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ABSTRACT

Background: Postoperative atrial fibrillation (POAF)
commonly occurs after coronary artery bypass graft
(CABG) surgery. Patients with POAF are at higher risk of
stroke and mortality. The use of oral anticoagulation (OAC)
in POAF remains inconsistent, and the care gap is unknown.
Objective: We sought to evaluate rate of adherence and
factors associated with OAC use in POAF patients after
isolated CABG.

Methods: In this study, all patients who had an isolated
CABG between April 1, 2019 and March 30, 2020, at Health
Sciences North, Sudbury retrospectively were evaluated. We
identified all patients who developed POAF and captured the
use of OAC. Multivariable logistic regression models were
used to identify predictors of OAC prescription.

Results: In total, 339 CABG patients between April 1,
2019 and March 30, 2020, were identified; 86 patients devel-
oped POAF. No patients had major perioperative bleeding.
All POAF patients had an indication for OAC therapies based
on CHADS 65 score. However, only 17 (19.8%) patients
with POAF had OAC prescription at the time of hospital dis-
charge. Baseline characteristics were similar between those
with or without OAC. In multivariable analysis, the use of
dual antiplatelet therapy was associated with a decreased use
of OAC therapy in POAF (OR 0.037 (95% CI 0.005, 0.29),
P =.002). Moreover, in comparison to surgeon A, surgeon B
was associated with a decreased use of OAC therapy, whereas
surgeon C was associated with an increased use of OAC ther-
apy in POAF (OR 0.15 (95% CI 0.03, 0.83), P = .03 and OR
6.49 (95% CI 1.21, 34.82), P = .03, respectively). None of the
CHADS 65 elements, including age, hypertension, stroke,
diabetes mellitus or congestive heart failure, correlated with
the use of OAC.
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Key findings: Eighty percent of patients who developed
POAF after isolated CABG failed to receive stroke preven-
tion therapies. The use of dual antiplatelet therapy and indi-
vidual surgeons’ preference were associated with the use of
OAC therapy among POAF.

Conclusions: This data set suggests that approximately
only 1 in 5 patients with POAF after isolated CABG got pre-
scribed OAC.

INTRODUCTION

Coronary artery bypass grafting (CABG) surgery is the most
common type of cardiac surgery performed worldwide [Rocha
2017]. Postoperative atrial fibrillation (POAF) after CABG is
common, occurring between 20-40% [Benedetto 2020; Philip
2014]. POAF typically occurs on postoperative day 2, with
70% of cases occurring within the first four postoperative days
[Benedetto 2020; Philip 2014]. Multiple studies have shown
that POAF patients are at higher risk of stroke and mortality.
A recent study found the incidence of cerebrovascular accident
(CVA) is 6.3% at 10 years follow up in POAF patients after an
isolated CABG [Benedetto 2020]. This is in line with the results
of a meta-analysis of new-onset AF after CABG, where the pres-
ence of POAF was associated with increased long-term risk of
stroke compared with patients without POAF [Megens 2017].

Although recent evidence highlights the stroke risk related
to POAF after isolated CABG, the practice of prescribing oral
anticoagulation (OAC) therapies remains heterogenous and
inconsistent. This is multifactorial and related to the notion
that POAF usually is transient and hence does not necessarily
require OAC therapy. In fact, despite increasing evidence of
late recurrence of AF in these patients, most physicians delay
starting anticoagulation to avoid complications related to
bleeding [Kotecha 2020; Woldendorp 2020]. Moreover, the
current guidelines recommend anticoagulation for patients
with a prolonged duration of POAF (>24-48 hours) for at
least four weeks [January 2014; January 2019; Sousa-Uva
2018]. Nevertheless, the recent literature has shown the asso-
ciation of stroke to POAF with much shorter AF duration,
where some studies included AF of at least 30 seconds dura-
tion [Benedetto 2020].
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Multiple recommendations, regarding the perioperative
management of AF, recently have been released from sev-
eral cardiovascular societies. Despite this, there remains a
heterogeneity in the prescription of OAC postoperatively as
recently highlighted by Schaffer et al. [Schaffer 2019] in a
prospective cohort study analyzing more than 70000 patients,
including patients who had cardiac surgery. They noted a
low level of OAC prescriptions in their cohort, even among
high risk. This finding also was highlighted in another recent
study led by the Society of Cardiovascular Anesthesiologists
and European Association of Cardiothoracic Anesthetists
[O'Brien 2019]. In their study, they analyzed the results of an
evidence-based set of survey questions to better highlight the
differences in the management of perioperative and postop-
erative AF management in North America and Europe. The
survey suggested that despite awareness of current guideline
recommendations, including class I recommendations, most
responding surgeons selectively follow these recommenda-
tions highlighting again the spectrum of adherence to the
published guidelines. Fortunately, initiation of anticoagula-
tion has been increasing over time with the use of direct oral
anticoagulants (DOACs) as highlighted by a recent Society
of Thoracic Surgeons (STS) database study analyzing >30000
cardiac surgery patients [Beller 2020].

We sought to evaluate the rate of adherence and the fac-
tors associated with OAC use in POAF patients after isolated
CABG surgery in a tertiary hospital in Northern Ontario.

Study design and data sources: In this study, all consecutive
patients who had an isolated CABG between April 1, 2019
and March 30, 2020, at Health Sciences North, Sudbury ret-
rospectively were evaluated as part of a quality improvement
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Table 1S. Baseline Characteristics in Patients With and Without
Postoperative Atrial Fibrillation after Coronary Artery Bypass
Graft Surgery

Postoperative
Atrial Fibrillation  Sinus Rhythm

Predictor (N=90) (N=227) P
Age (mean, IQR) 71 (66-77) 65 (58-71) <.0001§
Sex (# of female, n, %) 15 (16.7) 61 (26.9) .059*
CHF (n, %) 35 (38.9) 61 (26.9) .042%
HTN (n, %) 84 (93.3) 216 (95.2) .58*
DM (n, %) 49 (54.4) 124 (54.6) .99*
History of stroke (n, %) 10 (11.1) 18 (7.9) .38*
LVEF (median, IQR) 55 (49-62) 58 (52-63) 13§
OAC Therapy (n, %) 17 (18.9) 2 (0.9) <.0001#

*Chi-square test, #Fisher’s exact test, §Wilcoxon Rank Sum, IQR, inter-
quartile range;

CHEF, congestive heart failure; DM, diabetes mellitus; HTN, hypertension;
OAGC, oral anticoagulation; LVEF, left ventricular ejection fraction

project. Data extraction was performed from electronic medi-
cal records (EMR). Also, a comprehensive chart review was
performed by two independent reviewers.

Data collection and study population: We included all
patients who had an isolated CABG between April 1, 2019
and March 30, 2020. We collected all data available related
to baseline characteristics along with OAC therapies pre-
scriptions at discharge. In line with the aims of this study, we
excluded all patients with preoperative AF. We excluded any
patient with a known history of AF or who had preoperative
documentation of AF.

We identified all patients who developed POAEF. This was
performed by reviewing EMR and a manual chart review of
all records and available ECGs and telemetry strips. This was
confirmed by two independent reviewers. POAF was defined
as the occurrence of any episode of AF or flutter after the
index procedure through the time of discharge that lasted at
least six minutes. This definition has been used in major AF
clinical trials [Healey 2012]. We also stratified AF episodes
with the 24 hours duration as a cut off. This was performed
using the following tools: 1) ECG lab report results confirm-
ing diagnosis of AF, 2) cardiac telemetry tracing in the chart
review, 3) consult note from a specialist confirming diagno-
sis, 4) discharge note/report with AF as a listed diagnosis, 5)
nurse/allied health care note with AF as a listed diagnosis in
the chart, and 6) EMR list of diagnoses includes AF. Any of
those tools were used to identify patients with AF, and then
we reviewed telemetry to capture AF durations and confirm
the diagnosis.

Among patients with POAF, we excluded patients with
perioperative death or those on dialysis, which could pre-
clude the prescription of an OAC. Postoperative bleeding
was assessed in all patients with POAF. This was defined as
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Table 1. Baseline Characteristics in Postoperative Atrial
Fibrillation Patients With and Without OAC Therapy at
Discharge

With OAC
Therapy (N = 17)

Without OAC

Predictor Therapy (N = 69) P

Age (median, IQR) 69 (67-75) 72 (67-77) 46§
Sex (# of female, n, %) 1(5.9) 13 (18.8) .28#
CHF (n, %) 8 (47.1) 24 (34.8) A*

HTN (n, %) 16 (94.1) 65 (94.2) >.99*
DM (n, %) 10 (58.8) 37 (53.6) J9*
History of stroke (n, %) 2 (1.8) 8 (11.6) >.99#
LVEF (median, IQR) 52 (47-60) 56 (50-62) 23§
Surgeon A 4(23.5) 26 (37.7) .39#
Surgeon B 5(29.4) 23 (33.3) 22#
Surgeon C 8 (47.1) 19 (27.5) 5%

AF duration >24 16 (94.1) 51(73.9) AF

Cardioversion 0 (0%) 1(1.5) >.99#
Single Antiplatelet 17 (100) 67 (97) >.99*
Dual Antiplatelet 3 (17.7) 42 (60.9) .002#

*Chi-square test, §Wilcoxon Rank Sum, # Fisher’s exact test; IQR, inter-
quartile range;

CHEF, congestive heart failure; DM, diabetes mellitus; HTN, hypertension;
OAGC, oral anticoagulation; LVEF, left ventricular ejection fraction

major bleeding that required intervention. Cohort creation is
detailed in Figure.

This research initiative was reviewed and approved as a
quality improvement project and approved by the research
office at Health Sciences North Research Institute. The data
were gathered by health care providers within the circle of
care, de-identified and only presented in aggregate. Informed
consent was therefore not required.

Outcomes and covariates: We examined the magnitude and
predictors of the gap between indicated and prescribed OAC
therapies in POAF patients after isolated CABG surgery.

Several covariates were examined in this study related to
patients’ demographics, comorbidities and relevant medica-
tions. Patient demographic characteristics included age and
sex. Elements of CHADS 65 and possible reasons for pre-
scribing OAC therapies in AF were examined and included
the following: congestive heart failure (CHF), diabetes mel-
litus (DM), hypertension (HTN), and history of stroke. We
captured the left ventricular ejection fraction (LVEF) as
reported by the preoperative echocardiograms. We looked
at surgeons’ individual use of OAC therapy. We have used
surgeon A as a reference for comparison given that this sur-
geon has the highest case volume. Finally, we included the use
of single and dual antiplatelet therapy. The decision on the
variables was based on discussion among the coauthors and
clinical judgement.
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Statistical analysis: Baseline characteristics were compared
between those with or without OAC therapy. The normal-
ity of continuous variables was assessed by visually inspecting
histograms and quantile-quantile (q-q) plots, and performing
the Shapiro-Wilk test of normality. Continuous, normally
distributed variables were compared using Student’s T-test.
For continuous non-normally distributed variables, the
Wilcoxon Rank Sum test was used. Associations between cat-
egorical variables were assessed with the chi-square test or
Fisher’s exact test.

"To identify factors associated with the use of OAC ther-
apies, a multivariable logistic regression was constructed.
Patient-related independent variables were selected « priori
for this model, based on discussion among coauthors and
clinical judgement. Variables were assessed for collinearity,
and those with a variance inflation factor >4 were considered
to be collinear. Selection for exclusion or inclusion of col-
linear variables was performed on the basis of clinical judg-
ment, study design, and objectives. We have not identified
any interactions within the included variables. A P-value of
<0.05 was considered to be statistically significant.

Model assumptions were verified. Model fit was assessed
using the Hosmer-Lemeshow test for fit. Model overspecifi-
cation was mitigated by limiting the maximum number of
independent variables to the clinically important ones for
our hypothesis. Potential influential outliers were verified by
inspection of several casewise diagnostics plots. Analyses were
conducted using SAS software.

RESULTS

Baseline characteristics — CABG cohort: In total, 339 con-
secutive patients undergoing isolated CABG between April
1, 2019 and March 30, 2020, at our hospital were identified.
POAF was confirmed in 90 (28.4%) patients. Patients with
POAF were older (median 71 years (IQR 66-77) versus 65
years (IQR 58-71), P <.0001), similar female rate (15 (16.7%)
versus 61 (26.9%), P = .059) with a higher incidence of CHF
(35 (38.9%) versus 61 (26.9%), P = .042) but similar rate of
HTN, DM, or history of stroke. There was no statistically
significant difference in the preoperative LVEF among both
groups (median 55% (49-62) versus 58% (52-63), P = .13)
(Table 1S).

Baseline characteristics - POAF cohort: Among the POAF
patients, we excluded patients with perioperative death
(N = 3). Also, we excluded patients on dialysis (N = 2) that
could preclude the use of OAC therapy. One patient had peri-
operative death and known history of dialysis. None of the
patients had major bleeding that required intervention. Only
one patient had cardioversion among patients with POAF.
Antiplatelet therapy commonly was used among POAF with
83 patients on ASA, 46 patients on clopidogrel, and one on
ticagrelor. All POAF patients had indication for OAC therapy
for stroke prevention based on CHADS 65 score. Among the
alive POAF with no history of dialysis (N = 86), patients with
OAC therapy had similar age (median 69 years (67-75) versus
72 years (67-77), P = 46) and similar female rate (1 (5.9%)
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Table 2. Association between prescribing OAC therapy at discharge and clinical predictors in postoperative atrial fibrillation

patients after coronary artery bypass graft surgery

Predictor Univariable Analysis Multivariable Analysis

OR (95% ClI) P OR (95% ClI) P
Age 0.99 (0.91, 1.07) .73 0.94 (0.85, 1.04) .24
Sex (female versus male) 0.27 (0.03, 2.22) 22 0.25 (0.02, 3.1) .28
HTN 0.98 (0.1, 9.42) .98 1.58 (0.09, 28.97) .76
DM 1.24 (0.42, 3.62) .69 0.87 (0.21, 3.56) .84
CHF 1.67 (0.57, 4.88) .35 0.59 (0.08, 4.21) .6
History of stroke 1.02 (0.2, 5.29) .98 0.76 (0.1, 5.74) 79
LVEF 0.97 (0.92, 1.02) .3 0.92 (0.82, 1.03) A5
Surgeon A (highest volume) Ref. Ref. -
Surgeon B 0.83 (0.26, 2.65) .76 0.15 (0.03, 0.83) .03
Surgeon C 2.34 (0.79, 6.95) 13 6.49 (1.21, 34.82) .03
AF duration >24 5.65 (0.69, 45.67) N 6.77 (0.58, 78.29) 13
Dual Antiplatelet 0.14 (0.04, 0.52) .004 0.037 (0.005, 0.29) .002

OR, odds ratio; CHF, congestive heart failure; DM, diabetes mellitus; HTN, hypertension; OAC, oral anticoagulation; LVEF, left ventricular ejection fraction

versus 13 (18.8%), P = .28). POAF patient with OAC therapy
had less dual antiplatelet use (3 (17.7%) versus 42 (60.9%),
P = .002). There were no significant differences in baseline
characteristics among POAF patients with or without OAC
therapies, including history of HTN, DM, CHE, or history of
stroke. There was similar LVEF among both groups (median
52% (47-60) versus 56% (50-62), P = .23) (Table 1).

Rate and predictors of care gap: Among the POAF patients
with an isolated CABG (N = 86), only 17 (19.8%) patients had
OAC prescription at the time of hospital discharge, with 13
on apixaban, two on rivaroxaban, and two on warfarin. There
were 24 patients in AF at the time of discharge, out of which
nine patients were prescribed anticoagulation therapy. We
identified three patients among POAF patients, who devel-
oped stroke prior to discharge. Two patients were on POD #2
and one patient on POD #3, and none were on anticoagula-
tion therapy. In multivariable analysis, the use of dual anti-
platelet therapy was associated with decreased use of OAC
therapy in POAF (OR 0.037 (95% CI 0.005, 0.29), P = .002).
In comparison to surgeon A, surgeon B was associated with
a decreased use of OAC therapy, but surgeon C was associ-
ated with an increased use of OAC therapy in POAF (OR
0.15 (95% CI10.03, 0.83), P= .03 and OR 6.49 (95% CI 1.21,
34.82), P = .03, respectively). Age and sex were not associated
with the use of OAC therapy (OR 0.98 (95% CI 0.91, 1.1),
P =.71 and OR 0.29 (95% CI 0.035, 2.47), P = .26, respec-
tively). AF duration (cut off 24 hours) was not associated
with the use of OAC therapy (OR 6.77(95% CI 0.58, 78.29),
P = .13). History of stroke was not associated with the use
of OAC therapy (OR 1.1 (95% CI 0.2, 6.16), P = .91). Also,
LVEF was not associated with the use of OAC therapy (OR 56
(95% CI 50-62), P = .23). None of the potential attributable
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comorbidities consistently correlated with the use of OAC
therapy (Table 2).

This study demonstrates the following important find-
ings: 1) Eighty percent of patients who developed POAF after
isolated CABG failed to receive stroke prevention therapies;
and 2) The use of dual antiplatelet therapy and individual
surgeons’ preference were associated with the use of OAC
therapy among POAF.

POAF is the most common arrhythmia following cardiac
surgery and is associated with significantly higher rates of
both short and long-term morbidity and mortality, including
strokes, thromboembolic complications, prolonged hospital
stay, and health care resource utilization [Almassi 2015; Tulla
2015; Woldendorp 2009]. POAF has shown to be an inde-
pendent predictor of stroke [Benedetto 2020; Megens 2017;
Ahlsson 2009; Whitlock 2014]. Benedetto et al examined the
association between POAF after an isolated CABG and long-
term risk of CVA at 10-year follow up. They included patients
with evidence of POAF within six weeks after discharge.
They found that the cumulative incidence of CVA was 6.3%
versus 3.7% in patients with POAF and sinus rhythm, respec-
tively [Benedetto 2020]. In a large study, all CABG patients
in Sweden between 2005 and 2015 (N = 38040) retrospec-
tively were evaluated. The incidence of POAF was 28.5%
with significantly higher adjusted risk for ischemic stroke
[HR 1.19 (1.091.30)], and transient ischemic attack [HR
1.17 (1.031.33)] in comparison to patients with no POAF
[Bergfeldt 2019]. Multiple studies have shown similar results
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with increased risk of stroke and mortality [Megens 2017;
Ahlsson 2009; Antonelli 2004; Saxena 2012; Kosmidou 2018;
Mathew 2004].

There is still a significant inconsistency in the management
of anticoagulation in patients with POAF. The discrepancy
in the practice of prescribing OAC therapies is multifactorial
and related to the notion that POAF usually is transient and
hence does not necessarily require OAC therapy along with
the fear of increasing bleeding risk in the postoperative course
[Kotecha 2020; Woldendorp 2020]. The current guidelines
recommend anticoagulation for postoperative patients with a
prolonged duration of POAF (>24-48 hours) for at least four
weeks [January 2014; January 2019; Sousa-Uva 2018]. This is
likely to be changed in subsequent recommendations given
the more recent and strong evidence of the association of
POAF and stroke with much shorter AF durations [Benedetto
2020]. The initiation of OAC therapies in POAF continues to
be complex and physicians need to make their own decisions,
taking into account the risk of stroke and risk of perioperative
bleeding with no clear guidance or recommendations.

Anticoagulation following cardiac surgery requires spe-
cial consideration due to the increased risk of bleeding com-
plications in this high-risk population. Although the use of
DOAGC: after cardiac surgery have gained popularity, their
role remains controversial in postoperative cardiac surgery
patients [Woldendorp 2020]. Studies comparing DOACs to
warfarin for postoperative AF following CABG are limited
in number and quality with relatively small cohort size and
short length of follow ups, as highlighted in a recent literature
review led by Manuel et al. [Manuel 2020], who analyzed the
incidence of complications in postoperative cardiac surgery
patients when using DOACs versus warfarin. They concluded
that DOACs appear to be safe after cardiac surgery, although
one study showed an increased incidence of pericardial and
pleural effusions leading to a higher rate of reinterventions
and readmissions [Yu 2019]. Similar results were obtained by
Vranckx et al. [Vranckx 2016], who showed a higher percep-
tion of bleeding requiring pericardiocentesis, when DOACs
were used compared to VKA in survey study performed by
European Heart Rhythm Association. These findings essen-
tially highlight the importance and need for further random-
ized control trials to confirm the safety of DOACs in post-
cardiac surgery patients and better disseminate the practice
guidelines in this field.

Our cohort, similar to the literature, has shown that the
incidence of POAF after an isolated CABG is 28.4%. Mul-
tiple studies have used a duration of at least 30 seconds to
define POAF. We chose a longer AF duration of six min-
utes for POAF to better identify those patients with signifi-
cant episodes of AF as many of the arrhythmias below this
threshold could be confused with AF with different risk pro-
file [Healey 2012]. Also, there is a clear correlation between
non-surgical AF of six minutes (or more) duration and risk
of stroke [Healey 2012]. We also stratified AF episodes with
the 24 hours duration as a cut off. All POAF patients had
indication for OAC therapy for stroke prevention based on
CHADS 65 score, and none had major bleeding. Among
the POAF patients with an isolated CABG (N = 86), only 17
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(19.8%) patients had OAC prescription at the time of hospi-
tal discharge. We examined prescriptions at the time of dis-
charge as patients should be stable for discharge and hence
physicians should feel more comfortable in initiating OAC
therapies. There were 24 patients in AF at the time of dis-
charge, out of which nine patients were prescribed anticoagu-
lation therapy. Nevertheless, the literature has supported that
a temporal relationship does not exist between AF episodes
and stroke [Daoud 2011]. We identified three patients among
POAF patients, who developed stroke prior to discharge —
two patients on POD #2 and one patient on POD #3 — and
none were on anticoagulation therapy. Nevertheless, there
is a significant care gap as 80% of POAF patients failed to
receive stroke prevention therapies. In our study, the use of
dual antiplatelet therapy was associated with a decreased use
of OAC therapy among POAF. Certainly, one of the signifi-
cant clinical challenges with OAC after CABG is that these
patients often are on dual antiplatelet therapy, especially after
an acute coronary event. The balance of risk versus benefits of
adding OAC on top of dual antiplatelet therapy, when there
is no strong evidence to support OAC use, is questionable.
Dual antiplatelet therapy is not optimal for stroke preven-
tion in patients with AF. In the ACTIVE trial, oral antico-
agulation therapy was superior to clopidogrel plus aspirin for
prevention of vascular events in patients with AF at high risk
of stroke [Investigators 2006]. Also, there was an association
between individual surgeons and the use of OAC therapy in
POAF. This essentially highlights the lack of guidance with
regard to starting anticoagulation in patients with POAF with
the final decision ultimately being left to the treating clini-
cians and their own individual preferences. This highlights
that part of the variability in OAC therapy that is related to
surgeons’ preferences even when POAF duration is longer
than 24 hours.

Our study highlights the significant care gap currently
seen in practice and adequately described in the literature as
the 'risk-treatment' paradox, wherein patients who benefit the
most from evidence-based care receive it the least [McAlister
2011; Shurrab 2017]. The significant care gap in POAF estab-
lishes a clear need for a quality improvement intervention to
improve care, especially when the risk of stroke and mortality
in patients with POAF is comparable to patients with non-
surgical AF [Kotecha 2020].

LIMITATIONS

The retrospective nature and relatively small number of
POATF patients in our study may limit our conclusions. The
decision to give anticoagulation is a balance of risk and ben-
efits in this high-risk cohort. There may be other unmeasured
covariates that determine the decision to give or withhold
anticoagulation, which are not obtained from this study. The
reliance of our study on medical reports also is a potential
limitation. The diagnosis of AF depends highly on extensive
monitoring and patients with silent AF could be missed in our
study. Finally, the lack of long-term data on outcomes, such as
stroke, is another limitation of this study.
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"This real-world data set from a tertiary center in Northern
Ontario suggests that approximately only 1 in 5 patients with
POAF after isolated CABG got prescribed OAC. The use of
dual antiplatelet therapy and individual surgeons’ preferences
were associated with the use of OAC therapy among POAF.
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