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Abstract 

Background: The optimal antiplatelet therapy for patients with chronic kidney disease (CKD) 

undergoing coronary artery bypass grafting (CABG) remains unknown. 

Methods: This post hoc analysis of the Ticagrelor in Coronary Artery Bypass (TiCAB) trial examined 

the efficacy and safety of ticagrelor versus aspirin in patients with or without CKD. Primary endpoint 

was the composite of cardiovascular death, stroke, myocardial infarction or revascularization 

(MACCE) at 1 year after CABG. Secondary endpoints included individual components of the primary 

endpoint, all-cause death, and major bleeding. 

Results: CKD was present in 276 of 1,843 randomized patients (15.0%). Patients with CKD versus 

those without CKD had higher 1-year rates of MACCE (13.0% vs. 8.3%, HR 1.63, 95% CI 1.12-2.39, 

P=0.01) and major bleeding (5.6% vs. 3.1%, HR 1.84, 95% CI 1.03-3.28, P=0.04). The 1-year rate of 

MACCE was increased with ticagrelor versus aspirin in patients with CKD (18.2% vs. 8.9%, HR 2.15, 

95% CI 1.08-4.30, P=0.03), but not in patients without CKD (8.5% vs. 8.1%, HR 1.05, 95% CI 0.74-

1.49, P=0.79) (Pinteraction=0.067). There was no difference in the 1-year rate of major bleeding with 

ticagrelor versus aspirin in patients with CKD (6.6% vs. 4.7%, HR 1.44, 95% CI 0.52-3.97, P=0.48) 

and without CKD (3.3% vs. 2.9%, HR 1.14, 95% CI 0.64-2.01, P=0.65). 

Conclusions: In patients with CKD and CABG, those who received ticagrelor had a higher incidence 

of MACCE but a similar incidence of major bleeding compared to those who received aspirin. 
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Chronic kidney disease (CKD) is associated with increased risk of cardiovascular disease and 

subsequent cardiovascular events 1. Optimal antiplatelet therapy remains controversial in these patients 

as potential benefits with more potent antithrombotic therapies are offset by increased bleeding risk 2. 

Ticagrelor, on a background of aspirin, resulted in a greater risk reduction for the ischemic primary 

endpoint versus clopidogrel in acute coronary syndrome patients with CKD 3, 4 and versus placebo in 

stable coronary artery disease patients with CKD 5, albeit with an excess in major 4 and minor 5, or 

non-procedure-related 3 bleeding events. Therefore, there is a need to further clarify benefits and risks 

of antithrombotic approaches that do not include aspirin. 

The effect of ticagrelor in patients undergoing coronary artery bypass grafting (CABG) has 

been studied in few trials with conflicting results 6-8. However, none have reported outcomes in 

patients with CKD. The Ticagrelor in Coronary Artery Bypass (TiCAB) trial compared the effect of 

ticagrelor monotherapy with aspirin on clinical events within the first year after CABG 8. The presence 

of moderate to severe CKD was not an exclusion criterion in the trial. This post hoc analysis of the 

TiCAB trial aimed to examine the efficacy and safety of ticagrelor monotherapy compared with 

aspirin after CABG in patients with or without CKD. 

 

Patients and Methods 

Data source 

The design and primary results of the TiCAB trial (NCT01755520) have been published 8, 9. In brief, 

TiCAB was a multi-center, double-blinded, placebo-controlled randomized trial that enrolled patients 

with stable coronary artery disease or acute coronary syndrome undergoing CABG for three-vessel 

disease and/or left main stenosis, or two-vessel disease with impaired left ventricular function. Patients 

requiring dialysis were excluded from participation. Randomized patients received either aspirin 100 

mg and placebo ticagrelor or placebo aspirin and ticagrelor 90 mg within the first 24 hours after 

CABG. Maintenance doses consisted of aspirin 100 mg once daily or ticagrelor 90 mg twice daily. 

There was no dose adjustment for impaired renal function. Under the initial TiCAB protocol 245 

patients also received study medication at days -5 to -3 before CABG surgery 8. Patients were not 

tested for aspirin sensitivity. Primary endpoint was the composite of cardiovascular death, myocardial 
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to a modified intention-to treat principle. All statistical analyses were performed with the use of R 

v3.5.1 software. 

 

Results 

Patients 

Of 1,859 patients undergoing CABG in the TiCAB trial 1,843 (99.1%) had serum creatinine levels 

available at baseline. CKD was present in 276 patients (15.0%) (Figure 1). The distribution of baseline 

eGFR is illustrated in Supplemental Figure 1. Baseline patient characteristics by renal function and 

randomized treatment are presented in Table 1 and procedural characteristics are presented in Table 2. 

Within the groups baseline and procedural characteristics of patients receiving either ticagrelor or 

aspirin were balanced as treatment was randomized. Baseline and procedural characteristics of patients 

stratified by the presence or absence of CKD are presented in Supplemental Table 1 and Supplemental 

Table 2. 

 

Efficacy and Bleeding Outcomes in Relation to Baseline Renal Function 

The 1-year rate of MACCE was increased in patients with CKD compared to those without CKD 

(13.0% vs. 8.3%; HR, 1.63; 95% CI, 1.12 to 2.39; P=0.01) (Figure 2A). The HR for all-cause death 

associated with CKD was 2.98 (95% CI, 1.60 to 5.54; P=0.0006) (Supplemental Table 3). Patients 

with CKD compared to those without CKD had higher rates of major bleeding (5.6% vs. 3.1%; HR, 

1.84; 95% CI, 1.03 to 3.28; P=0.04) (Figure 2B). When modeled as a continuous variable, 

progressively lower eGFR was associated with a greater 1-year risk of MACCE (HR per 30 

mL/min/1.73 m2 decrease: 1.19; 95% CI: 1.02 to 1.39) (Figure 3A) and major bleeding (HR per 30 

mL/min/1.73 m2 decrease: 1.21; 95% CI: 0.95 to 1.54) (Figure 3B). 

 

Efficacy Outcomes in Relation to Baseline Renal Function and Randomized Treatment 

The risk of MACCE increased with decreasing eGFR at baseline in the ticagrelor (HR per 30 

mL/min/1.73 m2 decrease: 1.40; 95% CI: 1.13 to 1.72) and aspirin (HR per 30 mL/min/1.73 m2 

decrease: 1.00; 95% CI: 0.81 to 1.24) groups (Figure 3A). At 1 year there was a significant difference 
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in the rate of the primary endpoint with ticagrelor versus aspirin in patients with CKD (18.2% vs. 

8.9%; HR, 2.15; 95% CI, 1.08 to 4.30; P=0.03) but not in those without CKD (8.5% vs. 8.1%; HR, 

1.05; 95% CI, 0.74 to 1.49; P=0.79) (Figure 4). There was no significant treatment by renal function 

interaction for the primary endpoint (Pinteraction=0.067) (Figure 5). The majority of primary endpoint 

events (71%) occurred within 30 days after randomization. A landmark analysis showed that the 

estimate of the treatment effect of ticagrelor versus aspirin from randomization to 30 days (HR, 2.14; 

95% CI, 0.94 to 4.89) was comparable to that from >30 days to 1 year (HR, 2.18; 95% CI, 0.62 to 

7.74). The 1-year rates of the secondary efficacy endpoints were numerically higher but not 

significantly elevated with ticagrelor versus aspirin in patients with and without CKD (Figure 5). 

 

Bleeding Outcomes in Relation to Baseline Renal Function and Randomized Treatment 

The risk of major bleeding increased with decreasing eGFR at baseline similarly in the ticagrelor (HR 

per 30 mL/min/1.73 m2 decrease: 1.24; 95% CI: 0.9 to 1.71) and aspirin (HR per 30 mL/min/1.73 m2 

decrease: 1.18; 95% CI: 0.81 to 1.70) groups (Figure 3B). At 1 year the rate of major bleeding was 

higher but did not differ significantly with ticagrelor versus aspirin in patients with CKD (6.6% vs. 

4.7%; HR, 1.44; 95% CI, 0.52 to 3.97; P=0.48) and in those without CKD (3.3% vs 2.9%; HR, 1.14; 

95% CI, 0.64 to 2.01; P=0.65) (Pinteraction=0.69) (Figure 5, Figure 6). 

 

Comment 

This post hoc analysis of the TiCAB trial examined the efficacy and safety of ticagrelor monotherapy 

compared with aspirin for secondary prevention of ischemic events after CABG in patients with or 

without CKD. The presence of CKD was associated with an increased risk of cardiovascular death, 

stroke, non-fatal myocardial infarction, or revascularization (MACCE), all-cause death and bleeding at 

1 year after CABG irrespective of antiplatelet therapy. Ticagrelor compared with aspirin was 

associated with an increased risk of MACCE at 1 year after CABG in patients with CKD but not in 

those without CKD, although the interaction between renal function and antiplatelet therapy was not 

significant. The effects of ticagrelor and aspirin on major bleeding were similar among patients with or 

without CKD. 
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There is a growing interest in the impact of CKD as its prevalence in patients requiring 

myocardial revascularization is increasing 13. This study confirms that CKD is a powerful marker of 

risk in patients presenting for CABG, as patients with CKD had a significantly higher rate of the 

composite primary endpoint of MACCE, and a nearly three-fold increase in the risk of death. As 

expected, when compared with patients without CKD, patients with CKD displayed a nearly two-fold 

increase in major bleeding rates. These findings are consistent with recently published subgroup 

analyses from three landmark revascularization trials in three-vessel and left main disease (SYNTAX, 

FREEDOM, and EXCEL) that reported substantially higher rates of composite outcomes of hard 

clinical endpoints 14-16, all-cause death 14-16, and hemorrhagic adverse events 16 in patients with CKD. 

A subgroup analysis of the PLATO trial demonstrated an impressive benefit of ticagrelor over 

clopidogrel (as part of dual antiplatelet therapy [DAPT] with aspirin) in acute coronary syndrome 

patients with CKD for the composite primary endpoint of death from vascular causes, myocardial 

infarction, or stroke, and all-cause death 3. However, a recent subgroup analysis of the GLOBAL 

LEADERS trial 17 comparing the experimental strategy of 1-month ticagrelor plus aspirin DAPT 

followed by 23-month ticagrelor monotherapy with the control arm of 12-month DAPT followed by 

12-month aspirin showed no differential treatment effects with regard to all-cause death or new Q-

wave myocardial infarction after percutaneous coronary intervention in patients with CKD 18. In this 

post hoc analysis of the TiCAB trial we found that patients with CKD had a significantly higher rate of 

MACCE with ticagrelor when compared to aspirin (18.2% versus 8.9%). In fact, the rate of MACCE 

in patients with CKD randomized to aspirin was similar to the rate of MACCE in patients without 

CKD irrespective of randomized treatment (ticagrelor 8.5%, aspirin 8.1%). The nonsignificant 

probability value for interaction suggests that there is no differential effect of ticagrelor in patients 

with or without CKD; however, this test does not address significance testing at an alpha level of 0.05 

in the presence of underpowered tests and the potentially low prevalence of real between-group 

differences. It may therefore have limited ability to inform individual treatment decision-making 

because of the high probability of false-negative results in the presence of an inadequate sample size 

19. In addition, our finding that patients with CKD randomized to ticagrelor had numerically higher, 

albeit nonsignificant, rates of individual secondary efficacy endpoints than those randomized to 
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aspirin, may support routine use of aspirin in secondary prevention after CABG in patients with CKD 

and careful evaluation of preference for ticagrelor over other P2Y12 inhibitors in those resistant to 

aspirin. 

A possible explanation for the differences seen in the effect of ticagrelor in the TiCAB trial 

and other trials of ticagrelor is an efficacy disparity between ticagrelor on a background of aspirin as 

DAPT versus ticagrelor monotherapy. The PLATO trial reported a reduction in all-cause and 

cardiovascular death for ticagrelor over clopidogrel DAPT irrespective of renal function in patients 

undergoing CABG 6. However, this effect on mortality has not been observed with ticagrelor 

monotherapy in patients undergoing percutaneous coronary intervention 17, 20 or in CABG patients 7, 8. 

Furthermore, the majority of patients in TiCAB presented with stable coronary artery disease (>65% in 

the CKD group), whereas PLATO included acute coronary syndrome patients who due to their higher 

ischemic risk are more likely to experience a benefit on hard endpoints such as mortality. Of note, the 

TiCAB trial showed opposing trends with secondary endpoints, suggesting that ticagrelor and aspirin 

may have diverse efficacy in preventing specific outcomes such as myocardial infarction or stroke. 

Ticagrelor may add to the risk of adverse outcomes in patients with CKD undergoing CABG 

by directly adversely affecting renal function. In the PLATO trial a larger increase in the mean serum 

creatinine concentration from baseline to 12 months was observed in patients randomized to ticagrelor 

that resolved with ticagrelor discontinuation 3. The underlying mechanisms are unclear, but it has been 

suggested that ticagrelor can alter renal hemodynamics by decreasing vascular tone in the afferent 

arteriole thereby lowering the glomerular filtration pressure 21. 

Ticagrelor did not significantly increase major bleeding versus aspirin across the spectrum of 

renal function. Importantly, randomized trials investigating ticagrelor monotherapy have shown 

favorable bleeding outcomes compared with DAPT. Among high-risk patients who underwent 

percutaneous coronary intervention and completed 3 months of DAPT in the Ticagrelor with Aspirin 

or Alone in High-Risk Patients after Coronary Intervention (TWILIGHT) trial, ticagrelor monotherapy 

was associated with a lower incidence of clinically relevant bleeding than ticagrelor DAPT 22. 

Similarly, in the GLOBAL LEADERS Adjudication Sub-Study (GLASSY) 20 the results at 2 years 

showed identical rates of Bleeding Academic Research Consortium Type 3 or 5 bleeding in the 
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experimental and control groups. However, these trials have not yet analyzed effects of ticagrelor 

monotherapy on bleeding outcomes in patients with CKD. 

 

Limitations 

This analysis of treatment groups stratified by renal function was a post hoc analysis of a randomized 

trial and findings should be considered observational and hypothesis-generating only. Although all 

analyses in the main TiCAB trial were carried out on pre-specified subgroups, the use of multiple 

testing could still lead to false-positive results 19. Nevertheless, given the fact that the present analysis 

did not reach conventional levels of statistical significance for interaction, the findings should be 

interpreted in the context of the main trial, which was underpowered for the primary endpoint and did 

not demonstrate an effect of ticagrelor versus aspirin. 

Patients requiring dialysis were excluded from participation in the TiCAB trial and the 

findings of this analysis may therefore not be representative of patients across the entire spectrum of 

CKD. Estimations of GFR were based on creatinine measurements obtained within 14 days of 

enrollment into the trial and may not accurately reflect renal function in the setting of acute coronary 

syndrome. Creatinine measurements were not consistently obtained at 1-year follow-up, precluding an 

analysis of deterioration of renal function from baseline to 1 year after CABG in the TiCAB 

population. 

 

Conclusions 

In patients with CKD and CABG, those who received ticagrelor had a higher incidence of MACCE 

but a similar incidence of major bleeding compared to those who received aspirin. An adequately 

powered, dedicated clinical trial is needed to provide evidence for optimal antiplatelet therapy in 

patients with CKD after CABG. 
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Table 1. Baseline patient characteristics by baseline renal function and randomized treatment 
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     Beta-blocker 

     ACE inhibitor 

     Angiotensin-receptor blocker 

     Calcium channel inhibitor 

     Diuretic 
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Figure Legends 

 

Figure 1. Study population, by presence or absence of chronic kidney disease (CKD). CABG, 

coronary artery bypass grafting. 

 

Figure 2. 1-Year outcomes in patients after coronary artery bypass grafting in patients with and 

without chronic kidney disease (CKD). 

Kaplan-Meier event rate curves of (A) the primary endpoint; and (B) major bleeding. 

 

Figure 3. Smooth hazard function for the risk of (A) the primary endpoint; and (B) major bleeding at 1 

year after CABG according to baseline renal function. eGFR, estimated glomerular filtration rate. 

 

Figure 4. Kaplan-Meier event rate curves of the primary endpoint stratified by presence or absence of 

chronic kidney disease (CKD) in the ticagrelor and aspirin randomized treatment arms. 

 

Figure 5. Forest plot showing associations for efficacy and safety endpoints in relation to chronic 

kidney disease (CKD) and randomized treatment.  

 

Figure 6. Kaplan-Meier event rate curves for major bleeding stratified by presence or absence of 

chronic kidney disease (CKD) in the ticagrelor and aspirin randomized treatment arms. 

Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of



Jo
urn

al 
Pre-

pro
of


