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Clinical Investigations
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Background: Postoperative atrial fibrillation (POAF) is a frequent complication of coronary artery bypass
grafting (CABG) surgery. The objective of this study was to determine the impact of POAF on both short- and
long-term mortality following isolated CABG.
Hypothesis: POAF is associated with a poorer short and long-term mortality following CABG.
Methods: We retrospectively analyzed the preoperative and operative data of 6728 consecutive patients
undergoing a first isolated CABG.
Results: The incidence of POAF was 27.8%. Operative mortality was higher in patients with POAF compared
to those without POAF (2.3% vs 0.9%, P < 0.001). On multivariate analysis, POAF remained an independent
predictor of operative mortality (odds ratio [OR]: 1.78, P = 0.01). Patients with POAF also had reduced long-term
survival (6-year survival: 85.3% vs 89.2%, P < 0.001). After adjusting for other predictors of mortality, POAF
was significantly associated with increased long-term mortality (hazard ratio [HR]: 1.35, P = 0.04). Of note,
after adjustment for potential confounders, statin treatment had a highly protective effect in POAF patients for
both operative mortality (OR: 0.38, P = 0.003) and long-term mortality (HR: 0.62, P = 0.03), whereas it had
no significant effect in patients without POAF.
Conclusions: POAF is an independent predictor of both short- and long-term mortality following CABG.
Moreover, statin therapy was independently associated with better survival in patients with POAF.

Introduction
Postoperative atrial fibrillation (POAF), the most frequent
complication of cardiac surgery, is associated with higher
morbidity, prolonged hospitalization,1 and increased hospi-
tal costs.2 However, conflicting results have been reported
with regard to the impact of POAF on survival after cardiac
surgery.1,3–12
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Statins were shown to decrease the incidence of operative
mortality after coronary artery bypass grafting (CABG)
surgery.13 The beneficial effect of statins is believed to
be partly related to their pleiotropic properties that could
attenuate postoperative inflammatory response.14 Given that
postoperative inflammatory response is a key mechanism of
the genesis of POAF,14–17 the impact of statin therapy on
survival might differ in patients with or without POAF.

The specific objectives of our study were to assess the
impact of POAF on operative and long-term mortality in
a large contemporary cohort of patients undergoing first
isolated CABG, and to assess the impact of statins on
survival after CABG in patients with and without POAF.

Methods
Study Population

The data of 6728 patients, with no preoperative history of
paroxysmal or chronic atrial fibrillation (AF), operated on
for a first isolated CABG at the Quebec Heart Institute
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between 2000 and 2007, were retrospectively analyzed. The
anesthetic and surgical techniques were standardized for all
patients and described previously.18

Data Collection

The preoperative and operative data of all patients under-
going cardiac surgery in our institution were prospectively
collected and entered in a database.

Detection and Treatment of AF

AF was defined as any sustained episode recorded
during the postoperative hospital stay requiring medical
and/or electrical cardioversion. No systematic prophylactic
measures were used to prevent POAF. Constant ambulatory
electrocardiographic (ECG) monitoring was performed
in all patients during the first 48 hours after surgery.
Thereafter, a standard 12-lead ECG was recorded daily
and during suspected arrhythmic events. Patients were
treated with a standardized protocol for the administration
of intravenous amiodarone. Patients with sustained AF
who were not responsive to pharmacological treatment
or patients with unstable hemodynamic had an electrical
cardioversion.

Outcome

Operative mortality was defined as death from any cause
in the 30 days following the surgery if the patient was
discharged from the hospital, and within any interval if the
patient was not discharged. Long-term survival data were
obtained from the death certificates of the Registry Office of
the Quebec government. All-cause mortality was analyzed.
The censoring date for long-term survival was December
31, 2005, whereas operative mortality data were available
until December 31, 2007.

Statistical Analysis

Continuous variables were expressed as mean ± SD and
were compared using t tests for independent samples.
Differences in proportion were compared using a χ2 test.
We used the Kaplan-Meier method to estimate survivals.
Differences between survival curves were analyzed using
the log-rank test. Independent predictors of operative and
long-term mortality were identified with multivariate binary
logistic regression models and Cox models, respectively.
Age, gender, and all variables associated with a P value
<0.20 on univariate analysis were entered in the models. We
then performed a backward selection to retain in the models
only the variables with a P value <0.10. In an additional
analysis, all events that occurred within the 1st year after
surgery were excluded to determine whether the effect of
POAF on survival persists beyond the early postoperative
phase. A probability value <0.05 was considered significant.
All statistical analyses were performed with SPSS version
15 (SPSS Inc., Chicago, IL).

Results
Characteristics of the Patients With and Without POAF

In the study population, 1868 patients (27.8%) had POAF
(Table 1). The patients with POAF were older and were

more likely to have 3-vessel disease or impaired left
ventricular ejection fraction. The prevalence of statin therapy
was similar in patients with and without POAF.

Association Between POAF and Operative Mortality

Overall, operative mortality was 1.3% (89 patients). Patients
with POAF had increased operative mortality (2.3% vs
0.9%, P < 0.001), postoperative renal failure (12.5% vs 4.7%,
P < 0.001), and stroke (2.6% vs 1.2%, P < 0.001) (Table 2).
Patients with POAF were at significantly greater risk for
operative death (odds ratio [OR]: 2.47, P < 0.001). In the
multivariate logistic model, POAF remained associated with
higher operative mortality (OR: 1.78, P = 0.01).

Association Between POAF and Long-Term Mortality

Long-term follow-up was available for all patients included
before December 2005 (n = 5411, 80.4%). The mean follow-
up was 2.8 years. Overall, 321 patients died. Six-year
survival in patients with and without POAF were 85.3% vs
89.2%, respectively (P < 0.001) (Figure 1A). On multivariate
analysis, POAF remained a significant predictor of long-
term mortality (hazard ratio [HR]: 1.35, P = 0.04) even
after adjusting for perioperative complication (myocardial
infraction, renal failure, and stroke) (Table 3).

Survival in patients with POAF was significantly lower
when excluding deaths that occurred within the 1st year
after surgery (P < 0.001) (Figure 1B). After adjusting for
other risk factors, POAF remained independently associated
with long-term mortality beyond 1 year (HR: 1.6, P = 0.02),
whereas other perioperative complications no longer had a
significant impact.

Differential Impact of Statins on Mortality in Patients With
and Without POAF

On univariate analysis, preoperative statin therapy had no
impact on operative mortality rates in patients without POAF
(1.0% vs 0.7%, P = 0.45), whereas it was associated with a
marked reduction in mortality in the patients with POAF
(1.6% vs 5.1%, P < 0.001). On multivariate analysis, statin
medication remained significantly associated with better
operative outcome in the subset of patients with POAF (OR:
0.38, P = 0.003) (Table 2).

Preoperative use of statins was also associated with
reduced long-term mortality in patients with POAF (HR:
0.53, P = 0.001) as well as those without POAF (HR:
0.69, P = 0.02). However, when adjusting for age and
gender, statins were significantly associated with better
survival only in patients with POAF (POAF, HR: 0.61,
P = 0.008 vs No POAF, HR: 0.78, P = 0.12). After further
adjustment for other risk factors, statin medication remained
an independent predictor of improved long-term survival in
patients with POAF (HR: 0.62, P = 0.03) (Table 3).

Patients under statin medication had lower low-density
lipoprotein (LDL) cholesterol blood levels (0.85 g/L ±
0.33 vs 1.00 g/L ± 0.34, P < 0.001) at baseline. In the
patients who were not on statins prior to surgery, the
percentage of patients who had LDL cholesterol >1 g/L
was 48.5% in patients without POAF and 46.6% in patients
with POAF. After further adjustment for preoperative LDL
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Table 1. Preoperative and Operative Data of Patients With and Without Postoperative Atrial Fibrillation

Operative Data All Patients (N = 6728) POAF Patients (n = 1868) No POAF (n = 4860) P Value

Age, y 64.2 ± 10.1 68.3 ± 8.9 62.6 ± 10.0 <0.001

Male gender, % 77.8 77.4 78.0 0.58

BMI, kg/m2 27.9 ± 4.7 28.2 ± 4.9 27.8 ± 4.6 0.008

Previous stroke, % 4.5 5.6 4.1 0.01

Previous myocardial infarction, % 47.6 48.0 47.4 0.65

Diabetes mellitus, % 31.2 32.7 30.6 0.10

Hypertension, % 65.8 69.9 64.2 <0.001

COPD, % 10.5 12.5 9.7 0.001

Renal failure, % 5.2 6.9 4.5 <0.001

3-vessel disease, % 48.3 51.7 47.0 0.001

LV ejection fraction <50%, % 22.6 24.5 21.9 0.03

Preoperative medication, %

ACEI 48.8 50.0 48.3 0.23

Aspirin 78.8 78.1 79.1 0.39

β-Blockers 79.3 78.6 79.6 0.39

Statins 80.2 80.1 80.3 0.84

Operative data

Emergent surgery, % 29.1 28.6 29.2 0.59

Off-pump cardiac surgery, % 4.7 4.5 4.8 0.66

CPB time, min 75.3 ± 24.9 76.2 ± 22.7 74.8 ± 22.7 0.02

Aortic cross-clamp time, min 51.7 ± 19.9 51.9 ± 17.2 51.7 ± 20.8 0.74

Perioperative complications, %

Operative mortality 1.3 2.3 0.9 <0.001

Renal failure 7 12.5 4.7 <0.001

Myocardial infarction 8.2 8.5 8.2 0.70

Stroke 1.6 2.6 1.2 <0.001

Abbreviations: ACEI, angiotensin conversion enzyme inhibitors; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CPB, cardiopulmonary
bypass; LV, left ventricular; POAF, postoperative atrial fibrillation. Data are presented as percentages or mean ± standard deviation.

levels, statins remained independently associated with a
better long-term survival (HR: 0.56, P = 0.01).

Discussion
The major findings of this study are that POAF is
an independent predictor of both short- and long-term
mortality following CABG. Moreover, statin therapy was
independently associated with a marked reduction in
operative and long-term mortality in patients with POAF.

Impact of POAF on Operative Mortality

There are conflicting results regarding the association
between POAF and increased operative mortality.1,3,4,6,8,11

Kalavrouziotis et al found that unadjusted mortality rates
were similar in patients with and without POAF (3% vs
2.5% respectively, P = 0.99) in a series of 7347 patients
undergoing valvular and/or coronary surgery.6 In contrast,
Villareal et al studied patients with isolated CABG and
found a strong and independent association between POAF
and operative mortality.1 Therefore, it is possible that the
determinants of POAF and its impact on operative outcome
might be different in patients with CABG vs those with
valvular surgery.

Potential causative mechanisms that could be responsible
for the POAF-related increase in operative mortality include
adverse hemodynamic effects, thromboembolism, and
proarrhythmic effects of the drugs used to prevent or treat
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Table 2. Risk Factors for Operative Mortality in the Whole Cohort and in Patients With or Without Postoperative Atrial Fibrillation (N = 6728)

Univariate Analysis Multivariate Analysis

All Patients All Patients Patients With POAF Patients Without POAF

Univariate
OR CI

P
Value

OR in
the

Whole
Cohort CI

P
Value

OR in
Patients

With POAF CI
P

Value

OR in
Patients
Without

POAF CI P Value

Age, y 1.08 1.06–1.11 <0.001 1.07 1.04–1.10 <0.001 1.06 1.01–1.10 0.01 1.07 1.04–1.11 <0.001

Female gender 1.99 1.29–3.08 0.002 — — — — — — — — —

History of stroke 2.41 1.20–4.85 0.01 — — — 2.67 1.09–6.51 0.03 — — —

Previous myocardial infarction 1.49 0.97–2.27 0.07 — — — — — — — — —

Diabetes mellitus 1.58 1.03–2.42 0.03 — — — — — — — — —

Hypertension 2.59 1.49–4.52 0.001 2.10 1.19–3.84 0.01 2.10 0.90–4.90 0.09 2.42 1.07–5.52 0.04

BMI, kg/m2

<20 2.61 1.06–6.46 0.04 — — — — — — — — —

20 to 25 Reference N/A N/A — — — — — — — — —

25 to 30 0.77 0.46–1.29 0.32 — — — — — — — — —

>30 0.86 0.49–1.50 0.59 — — — — — — — — —

COPD 2.51 1.52–4.16 <0.001 1.82 1.07–3.11 0.03 — — — 2.14 1.03–4.44 0.04

Renal failure 3.52 1.97–6.30 <0.001 2.17 1.16–4.05 0.02 2.46 1.07–5.65 0.04 — — —

LV ejection fraction <50% 2.48 1.60–3.85 <0.001 1.95 1.28–3.17 0.004 1.98 1.03–3.80 0.04 2.25 1.20–4.24 0.01

Emergent surgery 2.15 1.41–3.29 <0.001 1.92 1.23–3.00 0.004 — — — 2.16 1.16–4.03 0.02

CPB time >120 minutes 4.21 2.21–8.04 <0.001 4.13 2.04–8.34 <0.001 5.73 2.28–14.40 <0.001 — — —

Preoperative medication

Statins 0.59 0.37–0.94 0.02 — — — 0.38 0.20–0.72 0.003 — — —

ACEI 1.29 0.85–1.97 0.23 — — — — — — — — —

Aspirin 0.87 0.53–1.42 0.58 — — — — — — — — —

β-Blockers 0.96 0.58–1.60 0.87 — — — — — — — — —

Perioperative complications

POAF 2.47 1.62–3.75 <0.001 1.78 1.14–2.81 0.01 N/A N/A N/A N/A N/A N/A

Myocardial infarction 1.58 0.84–2.99 0.16 — — — 3.44 1.56–7.61 0.002 — — —

Abbreviations: ACEI, angiotensin conversion enzyme inhibitors; BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary
disease; CPB, cardiopulmonary bypass; LV, left ventricular; N/A, not applicable; OR, odds ratio; POAF, postoperative atrial fibrillation. Only the variables
with a P value <0.2 are shown.

POAF. First, it is well established that POAF increases the
risk of perioperative stroke by 2 to 4 fold.1,3,6 Second, the loss
of atrial contraction may substantially reduce cardiac output,
which could in turn lead to the development of cardiac
and/or renal failure. These perioperative complications may
contribute to the increased operative mortality associated
with POAF.

It is also well known that the postoperative inflammatory
response due to extracorporeal circulation is a key mech-
anism of the genesis of POAF.15–17 Exacerbated inflam-
matory response after surgery has been linked to worse

postoperative outcome.19,20 Therefore, one could speculate
that patients who developed POAF following CABG had
a low-grade chronic inflammatory state prior to surgery,
thereby predisposing them to exaggerated inflammatory
response following cardiopulmonary bypass, which would
in turn translate into a higher incidence of perioperative
morbidity and mortality.

Impact of POAF on Long-Term Mortality

Some previous studies have reported that POAF is
associated with increased mortality in the long term.1,3,5,8,11
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Figure 1. Long-term survival in patients with and without postoperative atrial fibrillation (POAF): overall mortality (A) and excluding events that occurred
within the 1st year (B).

In the present study, to determine whether or not the impact
of POAF on long-term survival was uniquely due to POAF-
related perioperative complications, we performed further
adjustment for perioperative stroke and renal failure, and
censored all events occurring within 1 year of the surgery.
Even when using this comprehensive adjustment, POAF
remained a significant and independent predictor of long-
term mortality. The results of our study, supported by
the results of other well-conducted studies in the field
of coronary surgery,1,5,8,11 provide strong evidence for a
significant impact of POAF on long-term survival.

POAF might be a marker for increased susceptibility
to chronic AF, which has been linked to worse long-term
prognosis following CABG.21 To this effect, AF could cause
lethal stroke. AF can also have deleterious hemodynamic
effect, which could contribute to an excess mortality rate.
Another possibility is that AF is a surrogate marker for
a more advanced stage of the disease and/or for a more
severe risk profile, which could contribute to explaine the
worse long-term outcome associated with this perioperative
complication. In particular, POAF may be a marker for
an increased chronic inflammatory state, which is in turn
associated with increased risk of cardiovascular events in
the short and long term.22

Differential Impact of Statins in Patients With vs Without
POAF

Despite some conflicting results regarding the benefi-
cial impact of statins on perioperative outcome after
CABG,13,23–26 overall, strong evidence supports the use
of statins in patients with CABG.13,19,23,24,27 As in some
other large observational studies,25,26 we did not find a sig-
nificant association between statin therapy and operative
mortality. However, in this study, statin therapy was asso-
ciated with a protective effect against both operative and
long-term mortality in the subset of patients who devel-
oped POAF. Even after adjustment for baseline LDL levels,

statins remained independently associated with better sur-
vival in patients with POAF, thus supporting the role of
the pleiotropic effects of this class of drug. In particular,
the anti-inflammatory and antioxidant properties of statins
could prevent the occurrence of AF and associated complica-
tions. Statins have consistently been shown to substantially
decrease the risk of stroke, and this effect is in a large
part independent of lipid-lowering effects.28 Furthermore,
observational studies have reported that statin therapy is
associated with a substantial reduction of the incidence of
new-onset AF in patients with coronary artery disease.29,30

Therefore, statin therapy may have contributed to prevent-
ing the recurrence of AF and to reducing the occurrence of
POAF-related fatal complications. Given that POAF is likely
a marker for a more severe risk profile, the differential
impact of statins may also be explained by the fact that the
protective effects of statins are much more pronounced in
high-risk than in low-risk patients.

Clinical Implications

Although POAF appears to be a benign complication in
the majority of patients, the present study and other recent
studies1,5,8,12 have pinpointed that POAF is a strong and
independent predictor of both operative and late mortality.
Patients who develop POAF should be considered at higher
risk for adverse outcomes in the short and long term. Closer
follow-up and aggressive secondary prevention programs
(lifestyle modification, pharmacotherapy) might thus be
applied in these high-risk patients. Whether POAF is a risk
factor or solely a risk marker remains unclear, and further
randomized studies are needed to determine if preventing
POAF translates into a significant reduction in short- and
long-term mortality following CABG.

As recommended, unless contraindicated for adverse
side effects, statins should be prescribed in every patients
undergoing CABG.19 To this effect, it has been reported that
patients undergoing CABG are undertreated with respect
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Table 3. Risk Factors for Long-Term Mortality in the Whole Cohort and in Patients With or Without Postoperative Atrial Fibrillation (n = 5411)

Univariate Analysis Multivariate Analysis

All Patients All Patients Patients With POAF Patients Without POAF

HR CI P Value HR CI P Value HR CI P Value HR CI P Value

Age, y 1.07 1.05–1.08 <0.001 1.05 1.03–1.06 <0.001 1.05 1.02–1.07 <0.001 1.05 1.03–1.07 <0.001

Female gender 1.48 1.17–1.89 0.001 — — — — — — — — —

History of stroke 2.77 1.94–3.92 <0.001 1.84 1.16–2.90 0.009 2.46 1.31–4.63 0.005 — — —

Previous myocardial infraction 1.56 1.25–1.95 <0.001 — — — — — — — — —

Diabetes mellitus 1.74 1.39–2.17 <0.001 1.48 1.11–1.96 0.007 — — — 1.60 1.10–2.30 0.01

Hypertension 1.59 1.23–2.03 <0.001 — — — 1.61 0.99–2.61 0.06 — — —

BMI, kg/m2

<20 1.60 0.90–2.89 0.11 1.28 0.65–2.65 0.49 2.32 0.88–6.09 0.09 — — —

20 to 25 Reference — — Reference — — Reference — — — — —

25 to 30 0.76 0.58–0.99 0.04 0.71 0.50–0.97 0.04 0.55 0.33–0.92 0.02 — — —

>30 0.83 0.62–1.12 0.22 0.77 0.52–1.07 0.15 0.70 0.41–1.19 0.19 — — —

COPD 2.71 2.10–3.52 <0.001 1.77 1.27–2.44 0.001 — — — 2.49 1.62–3.76 <0.001

Renal failure 2.98 2.19–4.05 <0.001 1.45 0.96–2.20 0.08 — — — 1.75 1.00–3.01 0.048

3-vessel disease 1.40 1.12–1.75 0.03 — — — — — — — — —

LV ejection fraction <50% 2.26 1.79–2.85 <0.001 2.01 1.52–2.65 <0.001 1.72 1.13–2.63 0.01 2.25 1.55–3.26 <0.001

Emergent surgery 1.31 1.02–1.66 0.03 — — — — — — — — —

Preoperative medication

Statins 0.61 0.48–0.77 <0.001 0.73 0.54–0.97 0.03 0.62 0.41–0.94 0.03 — — —

ACEI 1.36 1.10–1.72 0.007 — — — — — — — — —

Aspirin 0.78 0.60–1.00 0.05 — — — — — — — — —

β-Blockers 0.68 0.53–0.87 0.02 — — — — — — — — —

Perioperative complications

POAF 1.85 1.48–2.32 <0.001 1.35 1.02–1.81 0.040 N/A N/A N/A N/A N/A N/A

Myocardial infarction 1.41 1.02–1.97 0.04 1.43 0.97–2.13 0.08 2.04 1.19–3.52 0.01 — — —

Renal failure 4.16 3.07–5.67 <0.001 2.13 1.50–3.06 <0.001 2.48 1.56–3.94 <0.001 2.03 1.17–3.50 0.01

Stroke 7.61 5.24–11.11 <0.001 5.19 3.34–8.13 <0.001 5.44 3.06–9.65 <0.001 4.05 1.95–8.32 <0.001

Abbreviations: ACEI, angiotensin conversion enzyme inhibitors; BMI, body mass index; CI, confidence interval; COPD, chronic obstructive pulmonary
disease; HR, hazard ratio; LV, left ventricular; N/A, not applicable; POAF, postoperative atrial fibrillation. Only the variables with a P value <0.2 are shown.

to statin therapy.31,32 Furthermore, as pleiotropic effects
have been shown to be dose dependent,33 it is possible that
high doses of statins may confer a greater protection in
patients with POAF, regardless of the patients’ LDL blood
levels.

Limitations

Given that this was an observational retrospective study,
unmeasured or unknown confounders might have influ-
enced the results, and causality regarding the impact
of statin therapy on survival cannot be ascertained. The

medication at follow-up was not available in this study.
Importantly, some patients who were free of statins before
CABG may have been prescribed statins after surgery. If
so, some patients considered statin-free would have bene-
fited from the protective effect of statins, which would have
resulted in an underestimation of the association. Another
limitation of this study is that episodes of recurrent AF after
discharge were not collected, and thus it was not possible
to assess whether recurrent AF in the late follow-up could
have explained the higher mortality rate in patients with
POAF.
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Conclusion
POAF is independently associated with increased risk of
both operative and long-term mortality following CABG.
Moreover, statin therapy is associated with a powerful
protective effect against fatal events in the patients who
develop POAF. These results provide further support for
the implementation of preventive strategies to reduce the
incidence of POAF in the population undergoing CABG.
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