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Inflammatory Responses to Surgery and Postoperative 
Atrial Fibrillation
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Postoperative atrial fibrillation 
is one of the most common 

complications after thoracic non-
cardiac surgery. Despite contem-
porary prevention strategies, the 
rate of this complication can be as 
high as 40% in high-risk patients. 
Certain patient characteristics, 
including hypertension, obesity, 
smoking, male sex, and Caucasian 
ancestry, are known risk factors. 
Emerging evidence suggests that 
postoperative atrial fibrillation is 
not a transient benign phenome-
non but rather an ominous post-
operative complication associated 
with increased risk of thrombo-
embolism, stroke, and mortality. 
Excessive inflammation associated 
with both tissue and extracellu-
lar free radical oxygen–mediated 
injury resulting from operative 
insult is thought to be an important 
contributing factor in postopera-
tive atrial fibrillation pathophysiol-
ogy. Anti-inflammatory strategies 
have been investigated for postop-
erative atrial fibrillation prophy-
laxis and demonstrated variable success.

In this issue of Anesthesiology, Amar et al.1 studied the 
effect of N-acetylcysteine, a known antioxidant and free 
radical scavenger, as a prophylactic measure for postoper-
ative atrial fibrillation after thoracic noncardiac surgery. 
The authors conducted a double-blind trial to compare 
amiodarone and the combination of amiodarone and 
N-acetylcysteine on the incidence of postoperative atrial 
fibrillation and postoperative stroke. They also examined 
postsurgery samples for serum markers indicative of sys-
temic inflammation. No statistically significant differences 

were uncovered between the two 
patient groups in rates of postop-
erative atrial fibrillation or post-
operative stroke or in the serum 
markers of ongoing inflammation. 
The study has been stopped in the 
interim analysis due to futility.

What could be a potential 
reason for no demonstrated ben-
efits? The concept of atrial fibril-
lation being mediated by free 
radicals generated in the inflam-
matory milieu has not been clearly 
demonstrated in thoracic noncar-
diac surgery patients; therefore, 
N-acetylcysteine may not be an 
effective medication for these 
patients. An anti-inflammatory 
approach to postoperative atrial 
fibrillation is not a novel idea. A 
wide variety of medications with 
documented anti-inflammatory 
properties have been investigated 
for postoperative atrial fibrillation 
prophylaxis. Steroid and nonste-
roid anti-inflammatory agents, 
ω-3 polyunsaturated fatty acids, 
inhibitors of the renin–angiotensin 

system, statins, and immunosuppressants demonstrated some 
success in human trials and animal models.2 However, side 
effect–related considerations and a lack of strong reproduc-
ible benefits resulted in limited applications of anti-inflam-
matory agents in clinical practice. In fact, anti-inflammatory 
agents are not included in the most recent postoperative 
atrial fibrillation prophylaxis guidelines3 and practice advi-
sories4 for cardiac and thoracic noncardiac patients.

Moreover, anti-inflammatory strategies per se may not 
be the ideal therapeutic direction to pursue. Inflammation 
entails way more than simply insult-triggered free radical 
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“…postoperative atrial fibril-
lation is not a transient 
benign phenomenon but 
rather an ominous postop-
erative complication associ-
ated with increased risk of 
thromboembolism, stroke, 
and mortality.”
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formation and subsequent tissue damage. In fact, an 
acute inflammatory response is a host-protective, actively  
regulated, and, most importantly, normally self-regulating  
self-limiting process in vivo. Specifically, the onset of 
acute inflammation triggers production of signal mol-
ecules, such as specialized proresolving lipid mediators. 
Specialized proresolving lipid mediator networks serve 
as a link between mechanisms governing the onset and 
resolution of inflammation, resulting in insult mitiga-
tion, tissue healing, and restoration of homeostasis.5 In 
contrast, uncontrolled inflammation and specialized pro-
resolving lipid mediator production dysregulation may 
lead to excessive tissue damage, chronic inflammation, 
and deterred recovery as demonstrated in human and 
animal models.6,7

An anti-inflammatory approach for postoperative atrial 
fibrillation seems like a plausible strategy for postoperative 
atrial fibrillation prophylaxis. The documented association 
between postoperative atrial fibrillation and elevated serum 
concentrations of interleukin-6 and C-reactive protein, 
as well as higher postoperative leukocyte counts, suggests 
that inflammation may play an important role in the natu-
ral history of postoperative atrial fibrillation. This is further 
supported by the association between inflammatory condi-
tions of the heart, such as myocarditis and pericarditis, and 
common atrial fibrillation. Exacerbated arrhythmogenicity 
of cardiac myocytes by elevated concentration of inflam-
matory markers due to the stresses of surgery is the likely 
mechanism of postoperative atrial fibrillation in susceptible 
patients.

More specifically, in thoracic noncardiac surgery, oper-
ative insult–related inflammation is triggered by a vari-
ety of different pathways related to one-lung ventilation, 
which is commonly exercised to facilitate the approach. 
First, ventilator-induced lung injury is a recognized com-
plication after one-lung ventilation. The ventilated lung is 
subjected to oxidative stress and hyperemia-related capillary 
shear stress. Volutrauma due to increased, nonphysiologic 
tidal volumes and loss of the normal functional residual 
capacity further exacerbate lung injury.8 Second, surgical 
insult itself results in additional mechanical tissue damage 
and subsequent local inflammation. Third, atelectasis in the 
nonventilated lung leads to hypoxic pulmonary vasocon-
striction and local tissue ischemia. Lung reexpansion and 
oxygen reentry at the conclusion of one-lung ventilation 
result in reactive vasodilation and reperfusion. The result-
ing dissemination of inflammatory markers and oxygen free 
radicals generated by pulmonary parenchyma, one of the 
largest natural reservoirs of inflammatory cells, accelerates 
the systemic effects in target organs. Further work is needed 
to understand whether these mechanical insults during tho-
racic surgery are modifiable risk factors that can be attenu-
ated with anti-inflammatory medications or whether they 
will require other therapeutic strategies, such as changes in 
ventilatory management.

So why did anti-inflammatory approaches demonstrate 
success after cardiac but not noncardiac thoracic surgery? 
Some key differences in cardiac and thoracic noncardiac 
surgeries may play a role. First, cardiopulmonary bypass 
utilized during cardiac surgery and the related inflamma-
tory response have been implicated in the pathogenesis of 
postoperative atrial fibrillation in cardiac surgery patients. 
Systemic inflammation triggered by cardiopulmonary 
bypass and massive release of proinflammatory markers is 
thought to alter cardiac myocyte conduction. The degree 
of inflammatory response due to cardiopulmonary bypass 
likely supersedes the one due to one-lung ventilation during 
noncardiac surgery. In fact, the inflammation pathophysi-
ology of nonventilated lungs applies to both lungs during 
cardiac surgery with cardiopulmonary bypass. The impor-
tance of an anti-inflammatory approach in cardiac surgical 
patients was recently addressed by Gaudino et al.9 In this 
study, prophylactic intraoperative decompressive pericar-
diotomy to offset postoperative inflammation and swelling 
resulted in a lower incidence of postoperative atrial fibrilla-
tion. This study underscores the value of nonpharmacologic 
approaches to postoperative atrial fibrillation prevention 
and the value of multimodal therapy. Second, mechanical 
surgical insult to the myocardium triggers local inflamma-
tory effects in the conduction system itself, contributing to 
increased incidence of postoperative atrial fibrillation after 
cardiac surgery. In contrast, postoperative atrial fibrillation 
after thoracic noncardiac surgery is thought to be triggered 
by a variety of different factors, such as dysregulation of the 
autonomic nervous system, age-exacerbated fibrosis, acute 
atrial stretch, and local pericarditis.3 Much less is known 
about the role of local versus systemic tissue inflammation 
in the pathogenesis of postoperative atrial fibrillation after 
noncardiac thoracic surgery.10 This may explain, at least 
in part, the scarce success of anti-inflammatory strategies 
for postoperative atrial fibrillation prevention in these 
patients. Similarly, despite the well documented effect of 
N-acetylcysteine on proinflammatory cytokines and oxy-
gen free radicals on ischemia–reperfusion injury, as well as 
some success in cardiac surgery patients, the utility in post-
operative atrial fibrillation prevention in thoracic noncar-
diac surgery patients may be limited.

In conclusion, the work of Amar et al.1 demonstrates 
the feasibility and safety of N-acetylcysteine administra-
tion in this patient population. However, the study, which 
was stopped early at the interim analysis because of futil-
ity, discovered no additional benefit for the prevention of 
postoperative atrial fibrillation and its complications when 
compared to a conventional approach. Nevertheless, the 
emerging evidence of the long-term negative implications 
of postoperative atrial fibrillation that is further magnified 
by the unacceptably high rate of this complication calls for 
novel prophylactic strategies. The restoration of normal 
inflammatory pathways could be one of the potential thera-
peutic approaches for postoperative atrial fibrillation. Future 
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investigations can be directed at further elucidating the role 
of inflammation in the pathophysiology and pathogenesis 
of postoperative atrial fibrillation after thoracic noncardiac 
surgery to determine therapeutic targets.
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