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ABSTRACT
Objectives: Postoperative atrial fibrillation (PoAF) may occur in 25-50% of patients after coronary artery
bypass graft (CABG) surgery. The severity of coronary artery disease and the quality of coronary collateral
circulation (CCC) in the coronary artery with chronic total occlusion (CTO) are known as indirect indicators
of myocardial ischemia. In this study, we aimed to investigate the effect of CCC quality on PoAF in patients
with right coronary artery (RCA) total occlusion who underwent CABG operation.
Methods: Patients who underwent isolated CABG operation between May 15, 2016 and June 15, 2020 and
had RCA CTO were included in the study retrospectively. The patients were recorded as Group 1 who
developed PoAF in the postoperative period and Group 2 who did not. 
Results: A total of 99 patients were included in the study. Those who develop PoAF were determined as Group
1 (n = 32, mean age = 66.9 ± 11 years), and those who did not were determined as Group 2 (n = 67, mean age
= 54.4 ± 12.8, years). There were no statistically significant differences between the two groups in terms of
gender, smoking, diabetes mellitus, hypelipidemia and chronic obstuctive pulmonary disease rates. In
multivariate analysis, being over 70 years old (OR: 1.396, 95% CI: 1.080-2.190, p = 0.007), poor CCC (OR:
1.090, 95% CI: 1.045-1.338, p = 0.014) and left atrial diamater (OR: 0.557, 95% CI: 0.471-0.783, p = 0.032)
were determined as independent predictors of development of PoAF. 
Conclusions: In this current study, we demonstrated that low CCC quality increases the risk of POAF in
patients with right coronary CTO. CCC quality can be used as an evaluation parameter in identifying groups
at risk for PoAF in these special patient groups. 
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Coronary artery bypass graft (CABG) surgery is
the most valuable method in the treatment of ad-

vanced coronary artery disease (CAD). Although mor-

tality is a catastrophic risk in these operations, there
are also morbid risks such as postoperative atrial fib-
rillation (PoAF), cognitive disorders, and end-organ
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damage [1]. Atrial fibrillation may occur in 25-50%
of patients after CABG surgery. In addition, PoAF in-
cludes a cerebrovascular risk, prolongs hospitaliza-
tions and increases treatment costs [2]. Therefore, it is
very important to reveal the risk factors for PoAF be-
fore CABG operations.
      There are many factors that affect the development
of PoAF after CABG surgery. These include inflam-
matory processes, advanced age, and perioperative is-
chemic events [3]. The severity of CAD and the
quality of circulation in the coronary artery with
chronic total occlusion (CTO) are known as indirect
indicators of myocardial ischemia [4]. In a study, it
was shown that preoperative poor coronary collateral
circulation (CCC) increased the risk of PoAF after
CABG operations [5]. Other studies have also shown
that right coronary artery (RCA) disease or its severity
is associated with PoAF [6, 7].
      In this current study, we aimed to investigate the
effect of CCC quality on PoAF in patients with RCA
total occlusion who underwent CABG operation.

METHODS

      Patients who underwent isolated CABG operation
between May 15, 2016 and June 15, 2020 and had
right coronary artery CTO were included in the study
retrospectively. The study was initiated after the ap-
proval of the local ethics committee. The study was
carried out in accordance with the Helsinki Declara-
tion criteria. The data of the patients were obtained
from the hospital digital record archive and patient
files. Preoperative demographic characteristics (age,
gender, comorbidities, etc.), operative (perfusion
times) and postoperative (hospital and intensive care
unit stays, inotropic needs, blood transfusion amounts,
etc.) characteristics of all patients were recorded.
Those who had emergency operations, combined car-
diac surgeries, reoperations, those without RCA dis-
ease or rudimentary RCA, those who did not undergo
right coronary bypass, those who used preoperative
amiodarone, those with thyroid hormone disorders and
those with atrial fibrillation were excluded from the
study. As a result of exclusion criteria, 99 consecutive
patients were included in the study. Coronary angiog-
raphy of all patients was followed and the CCC of
RCA was graded. The patients were recorded as Group

1 who developed PoAF in the postoperative period
and Group 2 who did not. In the study, the factors af-
fecting the risk of in-hospital PoAF after the operation
were analyzed. 

Evaluation of Coronary Collateral Circulation 
      Coronary collateral circulation was determined by
the Rentrop classification. This evaluation was made
by two individuals, an interventional cardiologist and
a cardiovascular surgeon. Classification was per-
formed as follows [5]: (a) Grade 0: No filling; (b)
Grade 1: Inability to visualize the epicardial main ves-
sel structure even though the lateral branches are filled
with collaterals; (c) Grade 2: Partial filling of the epi-
cardial main vessel structure with collaterals; and (d)
Grade 3: Complete filling of the epicardial main ves-
sel. As a result of this classification, patients with
Grade 2 and Grade 3 fillings were included in the
study. Right coronary bypass was performed in all pa-
tients. 

Diagnosis of Postoperative Atrial Fibrillation 
      All patients were observed in the intensive care
unit with continuous heart rhythm monitoring. Also,
the 12-lead electrocardiography (ECG)  was per-
formed when the patients had complaints such as pal-
pitation, dyspnea, or angina pectoris. Atrial fibrillation
was verified via 12-lead ECG. The diagnosis of AF
was based on guidelines of the European Society of
Cardiology [8]. Postoperative atrial fibrillation was de-
fined as irregular waves in place of typical p waves on
ECG. An AF episode > 60 seconds was accepted as
PoAF. 

Statistical Analysis 
      In our study, SPSS 21.0 (IBM Statistical Package
for the Social Sciences Statistic Inc. version 21.0,
Chicago, IL, USA) program was used to analyze the
data. Kolmogorov-Smirnov and Shapiro-Wilk tests
were used to evaluate normality distribution. Contin-
uous data and data with normal distribution were given
as the mean and standard deviations. Data that did not
distributed with normally were recorded as median
(minimum-maximum). Student's t-test was used for
the analysis of normally distributed data, while Mann
Whitney U test was used for the analysis of non-nor-
mally distributed data. Frequency and percentile
analysis were performed for nominal data and Chi
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Square test was used for comparison. Univariate and
multivariate logistic regression analysis was per-
formed to analyze the factors affecting the develop-
ment of PoAF. A p < 0.05 was considered statistically
significant in all evaluations.

RESULTS

      A total of 99 patients were included in the study.
Those who develop PoAF were determined as Group
1 (n = 32, mean age = 66.9 ± 11 years), and those who
did not were determined as Group 2 (n = 67, mean age
= 54.4 ± 12.8, years). There were no statistically sig-
nificant differences between the two groups in terms
of gender, smoking, diabetes mellitus, hypelipidemia,
chronic obstuctive pulmonary disease rates, cere-
brovascular event/trans-ischemic attack history, body
mass index, ejection fraction and beta blocker/an-
giotensin- converting enzyme inhibitor/angiotensin re-
ceptor blocker use rates. Rates of hypertension  (HT),
age and left atrial diamater were significantly higher

in Group 1 compared with Group 2 (P = 0.007, p <
0.001 and p = 0.006, respectively). Rentrop grade was
significantly lower in Group 1 (p < 0.001). Demo-
graphic characteristics and preoperative data of all pa-
tients were summarized in Table 1. 
      Peroperative features of the patients were pre-
sented in Table 2. There was no statistically significant
difference between the two groups, in terms of perfu-
sion times, blood product use rates and drainage
amounts.  Intensive care stay, total hospital stay days
and positive inotropic support rates were statistically
significantly higher in Group 1 (p < 0.001, p < 0.001
and p = 0.023). 
      Univariate and multivariate logistic regression
analysis was utilized to predict parameters supporting
development of PoAF (Table 3). In univariate analysis
being over 70 years old (OR [odds ratio]: 1.921, 95%
CI [confidence interval]: 1.345-3.190, p < 0.001), hy-
pertension (OR: 1.290, 95% CI: 1.058-2.040, p =
0.008), inotropic support (OR: 0.578, 95% CI: 0.345-
0.776, p = 0.024), poor CCC (OR: 1.428, 95% CI:
1.145-1.944, p < 0.001), and left atrial diameter (OR:
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0.670, 95% CI: 0.490-0.866, p = 0.007) were found to
be significantly correlated with the development of
PoAF. In multivariate analysis, being over 70 years
old (OR: 1.396, 95% CI: 1.080-2.190, p = 0.007), poor
CCC (OR: 1.090, 95% CI: 1.045-1.338, p = 0.014) and
left atrial diamater (OR: 0.557, 95% CI: 0.471-0.783,
p = 0.032) were determined as independent predictors
of development of PoAF.

DISCUSSION

      Coronary artery disease severity and poor CCC
have also been implicated as indirect indicators of is-
chemic status [4]. Studies have shown that the preva-
lence of CAD increases the risk of PoAF after CABG
operations [9]. Coronary collateral circulation is an
adaptation mechanism developed by the heart against

ischemia as a result of myocardial tissue being ex-
posed to ischemia. As a result, the severity of ischemia
suffered by the myocardial area with good collateral
circulation will be less. It has been demonstrated that
patients with good CCC have less tissue damage in
myocardial infarction cases [10]. In a recent study, it
was revealed that stroke and mortality rates after
CABG operations are lower in patients with good
CCC [11]. In this current study, we investigated the
effect of CCC quality on PoAF in patient groups with
RCA total occlusion. At the end of the study, we
showed that poor CCC status is an independent pre-
dictor of PoAF after CABG operations, in addition to
known risk factors such as being over 70 years of age
and large left atrial diameter. 
      In a study by Gungor et al. [5], the role of CCC in
predicting the development of PoAF after CABG op-
erations was investigated. In their study, a total of 165
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patients were divided into two groups as those with
poor CCC (Grade1 and 2, n = 79) and those with good
CCC (Grade 2 and 3, n = 89). The incidence of PoAF
was significantly higher in patients with poor CCC (37
[49%] vs. 12 [14%], p < 0.001). In the multivariate
analysis, poor CCC was found to be an independent
predictor of PoAF (OR: 11.500; 95% CI, 3.977-
33.253, p < 0.001) [5]. The effect of coronary vascular
structure on PoAF was investigated in the study con-
ducted by Polat et al. [12] in which 94 CABG patients
were included. Although there was no statistically sig-
nificant difference (p = 0.065), the rate of PoAF was
found to be high in patients with poor CCC [12]. Un-
like these two studies, we included only the patient
group with RCA total occlusion, and all patients in our
study underwent RCA bypass. Therefore, poor CCC
Rentrop Grade 2 and good CCC Rentrop grade 3 were
determined in our study. As a result of our study, we
revealed poor CCC as an independent predictor of
PoAF in patients who underwent CABG with right
coronary collateral total occlusion. 
      Pathophysiological events that occur as a result of
the exposure of the atrial wall to intraoperative is-
chemia may lead to the development of PoAF [13].
Although atrial branches may originate from the heads
of the three main coronary arteries, RCA may con-
tribute more to this supply [14]. In this direction, in
the study by Mendes et al. in which 104 patients who
underwent CABG were included, the patients with se-
vere RCA stenosis (> 70% or = 70%) and those with-
out it were divided into two groups and the risk factors
for PoAF were investigated. At the end of this study,
the authors revealed that severe RCA stenosis as an
independent predictor of the development of PoAF in
addition to factors such as age and male gender [6]. In
a recent study, the relationship between right coronary
artery disease severity calculated by Gensini score and
PoAF in patients with RCA stenosis was investigated.
In this retrospective study, which included 283 CABG
patients, right coronary artery disease with a high
Gensini score was found to be an independent predic-
tor of PoAF. 
      In our study, the presence of HT and positive in-
otropic support were also significantly correlated with
the development of PoAF (OR: 1.290, p = 0.008 and
OR: 0.578, p = 0.024). Hypertensive patient groups
have increased inflammation status and these patients
are also more vulnerable to myocardial ischemia. In a

study, the frequency of atrial fibrillation was found to
be approximately 1.6 times higher after CABG oper-
ations in hypertensive patients [15]. Positive inotropic
support may also lead to atrial fibrillation due to in-
creased sympathetic stimulation. Studies have shown
that the use of increased positive inotropic support in-
creases the risk of PoAF [16, 17]. 
      In our study, in addition to the presence of poor
CCC, other parameters that we showed independent
predictors for PoAF were advanced age and left atrial
diameter. Enlargements in the left atrial structure can
also increase the risk of PoAF by causing various
histopathological changes in the atrial conduction
pathways and atrial structure. In a study by Karimi et
al., its relationship with PoAF was also shown [18].
Structural and electrophysiological changes occur in
the atrial tissue due to increased age. This situation
also increases the risk of developing PoAF [18]. 

Limitations
      Although our study included a special group of pa-
tients with RCA total occlusion, the limited number of
patients is an important limitation. In addition, the
study was conducted as a single center and retrospec-
tive study.

CONCLUSION

      In conclusion, the most important treatment
method of atherosclerotic heart disease is CABG op-
erations. Atrial fibrillation is an important mortal and
morbid condition that can occur after these operations,
and it is important to reveal the risk factors. In this cur-
rent study, we demonstrated that low CCC quality in-
creases the risk of PoAF in patients with right
coronary CTO. Collateral circulation quality can be
used as an evaluation parameter in identifying groups
at risk for PoAF in these special patient groups. Our
study needs to be supported by multicenter prospective
studies with different patient groups.
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