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considered as a good predictor of postoperative AF [12,13]. As
an interesting intraoperative related matter, Bidar et al., have
observed that aortic cross-clamp time was a strong predictor
of 30-day postoperative AF [9]. They carefully recorded any
AF episode within the 30 days after cardiac surgery using an
external 1-lead trans-telephonic loop recorder with an auto-
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trigger for AF. Late postoperative AF was associated with
longer aortic cross-clamp times. In addition, this observation

Postoperative atrial fibrillation (AF) has a high prevalence,

suggests that postoperative AF occurs not only during the first

affecting up to 45% of coronary artery bypass graft surgery

postoperative days but also in the weeks thereafter [9]. This

patients within the first week of the operation [1-4].

fact has implications against the early discontinuation of oral

Interestingly, asymptomatic AF was reported more likely

anticoagulation [14].

to occur after the first 4 days following the cardiac surgery.
Postoperative AF is associated with increased morbidity and
several types of complications. It was associated with increased
duration of hospitalization, with high healthcare costs, and
has been associated with an increased incidence of stroke,
the need for permanent pacemaker placement, and early and
late mortality. Several factors were found to be associated
with new-onset AF following multivariate analysis, including
advanced age, higher Killip class or heart failure, hypotension,
higher heart rate, history of hypertension, history of stroke,
female gender, increased peak creatinine, and increased
Creactive protein levels [5-9]. In addition, AF may adversely
affect quality of life and is associated with a higher risk of
acute heart failure, and with thromboembolic events. It has
recently been demonstrated that early and late postoperative
AF have different predictors [9]. Early postoperative AF is the
one occurring within the first 5 days after cardiac surgery, and
late postoperative AF is the one occurring between the 6 and 30
days after cardiac surgery. Late postoperative AF was associated
with conventional risk factors of AF in the general population.
However, early AF was associated with low body mass index,
high CRP levels, and previous myocardial infarction, higher
EuroScore, and higher age [10-13]. Moreover, patients who

On the other hand, clinical studies aiming to investigate
the pathogenesis of postoperative AF have demonstrated that
inflammatory reactions and oxidative stress are the most
important factors for its development. Inflammation and active
infection promote the release of cytokines and up-regulation
of Toll-like receptor-2 expression on monocytes, which may
act as a trigger for postoperative AF. The inflammation process
induces atrial electrophysiological changes, activates reentry
mechanisms and precipitates the development of postoperative
AF [15-18].There is a high inflammation state during the
intraoperative period due to the extracorporeal circulation,
the cardiac ischemia-reperfusion injury, and oxidative stress.
In addition, pulmonary infections and cardiac dysfunction
during the postoperative period may worsen the inflammatory
process. Hence, the inflammatory activity and CRP levels reach
its highest value in the first postoperative week [18]. After the
first week, surgery induced inflammatory activity decreases,
and postoperative risk factors gradually diminish. Therefore,
surgery-related metabolic changes and oxidative stress after
heart operation induce inflammatory reactions and increase
inflammatory capacity which is associated to a higher risk of
developing postoperative AF.

develop postoperative AF are more likely to have left atrial

Most of the cardiac surgeries in organic heart disease are

dilation. This finding may suggest that left atrial size should be

performed in elder patients. There is a, well documented, rise
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in prevalence of atrial AF with advancing age [19-21]. Several

the following independent predictors of postoperative AF:

electrophysiological and pathological studies have shown that

high CHA2DS2-VASc, Age ≥75 years, diabetes mellitus, prior

there is clear evidence in the human atrial myocardium of age-

stroke or transient ischemic attack or thromboembolism,

related electrical uncoupling of the side-to-side connections

vascular disease, severe obesity, preoperative -blocker use,

between bundles. This is related to the proliferation of

preoperative antiplatelet therapy, renal insufficiency, and

extensive collagenous tissue septa in intracellular spaces [22-

preoperative systolic pulmonary arterial pressure [37-39].

24]. In pathological studies, it was demonstrated that these

Patients with these independent predictors of postoperative AF

age-induced changes include a reduction in the number of

may constitute a target population to test preventive strategies.

myocardial cells within the sinus node, a generalized loss
of atrial myocardial fibers, as well as an increase in fibrosis
which leads to an apparent loss of myocardial fiber continuity
[19-24]. It is so clear to observe that patients with diseased
atrial tissue with progressive fibro-degenerative changes
may develop abnormal electrophysiological alterations [2529]. Connective tissue surrounding atrial myocardial cells
represents sites where electrical coupling between adjacent
cells is altered [19-21]. Therefore, the micro-architecture
and anisotropic characteristics may play an important role
in reentry by causing inhomogeneous and discontinuous
propagation of the impulse in the atrium [21]. These findings
suggest that progressive electro-pathological changes within
the atria are associated with persistent

Another helpful diagnostic tool is P-wave duration
and dispersion (PWD) which is considered a noninvasive
electrocardiographic (ECG) marker for atrial remodeling
and predictor for AF [40-43]. PWD reflects disturbances of
intra-atrial and inter-atrial conduction, and it is defined as
the difference between the wider and the narrower P-wave
duration recorded from the 12 ECG leads at a paper speed of
50 mm/s. It has been shown that increased P-wave duration
and PWD reflect prolongation of intra-atrial and inter-atrial
conduction time and the inhomogeneous atrial propagation of
sinus impulses [40-42]. The analysis of the P-wave with the
12 standard surface ECG leads in the stratification of patient
suffering from AF is a recognized universal approach. It is
well accepted that not only the P-wave duration, but also the

AF. Previous studies have investigated the underlying cause

P-wave morphology and dispersion have the potential to give

responsible for perpetuation of AF. Atrial fibrosis has been

information about the anatomical substrate predisposing to

suggested to be an important element in the pathophysiology

AF [41-44]. Extensive clinical evaluation of P-wave dispersion

of AF. There is a significant larger amount of atrial fibrosis seen

has been performed in the assessment of the risk for atrial

in patients with AF. The degree of fibrotic tissue in AF patients

fibrillation in patients without organic heart disease, in

demonstrated heterogeneity and does not always predict the

patients with arterial hypertension, in patients with coronary

severity of the AF burden. An excessive extracellular matrix

artery disease, in patients undergoing coronary artery bypass

leads to uncoupling of cells and may facilitate inhomogeneous

surgery, in patients with congenital heart diseases, as well as in

conduction, re-entry, and multiple wavelets. During the

other groups of patients suffering from various cardiac or non-

preoperative evaluation of the patients, MRI can be a helpful

cardiac diseases [45,46]. Consequently, PWD can be helpful

diagnostic tool for the determination of degree of fibrosis

in discriminating patients with different kinds of diseases

in AF patients and identification of areas of fibrosis. It was

whom are prone to develop paroxysmal AF in the postoperative

demonstrated that the activation of cellular signaling pathways

scenario [47,48].

plays an important role in human atrial structural remodeling,
and promotes the proliferation of atrial fibroblasts, leading

We have previously found that patients with a predisposition

to atrial fibrosis. In addition, it is involved in apoptosis,

to develop AF have significantly higher incidence of atrial

inflammation and epithelial mesenchymal transformation [30-

conduction defects, and abnormally prolonged and fractionated

35]. The exact mechanism and signal transduction pathway

atrial endocardial electrograms [25-29]. At the time of the atrial

underlying atrial muscle fibrosis is unknown. However, it was

endocardial catheter mapping during sinus rhythm, we have

reported that the following mechanisms are mainly involved

found that an abnormally prolonged and fractionated right atrial

in atrial fibrosis: 1) the renin angiotensin aldosterone system,

electrogram may reflect inhomogeneous local electrical activity

2) transforming growth factor-1 and 3) inflammation and

related to a delayed and non-uniform anisotropic conduction

oxidative stress. Transforming growth factor-1, a key growth

through diseased atrial muscle, and were closely related to the

factor in fibrosis, can regulate cell proliferation, apoptosis and

vulnerability of the atrial muscle in patients with paroxysmal

migration, and extracellular matrix synthesis. It up-regulates

AF [27-29]. Indeed, we demonstrated that the greater the

the expression of fibronectin and collagen, and its over-

extent of the compromised atrial muscle, the greater the

expression can lead to the occurrence of atrial fibrosis and AF

likelihood that paroxysmal AF would develop [27]. Qualitative

[32-35].

and quantitative analysis of atrial endocardial electrograms

Considering the relatively high incidence of postoperative
AF, it is important to try to identify patients at risk of developing
AF after surgery. In this regard, Luo W et al. observed with
logistic regression analyses performed in 304 patients that a

recorded during sinus rhythm should be an important analysis
in evaluating local atrial electrophysiological abnormalities,
and acquire particular relevance in the study of patients with
paroxysmal AF.

history of hypertension, left atrium diameter, and EuroSCORE

In the evaluation of patients with altered P wave morphology

I were independent risk factors for postoperative AF in patients

and dispersion in the electrocardiogram, it is very important

older than 60 years of age [36]. Other studies have identified

to keep in mind that patients who have a great susceptibility
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to develop AF possess abnormally prolonged and fractionated
atrial endocardial electrograms, a significantly longer P wave
duration, a significantly longer intra-atrial and inter-atrial
conduction time of sinus impulses; and a significantly greater
sinus node dysfunction and higher incidence of induction of
sustained atrial fibrillation. In conclusion, the heterogeneous
presentation, development and progression of AF implicate the
existence of different pathophysiological processes. In order
to improve surgical outcomes is necessary to individualized
diagnostic and therapeutic management of the arrhythmogenic
substrate underlying AF and minimize the metabolic, oxidative
stress and inflammation process during surgery
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