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Cardiovascular Surgery

Predictors of Postoperative Atrial Fibrillation after
Beating-Heart Coronary Artery Bypass Surgery:
Is Cardiopulmonary Bypass a Risk Factor?

Yusuf Velioglu and Ahmet Yuksel

Backgrouand: To determine the risk factors and postoperative outcomes of new-onset atrial fibrillation (AF) following
beating-heart coronary artery bypass grafting (CABG) surgery.

Methods: A total of 458 patients who underwent beating-heart CABG without the use of aortic cross clamping and
cardioplegic arrest between January 2011 and January 2015 were included in the study, and they were divided into
two groups according to the development of new-onset AF as the AF group (n = 143) and non-AF group (n = 315).
Both groups were compared in terms of preoperative clinical features and perioperative data, and the risk factors
and postoperative outcomes of AF following beating-heart CABG were determined.

Results: The incidence of postoperative AF was 31.2%. Patients in the AF group were significantly older (68.08 £+
7.76 vs. 61.76 £ 9.83 years, p < 0.001) and had significantly higher use of cardiopulmonary bypass during surgery
(69.2% vs. 43.2%, p < 0.001) than the patients in the non-AF group. The patients with AF also had statistically
significantly longer lengths of intensive care unit and hospital stay than those without AF (43.79+32.39vs. 30.49 +
33.31 hours, p<0.001, and 8.20 +£4.37 vs. 5.77 £ 2.16 days, p < 0.001, respectively).

Conclusions: Our study revealed that age and the use of cardiopulmonary bypass during surgery were independent
predictors of AF following beating-heart CABG. In addition, postoperative AF was associated with prolonged intensive
care unit and hospital stay. Further prospective randomized studies with larger patient series are required to support

our research and attain more accurate data.
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INTRODUCTION

Atrial fibrillation (AF) is an arrhythmia characterized
by 350 to 600 atrial depolarizations per minute without
effective atrial contractions which are reflected on elec-
trocardiography (ECG) as small irregular and varying
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atrial amplitudes and morphologies. During atrial depo-
larization, also called F wave, around 100-160 irregular
ventricular responses occur per minute." AF is the most
commonly encountered arrhythmia following coronary
artery bypass grafting (CABG) surgery. After the opera-
tion, it occurs most frequently on the second and third
day.”? Although in most cases postoperative AF is self-
limiting and has a benign course, it poses some risks
such as systemic embolization, cerebrovascular events
(CVEs) and hemodynamic deterioration, leading to in-
creases in the length of hospital stay, costs, and mortal-
ity.”® Hence, it is very important to determine patients
who are at risk of postoperative AF, and to take due pre-
cautions in the perioperative period.
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Although there is a lack of consensus among pub-
lished studies, many risk factors for AF after CABG
have been identified, including increased age, male
sex, low ejection fraction, chronic obstructive pulmo-
nary disease, chronic renal dysfunction and preopera-
tive withdrawal of beta-blocker drugs.?®*°
the studies that have identified these risk factors of
postoperative AF have mostly been derived from con-
ventional CABG with cardioplegic arrest, and a limited
amount of data on the incidence, risk factors and out-
comes of postoperative AF after beating-heart CABG
are available in the existing literature. Therefore, we
designed this study to determine the incidence, risk
factors and postoperative outcomes of new-onset AF
after beating-heart CABG.

However,

METHODS

Ethical status

The study was started once the Institutional Ethics
Committee had approved the study protocol. The study
was performed according to the principles of the Hel-
sinki Declaration, and written informed consent forms
were obtained from each patient before the surgery.

Patients and study design

The study population consisted of 458 patients who
underwent beating-heart CABG surgery without the use
of aortic cross clamping and cardioplegic arrest between
January 2011 and January 2015 in our institution. Pa-
tient data were obtained from hospital records and then
reviewed retrospectively. The patients were divided into
two groups according to the development of AF during
the postoperative period until discharge. Group 1 (AF
group) and Group 2 (non-AF group) consisted of 147 and
311 patients, respectively. Both groups were compared
in terms of baseline clinical characteristics, intraopera-
tive data, and postoperative outcomes. The risk factors
and postoperative outcomes of AF after beating-heart
CABG were then determined.

Postoperative AF was defined as new-onset AF of
any duration in the postoperative period which required
medical treatment (beta-blockers, calcium channel bloc-
kers, amiodarone, anticoagulants, etc.).

The exclusion criteria were persistent/permanent

AF or a history of paroxysmal AF before the surgery, con-
ventional on-pump CABG with the use of aortic cross
clamping and cardioplegic arrest, conversion from off-
pump to on-pump CABG or from on-pump beating-heart
to conventional CABG during the operation, emergency
surgery, redo cardiac surgery, and concomitant valve
surgery or surgical procedures other than isolated CABG.

Surgical approach

Both off-pump and on-pump beating-heart CABG
techniques were performed by the same surgical team
who had a similar level of experience with both proce-
dures. The surgical technique to be performed was as-
signed a day before the surgery according to the pa-
tients’ demographics, clinical features, and aortic and
coronary vasculature. Nonetheless, the final decision re-
garding the surgical technique was made following the
evaluation of coronary anatomy and ascending aorta
during the surgery.

Although demographic and clinical features and es-
pecially age, gender, diabetes mellitus and left ventri-
cular dysfunction were taken into account when decid-
ing the surgical technique, the parameter mainly taken
into consideration was the patients’ angiography images
in the preoperative period. According to the diameters
of coronary arteries and the diffusiveness of stenotic
lesions in the coronary arteries after they had been
evaluated with angiography preoperatively, in the cases
where the coronary arteries were thin and the lesions
were diffuse, on-pump beating-heart CABG technique
was considered first as the technique to be performed
during the operation. Nevertheless, the coronary ar-
teries were re-evaluated during the surgery and the fi-
nal decision was mainly made intraoperatively according
to the coronary vasculature. In cases where exploration
of the target coronary arteries was very difficult and re-
quired considerable manipulation of the heart, such as
in target coronary arteries with an intramyocardial course
or localized in the atrioventricular groove especially for
circumflex coronary arteries, the on-pump beating-heart
technique was usually preferred. The on-pump tech-
nique was also usually preferred in patients with cardiac
hypertrophy. On the other hand, the off-pump tech-
nique was primarily preferred in patients with severe as-
cending aorta diseases such as porcelain aorta and dis-
seminated atherosclerotic involvement of the ascending
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aorta in order to avoid additional aortic cannulation.

All patients were operated through median sterno-
tomy under general anesthesia. The left internal thoracic
artery and vena saphena magna were used as primary
bypass grafts in most of the patients. Off-pump CABG
was performed in 223 patients, and on-pump beating-
heart CABG was performed in 235 patients.

Arrhythmia monitoring

All patients were transferred to the intensive care
unit (ICU) at the end of the operation, and monitored
continuously using a cardiac rhythm monitor during ICU
follow-up. Standard 12-lead ECG recordings were ob-
tained from all patients before the operation, immedi-
ately after the operation, and then routinely on a daily
basis during postoperative hospital stay both in the ICU
and in the acute inpatient ward. During acute inpatient
ward follow-up after discharge from the ICU, trained
nurses observed the patients’ hemodynamic parameters
including radial pulse rate every 4 hours. Additional ECG
recordings were obtained when there was any clinical
suspicion of arrhythmia.

Statistical analysis

Preoperative, intraoperative, and postoperative va-
riables were compared between the patients with and
without postoperative AF using different statistical
tests. Categorical variables were analyzed using the
chi-square test. Normally distributed continuous vari-
ables were analyzed using independent samples
t-tests. The non-parametric Mann Whitney U test was
used for non-normal data. In addition to univariate
analysis, multivariate analysis was conducted, and the
odds ratio (OR) for each factor was assessed after con-
trolling for other variables. For the multivariate analy-
sis, logistic regression was used. In univariate analysis,
the variables with p-values less than 0.50 that were
thought to be related to AF were included in the mo-
del. Continuous data are expressed as mean * standard
deviation, and categorical variables as the frequency
and percentage for each group. The analyses were per-
formed using the Statistical Package for Social Sciences
25.0 for Windows (SPSS Inc., Chicago, lllinois, USA).
The results of the study were evaluated within a 95%
reliance, and a p-value < 0.05 was considered to be sta-
tistically significant.
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RESULTS

The analysis included 143 patients with AF (44 fe-
males, 99 males) and 315 patients without AF (109 fe-
males, 206 males). The incidence of postoperative AF in
this study was 31.2% (143/458). The non-AF group and
AF group were compared in terms of demographic and
preoperative, intraoperative, and postoperative factors
after CABG surgery (Table 1, Table 2 and Table 3, respec-
tively).

The patients with AF were significantly older than
those without AF (p < 0.001). The average age of the
non-AF group was 61.76 + 9.83 years, whereas the aver-
age age of the AF group was 68.08 = 7.76 years. There
were no significant differences in any other preopera-
tive and demographic factors between the AF and
non-AF groups (all p values > 0.05; Table 1).

When intraoperative factors were considered (Table
2), it was observed that the patients with AF had a sig-
nificantly higher use of cardiopulmonary bypass (CPB)
during the surgery compared to the patients without AF
(69.2% vs. 43.2%, p < 0.001). The patients with postop-
erative AF had a significantly higher value of distal by-
pass (3.69 + 0.773 vs. 3.43 + 0.866, p = 0.007). There
were no statistically significant differences between the
AF and non-AF groups in the other intraoperative vari-
ables.

The patients with and without AF were significantly
different in numerous postoperative variables (Table
3). The patients with AF had statistically significantly
longer lengths of ICU and hospital stay, and more trans-
fused erythrocyte suspension (ES) units than the non-
AF group (p <0.001 for the lengths of ICU and hospital
stay, and p = 0.001 for transfused ES units). The aver-
age lengths of ICU and hospital stay in the AF group
versus the non-AF group were 43.79 + 32.39 versus
30.49 + 33.31 hours, and 8.20 = 4.37 versus 5.77 £ 2.16
days, respectively; whereas the average number of
transfused ES units in the AF group versus the non-AF
group were 1.23 + 1.05 versus 0.94 + 1.03, respec-
tively. There were no statistically significant differences
between the patients with and without postoperative
AF with respect to extubation time, hematocrit level,
unit of transfused fresh frozen plasma, use of inotropic
agents and intra-aortic balloon pumps, major postop-
erative complications including low cardiac output syn-
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Table 1. Demographic and preoperative variables

Variables Non-AF group (n = 315) AF group (n = 143) p value
Age 61.76 £9.83 68.08 +7.76 <0.001
Gender (Male) 206 (65.4%) 99 (69.2%) 0.420
Body mass index 27.49 +4.00 27.46 +3.49 0.926
Obesity 59.28 (18.7%) 28 (19.6%) 0.830
LMCA disease 66 (21%) 28 (19.6%) 0.736
Low LVEF 209 (66.3%) 90 (62.9%) 0.477
LVEF level 50.12 +8.82 50.15+8.23 0.814
Hypertension 214 (67.9%) 99 (69.2%) 0.783
Diabetes mellitus 125 (39.7%) 51 (35.7%) 0.413
Hyperlipidemia 124 (39.4%) 60 (42.0%) 0.600
Myocardial infarction 100 (31.7%) 54 (37.8%) 0.207
Chronic renal dysfunction 17 (5.4%) 6(4.2%) 0.585
Chronic liver disease 1(0.3%) 2 (1.4%) 0.184
Peripheral arterial disease 39 (12.4%) 18 (12.6%) 0.951
COPD 19 (6.0%) 15 (10.5%) 0.092
Previous CVE 8 (2.5%) 2 (1.4%) 0.439
Previous PCI 33 (10.5%) 17 (11.9%) 0.653
Smoking 85 (27%) 41 (28.7%) 0.708

AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease; CVE, cerebrovascular event; LMCA, left main coronary artery;
LVEF, left ventricular ejection fraction; PCl, percutaneous coronary intervention.
Data expressed as mean + standard deviation for continuous variables or number (%) for categorical variables.

Continuous variables compared using independent samples t-test.

Mann Whitney U test was used for comparing LVEF level variable.

Categorical variables reported as frequency (percent) and compared using chi square tests.

Table 2. Intraoperative variables

Variables Non-AF group (n = 315) AF group (n=143) p value
CPB use 136 (43.2%) 99 (69.2%) <0.001
CPB time (min) 87.94 +27.98 94.48 + 35.05 0.116
LITA use 306 (97.1%) 135 (94.4%) 0.151
Complete revascularization 299 (94.9%) 137 (95.8%) 0.682
Number of distal bypass 3.43 +£0.87 3.69+£0.77 0.007

AF, atrial fibrillation; CPB, cardiopulmonary bypass; LITA, left internal thoracic artery.
Data expressed as mean * standard deviation for continuous variables or number (%) for categorical variables.

Independent samples t-test was used for comparing CPB times.

Mann Whitney U test was used for comparing numbers of distal bypass.

Categorical variables were compared using chi square tests.

drome, myocardial infarction, CVE, mediastinitis, pneu-
monia, respiratory failure requiring reintubation, se-
vere bleeding requiring re-exploration, acute renal dys-
function requiring hemodialysis, gastrointestinal bleed-
ing, and in-hospital mortality.

After identifying the significant risk factors, multi-
variate analysis was performed to evaluate the relation-
ships between the development of postoperative AF
and its risk factors by adjusting for other independent

471

variables that may also be related to AF. The multi-
variate analysis was conducted using a logistic regres-
sion model, and the results revealed that the risk of de-
veloping postoperative AF increased by 7.6% with a
one-year increase in the patient’s age [OR 1.076 with
95% Cl: (1.047, 1.106), p < 0.001], and that the risk of AF
was 2.1 times higher when CBP was used during the
operation [OR 2.110 with 95% ClI: (1.289, 3.456), p =
0.003] (Table 4).
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Table 3. Postoperative variables

Variables Non-AF group (n = 315) AF group (n = 143) p value
Extubation time (hour) 7.29+3.01 7.30+3.80 0.416
Length of ICU stay (hour) 30.49 +33.31 43.79+32.39 <0.001
Length of hospital stay (day) 5.77+2.16 8.20+4.37 <0.001
Hematocrit level 29.02+3.42 28.42+3.51 0.077
Transfused ES (unit) 0.94+1.03 1.23+1.05 0.001
Transfused FFP (unit) 1.91+0.99 1.82+0.99 0.564
Inotrope requirement 32 (10.2%) 10 (7.0%) 0.277
IABP requirement 15 (4.8%) 5(3.5%) 0.539
Low cardiac output syndrome 15 (4.8%) 4 (2.8%) 0.329
Myocardial infarction 6 (1.9%) 3(2.1%) 0.890
Cerebrovascular event 9 (2.9%) 1(0.7%) 0.143
Reintubation 10 (3.2%) 4 (2.8%) 0.828
Pneumonia 7 (2.2%) 3(2.1%) 0.933
Mediastinitis 5(1.6%) 2 (1.4%) 0.879
Reexploration for bleeding 7 (2.2%) 5(3.5%) 0.429
ARD requiring hemodialysis 5(1.6%) 3(2.1%) 0.699
Gastrointestinal bleeding 2 (0.6%) 0 (0.0%) 0.340
In-hospital mortality 5(1.6%) 2 (1.4%) 0.879

AF, atrial fibrillation; ARD, acute renal dysfunction; ES, erythrocyte suspension; FFP, fresh frozen plasma; IABP, intraaortic balloon
pump; ICU, intensive care unit.
Data expressed as mean + standard deviation for continuous variables or number (%) for categorical variables.
Mann Whitney U test was used for continuous variables.

Categorical variables were compared using chi square tests.

Table 4. Results of multivariate analysis for prediction of
independent risk factors

Odds ratio (95% Cl)

Variables p value
Age <0.001
Gender (Male) 0.201
Low LVEF 0.372
Diabetes mellitus 0.509
Myocardial infarction 0.563
COPD 0.124
CPB use 0.003
Number of distal bypass 0.190
Extubation time 0.675
Length of ICU stay <0.001
Length of hospital stay <0.001
Hematocrit level 0.943
Transfused ES 0.323
Inotrope requirement 0.148
LCOS 0.602

1.076 (1.047, 1.106)
0.718 (0.432, 1.193)
0.797 (0.484, 1.312)
0.848 (0.519, 1.384)
1.159 (0.703, 1.911)
1.972 (0.831, 4.679)
2.110 (1.289, 3.456)
1.225 (0.905, 1.659)
1.015 (0.947, 1.088)
1.003 (0.996, 1.010)
1.474 (1.292, 1.681)
1.003 (0.931, 1.080)
1.130 (0.887, 1.439)
0.411 (0.123, 1.370)
1.625 (0.262, 10.084)

Cl, confidence interval; COPD, chronic obstructive pulmonary
disease; CPB, cardiopulmonary bypass; ES, erythrocyte
suspension; ICU, intensive care unit; LCOS, low cardiac output
syndrome; LVEF, left ventricular ejection fraction.

Results of multivariate logistic regression analysis of
postoperative atrial fibrillation as the dependent variable.
The goodness of fit of the model in the logistic regression
analysis was confirmed by a p-value of 0.688 in the Hosmer-

Lemeshow test.
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DISCUSSION

Postoperative atrial fibrillation (POAF) is a frequent
complication of cardiac surgery, affecting 10% to 40% of

patients undergoing isolated CABG surgery.>*'"**

Despite
improvements in cardiac anesthesia, surgical and myo-
cardial protection techniques, no significant decline in
the incidence of POAF has been observed. On the con-
trary, its incidence has increased paradoxically in recent
years because of the older age more comorbidities of
the surgical patients, and due to advancements in con-
tinuous ECG monitoring technology. In our study popu-
lation, the overall incidence of POAF was 32.1%, The in-
cidence of POAF after CABG in our study was compara-
ble to the literature.

Ischemia-reperfusion injury occurs following the re-
lease of aortic cross clamp during conventional on-pump
surgery. It is known that ischemia-reperfusion injury in-
creases the risk of POAF development.”’15
avoid ischemia-reperfusion injury by using the beat-
ing-heart CABG technique, and therefore to reduce the
incidence of POAF; however, since we included all AF
cases (including AF that did not alter hemodynamic pa-
rameters, and even very short-lived and transient AF) in

We aimed to
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the AF group, we did not obtain a lower POAF incidence
in our study population.

Although in earlier studies POAF has been consid-
ered to be a self-limiting, temporary, benign and well-
tolerated clinical condition, recent studies have sug-
gested that it is more ‘malignant’ than previously thought,
and associated with prolonged ICU and hospital stay,
greater usage of healthcare resources, increased peri-
operative morbidity, and even increased early and late
mortality.? %1620
vascular mortality has also been reported in patients
with POAF after CABG.”"*

The pathophysiology of POAF following CABG is not
completely understood. Current evidence suggests that
a combination of several factors plays role in the occur-
rence of POAF. These factors include enhanced inflam-

A two-fold increased risk of cardio-

mation, ischemia, oxidative stress, atrial fibrosis, exces-
sive delivery of catecholamines to the systemic circula-
tion, imbalance of the autonomic tonus, and changes in
the expression of connexins that cause the formation of
a predisposing anatomic substrate.”?

Determining the risk factors of POAF following CABG
is important, since it may contribute to the implementa-
tion of prevention strategies and prompt management.
Although numerous risk factors have been reported in
different studies, increased age is the strongest risk fac-
tor for POAF, and is almost always identified as a signifi-
cant predictor in the literature 2 1/1618:21.23
relationship between age and AF development has been
explained by atrial dilation and myocyte loss due to ag-
ing, muscle atrophy, decrease in conduction tissue and
fibrosis. These pathophysiological changes in atrium tis-
sue may then lead to multiple pathways for re-entry
that induce atrial arrhythmias including AF.***
study population, age was the only preoperative risk
factor for POAF, and a one-year increase in the patient’s
age was associated with 7.6% increase in the risk of
developing POAF.

We also revealed that the use of CPB during beat-
ing-heart CABG surgery was another independent pre-
dictor of POAF. Moreover, the risk of POAF was 2.1 times
higher when CBP was applied during beating-heart CABG
surgery. The effect of using CPB during CABG on the de-
velopment of POAF is controversial. Some studies have
reported that off-pump CABG reduces the development
of POAF compared to on-pump CABG.”*”® Additionally, a

The causal

In our

recent systematic review and meta-analysis study com-
prising a total of 16,261 participants from 54 clinical
trials comparing the safety and effectiveness of off-
pump and on-pump CABG reported that the incidence
of POAF was significantly reduced in the off-pump CABG
group.?® On the other hand, some other studies have
shown that off-pump CABG does not reduce AF develop-
ment in postoperative period compared with on-pump
technique, and that it is associated with statistically sim-
ilar incidence of POAF.2?%3% As 3 result, the scientific
data from both randomized and observational studies in
the existing literature are inconsistent, and many stud-
ies investigating this matter have weaknesses in design,
conduct or interpretation. However, in the comparative
studies, the on-pump technique was mostly attributed
to conventional CABG with the use of aortic cross clam-
ping and cardioplegic arrest, and in the literature there
are very few studies regarding comparisons of the off-
pump technique with on-pump beating-heart CABG (with-
out aortic cross clamping and cardioplegic arrest) in
terms of POAF development.

In our study, ES transfusion was associated with
POAF development in the univariate analysis, but not in
the multivariate analysis. The effect of blood transfusion
on POAF development after CABG is another controver-
sial issue. Although a significant association between
blood transfusion and POAF development has been re-
ported in many studies,**?’
monstrated this association.

other studies have not de-
23837 1n accordance with
our study, ES transfusion was not considered to a signi-
ficant predictor of AF that develops in patients under-
going isolated beating-heart CABG.

In almost all studies in the literature, patients with
POAF after CABG have been reported to have longer
lengths of ICU and hospital stay. Similarly to the litera-
ture, our study also revealed that the mean lengths of
ICU and hospital stay were significantly longer in the pa-
tients with POAF than in those without POAF. Compared
to a normal sinus rhythm, AF can worsen the patients’
hemodynamic status due to the lack of coordinated at-
rial function and tachycardia. Moreover, it is a potential
cause of several major adverse events such as throm-
boembolism, CVE and myocardial infarction, and it re-
quires early and appropriate treatment. Hemodynamic
instability secondary to AF, possible complications and
treatment procedures of AF are the major reasons for

Acta Cardiol Sin 2019;35:468-475
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prolonged ICU and hospital stay.

Limitations of the study

This study has several limitations. The main limita-
tion is the retrospective nature of data collection in this
study. Patients with complex and diffuse coronary artery
disease were more likely to undergo on-pump beating-
heart CABG. Therefore, patient selection bias for the
surgical procedure was possible. Other important limita-
tions were comparing AF and non-AF groups who under-
went off-pump and on-pump beating-heart CABG with-
out subdividing them, and the lack of mid- and long-
term outcomes of the patients and thus not establishing
a relationship between POAF and late survival. In addi-
tion, continuous cardiac rhythm monitoring was not
performed after ICU discharge in the acute inpatient
ward. Although during acute inpatient ward follow-up
standard ECG recordings were obtained routinely every
day and whenever there was a clinical suspicion of ar-
rhythmia, it is likely that short episodes of asymptom-
atic AF may be missed.

CONCLUSIONS

The results of our study demonstrated that age and
the use of CPB during surgery were independent predic-
tors of POAF following beating-heart CABG. In addition,
POAF was associated with prolonged ICU and hospital
stay. However, further prospective randomized studies
with a larger sample size are necessary in order to sup-
port our research and attain more accurate data.
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