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Abstract

Background Despite advances in prevention and treatment, postoperative atrial fibrillation (POAF) is the most
common type of complication undergoing cardiac surgery. This study aimed to identify the relationship between
POAF and clinical outcomes after coronary artery bypass graft.

Methods In this cross-sectional study, we retrospectively reviewed the medical records of 324 patients who had
undergone coronary artery bypass grafting in an intensive care unit between 2010 and 2019 at a tertiary hospital in
Korea. Propensity score matching was used to estimate a 1:1 match (without: with POAF) using seven covariates to
overcome selection bias. Kaplan—Meier survival analysis and Cox proportional hazards modeling were performed to
determine the effect on intensive care unit readmission and length of hospital stay.

Results After controlling for covariates, 1:1 matching was performed for 91 patients in each group. The occurrence
of postoperative atrial fibrillation was found to increase the probability of readmission to the intensive care unit, with
a 23% reduced probability of readmission for every 10% increase in left ventricular ejection fraction. Multivariate
analysis indicated that postoperative atrial fibrillation, chronic obstructive pulmonary disease as a comorbidity, and
preoperative hemoglobin were factors affecting the length of hospitalization after surgery. The Kaplan—Meier survival
analysis results indicated that the without POAF group had a higher survival rate than the with POAF group.

Conclusions Healthcare professionals should recognize negative factors such as postoperative atrial fibrillation and
abnormal hematologic parameters that impact major clinical outcomes in patients and may require closer monitoring
before and after coronary artery bypass grafting.
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Background

Coronary artery bypass graft (CABG) surgery remains
the gold standard treatment for multivascular and left
main coronary artery diseases [1]. Despite successful
revascularization, patients who have undergone CABG
remain at risk of recurrent adverse ischemic events and
other cardiovascular outcomes, such as coronary revas-
cularization, stroke, and cardiac death [2, 3]. Atrial
fibrillation (AF) is the most common perioperative
arrhythmia, with an estimated incidence of 11-40% and
3% in patients who have undergone CABG and major
noncardiac surgeries, respectively [4].

AF after heart surgery usually presents within the first
48 h [5] and is related to increased sympathetic tone
and inflammation. This drives the emergence and main-
tenance of AF after cardiac surgery [6]. Postoperative
atrial fibrillation (POAF) is associated with an increased
incidence of short-term complications after CABG [7].
Rapid and irregular ventricular rates in POAF can lead
to myocardial ischemia due to insufficient coronary flow
to compensate for myocardial oxygen demand [8]. Less
frequently, AF manifests as brady arrhythmias, which
may decrease cardiac output in patients with fixed stroke
volume. Finally, loss of atrial contraction increases pul-
monary artery pressure, primarily in patients with hyper-
tension and diastolic dysfunction [9]. Cumulatively, all
these effects on cardiopulmonary hemodynamics can
lead to hypotension, heart failure, and myocardial infarc-
tion [10].

Moreover, POAF not only makes patients anxious but
also causes complications, such as additional drug treat-
ment, increased cost, and prolonged length of hospital
stay (LOS) [11].

In contrast, POAF prophylaxis can lead to prevent
hypotension, bradycardia, and heart blockade. In addi-
tion, identifying patients prone to POAF can have a posi-
tive impact on clinical outcomes, such as intensive care
unit (ICU) readmission rates, LOS, and mortality, and
enable personalized preventive treatment [2]. This is a
significant challenge for both patients and healthcare
professionals because AF is associated with numerous
detrimental sequelae, including worsening of patients’
hemodynamic status, increased risk of congestive heart
failure (CHF), embolism, stroke, and prolonged ICU
stays [12].

Despite efforts to elucidate the optimal management
of POAF, the incidence of POAF following cardiac sur-
gery has remained relatively consistent in the past sev-
eral decades, suggesting that greater efforts must be
made to understand the required interventions. In addi-
tion, the rates of recurrent AF as well as optimal follow-
up and management of adverse effects remain unclear.
Most studies have been conducted on the occurrence
of AF after CABG have confirmed the mortality rate,
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readmission rate [7], the effectiveness of various anti-
arrhythmic therapies [13], and treatment methods for
patients who underwent CABG [14, 15]. However, most
studies conducted using cross-sectional data with con-
venience sampling were unable to determine the rela-
tionship between POAF and adverse effects, such as
readmission to the ICU and prolonged LOS; hence, the
results cannot be generalized to the relevance of POAF.
For this reason, the occurrence and clinical outcomes of
POAF after CABG remain uncertain.

In this study, we compared a group of patients with
POAF with a group without POAF following CABG using
a propensity score matching (PSM) approach, which can
reduce selection bias and capitalize on the randomization
effect [16] of this method to determine the correlation
between the occurrence of POAF and clinical outcomes
after CABG.

The study objectives were as follows: (1) identification
of general and clinical characteristics of patients depend-
ing on whether POAF occurs or not; (2) differences in
control variables before and after 1:1 matching; and (3)
identification of the relationship between AF and clini-
cal outcomes (ICU readmission, LOS, survival rate) after
CABG.

Methods

Design

A retrospective cohort investigation was performed to
identify the association between POAF and clinical out-
comes, such as ICU readmission, LOS, and survival rate.

Participants and recruitment

The study participants were adults aged>19 years who
had undergone CABG for coronary artery disease,
including those with AF on electrocardiography, those
who had undergone reoperation CABG (Redo-CABG) or
emergency CABG, and those who had died during hospi-
talization. Patients<19 years old, those who had under-
gone cardiac surgeries in addition to CABG, and those
who had undergone preoperative CABG were excluded.
Additionally, patients with incomplete electronic medi-
cal record data regarding general characteristics, clinical
characteristics, and clinical results related to CABG were
excluded from the study. The flow chart of this study is
shown in the Fig. 1.

Sample size and power

A total of 324 patients met the selection criteria. We esti-
mated the sample size needed for logistic regression using
G*Power version 3.1.9.4. Based on achieving 80% power
(1—-p) with an alpha of 0.05, a small to medium effect size
(odds ratio 1.5) [17], and a two-tailed test, the minimum
sample size required for analysis was 308. Accordingly, a
sample size of 324 was considered sufficient.
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Fig. 1 Flow chart of the present study. PSM: Propensity score matching

Measures
Clinical and disease-related characteristics
The general and disease-related characteristics of the
patients included in the stage were the following: age; sex;
smoking and drinking history; medical insurance status;
body mass index; comorbidities (hypertension, diabe-
tes, chronic kidney injury, chronic obstructive pulmo-
nary disease [COPD]; mitral valve regurgitation [MVR]);
history of acute kidney injury, stroke, and myocardial
infarction; left atrium (LA) size; left ventricular ejection
fraction (LVEF); physiological parameters such as preop-
erative hemoglobin, CK-MB, and troponin I; cardiopul-
monary bypass use; intraoperative intra-aortic balloon
pumping (IABP); APACHE II score at ICU admission;
and duration of mechanical ventilation.

POAF was defined as any episode of AF (occurrence
of irregular heart rhythm without detectable P-waves)

With POAF

\ 4

¢ 91 Patients

lasting more than 30 s that was recorded on cardiac
telemetry or an episode of AF requiring treatment,
including antiarrhythmic drugs, such as amiodarone or
electrical cardioversion, during hospitalization. This defi-
nition is consistent with those of most previous studies
[12].

Clinical outcomes

Primary research or clinical outcomes, such as LOS,
readmission to the ICU, and survival rate, were used as
dependent variables. The period for readmission to the
ICU was within 90 days of discharge after CABG.

Data collection

The research data included medical records (admission
and discharge data, postoperative clinical records, nurs-
ing records from the ICU and general ward, and blood
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records) of patients who had undergone CABG at a ter-
tiary general hospital in South Korea. Two researchers
with experience in ICUs, including conducting examina-
tions, collected data by searching medical records and
cross-examined these data to increase reliability.

Statistical analysis and PSM

PSM was used to control and balance existing confound-
ing factors when analyzing the relationship between the
occurrence of POAF after CABG and clinical outcomes.
Because the data in the current study were population-
based, a comparison of clinical outcomes between groups
with and without POAF might have been biased. The pro-
pensity score was applied to a logistic regression model
in which the dependent variables included the LOS and
readmission occurrence. As a covariate that adjusts the
treatment effect for baseline differences were those with
significant differences between the groups in disease-
related characteristics, including age, sex, smoking sta-
tus, comorbidities (COPD, stroke, MVR), LA size, and
the APACHE II score upon ICU admission. Based on the
propensity score, groups with and without POAF were
matched at a 1:1 ratio. The number of matches was opti-
mifized by matching patients with the fewest matches. To
compare the results between groups, the “nearest neigh-
bor matching” standard with a caliper value of 0.02 was
used, and the balance of the matched data was evaluated
by comparing standardized mean differences. A stan-
dardized difference between —0.10 and 0.10 indicated an
appropriate balance.

We investigated baseline characteristics as the num-
ber of frequencies for categorical variables and as mean
values with standard deviations for continuous vari-
ables. We compared the mean or frequency of each vari-
able between the POAF and non-POAF groups using an
independent two-sample t-test for continuous variables
and a chi-squared test for categorical variables. The mea-
surement variables of this study were confirmed to be
normally distributed, satisfying the criteria of normal dis-
tribution: skewness <|2|, kurtosis <|4/.

PSM was performed using R software (version 3.6.3),
and a Kaplan—Meier analysis was performed by log-rank
testing to compare survival rates between the POAF
and non-POAF groups. A Cox multivariate regression
analysis was performed to identify independent variables
associated with ICU readmission in the population. Mul-
tivariate models were built by forward stepwise (likeli-
hood ratio) selection, with candidate variables included
if they met the entry criterion of p<0.05 in the univari-
ate analysis. All analyses were performed using SPSS 24.0
(IBM Corp., Armonk, NY, USA). Missing information
was replaced by multiple imputation.
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Ethical considerations

The study protocol was approved by the Institutional
Review Board of Seoul National University Hospital Bio-
medical Research Institute (approval no.: 20200114/10-
2020-8/021). Because of the retrospective nature of
the study, the requirement for informed consent was
waived. The data were analyzed anonymously and kept
confidential.

This study was conducted in compliance with ethi-
cal principles based on the “Declaration of Helsinki
2013 (Ethical Principles for Medical Research on
Human Subjects)” and ICH (International Council for
Harmonisation)-GCP (Good Clinical Practice) guide-
lines. It was conducted after IRB approval for secondary
analysis.

Results

General characteristics and distribution of propensity
scores before and after matching

Table 1 shows the baseline characteristics of the patients.
Of the 324 patients who had undergone CABG, 92 and
232 were included in the POAF and non-POAF groups,
respectively, and the statistical differences in patient
characteristics between the two groups were compared.
The average age of the group that developed POAF after
CABG was 69.17 (£8.07), and that of the group without
POAF was 63.78 (£10.22). The highest age of occur-
rence of postoperative POAF was in the 70s; 42.39% and
29.74%, in the POAF and non-POAF groups, respec-
tively. More than 50% of patients with POAF (71.55%)
were men. By 1:1 matching of patients with the same (or
very similar) propensity scores in both groups, 182 peo-
ple were selected (91 per group) for continued evalua-
tion. Before matching, baseline characteristics, including
age, COPD, stroke, MVR, LA size, and APACHE II score
at ICU admission, showed statistically significant differ-
ences between the groups (p<0.05).

PSM estimation and balance

To verify the quality of matching, standardized mean dif-
ference comparisons and multivariate imbalance tests
were performed. Standardized mean differences are
shown in Additional File 1. After matching, the overall
difference between the two groups was <0.1, which is
lower than the standard value of 0.1 [18], confirming that
the two groups were balanced and matched. An abso-
lute standardized difference of >0.1 was considered an
acceptable balance. Statistical significance tests (p-values)
were also applied. If a variable did not reach an accept-
able level of balance (i.e., standardized difference<0.1 or
p-value<0.05), that variable was included in the outcome
model to be adjusted. As shown in Table 2, the multivari-
ate imbalance statistic (L1) before and after matching was
0.94 and 0.59 (close to zero), respectively, confirming that
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shown in Table 2, in the original sample before matching,
statistically significant differences were found between
the groups with and without POAF according to the
seven covariates, indicating that the two groups were
not homogeneous. However, in the newly constructed
matching sample using the propensity score, no statisti-
cally significant differences were found between any of
the compared covariates, confirming that both groups
with and without POAF were homogeneous (Table 2).
In addition, to verify matching quality, a balance test was
conducted on the final matched data, which consisted of
a standardized mean difference comparison and a multi-
variate imbalance test. After matching, the standardized
mean difference between the two groups decreased sig-
nificantly, and all standardized mean difference values
were below the standard value of 0.25, confirming that
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the groups were balanced and matched (Additional File
1).

Factors influencing ICU readmission
To identify factors affecting ICU readmission, a multi-
variable Cox proportional hazards regression analysis
was performed. The results are shown in Table 3. Look-
ing at risk factors affecting ICU readmission, cases with
abnormal LVEF were found to have a lower probability
of being readmitted to the ICU compared to cases with
normal LVEF (LVEF>30%) (HR: 0.97; 95% CI 0.95-0.99),
the same significant result was shown even after the
correction variable was introduced (HR: 0.97; 95% CI
0.95-0.99).

The troponin I level was considered normal if<0.5
ng/mL, and cases with abnormal troponin I were found
to have a higher probability of being readmitted to the

Table 3 Cox proportional hazards model for intensive care unit readmission in patients with coronary artery bypass graft in the

matched cohort (N=182)

Characteristics Crude HR (95% Cl) p-value Adjusted HR (95% Cl) p-value
POAF 2.79 (1.23-6.31) 0014 2.61(1.13-6.02) 0.024
Age

<60 years Reference Reference

60-69 years 2.03(0.44-9.38) 0.366 1.23(0.31-4.84) 0.768
70-79 years 2.78(0.64-12.07) 0.174 1.46 (0.38-5.66) 0.581
>80 years 64 (0.23-11.67) 0619 0.90 (0.22-7.73) 0.883
Sex, men 9(0.55-3.03) 0.554 2.03 (0.55-7.50) 0.286
Smoking

Non-smoker Reference Reference

Ex-smoker 1.57 (0.72-3.45) 0.258 1.54 (0.36-6.70) 0.561
Smoker 0.72 (O 23-2. 21) 0.564 0.78 (0.39-1.55) 0441
Alcohol drinking, yes 0.86 (0.4 79) 0.678 0.95 (0.32-2.84) 0.923
Health insurance, medical aids 0.78 (02 1 92) 0.586 042 (0.16-1.10) 0.078
Body mass index 00 (0.90-1.11) 0.982 0.94 (0.81-1.09) 0.400
Comorbidities

Hypertension, yes 52(0.53-4.37) 0436 1.03 (0.51-2.04) 0.945
Diabetes, yes .92 (O 44-1.90) 0.811 0.28 (0.07-1.07) 0.063
Chronic kidney disease, yes 11(051-2 44) 0.794 1.15(0.43-3.30) 0.791
COPD, yes 26 (O 38-4.18) 0.701 0.51(0.07-3.70) 0.507
Mitral valve regurgitation, yes 2.08 (0.92-4.69) 0.079 0.63 (0.18-2.27) 0484
History of acute kidney injury, yes 71 (0.52-5.66) 0.381 1.67 (0.38-743) 0.503
History of stroke, yes 0.70 (O 29-1.73) 0442 1.01 (0.39-3.12) 0.866
History of myocardial infarction, yes 0.80 (0.3 1) 0.656 1.05 (0.77-144) 0.759
Left atrium size (O 95-1.08) 0.765 1.02 (0.94-1.11) 0.668
LVEF <30% 0.97 (0.95—0.99) 0.002 0.97 (0.95-0.99) 0.003
Pre-operative hemoglobin 1.02 (0.83-1.26) 0.839 1.06 (0.78-145) 0.704
Pre-operative CK-MB 1.01 (1.00-1.01) 0.091 0.99 (0.96-1.01) 0.170
Pre-operative troponin | 1.02 (1.00-1.05) 0.019 1.02 (1.00-1.05) 0.046
Cardiopulmonary bypass use (%) 04 (0.46-2.34) 0.934 1.55(0.53-4.50) 0419
Intra-operative |ABP (%) 2.09 (0.73-6. 01) 0.172 1.66 (0.32-8.59) 0.545
APACHEII score at ICU admission 08 (0.99-1.18) 0.078 1.03 (0.92-1.15) 0.626
Duration of mechanical ventilation 01 (0.99-1.03) 0.196 1.02 (0.93-1.11) 0.706

APACHE Il, Acute Physiology and Chronic Health Evaluatlon, CK-MB, Creatine kinase MB fraction; COPD, chronic obstructive pulmonary disease; LVEF, Left ventricular
ejection fraction; IABP, Intra-aortic balloon pump; ICU, Intensive care unit; POAF, postoperative atrial fibrillation
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intensive care unit than normal cervixes (HR: 1.02; 95%
CI 1.01-1.05), and the correction variable was even after
injection, the same significant result was shown (HR:
1.02; 95% CI 1.01-1.06). (Table 3). Survival analysis using
multiple Cox proportional hazards regression analysis
with ICU readmission as the dependent variable showed
that the POAF group had a significantly higher risk of
ICU readmission (log-rank test, p=0.001). The Kaplan—
Meier survival analysis results confirmed that the with-
out POAF group had a higher survival rate than the with
POATF group (Fig. 2).

Factors affecting LOS

Multivariable linear regression analysis showed that
the LOS in the POAF group was significantly longer
than that in the non-POAF group (p=4.36, p=0.001;
Table 4). Univariate analysis identified the following fac-
tors influencing the LOS: health insurance, chronic kid-
ney injury, COPD, mitral regurgitation, history of acute
kidney injury, LVEF, preoperative hemoglobin, preop-
erative troponin I, intraoperative IABP, and mechanical

POAF Without POAF =~ With POAF

L0 _LL_H_‘
58 g
3 0754 e ———
2
[
o 0.50
©
*
g 0251 p=0.01
2]

0.001

0 10 1 20 25 30 3 40

Time in Days

Number at risk

e 191 86 35 9 2 0 0 0 0
o
= 191 77 44 18 10 7 2 1 1
0 5 10 15 20 25 30 35 40
Time in Days
POAF —— Without POAF — With POAF
1.0
3
®0.91
:
@
o
2081
©
E
%
w
0.7 1
p < 0.001
0 10 20 30 40

Days of follow-up

Fig. 2 Kaplan-Meier curve (a) and adjusted (b) survival curves with rela-
tive 95% Cl for the POAF and non-POAF groups. Cl: confidence interval,
POAF: postoperative atrial fibrillation
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implantation. Multivariate analysis was performed after
adjusting for the ventilation application period.

The results of the multivariate analysis indicated that
POAF (p=4.36, p=0.001), COPD comorbidity (p=6.16,
p=0.015), and preoperative hemoglobin (B = —1.28,
p=0.003) were the factors affecting LOS after CABG.

Discussion

In this study, we compared groups using the PSM
method, which controls for selection bias. The relation-
ship between the occurrence of POAF after CABG and
clinical outcomes (readmission to the ICU and LOS) was
confirmed. Additional context to better understand study
results is provided below.

First, before matching, the age of patients in the POAF
group was significantly higher than that of patients in
the non-POAF group (POAF group: 69.17 [8.04] vs. non-
POATF group: 63.7 [10.22]). However, this difference was
not significant after 1:1 matching. POAF occurred at an
older age (POAF group: 70.6 [10.7] vs. non-POAF group:
60.4 [16.4]) [19].

Multivariate analysis controlling for covariates in the
Cox proportional hazard model in the matched cohort
showed that the occurrence of POAF, LVEF, and preoper-
ative troponin I levels were factors affecting readmission
to the ICU. Consistent with the findings of a previous
study that retrospectively analyzed the records of 49,264
patients who had undergone cardiac surgery between
2001 and 2012, our study identified POAF as a factor that
increases risk-adjusted mortality, and readmission rates.

In agreement with the findings of a previous meta-
analysis that confirmed ejection fraction as a predictive
factor for POAF, our study implicated LVEF as a variable
associated with ICU readmission. Moreover, in patients
with LVEF<30%, the lower the ejection fraction, the
higher the incidence of POAF [20]. The occurrence of
POATF is a major cause of ICU readmission. In a previ-
ous study that preoperatively assessed troponin I level,
the patients in the POAF group had higher preoperative
troponin I levels, and the cutoff value for preoperative
troponin I levels and POAF occurrence was 0.901 ng/mL.
Preoperative troponin I levels may serve as an indicator
of the need for prompt management to prevent adverse
clinical outcomes after CABG [21].

A significant but low positive correlation was observed
between admission troponin levels and ICU LOS
(r=0.249, p=0.045) and discharge (r=0.312, p=0.012).
No statistically significant correlations were found
between troponin levels and other postoperative in-hos-
pital patient outcomes [21, 22]. Additional studies are
warranted to validate the relationship between preopera-
tive troponin levels and ICU readmission.

In this study, the occurrence of POAF, COPD comor-
bidity, and preoperative hemoglobin levels were
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Table 4 Multiple regression model for the length of hospital stay of coronary artery bypass graft patients in the matched cohort

(N=182)
Characteristics Univariable Multivariable

Standardized beta (95% Cl) p-value Standardized beta (95% Cl) p-value
POAF 4.61(1.78-7.54) 0.002 4.36 (1.70-7.03) 0.001
Age
< 60 years Reference Reference
60-69 years 1.09 (-3.57-5.75) 0.646 1.06 (0.97-1.15) 0.207
70-79 years 4.07 (-041-8.55) 0.075 4.09 (0.50-33.71) 0.191
> 80 years 2.64 (-3.66-8.95) 0.409 1.57(0.98-2.52) 0.059
Sex, men 0.77 (-2.49-4.03) 0.643 1.66 (0.56-4.87) 0.356
Smoking
Non-smoker Reference Reference
Ex-smoker 2.10 (-1.34-5.54) 0229 2.25(0.78-6.47) 0.130
Smoker -1.20 (-5.04-2.65) 0.541 1.10(0.36-3.39) 0.861
Alcohol drinking, yes -1.89 (-4.85-1.08) 0.211 -1.19 (-3.96-1.59) 0401
Health insurance, medical aids 7.59 (4.29-10.90) <0.001 4.37 (1.11-7.64) 0.009
Body mass index -0.31 (-0.75-0.12) 0.160 -0.29 (0.78-6.46) 0.131
Comorbidities
Hypertension, yes 2.05 (-1.70-5.79) 0.283 1.53(-1.42-4.48) 0.308
Diabetes, yes 0.33(-2.67--0.32) 0.831 143 (-1.12-3.98) 0.270
Chronic kidney injury, yes 4.02 (0.79-7.25) 0.015 -0.35 (-3.65-2.96) 0.835
COPD, yes 5.77 (0.44-11.09) 0.034 6.16 (1.23-11.09) 0.015
Mitral valve regurgitation, yes 4.96 (0.97-8.94) 0.015 2.02 (-1.74-5.78) 0.290
History of acute kidney injury, yes 8.89 (3.07-14.72) 0.003 447 (-1.15-10.09) 0.119
History of stroke, yes 1.92 (-1.43-5.27) 0.261 2.59 (-0.69-5.87) 0.121
History of myocardial infarction, yes 3.15 (-0.54-6.84) 0.094 2.22 (0.89-5.56) 0.090
Left atrium size 0.06 (-0.21-0.33) 0.645 -0.02 (-0.25-0.21) 0.870
Left ventricular ejection fraction -0.17 (-0.27-0.07) 0.001 -0.09 (-0.19-0.01) 0.079
Pre-operative hemoglobin -1.64 (-2.47-0.82) <0.001 -1.28 (-2.120.44) 0.003
Pre-operative CK-MB 0.05 (0.00-0.09) 0.053 0.0.23 (-0.014-0.03) 0473
Pre-operative >0.5 ng/mL 0.19 (0.02-0.36) 0.032 0.06 (-0.09-0.22) 0421
Cardiopulmonary bypass use 3.05 (-0.28-6.38) 0.073 046 (0.19-1.12) 0.083
Intra-operative IABP 5.99 (0.50-11.49) 0.033 3.29(-2.15-8.73) 0.234
APACHE Il score at ICU admission 0.20 (-0.1-0.55) 0.280 0.14 (-0.17-0.46) 0.373
Duration of mechanical ventilation 0.09 (0.01-0.18) 0.026 0.06 (-0.01-0.14) 0.094

APACHE Il=Acute Physiology and Chronic Health Evaluation, CK-MB=creatine kinase MB fraction, COPD=chronic obstructive pulmonary disease, IABP=intra-
aortic balloon pump, ICU=intensive care unit, POAF=postoperative atrial fibrillation; Health insurance (ref: no health insurance), Cl: confidence interval, POAF:

postoperative atrial fibrillation

identified as factors affecting LOS after CABG. POAF is
a frequent complication following cardiac surgery, result-
ing in prolonged LOS and hospital costs [23]. Decreased
oxygen supply, hypercapnia, pulmonary hyperten-
sion, diastolic dysfunction, oxidative stress, inflamma-
tion, changes in atrial size due to changes in respiratory
physiology, increased arrhythmia incidence in non-pul-
monary venous foci usually located in the right atrium,
and respiratory medications may also contribute to the
development of AF [24-26]. In a previous multivariate
linear regression analysis, COPD with comorbidity was
identified as an independent risk factor for the occur-
rence of POAF [27]. Therefore, when cardiac surgery is
performed in patients with a history of COPD, the pres-
ence or absence of AF should be monitored more closely.

Reducing LOS and medical costs associated with POAF
is imperative for patient outcomes.

In this study, preoperative hemoglobin levels were also
identified as a factor affecting LOS. According to the mul-
tivariate logistic regression analysis of data obtained from
a multicenter cohort study, patients with anemia had a
higher risk of perioperative blood transfusion, postop-
erative complications, and in-hospital death [28]. Further,
patients with anemia had a poor prognosis, thereby pro-
longing LOS and increasing ICU admission and in-hospi-
tal mortality [28] The results of this study support those
of this previous study. Therefore, to improve surgical out-
comes and reduce complications, appropriate preopera-
tive hematologic evaluation and maintenance of normal
hemoglobin concentrations may be necessary [28].
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Strengths and limitations of the work

This study had several limitations. Our findings were
based on a retrospective analysis of electronic medical
records with inherent variability in accuracy and data
availability. Our database lacked granularity and unac-
counted for or unmeasured confounders can bias the
treatment effect. Other potential factors that may have
affected study outcomes include baseline cardiac func-
tion, pulmonary artery catheterization, timing of AF
onset (particularly in relation to the onset of serious
disease), use of anticoagulants, and incidence of other
arrhythmias. Furthermore, our study did not include
certain outcome data such as stroke incidence. Finally,
our data were collected from a single university hospi-
tal in Korea; therefore, the results cannot necessarily be
generalized.

PSM is still limited by its ability to only control for
confounders that are known and measurable in insuffi-
ciently balanced groups. Nevertheless, the key finding of
this study was a confirmation of the relationship between
POAF and clinical negative outcomes after CABG based
on PSM, which has the effect of randomization by reduc-
ing selection bias. Data from this study provide useful
information about the incidence of POAF and the impor-
tance of intervention.

Recommendations for further research

We propose a future large-scale, long-term, longitudinal,
multicenter study that can determine actual clinical out-
comes after CABG.

Conclusions

In this study, using PSM, we analyzed the clinical out-
comes of the group that developed POAF and the group
that did not develop POAF after CABG surgery. These
outcomes included ICU readmission rate, LOS, and sur-
vival rate. Specifically, one-to-one pairing (POAF vs. non-
POAF) was performed using PSM, and factors affecting
the clinical outcomes of the two groups, namely readmis-
sion to the ICU and LOS, were identified.

The results of this study showed that the occurrence
of POAF, LVEF, and preoperative troponin I levels were
independent variables associated with readmission to the
ICU after CABG and that factors affecting the hospital-
ization period of patients after CABG surgery were the
occurrence of POAF, presence of medical aid, COPD as
a comorbidity, and preoperative troponin hemoglobin
levels.

Based on our results, we propose a follow-up study
to confirm the relationship between the occurrence
of POAF after CABG and clinical outcomes through a
large-scale, multicenter, longitudinal study.
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AF Atrial fibrillation
CABG  Coronary artery bypass graft
CHF Congestive heart failure

COPD  Chronic obstructive pulmonary disease
IABP Intra-aortic balloon pumping

ICH International Council for Harmonisation
ICU Intensive care unit

LA Left atrium

LOS Length of stay

LVEF Left ventricular ejection fraction

MVR Mitral valve regurgitation
POAF Postoperative atrial fibrillation
PSM Propensity score matching.
SD Standard deviation.
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