www.cardiologyrounds.ca

JANUARY

2008

volume

CARDIOLOGY

Rounds

AS

XIII,

issue 4

PRESENTED IN THE ROUNDS OF

THE DIVISION OF CARDIOLOGY,

®

S T. M ICHAEL’ S H OSPITAL ,
U NIVERSITY

OF

T ORONTO

Division of Cardiology

An Overview of Atrial Fibrillation
After Cardiac Surgery
B y AWA D A . A L Q A H TA N I , M D , F R C P C , a n d G O R D O N M O E , M D , F R C P C

Postoperative atrial fibrillation (POAF) is a common complication of cardiac surgery and is associated with an increased incidence of other complications (eg, postoperative stroke), increased hospital
length of stay, and increased costs of hospitalization. Prevention of AF is a reasonable clinical goal and,
consequently, many randomized trials have evaluated the effectiveness of pharmacological and nonpharmacological interventions.1,2 POAF has also been demonstrated to independently predict postoperative delirium and neurocognitive decline.3,4 The precise pathophysiology of POAF after heart surgery
is unknown, although the mechanisms are thought to be multifactorial. Different risk factors have been
reported, and many studies have evaluated the prophylactic effects of different pharmacological or
physical interventions. This issue of Cardiology Rounds reviews the incidence, risk factors, pathogenesis, prevention, and treatment strategies of POAF.

What is the extent of the problem?
AF after coronary artery bypass grafting (CABG) is a common problem; however, the true incidence of
POAF following cardiac surgery is unclear. Reported incidence ranges from 10%-65%. This range is wide
because studies that examined AF following CABG differ in baseline patient characteristics, type of
surgery, methods of detection, and definitions of AF.5 It is estimated that POAF is approximately 30% after
pure CABG surgery, 40% after valve replacements or repair, and increases to approximately 50% after
combined procedures. Furthermore, these figures are expected to rise in the future, given that the population undergoing cardiac surgery is getting older and that the incidence of AF in the general population is
strongly age-dependent. POAF tends to occur within 2-4 days after a procedure, with the peak incidence
on postoperative Day 2. Of the patients who experienced an arrhythmia, 70% developed it before the end
of postoperative Day 4 and 94% before the end of postoperative Day 6.6 Furthermore, the impact of
POAF on hospital resources is substantial and was estimated to lengthen hospital stay by 4.9 days, with
an extra $10,000 to $11,500 in hospital-stay costs in the United States (US).6

What are the risk factors for POAF?
Several studies have identified risk factors for developing AF following open-heart surgery.8 In addition to older age, many other risk factors for the development of POAF have been identified, such as:
previous history of AF, male gender, decreased left-ventricular ejection fraction, left-atrial enlargement,
valvular heart surgery, chronic obstructive pulmonary disease, chronic renal failure, diabetes mellitus, and
rheumatic heart disease (Figure 1).1,3,7-9
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What are the mechanisms of POAF?
Classically, AF is attributed to enhanced automaticity in one or several rapidly depolarizing foci and
re-entry involving one or more circuits.10 Nevertheless, the underlying mechanisms involved in POAF
development are likely to be multifactorial and have not been fully elucidated. However, some causative
mechanisms have been proposed that include pericardial inflammation, excessive production of catecholamines, autonomic imbalance during the postoperative period, and interstitial mobilization of fluid
with resultant changes in volume, pressure, and neurohumoral environment (Figure 1).11-18
Recent studies suggest that patients with postoperative AF may have pre-existing electrophysiologic
abnormalities.19,20 Mariscalco et al21 found an association between preprocedural atrial histopathology and
postoperative AF. The histological abnormalities found were interstitial fibrosis, cytoplasmatic vacuolisation, and nuclear derangement of myocytes. This supported the hypothesis that, in patients with postoperative AF, vulnerability to AF (triggers) and the ability to maintain AF (substrate) are associated with
pre-existing degenerative changes. Moreover, multiple re-entry wavelets resulting from the dispersion of
atrial refractoriness seem to be the electrophysiological mechanism of POAF. Neurohormonal activation is
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Figure 1: Pathogenesis of POAF18
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an independent predictor of long-term mortality.13 Furthermore,
the impact of POAF on hospital resources is substantial, with an
estimated increased hospital stay of 4.9 days in the US.6 According
to the American Heart Association (AHA) statistics in 2004,26
there are at least 640,000 open-heart surgeries performed every
year in the US; assuming a 30% incidence of POAF, the incremental cost related to this postoperative complication could be
conservatively estimated at approximately $2 billion per year.

Prevention of POAF

Multiple re-entry wavelets

Many studies have evaluated the effectiveness of pharmacologic and nonpharmacologic interventions to prevent or
decrease the high incidence of POAF. In 2006, guidelines for
the prevention and management of POAF were published jointly
by the American College of Cardiology, the AHA, and the
European Society of Cardiology (Table 1).27

Atrial electrophysiological substrate
Triggers:
– Atrial premature contractions
– Imbalance of autonomic
nervous system
– Electrolyte imbalance
hypomagnesemia, hypokalemia)

POAF

Beta-blockers

POAF = postoperative atrial fibrillation

POAF. 4

another mechanism that increases susceptibility to
Increased sympathetic and parasympathetic activation alter atrial
refractoriness (eg, shortening of the atrial effective refractory
period), possibly contributing to the arrhythmia substrate.16
Reports also suggest that patients developing POAF have
either higher or lower RR interval variability, indicating that
increased sympathetic or vagal tone occurs before arrhythmia
onset. These findings imply that interventions to modulate both
the sympathetic and parasympathetic nervous systems may be
beneficial in suppressing this postoperative arrhythmia. Further,
an increasing body of evidence is revealing that inflammation
plays an important role in the pathogenesis of POAF. Two recent
studies demonstrated that inflammation can alter atrial conduction, facilitating re-entry, and predisposing to the development
of POAF (Figure 1).11,12 It is well known that extracorporeal circulation contains systemic inflammatory mediators that may be, in
part, responsible for the occurrence of POAF. Interestingly, recent
reports also suggest that increased leukocytosis, which is usually
encountered in the days after cardiopulmonary bypass, is an
independent predictor for the occurrence of POAF.13,14
Other studies have demonstrated that early POAF correlates
with an increased inflammatory response after cardiac surgery.22-24
In an animal study,11 atrial conduction properties were found to
be altered by postoperative atrial inflammation, and the degree
of inflammation was proportional to the inhomogeneity of atrial
conduction. This resulted in an increased incidence and duration
of POAF. Inflammation, inhomogeneity of atrial conduction, and
incidence of POAF were significantly decreased by anti-inflammatory treatment with prednisone.11 Moreover, with increasing
surgical trauma to the atria, there is also an increased incidence
of POAF that explains why patients undergoing valvular surgery
have the highest risk of developing POAF.1,8 A further study
demonstrated that less manipulation of the atria decreases atrial
inflammation and, subsequently, AF.25

Why do we need to treat?
POAF is associated with a higher incidence of heart failure,
stroke, prolonged hospital stay, and increased costs. In a retrospective study, the Texas Heart Institute Cardiovascular Research
database was used to identify patients developing POAF. AF was
diagnosed in 16% (n=994) of the population (n=6475) and was
associated with greater in-hospital mortality, more strokes, and
prolonged hospital stays. A case-matched substudy revealed that
5-year survival was worse in patients with POAF, and POAF was

Sympathetic activation may facilitate POAF in susceptible
patients and, given the increased sympathetic tone in patients
undergoing cardiac surgery, beta-blockers have been the moststudied drugs to date for the prevention of POAF. These drugs
are primary in AF prevention and should be used routinely in
every patient.28,29 Several clinical trials have evaluated the effect
of various beta-blockers on the incidence of POAF,30-32 indicating
an overall reduction of this complication. However, it should be
realized that even in recent large trials where this strategy was
widely applied, the incidence of POAF remains nearly 60% in
selected patients.7 This clearly emphasizes the need for further
preventive strategies in addition to beta-blockade.
Sotalol is a beta-blocker that has important class III antiarrhythmic effects and has also been effective for the prevention
of POAF, both compared with placebo33 and with other betablockers to elucidate the specific class III action.34,35 However,
side effects of sotalol (hypotension, bradycardia) and, in particular, its proarrhythmic effects may limit its use in perioperative
management.

Amiodarone
Amiodarone is a Vaughan-Williams class III drug that also
has alpha- and beta-adrenergic-blocking properties, which may
attenuate the sympathetic overstimulation found in patients
undergoing cardiac surgery. A short perioperative course of oral
amiodarone in addition to routine beta-blockade has been
demonstrated as the most promising approach. This therapy was
associated with a 50% reduction of postoperative atrial tachyarrhythmias in patients undergoing CABG and/or valve replacement/repair. The number needed to treat in the largest prospective trial, the Prophylactic Oral Amiodarone for the Prevention
of Arrhythmias that Begin Early After Revascularization, Valve
Replacement, or Repair (PAPABEAR) trial, was only 7.5, to
prevent one patient from developing POAF.36 A meta-analysis,
which included 19 trials comparing amiodarone with placebo for
the prevention of POAF, revealed that the results of the large
PAPABEAR trial were consistent with the pooled results of these
trials.37 In these 19 trials, amiodarone reduced AF by 50% (95%
confidence interval [CI], 0.43 to 0.59; P<0.0001); amiodarone
also significantly reduced ventricular tachyarrhythmias, strokes,
and hospital stay. Furthermore, amiodarone-treated patients had
significantly lower heart rates during the AF episodes, one of
the main determinants of AF-related morbidity. The authors
concluded that prophylactic amiodarone should be implemented

Table 1: Indications for intervention in AF after cardiac surgery based on the ACC/AHA/ESC Guidelines10
Indication Class I

Indication Class IIa

Indication Class IIb

Unless contraindicated, treatment with an oral beta-blocker drug to
prevent POAF is recommended for patients undergoing cardiac surgery.

Level of Evidence: A

Administration of AV nodal blocking agents is recommended to achieve
rate control in patients who develop POAF.

Level of Evidence: B

Preoperative administration of amiodarone reduces the incidence of
AF in patients undergoing cardiac surgery and represents appropriate
prophylactic therapy for patients at high risk for POAF.

Level of Evidence: A

It is reasonable to restore sinus rhythm by pharmacologic cardioversion
with ibutilide or direct-current cardioversion in patients who develop
POAF, as advised for nonsurgical patients.

Level of Evidence: B

It is reasonable to administer antiarrhythmic medications in an attempt
to maintain sinus rhythm in patients with recurrent or refractory POAF,
as recommended for other patients who develop AF.

Level of Evidence: B

It is reasonable to administer antithrombotic medication in patients
who develop POAF, as recommended for nonsurgical patients.

Level of Evidence: B

Prophylactic administration of sotalol may be considered for patients
at risk of developing AF after cardiac surgery.

Level of Evidence: B

ACC = American College of Cardiology; AHA = American Heart Association; ESC = European Society of Cardiology; AV = atrioventricular.

as routine therapy for high-risk patients undergoing cardiac
surgery.37

Atrial pacing
There are several mechanisms through which atrial pacing
may prevent AF, including:
• reduction of the bradycardia-induced dispersion of atrial repolarization that contributes to the electrophysiological substrate
for AF
• suppression of atrial premature beats and runs of supraventricular premature beats, thus avoiding the trigger for AF
• dual-site atrial pacing, which may change atrial activation
patterns, thus preventing the development of intra-atrial
re-entry.
The effect of prophylactic pacing has been investigated in a
number of trials. Meta-analyses of these clinical trials38-40 have
consistently demonstrated that single- or dual-site atrial pacing
significantly reduces the risk of new-onset POAF. However, the
number of enrolled patients was small, and the pacing sites and
protocols varied widely among the studies.

Other Medications
Calcium-channel blockers
Numerous studies have evaluated nondihydropyridine
calcium-channel blocker medications. A recent meta-analysis of
these trials revealed that calcium-channel blockers reduce the
risk of supraventricular tachyarrhythmia. However, in some
studies, the perioperative use of these drugs was associated with
an increased incidence of atrioventricular (AV) block and lowoutput syndrome, which might be related to the negative
chronotropic and inotropic effects of this class of drugs. As a
result, the use of these agents should be considered with caution
until more data on their safety profile become available.

Statins
Observational studies have previously suggested that
patients under statin therapy have a lower incidence of POAF
after CABG41 and that statins have been shown to reduce inflammation in patients with coronary artery disease. Recently, the

prospective, randomized study, Atorvastatin for Reduction of
MYocardial Dysrhythmia After cardiac surgery (ARMYDA-3)42
demonstrated that treatment with atorvastatin (40 mg/day),
started 7 days before elective cardiac surgery under cardiopulmonary bypass and continued in the postoperative period,
reduces the occurrence of POAF by 61%.

N-3 polyunsaturated fatty acids (PUFAs)
Recent experimental studies in rats and dogs have revealed
that PUFAs have significant antiarrhythmic effects on the atrial
muscle.43,44 Furthermore, in a 12-year follow-up study from the
general population, consumption of fish that induces highplasma concentrations of PUFA has been associated with a lower
incidence of AF.45 Calo et al,46 in a randomized, controlled trial
of 160 patients undergoing elective CABG, found that PUFA
supplementation significantly reduced the incidence of POAF,
with an effect similar to those obtained with beta-blockers,
sotalol, or amiodarone.

Anti-inflammatory agents
In a recent multicentre trial,47 241 consecutive patients
undergoing cardiac surgery were randomized to receive either
100 mg hydrocortisone or placebo. The incidence of POAF
during the first 84 hours was significantly lower in the hydrocortisone group (36 of 120; 30%) than in the placebo group
(58 of 121; 48%), and the adjusted hazard ratio (HR) was 0.54
(95% CI, 0.35 to 0.83; P=0.004).

Magnesium
A meta-analysis by Miller et al 48 concluded that magnesium
administration was effective for reducing POAF with a similar
efficacy to common antiarrhythmic drugs. However, the studies
included in this analysis involved small numbers of patients and
the designs varied among the different studies, limiting the interpretation of the results.

N-acetylcysteine
N-acetylcysteine (NAC) is a free-radical scavenger antioxidant agent that reduces cellular oxidative damage.49,50 It has

Table 2: Dosage, advantages, and side effects of drugs used for rhythm control in POAF
Drugs

Adult dosage

Advantages

Side effects

Amiodarone

2.5-5 mg/kg IV over 20 min then
15 mg/kg or 1.2 g over 24 h

Can be used in patients
with severe LV dysfunction

Thyroid and hepatic dysfunction,
torsades de pointes, pulmonary
fibrosis, photosensitivity,
bradycardia

Procainamide

10-15 mg/kg IV up to 50 mg/min

Therapeutic levels
quickly achieved

Hypotension, fever, accumulates
in renal failure, can worsen
heart failure, requires
drug-level monitoring

Ibutilide

1 mg IV over 10 min, can repeat
after 10 min if no effect

Easy to use

Torsades de pointes more
frequent than with amiodarone
and procainamide

IV = intravenous; LV = left ventricular.

been demonstrated that NAC may reduce ischemia/reperfusion injury,51 reperfusion arrhythmias, and/or extension
of infarction. The combination of NAC and reperfusion
therapy for acute myocardial infarction in patients has
also been associated with less oxidative stress and better
preservation of left ventricular function.52 NAC has also
demonstrated beneficial effects in chronic pulmonary
disease,49 which is a risk factor for POAF. A recent small
study published in the European Heart Journal 50 revealed the
potential benefits of using NAC perioperativelly and
continuing for 48 h postoperatively to reduce the incidence of POAF.

Treatment of POAF
Although POAF can be transient and generally selflimiting, treatment is indicated for patients who remain
symptomatic, are hemodynamically unstable, and who
develop cardiac ischemia or heart failure. Conventional
treatment strategies include prevention of thromboembolic
events, control of the ventricular rate response, and
restoring/maintaining sinus rhythm.

Rhythm control
Currently, the evidence suggests a trend towards a
strategy of rhythm control over rate control. The advantages
of rhythm control are a decreased time to cardioversion,
prolonged maintenance of sinus rhythm, and decreased
length of overall hospital stay.53 Different agents may be
effective in converting AF to sinus rhythm (Table 2), including amiodarone,54 procainamide,55 ibutilide,56 and sotalol.57
In one study, 56 ibutilide was more effective than
placebo for the treatment of POAF, but polymorphic
ventricular tachycardia was reported and attributed to electrolyte imbalance. In the postoperative period, the betablocking action of sotalol is particularly effective at
reducing the ventricular rate and its proarrhythmic toxicity
is relatively infrequent, but this agent seems less effective
than others for inducing cardioversion of AF.

Electrical cardioversion
Electrical cardioversion should be urgently performed
when POAF results in hemodynamic instability, acute heart
failure, or myocardial ischemia; it should be used, electively,

Table 3: Dosage, advantages, and side effects of drugs used for rate control in POAF
Drugs

Adult dosage

Advantages

Side effects

Digoxin

0.25-1.0 mg IV then
0.125-0.5 mg/day IV or PO

Can be used in
heart failure

Nausea, AV block moderate
effect in POAF

500 µg/kg over 5 min, then
0.05-0.2 mg/kg/min

Short-acting effect
and short duration

Might worsen congestive heart
failure; can cause bronchospasm,
hypotension; AV block

Beta-blockers
Esmolol

Atenolol

1-5 mg IV over 5 min, repeat after Rapid onset of
10 min then 50-100 mg bid PO
rate control (IV)

Metoprolol

1-5 mg IV over 2 min, then
50-100 mg bid PO

Calcium-channel blockers
Verapamil
2.5-10 mg IV over 2 min, then
80-120 mg/day bid PO
Diltiazem

Rapid onset of
rate control (IV)
Short-acting effect

Might worsen congestive heart
failure, AV block

0.25 mg/kg IV over 2 min, then
5-15 mg/h IV

bid = twice daily; PO = by mouth.
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to restore sinus rhythm after the first onset of AF when a
pharmacologic attempt has failed to resume a sinus rhythm.

Rate control
The postoperative period is characterized by increased
adrenergic stress, thus, it may be difficult to control ventricular rate in patients with POAF. Short-acting betablockers are the therapy of choice, particularly in ischemic
heart disease, but they may be poorly tolerated or relatively
contraindicated in patients with known asthma or bronchospastic disease, congestive heart failure, or atrioventricular
(AV) conduction block. Alternatively, other AV nodal
blocking agents, their dosages and side effects are shown in
Table 3.

Thromboembolism prevention
POAF is associated with an increased risk of perioperative strokes58,59 that may be reduced by therapeutic anticoagulation. In contrast, anticoagulation in the postoperative period may increase the risk of bleeding or cardiac
tamponade;60 nevertheless, no controlled trials have specifically evaluated the efficacy and safety of anticoagulation
therapy for new-onset POAF, which often resolves spontaneously after 4-6 weeks. Generally, anticoagulation is
instituted for prolonged (>48 h) and/or frequent POAF
episodes. The American College of Chest Physicians
recommends the use of anticoagulation therapy, particularly for high-risk patients, such as those with a history of
stroke or transient ischemic attack in whom AF develops
after surgery. In these patients, it is also recommended to
continue anticoagulation therapy for another 30 days after
the return of a normal sinus rhythm.61

Conclusion
POAF is the most frequent arrhythmia after cardiac
surgery, with an incidence of 30%. The frequency of this
arrhythmia is increasing, most likely due to rising proportions of elderly patients undergoing cardiac surgery.
Currently, there are significant variations in the prevention
strategy for POAF. However, current evidence suggests that
beta-blockers are effective, safe, and can be used in most
patients. Therefore, unless contraindicated, beta-blockers
should be continued perioperatively or initiated in all
patients. In addition, amiodarone, biatrial pacing, statins,
N-3 PUFAs, or NAC, could be used with beta-blockerbased therapy and may be beneficial in further reducing
this postoperative arrhythmia.
Dr. Alqahtani is a cardiology resident at St. Michael’s Hospital.
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