-
out CKD to be prescribed the more potent P2Y12 inhibi-
tors prasugrel and ticagrelor [51/275 (18.5%) vs 425/1646 
(25.8%), p = 0.01].

Duration of DAPT therapy was shorter in patients with 
CKD [median 382  days (IQR 239–459)] compared to 
patients without CKD [median 402 days (IQR 365–462), 
p = 0.003]. There was no difference in the duration of clopi-
dogrel versus the more potent P2Y12 inhibitors in patients 
with CKD [386 days (IQR 233–460) versus 373 days (IQR 
281–450), respectively).

Table 2 summarizes the reasons for discontinuation of 
DAPT in patients without CKD and with CKD. There was 
no significant difference in discontinuation due to adverse 
events, requirement for coronary artery bypass graft or sur-
gery between patients with and without CKD. Discontinu-
ation due to the need for an oral anticoagulant agent was 
more likely in patients with CKD. Patients with CKD more 
frequently were considered by their physicians to have an 
indication for ongoing DAPT therapy.

Figure  1 compares unadjusted MACE and bleeding 
events in patients discharged on each P2Y12 agent by CKD 

status. Patients with CKD more frequently had a MACE at 
12 months versus patients without CKD (28.0% vs 16.0%, 
p < 0.001), and this remained significant after adjusting for 
other confounders (adjusted OR 1.73, 95% CI 1.17–2.56, 
p = 0.013). CKD was associated with MACE in both 
patients discharged on prasugrel/ticagrelor (13.1% vs 25.5%, 
p = 0.017) and those discharged on clopidogrel (17.0% vs 
28.6%, p < 0.001) (p for heterogeneity = 0.70).

Overall, unadjusted bleeding event rates did not differ 
between patients with and without CKD (29.8% vs 25.6%, 
p = 0.16) and this remained unchanged after adjusting for 
confounders (adjusted OR 0.98, 95% CI 0.69–1.40 p = 0.93). 
CKD was associated with increased bleeding only among 
patients discharged on prasugrel/ticagrelor CKD in unad-
justed analysis (49.0% vs 30.4%, p = 0.007), but not among 
those discharged on clopidogrel (24.0% vs 25.4%, p = 0.64) 
(p for heterogeneity = 0.036). In adjusted analysis, CKD was 
not independently associated with the outcome of bleed-
ing when adjusting for P2Y12 inhibitor type, age, sex, and 
previous bleeding, but there was a significant interaction 
when assessing the outcome of bleeding with both CKD and 
potent P2Y12 inhibitors, with an increased risk of bleeding 
(p = 0.033).

Patients with CKD who were prescribed an oral antico-
agulant [13] had a shorter duration of DAPT versus patients 

Table 2  Documented reasons 
for discontinuation of DAPT 
at any point during study 
follow-up according to treating 
physicians

CABG coronary artery bypass graft, DAPT dual antiplatelet therapy
* As reported by patient during telephone follow-up

No CKD (n = 1646) CKD (n = 275) p value

Adverse event (%) 25 (1.5) 6 (2.2) 0.42
CABG surgery or other surgery (%) 9 (0.5) 1 (0.4) 0.70
Oral anticoagulation (%) 8 (0.5) 6 (2.2) 0.002
No indication for ongoing DAPT* (%) 662 (40.2) 93 (33.8) 0.044

Fig. 1  Unadjusted major 
adverse cardiovascular events 
(MACE) and bleeding events 
or transfusion at 12 months by 
CKD status (eGFR < 60 ml/
min/1.73  m2) and stratified by 
P2Y12 type (clopidogrel or 
prasugrel/ticagrelor)
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without CKD on an OAC [346 days (IQR 71–427) vs 393 
(IQR 345–456), p = 0.001]. Of the patients prescribed an 
OAC, the use of more potent P2Y12 inhibitors was simi-
lar in the presence or absence of CKD [11/53 (20.8%) vs 
58/216 (26.9%), p = 0.48, respectively]. Patients prescribed 
an OAC also had a similar bleeding rate between patients 
with and without CKD at 12 months [26/53 (49.1%) vs 
89/216 (41.2%), p = 0.35, respectively].

Discussion

In this prospective multicentre Canadian observational 
study of the utilization of DAPT following PCI for ACS, 
patients with CKD were less likely to receive the more 
potent P2Y12 inhibitors than their non-CKD counterparts, 
and were prescribed dual antiplatelet therapy for a shorter 
duration. Patients with CKD were older, had more comorbid 
conditions and had a higher rate of ischemic events after 
PCI. Bleeding events were associated with CKD on the more 
potent P2Y12 agents compared with patients without CKD.

Subgroup analyses of the randomized controlled tri-
als PLATO and TRITON-TIMI indicate that patients with 
CKD have a similar benefit to patients without CKD when 
prescribed ticagrelor and prasugrel post-PCI, with reduced 
MACE versus clopidogrel [14]. Higher platelet reactivity 
is a potential factor contributing to the decreased effec-
tiveness of clopidogrel in patients with CKD [6, 15–17]. 
The benefits of decreased MACE with more potent P2Y12 
inhibitors must be weighed against the increased bleeding 
risk in patients with CKD [18, 19]. Observational studies 
have shown an independent association between use of more 
potent P2Y12 agents and an increase in bleeding in patients 
with CKD [3, 20] and it has been postulated that patients 
with CKD have a 50% relative increase in bleeding risk with 
these potent P2Y12 inhibitors [19]. There is a lack of ran-
domized controlled trial data to assess bleeding risk with 
these potent P2Y12 agents in CKD but subgroup analyses of 
PLATO indicate there is a similar bleeding risk in patients 
with and without CKD while on ticagrelor, which is not 
consistent with the increased bleeding risk seen in observa-
tional studies [14].

CKD was not associated with bleeding in the present 
study despite the established increased risk of bleeding in 
this patient population, particularly post-PCI [21]. This may 
be attributed to the relatively low number of patients in the 
present study with CKD and insufficient power to detect 
any difference. Additionally, bleeding risk tends to increase 
with CKD severity [22] and in the present study, there was 
a relatively low number of patients with advanced CKD. 
There was also likely an element of selection bias where 
patients with both CKD and those who were deemed to have 
a high-bleeding risk might not have been eligible for PCI 

and thus not enrolled in the present study. With the present 
multivariable logistic regression, there was an interaction 
when assessing the outcome of bleeding with both CKD 
and more potent P2Y12 inhibitor, indicating an increased 
risk of bleeding. Although patients with CKD had a similar 
rate of bleeding events when compared to patients without 
CKD while on prasugrel or ticagrelor, this might be partially 
attributed to the lower rate of potent P2Y12 prescription in 
patients with CKD. This might reflect physician selection 
of patients with CKD with a lower bleeding risk for these 
more potent P2Y12 inhibitors. The rationale for lower use 
of more potent P2Y12 inhibitors and other treatments to 
avoid bleeding events in CKD has been proposed in previous 
observational studies [3]. There were likely other confound-
ing factors in the present observational study. Identifying 
these factors in future studies would assist in understanding 
bleeding risk in patients with CKD in clinical practice.

The recommended duration of DAPT post-PCI for ACS 
according to the current Canadian Cardiovascular Soci-
ety and American College of Cardiology guidelines is a 
minimum 12 months of therapy, with continuation after 
12 months based on an assessment of the risks of bleeding 
and ischemic events [7, 8]. Several tools exist to guide use 
of DAPT beyond 1 year [23, 24]. However, patients with 
CKD have higher risks for both MACE and bleeding which 
complicate the clinical decision making for DAPT dura-
tion. Previous meta-analyses have compared the duration of 
DAPT in patients with CKD and shown that a shorter dura-
tion of DAPT < 6 months may not confer an increased risk of 
MACE in patients with CKD [25, 26], and longer duration of 
DAPT is associated with an increased risk of bleeding [19, 
21, 27], though the majority of these studies did not utilize 
the more potent P2Y12 inhibitors. Recently, there have been 
randomized controlled trials with inclusion of a small cohort 
with CKD which assessed the protective effects of shorter 
DAPT with ongoing monotherapy with a P2Y12 inhibitor 
rather than aspirin with decreased MACE and bleeding [28], 
though guidelines have not yet adopted P2Y12 monotherapy. 
In the present analysis, DAPT was stopped earlier in patients 
with CKD compared to patients without CKD.

A treatment-risk paradox describes how patients with 
higher cardiovascular risk have a decreased likelihood of 
receiving recommended therapy, such as PCI or pharmaco-
logic treatment for ACS [29]. Despite the evidence showing 
that the more novel P2Y12 inhibitors may be more effec-
tive in patients with CKD, the PROMETHEUS registry of 
patients post-ACS demonstrated the decreased prescrip-
tion of prasugrel in patients with CKD when compared to 
patients without CKD [3]. This is consistent with the find-
ings in the present study, as we found decreased prescription 
of the more potent P2Y12 agents versus clopidogrel. There 
is a paucity of randomized controlled trial data assessing 
DAPT for patients with CKD post-PCI and ACS and it is 
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unclear whether current guidelines should directly apply to 
patients with CKD, both in terms type of P2Y12 inhibitor 
recommended and duration of treatment. CKD severity is 
another additional factor that complicates the risks of MACE 
and bleeding [2, 20]. The planned randomized controlled 
trial to assess ticagrelor versus clopidogrel in patients with 
CKD post-PCI will be important in clarifying the cardio-
vascular protection and bleeding risks with ticagrelor in 
CKD stage > 2 [30] but further randomized controlled tri-
als assessing DAPT duration, use of potent P2Y12 inhibi-
tors, P2Y12 monotherapy in relation to CKD severity are 
warranted.

Previous observational studies that assessed DAPT pre-
scription in patients with CKD showed a higher rate of dis-
ruption/discontinuation in patients with CKD, with a pro-
posed reason for early discontinuation being an increased 
risk of bleeding [21]. In contrast, in the present study, there 
was no difference in the discontinuation of DAPT due to 
documented adverse events between patients with and with-
out CKD. There was, however, an increased DAPT cessa-
tion in patients with CKD due to the prescription of an oral 
anticoagulant, likely related to a higher prevalence of atrial 
fibrillation. Although physicians more frequently assessed 
that patients with CKD had an ongoing indication for DAPT 
versus patients without CKD, patients with CKD had a 
shorter duration of DAPT. This discrepancy may be par-
tially attributed to confounders such as other comorbidities 
and anticoagulant prescription. Future large registries will 
provide additional insight into the contemporary real-world 
use of DAPT in CKD patients.

This study needs to be considered in light of several 
limitations. The number of patients who had CKD and the 
number of patients on ticagrelor or prasugrel were relatively 
small. Patients were stratified by the presence/absence of 
CKD and not by CKD severity. With the observational 
nature of this study we also cannot infer causality between 
DAPT and outcomes. The present analysis did not account 
for changes between P2Y12 inhibitor type during the follow-
up period, and adherence was not verified with additional 
sources such as prescription filling. Practice guidelines have 
been subsequently updated and the present study might not 
reflect current practice, but differences in prescription prac-
tices between patients with and without CKD are present 
nonetheless and this analysis may serve as a useful bench-
mark for future comparison. Despite these limitations, this 
observational study highlights the real-world practice of 
DAPT post-PCI, which is helpful in identifying how guide-
lines are applied in patients with CKD and how this differs 
from the treatment of non-CKD patients.

In conclusion, ACS patients with CKD had a higher rate 
of major adverse cardiovascular events post-PCI treatment, 
but were less likely to receive more potent P2Y12 inhibitors 
or prolonged DAPT. These findings reflect the uncertainties 

and complexities surrounding the optimal treatment for ACS 
patients with CKD, and further support the need for rand-
omized controlled trials and large registries to address these 
important knowledge gaps and to develop specific guidelines 
for DAPT in this unique patient group.
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