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The optimal antiplatelet strategy after coronary artery bypass graft (CABG) surgery in patients with chronic coro-
nary syndromes (CCS) is unclear. Adding the P2Y12 inhibitor, ticagrelor, to low-dose aspirin for 1 year is associated 
with a reduction in graft failure, particularly saphenous vein grafts, at the expense of an increased risk of clinically 
important bleeding. As the risk of thrombotic graft failure and ischaemic events is highest early after CABG surgery, 
a better risk-to-benefit profile may be attained with short-term dual antiplatelet therapy followed by single antiplate-
let therapy. The One Month Dual Antiplatelet Therapy With Ticagrelor in Coronary Artery Bypass Graft Patients 
(ODIN) trial is a  prospective, randomised, double-blind, placebo-controlled, international, multicentre study of 
700 subjects that will evaluate the effect of short-term dual antiplatelet therapy with ticagrelor plus low-dose aspi-
rin after CABG in patients with CCS. Patients will be randomised 1:1 to ticagrelor 90 mg twice daily or matching 
placebo, in addition to aspirin 75-150 mg once daily for 1 month; after the first month, antiplatelet therapy will be 
continued with aspirin alone. The primary endpoint is a hierarchical composite of all-cause death, stroke, myocar-
dial infarction, revascularisation and graft failure at 1 year. The key secondary endpoint is a hierarchical composite 
of all-cause death, stroke, myocardial infarction, Bleeding Academic Research Consortium (BARC) type 3 bleeding, 
revascularisation and graft failure at 1 year (net clinical benefit). ODIN will report whether the addition of tica-
grelor to low-dose aspirin for 1 month after CABG reduces ischaemic events and provides a net clinical benefit in 
patients with CCS. (ClinicalTrials.gov: NCT05997693)
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The majority of patients undergoing coronary artery 
bypass graft (CABG) surgery present with chronic 
coronary syndromes (CCS)1. Saphenous vein grafts 

(SVG) are used in approximately 90% of CABG procedures2. 
Aspirin (acetyl salicylic acid [ASA]) is the standard of care 
after CABG to reduce SVG occlusion and adverse cardio-
vascular events. Although dual antiplatelet therapy (DAPT) 
with a  P2Y12 inhibitor in addition to ASA is recommended 
in patients undergoing CABG for acute coronary syndromes 
(ACS)3, the role of DAPT in patients with CCS undergoing 
CABG is unclear.

In an individual patient-data meta-analysis of all ran-
domised clinical trials (RCTs) comparing ticagrelor DAPT 
with ASA after CABG, ticagrelor DAPT − with a  median 
treatment duration of 12 months − was associated with a sig-
nificantly lower incidence of SVG failure (11.2% vs 20%; 
odds ratio [OR] 0.51, 95% confidence interval [CI]: 0.35-
0.74; p<0.001), a  finding that was consistent across sub-
groups, including patients with CCS4. Ticagrelor DAPT was 
also associated with a  significant reduction of the compos-
ite of SVG failure or cardiovascular death (13.9% vs 23.4%, 
OR 0.52, 95% CI: 0.36-0.76; p<0.001). However, these 
benefits were accompanied by a  significantly increased risk 
of clinically important bleeding events (defined as Bleeding 
Academic Research Consortium5 [BARC] type 2, 3, or 5): 
22.1% for ticagrelor DAPT versus 8.7% for ASA (OR 2.98, 
95% CI: 1.99-4.47; p<0.001). These findings underscore the 
need for post-CABG antiplatelet regimens that reduce bleed-
ing risk while preserving efficacy against ischaemic events.

Thrombosis is the predominant mechanism of early SVG 
failure and typically occurs during the first month after sur-
gery6,7. Graft thrombosis is driven by platelet activation and 
aggregation8. The pathophysiology of SVG failure provides 
a  biological rationale for intensified antiplatelet therapy in 
the first month after CABG. In fact, despite the use of ASA, 
approximately 10-15% of SVG fail early after surgery7, and 
graft failure is associated with adverse cardiac events and 
death9,10. Data from contemporary CABG trials show that 
the rate of ischaemic events is highest in the first month 
after CABG and decreases markedly thereafter, remaining at 
a  constantly lower rate for up to 5  years after surgery11-15. 
A  short-term intensified antiplatelet regimen therefore seems 
biologically and clinically justified.

In the PEGASUS and THEMIS trials which tested tica-
grelor DAPT versus aspirin alone in patients with CCS and 
high-risk coronary artery disease, bleeding events accrued at 
a near-constant rate during follow-up, and the excess bleed-
ing risk with ticagrelor DAPT remained stable over time with 
a hazard ratio >2.016-18. This suggests that the increased risk 
of bleeding with ticagrelor DAPT is related to the duration 
of treatment, and when DAPT is used for ≥12  months, the 

excess bleeding risk may partially offset the ischaemic benefit. 
This further strengthens the rationale for a short-term, inten-
sified antiplatelet regimen to balance the ischaemic benefit 
with the bleeding risk.

Several recent RCTs have shown the benefit of a  shorter 
duration of DAPT in stable patients after percutaneous cor-
onary intervention (PCI) with drug-eluting stents avoiding 
exposing patients to long-term bleeding risks19. A short-term 
intensified antiplatelet regimen after CABG is consistent with 
contemporary PCI practice of limiting the duration of DAPT 
to the postprocedural period during which endothelialisation 
of the stent occurs.

Methods
ODIN TRIAL DESIGN
STUDY OBJECTIVES
The primary objective of the One Month Dual Antiplatelet 
Therapy With Ticagrelor in Coronary Artery Bypass Graft 
Patients (ODIN) trial is to compare the effects of treatment 
with ticagrelor versus with placebo, in addition to low-
dose ASA for 1 month, on the 1-year incidence of ischaemic 
events and graft failure among patients with CCS undergoing 
CABG. The secondary objective is to determine the net clini-
cal benefit of short-term ticagrelor versus placebo, in addition 
to low-dose ASA.
STUDY DESIGN
The ODIN trial (ClinicalTrials.gov: NCT05997693) is an 
investigator-initiated, prospective, randomised, double-
blind, placebo-controlled, international, multicentre trial of 
700 subjects at approximately 20 study centres in 6 coun-
tries. Eligible patients will be enrolled before CABG and ran-
domised (1:1) after surgery to receive ticagrelor 90 mg twice 
daily or placebo, in addition to low-dose ASA for 1 month. 
Follow-up for all randomised subjects includes the assessment 
of graft status by coronary computed tomography angiogra-
phy (CCTA) at 1 year, and follow-up will continue for 5 years 
with an option for additional follow-up for up to 10  years. 
The study design is shown in Figure 1.
ENROLMENT AND RANDOMISATION
The inclusion and exclusion criteria are shown in Table 1. 
Patients will be screened for inclusion and enrolled before 
CABG but will be randomised after surgery to ensure that all 
eligibility criteria are met. Randomisation will be performed 
within 48  hours of CABG, when − based on the surgeon’s 
evaluation − there is minimal bleeding risk. Randomisation 
after surgery will increase the likelihood that patients receive 
the randomised treatment and reduce the risk of protocol 
violation due to perioperative complications. Randomisation 
after CABG also allows for assessment of heterogeneity of 
the treatment effect according to how soon after CABG tica-
grelor can be initiated. Eligible patients will be randomised 

Abbreviations
ACS acute coronary syndromes

ASA acetyl salicylic acid

BARC Bleeding Academic Research Consortium

CABG coronary artery bypass graft

CCS chronic coronary syndromes

CCTA  coronary computed tomography 
angiography

DAPT dual antiplatelet therapy

ITT intention-to-treat

MI myocardial infarction

PCI percutaneous coronary intervention

QoL quality of life

RCT randomised clinical trial

SVG saphenous vein graft
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(1:1) to ticagrelor or placebo through a centrally controlled, 
automated web system using permuted block randomisa-
tion stratified by study centre and the number of grafts (2 vs 
≥3 grafts).
TREATMENT PROTOCOL
The ticagrelor dose (90 mg twice daily) is the dose that has 
been evaluated in prior RCTs of ticagrelor after CABG4,11. 
The efficacy and safety of the 90  mg twice-daily dose was 
established in the PLATelet Inhibition and Patient Outcomes 
(PLATO) Study20, including the subgroup of patients under-
going CABG21. The initial dose will be administered after ran-
domisation, and a loading dose is recommended. Subsequent 
maintenance doses will consist of one tablet of active ticagre-
lor or matching placebo twice daily. The duration of treat-
ment with the study medication for an individual patient will 
be 1 month. Patients will receive a drug diary in which each 
study drug dose will be recorded to assess compliance.

All patients will take background open-label low-dose (75-
150 mg once daily) ASA administered ideally within 6 hours 
(and no later than 24  hours) after CABG, consistent with 
guideline recommendations and dosing labels for ticagrelor. 

The use of additional antithrombotic therapy, including 
other P2Y12 receptor inhibitors and oral anticoagulants, will 
not be allowed prior to randomisation or for the duration of 
treatment with the study medication.

All patients will receive secondary preventive measures, 
including lifestyle modifications and pharmacotherapy, con-
sistent with guideline recommendations22,23. 
FOLLOW-UP
Randomised patients will return for study visits at 1 month 
(+14 days) and 1 year (+60 days) (Figure 1). Telephone calls 
are scheduled at 6  months, and at 6-month intervals after 
the first year for 5 years. Follow-up may be continued annu-
ally for up to 10 years, and patients are preconsented for this 
option. At each follow-up visit, patients will be assessed for 
adverse events and potential endpoint events. All patients 
will undergo CCTA at 1 year for the assessment of graft sta-
tus by blinded readers, based on Society of Cardiovascular 
Computed Tomography (SCCT) guidelines24. To protect 
against inflation of revascularisation rates, clinical sites will 
remain blinded to data. Details of the CCTA analysis are pro-
vided in Supplementary Appendix 1.

Exclude if
– Inclusion criteria not met
– Exclusion criteria met post-CABG

Patients with chronic coronary syndromes
scheduled for CABG

Follow-up
• Clinical visit at 1 month and 1 year

• Telephone call at 6 months and every 6 months after the 1st year
• CCTA at 1 year

Primary endpoint
All-cause death, stroke, MI, repeat revascularisation, graft failure

Key secondary endpoint
All-cause death, stroke, MI, BARC type 3 bleeding, repeat revascularisation, graft failure

CABG
with use of ≥1 saphenous vein graft

Eligibility assessment and enrolment

Eligibility assessment

Randomisation

Background low-dose aspirin (75-150 mg)

Treatment duration: 1 month

Ticagrelor 90 mg bd Placebo

1:1

≤48 h

Figure 1. Study flowchart. BARC: Bleeding Academic Research Consortium; bd: twice daily; CABG: coronary artery bypass 
grafting; CCTA: coronary computed tomography angiography; MI: myocardial infarction
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ENDPOINTS
The primary endpoint of the trial is the 1-year hierarchi-
cal composite of all-cause death, stroke, myocardial infarc-
tion (MI), repeat revascularisation and any graft failure 
(Table 2). The primary endpoint addresses the question of 
whether 1-month ticagrelor DAPT reduces the risk of ischae-
mic events and graft failure in the first year after CABG. The 
key secondary endpoint is the 1-year hierarchical composite 
of all-cause death, stroke, MI, BARC type 3 bleeding, repeat 
revascularisation and any graft failure. The key secondary 
endpoint includes a  safety endpoint (BARC major bleeding) 
and provides an estimate for the 1-year net clinical benefit of 
1-month ticagrelor DAPT (Table 2). The hierarchical nature 
of the composite endpoints accounts for the different clinical 
priority of the individual endpoint components. Two pow-
ered secondary endpoints are prespecified and will evaluate 
the 5-year effects of 1-month ticagrelor DAPT on clinically 
important endpoints, quality of life (QoL), and the 5-year net 
clinical benefit. Endpoints are listed in Table 2. The defini-
tions of the primary and secondary endpoints are shown in 
Supplementary Table 1.
QUALITY OF LIFE AND HEALTH ECONOMICS
QoL will be evaluated using both disease-specific and generic 
instruments. The 7-item Seattle Angina Questionnaire (SAQ) 

is a  validated disease-specific instrument for assessing the 
health status of patients with coronary artery disease and is 
a  component of the patient-centric powered 5-year second-
ary endpoints25,26. Generic health status using the Medical 
Outcomes Study 12-item Short Form (SF-12) will also be 
assessed over the course of follow-up. These measures will 
be assessed at baseline (prior to randomisation), 1  month, 
6 months, 1 year, and annually thereafter until 5 years after 
surgery.

An economic analysis will be performed from a  US per-
spective. If the intervention is cost-saving or cost neutral, 
no additional analysis will be performed27. However, if the 
mean cost per patient in the intervention group exceeds that 
in the placebo group, a cost-effectiveness analysis will be per-
formed using in-trial survival data and SF-12 scores mapped 
to EuroQol-5D utility values28 and expressed as cost per qual-
ity-adjusted life years.

STATISTICAL CONSIDERATIONS AND SAMPLE SIZE
The main analysis for the primary and secondary endpoints 
will be performed in the intention-to-treat (ITT) population, 
defined as all randomised subjects, irrespective of protocol 
adherence or the duration of exposure to study treatment. 
Sensitivity analyses will be performed in the modified ITT 

Table 1. Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

1. Age ≥18 years 1. Any indication for dual antiplatelet therapy, including

2.  Elective first-time CABG with use of ≥1 
saphenous vein graft

• acute/recent (within 1 year) ACS (NSTE-ACS or STEMI)

3.  Ability to sign informed consent and comply 
with all study procedures, including follow-up 
for at least 5 years

•  recent PCI requiring continuation of dual antiplatelet therapy after CABG

2. Current or anticipated use of oral anticoagulation

3. Paroxysmal, persistent or permanent atrial fibrillation

4. Any concomitant cardiac or non-cardiac procedure

5. Planned cardiac or non-cardiac surgery within 1 year

6. Preoperative end-organ dysfunction (dialysis, moderate to severe liver failure, respiratory 
failure), cancer or other non-cardiac comorbidity with a life expectancy <5 years

7. Inability to use the saphenous vein

8. Contraindications to the use of aspirin

9. Contraindications to the use of ticagrelor, including

• known hypersensitivity to ticagrelor

•  active pathological bleeding (including but not limited to gastrointestinal or 
intracranial bleeding)

• history of intracranial haemorrhage

•  concomitant therapy with strong CYP3A4 inhibitors (e.g., ketoconazole, 
clarithromycin, nefazodone, ritonavir, atazanavir)

10. Inability to undergo CCTA

11. Participation in another investigational device or drug study

12. Women of childbearing potential

13.  Any major perioperative complication occurring between CABG and randomisation, 
including, but not limited to, stroke, TIA, MI, CABG-related bleeding (BARC type 4), sepsis

ACS: acute coronary syndrome; BARC: Bleeding Academic Research Consortium; CABG: coronary artery bypass graft; CCTA: computed coronary 
tomography angiography; MI: myocardial infarction; NSTE-ACS: non-ST-elevation acute coronary syndrome; PCI: percutaneous coronary intervention; 
STEMI: ST-segment elevation myocardial infarction; TIA: transient ischaemic attack
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population, defined as the subset of the ITT population 
that received at least one dose of randomly assigned study 
medication.

The primary, key secondary and 5-year secondary end-
points are hierarchical composite endpoints and will each be 
compared between groups using the win ratio method29 and 
the joint rank test proposed by Finkelstein and Schoenfeld. 
The prespecified hierarchies for each endpoint are shown in 
Supplementary Table 2. Sequential endpoint testing of the pri-
mary, key secondary and 5-year secondary endpoints will be 
employed to preserve type I error.

The primary and key secondary endpoints will also be 
analysed using Finkelstein-Schoenfeld statistics in the fol-
lowing prespecified subgroups: age (≥ vs <65 years), sex, dia-
betes mellitus, left ventricular ejection fraction (< vs ≥50%), 
SYNTAX score (≥ vs <32), complete versus incomplete 
revascularisation, number of vein grafts, number of arterial 
grafts, total number of grafts, off- versus on-pump CABG, 
SVG harvesting technique (endoscopic vs open), bleeding risk 
(Academic Research Consortium for High Bleeding Risk cri-
teria30 and PRECISE-DAPT score), and gender (according to 
self-identified gender category at randomisation and gender 
score [≥ vs <median]).
SAMPLE SIZE
Event rate assumptions for endpoint components were 
based on event rates in contemporary CABG RCTs and an 
individual patient-data meta-analysis of RCTs investigat-
ing the association of ticagrelor DAPT with SVG failure 
(Supplementary Table 3). With a sample size of 700 patients, 
the trial has 87.6%, 83.4%, 90.0% and 86.1% power to 
show superiority of ticagrelor versus placebo for the pri-
mary endpoint, key secondary endpoint, and 5-year second-
ary endpoints, assuming a yearly combined rate of all-cause 
death, stroke, MI and repeat revascularisation of 7.0% in 
the placebo group and 5.6% in the ticagrelor group (cor-
responding to a relative risk reduction [RRR] of 20%); an 
incidence of graft failure at 1 year of 24.8% in the placebo 
group and 14.3% in the ticagrelor group (corresponding 
to an RRR of 42%); 1-month BARC type 3 bleeding rates 
of 1.2% in the placebo group and 1.5% in the ticagrelor 
group (corresponding to a relative risk increase of 25%), 
and a BARC type 3 bleeding rate of 0.7% in both groups 
between 1 month and 1 year; a difference in the time-aver-
aged SAQ-7 overall summary score of 5 points; loss to fol-
low-up of 2.5% per year; missing data on graft status at 
1 year for 7.5% of event-free patients (i.e., patients with-
out death, stroke, MI or repeat revascularisation within 
1 year); and a 2-sided significance level of 0.05. A deci-
sion on increasing the sample size will be made based on 
a blinded interim review of aggregate data for the primary 
endpoint after approximately 80% (n=560) of subjects have 
been enrolled.

TRIAL ORGANISATION AND FUNDING
The study is coordinated by the principal investigators and the 
Weill Cornell Medicine Joint Clinical Trials Office. An inde-
pendent data safety monitoring board will monitor the trial. 
The ODIN trial will be funded by the Canadian Institutes of 
Health Research from 2023 to 2030.

REPORTING OF TRIAL RESULTS
The primary and key secondary endpoints, as well as explor-
atory endpoints at 1 month and 1  year, will be reported in 
a  primary publication. The powered 5-year secondary end-
points, as well as exploratory endpoints up to 5 years, will be 
reported in a subsequent publication.

Conclusions
ODIN will report whether the addition of ticagrelor to low-
dose ASA for 1 month after CABG reduces ischaemic events 
and provides a net clinical benefit in patients with CCS.

Table 2. Endpoints.

Primary and key secondary endpoints 
(assessed at 1-year follow-up)

Primary endpoint

•  Hierarchical composite of all-cause death, stroke, MI, repeat 
revascularisation and any graft failure

Key secondary endpoint

•  Hierarchical composite of all-cause death, stroke, MI, BARC 
type 3 bleeding, repeat revascularisation and any graft failure

Secondary endpoints (assessed at 5-year follow-up)

1.  Hierarchical composite of all-cause death, stroke, MI, repeat 
revascularisation, and 5-year time-averageda disease-specific 
QoL score

2.  Hierarchical composite of all-cause death, stroke, MI, BARC 
type 3 bleeding, repeat revascularisation, and 5-year time-
averageda disease-specific QoL score

Exploratory endpoints

Assessed at 1 month:

• BARC ≥type 2 bleeding

• BARC ≥type 3 bleeding

• Generic and disease-specific QoL

Assessed at 1 year:

• Any graft failure (patient and graft level)

• Any vein graft failure (patient and graft level)

• Any arterial graft failure (patient and graft level)

Assessed at 1 year and then annually for 5 years:

• Composite of death, stroke, MI or repeat revascularisation

•  Composite of death, stroke, MI, BARC type 3 bleeding or 
repeat revascularisation

• All-cause death

• Cardiovascular death

• Stroke

• MI

• Repeat revascularisation

• BARC ≥type 2 bleeding

• BARC ≥type 3 bleeding

• Generic and disease-specific QoL
a Defined as time-averaged QoL over 5 years (or the shared duration of 
follow-up if follow-up for either patient is <5 years in a given pairwise 
comparison), based on QoL assessments at 1, 6, 12, 24, 36, 48, and 
60 months. All endpoints are adjudicated by an independent clinical 
events adjudication committee. BARC: Bleeding Academic Research 
Consortium; MI: myocardial infarction; QoL: quality of life
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