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GLOSSARY
AF = atrial fibrillation; AFFIRM trial = Atrial Fibrillation Follow-up Investigation of Rhythm Management 
trial; AMI = acute myocardial infarction; APT = amiodarone-induced pulmonary toxicity; ARDS = 
acute respiratory distress syndrome; ATP = adenosine triphosphate; AV = atrioventricular; CI = con-
fidence interval; CHADS2 score = Congestive heart failure, Hypertension, Age older than 75 years, 
Diabetes and Stroke; CHA2DS2-VASc score = Congestive heart failure, Hypertension, Age older than 
75 years, Diabetes, Stroke, Vascular disease, female Sex; CPAP = continuous positive airway pres-
sure; CrCl = creatinine clearance; DOAC = direct oral anticoagulant; EACTA = European Association 
of Cardiothoracic Anesthesiologists; ECG = electrocardiogram; HAS-BLED score = Hypertension, 
Abnormal renal/liver function, Stroke, Bleeding history or predisposition, Labile international normal-
ized ratio, Elderly, Drugs/alcohol concomitantly; HR = hazard ratio; INR = international normalized 
ratio; IV = intravenous; LA = left atrium; LMWH = low-molecular-weight heparin; LV = left ventricle; 
MINS = myocardial injury after noncardiac surgery; NDHP-CCB = nondihydropyridine Ca2+ channel 
blocker; NMB = neuromuscular blockade; NOAF = new-onset atrial fibrillation; NSR = normal sinus 
rhythm; OR = odds ratio; OSA = obstructive sleep apnea; PE = pulmonary embolism; POAF = peri-
operative atrial fibrillation; POCUS = point-of-care ultrasound; POISE trial = PeriOperative ISchemic 
Evaluation trial; RA = right atrium; RV = right ventricle; RVR = rapid ventricular rate; SA = sinoatrial; 
SCA = Society of Cardiovascular Anesthesiologists; TEE = transesophageal echocardiography; TIVA 
= total intravenous anesthesia; UFH = unfractionated heparin; VKA = vitamin-K antagonist

Perioperative atrial fibrillation (POAF) is common, 
with an estimated incidence of 2%–60% depend-
ing on the type of surgery.1–4 The reported inci-

dence is lower in noncardiac surgery and ranges from 
4.8% following total joint replacements to 12%–19% 
for esophageal, thoracic, or abdominal surgery.5–13 The 
true incidence of POAF in patients undergoing non-
cardiac surgery is likely underestimated because not 
all patients are monitored continuously in the postop-
erative period.14 While the risk factors for POAF after 
cardiac surgery are attributed primarily to underlying 
cardiac disease and direct manipulation of the heart 
and pericardium, precipitating factors and mechanisms 
for POAF after noncardiac surgery are less well defined. 
Furthermore, no established risk scores predict POAF 
in patients after noncardiac surgery, and few, evidence-
based strategies are available for POAF prevention.15

Although historically considered a self-limiting 
entity,16 recent evidence suggests that POAF is associ-
ated with an increased overall risk of in-hospital mor-
bidity and mortality.2,17 In addition, new-onset POAF 
is an independent predictor of stroke, which is the 
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primary driver of POAF mortality.18,19 Currently, how-
ever, data for outcomes such as acute myocardial infarc-
tion (AMI), congestive heart failure, and acute kidney 
injury are sparse. Although POAF is more common 
after cardiac than after noncardiac surgery,20 the burden 
of POAF after noncardiac surgery remains considerable. 
A retrospective 2014 review found that the most com-
mon acute condition predisposing to AF in hospital-
ized patients was noncardiac surgery.21 AF risk should 
thus be assessed during perioperative evaluation, with 
attention to preventable AF triggers and insults during 
the perioperative period. Preventing AF is ideal because 
management of perioperative AF can be challenging. 
A recently conducted international survey, admin-
istered to members of the Society of Cardiovascular 
Anesthesiologists (SCA) and the European Association 
of Cardiothoracic Anesthesiologists (EACTA), found 
that, despite existing guidelines from the European 
Society of Cardiology and American College of 
Cardiology,22,23 considerable practice variability exists 
with respect to POAF management in patients after 
cardiac surgery.24 Because even fewer guidelines exist 
for patients undergoing noncardiac surgery, it is likely 
that similar or possibly greater practice variability also 
extends to this patient population.

With the increase in elderly patients undergoing 
surgery and the strong correlation between increas-
ing age and likelihood of POAF,25 the incidence of 
new-onset AF among surgical patients is expected to 
increase with time. Several clinical challenges thus 
arise: (1) what is the efficacy of current therapies tar-
geting AF prophylaxis and to what degree does avoid-
ing AF triggers reduce AF incidence; (2) what are the 
effects of POAF on short- and long-term morbidity and 
mortality and how aggressively should rapid ventricu-
lar rate (RVR), defined as ventricular rate ≥110/min,26 
be treated; (3) when and in whom stroke prophylaxis 
should be initiated; and (4) the optimal duration of 
rate-control therapy among patients who convert to 
normal sinus rhythm (NSR) before discharge. This 
review will briefly describe the pathophysiology of AF, 
discuss the challenges perioperative physicians face 
regarding prevention and management of POAF, high-
light the short- and long-term outcomes in patients 
who develop POAF, suggest clinical strategies where 
appropriate, and suggest future directions for more 
appropriate perioperative management of POAF.

Pathophysiology of AF
Electrical impulses of the heart normally originate at the 
sinoatrial (SA) node and are conducted through the atrio-
ventricular (AV) node and down to the bundle of His 
and Purkinje fibers to depolarize both ventricles. In AF, 
signals are not initiated at the SA node but, instead, are 
generated from all over the atria, resulting in uncoordi-
nated atrial activity that is intermittently and irregularly 

conducted through the AV node. At the atrial level, AF 
is perpetuated by reentry and/or rapid focal ectopic fir-
ing.27 Uncoordinated atrial discharge may result from an 
irregular atrial response to a rapidly discharging, regu-
larly firing driver or a single localized reentry circuit.

Alternatively, fibrillatory activity may be caused by 
multiple functional reentry circuits varying in time and 
space. The Heart Rhythm society defines 3 types of AF: 
paroxysmal (may occur and terminate spontaneously), 
persistent (will not terminate without treatment), and 
permanent (will not terminate even with drug or elec-
trical therapy).28 Paroxysmal AF, the subtype most 
commonly seen in the perioperative setting, usually 
results from focal ectopic firing.29 One current hypoth-
esis is that the natural history of AF involves an evolu-
tion from paroxysmal to persistent to permanent forms 
via atrial remodeling caused by the arrhythmia itself 
and/or progression of underlying heart disease.30–32 
Thus, preventing perioperative AF may avoid long-
term development of persistent and permanent AF.

AF may cause left ventricular dysfunction as a 
result of inappropriately rapid and/or irregular ven-
tricular rhythms and reduced coronary blood flow 
due to decreased diastolic filling time.33–35 In addi-
tion, coordinated atrial contraction, which contributes 
about 20% of left ventricular stroke volume at rest, is 
lost in AF and contributes to impaired cardiac out-
put.36 These effects trigger a spiral of adverse cardiac 
consequences, where AF-induced atrial hypocontrac-
tility leads to ventricular dysfunction, which leads to 
further atrial dilation, stretch, and remodeling that 
makes AF resistant to therapy (Figure 1).

Causes and Risk Factors
The perioperative period is associated with many fac-
tors that predispose to the development of de novo AF, 
and precipitate RVR in patients with paroxysmal and 
chronic AF (Table  1). In most cases, many potential 
mechanisms and factors are involved. One 2012 review 
examining 139 patients with new-onset POAF found 
that 73% patients had at least 1 modifiable risk factor 
and that 45% had 2 or more risk factors.37 Risk factors 
for POAF can be broadly categorized into patient and 
surgery related and are summarized in Table 1.

Surgery-Related Risk Factors for POAF
Hypovolemia, intraoperative hypotension, anemia, 
trauma, and pain increase sympathetic activity, cate-
cholamine release, heart rate, and arrhythmogenicity.14 
Operative stress by itself can nonuniformly shorten 
atrial refractoriness, perpetuating atrial arrhythmias.38 
Metabolic disturbances during surgery such as hypo-
glycemia, hypokalemia, and hypomagnesemia can also 
lead to development of AF.39–41 In addition, by causing 
pulmonary arterial vasoconstriction hypoxemia may 
increase right ventricular pressure and right atrial 
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stretch. Myocardial ischemia itself may alter atrial con-
duction. Excessive fluid shifts during surgery or after-
ward may increase intravascular volume and stretch 
the right atrium, also predisposing to the development 
of AF.42 The type of surgery may also play a role, with 
thoracic surgery, abdominal surgery, and major vas-
cular surgery being associated with the highest risk of 
developing POAF.2,10,43

Patient-Related Risk Factors for POAF
Although multiple patient-related factors predispos-
ing to POAF exist, increased age is the most impor-
tant25 and the incidence of AF increases with age.44 
Atrial fibrosis is more common in the aging heart and 
forms a substrate for the development of AF.45 Race 

impacts the development of new-onset POAF, with 
African Americans having a lower risk.2 As expected, 
a history of paroxysmal AF increases a patient's risk 
for development of POAF and conservative estimate 
suggests that 27%–67% of patients who develop POAF 
have a preoperative history of paroxysmal AF.2,7

Other patient comorbidities, including preexisting 
congestive heart failure,2,10,46 ischemic heart disease,2,47 
hypertension,2 chronic renal failure,47 sepsis,5,10,43,48–50 
shock,49 asthma,10 thyroid disorders,51,52 and valvular 
disease,10 are all associated with POAF. Obstructive 
sleep apnea (OSA) is an independent risk factor for 
AF and the associated nocturnal hypoxemia can pre-
cipitate new-onset AF in hospitalized patients.53,54

Impact of POAF
Patients who develop POAF have higher in-hospital 
mortality, longer hospital lengths of stay, and increased 
hospitalization costs.2,10 Those with preexisting AF 
who develop POAF have similar outcomes compared 
with patients who develop POAF de novo.2 Short-term 
postoperative morbidity and mortality are similarly 
worse in patients who develop POAF. Analysis of the 
2008 PeriOperative ISchemic Evaluation (POISE) trial 
suggested that patients who developed new clinically 
important POAF had a higher risk of stroke within 
30 days after surgery (odds ratio [OR], 4.35 [1.87–
10.12]).55 A 2012 review of administrative data from 
nearly 370,000 noncardiac surgical patients across 
375 US hospitals determined that those with POAF 
had higher mortality (OR, 1.72; P < .001), increased 
length of stay (adjusted relative difference of +24%, P 
< .001), and a higher cost of hospitalization (adjusted 

Figure 1. The interaction between atrial fibrillation and heart failure. AF indicates atrial fibrillation; LA, left atrium; LV, left ventricle; RA, right 
atrium; RV, right ventricle. Reproduced with permission from Iwasaki YK, Nishida K, Kato T, Nattel S, "Atrial Fibrillation Pathophysiology: 
Implications for Management," Circulation, 2011;124:2264–2274.29

Table 1.  Patient- and Surgery-Related Risk Factors 
for Perioperative Atrial Fibrillation
Patient-Related Risk Factors Surgery-Related Risk Factors
Age (increased risk in older 

patients)
Hypovolemia and hypervolemia

Race (lower risk in African 
Americans)

Hypoxia

History of atrial fibrillation Intraoperative hypotension
Congestive heart failure Catecholamine versus 

noncatecholamine vasopressor 
use

Ischemic heart disease Trauma
Hypertension Pain
Chronic renal failure Type of surgery
Sepsis Hypoglycemia
Asthma Electrolyte abnormalities 

(primarily hypokalemia and 
hypomagnesemia)

Cardiac valvular disease Anemia
Obstructive sleep apnea  
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difference of +$4177, P < .001).2 Similarly, in patients 
undergoing vascular surgery, myocardial ischemia in 
the first 30 days was more common in the POAF group 
(53% vs 21%; P = .01) and new-onset POAF was associ-
ated with 30-day perioperative cardiovascular events 
(HR = 6.0; P < .001) and a higher risk of cardiovascular 
events up to 1 year after surgery (HR = 4.2; P < .001).56 
In a 2019 study of patients undergoing noncardiac sur-
gery for malignancy, 30-day complications were higher 
in the POAF group (OR = 2.84; P < .001).57 Although 
the most common complications were related to infec-
tion and miscellaneous events, outcomes such as AMI, 
congestive heart failure, and acute kidney injury were 
also more common in patients with POAF.

The long-term risk of complications is also high in 
patients who develop POAF. A 2014 study assessing 
the long-term risk of stroke in patients after cardiac 
and noncardiac surgery who developed de novo POAF 
found that the cumulative risk of stroke at 1 year after 
discharge was 1.47% compared to 0.36% in those with 
no AF (HR = 2.0; 95% confidence interval [CI], 1.7–2.3).17 
Despite a higher incidence of POAF in the cardiac sur-
gery group, the rate of postdischarge encounters for 
AF and stroke within 1 year were higher in patients 
who had noncardiac surgery, underscoring the rel-
evance of POAF to long-term outcomes. In addition 
to stroke, older data suggest that patients with POAF 
have a higher risk of developing other complications 
such as congestive heart failure, myocardial infarction, 
cardiac arrest, bacterial pneumonia, and increased hos-
pital.10 However, these data are almost 20 years old and 
are unlikely to be accurate in current clinical practice. 
More research is needed to better characterize the long-
term risk of POAF on postoperative complications and 
resource utilization in today's environment.

Overall, current literature suggests that POAF in 
noncardiac surgery is associated with increased mor-
tality, increased hospital length of stay, and increased 
cost of hospitalization. Even though data on specific 
outcomes are sparse, it is clear that POAF impacts sur-
gical outcomes and that attention to POAF prevention 
is an important element of perioperative management 
of high-risk patients.

Prevention
Because POAF is difficult to predict, any of the clinical 
risk factors for POAF described in Table 1 is a poten-
tial target for intervention. Where possible, address-
ing patient-related factors and averting perioperative 
triggers of sympathetic stimulation may not only 
reduce the likelihood of developing de novo AF but 
also avoid precipitation of RVR in patients with pre-
existing paroxysmal and chronic AF. Perioperative 
considerations are summarized in Figure 2.

Overall, limited data support the routine use of 
pharmacologic agents for POAF prophylaxis in non-
cardiac surgery. A 2018 meta-analysis reviewed 21 ran-
domized controlled trials involving medications used 
for preventing POAF after noncardiac surgery, and 
concluded that use of amiodarone, β-blockers, and 
statins was associated with a decrease in incidence 
of POAF when compared to controls.58 Notably, 19 
of the 21 trials included in this analysis involved tho-
racic surgical patients and thus may not be applicable 
to patients undergoing noncardiothoracic surgery. In 
light of potentially undesirable side effects of agents 
such as amiodarone and β-blockers, at this time, use 
of pharmacologic prophylaxis should remain case 
dependent and based on the individual risk to benefit 
ratio.

Figure 2. Perioperative considerations for patients with atrial fibrillation. *β-blockers, Ca2+ channel blockers, amiodarone, digoxin. $Ketamine, 
adrenergic vasopressors, desflurane, glycopyrrolate, atropine. AF RVR indicates atrial fibrillation with rapid ventricular rate; AV, atrioventricular; 
CPAP, continuous positive airway pressure; NOAF, new-onset atrial fibrillation; OSA, obstructive sleep apnea; POCUS, point-of-care ultrasound; 
TEE, transesophageal echocardiography.
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Perioperative Interventions
Although little literature exists for specific evidence-
based perioperative interventions, general consid-
erations include avoiding sympathetic stimulation, 
avoiding hyper- or hypovolemia, prompt electrolyte 
replacement, and avoidance of hypoxia. Intraoperative 
hypotension may predispose to AF. In a 1998 review 
of 4181 patients, intraoperative hypotension (>30% 
decrease in systolic blood pressure or systolic <90 mm 
Hg) was independently associated with persistent 
postoperative supraventricular arrhythmias requir-
ing treatment.10 More recently, a 2013 review of 33,000 
patients found that duration of mean arterial blood 
pressure <55 mm Hg correlated with increased myo-
cardial injury.59

Treating hypotension promptly may thus reduce 
the likelihood of POAF. Although no intraoperative 
literature informs the choice of vasoactive agent, 
vasopressin is associated with less AF in the septic 
surgical and nonsurgical patient when compared with 
catecholamine-based vasopressors such as norepi-
nephrine.60,61 Earlier use of vasopressin to treat hypo-
tension may thus be preferred in patients with strong 
risk factors for developing POAF. Phenylephrine 
causes reflex bradycardia and has been effective in 
suppressing focal AF.62 However, perioperative stud-
ies linking phenylephrine and POAF are lacking.

Although ketamine has not been linked to POAF, 
it increases sympathetic activity even at subanesthetic 
doses,63 and its intraoperative use as part of multi-
modal pain management could potentially predis-
pose patients at risk of developing POAF. It thus may 
be reasonable to avoid ketamine in elderly patients 
or those with a history of chronic or paroxysmal AF 
or AF risk factors. Glycopyrrolate, used in combina-
tion with neostigmine for reversal of neuromuscular 
blockade, is an anticholinergic agent that can cause 
tachycardia and dysrhythmias.64 The use of sugam-
madex to reverse neuromuscular blockade may avoid 
the anticholinergic effects of glycopyrrolate, and its 
role as an alternative in patients at risk of developing 
POAF awaits further investigation.

PATIENT-RELATED INTERVENTIONS
Addressing modifiable patient factors can also help 
prevent the development of POAF. Perioperative 
β-blockade effectively reduces POAF in patients 
after cardiac surgery,65 and continuing β-blockers in 
patients chronically on β-blockers likely has some 
effect on POAF. β-Blockers have shown mixed results 
as chemoprophylaxis against perioperative AF. 
The 2008 POISE trial randomly assigned over 8000 
patients undergoing major noncardiac surgery to 
receive either metoprolol or placebo before surgery.18 
Clinically significant new POAF was recorded in 2.2% 
of patients in the metoprolol group versus 2.9% in 

the placebo group (hazard ratio [HR], 0.76; 95% CI, 
0.58–0.99). In light of an increased risk of mortality 
and stroke in POISE, and criticisms surrounding the 
dose of β-blockade in the treatment arm, the clinical 
relevance of this reduction in POAF with β-blockers 
is unclear. Early resumption of β-blockers in patients 
chronically taking these medications remains of criti-
cal importance as well. In a 2018 review of >8000 
surgical patients receiving β-blockers chronically, the 
risk of de novo and paroxysmal POAF was reduced if 
β-blockade was resumed by the end of postoperative 
day 1 after noncardiothoracic and nonvascular sur-
gery.66 However, resuming β-blockers on postopera-
tive day 0 was not associated with a decreased risk of 
POAF. This lack of effect with day 0 β-blockade could 
have been due to the low event rate on postoperative 
day 0, or an extension of the effects of long-acting 
preoperative β-blockers. Further study is needed to 
better understand how the postoperative timing of 
β-blockade resumption may affect POAF in the post-
operative period (Table 2).

In patients with OSA, use of continuous positive 
airway pressure (CPAP) ventilation prevents obstruc-
tive respiratory events, reducing sympathovagal acti-
vation and reversing atrial remodeling.67,68 Moreover, 
CPAP decreases the risk of transition from paroxys-
mal to persistent AF among OSA patients.69 Hence, in 
patients with OSA, postoperative CPAP may reduce 
the risk of POAF by addressing mechanistic factors 
known to play a role.

Table 2.  Ideas for Further Research
Determining prevalence of permanent/paroxysmal AF in patients who 

develop perioperative NOAF
Development and validation of risk calculator for POAF after 

noncardiac surgery
Association between severity of OSA and POAF
Use of perioperative CPAP in patients with OSA and impact on POAF 

incidence
Intraoperative blood pressure goals to prevent POAF
Influence of intraoperative vasopressor choice on POAF
Influence of intraoperative ketamine use on POAF
Influence of NMB reversal agents on POAF
Optimal dose, route of administration, and timing of perioperative 

β-blockers to prevent AF
Interventional trials to determine whether early restart of β-blockade 

causes more postoperative hypotension and MINS
Rate versus rhythm control for POAF
Target heart rate for patients with RVR in the perioperative period
β-Blockers versus Ca2+ channel blockers versus amiodarone for 

treatment of POAF
Optimal duration of rate-control therapy after discharge in patients 

who develop POAF
Utility of current scoring schemes in the perioperative period to guide 

stroke prophylaxis
Optimal type and timing of restart of anticoagulation therapy in the 

postoperative period in patients with new-onset POAF

Abbreviations: AF, atrial fibrillation; CPAP, continuous positive airway pressure; 
MINS, myocardial injury after noncardiac surgery; NMB, neuromuscular 
blockade; NOAF, new-onset atrial fibrillation; OSA, obstructive sleep apnea; 
POAF, perioperative atrial fibrillation; RVR, rapid ventricular rate.



Copyright © 2019 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.

  E NARRATIVE REVIEW ARTICLE

January 2020 • Volume 130 • Number 1 www.anesthesia-analgesia.org 7

Management of POAF
Preoperative Period. Perioperative physicians often 
wrestle with canceling surgery for additional workup 
in patients who present for surgery with AF. Because 
paroxysmal AF is common and often undetected in 
the general population,70 it is also often unclear if the 
arrhythmia is new or preexisting. Existing American 
College of Cardiology/American Heart Association 
guidelines recommend that new-onset arrhythmias in 
the preoperative setting should prompt investigation 
into underlying causes, including cardiopulmonary 
disease, ongoing myocardial ischemia or myocardial 
infarction, drug toxicity, and endocrine or metabolic 
derangements.71 However, they also clarify that the 
paucity of studies prevents specific evidence-based 
recommendations. If time and resources permit, 
cardiology consultation may help identify high-risk 
patients. Ultimately, the decision to cancel or postpone 
for workup of AF should be made on a case-by-case 
basis and include discussions with the surgical team. In 
patients with preexisting AF and RVR, IV diltiazem or 
β-blockers are reasonable choices for heart rate control 
and, if unsuccessful, delaying elective surgery should 
be considered in patients with other comorbidities 
such as hemodynamic instability, acute myocardial 
ischemia/infarction, congestive heart failure, or 
pulmonary embolism (PE).72 Cardiology consultation 
may be helpful in identifying underlying pathology 
and managing these complex patients. Patients with 
clinically and hemodynamically stable rate controlled 
AF generally do not require modification of medical 
management, special evaluation in the perioperative 

period, or delay of surgery.71 Patients with AF who 
have been cardioverted in the past may benefit from an 
electrocardiogram (ECG) before surgery for detection 
of recurrence, which may be as high as 50%.73

Preoperative medications for rate control should 
be continued until the day of surgery, while decisions 
on continuation of anticoagulation are patient- and 
procedure-dependent. In such cases, the potential for 
perioperative ischemic stroke needs to be weighed 
against the risk of perioperative bleeding. A large 
population-based 2017 study found no difference 
in 30-day mortality rates in patients with AF who 
underwent either urgent or elective surgeries with 
or without preoperative anticoagulation.74 Similarly, 
30-day mortality did not differ among patients with 
AF who were treated with either warfarin or a direct 
oral anticoagulant (DOAC). Bleeding and thrombotic 
risks were similar between those treated with either 
warfarin or DOACs. Perioperative management of 
anticoagulation in patients with POAF is thus best 
made on a case-to-case basis with input from surgical 
and cardiology teams. Evidence-based decision tools 
may help clinicians with periprocedural management 
of anticoagulation in patients with nonvalvular AF.75 
One approach on withholding versus continuing anti-
coagulant therapy, for patients on vitamin-K antago-
nists (VKAs) and DOACs, based on the 2017 ACC 
expert consensus, is depicted in Figure 3.

The decision to bridge VKAs and DOACs with 
unfractionated heparin (UFH) or low-molecular-
weight heparin (LMWH) is based on the patient's 
thrombotic risk, bleeding risk, renal function, and 

Figure 3. Preoperative management of anticoagulation in patients taking VKAs and DOACs. *Bleed risk is considered increased in the pres-
ence of any 1 of the following: major bleed or intracranial hemorrhage within 3 mo; quantitative or qualitative platelet abnormality, including 
aspirin use; supratherapeutic INR; prior bleed during previous bridging or similar procedure. DOAC indicates direct oral anticoagulants; INR, 
international normalized ratio; VKA, vitamin-K antagonists.
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the risk of procedural bleeding.75 The timing of either 
UFH or LMWH is best determined in consultation 
with the surgeon. The decision to use UFH rather 
than an LMWH as the bridging agent depends on 
renal function, the bridging setting (inpatient versus 
outpatient), and patient comfort with self-injections. 
Current expert consensus suggests that if creatinine 
clearance (CrCl) is <30 mL/min, UFH is preferred 
over LMWH especially in the periprocedural set-
ting.75 UFH may be discontinued 4–6 hours before 
the procedure or earlier based on the activated partial 
thromboplastin time. If LMWH is used for bridging, 
discontinuation is recommended at least 24 hours 
before the procedure.75 Although perioperative bridg-
ing with a parenteral anticoagulant is common, cur-
rent evidence suggests that such a practice may not 
decrease the risk of arterial thromboembolism, and 
may increase the risk of both major adverse cardio-
vascular events and major bleeding.76 A simple and 
standardized perioperative DOAC interruption and 
resumption strategy were recently tested in patients 
with AF undergoing elective surgery.77 This approach, 
which avoided heparin bridging and coagulation 
function testing, showed low rates of bleeding as well 
as arterial thromboembolism and could be a viable 
alternative in patients taking DOACs.

Intraoperative Period. For AF occurring intraoperatively, 
immediate management depends first on heart rate 
and blood pressure. RVR combined with hypotension 
refractory to vasoconstrictor therapy requires 
emergent electrical cardioversion. For patients with 
RVR in whom blood pressure remains adequate, 
rate control (HR < 110/min) can be attempted using 
β-blockers or Ca2+ channel blockers. Metoprolol 
is superior to diltiazem in achieving rate control 
in critically ill patients with RVR and maybe a 
better perioperative option.78 While targeting rate 
versus rhythm control does not affect outcomes in 
ambulatory79 or postcardiac surgery AF,80 no data exist 
for noncardiac surgical patients. Patients undergoing 
surgery and anesthesia may be more susceptible than 
ambulatory patients to hypotension from rate-control 
agents and rhythm control may be an option if NSR 
is documented within the last 48 hours. One strategy 
for rate control is to assess the clinical response to a 
short-acting β-blocker such as esmolol. If the patient 
responds with a decrease in heart rate, and no 
hypotension, either a small dose of metoprolol or an 
esmolol infusion can be used.

In patients with RVR who cannot tolerate β or Ca2+ 
channel blockers, amiodarone is a reasonable alterna-
tive. An initial 150 mg intravenous bolus, followed 
by a 1 mg/min infusion, can be started. If the heart 
rate remains high, an additional 150-mg bolus dose 
can be given. Phenylephrine is another alternative in 

patients with RVR and low blood pressures because it 
reflexively reduces heart rate. No data exist to inform 
the target heart rate that should be achieved during 
surgery, but a heart rate <110 bpm is usually accept-
able if perfusion is not impaired.28

If possible, causes of AF and modifiable risk fac-
tors should be evaluated while stabilizing heart rate 
and blood pressure. Volatile agents do not differ from 
total intravenous anesthesia (TIVA) with respect to 
AF risk but desflurane is associated with increased 
sympathetic stimulation and potential for arrhyth-
mias.81 Fluid status should be assessed and hypovole-
mia or hypervolemia, if present, should be addressed. 
Intraoperative transesophageal echocardiography 
(TEE) may help rule out AMI and guide fluid man-
agement in high-risk patients. If possible, check-
ing electrolytes will permit assessment of metabolic 
abnormalities such as acidosis, hypomagnesemia, 
and hypokalemia. Although no clear threshold for 
replacement exists, a 1999 multicenter review of 2402 
patients suggests an increase in arrhythmias with 
potassium levels <3.5 mg/dL.82 If a central line was 
recently inserted, the position of the catheter should 
be confirmed because catheter tip irritation can pre-
cipitate AF.

Postoperative Period. If AF persists after surgery or 
begins in the postoperative period, the first step 
would again be the preservation of blood pressure 
and end-organ perfusion and heart rate control if 
RVR is present. An effort to identify potentially 
dangerous causes should proceed concurrently with 
hemodynamic stabilization. Bedside ultrasound may 
provide an estimate of the left ventricular function 
and potentially exclude AMI and/or PE as a cause. 
A high suspicion of AMI and/or PE might warrant 
further evaluation by checking serum troponin levels 
and radiographic evaluation. If the patient was 
chronically taking a β-blocker or nondihydropyridine 
Ca2+ channel blocker (NDHP-CCB) preoperatively, 
restarting the patient's home regimen and/or 
adjusting the dose may also be appropriate.

As with intraoperative AF, β-blockers, NDHP-
CCBs (ie, diltiazem and verapamil), digoxin, and 
amiodarone can be used to achieve ventricular rate 
control in the postoperative period. The choice of 
β-blockers versus diltiazem is frequently debated 
among clinicians with no clear evidence favoring one 
over the other. In a substudy of the Atrial Fibrillation 
Follow-up Investigation of Rhythm Management 
(AFFIRM) trial, β-blockers were more efficacious at 
achieving goal heart rate than Ca2+ channel blockers.83 
In addition, because vasodilation with diltiazem may 
cause hypotension in the perioperative setting and 
the postsurgical period is already associated with an 
increased adrenergic tone and catecholamine release, 
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β-blockers may represent a physiologically appro-
priate first-line therapy in patients who are asymp-
tomatic and have preserved ejection fraction.84–87 
Amiodarone is also a viable option for rate control in 
the postoperative setting, particularly with borderline 
low blood pressures as the hypotensive effect of amio-
darone is less. A loading dose followed by an infusion 
is usually administered given its long half-life and 
extensive tissue distribution.85,87 Amiodarone admin-
istration can be associated with significant side effects 
both acutely as well as with chronic use. Acute pul-
monary and hepatic toxicity are rare but potentially 
life-threatening complications and should be consid-
ered in patients with acute respiratory compromise 
and transaminitis after amiodarone administration. 
The drug should be discontinued if there is more than 
a 2-fold elevation.88 In the long term, the drug affects 
the respiratory system, liver, and the thyroid gland 
predominantly, but photosensitivity, corneal depos-
its, and neurological side effects are also frequent. 
Amiodarone-induced pulmonary toxicity (APT), 
with incidence ranging from 5% to 13%, can manifest 
acutely as organizing pneumonia or acute respiratory 
distress syndrome (ARDS) and chronically as inter-
stitial pneumonitis or pulmonary fibrosis.89 Potential 
risk factors include a high cumulative dose, a daily 
dose >400 mg/day, duration of therapy exceeding 2 
months, increased patient age, preexisting lung dis-
ease, and thoracic or nonthoracic surgery.90–93 Hence, 
it is preferable to avoid amiodarone in patients with 
preexisting lung disease and/or those undergoing 
thoracic surgery. While hypo- and hyperthyroidism 
and hepatic injury are common side effects of chronic 
amiodarone use, acute exacerbation of thyroid or 
liver disease with amiodarone administration has 
not been described. Amiodarone can be administered 
to patients with preexisting thyroid or liver disease, 
albeit with caution and close monitoring of thyroid 
and hepatic function.

Digoxin represents another option for achieving 
rate control. However, it is less effective in states of 
elevated sympathetic activity such as the periop-
erative period,84–87,94 and has a narrow therapeutic/
toxic window when compared to β or Ca2+ channel 
blockers and amiodarone. In addition, because renal 
function is often compromised in the perioperative 
setting, digoxin may accumulate as its clearance is 
predominantly renal.95 Electrolyte imbalances such 
as hypomagnesemia, hypercalcemia, hypernatremia, 
and hypokalemia can also alter the effects of digoxin. 
Hence, digoxin should generally be considered in the 
perioperative setting only when other pharmacologic 
options are unsuccessful or contraindicated.

Most patients with new-onset POAF convert to 
NSR before hospital discharge and >95% of patients 
remain in NSR 2 months after surgery.96 These 

patients should be discharged on rate-control agents 
unless contraindicated and outpatient follow-up is 
indicated to determine if medication regimens need 
to be adjusted or discontinued. For patients who 
develop POAF after thoracic surgery, 2014 American 
Thoracic Society guidelines recommend that antiar-
rhythmic therapy be continued for a minimum of 1 
week and no longer than 6 weeks beyond the time 
of discharge.97 However, no data support a specific 
strategy in patients undergoing noncardiothoracic 
surgery. In view of the significant side effect profile 
of amiodarone when used over long term, it may be 
ideal to either convert to a β-blocker or NDHP-CCB 
before hospital discharge or schedule a follow-up 
appointment with a cardiologist to assess discontinu-
ation as soon as possible.

Antithrombotic Management
Antithrombotic therapy should be considered on a 
case-by-case basis in patients who develop POAF. 
Patients with paroxysmal AF have a stroke risk 
similar to those with persistent or permanent AF.85,98 
Although current literature suggests no clear associa-
tion between the duration of AF and stroke,99,100 the 
risk of stroke for secondary AF such as POAF is simi-
lar to traditional AF.101 In patients with an AF burden 
detectable by clinical examination or 12-lead ECG at 
multiple time points, anticoagulation therapy reduces 
stroke risk.102 Similarly, when appropriate surgically, 
anticoagulation should be restarted in patients with 
chronic or paroxysmal AF who were receiving anti-
coagulation before surgery. Perioperative physicians 
should consider the risk of bleeding associated with 
the surgical procedure, the patient's general bleed-
ing risk, and the patient's thromboembolic risk on an 
individual basis when determining the need for start-
ing or reinitiating antithrombotic treatment. Although 
surgery-specific bleeding risk is difficult to assess, the 
HAS-BLED (hypertension, abnormal renal/liver func-
tion, stroke, bleeding history or predisposition, labile 
international normalized ratio, elderly, drugs/alcohol 
concomitantly) score can be used to determine the 
general bleeding risk of the patient.103 A HAS-BLED 
score of >3 indicates high bleeding risk and higher 
scores correlate with higher risk of bleeding.85,104

Clinical scoring systems may help predict the risk 
of stroke and systemic embolism in patients with 
AF so that a risk-benefit calculation can be made 
with respect to bleeding risks associated with anti-
coagulant therapy. The Congestive heart failure, 
Hypertension, Age older than 75 years, Diabetes and 
Stroke (CHADS2) score is the most widely used, with 
higher scores correlating with higher risk of throm-
boembolism.84,85,87,96,104–106 The more recent Congestive 
heart failure, Hypertension, Age older than 75 
years, Diabetes, Stroke, Vascular disease, female Sex 
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(CHA2DS2-VASc) score adds an extra point each for 
female sex and vascular disease (which includes both 
coronary heart disease and peripheral vascular dis-
ease), and divides age into 3 categories (<60 years: 0 
point, 60–74 years: 1 point, and ≥75 years: 2 points) 
instead of the 2 categories in the original CHADS2 
score. Oral anticoagulation is indicated in men with 
CHA2DS2-VASc scores ≥1 and women with scores 
≥2.107

Although the CHADS2, CHA2DS2-VASc, and HAS-
BLED tools have been validated in general medical 
patients, they have not been validated in postsurgical 
patients. Even though the pathophysiology of throm-
bus development caused by AF is similar in both set-
tings, surgical patients are at a high risk for bleeding. 
Because the overall rate of thromboembolism is low 
in both bridged and nonbridged patients in recent 
studies,76,108 waiting for adequate hemostasis before 
initiating anticoagulation is reasonable and the deci-
sion to restart anticoagulation is best made on a case-
by-case basis. Recent studies suggest that real-world 
application of these risk scores is inconsistent and 
adequate anticoagulation in at-risk surgical patients 
is often lacking.109

CONCLUSIONS
AF is the most common perioperative arrhythmia with 
potentially increasing incidence as progressively older 
patients present for surgery. POAF can develop both 
de novo and in patients with a history of AF. Avoiding 
perioperative triggers and optimizing patient-related 
factors are currently the mainstay of POAF preven-
tion and further research is needed to better identify 
the impact of such strategies. Intraoperative preven-
tion follows the same general goals in minimizing 
potential triggers such as hypotension, sympathetic 
stimulation, hypoxia/hypercarbia, and metabolic 
abnormalities. The potential impact of intraoperative 
anesthetic agents such as ketamine, glycopyrrolate, 
and desflurane also needs further evaluation. Because 
the natural history of AF progresses from paroxysmal 
to persistent to permanent subtypes, preventing par-
oxysmal AF in the perioperative period may avoid 
eventual progression to more dangerous forms and 
have considerable long-term health consequences. 
Because of surgical stimulation, bleeding, swings in 
vital signs, and fluctuating volume levels, manage-
ment of AF can be challenging, and the use of intra-
operative TEE and transthoracic ultrasound may rule 
out dangerous causes such as PE or MI and allow for 
early, aggressive treatment. Although previously con-
sidered a benign and self-limiting entity, POAF wors-
ens postoperative outcomes, can be a harbinger of 
stroke and severe disability, and increases the risk of 
postoperative morbidity and mortality. Postoperative 
continuation of rate-control therapy initiated during 

the perioperative period is currently recommended 
even for paroxysmal AF, and further study is needed 
to validate that approach. Because of the heightened 
risk of perioperative stroke, prophylaxis should be 
discussed between anesthesiologist, intensivist, sur-
geon, and cardiologist with a focus on the risk-benefit 
profile of such interventions. E
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