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Abstract. Postoperative atrial fibrillation (POAF) is a 
common complication subsequent to cardiac surgery. Various 
risk factors have been reported for the development of this 
complication; however, their precise role in POAF is unknown. 
In the present study, we attempted to identify clinical factors 
and histopathological changes in atrial tissue that may predict 
the development of POAF. Atrial tissue was sampled from 
103 patients in sinus rhythm that had undergone open-heart 
surgery, including elective coronary artery bypass grafting 
(79.61%) and heart valve surgery (20.38%). Atrial surgical 
biopsies were obtained from the right atrial appendage at the 
site of cannulation, prior to cardiopulmonary bypass. Tissues 
were processed routinely for light microscopy, then stained 
with hematoxylin and eosin and sirius red. Microscopical 
exams were used to observe the atrial lesions and morphom-
etry was conducted for quantification. In total, 37 patients 
(35.92%) developed POAF and atrial lesions were identified 
in the majority of patients in the normal postoperative sinus 
rhythm and POAF groups, but were most common in the 
POAF patients. The most common risk factors involved in 
developing POAF were found to be: Age of >60 years, male 
gender, ejection fraction of <50% and increased pulmonary 
hypertension. Furthermore, interstitial fibrosis and myocytol-
ysis were the most common injuries identified. Abnormalities 
in atrial surgical biopsies may indicate the susceptibility of a 
patient to developing POAF. The present results suggest that 
the pre-existent alterations in the structure of the right atrium 
may be a major determinant in the development of POAF.

Introduction

Atrial fibrillation (AF) is a common complication following 
cardiac operations that typically occurs within the first week 
following open-heart surgery, such as coronary artery bypass 
grafting (CABG) or heart valve surgery (1-3). Postoperative AF 
(POAF) is frequently considered to be a temporary problem; 
however, this complication results in significant adverse 
effects. POAF increases the risk of a cerebrovascular accident, 
extending the duration of hospital stay and the requirement for 
intensive care (4-6).

According to various studies, the risk factors associated 
with the development of POAF include right atrial manipula-
tion, prolonged preoperative atrial conduction duration, atrial 
myocardial ischemia, prolonged aortic cross-clamping time and 
advanced age (7-9). Although nearly all patients present at least 
one of the aforementioned risk factors, ~60% of patients under-
going cardiac surgery do not develop AF; thus, only certain 
patients seem to possess an inherent or acquired preoperative 
risk (6,10). Therefore, these factors suggest that the major deter-
minants of the risk for the development of POAF include the 
patient's preoperative status and condition of the atria, as well 
as the ischemia and stress induced by the surgical procedure.

The aim of the present study was to identify the markers 
of increased vulnerability in developing AF subsequent to 
CABG or heart valve surgery. The aim of the present study 
was to investigate the association among clinical (systemic 
hypertension), echocardiographic features (ejection fraction, 
left atrial dilation and pulmonary hypertension) and histo-
logical atrial lesions (cell atrophy, cell hypertrophy, interstitial 
fibrosis, myocytolysis, pericardial adiposity and inflammation) 
and the occurrence of POAF. 

Materials and methods

Ethical approval. Ethical approval for the experiments 
conducted in the present study was obtained from the 
Institutional Board of ‘Prof. Dr. George I.M. Georgescu’, 
Institute of Cardiovascular Diseases (Iasi, Romania). All 
patients provided written informed consent. 

Patient population. Between January 2010 and December 2011 
a total of 103 selected patients underwent cardiac surgical proce-
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dures requiring cardiopulmonary bypass (CPB) at the ‘Prof. Dr. 
George I.M. Georgescu’ Institute of Cardiovascular Diseases. 
The patient population included 76 men and 27 women, with an 
age range of 42-77 years and a mean age of 61.8 years.

Cardiac assessment. All patients had undergone preoperative 
electrocardiography (SE 12; Edan Instruments, Inc., Nanshan, 
China) for selecting known cardiac patients in sinus rhythm and 
transthoracic echocardiography (Vivid E9 Electrocardiograph; 
GE Healthcare Bio-Sciences, Pittsburgh, PA, USA) was used to 
measure left atrial size along the anteroposterior diameter, left 
ventricular function and right atrial pressure

Sample collection. Right atrial appendage (RAA) tissue 
samples were collected from 103 patients in normal sinus 

rhythm, who were subjected to CABG (82 patients; 79.61%) or 
heart valve surgery (21 patients; 20.38%), prior to CPB. Right 
atrial appendage specimens were collected after opening of 
the pericardium, prior to cannulation of the right atrium. The 
age of the patients ranged between 42 and 77 years (mean age, 
61.8 years), and 76 patients were females (73.8%).

Histological and morphological examinations. Formalin‑fixed 
atrial tissue was processed for paraffin embedding and 
the samples were cut into 4-6 µm sections. Next, histo-
logical sections were stained with hematoxylin and eosin and 
collagen-specific sirius red (Bio Optica Milano SpA, Milan, 
Italy). To highlight the cardiomyocyte (CM) nuclei, the sections 
stained with sirius red were re-stained with hematoxylin.

The specimens were examined histologically by a trained 
pathologist who was blinded to the patient characteristics and 
AF occurrence. Since atrial tissue analysis is not a routine 
procedure for pathologists, a previously-developed stan-
dard protocol was used for the examination of the RAA, as 
described by Ad et al (9) (Table I). The standard protocol was 
modified by adding the endocardial analysis step.

An Olympus BX40 light microscope (Olympus 
Corporation, Tokyo, Japan) was used for morphological evalu-
ation. Histologically, the CM examination included analysis of 
the degree of myocytolysis, the existence of atrophy and other 
degenerative cell lesions. In the atrial interstitium, the degree 
of fibrosis was assessed. Furthermore, in the pericardium, the 
presence of mononuclear or fibrinous exudates, adiposity and 
fibrosis was investigated. Fibrosis was also evaluated at the 
endocardium. Semi-quantitative scales were used to evaluate 
the pathology of connective tissue components and atrial 
myocytes, as previously described by Ad et al (8,9). Various 
degrees of lesions were identified and compared between the 
POAF and POSR groups.

Morphometric assessment. Atrial myocytes included the 
degree of vacuolization from loss of myofibrils. Vacuolization 
was scored as 0 or 1 (0, absent; 1, observed at any rate). The exis-
tence of hypertrophy and atrophy were rated between 0 and 1 
as percentage of the number of hypertrophic or atrophic cells 
reported to total nucleated cell number, by assessing 10 high 
power field (HPF) sections from each group. Myocyte nuclear 
derangement encountered an evaluation of apoptotic pyknotic 
figures rated between 0 and 1 as percentage of the number 
of myolytic cells reported to total nucleated cell number, by 
assessing 10 HPF sections from each group. The analysis 
of connective tissue components focused on fibrosis, rated 
between 0 and 1 as percentage of the fibrous interstitial area 
observed in the studied histological section area by assessing 
10 HPF sections per group, as described by Ad et al (9).

POAF and risk factors. POAF was identified on electrocar-
diogram in 37/103 patients (35.9%), and it occurred between 
12 and 144 h after surgery (mean value, 45.1 h). Following 
drug therapy, all patients affected by AF subsequently regained 
sinus rhythm prior to patient hospital discharge.

Monitoring. For post-operative AF detection, all patients 
were monitored daily until hospital discharge with standard 
12-lead electrocardiography. Only AF episodes of >15 min 

Table I. Modified protocol for routine histopathological 
examination of right atrial appendage specimens.

A, Endocardium

Features investigated Possible observations

Endocardial fibrosis Absent/Present
Mononuclear exudates Absent/Present

B, Myocardium/myocytes

Features investigated Possible observations

Myolytic vacuolation Absent/Present
  Size of vacuole Mild/Severe
  Frequency 25% or >25%
Cell hypertrophy Absent/Present
Cell atrophy Absent/Present
Lipofuscin Absent/Present
Abnormal nuclei Apoptotic figure

C, Interstitial myocardium

Features investigated Possible observations

Interstitial fibrosis Absent/Present
  Amount Mild/Severe
  Frequency 25% or >25%
Perivascular fibrosis Absent/Present

D, Pericardium

Features investigated Possible observations

Mononuclear exudate Absent/Present
Pericardial adiposity Absent/Present
Pericardial fibrosis Absent/Present

Criteria modified from Ad et al (9).
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duration were considered. Patients were diagnosed with POAF 
if interventional therapy (drug administration or electrical 
cardioversion) was required in order to restore the sinus 
rhythm. The majority of patients with POAF responded well to 
drug therapy, which included disopyramide, amiodarone and 
sotalol. In rare cases, including elderly or heart failure patients, 
electrical cardioversion was required to achieve sinus rhythm. 
Hospitalization durations of >14 days were required for all 
patients (mean, 19.93 days; range, 14-31 days).

Statistical analysis. The data were analyzed using the Excel 
software (Microsoft Corporation, Redmond, WA, USA). 
Pearson's χ2 test was used for categorical variables. A P-value 
of <0.05 was considered to indicate a statistically significant 
difference.

Results

POAF and risk factors. POAF was identified using an elec-
trocardiogram in 37/103 patients (35.92%), and it occurred 
between 12 and 144 h after surgery (mean, 45.1 h). Following 
drug therapy, all patients affected by AF subsequently 
regained sinus rhythm prior to patient hospital discharge. 
The mean age of the patients with POAF (61.7 years) was 
higher compared with that of the patients remaining in sinus 
rhythm (SR) subsequent to cardiac surgery (58.7 years). In 
addition, only 42.5% of the patients with a postoperative 
sinus rhythm (POSR) were >60-years-old compared with 
75.6% of patients with POAF. Thus, the results indicate 
that the risk of POAF is higher in patients with an age of 
>60 years (P<0.001).

Figure 1. Representative specimen showing myocytolysis and fibrosis in a 
patient with postoperative atrial fibrillation. Postoperative atrial fibrilla-
tion samples exhibited cardiomyocytes (CMs) of various dimensions, with 
vacuoles of various sizes affecting the majority of the cells. Diffuse and 
large collagenous septa separating groups or isolated CMs with architecture 
disturbance were observed (picro‑sirius red staining; magnification, x40).

Figure 2. Representative specimen showing myocytolysis and fibrosis in a 
patient with postoperative sinus rhythm. Postoperative sinus rhythm samples 
exhibited vacuoles of various size in <50% of the cells; a mild increase in 
cell size without significant atrial altered architecture. Increasing fibrotic 
bands separating large groups of cardiomyocyte exhibited focal distribution 
(picro‑sirius red staining; magnification, x40).

Table II. Risk factors associated with normal POSR and POAF.

Variable POSR (%) POAF (%) P-value

Age of >60 years 42.5 75.6 P<0.001
Male gender 13.63 51.35 P<0.001
Ejection fraction of <50% 1.51 75.67 P<0.001
Left atrial dilatation of >44 mm 50 56.75 NS
Pulmonary hypertension 1.51 18.91 P<0.001
Systemic hypertension 77.27 72.97 NS
Fibrinogen  25.75 64.86 NS
Hospital stay of >14 days 39.39 29.72 NS
Cell hypertrophy 31.81 98.9 P<0.001
Cell atrophy 56.06 40.54 NS
Interstitial fibrosis 31.81 97.75 P<0.001
Myocytolysis  38.84 91.89 P<0.001
Abnormal nuclei 30.30 91.89 P<0.01
Pericardial adiposity 27.27 75.67 P<0.001
Pericardial inflammatory infiltrate 27.27 33.33 NS
Endocardial fibrosis 15.2 20.3 NS

POSR, postoperative sinus rhythm; POAF, postoperative atrial fibrillation; NS, non‑statistically significant difference (P>0.05).
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Several risk factors associated with the occurrence of 
POAF in cardiac surgery were analyzed, as shown in Table II. 
In the univariate analysis, the only independent clinical predic-
tors of POAF risk were as follows: Age, >60 years; gender, 
male; ejection fraction, <50%; increased pulmonary hyperten-
sion; interstitial fibrosis; myocytolysis; cell hypertrophy; and 
pericardial adiposity (P<0.001 for all factors) (Table II).

Left atrial size, measured by echocardiography, exceeded 
the upper limit (range, 25-44 mm) in 56.75% of patients with 
POAF and 50% of patients with POSR. However, no corre-
lation was identified between POAF and atrial dimensions 
(P>0.05).

Histopathological examination results. Upon histopathological 
examination, mild to severe myocytolysis was detected in the 
majority of the specimens, including 34/37 patients in the POAF 
group (91.8%; Fig. 1) and 25/66 patients in the POSR group 
(38.8%; P<0.0001; Fig. 2). In addition, CM hypertrophy was 
identified in 98.9 and 31.81% of patients in the POAF and POSR 
groups, respectively (P<0.0001). CM atrophy was detected in 
40.5% of patients in the POAF group and 56.0% in the POSR 
group. In the POAF group, the percentage of abnormal nuclei 
in each specimen was higher compared with that in the POSR 
group (91.8 vs. 30.3%, respectively; P<0.01). CMs with contrac-
tion band necrosis were rare findings in both groups, and were 
associated with ongoing IF only in the POAF patients.

Several histopathological abnormalities were encountered 
in the atrial interstitium of the two groups, but only IF exhib-
ited a statistically significant difference. IF was detected in 
97.7% of patients in the POAF group and 31.8% of patients 
in the POSR group (P<0.0001; Figs. 1 and 2, respectively). 
Furthermore, no interstitial inflammatory infiltrate was 
observed, but a statistically significant difference in pericar-
dial adiposity was detected between the two groups (76.7% 
in POAF patients and 27.2% in POSR patients; P<0.0001). A 
limited number of pericardial inflammatory foci, associated 
with localized pericardial fibrosis were observed in the POAF 
(33.3%) and POSR (27.2%) groups (P>0.05). The presence of 
pericardial inflammatory foci in both groups may indicate an 
ongoing healing process, associated with previous pericardial 
lesions. Endocardial fibrosis exhibited a focal and mild exten-
sion in the POAF (20.3%) and POSR (15.2%) groups (P>0.05), 
which may be associated by the connective organization of 
small parietal thrombi.

Discussion

POAF is one of the most common causes of morbidity following 
cardiac surgery (10,11). Although AF is a common postopera-
tive complication, the incidence of POAF in patients undergoing 
cardiac surgery is unclear. Previously-reported incidence rates 
are between 10 and 65%. In 1996, Mathew et al (10) reported 
an overall postoperative AFIB incidence of 27%, while in 
2001 Maisel et al (11) estimated that POAF occurs in 10-65% 
of patients following cardiac surgery. This is a wide range 
since the definition of AF, detection methods, baseline patient 
characteristics and surgery type differ in previous studies (10). 
Maisel et al (11) estimated that POAF is ~30% following stan-
dard CABG surgery and 40% subsequent to valve repairs or 
replacements, increasing to ~50% after combined procedures.

Identifying the patients at a risk of developing POAF 
subsequent to cardiac surgery would result in the reduction of 
the incidence of POAF, as well as the prevention of undesired 
clinical consequences associated with this complication (4). 
Several studies have reported various risk factors for AF 
development following open-heart surgery (3,4). Therefore, 
in addition to old age, numerous other risk factors have been 
identified by Almassi et al (3), such as chronic obstructive 
pulmonary disease, use of digoxin within 2 weeks prior 
to surgery, low resting pulse rate (<80 bpm), high resting 
systolic blood pressure (>120 bpm) and use of inotropic agents 
for >30 min following the termination of CPB. In addition, 
Banach et al (12) identified further risk factors, including 
history of supraventricular arrhythmias, preoperative heart 
failure, operation with standard CABG technique and repeated 
revascularization. The common risk factors associated with 
POAF investigated in the present study, which were consisted 
with Aranki et al (5), were increasing age, male gender and 
hypertension.

The patient's age is the most common risk factor identi-
fied by previous studies. For instance, Hogue and Hyder (1) 
observed that in addition to age, valvular heart operation is the 
most consistently identified risk factor for cardiac arrhythmia. 
Similar to the present results (age, ≥60 years; P<0.001), 
Zaman et al (6) found that advanced age is markedly associ-
ated with postoperative AF (65.9 vs. 61.7 years; P<0.0005). 
The frequency of this arrhythmia is increasing, possibly due 
to the rising proportions of elderly patients undergoing cardiac 
surgery. In the present study, the low incidence of POAF 
(35.92%) may be associated with the relatively young mean 
age of the patients included in the present study (61.8 years).

Kitzman and Edwards (13) reported that fibrosis and 
atrophy in the atria, which are typical in older patients, as well 
as left atrial dilation, contribute to the susceptibility to develop 
POAF. However, the association between these features and 
AF occurring subsequent to cardiac surgery has not received 
considerable attention. Similar to other authors (14,15), in the 
present study, we hypothesized that in the atrial myocardium 
of aged patients, atrophy and fibrosis may decrease the conduc-
tive tissue.

Data in the literature suggest that the left atrial size is an 
important factor in AF development (16-18). For instance, 
Henry et al (17) observed that AF is rare (3%) when the left 
atrial size is <44 mm, but common (54%) when the size is 
>44 mm. In addition, Ausma et al (18) noted that the AF risk 
increases by 1.4 times per 5-mm increase in left atrial size. 
According to Li et al (19), atrial enlargement due to structural 
remodeling is a particularly important determinant of the 
occurrence of multiple-circuit reentry.

In the current study, histological lesions were observed 
in the majority of specimens, with generally higher values 
in POAF patients (hypertrophy, 98.9%; interstitial fibrosis, 
97.8%; myocytolysis, 91.8%; abnormal nuclei, 91.8%; pericar-
dial adiposity, 75,6%) compared with those in POSR patients 
(hypertrophy, 31.8%; interstitial fibrosis, 31.8%; myocytolysis, 
38.8%; abnormal nuclei, 30.3%; pericardial adiposity, 27.2%). 
Consistent with the results of Li et al (19), the present results 
indicate that interstitial fibrosis is a significant risk factor for 
POAF development, having values ~3 times higher in POAF 
patients (97.7%) compared with POSR patients (31.8%). 
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Usually, interstitial fibrosis is an expression of cardiac remod-
eling associated with various causes, such as chronic ischemia. 
In agreement with Boldt et al (20), we propose that fibrosis may 
explain the tissue anisotropy that results in inhomogeneous 
conduction, and may be responsible for the slow conduction 
and reentry that stabilizes AF.

A notable finding of the present study was the increased 
CM vacuolation observed in patients with POAF (91.8%). 
Myocytolysis is a reversible, vacuolar degeneration of 
myocytes. Myocytolytic CMs are viable cells with a reduced 
function, due to loss of myofibrils. In addition, lesions may 
be associated with chronic ischemia. According to the results 
of Kitzman and Edwards (13) and Pirolo et al (21), CM vacu-
olation occurs as a consequence of the normal aging process 
or in response to the exposure to hypoxic stimuli in cardiac 
cells. Two previous studies by Ad et al (8,9) identified myocy-
tolysis as a key preoperative histopathological predictor for 
the development of POAF (65%). In the present study, it was 
observed that the two patient groups (POAF, 91.8%; POSR, 
38.8%) presented increased CM vacuolation as a possible 
arrhythmogenic substrate for the development of POAF; 
however, ultimately only certain patients developed POAF. 
Taking in consideration myolysis, Ausma et al (18) observed 
that the degree of myolysis and glycogen accumulation could 
increase with AF persistence. The enhanced accumulation of 
glycogen in the structurally altered atrial myocytes may imply 
an alteration of cellular metabolic status.

The majority of histologic changes, including atrophy 
and fibrosis, are characteristic of an ischemic myocardium. 
The presence of CM atrophy was not dominant in the current 
study, and CM hypertrophy was a compensatory lesion. 
Thus, atrophy and hypertrophy appear to induce background 
abnormality independently. Another two histological variables 
considered to be POAF predictors were pericardial adiposity 
and inflammation. 

Although no interstitial atrial inflammation was identified 
in the current study, Ishii et al (22) noted that inflammation 
plays an important role in the pathogenesis of POAF, by altering 
atrial conduction, facilitating re-entry and predisposing to the 
development of POAF. The current results revealed only a 
small number of pericardial inflammatory foci, as possible AF 
trigger. Issac et al (23) considers that extracorporeal circula-
tion contains enough systemic inflammatory mediators that 
may be, in part, responsible for the occurrence of POAF.

In the current analysis, a strong correlation was observed 
between extensive pericardial adiposity and POAF. 
Al Chekakie et al (24) and Batal et al (25), referring to the 
association between pericardial fat volume and AF, suggested 
that the local effects of proinflammatory cytokines released 
from the pericardial adipose tissue may be a potential mecha-
nism for the development of AF.

In conclusion, in the present study, the preoperative 
status of atrial morphology was examined in correlation with 
various clinical risk factors. The results suggested that preop-
erative morphologic alterations, such as CM vacuolation and 
increased IF, may constitute a pathologic substrate and predic-
tive factors for POAF development. However, the study had 
certain evident limitations. First, the number of patients in the 
study was small. Increasing the number of patients included 
in future studies would lead to a more accurate data analysis. 

Secondly, a limitation of the study was participation of a 
single pathologist. In addition, only the right atrial appendage 
was sampled, while the left atrial tissue was not examined. 
Pulmonary veins and left atrial tissue are known to be critical 
regions in the initiation and maintenance of AF. However, as 
the left atrium is more difficult to access during surgery due to 
its posterior position, the investigation of this area may require 
the use of necropsy samples or an experimental animal study.
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