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BACKGROUND: In the AUGUSTUS trial (An Open-Label, 2×2 Factorial, 
Randomized Controlled, Clinical Trial to Evaluate the Safety of Apixaban Versus 
Vitamin K Antagonist and Aspirin Versus Aspirin Placebo in Patients With 
Atrial Fibrillation and Acute Coronary Syndrome or Percutaneous Coronary 
Intervention), apixaban resulted in less bleeding and fewer hospitalizations than 
vitamin K antagonists, and aspirin caused more bleeding than placebo in patients 
with atrial fibrillation and acute coronary syndrome or percutaneous coronary 
intervention treated with a P2Y12 inhibitor. We evaluated the risk-benefit balance 
of antithrombotic therapy according to kidney function.

METHODS: In 4456 patients, the CKD-EPI (Chronic Kidney Disease Epidemiology 
Collaboration) formula was used to calculate baseline estimated glomerular 
filtration rate (eGFR). The effect of apixaban versus vitamin K antagonists and 
aspirin versus placebo was assessed across kidney function categories by using 
Cox models. The primary outcome was International Society on Thrombosis and 
Haemostasis major or clinically relevant nonmajor bleeding. Secondary outcomes 
included death or hospitalization and ischemic events (death, stroke, myocardial 
infarction, stent thrombosis [definite or probable], or urgent revascularization). 
Creatinine clearance <30 mL/min was an exclusion criterion in the AUGUSTUS trial.

RESULTS: Overall, 30%, 52%, and 19% had an eGFR of >80, >50 to 80, and 30 
to 50 mL·min–1·1.73 m–2, respectively. At the 6-month follow-up, a total of 543 
primary outcomes of bleeding, 1125 death or hospitalizations, and 282 ischemic 
events occurred. Compared with vitamin K antagonists, patients assigned apixaban 
had lower rates for all 3 outcomes across most eGFR categories without significant 
interaction. The absolute risk reduction with apixaban was most pronounced in those 
with an eGFR of 30 to 50 mL·min–1·1.73 m–2 for bleeding events with rates of 13.1% 
versus 21.3% (hazard ratio, 0.59; 95% CI, 0.41–0.84). Patients assigned aspirin had 
a higher risk of bleeding in all eGFR categories with an even greater increase among 
those with eGFR >80 mL·min–1·1.73 m–2: 16.6% versus 5.6% (hazard ratio, 3.22; 
95% CI, 2.19–4.74; P for interaction=0.007). The risk of death or hospitalization and 
ischemic events were comparable to aspirin and placebo across eGFR categories with 
hazard ratios ranging from 0.97 (95% CI, 0.76–1.23) to 1.28 (95% CI, 1.02–1.59) 
and from 0.75 (95% CI, 0.48–1.17) to 1.34 (95% CI, 0.81–2.22), respectively.

CONCLUSIONS: The safety and efficacy of apixaban was consistent irrespective 
of kidney function, compared with warfarin, and in accordance with the overall 
trial results. The risk of bleeding with aspirin was consistently higher across all 
kidney function categories.

REGISTRATION: URL: https://www.clinicaltrials.gov; Unique identifier: 
NCT02415400.
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Patients with atrial fibrillation (AF) frequently 
have concomitant coronary artery disease, 
which can present as an acute coronary syn-

drome (ACS) or require percutaneous coronary in-
tervention (PCI).1–3 This introduces difficulties in the 
clinical management, because oral anticoagulation 
is preferred for stroke prevention, and dual anti-
platelet therapy is preferred for the prevention of 
acute myocardial infarction and stent thrombosis.4–6 
Unfortunately, the combination of dual antiplatelet 
therapy and oral anticoagulation often results in ex-
cessive bleeding.7 In past years, randomized clinical 
trials have shown that the risk of bleeding may be 
reduced by combining a non–vitamin K antagonist 
oral anticoagulant with clopidogrel compared with 
triple therapy with a vitamin K antagonist (VKA) and 
2 antiplatelet agents.8–10 Recently, the AUGUSTUS tri-
al (An Open-Label, 2×2 Factorial, Randomized Con-
trolled, Clinical Trial to Evaluate the Safety of Apixa-
ban Versus Vitamin K Antagonist and Aspirin Versus 
Aspirin Placebo in Patients With Atrial Fibrillation and 
Acute Coronary Syndrome or Percutaneous Coronary 
Intervention) showed that, in patients with AF and 
ACS or PCI treated with a P2Y12 inhibitor, apixaban 
resulted in less bleeding and fewer hospitalizations 
than VKA, and that aspirin resulted in more bleed-
ing than placebo, without significant differences in 
ischemic events.11 Current international guidelines 
mirror these findings because the recommended du-
ration of triple therapy has been shortened and, in 
some instances, even omitted in favor of dual an-
tithrombotic therapy with a non–vitamin K antago-
nist oral anticoagulant and 1 antiplatelet agent.12,13 

Kidney function, however, plays a major role in the 
risks of both bleeding and ischemic events, and thus 
may potentially change the risk-benefit balance of 
antithrombotic therapy and offer an opportunity to 
further personalize therapy based on kidney func-
tion.14–17 This prespecified analysis of the AUGUSTUS 
trial evaluates the different antithrombotic regimens 
according to baseline kidney function in 4456 pa-
tients with AF and ACS or PCI.

METHODS
Study Population and Trial Design
The data, analytic methods, and study materials will not be 
made available to other researchers for purposes of repro-
ducing the results or replicating the procedure. The trial 
design and main results of AUGUSTUS have been published 
previously.11,18 In brief, AUGUSTUS was a multicenter, 2×2 
factorial, randomized clinical trial that compared apixaban 
with a VKA, and aspirin with placebo, in patients with AF 
who had a recent ACS and underwent PCI. Patients at least 
18 years of age, with AF and planned long-term use of an 
oral anticoagulant, and recent ACS or PCI with planned use 
of a P2Y12 inhibitor for at least 6 months were randomly 
assigned by an interactive voice-response system to receive 
apixaban or VKA and aspirin or matching placebo. Patients 
with an estimated creatinine clearance <30 mL/min accord-
ing to the Cockcroft-Gault equation were excluded. A total 
of 4614 patients were randomly assigned from September 
2015 through April 2018 at 492 sites in 33 countries. Of 
these, 4456 had kidney function reported at baseline. All 
participants were followed for 6 months.

Written informed consent was obtained from all patients, 
and institutional review boards for participating institutions 
approved the trial protocol.

Outcomes
The primary outcome was major or clinically relevant non-
major bleeding as defined by the International Society on 
Thrombosis and Haemostasis.18 International Society on 
Thrombosis and Haemostasis major bleeding was defined 
as bleeding that resulted in death, occurred in a critical 
organ (intracranial, intraspinal, intraocular, retroperitoneal, 
intraarticular, intramuscular with compartment syndrome, 
or pericardial), or was associated with either a decrease in 
the hemoglobin level of at least 2 g/dL or a transfusion of 
at least 2 U of packed red blood cells. Clinically relevant 
nonmajor bleeding was defined as bleeding that resulted in 
hospitalization, medical or surgical intervention for bleed-
ing, an unscheduled clinic visit, or a change in physician-
directed antithrombotic therapy. Secondary outcomes 
included the composite of all-cause death or hospitaliza-
tion and ischemic events (death, stroke, myocardial infarc-
tion, stent thrombosis [definite or probable], or urgent 
revascularization). Bleeding events were assessed from 
first dose of study drug to 6 months or permanent study 
drug discontinuation and efficacy events were assessed 
from randomization to 6 months. All bleeding and isch-
emic events (except for urgent revascularization) were 

Clinical Perspective

What Is New?
•	 In patients with atrial fibrillation and acute coronary 

syndrome and percutaneous coronary intervention, 
apixaban, compared with vitamin K antagonists, 
displayed a consistent safety and efficacy profile 
irrespective of kidney function, in accordance with 
the overall trial.

•	 Aspirin, relative to placebo, on top of oral antico-
agulation and a P2Y12 inhibitor, resulted in more 
bleeding irrespective of kidney function, also con-
sistent with the results of the overall trial.

What Are the Clinical Implications?
•	 These findings can help clinicians make informed 

decisions on the antithrombotic therapy in patients 
with atrial fibrillation and kidney dysfunction with 
acute coronary syndrome and percutaneous coro-
nary intervention.
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independently adjudicated, blinded to randomized group, 
by the clinical-events classification committee at the Duke 
Clinical Research Institute.11,18

Kidney Function Assessment
From serum creatinine collected at randomization and 
analyzed locally at each site, the estimated glomerular 
filtration rate (eGFR) according to the CKD-EPI (Chronic 
Kidney Disease Epidemiology Collaboration)19 equation 
(mL·min–1·1.73 m–2) was calculated: 141 × min(Scr/κ, 
1)α × max(Scr/κ, 1)–1.209 × 0.993Age × 1.018 [if female] × 
1.159 [if Black], where κ is 0.7 for females and 0.9 for 
males, α is –0.329 for females and –0.411 for males, 
min indicates the minimum of Scr/κ or 1, max indicates 
the maximum of Scr/κ or 1, and Scr is serum creatinine 
expressed in mg/dL.

Statistical Analyses
All randomly assigned patients with complete data on 
age, sex, race, weight, and serum creatinine to estimate 
baseline kidney function were included in the analysis 
(n=4456). Patients were classified according to previously 
used prespecified categories of kidney function20: no 
impairment: >80 mL·min–1·1.73 m–2; mild impairment: >50 
to 80 mL·min–1·1.73 m–2; and moderate-severe impair-
ment: 30 to 50 mL·min–1·1.73 m–2. In addition, as a sen-
sitivity analysis, kidney function categories according to 
the National Kidney Foundation practical guidelines were 
used (≥90 mL·min–1·1.73 m–2, 60–89 mL·min–1·1.73 m–2, 
<60 mL·min–1·1.73 m–2). Given the 2×2 factorial design, 
parallel analyses were performed to compare 2 randomized 

antithrombotic regimens: apixaban versus VKA and aspi-
rin versus placebo, respectively. Baseline characteristics of 
patients were examined by categories of kidney function. 
Continuous variables were summarized as median (Q1–Q3) 
or mean (SD) and compared across the groups using ANOVA 
or the Kruskal-Wallis test. Categorical variables were sum-
marized as n/N (%) and compared across the groups using 
the Pearson χ2 test or Fisher exact test.

To assess the effect of apixaban versus VKA on out-
comes by kidney function, event rates of each outcome 
were calculated for patients treated with apixaban or VKA 
for each kidney function category by using the Kaplan-
Meier method. The effect of apixaban versus VKA on each 
outcome was assessed by using a Cox proportional hazards 
model that included treatment and kidney function cate-
gories, and the interaction between treatment and kidney 
function category, as well. An identical approach was used 
to assess the treatment effect of aspirin versus placebo. The 
results are presented as hazard ratios with 95% CIs by the 
kidney function categories with an overall P value for the 
interaction (global Wald-type test with 2 degrees of free-
dom). The proportional hazards assumption was evaluated 
by using correlation tests based on the weighted Schoenfeld 
residuals. In sensitivity analyses, the same evaluations were 
performed using kidney function categories according to 
the National Kidney Foundation practical guidelines. In a 
second sensitivity analysis, patients who received low-dose 
apixaban without meeting the criteria for dose reduction 
were excluded (n=138). A 2-sided P value of <0.05 was 
considered statistically significant. All the statistical analy-
ses were performed using SAS software, version 9.4 TS1M6 
(SAS Institute Inc).

Table 1.  Baseline Characteristics of Patients According to Categories of Kidney Function

Characteristics Overall (N=4456)

>80 
mL·min–1·1.73 
m–2 (n=1319)

>50–80 
mL·min–1·1.73 
m–2 (n=2306)

30–50 
mL·min–1·1.73 
m–2 (n=831) P value

Age, median (Q1–Q3), y 71 (64–77) 67 (61–73) 71 (65–77) 76 (70–81) <0.001

Female sex, n/N (%) 1301/4456 (29.2) 245/1319 (18.6) 678/2306 (29.4) 378/831 (45.5) <0.001

Weight, median (Q1–Q3), kg 83.0 (73.5–95.0) 84.0 (74.0–96.0) 83.9 (74.0–95.4) 81.4 (71.0–91.4) <0.001

CHA2DS2-VASc score, mean (SD) 3.9 (1.5) 3.4 (1.4) 3.9 (1.5) 4.8 (1.5) <0.001

HAS-BLED score, mean (SD) 2.9 (0.9) 2.6 (0.9) 2.8 (0.9) 3.3 (1.0) <0.001

Prior bleeding, n/N (%) 47/4432 (1.1) 13/1314 (1.0) 20/2295 (0.9) 14/823 (1.7) 0.13

Hypertension, n/N (%) 3949/4456 (88.6) 1122/1319 (85.1) 2064/2306 (89.5) 763/831 (91.8) <0.001

Heart failure, n/N (%) 1930/4456 (43.3) 472/1319 (35.8) 1009/2306 (43.8) 449/831 (54.0) <0.001

Diabetes, n/N (%) 1602/4456 (36.0) 472/1319 (35.8) 773/2306 (33.5) 357/831 (43.0) <0.001

Stroke, transient ischemic attack, or embolism, n/N (%) 609/4428 (13.8) 156/1310 (11.9) 311/2294 (13.6) 142/824 (17.2) 0.002

Previous use of oral anticoagulant, n/N (%) 2210/4456 (49.6) 635/1319 (48.1) 1164/2306 (50.5) 411/831 (49.5) 0.40

Qualifying index event <0.001

 � Acute coronary syndrome and percutaneous coronary 
intervention, n/N (%)

1652/4441 (37.2) 525/1314 (40.0) 840/2296 (36.6) 287/831 (34.5)  

  Medically managed acute coronary syndrome, n/N (%) 1083/4441 (24.4) 260/1314 (19.8) 559/2296 (24.3) 264/831 (31.8)  

  Elective percutaneous coronary intervention, n/N (%) 1706/4441 (38.4) 529/1314 (40.3) 897/2296 (39.1) 280/831 (33.7)  

Low-dose apixaban, n/N (%) 226/2239 (10.1) 52/655 (7.9) 93/1178 (7.9) 81/406 (20.0) <0.001

Time in therapeutic range in patients randomly assigned 
to vitamin K antagonist, median (Q1–Q3)

58.3 (33.1–81.0) 58.8 (33.1–80.8) 58.3 (33.3–81.4) 57.5 (32.1–78.9) 0.86

CHADSVASc indicates congestive heart failure, hypertension, age 75 or older, diabetes, stroke, vascular disease, age 65 or older, sex category; and HAS-BLED, 
hypertension, abnormal liver/renal function, stroke history, bleeding history or predisposition, labile INR, elderly, drug/alcohol usage.

D
ow

nloaded from
 http://ahajournals.org by on M

arch 22, 2021



Hijazi et al� Antithrombotic Therapy in AF and ACS by eGFR

March 23, 2021� Circulation. 2021;143:1215–1223. DOI: 10.1161/CIRCULATIONAHA.120.0510201218

OR
IG

IN
AL

 R
ES

EA
RC

H 
AR

TI
CL

E

RESULTS
Baseline Characteristics, Kidney Function, 
and Events
The median age was 71 years, 29.2% were women, 
and the median eGFR was 68.4 mL·min–1·1.73 m–2. The 
proportion of patients with an eGFR >80 mL·min–1·1.73 
m–2 was 30%, >50 to 80 mL·min–1·1.73 m–2 was 52%, 
and 30 to 50 mL·min–1·1.73 m–2 was 19%, respective-
ly (Table 1). Patients in the group with eGFR 30 to 50 
mL·min–1·1.73 m–2 were older and had a higher propor-
tion of female sex.

During the trial, a total of 543 primary outcome 
events (major or clinically relevant nonmajor bleed-
ing), 1125 deaths or hospitalizations, and 222 isch-
emic events occurred. For all 3 outcomes, event rates 
increased with declining kidney function (Table 2).

Outcomes of Apixaban Versus VKA 
According to Kidney Function
In patients receiving apixaban, the rate of major or clini-
cally relevant nonmajor bleeding events was consistent-
ly lower, compared with VKA, across all kidney function 
categories (Table 2). The range of bleeding events varied 
from 9.7% to 13.1% for patients receiving apixaban, 
and from 12.2% to 21.3% for those receiving VKA 
(Table  2). The absolute risk reduction with apixaban, 

compared with VKA, was greatest in those with kid-
ney function 30 to 50 mL·min–1·1.73 m–2 (13.1% versus 
21.3%, hazard ratio 0.59 [95% CI, 0.41–0.84]). The 
lower rate of bleeding with apixaban was evident both 
for major or clinically relevant nonmajor bleeding and 
for major bleeding alone (Table 2).

For the efficacy outcomes, death or hospitalization 
and ischemic events, patients assigned apixaban had 
lower rates of both outcomes across most kidney func-
tion categories (Table 2).

Outcomes of Aspirin Versus Placebo 
According to Kidney Function
In patients receiving aspirin, the rate of major or clini-
cally relevant nonmajor bleeding was consistently high-
er, compared with placebo, across all kidney function 
categories (Table 3). The rate of bleeding ranged from 
15.7% to 20.8% for patients randomly assigned to 
aspirin, and from 5.6% to 13.2% for those randomly 
assigned to placebo (Table  3). The absolute increase 
of risk with aspirin, compared with placebo, was even 
more pronounced in those with preserved kidney func-
tion, >80 mL·min–1·1.73 m–2 (16.6% versus 5.6%, 
hazard ratio 3.22 [95% CI, 2.19–4.74]). For major or 
clinically relevant nonmajor bleeding events, there was 
a significant interaction for study treatment and kid-
ney function (P=0.007), because the relative risk was 

Table 2.  Treatment Effect of Apixaban Versus Vitamin K Antagonists on Safety and Efficacy Outcomes by Catego-
ries of Kidney Function

Event

No. of events (frequency*) 
at 6 mo

Hazard ratio (95% CI)
Interaction 
P value

Apixaban, n 
(%)

Vitamin K 
antagonist, 
n (%)

International Society on Thrombosis and Haemostasis major or clinically relevant nonmajor bleeding 0.56

  >80 mL·min–1·1.73 m–2 59 (9.7) 75 (12.2) 0.77 (0.55–1.08)  

  >50–80 mL·min–1·1.73 m–2 121 (10.7) 158 (15.1) 0.68 (0.54–0.86)  

  30–50 mL·min–1·1.73 m–2 50 (13.1) 80 (21.3) 0.59 (0.41–0.84)  

International Society on Thrombosis and Haemostasis major bleeding 0.68

  >80 mL·min–1·1.73 m–2 15 (2.5) 19 (3.2) 0.74 (0.38–1.45)  

  >50–80 mL·min–1·1.73 m–2 35 (3.1) 47 (4.6) 0.67 (0.43–1.03)  

  30–50 mL·min–1·1.73 m–2 16 (4.2) 31 (8.4) 0.51 (0.28–0.93)  

Death or hospitalization 0.68

  >80 mL·min–1·1.73 m–2 140 (21.8) 172 (26.2) 0.80 (0.64–1.01)  

  >50–80 mL·min–1·1.73 m–2 263 (22.6) 293 (26.6) 0.82 (0.70–0.97)  

  30–50 mL·min–1·1.73 m–2 123 (31.2) 134 (32.1) 0.92 (0.72–1.18)  

Ischemic events 0.19

  >80 mL·min–1·1.73 m–2 34 (5.3) 26 (4.0) 1.37 (0.82–2.27)  

  >50–80 mL·min–1·1.73 m–2 70 (6.1) 72 (6.5) 0.91 (0.65–1.26)  

  30–50 mL·min–1·1.73 m–2 33 (8.8) 47 (11.4) 0.74 (0.47–1.14)  

*Kaplan-Meier estimates for end points involving mortality or cumulative incidence accounting for the competing risk of 
death for end points not involving mortality.
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significantly greater in those with kidney function >80 
mL·min–1·1.73 m–2.

For the efficacy outcomes of the trial, death or hos-
pitalization, and ischemic events, respectively, the ef-
fects of aspirin versus placebo were more comparable 
across the kidney function categories (Table 3).

For all analyses, the results were consistent without 
any significant treatment interactions in sensitivity anal-
yses: (1) using alternative kidney function categories 
(<60, 60–90, >90 mL·min–1·1.73 m–2) according to the 
National Kidney Foundation Guidelines; (2) omitting 
those with incorrect dose reduction of apixaban; and 
(3) for the separate outcomes of all-cause mortality and 
hospitalization, respectively.

Outcomes According to the 4 Different 
Treatment Strategies by Kidney Function
Outcomes according to the 4 different treatment strat-
egies were analyzed in relation to kidney function. A 
triple-therapy strategy with VKA consistently conferred 
higher rates of bleeding outcomes than the other treat-
ment strategies across kidney function categories (Fig-
ure). Double therapy with apixaban consistently con-
ferred lower rates of bleeding outcomes among the 
studied treatment strategies, irrespective of kidney func-
tion (Figure). For the efficacy outcomes, death or hospi-
talization (Figure B) and ischemic events (Figure C), the 
patterns were more mixed. However, there seemed to 
be a trend toward numerically fewer events in patients 
randomly assigned to dual therapy, in particular, with 

apixaban. Another pattern worth noting, most evident 
in those with kidney function 30 to 50 mL·min–1·1.73 
m–2, was a signal of higher risk for ischemic events in 
patients randomly assigned to a dual therapy strategy 
with VKA (Figure C, lower).

DISCUSSION
The main findings of this prespecified AUGUSTUS anal-
ysis were that, first, patients with AF and ACS or PCI, 
apixaban, compared with VKA, displayed a consistent 
safety and efficacy profile irrespective of kidney func-
tion, in accordance with the overall trial. Second, aspi-
rin, relative to placebo, on top of oral anticoagulation 
and a P2Y12 inhibitor, resulted in more bleeding irre-
spective of kidney function, consistent with the results 
of the overall trial.

In previous kidney function substudies from the 
ARISTOTLE trial, apixaban exhibited beneficial efficacy 
and safety data, compared with warfarin, irrespective 
of kidney function.17 However, the risks associated 
with dual or triple antithrombotic treatment regarding 
kidney function in patients with AF and ACS/PCI are 
less well established. Likewise, the specific assessment 
of apixaban versus VKA in this setting of patients with 
AF and ACS/PCI requiring dual or triple antithrombotic 
treatment has not been described. The study design of 
the AUGUSTUS trial, with a 2×2 factorial design, ran-
domly assigning patients on P2Y12 inhibitor to receive 
apixaban or VKA, and to receive aspirin or aspirin-
placebo, provided a unique opportunity to evaluate 

Table 3.  Treatment Effect of Aspirin Versus Placebo on Safety and Efficacy Outcomes by Categories of Kidney Function

Event

No. of events (frequency*) at 6 mo

Hazard ratio (95% CI)
Interaction 
P valueAspirin, n (%) Placebo, n (%)

International Society on Thrombosis and Haemostasis major or clinically relevant nonmajor bleeding 0.007

  >80 mL·min–1·1.73 m–2 98 (16.6) 35 (5.6) 3.22 (2.19–4.74)  

  >50–80 mL·min–1·1.73 m–2 172 (15.7) 110 (10.3) 1.58 (1.24–2.00)  

  30–50 mL·min–1·1.73 m–2 79 (20.8) 49 (13.2) 1.67 (1.17–2.37)  

International Society on Thrombosis and Haemostasis major bleeding 0.60

  >80 mL·min–1·1.73 m–2 23 (4.0) 11 (1.8) 2.30 (1.12–4.71)  

  >50–80 mL·min–1·1.73 m–2 52 (4.8) 34 (3.3) 1.55 (1.01–2.39)  

  30–50 mL·min–1·1.73 m–2 26 (7.0) 18 (4.8) 1.48 (0.81–2.70)  

Death or hospitalization 0.22

  >80 mL·min–1·1.73 m–2 168 (26.6) 144 (21.6) 1.28 (1.02–1.59)  

  >50–80 mL·min–1·1.73 m–2 285 (25.0) 271 (24.1) 1.06 (0.90–1.25)  

  30–50 mL·min–1·1.73 m–2 127 (31.4) 130 (31.9) 0.97 (0.76–1.23)  

Ischemic events 0.17

  >80 mL·min–1·1.73 m–2 33 (5.2) 27 (4.2) 1.34 (0.81–2.22)  

  >50–80 mL·min–1·1.73 m–2 63 (5.5) 79 (7.0) 0.79 (0.57–1.10)  

  30–50 mL·min–1·1.73 m–2 35 (9.0) 45 (11.2) 0.75 (0.48–1.17)  

*Kaplan-Meier estimates for end points involving mortality or cumulative incidence accounting for the competing risk of death for 
end points not involving mortality.
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the different antithrombotic strategies according to 
kidney function. The AUGUSTUS trial showed that, in 
patients with AF and ACS or PCI treated with a P2Y12 
inhibitor, apixaban resulted in less bleeding and fewer 

hospitalizations than VKA, and that aspirin resulted in 
more bleeding than placebo, without significant differ-
ences in ischemic events. The present analyses show 
that these results were consistent irrespective of kidney 

Figure. Outcomes according to 4 different treatment strategies by kidney function for major or clinically relevant nonmajor bleeding, death or 
hospitalization, and ischemic events.
All participants received a P2Y12 inhibitor. A, Major or clinically relevant nonmajor bleeding outcomes in 4 treatment strategies by kidney function: >80 mL·min–1·1.73 m–2 
(Top), >50 to 80 mL·min–1·1.73 m–2 (Center), and 30 to 50 mL·min–1·1.73 m–2 (Bottom). B, Death or hospitalization outcomes in 4 treatment strategies by kidney 
function: >80 mL·min–1·1.73 m–2 (Top), >50 to 80 mL·min–1·1.73 m–2 (Center), and 30 to 50 mL·min–1·1.73 m–2 (Bottom). C, Ischemic events according to 4 treat-
ment strategies by kidney function: >80 mL·min–1·1.73 m–2 (Top), >50 to 80 mL·min–1·1.73 m–2 (Center), and 30 to 50 mL·min–1·1.73 m–2 (Bottom). (Continued )
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function measured at randomization. Thus, the pri-
mary safety and efficacy outcomes overall occurred less 
frequently in patients randomly assigned to apixaban 
twice daily as compared with VKA, across the kidney 
function categories. For aspirin, however, in addition 
to a consistently higher occurrence of major or clini-
cally relevant nonmajor bleeding events across all kid-
ney function categories, a significantly higher relative 
risk was observed in patients with preserved kidney 

function (>80 mL·min–1·1.73 m–2). Although this is an 
unexpected finding and may be attributable to the play 
of chance, because it was not detected in the sensitiv-
ity analysis using the alternative National Kidney Foun-
dation kidney function categories (<60, 60–90, >90 
mL·min–1·1.73 m–2).

The incrementally increased risk of bleeding with de-
creasing kidney function is consistent with prior stud-
ies. Several studies have shown that the risk of bleed-
ing and cardiovascular events is higher in patients with 
AF and kidney dysfunction.15,17,21,22 In general, the in-
creased bleeding risk in patients with impaired kidney 
function is considered to be multifactorial and entails 
factors such as platelet dysfunction, platelet-vessel wall 
interaction dysfunction, coagulopathy, shear stress by 
hypertension, and more general factors such as comor-
bidities, frailty, and polypharmacy.23–25 The increased 
risk of bleeding that accompanies triple therapy is also 
well known and has been identified both in random-
ized clinical trials, and in less selected patients from 
large nationwide registries, as well.7–10 In part, similar 
findings were recently described from the RE-DUAL PCI 
trial (Randomized Evaluation of Dual Antithrombotic 
Therapy With Dabigatran Versus Triple Therapy With 
Warfarin in Patients With Nonvalvular Atrial Fibrillation 
Undergoing Percutaneous Coronary Intervention) sub-
study showing preserved safety of another non–vitamin 
K antagonist oral anticoagulant, dabigatran, compared 
with VKA, in patients who have AF with kidney impair-
ment.26 However, because of the randomized treat-
ment of aspirin versus placebo within the AUGUSTUS 
trial, the present study provides unique data that add 
important pieces of information and thus expands cur-
rent knowledge. The present results show that the in-
creased risk of bleeding with triple therapy is consistent 
even in non–vitamin K antagonist oral anticoagulant–
treated patients (and not limited to VKA therapy) and 
is not limited only to patients with kidney dysfunc-
tion. Furthermore, apixaban, at the dose approved for 
stroke prevention in patients with AF and despite hav-
ing a greater extent of kidney metabolism (27% versus 
1%),13 shows preserved safety and efficacy irrespective 
of kidney dysfunction, compared with VKA, in these 
high-risk patients. The unique trial design also provides 
interesting findings regarding patients with kidney dys-
function, who have substantially increased risks for 
both bleeding and ischemic events. Although based on 
a subgroup of the trial, and therefore of a hypothesis-
generating nature, the present results also indicate that 
dual therapy with VKA, in particular, may confer higher 
risk of ischemic events in those with kidney impairment. 
From the patterns in the event rate, it seems that the 
first few weeks, in particular, pose a high-risk period 
for ischemic events in those randomly assigned to VKA 
therapy and no aspirin with a kidney function 30 to 
50 mL·min–1·1.73 m–2. This would be in line with the 
period usually needed to get a majority of patients with 

Figure Continued. CKD-EPI indicates Chronic Kidney Disease Epidemiology 
Collaboration; and VKA, vitamin K antagonist.
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VKA therapy into therapeutic range.27 Similar findings 
have also been reported recently from a risk-benefit 
analysis from the AUGUSTUS trial that showed that the 
risk for ischemic events was highest during the first 30 
days after an ACS/PCI.28 Together, these findings pro-
vide valuable insights that can help clinicians make in-
formed decisions on the antithrombotic therapy in the 
setting of AF, ACS/PCI, and kidney dysfunction.

Limitations
Although the present analyses were prespecified in this 
AUGUSTUS kidney function substudy, the results should 
be interpreted with caution because the analyses are of 
exploratory nature based on subgroups with multiple 
comparisons and limited sample sizes. Serum creatinine 
was collected and analyzed locally, not centrally, which 
may affect the precision of the eGFR estimation. Last, out-
comes of patients with creatinine clearance <30 mL/min 
are not known because these patients were not included.

Conclusions
The safety and efficacy of apixaban across kidney func-
tion subgroups was consistent with the overall AUGUS-
TUS trial results as apixaban, on top of a P2Y12 inhibitor, 
confers lower risks of bleeding and death or hospitaliza-
tion, compared with VKA, irrespective of kidney function. 
Triple therapy with aspirin, compared with dual therapy, 
results in a consistently higher risk of bleeding across 
all kidney function categories. In selected patients, ini-
tial triple therapy might confer a reasonable risk-benefit 
trade-off after ACS and PCI: however, the dual therapy 
strategy, with apixaban and a P2Y12 inhibitor, seems to 
provide the best overall balance between hemorrhagic 
and ischemic risk across all kidney function categories.

ARTICLE INFORMATION
Received August 20, 2020; accepted December 14, 2020.

Continuing medical education (CME) credit is available for this article. Go to 
http://cme.ahajournals.org to take the quiz.

Correspondence
Ziad Hijazi, MD, PhD, Uppsala Clinical Research Center, Dag Hammarskjölds 
Väg 38, SE- 751 85 Uppsala. Email ziad.hijazi@ucr.uu.se 

Affiliations
Department of Medical Sciences, Cardiology and Uppsala Clinical Research 
Center, Uppsala University, Sweden (Z.H.). Duke Clinical Research Institute, 
Duke University School of Medicine, Durham, NC (J.H.A., Z.L., D.M.W., C.B.G., 
R.D.L.). Zena and Michael A. Weiner Cardiovascular Institute, Icahn School of 
Medicine at Mount Sinai, and Cardiovascular Research Foundation, New York, 
NY (R.M.). NSC Institute of Cardiology, Kyiv, Ukraine (A.P.). Instituto de Neu-
rología Cognitiva (INECO) Neurociencias Oroño, Fundación INECO, Rosario, Ar-
gentina (M.C.B.). Bern University Hospital, Inselspital, University of Bern, Swit-
zerland (S.W.). Bristol-Myers Squibb, Lawrenceville, NJ (R.A.). Hospital Israelita 
Albert Einstein, São Paulo, Brazil (O.B.). Oslo University Hospital Ulleval, Norway 
(S.H.). University Heart Centre Lübeck, University Hospital Schleswig-Holstein, 
Germany (S.dW.-T.). German Center for Cardiovascular Research (DZHK), 

Lübeck (S.dW.-T.). University Hospitals Leuven, University of Leuven, Belgium 
(P.S.). Vivantes Neukoelln Medical Center, Berlin, Germany (H.D.). Department 
of Infection, Immunity, and Cardiovascular Disease, University of Sheffield, 
United Kingdom (R.F.S.).

Sources of Funding
The AUGUSTUS trial and this analysis were supported by Bristol-Myers Squibb 
Co, Princeton, NJ, and Pfizer Inc, New York, NY, and coordinated by the Duke 
Clinical Research Institute, Durham, NC. The funders were given the opportu-
nity to review and comment on the article.

Disclosures
Dr Hijazi received lecture fees from Boehringer Ingelheim, Bristol-Myers Squibb, 
Pfizer, and Roche Diagnostics; consulting fees from Boehringer Ingelheim, Bristol-
Myers Squibb, Meda, Merck Sharp & Dohme, Pfizer, and Roche Diagnostics; and 
research grants from the Swedish Society for Medical Research (grant: S17-0133) 
and the Swedish Heart-Lung Foundation (grant: 20170718). Dr Alexander re-
ceived institutional research grants and consulting fees/honoraria from Bristol-
Myers Squibb and CSL Behring; institutional research grants from AstraZeneca, 
CryoLife, US Food & Drug Administration, National Institutes of Health, Sanofi, 
VoluMetrix, and Boehringer Ingelheim; and consulting fees/honoraria from Pfizer, 
AbbVie Pharmaceuticals, NovoNordisk, Portola Pharmaceuticals, Quantum Ge-
netics, Teikoku Pharmaceuticals, VA Cooperative Studies Program, and Zafgen. 
Dr Mehran received institutional research grants from AstraZeneca, Bayer, Beth 
Israel Deaconess, Bristol-Myers Squibb/Sanofi, CSL Behring, Eli Lilly/Daiichi San-
kyo, Medtronic, Novartis, and OrbusNeich; consulting fees from Boston Scientific, 
Abbott Vascular, Medscape, Siemens Medical Solutions, Roivant Sciences Inc, and 
Sanofi; consulting (no fees) from Regeneron Pharmaceuticals Inc; institutional 
consulting fees from Abbott Vascular, Spectranetics/Phillips/Volcano Corpora-
tion, Bristol-Myers Squibb, Novartis, and Watermark Research; is an executive 
committee member for Janssen Pharmaceuticals and Bristol-Myers Squibb; has 
<1% equity in Claret Medical and Elixir Medical. Dr Granger received research 
grants from Bayer, Boehringer Ingelheim, Bristol-Myers Squibb, Daiichi Sankyo, 
Janssen, Pfizer, Armetheon, AstraZeneca, US Food & Drug Administration, Glaxo-
SmithKline, The Medicines Company, Medtronic Foundation, Medtronic Inc, and 
Novartis; consulting fees from Bayer, Boehringer Ingelheim, Boston Scientific, 
Bristol-Myers Squibb, Daiichi Sankyo, Janssen, Pfizer, Abbvie, Armetheon, Astra 
Zeneca, Eli Lilly, Gilead, GlaxoSmithKline, Hoffmann-La Roche, The Medicines 
Company, National Institutes of Health, Novartis, Sirtex, Verseon, Apple, Med-
scape, LLC, Merck, Novo Nordisk, Roche Diagnostics, and Rho Pharmaceuticals. 
Dr Parkhomenko received research grants and consulting/speaker fees from 
Bayer, AstraZeneca, Sanofi-Aventis, NovoNordisk; research grants from Pfizer, 
Bristol-Myers Squibb, Amgen, and CSL Behring. Dr Bahit received lecture fees 
from Bristol-Myers Squibb, Pfizer; consulting fees from Merck Sharp & Dohme, 
and CSL Behring. Dr Windecker received institutional research and educational 
grants from Abbott, Amgen, Bayer, BMS, CSL Behring, Boston Scientific, Bio-
tronik, Edwards Lifesciences, Medtronic, Polares, and Sinomed. Dr Aronson is an 
employee of Bristol-Myers Squibb. Dr Berwanger received institutional research 
grants and consulting fees from AstraZeneca, Novartis, Amgen, Bayer, Servier, 
and Boehringer Ingelheim, and consulting fees from Sanofi and NovoNordisk. 
Dr Halvorsen received speaker fees from Bayer, Amgen, AstraZeneca, Boehringer 
Ingelheim, Bristol-Myers Squibb, Pfizer, Sanofi, and Merck. Dr deWaha-Thiele re-
ceived consulting/speaker fees from Boehringer Ingelheim, Bristol-Myers Squibb, 
Pfizer, AstraZeneca, and Novartis. Dr Sinnaeve received research grants from Bay-
er, Astra Zeneca, Flemish Government; Consulting/honoraria from BMS/Pfizer, 
Daiichi Sankyo, Boehringer Ingelheim, Bayer, Astra Zeneca, Itreas, and Idorsia. 
Dr Darius received personal fees from Bristol-Myers Squibb/Pfizer, Boehringer In-
gelheim, Bayer Healthcare, and DaiichiSankyo. Dr Storey received institutional 
research grants and consulting/speaker fees from AstraZeneca, GlyCardial Diag-
nostics, and Thromboserin; and consulting/speaker fees from Amgen, Bayer, Bris-
tol Myers Squibb/Pfizer, Haemonetics, Medscape, and Portola. Dr Lopes received 
institutional research grants and consulting fees from Bristol-Myers Squibb, Pfizer, 
GlaxoSmithKline, Medtronic PLC, and Sanofi; and consulting fees from Amgen, 
Bayer, and Boehringer Ingelheim. Drs Li and Wojdyla report no conflicts.

REFERENCES
	 1.	 Alexander JH, Lopes RD, Thomas L, Alings M, Atar D, Aylward P, Goto S, 

Hanna M, Huber K, Husted S, et al. Apixaban vs. warfarin with concomi-
tant aspirin in patients with atrial fibrillation: insights from the ARISTOTLE 
trial. Eur Heart J. 2014;35:224–232. doi: 10.1093/eurheartj/eht445

D
ow

nloaded from
 http://ahajournals.org by on M

arch 22, 2021



Hijazi et al� Antithrombotic Therapy in AF and ACS by eGFR

Circulation. 2021;143:1215–1223. DOI: 10.1161/CIRCULATIONAHA.120.051020� March 23, 2021 1223

ORIGINAL RESEARCH 
ARTICLE

	 2.	 Angiolillo DJ, Goodman SG, Bhatt DL, Eikelboom JW, Price MJ, Moliterno 
DJ, Cannon CP, Tanguay JF, Granger CB, Mauri L, et al. Antithrombotic 
therapy in patients with atrial fibrillation undergoing percutaneous coro-
nary intervention: a North American perspective-2016 update. Circ Car-
diovasc Interv. 2016;9:e004395.

	 3.	 Nieuwlaat R, Capucci A, Camm AJ, Olsson SB, Andresen D, Davies DW, 
Cobbe S, Breithardt G, Le Heuzey JY, Prins MH, et al; European Heart 
Survey Investigators. Atrial fibrillation management: a prospective survey 
in ESC member countries: the Euro Heart Survey on Atrial Fibrillation. Eur 
Heart J. 2005;26:2422–2434. doi: 10.1093/eurheartj/ehi505

	 4.	 January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC 
Jr, Conti JB, Ellinor PT, Ezekowitz MD, Field ME, et al; ACC/AHA Task 
Force Members. 2014 AHA/ACC/HRS guideline for the management 
of patients with atrial fibrillation: a report of the American College of 
Cardiology/American Heart Association Task Force on practice guidelines 
and the Heart Rhythm Society. Circulation. 2014;130:e199–e267. doi: 
10.1161/CIR.0000000000000041

	 5.	 Kirchhof P, Benussi S, Kotecha D, Ahlsson A, Atar D, Casadei B, Castella 
M, Diener HC, Heidbuchel H, Hendriks J, et al; ESC Scientific Document 
Group. 2016 ESC Guidelines for the management of atrial fibrillation de-
veloped in collaboration with EACTS. Eur Heart J. 2016;37:2893–2962. 
doi: 10.1093/eurheartj/ehw210

	 6.	 Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, Bax 
JJ, Borger MA, Brotons C, Chew DP, et al; ESC Scientific Document 
Group. 2015 ESC Guidelines for the management of acute coronary 
syndromes in patients presenting without persistent ST-segment eleva-
tion: Task Force for the Management of Acute Coronary Syndromes in 
Patients Presenting without Persistent ST-Segment Elevation of the Eu-
ropean Society of Cardiology (ESC). Eur Heart J. 2016;37:267–315. doi: 
10.1093/eurheartj/ehv320

	 7.	 Sørensen R, Hansen ML, Abildstrom SZ, Hvelplund A, Andersson C, 
Jørgensen C, Madsen JK, Hansen PR, Køber L, Torp-Pedersen C, et al. 
Risk of bleeding in patients with acute myocardial infarction treated with 
different combinations of aspirin, clopidogrel, and vitamin K antagonists 
in Denmark: a retrospective analysis of nationwide registry data. Lancet. 
2009;374:1967–1974. doi: 10.1016/S0140-6736(09)61751-7

	 8.	 Cannon CP, Bhatt DL, Oldgren J, Lip GYH, Ellis SG, Kimura T, Maeng 
M, Merkely B, Zeymer U, Gropper S, et al; RE-DUAL PCI Steering Com-
mittee and Investigators. Dual antithrombotic therapy with dabigatran 
after PCI in atrial fibrillation. N Engl J Med. 2017;377:1513–1524. doi: 
10.1056/NEJMoa1708454

	 9.	 Dewilde WJ, Oirbans T, Verheugt FW, Kelder JC, De Smet BJ, Herrman 
JP, Adriaenssens T, Vrolix M, Heestermans AA, Vis MM, et al; WOEST 
study investigators. Use of clopidogrel with or without aspirin in pa-
tients taking oral anticoagulant therapy and undergoing percutaneous 
coronary intervention: an open-label, randomised, controlled trial. Lancet. 
2013;381:1107–1115. doi: 10.1016/S0140-6736(12)62177-1

	10.	 Gibson CM, Mehran R, Bode C, Halperin J, Verheugt FW, Wildgoose 
P, Birmingham M, Ianus J, Burton P, van Eickels M, et al. Prevention of 
bleeding in patients with atrial fibrillation undergoing PCI. N Engl J Med. 
2016;375:2423–2434. doi: 10.1056/NEJMoa1611594

	11.	 Lopes RD, Heizer G, Aronson R, Vora AN, Massaro T, Mehran R, Goodman 
SG, Windecker S, Darius H, Li J, et al; AUGUSTUS Investigators. Anti-
thrombotic therapy after acute coronary syndrome or PCI in atrial fibrilla-
tion. N Engl J Med. 2019;380:1509–1524. doi: 10.1056/NEJMoa1817083

	12.	 January CT, Wann LS, Calkins H, Chen LY, Cigarroa JE, Cleveland JC Jr, 
Ellinor PT, Ezekowitz MD, Field ME, Furie KL, et al. 2019 AHA/ACC/HRS 
focused update of the 2014 AHA/ACC/HRS Guideline for the manage-
ment of patients with atrial fibrillation: a report of the American Col-
lege of Cardiology/American Heart Association Task Force on Clinical 
Practice Guidelines and the Heart Rhythm Society in Collaboration With 
the Society of Thoracic Surgeons. Circulation. 2019;140:e125–e151. doi: 
10.1161/CIR.0000000000000665

	13.	 Steffel J, Verhamme P, Potpara TS, Albaladejo P, Antz M, Desteghe L, 
Haeusler KG, Oldgren J, Reinecke H, Roldan-Schilling V, et al; ESC Sci-
entific Document Group. The 2018 European Heart Rhythm Association 
Practical Guide on the use of non-vitamin K antagonist oral anticoagu-
lants in patients with atrial fibrillation. Eur Heart J. 2018;39:1330–1393. 
doi: 10.1093/eurheartj/ehy136

	14.	 Gibson CM, Pinto DS, Murphy SA, Morrow DA, Hobbach HP, Wiviott SD, 
Giugliano RP, Cannon CP, Antman EM, Braunwald E; TIMI Study Group. 

Association of creatinine and creatinine clearance on presentation in 
acute myocardial infarction with subsequent mortality. J Am Coll Cardiol. 
2003;42:1535–1543. doi: 10.1016/j.jacc.2003.06.001

	15.	 Hijazi Z, Hohnloser SH, Oldgren J, Andersson U, Connolly SJ, Eikelboom 
JW, Ezekowitz MD, Reilly PA, Siegbahn A, Yusuf S, et al. Efficacy and 
safety of dabigatran compared with warfarin in relation to baseline renal 
function in patients with atrial fibrillation: a RE-LY (Randomized Evalu-
ation of Long-term Anticoagulation Therapy) trial analysis. Circulation. 
2014;129:961–970. doi: 10.1161/CIRCULATIONAHA.113.003628

	16.	 Hijazi Z, Wallentin L. renal function in atrial fibrillation: a multifaceted 
dilemma. Circulation. 2016;134:48–51. doi: 10.1161/CIRCULATIONAHA. 
116.022994

	17.	 Hohnloser SH, Hijazi Z, Thomas L, Alexander JH, Amerena J, Hanna M, 
Keltai M, Lanas F, Lopes RD, Lopez-Sendon J, et al. Efficacy of apixaban 
when compared with warfarin in relation to renal function in patients 
with atrial fibrillation: insights from the ARISTOTLE trial. Eur Heart J. 
2012;33:2821–2830. doi: 10.1093/eurheartj/ehs274

	18.	 Lopes RD, Vora AN, Liaw D, Granger CB, Darius H, Goodman SG, Mehran 
R, Windecker S, Alexander JH. An open-label, 2 × 2 factorial, randomized 
controlled trial to evaluate the safety of apixaban vs. vitamin K antago-
nist and aspirin vs. placebo in patients with atrial fibrillation and acute 
coronary syndrome and/or percutaneous coronary intervention: rationale 
and design of the AUGUSTUS trial. Am Heart J. 2018;200:17–23. doi: 
10.1016/j.ahj.2018.03.001

	19.	 Levey AS, Stevens LA, Schmid CH, Zhang YL, Castro AF 3rd, Feldman 
HI, Kusek JW, Eggers P, Van Lente F, Greene T, et al; CKD-EPI (Chronic 
Kidney Disease Epidemiology Collaboration). A new equation to esti-
mate glomerular filtration rate. Ann Intern Med. 2009;150:604–612. doi: 
10.7326/0003-4819-150-9-200905050-00006

	20.	 Granger CB, Alexander JH, McMurray JJ, Lopes RD, Hylek EM, Hanna M, 
Al-Khalidi HR, Ansell J, Atar D, Avezum A, et al; ARISTOTLE Committees 
and Investigators. Apixaban versus warfarin in patients with atrial fibrilla-
tion. N Engl J Med. 2011;365:981–992. doi: 10.1056/NEJMoa1107039

	21.	 Bohula EA, Giugliano RP, Ruff CT, Kuder JF, Murphy SA, Antman EM, 
Braunwald E. Impact of renal function on outcomes with edoxaban 
in the ENGAGE AF-TIMI 48 Trial. Circulation. 2016;134:24–36. doi: 
10.1161/CIRCULATIONAHA.116.022361

	22.	 Fordyce CB, Hellkamp AS, Lokhnygina Y, Lindner SM, Piccini JP, Becker 
RC, Berkowitz SD, Breithardt G, Fox KA, Mahaffey KW, et al; ROCKET 
AF Steering Committee and Investigators. On-treatment outcomes in 
patients with worsening renal function with rivaroxaban compared with 
warfarin: insights from ROCKET AF. Circulation. 2016;134:37–47. doi: 
10.1161/CIRCULATIONAHA.116.021890

	23.	 Marinigh R, Lane DA, Lip GY. Severe renal impairment and stroke prevention 
in atrial fibrillation: implications for thromboprophylaxis and bleeding risk. 
J Am Coll Cardiol. 2011;57:1339–1348. doi: 10.1016/j.jacc.2010.12.013

	24.	 Reinecke H, Brand E, Mesters R, Schäbitz WR, Fisher M, Pavenstädt 
H, Breithardt G. Dilemmas in the management of atrial fibrillation in 
chronic kidney disease. J Am Soc Nephrol. 2009;20:705–711. doi: 
10.1681/ASN.2007111207

	25.	 Shlipak MG, Stehman-Breen C, Fried LF, Song X, Siscovick D, Fried LP, 
Psaty BM, Newman AB. The presence of frailty in elderly persons with 
chronic renal insufficiency. Am J Kidney Dis. 2004;43:861–867. doi: 
10.1053/j.ajkd.2003.12.049

	26.	 Hohnloser SH, Steg PG, Oldgren J, Nickenig G, Kiss RG, Ongen Z, 
Navarro Estrada JL, Oude Ophuis T, Lip GYH, Nordaby M, et al; RE-DU-
AL PCI Steering Committee and Investigators. Renal function and out-
comes with dabigatran dual antithrombotic therapy in atrial  fibrillation 
patients after PCI. JACC Cardiovasc Interv. 2019;12:1553–1561. doi: 
10.1016/j.jcin.2019.05.050

	27.	 Pastori D, Pignatelli P, Cribari F, Carnevale R, Saliola M, Violi F, Lip GY. Time 
to therapeutic range (TtTR), anticoagulation control, and cardiovascular 
events in vitamin K antagonists-naive patients with atrial fibrillation. Am 
Heart J. 2018;200:32–36. doi: 10.1016/j.ahj.2018.03.004

	28.	 Alexander JH, Wojdyla D, Vora AN, Thomas L, Granger CB, Goodman 
SG, Aronson R, Windecker S, Mehran R, Lopes RD. Risk/benefit tradeoff 
of antithrombotic therapy in patients with atrial fibrillation early and late 
after an acute coronary syndrome or percutaneous coronary interven-
tion: insights from AUGUSTUS. Circulation. 2020;141:1618–1627. doi: 
10.1161/CIRCULATIONAHA.120.046534

D
ow

nloaded from
 http://ahajournals.org by on M

arch 22, 2021


