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Abstract
Background: New-onset postoperative atrial fibrillation (POAF) is common after cardiac surgery. Early identification of its risk factors during the preoperative period would help in reducing the associated morbidity, mortality, and
healthcare costs.
Aim of the study: This study aimed to identify the predictors of POAF following open cardiac surgery, with emphasis
on biochemical parameters.
Methods: A total of 1191 patients with no preoperative atrial fibrillation (AF) and undergoing open cardiac surgery
for any reason were included in this retrospective study. Data on clinical and biochemical parameters, the occurrence
of new-onset AF, and its clinical course were retrieved from the hospital database.
Results: During the early postoperative period 330 patients (27.7%) developed atrial fibrillation, at median third
postoperative day (range 1–6 days) and 217 (65.8%) responded to treatment. Multivariate analysis identified the following as the significant independent predictors of any POAF: EF < 60% (Odds ratio (OR), 2.6), valvular intervention
(OR, 2.4), liver failure (OR, 2.4), diabetes (OR, 1.6), low hematocrit (OR, 2.1), low thrombocyte (OR, 5.6), low LDL (OR, 1.6),
high direct bilirubin (OR, 2.0), low GFR (OR, 1.6), and high CRP (OR, 2.0). Following parameters emerged as significant
independent predictors of persistent AF: EF < 60% (OR, 1.9), diabetes (OR, 2.1), COPD (OR, 1.8), previous cardiac surgery
(OR, 3.1), valvular intervention (OR, 2.4), low hematocrit (OR, 1.9), low LDL (OR, 2.1), high HbA1c (OR, 2.0), and high CRP
(OR, 2.7).
Conclusions: Certain parameters assessed during preoperative physical and laboratory examinations have the
potential to be used as markers of POAF.
Keywords: Postoperative atrial fibrillation, Cardiac surgery, Biochemical predictor, Clinical predictors, Treatmentresistant atrial fibrillation, Independent predictor
Introduction
Although new-onset postoperative atrial fibrillation
(POAF) is a complication that might occur following any
type of surgery, it is more common after cardiac surgery.
The proportion of patients suffering POAF may be as
high as 64% following procedures for valvular pathology
[1]. POAF is an important complication that may lead to
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hemodynamic instability, thromboembolism, transient
ischemic attack, stroke, end-organ failure, prolonged hospital stay, increased mortality, and increased healthcare
costs [2]. It is not only associated with increased postoperative mortality, but also with a significant decrease in
long-term survival rates [3].
Until now, the exact pathophysiology of POAF following cardiac surgery has not been fully elucidated [4].
Potential predisposing factors that have been implicated
include age, type of cardiac surgery, presence of myocardial ischemia, atrial distension, and pre-existing cardiac
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conditions [5, 6]. Other potential contributing conditions include those that cause sympathetic activation due
to surgical stress, such as hypovolemia, intraoperative
hypotension, anemia, and pain [7]. Hypervolemia may
also cause atrial fibrillation through an increase in the
atrial volume and altered cardiac conduction [7, 8]. Myocardial injury due to surgery and pericardial inflammation have also been implicated as potential pathogenetic
mechanisms [9].
Unfortunately, no definitive preventive and therapeutic
protocols have been developed due to poorunderstanding of the pathogenesis of POAF following cardiac surgery. It may be possible to reduce the high morbidity,
mortality, and treatment costs associated with POAF by
early identification of risk factors during the preoperative
period.
Other triggering mechanisms for atrial fibrillation that
occur after cardiac surgery may includeelectrophysiological, biochemical, and metabolic imbalances. In this
regard, several previous studies have demonstrated associations between certain biochemical parameters and the
development of POAF [4, 10–14]. It is crucial to examine comprehensive biochemical parameters and clinical
features in a large patient population to identify the most
important predictors for AF.
Thus, the objective of the current study was to identify
biochemical and clinical predictors of postoperative newonset atrial fibrillation in patients undergoing open cardiac surgery for any indication.

Materials and methods
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number 54022451–050.05.04) and the study was conducted in accordance with the Declaration of Helsinki
and its later amendments.
AF management

Primary objectives of the treatment of new-onset AF
following open cardiac surgery included rate control,
restoration of sinus rhythm, and anticoagulation. A betablocker or calcium canal blocker together with intravenous amiodarone followed by oral administration were
used as the first-line management strategy for ventricular rate control and restoration of normal sinus rhythm.
However, in hemodynamically unstable patients without contraindication to electrical cardioversion, initial
electrical cardioversion was performed followed by the
treatment described above. In patients unresponsive
to amiodarone, oral propafenone or sotalol was used.
In addition, all patients received warfarin to prevent
the risk of stroke, with a target INR between 2.0–3.0 or
2.5–3.5, depending on the type of cardiac surgery. Following detection of AF, patients were hospitalized for a
minimum duration of one week after starting the medical treatment. Restoration of normal sinus rhythm with a
resting heart rate of < 80 bpm was considered to indicate
successful treatment. Patients remaining unresponsive
to these therapeutic measures were considered as having
persistent AF and were discharged home with the most
recent prescribed treatment. On the other hand, patients
with the restoration of normal sinus rhythm were discharged with dose adjustment.

Patients and data extraction

Statistical analysis

A total of 1191 patients with preoperative sinus rhythm
who underwent cardiac surgery for any indication
between January 2015 and December 2019 were included
in our unit. Data on clinical and biochemical parameters,
the occurrence of new-onset AF and its clinical course
were retrieved from our hospital database and retrospectively evaluated. AF diagnosis was based on the criteria
proposed by AHA/ACC/HRS 2014 Guidelines for Atrial
Fibrillation [15]. AF was defined as the demonstration of
AF for a minimum duration of 30 s using electrocardiography (ECG) recordings.
Blood samples were taken 48 h before surgery for all
patients according to institutional protocol. Exclusion
criteria were (1) non-sinus rhythm before surgery (2) history of paroxysmal or chronic AF (3) implanted cardiac
devices (4) electrophysiologic ablation history. All postoperative ECG records were assessed by double-checked
two independent investigators.
The study protocol was approved by the local ethics
committee (Bezmialem Vakif University, Ethics Committee for Non-interventional Research; date, March 6, 2020;

IBM SPSS Statistics version 21.0 software (SPSS Inc.,
Chicago, IL) was used for the analysis of data. Descriptive data are presented in number (percentage),
mean ± standard deviation, or median (range), where
appropriate. Categorical variables were compared using
Pearson’s chi-square test or Fisher’s exact test. Depending
on the normality of the data, continuous variables were
compared using Mann–Whitney U or student’s t test for
independent samples. Kolmogorov–Smirnov test were
used to test normality. Multivariate analysis using stepwise logistic regression (forward conditional) was done
for the examination of significant independent predictors
of any AF development and persistent AF development.
Two-sided p values < 0.05 were considered indication of
statistical significance.

Results
Table 1 shows the demographical, clinical, and surgical characteristics of the patients. A total of 330 patients
(27.7%) developed atrial fibrillation during the early
postoperative period, at median third postoperative day
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Table 1 Demographical and clinical characteristics of the patients
Overall

Patients without POAF

Patients with POAF

p

1191 (100)

861 (72.3)

330 (27.7)

–

Age (year), median (min–max)

63 (16–87)

61 (16–83)

69 (29–87)

< 0.001

Male gender, n (%)

691 (58.0%)

501 (58.1)

190 (56.8)

0.94

Diabetes

272 (22.8%)

177 (20.6)

95 (28.8)

0.002

Hypertension

652 (54.7%)

440 (51.1)

212 (64.2)

< 0.001

Chronic renal failure

152 (12.8%)

93 (10.8)

59 (17.9)

< 0.001

COPD

182 (15.3%)

113 (13.1)

69 (20.9)

< 0.001

Liver failure

24 (2.0%)

10 (1.2)

14 (4.2)

< 0.001

Cerebrovascular disease

47 (3.9%)

27 (3.1)

20 (6.1)

0.02

Peripheral artery disease

135 (11.3%)

89 (10.3)

46 (13.9)

0.08

Previous cardiac surgery

59 (5.0%)

31 (3.6)

28 (8.5)

< 0.001

60 (30–65)

60 (30–60)

55 (36–65)

< 0.001

Isolated CABG

599 (50.3%)

477 (55.4)

122 (37.0)

< 0.001

Isolated valvular intervention

374 (31.4%)

241 (28.0)

133 (40.3)

< 0.001

CABG plus valvular intervention

150 (12.6%)

82 (9.5)

68 (20.6)

< 0.001

Other

68 (5.7%)

61 (7.1)

7 (2.1)

< 0.001

CPB time (min), median (min–max)

138 (49–319)

136 (49–319)

143 (58–270)

< 0.001

CC time (min), median (min–max)

70 (19–245)

69 (22–245)

75 (19–165)

< 0.001

Number of patients
Demographics

Comorbidities n (%)

Perioperative factors
EF (%), median (min–max)
Type of operation, n (%)

Unless otherwise stated, data presented as n (%)
CABG, coronary artery bypass grafting; COPD, chronic obstructive pulmonary disease; SD, standard deviation, EF, ejection fraction; CC, cross-clamp

(range 1–6 days). Among them, 217 (65.8%) responded to
treatment, the remaining 113 (34.2%) had persistent AF.
Predictors of postoperative AF development

Patients who developed postoperative atrial fibrillation
were significantly older, had lower ejection fraction (EF),
and longer cardiopulmonary bypass and cross-clamp
times. Postoperative atrial fibrillation was more common
among patients that underwent valvular operations, concomitant CABG and valvular operations, and in patients
with diabetes, hypertension, chronic renal failure, COPD,
liver failure, previous cardiac surgery, cerebrovascular
disease, and peripheral artery disease Multivariate analysis identified the following clinical/surgical parameters as
significant independent predictors of postoperative AF
development: EF < 60% (Odds ratio (OR), 2.6), valvular
intervention (OR, 2.4), and diabetes (OR, 1.6).
Among hematological/biochemical parameters, low
hemoglobin (< 12.5 g/dL), low hematocrit (< 35%),
low thrombocyte count (< 142 × 109/L), low calcium
(< 8.4 mg/dL), low glomerular filtration rate (≤ 90 mL/
min/1.73m2), low HDL (< 35 mg/dL), low LDL (< 100 mg/
dL), high HbA1c (> 6.5%), high AST (> 35 U/L), high ALT
(> 55 U/L),high total bilirubin (> 1.2 mg/dL),high direct

bilirubin (> 0.5 mg/dL), high insulin (> 23.4 mIU/L), high
glucose (> 105 mg/dL), high creatinine (> 1.25 mg/dL),
high blood urinary nitrogen (> 25.7 mg/dL), high CRP
(> 5 mg/L), high urea levesl (> 43 mg/dL) were associated
with increased frequency of postoperative AF development on univariate analysis (p < 0.05 for all comparisons).
Multivariate analysis identified the following hematological/biochemical parameters as significant independent
predictors of postoperative AF development: low hematocrit (OR, 2.1), low thrombocyte count (OR, 5.6), low
LDL (OR, 1.6), high direct bilirubin (OR, 2.0), low GFR
(OR, 1.6), and high CRP (OR, 2.0). Table 2 shows the
details of significant independent clinical/surgical and
hematological/biochemical predictors of early postoperative AF development on multivariate analysis.
Predictors of early postoperative persistent AF
development

Patients who developed postoperative atrial fibrillation were significantly older (median 66 vs. 62 years,
p < 0.001), had lower ejection fraction (median 55% vs.
60%, p < 0.001), and longer cardiopulmonary bypass
(median 153 vs. 140 min, p = 0.001) and cross-clamp
times (median 84 vs.75 min, p < 0.001). Persistent
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Table 2 Significant independent predictors of early postoperative AF development on multivariate analysis
Predictors

Predictors for any AF*

Predictors for persistent AF*

Clinical/surgical predictors
Low EF (< 60%)

2.6, 95% CI 2.0–3.4, p < 0.001

Valvular intervention

2.4, 95% CI 1.8–3.2, p < 0.001

Diabetes

1.6, 95% CI 1.2–2.2, p = 0.004

COPD
Previous cardiac surgery

1.9, 95% CI 1.2–2.9, p = 0.008

2.4, 95% CI 1.6–3.8, p < 0.001

2.1, 95% CI 1.3–3.3, p = 0.002

1.8, 95% CI 1.1–2.9, p = 0.018

3.1, 95% CI 1.7–5.8, p < 0.001

Hematological/biochemical predictors
Low hematocrit (< 35%)

2.1, 95% CI 1.5–2.9, p < 0.001

Low thrombocyte (< 142 × 109/L)

5.6, 95% CI 1.1–29.3, p = 0.042

Low LDL (< 100 mg/dL)

1.6, 95% CI 1.2–2.1, p = 0.004

High direct bilirubin (> 0.5 mg/dL)

2.0, 95% CI 1.4–2.9, p < 0.001

Low GFR (≤ 90 mL/min/1.73m2)

1.6, 95% CI 1.1–2.4, p = 0.026

High CRP (> 5 mg/L)
High HbA1c (> 6.5%)

2.0, 95% CI 1.2–3.2, p = 0.004

1.9, 95% CI 1.2–2.9, p = 0.006
2.1, 95% CI 1.3–3.1, p = 0.001

2.7, 95% CI 1.5–4.7, p = 0.001

2.0, 95% CI 1.3–3.1, p = 0.001

AF, atrial fibrillation; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; EF, ejection fraction; GFR, glomerular filtration rate; LDL, low-density
lipoprotein
*Odds ratio, 95% confidence interval, p value

postoperative atrial fibrillation was more common among
patients that underwent valvular operations, and in
patients with diabetes, hypertension, COPD, liver failure,
previous cardiac surgery, cerebrovascular disease, and
peripheral artery disease (p < 0.05 for all). Multivariate
analysis identified the following clinical/surgical parameters as significant independent predictors of persistent
postoperative AF development: EF < 60% (OR, 1.9), diabetes (OR, 2.1), COPD (OR, 1.8), previous cardiac surgery (OR, 3.1), and valvular intervention (OR, 2.4).
Among hematological/biochemical parameters, low
hemoglobin (< 12.5 g/dL), low hematocrit (< 35%), low
calcium (< 8.4 mg/dL), low sodium (< 135 mEq/L), low
glomerular filtration rate (≤ 90 mL/min/1.73m2), low
HDL (< 35 mg/dL), low LDL (< 100 mg/dL), low insulin (< 2.4 mIU/L), high HbA1c (> 6.5%), high ALT (> 55
U/L), high direct bilirubin (> 0.5 mg/dL), high glucose
(> 105 mg/dL), high creatinine (> 1.25 mg/dL), high blood
urinary nitrogen (> 25.7 mg/dL), high C-reactive protein
(> 5 mg/dL), and high urea levels (> 43 mg/dL) were associated with increased frequency of persistent postoperative AF development on univariate analysis (p < 0.05 for
all comparisons). Multivariate analysis identified the
following hematological/biochemical parameters as significant independent predictors of persistent postoperative AF development: low hematocrit (OR, 1.9), low LDL
(OR, 2.1), high HbA1c (OR, 2.0), and high CRP levels
(OR, 2.7). Table 2 shows the details of significant independent clinical/surgical and hematological/biochemical
predictors of persistent AF development on multivariate
analysis.

Discussion
The results of our study showed that persistent or nonpersistent atrial fibrillation developing early after open
cardiac surgery is influenced not only by clinical factors but also by several biochemical parameters, some of
which are modifiable. In order to contribute to the current knowledge, a wide range of patients and several biochemical parameters were investigated, considering that
possibly POAF is a multifactorial condition with an interplay between many modifiable or non-modifiable clinical,
biochemical, and hematologic factors.
Some clinical variables such as left ventricular dysfunction, liver failure, diabetes, COPD ve previous cardiac
surgery which were also emphasized in previous studies,
were found to be an important risk factor for POAF or
persistent POAF in our study population [3, 16–19]. In
this regard, our study confirms the importance of these
clinical risk factors for PAOF, which were previously
investigated in different studies. In addition, these findings indirectly indicate that the clinical features of our
study population are similar to other studies and reflect
the current scenario of cardiac surgery patients.
As suggested by many previous studies, POAF may
arise due to a variety of mechanisms triggered by different events. Furthermore, the risk of POAF differs significantly between varying types of surgery, due to the
inherent nature of open cardiac procedures [20]. This
latter point should definitely be taken into consideration
in studies aiming to determine marker(s) for the risk of
POAF, and a comprehensive panel of biochemical and
hematologic parameters should be evaluated individually
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or combined, in a wide spectrum of patients undergoing different types of surgery, to increase the reliability of
study findings.
CRP represents the most extensively studied marker
for POAF risk, regardless of the type of surgery. Almost
all previous studies and meta-analyses uniformly indicate
that elevated CRP is closely associated with the risk of
POAF, and our results are consistent with such findings
[3, 21]. Preoperative high CRP levels possibly reflect a
high basal level of systemic inflammation [22, 23].
A recent meta-analysis examining predictive hematological parameters for new-onset AF revealed that
patients with AFhad significantly lower mean platelet
count than patients without AF [24]. In another metaanalysis focusing on hematological markers for AF after
cardiac surgery, the correlation between low platelet
count and increased frequency of POAF was confirmed
[25]. This inverse correlation also persisted in our study.
Another hematological parameter in our study, anemia,
has not yet been universally emphasized as a predictor for
POAF [25]. It is important to urgently confirm this finding in external populations because anemia, which is also
associated with persistent POAF in our study, is shown to
be a risk factor for long-term mortality in patients with
nonvalvular AF [26]. Thrombocytopenia and anemia
are possibly reflect the presence of comorbidities such
as chronic kidney disease, underlying cancer, and liver
damage which may be associated with POAF. In addition,
these two parameters may be associated with postoperative increased blood product use, which has been shown
as a risk factor for POAF [27].
Although the association between diabetes and POAF
has been previously examined, the role of HbA1c, the
main marker of poor glycemic control, in In one of the
few reported studies, contrary to our observations, it has
been found that HbA1c was not an independent preoperative predictor of POAF [28]. Conversely, similar to
our findings, others reported that HbA1c may represent a
highly significant predictor of POAF, not only in patients
with known diabetes but also in diabetes-free patients
as well as subjects with undiagnosed diabetes [29, 30].
These results indicate the importance of checking perioperative blood glucose regulation in all patients undergoing cardiac surgery, regardless of the known diabetes
history.
One of the most interesting results of this study is
the inverse relationship between preoperative LDL
levels and the risk of POAF. The relationship between
hypolipoproteinemia and the increased frequency of
AF has been repeatedly emphasized in previous cornerstone studies [31–33]. The inverse relationship
between age and hyperthyroidism, which are risk
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factors for AF, and lipid levels, and the membrane-stabilizing and anti-inflammatory effect of lipoproteins
are considered as possible explanatory mechanisms
[34]. However, the relationship between POAF with
lipid levels has not been extensively studied. Contrary to our study, a recent retrospective study with a
relatively small cohort (A total of 100 CABG patients)
found a positive correlation between preoperative
high LDL level and the incidence of postoperative AF
[35]. The relationship between preoperative statin use
and POAF has been studied more than in lipid profile. While a significant portion of the studies revealed
that the preoperative use of statins reduced the risk
of POAF due to the pleiotropic effect, some studies
showed that there was no significant reduction in the
risk of POAF with preoperative statin use [36, 37].
Based on the results of statin studies, it is not possible
to make inferences regarding the relationship between
lipid profile and POAF. Studies in different populations are urgently needed to resolve dilemmas on this
issue and to elucidate the mechanisms underlying our
findings.
The relationship between AF and bilirubin levels remains controversial. Demir et al. reported that
there is an inverse relationship between serum bilirubin levels and nonvalvular AF [38]. However, growing
evidence suggests that higher bilirubin levels may be
associated with AF [39–41]. We did not come across
any other study that indicates high bilirubin levels as a
predictor of POAF. We determined that the high level
of direct bilirubin is an important predictor for POAF.
High bilirubin levels probably reflect liver congestion
secondary to cardiac decompensation in these patients.
Further studies are needed to reveal the exact mechanism of this relationship.
This study has some limitations, primarily due to its
retrospective design. Second, although all patients were
managed with the same protocol in the same clinic, the
difference in individual patient-specific strategies may
have been reflected in the results. Another deficiency is
that preoperative medications are not suitable for presentation due to missing data and a wide range of drug
use patterns. Unfortunately, echocardiographic measurements (left atrial volume, etc.) were also not suitable
for analysis due to non-standardized reports. Finally,
the development of POAF involves multifactorial interactions of different pathophysiologic mechanisms. The
distribution of patient characteristics and overlapping
comorbidities may have lead to some predictors being
underestimated. In addition, stepwise regression may
have caused bias in variable selectionNevertheless, we
believe in our study reflects the current scenario of
daily surgical practice.
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Conclusion
Certain parameters assessed during preoperative physical and laboratory examinations has the potential to be
used as markers of POAF, with the advantage of incurring no additional costs in patients scheduled for cardiac
surgery. However, since no single pathogenetic mechanism seems to be solely responsible for the development
of POAF, a comprehensive set of biochemical and hematologic parameters need to be assessed.
Abbreviations
AF: Atrial fibrillation; CABG: Coronary artery bypass grafting; COPD: Chronic
obstructive pulmonary disease; CPB: Cardiopulmonary bypass; ECG: Electrocardiography; EF: Ejection fraction; GFR: Glomerular filtration rate; OR: Odds
ratio; POAF: Postoperative atrial fibrillation.
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