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Atrial fibrillation (AF) occurs in between 12% and 44%
of patients after pulmonary and esophageal sur-

gery. Its occurrence is associated with increased pulmo-
nary complications, increased length of stay, and in-
creased mortality [1, 2]. Although numerous articles have
been written on postoperative AF, specific recommenda-
tions for the prophylaxis and treatment of AF related to
general thoracic surgery (GTS) do not exist. Therefore,
The Society of Thoracic Surgeons (STS) Workforce on
Evidence Based Surgery formed a taskforce to derive
practice recommendations from the literature.

What follows is an executive summary of the full
guideline available at http://www.sts.org/resources-
publications/clinical-practice-credentialing-guidelines. The
full guideline includes the complete references and detailed
analysis that fully supports the recommendations listed here.

Methods

Taskforce members reviewed all identifiable published
reports related to the prophylaxis and management of AF
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after GTS as well as selected reports related to medical
AF and AF after cardiac and general surgical procedures.
Publications for review were selected to inform recom-
mendations in three areas: (1) prophylaxis, (2) treatment,
and (3) anticoagulation. Levels of evidence were assigned
to each publication, and recommendations were made
regarding each intervention using the American Col-
lege of Cardiology/American Heart Association guideline
methodology. The document was reviewed and approved
according to the “STS Approval Process for Practice
Guidelines.”

Evidence-based guidelines must not be viewed as abso-
lutes. Guidelines are intended to assist health care provid-
ers in decision-making by providing a range of acceptable
approaches for the management of specific conditions. The
ultimate judgment regarding care of a particular patient
under specific circumstances must be made by the pro-
vider. There are certainly circumstances in which manage-
ment that falls outside of these guidelines will be
appropriate.

Etiology and Risk Factors

Risk factors for postoperative AF include male sex, in-
creasing age, magnitude of lung resected, magnitude of
esophagus resection, history of congestive heart failure,
concomitant lung disease, preoperative episodes of AF,
length of procedure [3–15], and procedures associated
with pericardial inflammation, especially dissection
around the atria [12, 16]. Reproducibly, the highest rates
of postoperative AF occur after pneumonectomies, extra-
pleural pneumonectomies, and adult lung transplants
[17, 18]. After minimally invasive thoracic surgical proce-
dures, the incidence of AF has been as low as 0.6% [19]. In

ne study, 4 of 110 thoracoscopic lobectomy patients
3.6%) had AF [20]. Atrial fibrillation can also develop

ostoperatively secondary to a wide variety of medical
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conditions including hyperthyroidism, pulmonary em-
boli, pneumonia, or pericarditis.

The onset of AF occurs most commonly on postopera-
tive days 2 and 3 [1, 7, 21, 22]. The risk of arrhythmias
decreases substantially over the first postoperative
month, with nearly all patients reverting to preoperative
risk of AF by 6 weeks after coronary surgery, regardless
of treatment [23].

Pharmacologic Prophylaxis of Postoperative
Atrial Fibrillation

Class I recommendation: Patients taking �-blockers be-
fore GTS should have �-blockade continued (at reduced
dose if epidural analgesia is used) in the postoperative
period. (Level of evidence B)

Class IIa recommendation: Diltiazem prophylaxis is rea-
sonable in most patients undergoing major pulmonary
resection who are not taking a �-blocker preoperatively.
As with �-blockers, hypotension may develop in some
patients receiving diltiazem prophylaxis, and dose reduc-
tion or other pressure-elevating therapies may be re-
quired. (Level of evidence B)

Class IIa recommendation: Amiodarone prophylaxis is rea-
sonable to reduce the incidence of atrial fibrillation after
GTS (excluding pneumonectomy), according to strict dos-
ing regimens. For patients undergoing pulmonary lobec-
tomy, the recommended dose is 1,050 mg by continuous
infusion over the first 24 hours after surgery (43.75 mg/h),
followed by 400 mg orally twice daily for 6 days. For
patients undergoing esophagectomy, the recommended
dose is continuous intravenous (IV) infusion at a rate of
43.75 mg/h (1,050 mg daily) for 4 days. (Level of evidence B)

Class III recommendation: Amiodarone is not recom-
mended, outside of clinical studies, for patients undergoing
pneumonectomy, until additional data addressing its po-
tential toxicity in this setting are available. (Level of evi-
dence B)

Class IIa recommendation: Magnesium supplementation
is reasonable to augment the prophylactic effects of other
medications. (Level of evidence B)

Class IIb recommendation: It may be reasonable to
initiate new �-blockers for prophylaxis against postop-
erative AF after GTS, but their use is more limited by
side effects than diltiazem and thus less broadly appli-
cable. (Level of evidence B)

Class III recommendation: Flecainide is not recom-
mended for prophylaxis of postoperative atrial fibrilla-
tion after GTS. (Level of evidence B)

Class III recommendation: Digitalis should not be used
as a prophylactic agent against atrial fibrillation after

GTS. (Level of evidence A)
Given the morbidity, mortality, and costs associated
with postoperative AF, it would be beneficial to prevent
it, if that is possible, with an agent that incurs minimal
adverse effects.

In a meta-analysis of randomized controlled studies of
AF prophylaxis in GTS, Sedrakyan and colleagues [24]
included 11 studies [25–35], and we are aware of two
randomized studies published since that time [36, 37].
There have been three trials using digitalis [26, 28, 31],
five trials with calcium-channel blockers [25, 26, 32, 34,
35], two trials of prophylactic �-blockers [27, 29], three
trials of amiodarone [34, 36, 37], and single trials of
flecainide [30] and magnesium [33]. These trials collec-
tively include more than 1,300 participants.

The recommendation to avoid abrupt �-blocker with-
drawal is extrapolated from convincing data in the car-
diac surgery literature attributing postoperative AF to a
propranolol withdrawal syndrome [38]. A meta-analysis
of randomized studies of AF prophylaxis clearly demon-
strated elevated AF rates in patients whose �-blockers
were withdrawn [39].

Because GTS patients with epidural analgesia tend to
be mildly hypotensive, we recommend that preoperative
�-blockers be restarted postoperatively at one half the
preoperative dose, with “hold parameters.” The dose can
then be gradually increased as tolerated.

For patients who were not taking �-blocking medica-
tion preoperatively, the most broadly effective and safe
drug prophylaxis for AF after GTS is diltiazem. Five
randomized, double-blinded controlled trials have com-
pared the efficacy of calcium-channel blockers to control
in the prophylaxis of postoperative AF after GTS (Table
1) [25, 26, 32, 34, 35]. In these studies, the incidence of AF
is reduced by approximately one half: 10.6% versus 21.5%
(relative risk 0.50; 95% confidence interval: 0.34 to 0.73)
[24]. Because diltiazem is associated with a far lower rate
of hypotension than verapamil, diltiazem is the recom-
mended calcium-blocking agent. Although the only pla-
cebo-controlled study of diltiazem for prevention of AF
after GTS administered it with an IV loading dose and
24-hour infusion, only then followed by oral therapy, it may
be reasonable to administer prophylactic diltiazem orally
alone. Oral diltiazem begun in the recovery room is a
reasonable approach after lung resection. A reasonable
dose is 30 to 60 mg every 6 hours, depending upon a
patient’s body mass, age, and other factors. As with
�-blockers, diltiazem orders should include “hold
parameters.”

Prophylactic amiodarone is a reasonable alternative to
diltiazem, but it should be used in limited doses and
should likely be avoided for certain patients. Prophylactic
amiodarone significantly reduces the incidence of AF
after cardiac [39], pulmonary [34, 36], and esophageal [37]
surgery. Among lung resection patients, the incidence of
AF was reduced by amiodarone from 21.9% to 3.1% in
one study [34] and from 32.3% to 13.8% in the other study
versus placebo [36]. However, the first of these studies,
which used a higher dose of the drug, was terminated
early because of an incidence of acute respiratory distress

syndrome (ARDS) of 9.4% in those receiving amiodarone
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(versus 0% in the placebo group). Among pneumonec-
tomy patients, the ARDS rate was 27%.

Amiodarone-induced pulmonary toxicity appears to
occur not only after chronic administration, but also
occasionally after brief periods of IV administration on
the order of days. Acute pulmonary toxicity related to
amiodarone appears to be most common perioperatively.
That may be because intraoperative and perioperative
high inspired oxygen concentrations potentiate the free
radicals that may be etiologic. In one series, 3 of 8
patients had ARDS after cardiac surgery after preopera-
tive high-dose IV amiodarone therapy (1,200 mg for 7
days), and ARDS developed in 6 of 11 patients who were
receiving long-term amiodarone therapy before cardiac
surgery [40]. In another series including various opera-
ions, 4 of 33 patients receiving prolonged preoperative
miodarone therapy had postoperative ARDS [41]. Pre-
xisting pulmonary disease is associated with a higher
isk of diagnosed amiodarone pulmonary toxicity [42].

Conversely, in the study by Tisdale and colleagues [36]
f amiodarone prophylaxis after lung resection, and in
heir study of amiodarone prophylaxis after esophageal
esection [37] (both of which used lower doses of amio-
arone), no increased pulmonary toxicity was observed.
he pulmonary resection series included 65 patients in

he experimental arm, 25% of whom underwent pneu-
onectomy. It appears likely that amiodarone at the

ower dose used in these studies represents safe and
ffective AF prophylaxis. But given that this has been
emonstrated in only a single study in the lung resection
opulation, and given the evidence of pulmonary toxicity
elated to perioperative use of amiodarone at higher
oses—particularly in patients undergoing pneumonec-

omy, patients with chronic obstructive pulmonary dis-
ase (COPD), and theoretically, patients requiring high
evels of inspired oxygen or mechanical ventilation—we
elieve that prophylactic amiodarone use must be con-
idered and planned carefully. It should likely be avoided
or patients with significant preexisting lung disease,

Table 1. Randomized Trials of Calcium Channel Blocker Prop
Patientsa

Authors [Reference], Year Drug

Lindgren et al [32], 1991 IV followed by oral verapami

Van Miegham et al [34], 1994 IV verapamil

an Miegham et al [35], 1996 IV verapamil

mar et al [26], 1997 IV followed by oral diltiazem

mar et al [25], 2000 IV followed by oral Diltiazem

a All studies are versus placebo, except Amar 1997, which is versus digox

V � intravenous; NR � not reported.
atients who remain intubated or require high inspired
xygen concentrations, and patients who have under-
one pneumonectomy. It should also likely not be started
reoperatively. It may well be proven ultimately that

here is no pulmonary toxicity related to amiodarone
sing the dosing regimens employed by Tisdale and
oworkers, but until additional data are available on this
ssue, it is prudent, outside of studies, to limit the use of
miodarone for pulmonary resection patients to those
ndergoing lobectomy.
Newly initiated �-blockade is clearly effective prophy-

laxis against AF after cardiac surgery [39]. In the GTS
population, however, only two randomized controlled
trials of this approach have been published [27, 29].
Although this treatment does reduce AF to a similar
degree as calcium-channel blockers, morbidity is sub-
stantially higher, with a 49% incidence of hypotension, a
25% incidence of bradycardia, and a 14.1% incidence of
pulmonary edema.

An additional, important concern with newly initiated
�-blockers is the small but real risk of precipitating
bronchospasm with �-blockade in COPD patients. (For
details on this risk, which is more of a concern with
patients who are �-blocker naïve, see the Treatment of
Postoperative Atrial Fibrillation section.)

In the cardiac surgery population, magnesium supple-
mentation reduces postoperative AF [43]. The only pro-
spective randomized trial involving GTS patients also
demonstrated a significant reduction in the incidence of
AF without substantial adverse events [33].

Although it is a good choice as therapy for postopera-
tive AF in patients without structural heart disease (see
Treatment section), experience with flecainide as a pro-
phylactic agent has been limited and mixed. Oral flecain-
ide has not been studied in this setting, and the small
trials using IV flecainide (which has limited availability)
report rates of hypotension as high as 57% [30]. Further-
more, that the use of flecainide would need to be strictly
limited to patients without structural heart disease sub-
stantially limits its applicability [44]. Three randomized

xis of Atrial Fibrillation (AF) in Pulmonary Resection

AF Rate, Treated
Versus Control Subjects

0% versus 31% Lung resection
(p � 0.05)
0% versus 22% Pneumonectomy/lobectomy
(p � NR)
8% versus 15% Pneumonectomy/lobectomy
(p � 0.05)
14% versus 31% Pneumonectomy
(p � 0.035)
15% versus 25% “High risk” lobectomy/pneumonectomy
(p � 0.03)
hyla

l

in.
studies have demonstrated that digitalis prophylaxis ac-
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tually increases the incidence of postoperative AF versus
placebo after GTS [26, 28, 31].

Pharmacologic Treatment of Postoperative
Atrial Fibrillation

Rate Control Versus Rhythm Control
Class I recommendation: Patients with hemodynamically
unstable postoperative AF should be electrically cardio-
verted. (Level of evidence C)

Class I recommendation: Patients with hemodynamically
stable but symptomatically intolerable AF should be
chemically cardioverted, with electrical cardioversion if
chemical cardioversion fails. (Level of evidence C)

Class I recommendation: Patients with hemodynamically
stable and symptomatically acceptable postoperative AF
should receive a trial of rate control lasting approxi-
mately 24 hours. (Level of evidence B)

Class IIa recommendation: For patients with hemody-
namically stable, continuous or recurrent, paroxysmal
postoperative AF ongoing more than 24 hours after
initiation of rate control, it is reasonable to attempt
chemical cardioversion. (Level of evidence C)

Class IIb recommendation: Patients with hemodynami-
cally stable, continuous or recurrent, paroxysmal postop-
erative AF ongoing after adequate levels of a chemical
cardioverting agent have been achieved may be consid-
ered for an attempt at electrical cardioversion. (Level of
evidence C)

A substantial number of patients will, despite prophy-
laxis, have AF after GTS. If there is associated hemody-
namic instability, electrical cardioversion should be car-
ried out urgently. Most patients, however, will have
hemodynamically stable AF. For patients who, despite
hemodynamic stability, find the symptoms of AF intoler-
able even with rate control, an early attempt at chemical
cardioversion is reasonable. If that fails to convert the
patient to sinus rhythm after the initial load, then elec-
trical cardioversion is reasonable.

The vast majority of patients have AF that creates
neither hemodynamic instability nor intolerable symp-
toms. These patients are the focus of our recommenda-
tions. Since new-onset postoperative AF is often transient
and self-limited, and since rate control agents are gener-
ally safer than agents designed to achieve cardioversion,
it is appropriate to treat stable patients initially with rate
control agents alone. One study involving 200 lung re-
section patients reported that 98% of AF resolved within
1 day of hospital discharge with rate control alone [4].
Seventy-three percent of patients with AF after aortic
surgery in one study had converted at a mean of 48 hours
[45]. Two small randomized studies compared rate con-
trol and cardioversion strategies for AF after cardiac

surgery [46, 47], and neither demonstrated a significant
difference in ultimate outcome between the two
approaches.

Choice of Agent: Rate Control Drugs
Class I recommendation: A selective �1-blocking agent is
recommended as the initial drug for rate control in the
absence of moderate-severe chronic obstructive pulmonary
disease or active bronchospasm. (Level of evidence B)

Class I recommendation: Diltiazem should be the first
agent used in the presence of moderate-severe chronic
obstructive pulmonary disease or active bronchospasm.
(Level of evidence B)

Class III recommendation: Digoxin as a single agent
should not be used for rate control, although it may be
effective in combination with a �1-blocker or diltiazem.
(Level of evidence A)

Diltiazem has been proven to be more effective than
digoxin in the treatment of AF after coronary artery
bypass surgery [48], and �-blockade has been proven to
be more effective than either calcium-blockade or digoxin
in rate control of AF in the medical population [49].
Beta-blockers also appear to more effective than calcium-
blockers in converting AF to sinus rhythm after noncar-
diac surgery [50]. No studies have compared these drugs
after GTS specifically. Given its shorter duration of action,
its relative �1-receptor specificity, and its availability in
intravenous form, metoprolol is probably the appropriate
initial agent.

The potential concern with the use of �-blockers for
OPD patients, who constitute a large proportion of the
atients undergoing GTS, is that nonspecific blockade
ay precipitate bronchospasm. Although that occurs
ith some frequency with nonspecific �-blockers such as
ropranolol, �1-specific agents such as metoprolol have a
ery low risk of inducing clinically significant bronchos-
asm [51, 52], although they may increase airway hyper-
esponsiveness [53]. A selective �1-antagonist thus seems
reasonable first-line rate control agent for all patients

ut those with active bronchospasm or more than mod-
rate COPD. These latter patients should be rate con-
rolled with diltiazem. If diltiazem is being used for AF
rophylaxis, it is reasonable to either add metoprolol or

ncrease the diltiazem dose if postoperative AF develops.

Choice of Agent: Rhythm Control
(Antiarrhythmic) Drugs
Class IIa recommendation: When chemical cardiover-
sion is employed in the setting of continuous or
recurrent paroxysmal postoperative AF, the most rea-
sonable initial drugs are intravenous followed by oral
amiodarone or oral flecainide. Several other agents can
be considered when these are contraindicated. (Level
of evidence B)

Class III recommendation: Amiodarone is not currently

recommended in patients who are mechanically venti-
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lated, who have undergone pneumonectomy, or who
have substantial pre-existing lung disease. (Level of
evidence B)

Class III recommendation: Flecainide should not be used
in patients with any history of structural cardiac disease
including ventricular hypertrophy, systolic dysfunction,
or any valve or coronary disease. (Level of evidence A)

Antiarrhythmic drugs with the ability to convert AF to
sinus rhythm include amiodarone, disopyramide, dofeti-
lide, flecainide, ibutilide, procainamide, propafenone,
quinidine, and sotalol. A series of comparative studies of
medical AF patients has established broadly that flecain-
ide, ibutilide, dofetilide, propafenone, and amiodarone
are the most effective agents [54]. Ibutilide, quinidine,
and dofetilide are less favored because of substantial
rates of development of torsades des pointes. Ibutilide is
available in the United States only in IV bolus form, and
dofetilide’s IV form is available only investigationally.
The high prevalence of COPD among GTS patients leads
to a preference for agents without nonspecific �-blocking

ctivity. The cardioverting agents with significant
-blockade activity (propafenone and sotalol) are nonse-

ective �-blockers.
This selection process leaves us with amiodarone

nd flecainide as the leading candidates for chemical
ardioversion in GTS-associated AF. Rates of cardio-
ersion that have been reported with amiodarone after
TS are as high as 86% [6], with a meta-analysis of

amiodarone including studies of both medical and post-
operative AF yielding a conversion rate of 76% [55]. With
flecainide, conversion rates are between 56% [56] and
93% [57], but in the 80% range in most studies. Conversion
tends to occur more rapidly with flecainide than with
amiodarone.

Importantly, flecainide is contraindicated for patients
with any form of structural heart disease—including
coronary artery disease, significant valvular disease, sys-
tolic dysfunction, or ventricular hypertrophy. The pri-
mary basis of this limited application of flecainide is the
randomized Cardiac Arrhythmia Suppression Trial
(CAST), which focused on ventricular arrhythmias after
myocardial infarction [44]. Patients who received fle-
cainide had an approximately doubled rate of mortality
or cardiac arrest, likely due to a proarrhythmic effect
on the ventricle. Although these results are of unclear
relevance to postoperative patients with atrial arrhyth-
mias, the consensus remains that this drug should not
be used in patients with structural heart disease. It
should also be noted that flecainide is not effective
against atrial flutter.

The unique side effect of amiodarone that has, appro-
priately, received substantial attention and is highly
relevant to the GTS population is its pulmonary toxicity.
As mentioned previously, the toxicity of amiodarone has
been reported mainly in patients receiving large doses of
the drug over prolonged periods (and may occur in 1% to
10% of patients so treated), but it is also occurs more

rarely in a fulminant, acute form during IV administra-
tion. In the prophylactic setting, IV amiodarone was
associated in one study with a far higher than expected
rate of ARDS (27%) among patients undergoing pneumo-
nectomy [34]. This finding was not confirmed in an-

ther, also small, study that used lower doses and a
horter period of IV administration [36]. It has been
uggested that acute amiodarone-induced lung injury
s more likely in lungs that have been exposed to other
hysical insults [58].
The possibility of significant amiodarone-induced pul-
onary toxicity in patients after pulmonary resection

eads us to recommend flecainide or another agent when
hemical cardioversion is indicated for patients who are
echanically ventilated, for patients with severe COPD,

nd for patients after pneumonectomy.
Amiodarone and flecainide are highly effective and

elatively safe drugs, but the specific contraindications to
heir use must be kept in mind. For patients with both
tructural heart disease and substantial pulmonary dys-
unction for whom cardioversion is indicated, one of the
ther cardioverting drugs, electrical cardioversion, or
imple anticoagulation therapy with rate control can be
arried out.

Duration of Antiarrhythmic Therapy
Class IIa recommendation: Once initiated, it is reason-
able to continue successful antiarrhythmic therapy for a
minimum of 1 week and no longer than 6 weeks beyond
the time of discharge. (Level of evidence B)

The only study that has evaluated optimal length of
therapy with antiarrhythmic drugs, once initiated, for
postoperative AF (after coronary artery bypass graft
surgery) found that there was no difference in the rate of
recurrent AF whether the treatment was continued for 1,
3, or 6 weeks after discharge [59].

Anticoagulation Therapy for Postoperative
Atrial Fibrillation

Because none of the randomized studies evaluating an-
ticoagulation approaches in AF was carried out with GTS
patients, none of the recommendations in this section can
be considered Class I.

Anticoagulation Therapy Versus Antiplatelet Therapy
Class IIa recommendation: For patients with two or more
risk factors for stroke (age >75 years, hypertension,
impaired left ventricular function, prior stroke or tran-
sient ischemic attack) who have postoperative AF that
recurs or persists for more than 48 hours, anticoagulation
therapy is reasonable if not otherwise contraindicated.
(Level of evidence A)

Class IIa recommendation: For patients with fewer than
two risk factors for stroke and patients considered not
suitable for warfarin who have postoperative AF that
recurs or persists for more than 48 hours, aspirin, 325 mg
daily, is reasonable if not otherwise contraindicated.

(Level of evidence A)
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The risk of stroke associated with medical AF is af-
fected by a number of risk factors: prior stroke or tran-
sient ischemic attack, history of hypertension or systolic
pressure greater than 160 mm Hg, diabetes mellitus, a
combination of female sex and age more than 75 years,
and impaired left ventricular function [60–62]. A stroke
risk classification, CHADS2 (an acronym for congestive

eart failure, hypertension, age, diabetes mellitus, and
troke or transient ischemic attack), integrates these
lements [63]. Patients can be classified as low risk,
ntermediate risk, or high risk, with rates of stroke
anging from 1.2 to 18.2 per 100 patient-years [64]. War-
arin is usually recommended for patients with CHADS2

scores of 2 or higher.
Keeping these risk factors in mind, a number of ran-

domized trials have looked at the efficacy of anticoagu-
lation. These trials have included randomized compari-
sons of oral vitamin K antagonists versus no therapy or
aspirin [65–69]. Pooled together, these trials have dem-
onstrated a reduction in yearly stroke rate from 4.5% to
1.4% by treating patients with warfarin. The overall
relative risk reduction was 68% (Table 2). Evidence sup-
porting the use of aspirin is weaker than for warfarin
(Table 3). In a meta-analysis of 16 randomized trials,
warfarin was found to decrease the relative risk of stroke
by 62%, compared with aspirin, which only reduced this
by 22% [70]. In terms of the optimal aspirin dose, the
most compelling data are from the Stroke Prevention in
Atrial Fibrillation (SPAF) investigators using 325 mg, in
which the relative risk of stroke was decreased by 42%
[67]. The addition of clopidogrel to aspirin for medical AF
patients thought unsuitable for warfarin does not appear
to provide any benefit on balance [71].

The concern over an increased risk of bleeding with
nticoagulation therapy becomes more relevant for the
ostoperative patient. Warfarin increases the risk of
ajor extracranial bleeding by 70% even for medical AF

atients [72]. Given the additional fact that the duration
f AF in the postoperative setting is often short, it may be
hat the risk of bleeding with warfarin for these patients
utweighs the risk of embolism. We do not, unfortu-
ately, have any data that directly address this question.
owever, it would not be unreasonable, for patients

onsidered to be at greater risk of having postoperative
leeding, to use aspirin rather than warfarin as the initial

Table 2. Randomized Trials Evaluating Oral Anticoagulation
Therapy for Medical Atrial Fibrillation Patients

Trial [Reference]

Relative Risk
Reduction for

Cerebral Event
Significance

(p Value)

Peterson et al [65] 56% � 0.050
PAF Investigators [61] 67% 0.010
oston Area Investigators [66] 86% 0.002
onnolly et al [69] 26% 0.250
skowitz et al [68] 79% 0.001
SPAF � Stroke Prevention in Atrial Fibrillation study.
ntithrombotic agent for AF, even for those at higher risk
or stroke.

What Is the Optimal International Normalized Ratio
When Anticoagulation Is Used?
Class IIa recommendation: A target international normal-
ized ratio (INR) of 2.0 to 2.5 is reasonable when using
warfarin for AF in postoperative general thoracic surgical
patients. (Level of evidence B)

This question is difficult to address as most AF antico-
agulation studies have involved nonsurgical patients.

In a meta-analysis of randomized trials involving med-
ical AF patients, anticoagulation therapy was associated
with a 0.9% risk of extracranial hemorrhage compared
with a 0.6% risk with placebo [70]. In a cohort study of 144
cardiac surgical patients in which follow-up echocardi-
ography was used, there was a 16% incidence of tampon-
ade among patients who received warfarin compared
with 0% among control patients [73]. It is unclear how to
extrapolate this information to the GTS patient. Addi-
tionally, the risk of bleeding will likely be different
between a patient who has undergone a video-assisted
thoracoscopic wedge resection compared with one who
has undergone an esophagectomy with extensive
dissection.

Two case-control studies have demonstrated that the
risk of ischemic stroke when AF is present was higher
when the INR was less than 2.0 compared with when the
INR was higher than 2.0 [74, 75]. The poor efficacy of
lower INR (7.9% versus 1.9% stroke plus systemic embo-
lism rate) was also demonstrated in a randomized study
involving 1,044 patients [76]. Most trials demonstrating
efficacy of anticoagulation therapy for AF have used a
target INR of 2 to 3. For thoracic surgical patients, who
likely have an increased risk of bleeding as compared
with medical patients, it seems reasonable to use a target
INR of 2.0 to 2.5, at the low end of the range that has been
proven to be successful.

What Is the Optimal Duration of Anticoagulation
Therapy?
Class IIa recommendation: It is reasonable to continue
anticoagulation therapy for 4 weeks after the return of
sinus rhythm. (Level of evidence C)

A number of reviews and guidelines have suggested

Table 3. Randomized Trials Evaluating Aspirin for Medical
Atrial Fibrillation Patients

Trial [Reference]

Relative Risk
Reduction for

Cerebral Event
Significance

(p Value)

Peterson et al [65] 16% Not significant
SPAF Investigators [61] 42% 0.020
Diener et al [80] 18% 0.013

SPAF � Stroke Prevention in Atrial Fibrillation study.
that anticoagulation therapy should be continued for
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approximately 4 weeks after return of sinus rhythm
(established by electrocardiogram) [77–80]. The basis for
the 4-week recommendation is that atrial contraction can
be impaired for some time beyond the termination of AF.
No level A or B evidence, however, is available for this
issue. A suggested decision-tree, to manage atrial fibril-
lation when this occurs postoperatively, using the guide-
lines discussed for treatment and anticoagulation is out-
lined in Figure 1.

The authors would like to acknowledge the help of Ellen Clough,
PhD, with organizational aspects of creating this guideline, and
Donna Minagawa for technical assistance with the manuscript.
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