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Abstract

Postoperative atrial fibrillation (AF) is the
most common arrhythmic complication after
cardiac surgery. Despite more than 100 trials
dealing with the prevention of postoperative
AF and improvements in surgical techniques,
questions remain about the optimal approach
to prevent postoperative AF. Postoperative AF
is associated with increased morbidity, length
of hospital stay and costs, and should, there-
fore, be avoided. Aim of this article is to give
an overview of current trends in the preven-
tion of postoperative AF. 
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Zusammenfassung

Postoperatives Vorhofflimmern (VHF) ist die
häufigste arrhythmische Komplikation nach
Herzoperationen. Obwohl sich mehr als hun-
dert Studien mit der Prophylaxe von postope-
rativem Vorhofflimmern auseinander gesetzt
und sich die chirurgischen Operationstechni-
ken weiterentwickelt haben, fehlt derzeit im-
mer noch ein klarer Konsens, wie das Auftre-
ten des VHF effizient vermieden werden kann.
Da das VHF mit einer erhöhten Morbidität,
Verlängerung der Spitalaufenthaltsdauer und
vermehrten Kosten verbunden ist, sollte eine
effiziente Prophylaxe angestrebt werden. Ziel
dieses Artikels ist es, einen Überblick über die
derzeitigen Trends in der Prophylaxe von post-
operativem VHF zu geben. 

Schlüsselwörter: Vorhofflimmern; herz-
chirurgische Eingriffe; postoperatives Manage-
ment; Risiko-Stratifikation

How big is the problem?

Atrial fibrillation (AF) after coronary artery
bypass grafting (CABG) is a common problem
and occurs in 30 to 50% of patients [1, 2]. It is
associated with an increased incidence of con-
gestive heart failure (CHF), renal failure, in-
fections and stroke, thereby negatively affect-
ing morbidity, length of hospital stay and costs
[3–5].

Despite improvements in anaesthetic and
surgical techniques, the incidence of postoper-
ative AF has been reported to increase, and so
far, no consistent therapies have been found to
avoid it [2, 6]. In a recently published prospec-
tive observational study 4657 patients sched-
uled for CABG were included to identify the
most powerful clinical predictors of postopera-
tive AF [4]. Using this data, the authors devel-
oped a model that allowed accurate prediction
of patients at risk for AF. Risk factors for AF
were advanced age, history of prior AF, chronic
obstructive pulmonary disease (COPD), valve
surgery or postoperative withdrawal from
betablocker or angiotensin converting enzyme
(ACE) inhibitor therapy. On the other side,
postoperative administration of betablockers,
ACE inhibitors, potassium supplementation
and non-steroidal antiinflammatory drugs
(NSAID) reduced the risk of postoperative AF.
Based on these predictors, they developed a
clinical risk prediction algorithm (table 1),
which proved to be highly accurate in identify-
ing patients at very high but also at low risk of
postoperative AF in a prospective cohort [4].

This review focuses on short-term strate-
gies to prevent or treat AF in the immediate
perioperative setting only. Specifically, we do
not address long-term strategies, like angio-
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tensin converting enzyme inhibitor (ACEI) or
angiotensin receptor blocker use, which de-
velop their preventive effect more over a pro-
longed period of time, since such treatment is
difficult to be established timely once surgery
is scheduled [7]. Somewhere in between, there
are other substances such as polyunsaturated
fatty acids (PUFAs), which at least in one
study demonstrated to be effective in the pre-
vention of postoperative AF. In this study
PUFAs were given at least five days before
elective CABG up to discharge from the hospi-
tal. PUFA administration reduced the inci-
dence of AF by 54% and was associated with a
shorter hospital stay. However, further studies
should be awaited to confirm this favorable
results before a general recommendation can
be made [8].

What’s the mechanism?

Generally, postoperative AF is seen in the first
two to four days after surgery and is usually
self-limited and uncomplicated [9]. Relatively
little is known about the detailed onset mech-
anisms of postoperative AF. Possible con-
tributing factors are pre-existing electric vul-
nerability of the atria, atrial ischaemia and
reperfusion injury, acute atrial stretch, meta-
bolic derangements, pericarditis and elevated
sympathetic tone [9]. 

The onset and maintenance of AF require
an initiating event and anatomical substrate,
respectively. AF is often initiated by an atrial
premature beat (APB) encountering areas of
slow conduction with unidirectional functional
block [10, 11]. This results in fractioning of the
electric wavefront and the initiation of multi-
ple re-entrant circuits propagating through

the atria [12]. It has been shown that in most
cases the main episode of AF is preceded by
short runs of AF or multiple atrial premature
beats. In a study by Taylor et al. there was a
significantly greater number of APBs seen on
days 3 and 4 postoperatively in patients with
postoperative AF compared to those without
[13].

Recent studies suggested that patients
with postoperative AF might have pre-existing
electrophysiologic abnormalities [14, 15]. Ma-
riscalco et al. found an association between
preprocedural atrial histopathology and post-
operative AF [16]. The histologic abnormali-
ties found were interstitial fibrosis, cytoplas-
matic vacuolisation and nuclear derangement
of myocytes. This supported the hypothesis
that in patients with postoperative AF vulne-
rability to AF (triggers), but also the ability to
maintain AF (substrate) are associated with
pre-existing degenerative changes.

Other studies have shown that early post-
operative AF correlates with an increased in-
flammatory response after cardiac surgery
[17–19]. In an animal study [20] atrial conduc-
tion properties were found to be altered by
postoperative atrial inflammation, and the de-
gree of inflammation was proportional to the
inhomogeneity of atrial conduction. This re-
sulted in an increased incidence and duration
of postoperative AF. Inflammation, inhomo-
geneity of atrial conduction and incidence of
postoperative AF were significantly decreased
by antiinflammatory treatment with pred-
nisone [20]. 

With increasing surgical trauma to the
atria, there is also an increased incidence of
postoperative AF. This explains why patients
undergoing valvular surgery have the highest
risk of developing postoperative AF [6, 21]. It

Table 1
Risk Prediction Score for the estimation of postoperative atrial fibrillation (adapted from [4]).

Age >30 years + 6 points for every 10 years of age
History of previous atrial fibrillation + 7 points
History of COPD + 4 points
Valve surgery + 6 points
Withdrawal of betablockers + 6 points
Withdrawal of ACE-Inhibitor (ACEI) + 5 points
Betablocker treatment (pre- and postoperatively) – 7 points
Betablocker postoperatively – 11 points
ACE-Inhibitor pre- and/or postoperatively) – 5 points
NSAIDs – 7 points  
Total points risk of atrial fibrillation  
<14 low risk ≤10%  
14–31 medium risk 11–31%  
>31 high risk 32–88%



79

ReviewKardiovaskuläre Medizin 2008;11: Nr 3

has also been shown that less manipulation of
the atria decreases atrial inflammation and
subsequently atrial fibrillation [22].

Why treating?

Postoperative AF leads to a higher incidence of
congestive heart failure (CHF), stroke, pro-
longed hospital stay and increased costs [6, 21,
23, 24]. In a retrospective cohort study, the
Texas Heart Institute Cardiovascular Re-
search database was used to identify patients
developing postoperative AF. Atrial fibrillation
was diagnosed in 16% (n = 994) of the popula-
tion (n = 6475). It was associated with greater
in-hospital mortality, more strokes and pro-
longed hospital stays. A case-matched sub-
study revealed that 5-year-survival was worse
in patients with postoperative AF, and the lat-
ter was an independent predictor of long-term
mortality [25].

In the afore mentioned study by Mathews
et al. AF was also associated with a greater in-
cidence of postoperative complications and a
higher in-hospital mortality (4.7% vs 2.1%; 
p <0.001) [4]. AF patients had longer intensive
care unit (ICU) and hospital stays, mainly due
to more neurological, renal and infectious com-
plications [4].

How to deal with?

Non-pharmacological prevention
Numerous studies addressed the issue of AF
prevention after surgery. While most studies
investigated pharmacological prevention,
Melo and colleagues published the results of a
randomised trial, in which they studied ven-
tral cardiac denervation as a prophylactic
measure against post-CABG (coronary artery
bypass grafting) AF [26]. They compared 219
patients undergoing CABG to 207 patients un-
dergoing CABG plus ventral cardiac denerva-
tion. The rational of this study was that sev-
eral previous trials had shown an autonomic
nervous imbalance as a potential mediator of
postoperative AF [27]. The patients submitted
to ventral denervation had fewer and less 
severe episodes of AF and no patient had AF
after discharge. However, in a later study by
Alex et al. this method failed to reduce the in-
cidence of postoperative AF [28]. Because of
these conflicting results, Cummings et al. in-
vestigated the role of vagal innervation of the
anterior fat pad of the heart on the incidence
of postoperative AF in humans. They demon-

strated that preservation of the anterior fat
pad during CABG decreases the incidence of
postoperative AF [29], suggesting that ventral
cardiac denervation is probably of no use for
the prevention of postoperative AF. In a re-
cently published meta-analysis, off-pump sur-
gery (OPCAB) was associated with a 30% re-
duction of atrial fibrillation compared with
conventional CABG [30]. Thus, 80 cases of  AF
could be avoided per 1000 patients undergoing
CABG. In several previous studies a reduced
inflammatory response after OPCAB was
found, which might explain this result in part
[31]. However, preservation of the anterior fat
pad associated with OPCAB and also patient
selection might be other explanations [4].

Betablockers
Betablocker therapy is certainly the main-
stone of  AF prevention and should be routinely
used in every patient [32, 33]. However, it
should also be realised that even in modern
large trials, where this strategy was widely
applied, the incidence of postoperative AF re-
mains up to 60% in selected patients [4]. This
clearly emphasises the need of further preven-
tive strategies on top of betablockade. 

Class I drugs
There are only a few small randomised stud-
ies on the use of class IA drugs for treatment
of postoperative AF, and because of their toxi-
city, virtually none on their preventive use 
in this setting. In two small studies, pro-
cainamide was not more effective than digox-
ine for the conversion of  AF [34, 35]. Although
effective in prevention and treating postoper-
ative AF, procainamide may cause hypotension
and should not be used in the presence of re-
nal failure. For quinidine and disopyramide,
there is even more limited evidence for their
use in the literature [36, 37]. Most importantly,
however, is the fact that neither procainamide,
quinidine nor dysopyramide are on the market
anymore. The only remaining class IC agents
flecainide and propafenone have been tested in
a few small randomised trials. The studies had
important limitations and the administration
of IC antiarrhythmic drugs is generally no
longer recommended for the prevention or con-
version to sinus rhythm in the perioperative
setting [38].

Class III drugs
Sotalol has also been shown to be effective for
the prevention of postoperative AF, either com-
pared against placebo [39], but also compared
against betablocker therapy with the scope to
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elucidate it’s pure class III action [40, 41].
However, its side effects (hypotension, brady-
cardia), and in particular, its proarrhythmic
effects limit its use in todays perioperative ma-
nagement. 

For pharamcological prevention on top of
routine betablockade, a short perioperative
course of oral amiodarone is probably the most
promising approach. This therapy was associ-
ated with a 50% reduction of postoperative
atrial tachyarrhythmias in patients having
CABG and/or valve replacement/repair. The
number needed to treat in the largest prospec-
tive trial, the PAPABEAR trial, was only 7.5
overall to prevent one patient from postopera-
tive AF [42]. A meta-analysis including 19 tri-
als comparing amiodarone with placebo for the
prevention of postoperative AF revealed that
the results of the large PAPABEAR trial were
consistent with the pooled results of these tri-
als [43]. In these 19 trials amiodarone reduced
atrial fibrillation by 50 % (95% CI: 0.43 to 0.59,
p <0.0001). It also significantly reduced ven-
tricular tachyarrhythmias, strokes and hospi-
tal stay. Furthermore, amiodarone-treated pa-
tients had a significantly lower heart rate dur-
ing AF-episodes, one of the main determinants
of AF related morbidity. The authors came to
the conclusion that prophylactic amiodarone
should be implemented as routine therapy for
high risk patients undergoing cardiac surgery
[43]. The prophylactic effect of amiodarone
seems to be independent of the route of admin-
istration (oral, intravenous, or combined). In
the PAPABEAR trial oral amiodarone was ad-
ministered six days before and after surgery at
a dosage of 10 mg/kg daily, divided into two
doses per day. Given the potential risk of side
effects of amiodarone (eg, bradycardia, AV-
block and others), it seems advisable to use
amiodarone particularly in patients at high
risk of posteroperative AF. Thereby, an easy
clinical algorithm (table 1) may serve to select
patients appropriately.

New class III drugs
The new class III drug ibutilide is very effec-
tive in the conversion of postoperative atrial fi-
brillation [44]. However, since ibutilide can
cause potentially fatal arrhythmias, particu-
larly torsade de pointes tachycardias, it should
be administered only in a setting of continous
ECG monitoring. The drug dofetilide is not
available in Switzerland.

Corticosteroids
If one supposes that atrial fibrillation is in-
duced not only by a local atrial inflammation,

but also by a systemic inflammatory reaction
to surgery and extracorporeal circulation, cor-
ticosteroid treatment should reduce the inci-
dence of postoperative AF. In a recently pub-
lished trial by Halonen and colleagues the ef-
fect of intravenous corticosteroid administra-
tion after cardiac surgery was tested [45]. The
incidence of AF was significantly reduced in
the hydrocortisone group compared to the
placebo group. Patients receiving corticos-
teroids did not have higher rates of infections
or other major complications. The authors con-
cluded that hydrocortisone treatment was
very effective in preventing postoperative AF
and was well tolerated [45].

Electrical cardioversion
Since postoperative AF is mostly self-limiting,
electrical cardioversion is usually not neces-
sary. When cardioversion is applied, the same
precautions regarding anticoagulation as in
nonsurgical cases should be used. After the re-
turn to sinus rhythm anticoagulation therapy
is recommended for 30 days [46].

Taking all this evidence into account, there
still remains the question of the optimal ap-
proach of AF prevention. A large meta-analy-
sis by Burgess et al. comparing the different
approaches analysed 94 trials of post-opera-
tive AF prevention [47]. In summary, this
meta-analysis confirmed the recommendation
that betablockers are effective and should not
be withdrawn in the post-operative period.
Overall, betablockers significantly reduced
postoperative AF. However, there is a great
heterogeneity between trials with regard to
their effectiveness, which partly is explained
by the withdrawal of non-study betablockers
in the control groups of early trials, thereby
overestimating the beneficial effects of beta-
blockers. Compared to betablockers, sotalol
significantly reduced the rate of postoperative
AF, but increased the rate of complications.
Magnesium therapy offered no additional ben-
efit and was not recommended by the authors.
For amiodarone they found sufficient evidence
to advise its use in combination with beta-
blocker therapy. Digoxine and calcium channel
blockers were not effective in the prevention 
of AF. In contrast bi-atrial pacing showed a 
significant reduction in AF and was the only
therapy that was applied exclusively post-
operatively without negative inotropic or
chronotropic effects. There were some trials
excluded from this meta-analysis investigat-
ing the use of IA and IC antiarrhythmic drugs,
N-3 fatty acids or off-pump coronary bypass
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surgery because they had significant hetero-
geneity [47].

Conclusions

Firstly, the risk for postoperative AF of pa-
tients undergoing cardiac surgery should be
assessed on an individual basis. Main risk fac-
tors for postoperative AF are advanced age,
valve surgery, history of previous episodes of
AF, history of COPD, and betablocker or ACE-
inhibitor withdrawal. Secondly, betablockers
should be given pre- and postoperatively in
any patient without contraindication. Thirdly,
perioperative amiodarone treatment in addi-
tion to betablockers may be considered for pa-
tients at high risk according to preoperative
risk stratification. Fourthly, bi-atrial pacing
should be used, if possible at higher than in-
trinsic rates in order to avoid the competition
between sinus and atrial paced rhythm. Fi-
nally, there is no additional benefit from the
use of magnesium, calcium-blockers, digoxine,
dofetilide or flecainide, and of course, any
measure should be taken to minimise surgical
trauma and post-operative inflammatory re-
sponse.
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