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IMPORTANCE The effect of ticagrelor with or without aspirin on saphenous vein graft patency
in patients undergoing coronary artery bypass grafting (CABG) is unknown.

OBJECTIVE To compare the effect of ticagrelor + aspirin or ticagrelor alone vs aspirin alone on
saphenous vein graft patency 1 year after CABG.

DESIGN, SETTING, AND PARTICIPANTS Randomized, multicenter, open-label, clinical trial
among 6 tertiary hospitals in China. Eligible patients were aged 18 to 80 years with
indications for elective CABG. Patients requiring urgent revascularization, concomitant
cardiac surgery, dual antiplatelet or vitamin K antagonist therapy post-CABG, and who were
at risk of serious bleeding were excluded. From July 2014 until November 2015, 1256 patients
were identified and 500 were enrolled. Follow-up was completed in January 2017.

INTERVENTIONS Patients were randomized (1:1:1) to start ticagrelor (90 mg twice
daily) + aspirin (100 mg once daily) (n = 168), ticagrelor (90 mg twice daily) (n = 166), or
aspirin (100 mg once daily) (n = 166) within 24 hours post-CABG. Neither patients nor
treating physicians were blinded to allocation.

MAIN OUTCOMES AND MEASURES Primary outcome was saphenous vein graft patency 1 year
after CABG (FitzGibbon grade A) adjudicated independently by a committee blinded to
allocation. Saphenous vein graft patency was assessed by multislice computed tomographic
angiography or coronary angiography.

RESULTS Among 500 randomized patients (mean age, 63.6 years; women, 91 [18.2%]), 461
(92.2%) completed the trial. Saphenous vein graft patency rates 1 year post-CABG were
88.7% (432 of 487 vein grafts) with ticagrelor + aspirin; 82.8% (404 of 488 vein grafts) with
ticagrelor alone; and 76.5% (371 of 485 vein grafts) with aspirin alone. The difference
between ticagrelor + aspirin vs aspirin alone was statistically significant (12.2% [95% CI, 5.2%
to 19.2%]; P < .001), whereas the difference between ticagrelor alone vs aspirin alone was not
statistically significant (6.3% [95% CI, –1.1% to 13.7%]; P = .10). Five major bleeding episodes
occurred during 1 year of follow-up (3 with ticagrelor + aspirin; 2 with ticagrelor alone).

CONCLUSIONS AND RELEVANCE Among patients undergoing elective CABG with saphenous
vein grafting, ticagrelor + aspirin significantly increased graft patency after 1 year vs aspirin
alone; there was no significant difference between ticagrelor alone and aspirin alone. Further
research with more patients is needed to assess comparative bleeding risks.
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C oronary artery bypass grafting (CABG) remains the stan-
dard of coronary artery revascularization for patients
with left main or complex multivessel disease, left ven-

tricular dysfunction, and diabetes.1 Although arterial grafts are
superior to saphenous vein grafts in terms of long-term sur-
vival and patency rates, up to 90% of patients in the United

States and more than 95%
of patients in China who
undergo CABG receive
saphenous vein grafts.2

Data reported from 1996
through 2003 showed that
the rate of early saphe-
nous vein graft failure was
approximately 15% to 20%

within 1 year after CABG and was associated with worse
long-term outcomes and repeat revascularization.3 Platelet ac-
tivation and thrombosis contribute to early saphenous vein
graft stenosis.4 For this reason maintenance of saphenous
vein graft patency is important.

Antiplatelet therapy with aspirin improves vein graft
patency, reduces CABG mortality and major adverse car-
diac event (MACE) rates, and is recommended after CABG
in guidelines. Dual antiplatelet therapy (DAPT) with
aspirin + a P2Y12 receptor antagonist (clopidogrel, prasugrel,
or ticagrelor) enhances antiplatelet activity and improves
outcomes in patients with acute coronary syndrome (ACS).5-7

However, the effect of DAPT in the setting of CABG has not
been confirmed.

Several small, short-term studies have provided con-
flicting results on the effects of DAPT on saphenous vein
graft patency post-CABG.8-11 The inconsistency in previous
trials’ data is due to small sample sizes, heterogeneous
populations, and other limitations. Thus, a multicenter
open-label clinical trial was conducted to compare the
effect of ticagrelor + aspirin or ticagrelor alone with aspirin
alone on saphenous vein graft patency 1 year after CABG.

Methods
The Different Antiplatelet Therapy Strategy After Coronary
Artery Bypass Graft Surgery (DACAB) trial was conducted in
accordance with the principles of the Declaration of Helsinki12

and all applicable laws and regulations. The protocol and all
amendments were reviewed and approved by the indepen-
dent institutional review board responsible for each partici-
pating site (Supplement 1). Written informed consent was ob-
tained from all patients.

Patients and Study Design
Patients eligible for this randomized, multicenter, open-label
trial were aged 18 to 80 years with indications for elective
CABG surgery. Major exclusion criteria included urgent re-
vascularization or other concomitant cardiac surgery; a need
for DAPT or vitamin K antagonist therapy post-CABG;
and serious bleeding risk (eg, history of intracranial hemor-
rhage, bleeding diathesis within 3 months, or gastrointestinal

bleeding within 1 year). The eAppendix 1 in Supplement 2
contains a comprehensive list of exclusion criteria.

Eligible patients were randomized (in blocks of 3)
sequentially 1:1:1 to start open-label antiplatelet therapy
with 1 of 3 regimens within 24 hours post-CABG to con-
tinue for 1 year: (1) ticagrelor (90 mg twice daily; Brilinta,
AstraZeneca) + aspirin (100 mg once daily; Bayaspirin,
Bayer); (2) ticagrelor alone (90 mg twice daily); or (3) aspirin
alone (100 mg once daily) (eFigure 1 in Supplement 2).
The computerized randomization list was generated and
maintained by Shanghai Bestudy Medical Technology,
Shanghai, China. Investigators were blinded to the alloca-
tion process (sealed, opaque envelopes were used to conceal
treatment allocation).

Procedures and Outcomes
The primary outcome was saphenous vein graft patency
(FitzGibbon grade A) 1 year after CABG. Saphenous vein
grafts were assessed by multislice computed tomographic
angiography or coronary angiography and interpreted by an
independent Image Data Review Centre blinded to treat-
ment allocation (reports were anonymized to maintain
blinding) using preplanned definitions (eAppendix 2 in
Supplement 2).

Secondary outcomes included saphenous vein graft pat-
ency 7 days post-CABG; time to first MACE (composite of
cardiovascular death, nonfatal myocardial infarction,
or nonfatal stroke), as defined by the American College of
Cardiology and American Heart Association13 and judged by
an independent Clinical Endpoint Committee blinded to
treatment allocation (reports were anonymized to maintain
blinding); freedom from angina after 1 year; and the inci-
dence of atrial fibrillation within 7 days post-CABG.

Post Hoc Analysis
One-year and 7-day nonocclusion rates (FitzGibbon grades A
and B) of saphenous vein grafts were also explored post hoc.

Tolerability was assessed by bleeding incidence as de-
fined elsewhere (eAppendix 3 in Supplement 2),14 adverse
events, and serious adverse events.

ACS acute coronary syndrome

CABG coronary artery
bypass grafting

DAPT dual antiplatelet
therapy

MACE major adverse
cardiovascular events

Key Points
Question Does ticagrelor + aspirin or ticagrelor alone compared
with aspirin alone improve saphenous vein graft patency in
patients undergoing coronary artery bypass grafting (CABG)?

Findings In this randomized trial that included 500 patients
with 1460 saphenous vein grafts, the saphenous vein graft
patency rate 1 year after CABG was 88.7% in patients treated with
ticagrelor + aspirin, 82.8% in patients treated with ticagrelor
alone, and 76.5% in patients treated with aspirin alone.
The difference between ticagrelor + aspirin and aspirin alone
was statistically significant, whereas that between ticagrelor
alone and aspirin alone was not statistically significant.

Meaning Ticagrelor + aspirin improved saphenous vein graft
patency 1 year after CABG vs aspirin alone; there was no significant
improvement with ticagrelor alone vs aspirin alone.
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Statistical Analysis
The trial was designed to compare saphenous vein graft
patency 1 year post-CABG in patients randomized toticagre-
lor + aspirin vs aspirin alone, and in patients randomized to
ticagrelor alone vs aspirin alone.

The sample size calculation was informed by a study in
which the 1-year saphenous vein graft patency rate was 77.4%
in patients undergoing CABG with open harvesting of saphe-
nous vein grafts, 90% of whom were receiving aspirin.15

In addition, saphenous vein graft patency rates were 91.6% in
patients receiving clopidogrel + aspirin and 85.7% in pa-
tients receiving aspirin alone 3 months after CABG in another
study.9 On this basis, we assumed that the 1-year saphe-
nous vein graft patency rate would be 90% with ticagre-
lor + aspirin, 87% with ticagrelor alone, and 80% with aspirin
alone. Sample size calculations were performed with a
2-sided α level of .05 and 80% power. On the basis of these
assumptions, 199 saphenous vein grafts would be required in
each group for the comparison of ticagrelor + aspirin vs aspi-
rin alone; and 441 grafts in each group for the comparison of
ticagrelor alone with aspirin alone. A total of 500 patients
would be required to provide a total of 1350 to 1500 saphe-
nous vein grafts, assuming that each patient would receive an
average of 2.7 to 3.0 saphenous vein grafts.

The primary analysis was conducted on a per-graft basis
according to the intention-to-treat (ITT) principle. The ITT
population included all randomized patients. The modified
full analysis set included all randomized patients who took
at least 1 dose of study medication. Patients with missing
multislice computed tomographic angiography or coronary
angiography assessments were considered to have occluded
saphenous vein grafts in the ITT analysis (saphenous vein
grafts in such patients were imputed as treatment failures).
The per-protocol population included patients who received
the planned dose of study medication without interruption
for more than 60 days or other major protocol violation, and
had a primary outcome assessment. The per-protocol analy-
sis was performed as a sensitivity analysis.

A post hoc, per-patient analysis was performed in which
patients were classified according to the graft with the great-
est degree of stenosis.

The generalized estimating equation model including
terms for treatment was used to estimate between-group dif-
ferences in saphenous vein graft patency and 95% CIs. The
independent covariance structure was used to model the cor-
relation of responses from the same patients. Unstructured
and exchangeable covariance structures were used to check
the stability of the model. The Hochberg method was used to
control the overall α level at .05 (2-sided) for the comparisons
of the primary end point. A post hoc mixed-effects model
was performed for the 1-year patency and nonocclusion to
explore possible heterogeneity across multiple sites and its
potential effect on the stability of the primary results. The
model included terms for treatment with site as a random
effect and patients nested in site. The variance components
were used for the covariance structure.

Post hoc subgroup analyses were conducted with the
generalized estimating equation models including terms

for treatment, subgroup, and treatment × subgroup interac-
tion to explore the consistency of treatment effect among
key subgroups.

Adjustments for multiple testing were not applied for
secondary end points, which should be considered explor-
atory. A 2-sided level of significance of .05 was applied to
general comparisons. All analyses were performed using SAS
(SAS Institute), version 9.3. A Kaplan-Meier analysis of time
to first MACE was planned; however, too few events occurred
to make this practical. So a post hoc descriptive analysis
was provided.

Results
Patients and Disposition
A total of 1256 patients were screened for inclusion. Of
these, 500 patients were randomized to treatment, received
at least 1 dose of study medication, and comprised the ITT
population (ticagrelor + aspirin, 168; ticagrelor alone, 166;
aspirin alone, 166) (Figure 1). A total of 1460 saphenous vein
grafts were implanted in patients treated with ticagre-
lor + aspirin (n = 487), ticagrelor alone (n = 488), and aspi-
rin alone (n = 485). Patients were enrolled from July 2014
through November 2015 and follow-up was completed in
January 2017.

Baseline characteristics of patients and surgical proce-
dure were well balanced across the 3 treatment groups
(Table 1).

Completeness of Follow-up
Overall, 93.4% of patients (467/500) completed the pri-
mary end point assessment at 1 year after CABG, including
94.1% (158/168) in the ticagrelor + aspirin group, 94.0%
(156/166) in the ticagrelor alone group, and 92.2% (153/166)
in the aspirin alone group (Figure 1). Simultaneously,
overall 93.8% (1369/1460) saphenous vein grafts were
assessed at 1 year after CABG, including 94.9% (462/487)
among patients treated with ticagrelor + aspirin, 94.3%
(460/488) among patients treated with ticagrelor alone, and
92.2% (447/485) among patients treated with aspirin alone.
Among patients treated with ticagrelor + aspirin, ticagrelor
alone, and aspirin alone, a total of 5.1% (25/487), 5.7% (28/
488), and 7.8% (38/485) saphenous vein grafts were
imputed as treatment failures, respectively. Patient enroll-
ment and assessments are presented by study site in eTable
1 in Supplement 2.

Saphenous Vein Graft Patency
The results of saphenous vein graft assessments are shown
according to FitzGibbon grade in eTable 2 in Supplement 2.
In the ITT analysis of saphenous vein graft patency, the pri-
mary outcome of 1-year patency rates (FitzGibbon grade A)
were 88.7% (95% CI, 84.6% to 92.8%) among patients treated
with ticagrelor + aspirin (432/487); 82.8% (95% CI, 78.0% to
87.6%) among patients treated with ticagrelor alone (404/
488), and 76.5% (95% CI, 70.8% to 82.1%) among patients
treated with aspirin alone (371/485) (Table 2). The difference
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in saphenous vein graft patency rate at 1 year for ticagre-
lor + aspirin vs aspirin alone was statistically significant
(12.2% [95% CI, 5.2% to 19.2%]; P < .001), whereas the differ-
ence between ticagrelor alone vs aspirin alone was not statis-
tically significant (6.3% [95% CI, –1.1% to 13.7%]; P = .10). The
results of the per-protocol sensitivity analysis of 1-year
saphenous vein graft patency rates were consistent with the
ITT analysis (Table 2).

A post hoc analysis showed that 1-year nonocclusion
rates (FitzGibbon grades A and B) of saphenous vein grafts
in 3 treatment groups were consistent with the primary out-
come and were 89.9% (95% CI, 86.0% to 93.9%) for pa-
tients treated with ticagrelor + aspirin (438/487), 86.1%
(95% CI, 81.6% to 90.6%) for ticagrelor alone (420/488),
and 80.6% (95% CI, 75.3% to 86.0%) for aspirin alone (391/
485) (Table 2). The difference in the saphenous vein graft
nonocclusion rate at 1 year for ticagrelor + aspirin vs aspirin
alone was 9.3% (95% CI, 2.7% to 16.0%; P = .006) and for
ticagrelor alone vs aspirin alone was 5.4% (95% CI, –1.5% to
12.4%; P = .13).

Between-group differences in a preplanned analysis of
7-day patency and a post hoc analysis of nonocclusion rates
of saphenous vein grafts were not statistically significant
(Table 2). The difference between ticagrelor + aspirin and
aspirin alone groups at 7 days was 3.7% (95% CI, –0.9% to 8.3%;
P = .11) for patency and 2.5% (95% CI, –1.9% to 6.8%; P = .26)
for nonocclusion. Similarly, the difference between ticagre-

lor alone and aspirin alone groups at 7 days was 3.1% (95% CI,
–1.3% to 7.6%; P = .17) for patency and 2.9% (95% CI, –1.2% to
7.0%; P = .16) for nonocclusion.

A post hoc analysis showed that the between-group dif-
ferences observed on a per-graft basis remained intact when
done on a per-patient basis. The proportion of patients with
patent saphenous vein grafts at 1 year was 82.0% (95% CI,
76.2% to 87.9%) for patients treated with tic agre-
lor + aspirin, 70.5% (95% CI, 63.5% to 77.4%) for ticagrelor
alone, and 65.1% (95% CI, 57.8% to 72.3%) for aspirin alone
(Table 2). The difference between ticagrelor + aspirin and
aspirin alone was 16.9% (95% CI, 7.4% to 26.4%; P = <.001);
the difference between ticagrelor alone and aspirin alone
was 5.4% (95% CI, –4.7% to 15.5%; P = .29) (Table 2).

The random effect of site was explored post hoc with
a mixed-effects model. The results of treatment effect
were consistent with the primary analysis (eTable 3 in
Supplement 2).

The results for the primary end point were generally
consistent among different subgroups in a post hoc analysis
(Figure 2). The results of this analysis suggested that
ticagrelor + aspirin may be more effective than aspirin alone
in patients with SYNTAX scores that are intermediate (score:
23-32; difference, 15.14% [95% CI, 5.78% to 24.50%]) or high
(score: ≥33; difference, 17.64% [95% CI, 3.36% to 31.92%])
than in those with low scores (score: ≤22; difference, −6.17%
[95% CI, −23.64% to 11.29%]; P value for interaction, .04).

Figure 1. Flow of the Patients Through the Study of Post-CABG Ticagrelor and Aspirin

756 Excluded
343 Did not meet inclusion criteria
393 Did not provide consent

20 Surgeon’s decision

500 Randomized

168 Randomized to receive
ticagrelor + aspirin
168 Received ≥1 dose as

randomized

166 Randomized to receive
aspirin alone
166 Received ≥1 dose as

randomized

166 Randomized to receive
ticagrelor alone
166 Received ≥1 dose as

randomized

168 Included in the primary analysis

156 Included in the per-protocol
analysis

12 Excluded from the per-protocol
analysisa

8 Had no primary end point
available

5 Study medication interruption
≥60 d

2 Died

166 Included in the primary analysis

149 Included in the per-protocol
analysis

17 Excluded from the per-protocol
analysisa

10 Had no primary end point
available

4 Study medication interruption
≥60 d

3 Died

166 Included in the primary analysis

151 Included in the per-protocol
analysis

15 Excluded from the per-protocol
analysisa

10 Had no primary end point
available

8 Study medication interruption
≥60 d

1-y Follow-up
155 Assessed by MSCTA

2 Died

8 Declined assessment
3 Assessed by coronary

angiography

1-y Follow-up
151 Assessed by MSCTA

3 Died

10 Declined assessment
2 Assessed by coronary

angiography

1-y Follow-up
155 Assessed by MSCTA

10 Declined assessment
1 Assessed by coronary

angiography

1256 Patients assessed for eligibility

MSCTA indicates multislice computed
tomographic angiography. The
primary analysis was conducted on a
per-graft basis according to the
intention-to-treat principle.
a Some patients had multiple reasons.
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Table 1. Baseline Patient Characteristics Among Patients Receiving CABG Treated With Ticagrelor + Aspirin, Ticagrelor Alone, or Aspirin Alone

Characteristics
Ticagrelor + Aspirin
(n = 168)

Ticagrelor Alone
(n = 166)

Aspirin Alone
(n = 166)

Age, mean (SD), y 63.5 (8.2) 63.3 (8.3) 64.0 (8.1)

Men, No. (%) 134 (79.8) 134 (80.7) 141 (84.9)

Clinical status, No. (%)

Stable angina 55 (32.7) 63 (38.0) 50 (30.1)

Unstable angina 108 (64.3) 97 (58.4) 109 (65.7)

Non–ST-elevation myocardial infarction 5 (3.0) 6 (3.6) 7 (4.2)

History of myocardial infarction, No. (%) 53 (31.6) 60 (36.1) 43 (25.9)

Time since onset of myocardial infarction, d

<21 5 (3.0) 6 (3.6) 7 (4.2)

21–90 6 (3.6) 2 (1.2) 6 (3.6)

>90 42 (25.0) 52 (31.3) 30 (18.1)

Angina severity (CCS class), No. (%)a

III 111 (66.1) 91 (54.8) 95 (57.2)

IV 7 (4.2) 3 (1.8) 6 (3.6)

Heart function severity (NYHA class), No. (%)b

III 69 (41.1) 65 (39.2) 62 (37.4)

IV 1 (0.6) 0 2 (1.2)

Medical history, No. (%)

Hypertension 127 (75.6) 122 (73.5) 120 (72.3)

Hyperlipidemia (or LDL-C ≥1.8 mmol/L) 121 (72.0) 124 (74.7) 119 (71.7)

Smoking 85 (50.6) 74 (44.6) 87 (52.4)

Diabetes (or HbA1c ≥6.5%) 75 (44.6) 75 (45.2) 67 (40.4)

Peripheral vascular disease 26 (15.5) 27 (16.3) 29 (17.5)

Cerebrovascular accident 26 (15.5) 13 (7.8) 22 (13.3)

Peptic ulcer disease 5 (3.0) 4 (2.4) 2 (1.2)

Chronic kidney disease 6 (3.6) 3 (1.8) 0

LVEDD, median (IQR), mm 50.0 (46.0-53.0) 49.0 (46.0-53.0) 49.0 (45.0-53.0)

LVEF, median (IQR), % 61.0 (56.0-67.0) 62.0 (58.0-66.0) 63.0 (56.0-68.0)

LVEF, No. (%)c

30%-50% 20 (12.0) 13 (7.8) 22 (13.3)

>50% 147 (88.0) 153 (92.2) 144 (86.7)

SYNTAX score, No. (%)d

Low (0-22) 18 (10.7) 21 (12.7) 31 (18.7)

Intermediate (23-32) 93 (55.4) 83 (50.0) 98 (59.0)

High (≥33) 57 (33.9) 62 (37.4) 37 (22.3)

EuroSCORE, No. (%)e

Low (0-2) 71 (42.3) 63 (38.0) 64 (38.6)

Medium (3-5) 65 (38.7) 82 (49.4) 82 (49.4)

High (≥6) 32 (19.0) 21 (12.7) 20 (12.0)

Medication use, No. (%)

Aspirinf 38 (25.2) 37 (24.5) 34 (23.8)

β-Blocker 153 (91.1) 149 (89.8) 149 (89.8)

ACEI or ARB 87 (51.8) 98 (59.0) 104 (62.7)

Statins 157 (93.5) 155 (93.4) 157 (94.6)

Proton pump inhibitor 104 (61.9) 108 (65.1) 105 (63.3)

(continued)
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Secondary Outcomes
A total of 16 MACEs were observed during 1 year of follow-up
post-CABG including 3 (1.8%) in the ticagrelor + aspirin group,
4 (2.4%) in the ticagrelor alone group, and 9 (5.4%) in the as-
pirin alone group (Table 3). The incidence of recurrent angina
was similar in recipients of ticagrelor + aspirin (6.0%; 10/168),
ticagrelor alone (6.6%; 11/166), and aspirin alone (7.2%; 12/
166). There was no statistically significant difference (P = .21)
in the incidence of atrial fibrillation occurring within 7 days
post-CABG among recipients of ticagrelor + aspirin (11.9%;
20/168), ticagrelor alone (7.8%; 13/166), and aspirin alone
(13.9%; 23/166).

Bleeding and Adverse Events
The incidence of major bleeding was low during 1 year
of follow-up post-CABG. Overall, 5 patients experienced
major bleeding, including 3 patients treated with ticagre-
lor + aspirin and 2 patients treated with ticagrelor alone
(Table 3). Two of these individuals, 1 in the ticagre-
lor + aspirin group and 1 in the ticagrelor alone group, expe-
rienced CABG-related bleeding. No major bleeding resulted in
either death or study medication discontinuation during the
trial. Non–CABG-related bleeding was numerically more com-
mon in patients treated with ticagrelor + aspirin (30.4%; 51/168)
than in patients treated with ticagrelor alone (12.1%; 20/166)
or aspirin alone (9.0%; 15/166); however, the majority of these
events were attributed to minimal bleeding (Table 3). The most
common sites of non–CABG-related bleeding were skin, nose,
and mouth.

The total number of patients with serious adverse events
was 15, including 3 in the ticagrelor + aspirin group, 3 in the

ticagrelor alone group, and 9 in the aspirin alone group
(Table 3).

Discussion
In this trial, ticagrelor + aspirin was superior to aspirin alone
in maintaining saphenous vein graft patency for up to
1 year after elective CABG surgery in a general population
that included a subgroup of patients with ACS and stable
ischemic heart disease. The magnitude of the difference be-
tween ticagrelor + aspirin vs aspirin alone (12%) translates
into a number needed to treat of 8 to prevent loss of patency
of 1 saphenous vein graft over 1 year. Further study is needed
to determine whether this significant benefit in graft
patency translates into a meaningful improvement in clin-
ical outcomes.

The difference between ticagrelor alone and aspirin alone
was not statistically significant. However, the point estimate
favored ticagrelor by 6.3%, the 95% CI for the difference be-
tween ticagrelor alone vs aspirin alone was wide and in-
cluded the point estimate for ticagrelor + aspirin, and the
P value was .10; therefore, the study may have been under-
powered to identify a beneficial effect of ticagrelor alone.
A larger study will be required to answer this question.

The results remained consistent when patients with miss-
ing end point data or reduced exposure to study medication
were excluded in the preplanned sensitivity (per-protocol)
analysis. In contrast to the significant differences observed af-
ter 1 year of follow-up, no statistically significant differences
in saphenous vein graft patency were observed between the

Table 1. Baseline Patient Characteristics Among Patients Receiving CABG Treated With Ticagrelor + Aspirin, Ticagrelor Alone, or Aspirin Alone
(continued)

Characteristics
Ticagrelor + Aspirin
(n = 168)

Ticagrelor Alone
(n = 166)

Aspirin Alone
(n = 166)

Surgical Procedure Characteristics

Cardiopulmonary bypass usage, No. (%) 39 (23.2) 36 (21.7) 46 (27.7)

Total grafts, No. 631 636 624

Graft type, No. (%)

Internal mammary artery 141 (22.3) 144 (22.6) 133 (21.3)

Radial artery 3 (0.5) 4 (0.6) 6 (1.0)

Saphenous vein 487 (77.2) 488 (76.7) 485 (77.7)

Mean total grafts/case 3.8 3.8 3.8

Mean saphenous vein grafts/case 2.9 2.9 2.9

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; CCS, Canadian Cardiovascular Society;
EuroSCORE, European system for cardiac operative risk evaluation;
HbA1c, hemoglobin A1c; IQR, interquartile range; LDL-C, low-density lipoprotein
cholesterol; LVEDD, left ventricle end-diastolic diameter; LVEF, left ventricle
ejection fraction; NYHA, New York Heart Association functional classification.
a On a scale of I to IV in which I is the least severe and IV is the most severe

symptom of angina pectoris.
b On a scale of I to IV in which I is the least severe and IV is the most severe

symptom of heart failure.
c Ejection fraction classification was missing for 1 patient in the combination

therapy group.

d A comprehensive angiographic assessment of the coronary vasculature.
SYNTAX score: 0-22, low anatomical complexity; 23-32, intermediate
anatomical complexity; and �33, high anatomical complexity.16

e A risk model for calculating the risk of death after a heart operation using 17
items relating to the patients, state of the heart, and the proposed operation.
EuroSCORE categorizes risk of death: 0-2, low risk; 3-5, intermediate risk; and
�6, high risk.17

f Aspirin was not stopped prior to CABG. Aspirin use data was missing for 17 in
the ticagrelor + aspirin group, 15 in the ticagrelor alone group, and 23 in the
aspirin alone group.
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ticagrelor + aspirin group and the aspirin alone group at 7 days
post-CABG surgery.

In a post hoc analysis, the end point was broadened to in-
clude nonocclusion of saphenous vein grafts. The results were
consistent with both the primary and sensitivity analyses. The
results of the subgroup analysis raised the possibility that
ticagrelor + aspirin may be more beneficial in protecting
saphenous vein grafts in patients with severe coronary artery
disease than aspirin alone.

The incidence of MACE was low in all 3 treatment groups
after 1-year follow-up. The protocol specified that MACE would
be evaluated by Kaplan Meier analysis; however, the number
of events was too low to make this practical. Moreover, there
were few major bleeding episodes. Thus, it is not possible to
draw firm conclusions regarding the incidence of MACE or ma-
jor bleeding because of the small number of events. Minimal
bleeding episodes occurred more frequently in patients treated
with combination therapy when compared with either aspi-
rin alone or ticagrelor alone, which is consistent with previ-
ous studies of DAPT in a variety of settings.7,18

These results confirmed and extended the findings
and conclusions of previous studies that have evaluated

ticagrelor + aspirin combination therapy post-CABG.11,19 The
results of a small randomized pilot study that enrolled pa-
tients similar to those in the present trial showed a reduction
in graft occlusion rates with ticagrelor + aspirin combination
therapy compared with aspirin alone. However, the study was
small, had difficulty recruiting patients, and thus lacked sta-
tistical power to detect a significant difference. Moreover, graft
status was evaluated at 3 months compared with 1 year post-
CABG in the present trial.

When compared with aspirin alone, DAPT reduced the in-
cidence of ischemic events and mortality in ACS patients who
underwent CABG. A subanalysis of the large, randomized, mul-
ticenter Platelet Inhibition and Patient Outcomes (PLATO)
study showed that the significant reduction in event rates
(cardiovascular death, myocardial infarction, or stroke)
observed with ticagrelor + aspirin vs clopidogrel + aspirin7

remained consistent when the analysis was restricted to pa-
tients who underwent CABG during follow-up.19 The PLATO
study enrolled patients with ACS and did not include a mono-
therapy control group, because clopidogrel-based DAPT
had previously been shown to be superior to aspirin alone
in patients with non–ST-elevation ACS in the Clopidogrel in

Table 2. Primary, Secondary, and Post Hoc Analyses of Saphenous Vein Grafts Among Patients Receiving Coronary Artery Bypass Grafting Treated
With Ticagrelor + Aspirin, Ticagrelor Alone, or Aspirin Alone

Analysis and
Outcome

No. (%) [95% CI] Ticagrelor + Aspirin vs Aspirin Alone Ticagrelor Alone vs Aspirin Alone
Ticagrelor +
Aspirin

Ticagrelor
Alone Aspirin Alone

Difference, %
(95% CI) RR (95% CI) P Valuea

Difference, %
(95% CI) RR (95% CI) P Valuea

Per-graft analysis
(ITT)

(n = 487
grafts)

(n = 488
grafts)

(n = 485
grafts)

Primary
Outcome
1-y Saphenous
vein graft patency
(ITT)b,c

432 (88.7)
[84.6 to 92.8]

404 (82.8)
[78.0 to 87.6]

371 (76.5)
[70.8 to 82.1]

12.2
(5.2 to 19.2)

0.48
(0.31 to 0.74)

<.001 6.3
(–1.1 to 13.7)

0.73
(0.51 to 1.06)

.10

1-y Saphenous
vein graft patency
(PP)b,d

(n = 458
grafts)

(n = 445
grafts)

(n = 436
grafts)

429 (93.7)
[90.7 to 96.6]

390 (87.6)
[83.8 to 91.5]

363 (83.3)
[78.3 to 88.2]

10.4
(4.7 to 16.2)

0.38
(0.22 to 0.66)

<.001 4.3
(–1.9 to 10.7)

0.74
(0.48 to 1.14)

.17

Secondary
Outcome
7-d Saphenous
vein graft patency
(ITT)b

462 (94.9)
[92.2 to 97.6]

460 (94.3)
[91.8 to 96.7]

442 (91.1)
[87.4 to 94.8]

3.7
(–0.9 to 8.3)

0.58
(0.30 to 1.14)

.11 3.1
(–1.3 to 7.6)

0.65
(0.36 to 1.18)

.17

Post Hoc
Analysis
1-y Saphenous
vein graft
nonocclusion
(ITT)e

438 (89.9)
[86.0 to 93.9]

420 (86.1)
[81.6 to 90.6]

391 (80.6)
[75.3 to 86.0]

9.3
(2.7 to 16.0)

0.52
(0.32 to 0.84)

.006 5.4
(–1.5 to 12.4)

0.72
(0.47 to 1.10)

.13

7-d Saphenous
vein graft
nonocclusion
(ITT)e

464 (95.3)
[92.6 to 98.0]

467 (95.7)
[93.5 to 97.9]

450 (92.8)
[89.4 to 96.2]

2.5
(–1.9 to 6.8)

0.65
(0.31 to 1.37)

.26 2.9
(–1.2 to 7.0)

0.60
(0.30 to 1.20)

.16

Per-Patient
Analysis

(n = 167
patients)f

(n = 166
patients)

(n = 166
patients)

1-y Saphenous
vein graft patency
(ITT)b,g

137 (82.0)
[76.2 to 87.9]

117 (70.5)
[63.5 to 77.4]

108 (65.1)
[57.8 to 72.3]

16.9
(7.4 to 26.4)

0.51
(0.35 to 0.76)

<.001 5.4
(–4.7 to 15.5)

0.84
(0.62 to 1.16)

.29

Abbreviations: ITT, intention-to-treat; PP, per-protocol; RR, relative risk.
a Calculated by a generalized equation model.
b FitzGibbon grade A (stenosis <50%).
c The ITT analysis included all randomized patients.
d Sensitivity analysis. The PP analysis included patients who received planned

treatment without major protocol violation, and had a primary outcome
assessment.

e FitzGibbon grade A (stenosis <50%) + B (stenosis �50%).
f One patient had no saphenous vein grafts.
g Patients without graft failure.
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Figure 2. Post Hoc Analysis for Ticagrelor + Aspirin vs Aspirin Alone and Ticagrelor Alone vs Aspirin Alone

–40 –10 40302010–20 0
Difference (95% CI), %

–30

Ticagrelor + aspirin vs aspirin aloneA

P Value
Favors

Aspirin Alone
Favors Ticagrelor
+ Aspirin

Aspirin Alone
No. of Patent SV
Grafts/Total No.
of SV Grafts (%)

Ticagrelor + Aspirin
No. of Patent SV
Grafts/Total No.
of SV Grafts (%)

Age, y

Difference (95% CI), %
P Value for
interaction

.17212/255 (83.14) 236/265 (89.06)≤65 5.92 (–2.61 to 14.44)

.01371/485 (76.49) 432/487 (88.71)All SV grafts 12.21 (5.24 to 19.19)

<.001159/230 (69.13) 196/222 (88.29)>65 19.16 (8.08 to 30.24)
Sex

<.001315/410 (76.83) 342/382 (89.53)Men 12.70 (5.22 to 20.18)
.2556/75 (74.67) 90/105 (85.71)Women 11.05 (–7.62 to 29.72)

Baseline ACS
.003251/336 (74.70) 294/334 (88.02)Yes 13.32 (4.47 to 22.17)
.80120/149 (80.54) 138/153 (90.20)No 9.66 (–1.07 to 20.39)

History of hypertension
.004277/355 (78.03) 339/379 (89.45)Yes 11.42 (3.65 to 19.19)
.0894/130 (72.31) 93/108 (86.11)No 13.80 (–1.48 to 29.09)

History of diabetes
.04144/195 (73.85) 188/219 (85.84)Yes 12.00 (0.38 to 23.62)
.003227/290 (78.28) 244/268 (91.04)No 12.77 (4.32 to 21.22)

History of dyslipidemia
.002271/353 (76.77) 314/351 (89.46)Yes 12.69 (4.53 to 20.85)
.11100/132 (75.76) 118/136 (86.76)No 11.01 (–2.38 to 24.40)

History of smoking
.009185/242 (76.45) 221/248 (89.11)Yes 12.67 (3.24 to 22.10)
.03186/243 (76.54) 211/239 (88.28)No 11.74 (1.46 to 22.03)

Cardiopulmonary bypass
.20114/137 (83.21) 111/121 (91.74)On pump 8.52 (–4.48 to 21.53)

<.001257/348 (73.85) 321/366 (87.70)Off pump 13.85 (5.64 to 22.07)

Baseline SYNTAX scorea

.4982/93 (88.17) 41/50 (82.00)≤22 –6.17 (–23.64 to 11.29)

.002208/278 (74.82) 242/269 (89.96)23-32 15.14 (5.78 to 24.50)

.0281/114 (71.05) 149/168 (88.69)≥33 17.64 (3.36 to 31.92)

–40 –10 40302010–20 0
Difference (95% CI), %

–30

Ticagrelor alone vs aspirin alone B

P Value
Favors

Aspirin Alone
Favors
Ticagrelor Alone

Aspirin Alone
No. of Patent SV
Grafts/Total No.
of SV Grafts (%)

Ticagrelor Alone
No. of Patent SV
Grafts/Total No.
of SV Grafts (%)

Age, y

Difference (95% CI), %
P Value for
interaction

.67212/255 (83.14) 202/249 (81.12)≤65 –2.01 (–11.34 to 7.31)

.10371/485 (76.49) 404/488 (82.79)All SV grafts 6.29 (–1.12 to 13.70)

.009159/230 (69.13) 202/239 (84.52)>65 15.39 (3.87 to 26.90)
Sex

.20315/410 (76.83) 318/387 (82.17)Men 5.34 (–2.83 to 13.51)

.2756/75 (74.67) 86/101 (85.15)Women 10.48 (–7.99 to 28.95)
Baseline ACS

.17251/336 (74.70) 248/305 (81.31)Yes 6.61 (–2.87 to 16.09)

.42120/149 (80.54) 156/183 (85.25)No 4.71 (–6.63 to 16.05)
History of hypertension

.19277/355 (78.03) 306/366 (83.61)Yes 5.58 (–2.70 to 13.86)

.3394/130 (72.31) 98/122 (80.33)No 8.02 (–7.97 to 24.01)
History of diabetes

.29144/195 (73.85) 183/228 (80.26)Yes 6.42 (–5.48 to 18.31)

.16227/290 (78.28) 221/260 (85.00)No 6.72 (–2.65 to 16.10)
History of dyslipidemia

.39271/353 (76.77) 293/363 (80.72)Yes 3.95 (–5.02 to 12.91)

.04100/132 (75.76) 111/125 (88.80)No 13.04 (0.41 to 25.67)
History of smoking

.14185/242 (76.45) 172/204 (84.31)Yes 7.87 (–2.52 to 18.26)

.34186/243 (76.54) 232/284 (81.69)No 5.15 (–5.41 to 15.70)

Cardiopulmonary bypass
.90114/137 (83.21) 85/101 (84.16)On pump 0.95 (–13.69 to 15.59)
.05257/348 (73.85) 319/387 (82.43)Off pump 8.58 (–0.04 to 17.20)

Baseline SYNTAX scorea

.1282/93 (88.17) 38/53 (71.70)≤22 –16.47 (–37.15 to 4.20)

.15208/278 (74.82) 210/255 (82.35)23-32 7.53 (–2.71 to 17.78)

.0381/114 (71.05) 156/180 (86.67)≥33 15.61 (1.43 to 29.80)

.06

.87

.61

.79

.92

.83

.90

.04

.50

.02

.62

.80

.79

.97

.25

.72

.006

.38

ACS indicates acute coronary syndrome; SV, saphenous vein. P values were
calculated by a generalized equation model.

a SYNTAX scores are graded on a continuous scale in which higher scores
indicate more complex coronary artery disease.
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Unstable Angina to Prevent Recurrent Events (CURE) study.5

The combination of clopidogrel + aspirin reduced event rates
when compared with aspirin alone in patients who under-
went CABG in the CURE study, although the study lacked suf-
ficient statistical power to show such a difference.20

Limitations
This study has several limitations. First, the trial was open-label,
thus both investigators and patients were not blinded to treat-
ment allocation. The open-label design is a weakness because
patients may drop out if they perceive that they are receiving

Table 3. Major Adverse Cardiovascular Events, Bleeding Episodes, and Serious Adverse Events Among Patients
Receiving Coronary Artery Bypass Grafting Treated With Ticagrelor + Aspirin, Ticagrelor Alone, or Aspirin Alone

Patients With Events, No. (%) Difference, % (95% CI)
Ticagrelor +
Aspirin
(n = 168)

Ticagrelor
Alone
(n = 166)

Aspirin Alone
(n = 166)

Ticagrelor +
Aspirin vs
Aspirin Alone

Ticagrelor
Alone vs
Aspirin Alone

Major adverse
cardiovascular events

3 (1.8) 4 (2.4) 9 (5.4) –3.6
(–7.6 to 0.4)

–3.0
(–7.2 to 1.2)

Cardiovascular death 1 (0.6) 0 2 (1.2)

Nonfatal
myocardial infarction

2 (1.2) 2 (1.2) 3 (1.8)

Nonfatal stroke 0 2 (1.2) 4 (2.4)

Bleeding

CABG-related 1 (0.6) 1 (0.6) 0 0.6
(–0.6 to 1.8)

0.6
(–0.6 to 1.8)

Fatal bleeding 0 0 0

Perioperative
intracranial bleeding

0 0 0

Reoperation to
controlling bleeding

1 (0.6) 1 (0.6) 0

Transfusion of ≥5 units
red blood cells
or whole blood
within a 48-h period

0 0 0

Chest tube output >2 L
within a 24-h period

0 0 0

Non–CABG-related 51 (30.4) 20 (12.1) 15 (9.0) 21.3
(13.1 to 29.5)

3.0
(–3.6 to 9.6)

Site of non-CABG
bleeding, No. (%)a

Skin 25 (14.9) 9 (5.4) 7 (4.2)

Nose 14 (8.3) 6 (3.6) 2 (1.2)

Mouth 3 (1.8) 2 (1.2) 3 (1.8)

Upper gastrointestinal
tract

3 (1.8) 0 2 (1.2)

Urinary tract 3 (1.8) 1 (0.6) 0

Hemorrhoids 2 (1.2) 1 (0.6) 1 (0.6)

Lower gastrointestinal
tract

2 (1.2) 0 0

Thoracic cavity 1 (0.6) 0 0

Intracranial 1 (0.6) 0 0

Abdominal cavity 0 1 (0.6) 0

Major bleeding 2 (1.2) 1 (0.6) 0

Intracranial bleeding 1 (0.6) 0 0

Clinically overt signs
of hemorrhage
with hemoglobin
drop ≥5 g/dL

1 (0.6)b 1 (0.6)c 0

Fatal bleeding 0 0 0

Minor bleeding 2 (1.2) 0 2 (1.2)

Minimal bleeding 48 (28.6) 19 (11.4) 13 (7.8)

Major bleeding (overall)d 3 (1.8) 2 (1.2) 0 1.8
(–0.2 to 3.8)

1.2
(–0.5 to 2.9)

Bleeding leading to
temporary interruption
of treatment

15 (8.9) 4 (2.4) 2 (1.2)

Bleeding leading to
treatment discontinuation

0 0 0

Patients with ≥1
serious adverse event

3 (1.8) 3 (1.8) 9 (5.4) –3.6
(–7.6 to 0.4)

–3.6
(–7.6 to 0.4)

Abbreviations: CABG, coronary artery
bypass grafting; NA, not available.
a Some patients had bleeding from

more than 1 site.
b Upper gastrointestinal.
c Abdominal cavity.
d The combination of CABG-related

bleeding and non–CABG-related
major bleeding.
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an inferior regimen. However, the patient retention rates were
consistently high across 3 treatment groups. Second, the trial was
designed specifically to examine saphenous vein graft patency;
thus the results cannot be extrapolated to arterial grafts. Third,
the trial lacked sufficient statistical power to identify a signifi-
cant effect on the incidence of MACE or other secondary and
bleeding end points. The low event rates in the present study
could be used to inform the design of subsequent studies that
evaluate the effect of DAPT on clinical event rates.

Conclusions

Among patients undergoing elective CABG with saphenous
vein grafting, the use of ticagrelor + aspirin compared with as-
pirin alone significantly increased graft patency after 1 year;
there was no significant difference between ticagrelor alone
and aspirin alone. Further research with more patients is
needed to assess comparative bleeding risks.
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