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BACKGROUND New-onset postoperative atrial fibrillation (POAF)
is the most common complication after cardiac surgery and is asso-
ciated with increased long-term stroke and mortality. Anticoagula-
tion has been suggested as a potential therapy, but data on safety
and efficacy are scant.

OBJECTIVES To determine the association between anticoagula-
tion for POAF and long-term outcomes.

METHODS Adult patients with POAF after isolated coronary artery
bypass surgery (CABG) were identified through the Society of
Thoracic Surgeons Adult Cardiac Surgery Database and linked to
the Medicare Database. Propensity-matched analyses were per-
formed for all-cause mortality, stroke, myocardial infarction, and
major bleeding for patients discharged with or without anticoagu-
lation. Interaction between anticoagulation and CHA2DS2-VASc
score was also assessed.

RESULTS Of 38,936 patients, 9861 (25%) were discharged on oral
anticoagulation. After propensity score matching, discharge antico-
agulation was associated with increased mortality (hazard ratio
[HR] 1.16, 95% confidence interval [CI] 1.06–1.26). There was no
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difference in ischemic stroke between groups (HR 0.97, 95% CI
0.82–1.15), but there was significantly higher bleeding (HR 1.60,
95% CI 1.38–1.85) among those discharged on anticoagulation.
Myocardial infarction was lower in the first 30 days for those dis-
charged on anticoagulation, but this effect decreased over time.
The incidence of all complications was higher for patients with
CHA2DS2-VASc scores �5 compared to patients with scores of 2–
4. Anticoagulation did not appear to benefit either subgroup.

CONCLUSION Anticoagulation is associated with increased mortal-
ity after new-onset POAF following CABG. There was no reduction in
ischemic stroke among those discharged on anticoagulation regard-
less of CHA2DS2-VASc score.

KEYWORDS Postoperative atrial fibrillation; Anticoagulation; Coro-
nary artery bypass surgery; Arrhythmia; Cardiac surgery
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Introduction
New-onset postoperative atrial fibrillation (POAF) occurs in
25%–40% of patients undergoing cardiac surgery, making it
the most commonly associated complication, and affects
60,000–70,000 patients annually.1–3 Historically, POAF
has been considered self-limited, but several studies show a
high incidence of recurrence in this patient population.4–7

Furthermore, POAF heralds poor postoperative outcomes
and is a strong independent predictor of long-term stroke
and all-cause mortality.7–10

Optimal management of POAF has not been defined.
Many strategies for prophylaxis or rate/rhythm control,
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KEY FINDINGS

- Patients with new-onset atrial fibrillation after coro-
nary artery bypass surgery who are discharged on an-
ticoagulation have higher mortality than similar
patients discharged without anticoagulation.

- Stroke rates are lower than predicted by traditional risk
scores for patients with new-onset atrial fibrillation
after coronary artery bypass surgery.

- Patients with new-onset atrial fibrillation after coro-
nary artery bypass surgery with a higher CHA2DS2-VASc
score do not appear to benefit more from anticoagu-
lation on discharge than patients with a lower
CHA2DS2-VASc score.
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including b-blockers, antiarrhythmics, statins, anti-
inflammatory medications, renin-angiotensin system inhibi-
tors, magnesium, atrial pacing, and posterior pericardiotomy,
have been studied. No interventions besides statins have been
shown to decrease stroke or mortality in POAF patients, and
it is unclear whether the benefit of statins pertains to the atrial
fibrillation (AF) itself.11–16 Another proposed approach for
POAF management is anticoagulation, but few data are
available regarding its role in this patient population and
results are mixed.17–19 As a result, guideline
recommendations for anticoagulation in POAF remain
vague.20–26 For example, some guidelines recommend
anticoagulation for POAF lasting .48 hours while others
recommend 72 hours. Yet others recommend
anticoagulation based on risk factors regardless of duration,
and many guidelines differ with respect to what risk factors
should be considered. Furthermore, risk scores for stroke,
such as CHA2DS2-VASc, have not been validated in the
postsurgical setting. It is, therefore, not surprising that
attitudes toward anticoagulation in POAF vary substantially
among providers.27 The purpose of our study was to assess
the role of anticoagulation in POAF and whether it varies
by CHA2DS2-VASc score.
Methods
Study population
We queried the Society of Thoracic Surgeons (STS) Adult
Cardiac Surgery Database for all patients undergoing isolated
coronary artery bypass surgery (CABG) from July 2011
through December 2016. We excluded patients with a history
of AF or flutter, left atrial appendage removal or ligation,
emergent procedures or reoperations, cardiogenic shock or
inotrope requirement, mechanical circulatory support, preop-
erative anticoagulation, and dialysis. We also excluded pa-
tients with in-hospital deaths, stroke, or transient ischemic
attack, to avoid procedural complications, and those not
receiving anticoagulation despite a current indication
(Figure 1). We linked eligible patients to the Centers for
Medicare and Medicaid Services Database for long-term
outcomes based on previously described probabilistic match-
ing algorithms.28 We divided the study population into co-
horts by anticoagulant prescription at discharge (warfarin,
direct thrombin inhibitors, or factor Xa inhibitors vs no oral
anticoagulation).
Outcomes
Our primary outcome of interest was all-cause mortality after
index discharge, ascertained using the linked Medicare De-
nominator file. We defined secondary outcomes using Medi-
care Part A data to identify rehospitalizations with a primary
diagnosis for the following endpoints: thromboembolism
(composite of ischemic stroke, transient ischemic attack, or
systemic embolism), major bleeding, and myocardial infarc-
tion (MI). All analyses started from the date of index
discharge. A complete list of ICD codes used is provided in
Supplemental Appendix A.
Propensity score matching
We computed propensity scores for anticoagulation using a
multivariate logistic model that included 77 covariates adapt-
ed from the previously validated STS CABG mortality pre-
dictive model (Supplemental Appendix B).29 We used a
1:1 optimal propensity matching approach to overcome dif-
ferences in potential confounders between the 2 cohorts. To
assess balance in the matched cohort, we compared the distri-
bution of baseline characteristics before and after matching
using standardized differences (absolute value ,10% sug-
gests adequate balance by convention). In addition, to ac-
count for possible residual confounding, we performed
sensitivity analysis using multivariable Cox proportional
hazard regression analysis in the matched sample (same co-
variates as STS CABG mortality model). We evaluated dif-
ferences in baseline characteristics between cohorts before
and after matching using Wilcoxon and Pearson c2 tests.
Statistical analyses
We used time-to-event analysis to compare long-term sur-
vival and secondary outcomes between anticoagulation co-
horts. For survival, we censored patient follow-up at the
end of study period (January 1, 2017). We computed
product-limit Kaplan-Meier survival estimates for each
cohort in the unmatched and matched samples and compared
with log-rank tests. We used Cox proportional hazard regres-
sion models to compute hazard ratios (HR) for anticoagula-
tion in both samples. To account for hospital clustering of
patients, we used a robust sandwich variance estimator and
computed 95% confidence intervals (CI) accordingly. We
tested the proportional hazards assumption using log-log sur-
vival plots (log(-log) survival vs log-time) and interactions
between study groups and log-time.

For nonfatal secondary outcomes, death was considered a
competing risk. We censored follow-up at date of death, end
of Medicare fee-for-service date, or end of study period,
whichever came first. For regression analysis, we used the
Fine-Gray method to calculate subdistribution HR.We tested



Figure 1 Flow diagram of study inclusions and exclusions. AF 5 atrial
fibrillation; CABG 5 coronary artery bypass graft; CMS 5 Centers for
Medicare and Medicaid Services; LAA 5 left atrial appendage; POAF 5
postoperative atrial fibrillation; TIA 5 transient ischemic attack.
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the proportional hazards assumption (accounting for
competing risk of death) by plotting Schoenfeld residuals
for each treatment cohort vs log-time and also with interac-
tion terms between study cohorts and log-time in regression
models.30,31 For outcomes whose results suggested a viola-
tion of the assumption of proportionality, we performed a
landmark analysis with follow-up divided into 3 periods
(,30 days, 30–180 days, and .180 days). For consistency,
we also computed cumulative incidence function curves and
subdistribution HR for each period. As a sensitivity analysis,
we calculated cause-specific HR.

Finally, we evaluated for a possible interaction between
anticoagulation and CHA2DS2-VASc scores on primary
and secondary outcomes. We classified patients into moder-
ate (scores of 2–4) and high (scores of 5–9) risk groups. We
confirmed balance between anticoagulation cohorts in each
risk group in the matched cohort with standardized differ-
ences. We computed Kaplan-Meier curves and log-rank tests
for mortality and cumulative incidence curves and Gray’s
tests for nonfatal outcomes to compare anticoagulation co-
horts in each risk group.
We performed all analyses using SAS (version 9.4; SAS
Institute, Cary, NC). We used 2-sided tests for all analyses
and considered a P value of ,.05 statistically significant.
The Duke Clinical Research Institute, the data warehouse
of the STS database, has received Institutional Review Board
approval from Duke University. Informed consent was
waived based on the de-identified retrospective nature of
this study.
Results
Demographics
We identified 768,277 patients undergoing isolated CABG
without a history of AF or flutter. Overall, 181,042 (24%)
had new-onset POAF. After exclusions and database linkage,
we included 38,936 patients in our analysis (Figure 1). Of
these, 9861 (25%) were discharged on anticoagulation. Base-
line patient characteristics can be found in Table 1. Distribu-
tion of CHA2DS2-VASc scores, prescription of discharge
anticoagulation type and hospital, and additional demo-
graphic details can be found in Supplemental Appendix C.
After propensity matching, 19,722 patients remained for
adjusted analyses. Standardized differences after propensity
matching were less than 610% for all variables.

Outcomes
In matched patients, those discharged on anticoagulation
experienced higher short- (within 30 days) and long-term
mortality (HR 1.16, 95% CI 1.06–1.26; Figure 2A). This ef-
fect was proportional over 5 years of follow-up. There was no
difference between anticoagulation cohorts in the combined
thromboembolism endpoint (HR 0.97, 95% CI 0.82–1.15;
Figure 2B). Readmission for bleeding was higher for those
discharged on anticoagulation (HR 1.60, 95% CI 1.38–
1.85; Figure 2C). Results demonstrated a violation of the pro-
portional hazards assumption (P , .0001), suggesting that
difference in bleeding was not uniform over the 5-year
follow-up period. The difference in bleeding rates was largest
in the first 30 days after discharge, but persisted over the
duration of follow-up (Supplemental Appendix D). Patients
discharged on anticoagulation had fewer readmissions for
MI (HR 0.81, 95% CI 0.66–0.98; Figure 2D). Again, our re-
sults showed a violation of the proportional hazards assump-
tion and demonstrated that this effect did not persist over the
entire follow-up period (Supplemental Appendix D). Results
were virtually the same on sensitivity analysis, indicative of
successful matching, and are not shown here.

Effect of CHA2DS2-VASc score
As expected, patients with high CHA2DS2-VASc scores (5–
9) experienced more adverse outcomes compared to patients
with moderately elevated scores (2–4). Within each
CHA2DS2-VASc group, however, the results remain un-
changed from the overall population. Higher mortality (HR
1.11, 95% CI 0.99–1.24 for high and HR 1.20, 95% CI
1.06–1.37 for moderately elevated scores; Figure 3A) was
observed among patients discharged on anticoagulation in



Table 1 Characteristics of study population

Variable Overall (N 5 38,936) No AC (N 529,075) AC (N 5 9861) P value

Age 73 (69-77) 73 (68-77) 73 (69-78) ,.0001†

Male sex 30,099 (77.30) 22,292 (76.67) 7,807 (79.17) ,.0001‡

BMI 28.72 (25.68-32.46) 28.58 (25.53-32.23) 29.27 (26.11-33.18) ,.0001†

Hypertension 35,460 (91.07) 26,395 (90.78) 9,065 (91.91) ,.001‡

Diabetes 16,190 (41.58) 11,924 (41.01) 4,266 (43.26) ,.001‡

Ejection fraction (%) 55 (50-60) 55 (50-60) 55 (48-60) ,.0001†

Prior Stroke or TIA 4,416 (11.34) 3,281 (11.28) 1,135 (11.51) NS‡

PVD 6,451 (16.31) 4,662 (16.03) 1,689 (17.13) ,.05‡

Sleep apnea 4,892 (12.56) 3,494 (12.02) 1,398 (14.18) ,.0001‡

Smoking 15,398 (39.55) 11,279 (38.79) 4,119 (41.77) ,.0001‡

CHA2DS2-VASc 4 (4-5) 4 (3-5) 4 (4-5) ,.0001†

Values are n (%) for categorical variables or median (interquartile range) for continuous variables.
AC 5 anticoagulation; BMI 5 body mass index; PVD 5 peripheral vascular disease; TIA 5 transient ischemic attack.

†P values are based on c2 rank based group means score statistics for all continuous/ordinal row variables.
‡P values are based on Pearson c2 tests for all categorical row variables.
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both risk groups. There was no interaction between anticoa-
gulation cohort and CHA2DS2-VASc group for the primary
outcome (P 5 .348 for interaction) or any secondary out-
comes. There was no significant difference in thromboembo-
lism irrespective of CHA2DS2-VASc group (HR 0.98, 95%
CI 0.79–1.21 and HR 0.94, 95% CI 0.72–1.22, respectively;
P 5 .809; Figure 3B). Readmission for bleeding was higher
in the anticoagulation cohort in both CHA2DS2-VASc
groups (HR 1.56, 95% CI 1.29–1.89 and HR 1.64, 95% CI
1.31–2.04, respectively; P 5 .753; Figure 3C). Lower rates
of readmission for MI were observed in both CHA2DS2-
VASc groups (HR 0.88, 95% CI 0.67–1.17 and HR 0.73,
95% CI 0.55–0.97, respectively; P 5 .360; Figure 3D). Re-
sults were virtually the same on sensitivity analysis and are
not shown here.
Discussion
POAF is a common postsurgical complication with high
morbidity and mortality, but optimal management is un-
known.7–10 It is well accepted that anticoagulation
decreases stroke for patients with AF at the cost of
increased bleeding, but its role in provoked or “secondary”
AF is controversial.32–34 It is unclear in the current
literature if POAF should be treated the same as
nonvalvular AF or provoked AF or as its own category of
disease. Most guidelines endorse anticoagulation for
patients with risk factors for stroke, but specifics vary
between guidelines, reflecting the lack of robust data and
mixed results for the role of anticoagulation in this patient
population.17–26,35 Furthermore, there are no data to support
the use of risk scores such as CHA2DS2-VASc in these pa-
tients. Given the elevated risk of bleeding in this population,
the potential benefits of anticoagulation therapy must also be
carefully weighed against the possible risks.36

For the first time, our data demonstrate an increased mor-
tality associated with anticoagulation for POAF after isolated
CABG. We find that mortality curves separate early and
continue to diverge over 5 years of follow-up. We also
demonstrate that thromboembolic events were not decreased
in patients receiving anticoagulation, irrespective of
CHA2DS2-VASc score. Finally, we demonstrate an
increased rate of readmission for bleeding in POAF patients
discharged on anticoagulation.

Current literature shows an increased incidence of late AF
recurrence as well as increased stroke and mortality for
POAF patients, suggesting that POAF patients may benefit
from long-term anticoagulation, as recommended by several
guidelines.4–10,20,22,25,26 Our findings run counter to these
observations, however, as we observe no reduction in stroke
for POAF patients discharged on anticoagulation. One
possible explanation is that anticoagulation use may have
diminished over time, mitigating any potential benefit for
stroke prevention. Nevertheless, in understanding these re-
sults, it is also important to note that the yearly risk of stroke
in our study population (1%–2% per year) was substantially
lower than that predicted for nonvalvular AF patients using
the CHA2DS2-VASc score (over 8% per year).37 This finding
has been validated in the literature and points toward a
decrease in the potential benefit of anticoagulation in this
population.19 Furthermore, surgical patients may have an
increased risk of bleeding in the postoperative phase, pushing
the risk-benefit ratio less in favor of anticoagulation in this
population. Indeed, our data demonstrate an increased rate
of readmission for bleeding as well as increased mortality
in the anticoagulation group. Although data on cause of death
were not available, it is plausible that the increased mortality
is at least partly due to bleeding events. Readmissions for
bleeding also have negative repercussions beyond mortality,
including impact on patient quality of life, healthcare
resource utilization, and quality outcomes. Taken together,
the lower incidence of stroke along with the higher risk of
bleeding highlight the need for proper patient selection
before anticoagulation is prescribed for POAF patients.

It is commonly accepted that AF patients with higher
CHA2DS2-VASc scores are at higher risk for stroke and
may therefore derive more benefit from anticoagulation.37,38

Traditionally, this rationale has also been applied to POAF



Figure 2 Outcomes by anticoagulation (AC) status. A: Mortality. B: Readmission for thromboembolism. C: Readmission for bleeding. D: Readmission for
myocardial infarction.
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patients, as reflected in some guidelines.22 This translates into
real-world practice, as most surveyed practitioners report us-
ing the CHA2DS2-VASc score to guide anticoagulation pre-
scription in POAF patients.27 Interestingly, our data also do
not support this notion. We again demonstrate a lower than
predicted yearly incidence of stroke and no apparent stroke
reduction for those receiving anticoagulation even in the
higher CHA2DS2-VASc group. This suggests that traditional
risk factors such as CHA2DS2-VASc may not be applicable
in the POAF population.

Taken together, our findings highlight the need for a better
understanding of POAF and a disease-tailored approach to-
ward patient selection for anticoagulation. We propose an
exploration of risk factors specific to POAF that reflect dis-
ease severity and chronicity as targets for future research.
Three such risk factors could potentially include POAF dura-
tion and frequency as well as rhythm at discharge. There is
evidence from the nonsurgical AF literature that suggests
AF duration may be a relevant factor for stroke risk.39
This observation may be relevant particularly in the POAF
population, where not all patients will go on to develop
chronic AF. Incessant or frequently recurring POAF may
also reflect greater disease severity, which could potentially
influence stroke risk. The relationship between these risk fac-
tors and stroke in POAF has not been well studied, but these
considerations are sometimes used for clinical decision mak-
ing and even referenced in guidelines regarding POAF, high-
lighting the need for further investigation of their clinical
utility.21–23,25–27 Our findings also highlight the need for a
team-based approach to POAF management with careful
consideration given to the potential risks and benefits of treat-
ment as well as re-evaluation in the outpatient setting.
Limitations
Our data are limited by the retrospective nature of our study,
which may not completely account for confounding factors
despite rigorous statistical approaches to minimize bias.



Figure 3 Outcomes by anticoagulation (AC) status and CHA2DS2-VASc score. A: Mortality. B: Readmission for thromboembolism. C: Readmission for
bleeding. D: Readmission for myocardial infarction.
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Outcomes data were derived from the Centers for Medicare
and Medicaid Services Database and not individually adjudi-
cated. Although performance of this database has been previ-
ously reported to be reliable, such data may over- or
underestimate true outcomes.40–42 Data on POAF duration/
recurrence and rhythm at discharge were not available to us
but may bias the prescribing patterns of some providers.
Previous work suggests that these are not driving factors in
POAFmanagement.27 Data on cause of death, duration of an-
ticoagulation therapy, and new prescription of anticoagula-
tion after discharge were also unavailable. Our data
demonstrate a higher risk of bleeding in the anticoagulation
group that persists over the course of the study, suggesting
a persistent difference in anticoagulation practices between
the 2 groups. This is further validated by the decreased inci-
dence of MI throughout the study, which has been shown to
be associated with anticoagulation use. Finally, we were un-
able to account for surgical factors that may have influenced
the decision for anticoagulation, such as difficulty with he-
mostasis and bleeding prior to discharge.
Conclusion
Overall, our findings demonstrate higher mortality and
bleeding for POAF patients discharged on anticoagulation,
regardless of CHA2DS2-VASc score. No difference in
thromboembolism was identified. We suggest further inves-
tigation into several risk factors that are commonly used in
clinical decision making or referenced in clinical guidelines
but that have limited data in support of their utility, such as
POAF duration/frequency and rhythm at discharge. We
also highlight the need for a team-based approach to POAF
management, with communication between the surgical
team, inpatient providers, and outpatient cardiology to care-
fully weigh the risks and benefits of therapy as well as to pro-
vide continuity of care across the inpatient and outpatient
settings. Ultimately, prospective, randomized trials,
including the ongoing PACES trial (https://clinicaltrials.
gov/ct2/show/NCT04045665), will be necessary in
identifying the optimal treatment strategies for this patient
population.

https://clinicaltrials.gov/ct2/show/NCT04045665
https://clinicaltrials.gov/ct2/show/NCT04045665
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