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Abstract 

In this chapter, we start by discussing coronary artery bypass grafting and the most common 
complication after surgery – post coronary artery bypass grafting atrial fibrillation (PCAF). We then 
discuss the major risk factors for PCAF, and subsequently conduct an in-depth discussion of obstructive 
sleep apnea as a risk factor. In this endeavor, we outline how obstructive sleep apnea is diagnosed, its 
pathophysiological relationship to PCAF, and recent clinical studies investigating the association between 

obstructive sleep apnea and PCAF. We conclude with prevention and treatment strategies for PCAF, and 
a discussion of future research recommendations. 
 
  

Introduction 

Post coronary artery bypass grafting atrial fibrillation 
(PCAF) 
Coronary artery bypass grafting is one of the most common 
surgical procedures, with more than 50 million performed 
annually in the United States alone [1]. Post coronary 
artery bypass grafting atrial fibrillation (PCAF) remains the 
most common complication following coronary artery 
bypass grafting surgery, usually estimated to affect 20-
50% of patients [2],[3],[4],[5],[6],[7],[8]. This is a 
supraventricular tachyarrhythmia characterized by 

uncoordinated atrial activation leading to damage and 
deterioration of atrial function. PCAF is in turn associated 
with a host of complications, including doubling in-hospital 
and 6-month mortality, tripling the risk of post-operative 
stroke and doubling the risk of myocardial infarction. It is 
also associated to increased morbidity, increased 
admissions to intensive care, longer intensive care unit and 
hospital stay, increased health system costs, and 
substantial burden on patients and their 
families [2],[3],[4],[5],[6],[7],[8],[9]. 
 
Risk factors for PCAF 

Several studies have investigated which factors predict 
PCAF occurrence. We focused on factors that are  

 

 

consistently found to be significant predictors, and divided 
these into preoperative, intraoperative, and postoperative 
factors. Note that we have omitted obstructive sleep apnea 
in this discussion as we intend to explore it in depth in 
subsequent sections. 
 
Preoperative 
Advanced age is consistently reported as an independent 
risk factor most strongly associated with PCAF. Mathew et 
al. demonstrated that the odds of developing PCAF 

increases by 75% for every 10-year increase in age (95% 
confidence interval: 59% to 93%), and that anyone older 
than 70 years is at a high risk of developing PCAF [3]. A 
meta-analysis by Yin et al. showed that patients with PCAF 
have a 5.04-point increase (95% confidence interval: 4.16 
to 5.91) in the weighted mean age difference, but the result 
was heterogeneous [10]. Nevertheless, every study 
included in the meta-analysis showed a significant increase 
in age in patients with PCAF [10]. The meta-analysis also 
demonstrated hypertension and preoperative myocardial 
infarction as risk factors that were significantly associated 
with PCAF occurrence, but the results for hypertension were 

highly heterogeneous. 
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Hernandez et al. conducted a meta-analysis to investigate 
obesity as a risk factor for PCAF. They demonstrated that 
obese patients had a 12% increased odds of PCAF than 
non-obese patients (95% confidence interval: 4% to 21%), 
with moderate heterogeneity [11]. To our knowledge, no 
meta-analyses were conducted for any other preoperative 

risk factors. Nonetheless, single studies demonstrated 
significant associations for many other preoperative risk 
factors. These include male sex [12], preoperative atrial 
fibrillation [3],[12], preoperative arrhythmias other than 
atrial fibrillation [8], left atrial enlargement [13], left atrial 
mechanical dysfunction [14], chronic obstructive 
pulmonary disease [2],[3],[15], rheumatic heart disease 
[15], heart failure [5],[12],[16], reduced ejection fraction 
[4], and the preoperative use of digoxin [2],[15]. 
 
Intraoperative 
Several studies have identified intraoperative risk factors 

for PCAF. These include longer cross-clamp times 
[12],[15], not cooling the atria with a topical ice slush [2], 
pulmonary vein venting [2],[12], prolonged ventilation [8], 
and the use of cardiopulmonary bypass [8]. There is 
conflicting evidence as to whether cardioplegia is a risk 
factor for PCAF development. Some studies found it to be a 
significant risk factor [5], but others found a non-significant 
association [12]. Interestingly, Almassi et al. found that 
warm antegrade cardioplegia and the composition of 
cardioplegia were significant risk factors, but cold 
antegrade cardioplegia and method of cardioplegia were 
not significant [2]. 

 
Postoperative 
Postoperative factors identified as predictors of PCAF 
include hypokalemia [17], hypomagnesemia [18], post-
operative atrial pacing [12], withdrawal of a beta-
blocker [3], and withdrawal of an angiotensin-converting 
enzyme inhibitor [3]. Withdrawing beta-blockers after 
coronary artery bypass grafting surgery could precipitate 
PCAF for several reasons. Firstly, the use of beta-blockers 
after coronary artery bypass grafting surgery is a 
prophylactic measure against PCAF development (see the 

PCAF prevention section below). Hence, withdrawing beta-
blockers after coronary artery bypass grafting surgery likely 
increases the risk of PCAF because of a loss in their 
protective functions. Secondly, if patients were using beta-
blockers for a long time preoperatively, withdrawing them 
postoperatively can induce reflex tachycardia, especially 
after undergoing a major physiological stressor like 
coronary artery bypass grafting surgery. Both of these 
factors together likely contribute to PCAF development. 
 
Obstructive sleep apnea as a risk factor for PCAF 
Obstructive sleep apnea is a disease recently studied as a 

predictor of PCAF. Investigating this relationship is 
important as it can facilitate the optimization of PCAF 
management. We will begin by examining how obstructive 
sleep apnea is diagnosed, followed by the putative 
pathophysiological relationship between obstructive sleep 
apnea and PCAF, and subsequently discuss the evidence for 
the association. 
 

Obstructive sleep apnea has a prevalence of approximately 
3-7% in North America [19]. Despite this high figure, 
several studies suggest that obstructive sleep apnea is 
grossly undiagnosed [20]. It is important to screen for and 
diagnose obstructive sleep apnea to avoid complications 
and achieve better health outcomes. The Berlin 

Questionnaire is a screening tool used for obstructive sleep 
apnea, while polysomnography is the gold standard for 
obstructive sleep apnea diagnosis. We will discuss both the 
Berlin Questionnaire and polysomnography. 
 
The Berlin Questionnaire has been validated against 
polysomnography, demonstrating a sensitivity of 86%, a 
specificity of 77%, and a positive predictive value of 89%. 
It consists of 10 questions on risk factors for obstructive 
sleep apnea divided into three categories: 1) snoring 
behavior and apnea (6 points), 2) wake-time sleepiness or 
fatigue (3 points); and 3) the presence of obesity or 

hypertension (2 points). Patients mark only one response 
per question. If two or more categories are positive 
(categories 1 and 2: 2+ points; category 3: 1+ points), 
then patients are at a high risk of having obstructive sleep 
apnea. Since polysomnography is expensive and 
cumbersome, many centers interpret individuals with a 
high risk of obstructive sleep apnea as having an effective 
diagnosis of the disease. However, it is important to note 
that the Berlin Questionnaire does not give a definitive 
diagnosis, and this can only be done with 
polysomnography [21]. 
 

Polysomnography is a sleep study that is used as a 
diagnostic tool in sleep medicine. It records biophysiological 
changes during sleep, including respiratory airflow, 
respiratory effort, and pulse oximetry. The most commonly 
used indicator for obstructive sleep apnea is the apnea-
hypopnea index, a measure that quantifies the number of 
apneic or hypopneic episodes per hour of sleep. Mild, 
moderate, and severe obstructive sleep apnea are classified 
as an apnea-hypopnea index of 5-15, 16-30, and >30, 
respectively [22]. 
 

Pathophysiology 
The exact mechanism underlying the pathophysiology of 
PCAF is still under investigation. However, the 
pathophysiological relationship between obstructive sleep 
apnea and atrial fibrillation has been adequately explored. 
Obstructive sleep apnea is characterized by repetitive 
upper airway occlusion during sleep, which is thought to 
predispose individuals to cardiovascular disease by bringing 
about hypoxemia, inflammation, autonomic dysfunction, 
and intrathoracic pressure changes [23]. 
 
Hypoxemia 

The mechanism behind which hypoxemia brings about 
atrial fibrillation is not well understood, but is thought to be 
due to continuous vascular endothelial injury via oxidative 
stress. As a result, patients with obstructive sleep apnea 
enter a state of chronic inflammation, predisposing them to 
hypertension and atrial fibrosis [23]. 
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Inflammation 
Patients with obstructive sleep apnea generally have both 
local and systemic inflammation. It is posited that local 
inflammation of the upper respiratory tract may facilitate 
airway narrowing and muscle dysfunction, thus worsening 
the frequency and intensity of apneic and hypopneic 

episodes. Systemic inflammation can potentiate 
cardiovascular disease due to elevated levels of 
proinflammatory mediators [23]. 
 
Intrathoracic pressure changes 
Repetitive narrowing of the upper respiratory tract can 
generate large pressure gradients, which can cause atrial 
fibrosis and atrial enlargement – both predictors of atrial 
fibrillation. Animal models of obstructive sleep apnea have 
been demonstrated to cause left atrial distension, 
supporting the idea that intrathoracic pressure changes can 
act as a substrate for atrial fibrillation [23]. 

 
Autonomic Instability 
Autonomic instability is well recognized to precipitate 
cardiac events and disorders, including variability in heart 
rate, atrial fibrillation, other arrhythmias, heart failure, 
myocardial infarction, stroke, and even death. This 
suggests that autonomic instability is a strong trigger for 
atrial fibrillation [23]. 
 
In addition to potentially acting as independent substrates 
for atrial fibrillation, the aforementioned mechanisms can 
cause atrial remodeling, which is a risk factor for atrial 

fibrillation [23]. 
 
Clinical studies 
Until recently, there had been a paucity of literature 
investigating the association between obstructive sleep 
apnea and PCAF. Mooe et al. [1996] were the first group to 
study this association, and found obstructive sleep apnea 
to be an independent predictor of PCAF (multivariate 
adjusted odds ratio [OR], 2.8; 95% confidence interval: 1.2 
to 6.8) [24]. Other studies were subsequently conducted, 
but these were largely underpowered. Van Oosten et 

al. (2014) addressed this issue and demonstrated 
obstructive sleep apnea to be an independent predictor of 
PCAF. This group used the Berlin Questionnaire to classify 
patients into high risk and low risk of obstructive sleep 

apnea, and conducted polysomnography studies for a 
subset of their patient sample (confirmed obstructive sleep 
apnea). In the low risk group, 29.7% of patients developed 
PCAF, whereas the proportions in the high risk, high risk + 
confirmed apnea, and confirmed apnea groups were 
consistently significantly higher – 43.3%, 45.5%, and 

51.4%, respectively. This demonstrated that the risk of 
PCAF increases as the diagnosis of obstructive sleep apnea 
was more certain (i.e. a higher proportion of patients with 
confirmed obstructive sleep apnea developed PCAF 
compared to those classified as high risk by the Berlin 
Questionnaire). The multivariate adjusted OR for the high 
risk + confirmed group compared to the low risk group was 
2.18 (95% confidence interval: 1.30 to 3.65). This 
suggested that obstructive sleep apnea is a strong predictor 
of PCAF [25]. 
 
Qaddoura et al. conducted a meta-analysis to synthesize 

the evidence for the association between obstructive sleep 
apnea and PCAF after elective coronary artery bypass 
grafting surgery. Five prospective cohort studies with 642 
patients were identified, some using screening 
questionnaires and some using polysomnography to 
diagnose obstructive sleep apnea. When combining all 
studies, they found obstructive sleep apnea to be 
associated with a higher odds of developing PCAF (OR, 
1.86; 95% confidence interval: 1.24 to 2.80), with 
moderate heterogeneity present. Three subgroup analyses 
were also conducted. The magnitude of the association 
increased for data that used polysomnography to assess 

obstructive sleep apnea (OR 2.34; 95% confidence 
interval: 1.48 to 3.70). When severe obstructive sleep 
apnea was included from one study (OR, 2.59; 95% 
confidence interval: 1.63 to 4.11), and when adjusted 
analyses were pooled (OR 2.38, 95% confidence interval: 
1.57 to 3.62), with no detected heterogeneity in any 
subgroup analysis. Table 1 summarizes the results of this 
meta-analysis. This data suggests that the risk of PCAF 
increases more when obstructive sleep apnea is definitively 
diagnosed, and potentially with increased obstructive sleep 
apnea severity. It also provides confidence in the validity of 

the results for the unadjusted associations, as they were 
similar to the pooled multivariate adjusted 
association [26]. This is important given the 
aforementioned multifactorial risk for PCAF. 

 

 
 
Table 1. Summary of results for the association between obstructive sleep apnea and PCAF. [26] 

 
 

Prevention and treatment of PCAF 
Several studies investigated ways to both treat and prevent 
PCAF occurrence. As with the section on the risk factors for 

PCAF, only the major preventive and treatment strategies 
for PCAF will be discussed. 
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Prevention 
A large meta-analysis by Arsenault et al. demonstrated 
that beta-blockers have the greatest magnitude in 
preventing PCAF (OR, 0.33; 95% confidence interval: 0.26 
to 0.43), with moderate heterogeneity [27]. Solatol had a 
similar efficacy in preventing PCAF (OR 0.34; 95% 

confidence interval: 0.26 to 0.43), with much less 
heterogeneity [27]. Magnesium had less efficacy, with an 
OR of 0.55 (95% confidence interval: 0.41 to 0.73), and 
moderate heterogeneity [27]. A meta-analysis of 20 
randomized controlled trials (RCT) by Miller et al.showed 
similar values for magnesium (OR 0.54; 95% confidence 
interval: 0.38 to 0.75), with moderate heterogeneity [28]. 
Amiodarone (OR 0.43; 95% confidence interval: 0.34 to 
0.54), atrial pacing (OR 0.47; 95% confidence interval: 
0.36 to 0.61) and posterior pericardiotomy (OR 0.35; 95% 
confidence interval: 0.18 to 0.67) were all found to be 
effective, but had a relatively high heterogeneity [27]. A 

meta-analysis by Wijeysundera et al. on calcium 
antagonists for preventing post-cardiac surgery 
cardiovascular complications showed that non-
dihydropyridines significantly reduced supraventricular 
tachycardias in general (OR 0.62; 95% confidence interval: 
0.41 to 0.93) with significant heterogeneity detected [29]. 
 
Other prophylactic measures reported by individual trials 
include polyunsaturated fats and anti-inflammatory agents. 
A randomized controlled trial conducted by Calò et 
al. demonstrated that N-3 polyunsaturated fatty acids 
protected against PCAF (OR 0.32; 95% confidence interval: 

0.10 to 0.98) [30]. Cheruku et al.conducted a small 
randomized controlled trial to investigate non-steroidal 
anti-inflammatory medications and found a significant 
benefit with ibuprofen – 28.6% of patients developed PCAF 
in the control group versus 9.8% of patients in the 
ibuprofen group (p<0.017) [31]. A different RCT by 
Halonen et al.demonstrated that hydrocortisone 
significantly reduced the incidence of PCAF (adjusted 
hazard ratio, 0.54; 95% confidence interval: 0.35 to 
0.83) [32]. 
 

The meta-analysis by Arsenault et al. also demonstrated 
that prophylactic interventions decreased hospital stay, the 
cost of treatment, and non-significantly reduced the odds 
of post-operative stroke [27]. This underscores the 
importance for taking measures to prevent PCAF 
development. 
 
Treatment 
The first step in PCAF treatment, as with many disorders, 
is to treat underlying medical comorbidities. This includes 
treating electrolyte abnormalities, chronic obstructive 
pulmonary disease, and hypoxia [33]. Further PCAF-

specific treatment is indicated for patients who remain 
symptomatic, are hemodynamically unstable, and develop 
cardiac ischemia or heart failure. Four conventional 
treatment strategies we will discuss: rate control, rhythm 
control, electrical cardioversion, and preventing 
thromboembolism. 
 
 
 

Rate control 
Short-acting beta-blockers are the first drug of choice, 
especially for patients with ischemic heart disease. 
However, they should be used carefully where they are 
relatively contraindicated. Namely, this includes patients 
with chronic obstructive pulmonary disease, asthma, heart 

failure, and atrioventricular block. One alternative is to use 
atrioventricular nodal blocking agents, such as 
nondihydropyridine calcium channel blockers. Digoxin may 
be used in patients with heart failure, but is less effective 
when adrenergic tone is elevated. Finally, amiodarone has 
been associated with effective control of heart rate as well 
as improved hemodynamic status [33]. 
 
Rhythm control 
Rhythm control holds several advantages, including a 
decreased time to cardioversion, prolonged maintenance of 
sinus rhythm, and decreased length of overall hospital stay. 

This strategy might be used over electrical cardioversion in 
symptomatic patients, or when ventricular response is 
difficult to control. Agents include amiodarone, 
procainamide, ibutilide, and sotalol. Salatol’s beta-blocking 
action has been shown to be effective at reducing the 
ventricular rate, but seems to be less effective than others 
for inducing cardioversion of atrial fibrillation [33]. 
 
Electrical cardioversion 
This treatment strategy should be urgently performed if 
PCAF results in hemodynamic collapse, acute heart failure, 
or myocardial ischemia. On the other hand, it can be used 

electively when drug therapy fails to resume a normal sinus 
rhythm. Thromboembolism is a major concern for both 
pharmacological and electrical cardioversion, and 
anticoagulation for three to four weeks before cardioversion 
is recommended in the general population if atrial 
fibrillation has lasted for more than 48 hours [33]. 
 
Preventing thromboembolism 
PCAF is associated with an increased risk of perioperative 
stroke, and this can potentially be reduced with 
anticoagulation. Contrastingly, anticoagulation in the post-

operative period may increase the risk of bleeding or 
cardiac tamponade, and clinicians should weigh the often 
transient and self-limited duration of PCAF against the risk 
of anticoagulation-induced post-operative bleeding. The 
increased risk of bleeding may outweigh the benefits in 
stroke risk reduction for some patients, especially those 
with advanced age, uncontrolled hypertension, and a 
history of bleeding [33]. 
 
PCAF often resolves spontaneously within four to six weeks. 
Hence, as a rule, anticoagulation is initiated for prolonged 
(>48 hours) and/or frequent PCAF episodes [33]. 

Anticoagulation is especially recommended for high-risk 
patients, including those with a history of stroke or 
transient ischemic attack and PCAF. Anticoagulation 
therapy for these patients should be continued for another 
30 days after return to a normal sinus rhythm [34]. 
 
Future recommendations 
PCAF is a serious disorder with many negative sequelae. Its 
risk factors should be recognized to optimally manage it, 
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including screening for and managing obstructive sleep 
apnea. Several strategies have been outlined to both treat 
and prevent PCAF, as discussed in the previous sections. 
One strategy not yet been explored is the use of continuous 
positive airway pressure in mitigating the precipitation of 
PCAF and its negative consequences. Continuous positive 

airway pressure is used to treat obstructive sleep apnea, 
and its use may improve outcomes for patients with PCAF 
especially since obstructive sleep apnea was identified to 
be a strong, independent predictor of PCAF. Hence, future 
studies should investigate the use of continuous positive 
airway pressure in improving PCAF outcomes. 
 
As well, the evidence to date suggests that severe 
obstructive sleep apnea may increase the magnitude of the 
association with PCAF. Evidently, the data is not sufficient 
to definitively conclude that the risk of PCAF increases with 
obstructive sleep apnea severity, and this provides an 

impetus for future studies to explore this important 
question. 
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