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Introduction
New-onset postoperative atrial fibrillation (POAF) may appear 

after cardiac surgery (15-60%). This incidence occurs at a rate of 15-
40% after coronary artery bypass surgery (CABG) 1-3. In patients 
with CABG, POAF is an important complication that can cause 
hemodynamic instability, thromboembolism, transient ischemic 
attack, stroke, end organ failure, prolonged hospital stay, increased 
mortality and increased health care costs. It is associated not only with 
increased postoperative mortality but also with a significant reduction 
in long-term survival rates 4,5. Although the exact pathophysiology of 

POAF has not been fully elucidated, it is complex and multifactorial 
6,7. POAF is a structural process that includes apoptosis, inflammation 
and fibrosis. 8,9 Many studies and hypotheses have tried to explain 
the details of the process. Left ventricular dysfunction and increased 
ventricular filling pressures contribute to atrial remodeling. The role 
of the pulmonary veins as one of the key trigger sites for the onset 
of AF has also been described 10,11. Another possible contributing 
condition to POAF could be sympathetic activation due to surgical 
stress, such as hypovolemia, intraoperative hypotension, anemia, and 
pain 12,13.

Inflammation during CABG appears to play an important role 
in the prothrombotic state associated with AF. There are also many 
data emphasizing the association of inflammation with AF itself and 
AF-related complications14. Many reports suggest that inflammation 
not only plays a role as a marker of AF events but is also involved 
in the occurrence of AF15. When past studies were evaluated, the 
relationships between known biochemical parameters and AF were 
discovered. However, there is no clear information about which 
biomarkers are specific to POAF16-18. In our study, we evaluated the 
preoperative and postoperative biomarker values of patients with 
and without AF after CABG in our clinic. We determined which 
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Abstract
Objective:
In our study, we evaluated the preoperative and postoperative biomarker values of patients with and without AF after CABG in our clinic.
 
Methods:
Patients who entered AF after CABG were examined, and 78 patients who entered AF were included in the study (AF group). 

Results:
The AUC value was calculated as a marker of AF development: 0.856 for IL-6, 0.634 for vWF-Ag, 0.611 for vWF-antibody(p values: 0.001; 

<0.001; 0.004; 0.018, respectively). In ROC analysis, the optimal cutoff values postoperatively were 30 for IL-6 (sensitivity 69.20% and 
specificity 86.7%), 240 for vWF-Ag (sensitivity 30.8% and specificity 92%) and 160 for vWF-antibody (sensitivity 42.3% and specificity 85.3%).

Conclusion:
Using IL-6, vWF-Ag and vWF-antibody values as biomarkers in patients with CABG may be useful in predicting POAF. 
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biomarker was more predictive in POAF.

Methods
Study Design:

In this clinical study, 1573 patients who underwent coronary artery 
bypass surgery (CABG) in a single center between January 1, 2017, 
and January 1, 2021, were retrospectively analyzed. In the retrospective 
analysis, patient information was obtained by using patient files and 
the hospital’s data processing system. The inclusion and exclusion 
criteria of the study are given in Table 1. Patients who entered AF 
after CABG were examined, and 78 patients who entered AF were 
included in the study (AF group). The control group included 75 
patients who underwent surgery on the same dates, were considered 
low risk according to the Society of Thoracic Surgeons (STS) risk 
class, had the same preoperative risk factors, had CABG, and had 
postoperative NSR (non-AF group). Considering all preoperative 
patients, there was no significant difference between the groups. The 
ages were 59.95±9.58 years in the AF group and 61.07 ± 11.07 years 
in the non-AF group. When the preoperative risk factors (COPD, 
PAH, HT, smoking, HL) were examined, there was no difference 
between the two groups. When preoperative medications (ASA, 
clopidogrel, beta blocker, statin, Ca channel blocker) were evaluated, 
there was no significant difference between the two groups (Table 2).

Biomarkers associated with AF were examined preoperatively (1 
day before surgery) and postoperatively (first day after surgery). We 
evaluated whether the changes in these biomarkers were significant 
before and after surgery in both groups. At the same time, the changes 
in these biomarkers were compared between Group I and Group II. 
Which biomarker was more specific in predicting AF was evaluated.

The study protocol was approved by the local ethics committee 
(65355327-604.01.02-E134), and the study was conducted in 
accordance with the Declaration of Helsinki and its later amendments.

POAF definition and management:
POAF was defined as atrial fibrillation that started before discharge 

from the hospital after CABG and required antiarrhythmic drugs 
(mostly intravenous amiodarone). During this period, no extra 
medical treatment was initiated for arrhythmias that developed due to 
electrolyte imbalance or oxygenation and were treated with electrolyte 
replacement or oxygen support. The diagnosis and treatment of AF 
were based on the “ESC 2020 guidelines for management of atrial 
fibrillation” 19.

Biomarkers:
When the literature was searched, many biomarkers associated with 

AF were identified. These biomarkers are known to be associated with 
AF via various mechanisms.

High-sensitivity Troponin I,which is generally used in acute 
coronary syndrome and indicates myocardial damage, has been 
associated with AF in some studies 20.

BNP is a peptide neurohormone synthesized mostly by myocytes 
in the left ventricle in response to high wall stress. It is an independent 
predictor of new-onset AF in patients who develop myocardial 
infarction 21.

Because platelets can induce hypercoagulability in AF, abnormal 
changes in platelet counts may predict underlying vascular diseases 22.

vWFincreases due to endothelial damage and is an indicator of 
endothelial dysfunction. High VWF levels are associated with an 
increased risk of coronary heart disease, ischemic stroke, and atrial 
fibrillation in the general population 23.

The prevalence of AF is higher in end-stage renal disease 
populations than in the general population, and the prevalence of AF 
increases as GFR decreases in general chronic kidney disease cohorts 
24.

Figure 1: ROC curve of biomarker values increasing postoperatively

Table 1: Patient criteria included and excluded from the study

Inclusion criteria Exclusion criteria

• • Elective isolated CABG • Emergency CABG

• • >18 years, <80 years • Undergoing valve operation

• EF >50% • • >18 years, <80 years

• Preoperative NSR • Preoperative AF

• Postoperative new onset AF • Myocardial infarction with in previous 48 
hours

• Needing anti-aritmik medical treatment. • Patients with infectious disease(e.g., 
hepatitis, tuberculosis)

• Normal cardiac chambers • Patients with reoperation

• Low Euroscore II, STS • Severe respiratory disease

• BMI <35 kg/m2 • Renal or hepatic  disease

• On-pump surgery • Coagulation disorders

• Thyroid dysfunction

• BMI >35 kg/m2

• Off-pump surgery
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CRP is an acute phase protein synthesized in hepatocytes in 
response to inflammation. Many studies have reported that high 
CRP levels or other inflammatory markers are independent risk 
factors for the incidence of AF in patients without a history of AF 25.

ESR,which indicates the inflammatory response, has been 
investigated to determine its role as a predictor for AF in some 
studies 26.

IL-6 is a marker of inflammation best associated with AF and 
is a circulating cytokine produced by monocytes, macrophages, T 
lymphocytes, and endothelial cells 27.

Neutrophil/Lymphocyte Ratio is an emerging inflammatory 
biomarker that has been extensively analyzed in many surgical 
disciplines in recent years. It has been particularly evaluated in the 
prediction of POAF after cardiac surgery 28.

Fibrinogen is a biomarker linking inflammation and prothrombotic 
state in AF. Suggested mechanisms include endothelial activation, 
increased platelet activation, and increased fibrinogen expression 29.

Iron is a positive acute phase (AP) protein that is markedly elevated 
during states of inflammation, most likely in response to increased 
amounts of cytokines. It has been associated with AF as an acute phase 
reactant in some studies 30.

Dehydroepiandrostverone (DHEA) has been attributed with a 
borderline association with AF risk that is not statistically significant 
in some studies. However, there are studies where it is considered an 
important indicator of possible atrial fibrillation in both men and 
women, independent of known cardiovascular risk factors 31.

Cortisol is a steroid hormone that is vital in the stress response and 
regulates a wide variety of homeostatic functions in the human body. 
Changes in cortisol levels often present as AF, which is the most 
common symptom32.

Surgical Procedure:
After three minutes of preoxygenation, anesthesia induction was 

performed with a 4-minute infusion of remifentanil (2.5 µg kg-
1) and midazolam (0.1 mg kg-1). Muscle relaxation was achieved 
with rocuronium (0.6 mg kg-1). Mechanical ventilation was started 
after endotracheal intubation when the BIS was <60. Mechanical 
ventilation was applied to all patients with a respiratory frequency 
adjusted to an EtCO2 level of 35-40 mmHg and a tidal volume of 
6 ml kg-1.

All operations were performed with median sternotomy. In CABG 
cases performed using extracorporeal circulation, an arterial cannula 
was placed in the ascending aorta, and a two-stage venous cannula 
was placed in the right atrium as a standard. After heparinization 
(intravenous administration of 100 IU/kg), cardiopulmonary bypass 
was started. A roller pump, membrane oxygenator and nonpulsatile 
flow were used during cardiopulmonary bypass. Moderate 
hemodilution (hematocrit value 22-24%) and mild hypothermia 
(nasopharyngeal temperature 32 °C) were achieved. Pump flow was 
maintained at 2.4 l/m2/min, and the patient’s mean blood pressure 
was >60 mmHg during cardiopulmonary bypass. Following cross-
clamping, cardiac arrest was achieved by preserving the myocardium 
with antegrade potassium blood cardioplegia (10 ml/kg) given from 
the aortic root and mild systemic hypothermia. Following each 
distal anastomosis during cardiopulmonary bypass, 250 ml of blood 
cardioplegia solution was given from the graft. If the left mammary 
artery was used, it was used as the last distal anastomosis on the left 
anterior descending artery. All proximal anastomoses were performed 
on the beating heart under partial clamping in all operations.

Figure 2: ROC curve of postoperative biomarker values

Table 2: Demographic data, preoperative medication and risk factors   

ALL(n:153) Non-AF (n:75) AF(n:78) p value

Age 62(24-79) 62(24-79) 60.5(36-76) 0,37¶

Male (n,%) 104(68,0%) 51(68,0%) 53(67,9%) 0,995*

DM 70(45,8%) 34(45,3%) 36(46,2%) 0,919*

Smoking 113(73,9%) 53(70,7%) 60(76,9%) 0,379*

HPL 52(34,0%) 24(32,0%) 28(35,9%) 0,611*

STROKE 1(0,7%) 1(1,3%) 0(0,0%) 0,490†

COPD 34(22,2%) 16(21,3%) 18(23,1%) 0,795*

PAH 52(34,0%) 30(40,0%) 22(28,2%) 0,124*

HT 100(65,4%) 48(64,0%) 52(66,7%) 0,729*

ASA 83(54,2%) 40(53,3%) 43(55,1%) 0,824*

Medication

Beta Blocker 75(49,0%) 36(48,0%) 39(50,0%) 0,805*

Statin 61(39,9%) 30(40,0%) 31(39,7%) 0,974*

Ca Channel Blocker 6(3,9%) 5(6,7%) 1(1,3%) 0,112†

Clopidogrel 36(23,5%) 18(24,0%) 18(23,1%) 0,893*

*: Chi-Square Test;†: Fisher’s exact test; ¶: Mann–Whitney U test was applied.
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hours (Table 3).

There was no preoperative difference between the biomarkers 
used to predict AF in either group (platelet, NLR, pro-BNP, IL-
6, fibrinogen, iron, DHEA, vWF-Ag, vWF-antibody, cortisol, ESR, 
GFR, CRP, hsTroponin I). Postoperative pro-BNP, IL6, DHEA, 
vWF-Ag, and vWF-antibody values were higher in the AF group 
than in the non-AF group (p=0.018, p<0.001, p=0.014, p=0.005, 
p=0.012, respectively) (Table 4).

 When we evaluated the changes between preoperative and 
postoperative values, WBC, NLR, fibrinogen, DHEA, cortisol, and 
CRP were not found to be statistically significant, although there 
were increases in both groups. When we evaluated the Pro-BNP, 
IL-6, vWF-Ag, vWF-antibody, and ESR values, the increases in 
these values were statistically significant (p=0.001, p<0.001, p=0.004, 
p=0.018, p=0.043, respectively) (Table5).

AUC values were calculated as markers of AF development and 
were 0.66 (0.572-0.747) for ProBNP, 0.856 (0.793-0.919) for IL-
6, 0.634 (0.546-0.722) for vWF-Ag, 0.611 (0.52-0.702) for vWF-

Postoperative care process:
During the first hour when the patients were transferred to the 

intensive care unit, the dose of remifentanil was halved, and the 
infusion was continued. Tramadol continued to be administered 
as needed. Patients who were awake and able to communicate, 
had adequate muscle strength, had arterial partial oxygen pressure 
above 80 mmHg and arterial partial carbon dioxide pressure below 
45 mmHg under 40% FiO2, stable hemodynamic and metabolic 
parameters and were without tremor were extubated if hourly 
drainage was below 50 mL per hour.

Statistical Analysis:
The Statistical Package for the Social Sciences version 21.0 for 

Windows (IBM Corp., Armonk, NY, USA) software package 
was used for data evaluation and analysis. Categorical variables 
are presented as frequencies (n) and percentages (%), and numeric 
variables are presented as means ± standard deviations and median 
(minimum-maximum) values. The Kolmogorov–Smirnov test was 
used for normality analysis. The chi-square test and Fisher’s exact test 
were used to compare the distribution of categorical variables between 
groups. Independent samples t tests and Mann–Whitney U tests 
were used to compare continuous variables between two independent 
groups. The Wilcoxon paired test was used to compare nonnormally 
distributed continuous variables between two dependent groups. 
The cutoff value of laboratory parameters to predict developing AF 
was determined by receiver operating characteristic (ROC) curve 
analysis. A value of p<0.05 was accepted to be statistically significant.

Results
The cross clamp time was 44.17±20.59, and the total cpb time 

was 73.17±32.11 in the AF group. In the non-AF group, the cross 
clamp time was 38.11±17.03, and the total cpb time was 65.67±26.21 
(p=0.09, p=0.276, respectively). No difference was observed in terms 
of the inotrope requirement in either group (p=0.598). One patient 
(1.3%) required IABP in the AF group versus 2 patients (2.7%) in 
the non-AF group. Postoperative stroke was not observed in either 
group. Death occurred in 1 patient in both groups. The cause of 
mortality was related to low cardiac output. Three patients (4%) in the 
non-AF group and 1 patient (1.3%) in the AF group were included 
in the bleeding revision due to drainage in the first postoperative 

Table 4: Comparison of AF parameters

Non-AF AF p value

Preoperative Median(Min-Max) Median(Min-Max)

Pro-BNP 666(24,2-22304) 432(42-13292) 0,744†

IL6 5,8(0,3-30,3) 5,2(0,24-136) 0,509†

Fibrinogen 378,75(24,96-876,45) 386,32(234-876,45) 0,888†

Fe 47(9-139) 46,5(9-133) 0,459†

DHEA 1,12(0,28-5,57) 1,165(0,2-5,57) 0,4†

vWF-Ag 155(20,71-203) 146,69(20,71-203) 0,838†

vWF-antibody 112,38(15,35-159) 131,28(15,35-184,99) 0,916†

Cortisol 13,89(0,5-39,66) 14,06(0,5-34,48) 0,864†

ESR 19(1,43-89) 18(2-89) 0,964†

GFR 92,2(60,1-158,2) 96,5(62,9-129) 0,389†

hsTroponin 241(0,01-12047) 140,5(0,01-6673) 0,921†

CRP 1,12(0,3-19,9) 1(0,3-19,9) 0,241†

Postoperative

Pro-BNP 1232(82,1-35000) 1863,5(67,3-19774) 0,018†

IL6 15,3(1,59-197) 42(1,26-662) <0,001†

Fibrinogen 447,74(78,4-876,32) 464,03(264-975,32) 0,33†

Fe 16(2-228) 17(7-228) 0,383†

DHEA 1,29(0,47-3,08) 1,5(0,4-5,2) 0,017†

vWF-Ag 198,7(25,15-265,3) 199,8(83,28-365,3) 0,005†

vWF-antibody 150,4(20,68-256,7) 153,8(22,22-363,21) 0,012†

Cortisol 26,05(5,81-84,86) 27,4(12,32-65,99) 0,365†

ESR 35(2-107) 37,5(13-93) 0,445†

GFR 83(51-143) 89,5(61-128) 0,194†

hsTroponin 524(0,01-6802) 234,5(9-5734) 0,716†

CRP 82(10,2-225) 86,4(8,56-157) 0,787†

(DHEA: Dehidroepiandrosteron, vWF-Ag: von Willebrand Factor antigen, ESR:Erythrocyte 
sedimentation ratio, GFR: Glomerular filtration rate, hsTroponin: high-sensitivity troponin)
†: Mann–Whitney U test was applied.

Table 3: Perioperative information and postoperative complications.

All Non-Af AF p value

Crosstime [Median(Min-
Max) ]

35(10-109) 34(10-91) 38,5(15-109) 0,09¶

Minutes of CPB 
[Median(Min-Max) ]

61(11-167) 59(11-131) 64(22-167) 0,276¶

Inotrop (n,%) 30(19,6%) 16(21,3%) 14(17,9%) 0,598*

IABP (n,%) 3(2,0%) 2(2,7%) 1(1,3%) 0,615†

Stroke (n,%) 0(0,0%) 0(0,0%) 0(0,0%) -

Revision (n,%) 4(2,6%) 3(4,0%) 1(1,3%) 0,360†

Death (n,%) 2(1,3%) 1(1,3%) 1(1,3%) 1†

(CPB: Cardiopulmonary Bypass, IABP: Intra-aortic balloon pump)
*: Chi-Square Test;†: Fisher’s exact test; ¶: Mann–Whitney U test was applied
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it has not been fully revealed whether AF is the cause of the increase 
in inflammation biomarkers14. CRP and IL-6 are biomarkers known 
to be associated with inflammation. In a study by Conway et al., 
these biomarkers were associated with postoperative mortality and 
ischemic stroke34. In the Stroke Prevention in Atrial fibrillation 
(SPAF) III trial, when all-cause-related deaths were examined, it was 
revealed that CRP had prognostic value35. Recent studies have shown 
that both CRP and IL-6 are associated with all-cause mortality, 
transient ischemic attack and stroke, acute coronary syndrome, and 
acute heart failure34. In an RE-LY biomarker substudy involving 
approximately 6,200 AF patients, there was an association between 
stroke, systemic embolic events and IL-636. In the study of Karabacak 
et al., the preoperative C-reactive protein/albumin ratio was found to 
be significantly higher in patients who developed postoperative atrial 
fibrillation after coronary artery bypass grafting than in patients 
who remained in normal sinus rhythm postoperatively. Moreover, a 
high C-reactive protein/albumin ratio was found to be one of the 
independent predictive factors for postoperative atrial fibrillation 
37. In a systemic review of 5 studies involving approximately 23,000 
patients, higher IL-6 levels in AF patients were associated with long-
term thromboembolic events, including stroke (RR 1.44, CI 95% 
1.09-1.90, p=0.01). High IL-6 levels indicate a higher risk of long-
term bleeding (RR 1.36, CI 95% 1.06-1.74, p=0.02), ACS (RR 1.81, 
CI 95% 1.43-2.30, p<0.001) and all-cause death. (RR 2.35, CI 95% 
2.09-2.65, p<0.001) 38.

In our study, when the patients with and without POAF were 
compared, no significant difference was found between the preoperative 
and postoperative CRP values (p=0.241, p=0.787, respectively). 
In addition, when the increases in postoperative CRP values were 
evaluated, there was no significant difference between the two groups 
(p=0.0875). There was also no difference between the two groups in 
preoperative IL-6 values (p=0.509). Among the postoperative values, 
the median value of the AF group was 42 (1.26-662) pg/ml, and the 
median value of the non-AF group was 15.3 (1.59-197) pg/ml; these 
values were found to be statistically significant (p<0.001). In addition, 
although IL-6 increased postoperatively in both groups, the increase 
in the AF group was statistically more significant than the increase 
in the non-AF group (p<0.001). In our study, unlike other studies, 
the CRP value was not seen as a parameter predicting AF. While 
CRP is not specific to AF, it is clear that it is a general inflammatory 
parameter. In addition, when the preoperative and postoperative ESR 
values were examined, they were not statistically significant in either 
group. However, considering the amount of increase in postoperative 
values compared to preoperative values, the change was found to be 
statistically significant in the AF group (p=0.043), with a sensitivity 
of 64.10% and a specificity of 58.70%. When the increase in the 
IL-6 value was evaluated in terms of predicting AF, its sensitivity 
was 80.8%, and its specificity was 84.00%, and it was revealed to be a 
critical biomarker in terms of predicting AF.

Cardiac troponins indicate myocardial damage. Due to the increase 
in heart rate during AF, the myocardial oxygen demand also increases. 
In addition, an increase in troponin levels can be observed due to 
mechanisms such as increased endocardial pressure due to increased 
atrial volume and deterioration of microvascular circulation 39. Mild 
elevations were associated with increased mortality from coronary 

antibody, and 0.595 (0.500-0.690) for ESR (p values: 0.001; <0.001; 
0.004; 0.018; 0.043, respectively).

AUC values werealso calculated postoperatively as markers of AF 
development and were 0.611 (0.521-0.701) for ProBNP, 0.822 (0.753-
0.892) for IL-6, 0.612 (0.522-0.701) for dehydroepiandrosterone, 
0.632 (0.545-0.720) for vWF-Ag,and 0.618(0.528-0.707) for vWF-
antibody (p values: 0.018; <0.001; 0.017; 0.005; 0.012, respectively) 
(Table 6) (Figure1).

In ROC analysis, the optimal cutoff values postoperatively were 
1200 for Pro-BNP (sensitivity 71.80% and specificity 46.70%), 
30 for IL-6 (sensitivity 69.20% and specificity 86.7%), 1.6 for 
dehydroepiandrosterone (sensitivity 48.7% and specificity 72%), 240 
for vWF-Ag (sensitivity 30.8% and specificity 92%) and 160 for 
vWF-antibody (sensitivity 42.3% and specificity 85.3%) (Table 6) 
(Figure 2).

Discussion 
The serious impact of POAF after CABG on mortality 

and morbidity in the short and long term is known 1-6. The 
pathophysiological mechanism of POAF has been investigated in 
many studies but has not been fully elucidated. In some studies, it 
has been revealed that the local/systemic inflammatory responses 
caused by surgical procedures, sympathetic activation or disruption 
of the atrium structure are the effects. 33. Many studies have tried to 
explain the pathophysiology of POAF with the aim of predicting this 
condition clinically and preventing its possible complications. 6,7,16,17

It has been demonstrated that CPB-induced systemic inflammation 
can induce POAF in CABG patients25. However, the cause and effect 
relationship between inflammation and AF are not understood, and 

Table 5: Postop changes of biomarkers according to preoperative values

Postoperative 
changes according 
to the preoperative 
values

Non-Af AF p value

WBC 1,01(-43,88-14,68) 1,44(-45,78-12,51) 0,695†

NLR 10,4(-2,98-74,78) 10,28(1,43-168,59) 0,507†

Pro-BNP 469(-8031-12696) 1069(-745-6482) 0,001†

IL-6 8(-4,51-192,9) 33,4(-52,74-606,8) <0,001†

Fibrinogen 89,86(-456,94-471,41) 94,23(-456,94-581,24) 0,434†

DHEA -0,08(-4,21-2,28) 0,21(-4,21-4,22) 0,139†

vWF-Ag 34,3(-112,7-189,39) 70,36(-112,7-258,11) 0,004†

vWF-antibody 39,98(-103,36-189,3) 66,69(-120,28-213,45) 0,018†

Cortisol 11,31(-13,18-70,46) 12,98(-5,14-49,95) 0,348†

ESR 12(-42-77) 19(4-45) 0,043†

GFR -5,6(-51,9-6) -6,5(-53-16) 0,469†

hsTroponin 1(-11802-4087) 15(-5441-1379) 0,875†

CRP 1(-11802-4087) 15(-5441-1379) 0,875†

(WBC: White Blood Cell, NLR: Neutrophil Lymphocyte Ratio, BNP: Brain Natriuretic Peptide, IL-
6: Interleukin-6, DHEA: Dehydroepiandrosterone, vWF-Ag: von Willebrand Factor Antigen, ESR: 
Erythrocyte Sedimentation Rate, GFR: Glomerular Filtration Rate, hsTroponin: high-sensitivity 
Troponin)
†: Mann–Whitney U test was applied.
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In our study, there was no difference in preoperative pro-BNP 
values between the AF and non-AF groups (p=0.744). However, 
the postoperative pro-BNP values were significantly higher in the 
AF group than in the non-AF group (p=0.018). When the increase 
between preoperative and postoperative values was compared, the 
increase in the AF group was more significant than that in the non-
AF group (p=0.001). The sensitivity of the increase in pro-BNP was 
76.90%, and the specificity was 0.3%. As seen here, although the 
increase in pro-BNP is sensitive to AF, it is not specific. This type of 
difference is notdesired in a biomarker to predict AF.

Many studies have been conducted on patients with AF and vWF, 
and a relationship between stroke risk and vWF has been established 
in most of these studies. There is a serious relationship between 
increased mortality and major bleeding and vWF concentration. A 
one-unit increase in vWF concentration was found to cause a 1.2% 
increase in mortality 48,49. In a study by Rivera-Caravaca et al., 940 
patients with AF were included. These patients were using vitamin 
K antagonists with INR values of 2.0-3.0. The vWF, pro-BNP, hsTn, 
and IL-6 values of these patients were checked, and all adverse 
events were recorded during follow-up. The vWF, hsTn, IL-6 and 
proBNP values were found to be significantly higher in the patient 
group considered to be at high risk according to CHA2DS2 scoring 
(p=0.004, p<0.001, p<0.001, p<0.001, respectively). In addition, vWF, 
hsTn and IL-6 values were found to be significant in the high-risk 
patient group according to HAS-BLED scoring (p=0.001, p<0.001, 
p<0.001, respectively)50.

In our study, no difference was observed between the preoperative 
values of vWF-antibody and vWF-Ag in the AF and non-AF groups. 
However, the postoperative vWF-Ag values were statistically higher 
in the AF group (p=0.005). At the same time, the amount of increase 
in postoperative values compared to preoperative values was found to 
be significantly higher in the AF group (p=0.004). The sensitivity of 
the vWF-Ag increase was 37.20%, while the specificity was 85.30%. 
The increase in vWF-antibody postoperative values was statistically 
significant in the AF group (p=0.012). The increase in postoperative 
values was also significant compared to the preoperative values 
(p=0.018). The sensitivity of the vWF-antibody increase was 73.10%, 
and the specificity was 48.00%. The specificity of the postoperative 
vWF-antibody was 85.3%, while the specificity of the vWF-Ag was 
calculated as 92%. Therefore, it is thought that although vWF-Ag and 

artery disease and heart failure, even in healthy elderly individuals, 
independent of major coronary artery disease40,41. In a study conducted 
in hospitalized patients with AF, it was found that an increase in 
hs troponin I levels was associated with mortality and major cardiac 
events. Looking at subgroups in the RE-LY study, AF and stroke 
were associated with increased TnI17. Similarly, looking at subgroups 
of the ARISTOTLE study, increased hsTn levels were associated 
with cardiovascular events and death42. Contrary to these studies, in 
the study of Boris et al. investigating the relationship between AF 
and cTnI after cardiac surgery, cTnI was not found to be associated 
with AF, although cTnI was significant as an inflammatory marker 
43. In our study, when the hsTnI preoperative and postoperative 
values were examined, no difference was observed in the AF and 
non-AF groups (p=0.921, p=0.716, respectively). Although there 
was an increase in the postoperative hsTnI value compared to the 
preoperative value, it was not statistically significant (p=0.991). In 
our study, the hsTnI value was not evaluated as a suitable biomarker 
to predict AF. Therefore, new studies are needed before we can define 
a marker with certainty.

B-type natriuretic peptide (BNP) is a neurohormone secreted 
from myocytes that are stretched due to overload or volume load. 
The BNP level may increase due to left ventricular hypertrophy, 
acute coronary syndrome, and AF. It may also increase with age and 
renal dysfunction 17,44. In a study examining patients with AF with 
major structural heart disease (MSHD), the NT-proBNP levels in 
patients without MSHD were 179 (90–401) pg/mL for SR (n=454) 
and 1000 (659–1760) pg/mL AF (n=74)(P<0.001) 45. In the study 
of Silvet et al., BNP levels were measured in 72 outpatients with 
chronic atrial fibrillation (AF) and in 49 control patients without 
AF. Patients with AF (median value 131 pg/ml) had significantly 
higher BNP levels than those without AF (median value 49 pg/
ml; p<0.001)46. High pro-BNP levels predict the risk of developing 
AF independent of other risk factors, including echocardiographic 
parameters. pro-BNP highly predicted the development of AF at a 
rate of 5.2-fold (95% confidence interval, 4.3 to 6.4; P<0.001). After 
evaluating other risk factors and multivariate pro-BNP, this ratio was 
found to be 4 times (95% confidence interval, 3.2 to 5.0; P<0.001) 
47. Considering the subgroups of the RE-LY and ARISTOTLE 
studies, increased pro-BNP values were found to be a biomarker of 
increased thromboembolic events and cardiovascular mortality 17,42.

Table 6: Sensitivity and specificity of biomarkers

Variables AUC 95% CI of AUC p value Cutoff Sensitivity Specificity

Pro-BNP postoperative 0,611 0,521-0,701 0,018 1200 71,8% 46,7%

IL6 postop 0,822 0,753-0,892 <0,001 30 69,2% 86,7%

Dehydroepiandrosterone postop 0,612 0,522-0,701 0,017 1,6 48,7% 72,0%

VWF-Ag postoperative 0,632 0,545-0,72 0,005 240 30,8% 92,0%

VWF-antibody postoperative 0,618 0,528-0,707 0,012 160 42,3% 85,3%

Pro-BNP increase 0,66 0,572-0,747 0,001 500 76,9% 57,3%

IL-6 increase 0,856 0,793-0,919 <0,001 20 80,8% 84,0%

vWF-Ag increase 0,634 0,546-0,722 0,004 100 37,2% 85,3%

VWF-antibody increase 0,611 0,52-0,702 0,018 30 73,1% 48,0%

ESR increase 0,595 0,500-0,690 0,043 15 64,1% 58,7%
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Clinics, 13(1), 221-233.

16. Hijazi, Z., Oldgren, J., Andersson, U., Connolly, S. J., Ezekowitz, M. D., Hohnloser, 
S. H., ... &Wallentin, L. (2014). Importance of persistent elevation of cardiac 
biomarkers in atrial fibrillation: a RE-LY substudy. Heart, 100(15), 1193-1200.

17. Ardhianto, P., &Yuniadi, Y. (2019). Biomarkers of atrial fibrillation: which one is a 
true marker?. Cardiology research and practice, 2019.

18. Hindricks, G., Potpara, T., Dagres, N., Arbelo, E., Bax, J. J., Blomström-Lundqvist, 
C., ... & Watkins, C. L. (2021). 2020 ESC Guidelines for the diagnosis and 
management of atrial fibrillation developed in collaboration with the European 
Association for Cardio-Thoracic Surgery (EACTS) The Task Force for the diagnosis 
and management of atrial fibrillation of the European Society of Cardiology (ESC) 
Developed with the special contribution of the European Heart Rhythm Association 
(EHRA) of the ESC. European heart journal, 42(5), 373-498.

19. Tamura, S., Doi, A., Matsuo, M., Katayama, H., Yoshiyama, T., Tatsumi, H., ... 
&Yoshiyama, M. (2019). Prognostic value of high‐sensitive troponin T for predicting 
cardiovascular events after atrial fibrillation ablation. Journal of cardiovascular 
electrophysiology, 30(9), 1475-1482.

20. Inohara, T., Kim, S., Pieper, K., Blanco, R. G., Allen, L. A., Fonarow, G. C., ... 
&Piccini, J. P. (2019). B-type natriuretic peptide, disease progression and clinical 
outcomes in atrial fibrillation. Heart, 105(5), 370-377.)

vWF-antibodies do not give sufficient results when used separately, 
they can predict AF when they are used together.

Selection of prophylactic pharmacological strategies for PoAF needs 
to be individualized to a patient’s condition and the risks and adverse 
events  associated with each intervention.  Drugs  with potential risk 
of proarrhythmia or toxicity, such as sotalol and do fetilide, are not 
recommended for routine use. Selective use of pharmacologic the 
rapiesin  High-risk patients undergoing cardiac surgery  helps to 
reduce PoAF, there by reducing morbidity, length of hospital stay and 
related health care costs51. We also routinely administered ß-blockers 
to our patients before the operation. Cortico steroids were routinely 
administered during CPB in the operation. Statin, N-acetylcysteine, 
ß-blocker, which is also effective on surveillance after the operation. 
We applied POAF treatment similar to the literature.

In addition, some biomarkers that were not routinely checked in 
our study may be more specific in predicting POAF.e.g; Biomarkers 
such as transforming growth factor-ß1, strctural proteins (such 
as collagen, fibrillin, fibronectin, and laminin), matricellular 
proteins, and glycosaminoglycans ,connective tissue growth factor 
(CTGF), or CCN2 , matrix metalloproteinase/tissue Inhibitor of 
metalloproteinase, mostly They occur as a result of changes in cardiac 
tissue and atrial structure.It may be morepredictive in POAF due to 
cardiac deterioration52. Due to there trospective nature of our study 
and the cost of routine examination of these biomarkers, we did not 
examine them.

The most important limitation of our study is that it is retrospective. 
In addition, more patients and longer follow-ups would have given 
more accurate results. Preoperative and postoperative 1st day values 
were evaluated in our study. Longer follow-ups of biomarker values 
could have been performed in the postoperative period.

CONCLUSION
The effects of POAF on mortality and morbidity in cardiac 

pathologies are undisputed. Therefore, predicting POAF will help to 
minimize mortality. Using IL-6, vWF-Ag and vWF-antibody values 
as biomarkers in patients with CABG may be useful in predicting 
POAF. However, prospective studies with larger numbers of patients 
are needed in the future.

 
References
1. Axtell AL, Moonsamy P, Melnitchouk S, Tolis G, Jassar AS, D’Alessandro DA, et 

al. Preoperative predictors of new-onset prolonged atrial fibril- lation after surgical 
aortic valve replacement. J Thorac Cardiovasc Surg. 2020;159(4):1407–14. 

2. Villareal RP, Hariharan R, Liu BC, Kar B, Lee VV, Elayda M, et al. Postoperative 
atrial fibrillation and mortality after coronary artery bypass surgery. J Am Coll 
Cardiol 2004;43(5):742–8.  

3. N. Lowres, G. Mulcahy, K. Jin, R. Gallagher, L. Neubeck, B. Freedman, Incidence 
of postoperative atrial fibrillation recurrence in patients discharged in sinus rhythm 
after cardiac surgery: a systematic review and meta-analysis, Interact. Cardiovasc. 
Thorac. Surg. 26 (2018) 504–511.

4. Phan K, Ha HS, Phan S, Medi C, Thomas SP, Yan TD. New-onset atrial 
fibrillation following coronary bypass surgery predicts long-term mor- tality: a 
systematic review and meta-analysis. Eur J Cardiothorac Surg 2015;48(6):817–24.  
Albini, A., Malavasi, V. L., Vitolo, M., Imberti, J. F., Marietta, M., Lip, G. Y., 



Volume 15 Issue 6 | Nov 2022

Featured ReviewJournal of Atrial Fibrillation Featured ReviewJournal of Atrial Fibrillation & Electrophysiology33 Original Research

www.jafib-ep.com

... & Lindahl, B. (2008). Prevalence and pathophysiological mechanisms of elevated 
cardiac troponin I levels in a population-based sample of elderly subjects. European 
heart journal, 29(18), 2252-2258.

39. Zethelius B, Johnston N, Venge P. Troponin I as a predictor of coronary heart disease 
and mortality in 70-year-old men: a community-based cohort study. Circulation 
2006; 113(8): 1071–8.

40. Horwich TB, Patel J, MacLellan WR, Fonarow GC. Cardiac troponin I is associated 
with impaired he- modynamics, progressive left ventricular dysfunc- tion, and 
increased mortality rates in advanced heart failure. Circulation 2003; 108(7): 833–8. 

41. Hijazi Z, Wallentin L, Siegbahn A, Andersson U, Christersson C, Ezekowitz J, 
et al. N-terminal pro-B-type natriuretic peptide for risk assessment in patients 
with atrial fibrillation: insights from the ARISTOTLE Trial (Apixaban for the 
Prevention of Stroke in Subjects with Atrial Fibrillation). J Am Coll Cardiol 2013; 
61(22): 2274–84.

42. Knayzer, B., Abramov, D., Natalia, B., Tovbin, D., Ganiel, A., & Katz, A. (2007). 
Atrial Fibrillation and Plasma Troponin I Elevation After Cardiac Surgery: Relation 
to Inflammation‐Associated Parameters. Journal of cardiac surgery, 22(2), 117-123.

43. Redfield, M. M., Rodeheffer, R. J., Jacobsen, S. J., Mahoney, D. W., Bailey, K. R., & 
Burnett, J. C. (2002). Plasma brain natriuretic peptide concentration: impact of age 
and gender. Journal of the American College of Cardiology, 40(5), 976-982.

44. Shelton, R. J., Clark, A. L., Goode, K., Rigby, A. S., & Cleland, J. G. (2006). The 
diagnostic utility of N-terminal pro-B-type natriuretic peptide for the detection 
of major structural heart disease in patients with atrial fibrillation. European heart 
journal, 27(19), 2353-2361.

45. Silvet, H., Young-Xu, Y., Walleigh, D., &Ravid, S. (2003). Brain natriuretic peptide 
is elevated in outpatients with atrial fibrillation. The American journal of cardiology, 
92(9), 1124-1127.

46. Patton, K. K., Ellinor, P. T., Heckbert, S. R., Christenson, R. H., DeFilippi, C., 
Gottdiener, J. S., & Kronmal, R. A. (2009). N-terminal pro-B-type natriuretic peptide 
is a major predictor of the development of atrial fibrillation: the Cardiovascular 
Health Study. Circulation, 120(18), 1768-1774.

47. Alonso A, Tang W, Agarwal SK, Soliman EZ, Chamber- lain AM, Folsom AR. 
Hemostatic markers are associ- ated with the risk and prognosis of atrial fibrillation: 
the ARIC study. Int J Cardiol 2012;155:217–22. 

48. Conway DS, Pearce LA, Chin BS, Hart RG, Lip GY. Prog- nostic value of plasma 
von Willebrand factor and sol- uble p-selectin as indices of endothelial damage and 
platelet activation in 994 patients with nonvalvular atrial fibrillation. Circulation 
2003;107:3141–5. 

49. Rivera-Caravaca, J. M., Marin, F., Vilchez, J. A., Galvez, J., Esteve-Pastor, M. A., 
Vicente, V., ... & Roldan, V. (2019). Refining stroke and bleeding prediction in 
atrial fibrillation by adding consecutive biomarkers to clinical risk scores. Stroke, 
50(6), 1372-1379.

50. Turagam, M.K., Downey, F.X., Kress, D.C., Sra, J., Tajik, A.J. and Jahangir, A., 2015. 
Pharmacological strategies for prevention of postoperative atrial fibrillation. Expert 
review of clinical pharmacology, 8(2), pp.233-250.

51. Turagam, M.K., Mirza, M., Werner, P.H., Sra, J., Kress, D.C., Tajik, A.J. and Jahangir, 
A., 2016. Circulating biomarkers predictive of postoperative atrial fibrillation. 
Cardiology in review, 24(2), p.76.

21. Willoughby, S. R., Roberts-Thomson, R. L., Lim, H. S., Schultz, C., Prabhu, A., De 
Sciscio, P., ... & Sanders, P. (2010). Atrial platelet reactivity in patients with atrial 
fibrillation. Heart Rhythm, 7(9), 1178-1183.

22. Zhong, C., Xin, M., He, L., Sun, G., & Shen, F. (2018). Prognostic value of von 
Willebrand factor in patients with atrial fibrillation: A meta-analysis.  Medicine, 
97(27).

23. Limite, L. R., Magnoni, M., Berteotti, M., Peretto, G., Durante, A., Cristell, 
N., ... &Cianflone, D. (2016). The predictive role of renal function and systemic 
inflammation on the onset of de novo atrial fibrillation after cardiac surgery. 
European journal of preventive cardiology, 23(2), 206-213.

24. Boos, C. J., Anderson, R. A., & Lip, G. Y. (2006). Is atrial fibrillation an inflammatory 
disorder?. European heart journal, 27(2), 136-149.)

25. Togan, T., Günday, M., Çiftçi, Ö., &Bingol, H. (2015, April). Can preoperative 
erythrocyte sedimentation rate serve as an indicator for midterm adverse events 
after coronary bypass grafting. In Heart Surg Forum (Vol. 18, No. 2, pp. E047-E52).

26. Yuan, S. M. (2018). Interleukin-6 and cardiac operations. European cytokine 
network, 29(1), 1-15.

27. Liu, Z., Khuong, J. N., Caruana, C. B., Jackson, S. M., Campbell, R., Ramson, 
D. M.,... & Perry, L. A. (2020). The prognostic value of elevated perioperative 
neutrophil-lymphocyte ratio in predicting postoperative atrial fibrillation after 
cardiac surgery: a systematic review and meta-analysis. Heart, Lung and Circulation, 
29(7), 1015-1024.

28. Semczuk-Kaczmarek, K., Płatek, A. E., Ryś, A., Adamowicz, J., Legosz, P., Kotkowski, 
M., ... &Filipiak, K. J. (2019). CHA2DS2-VASc score and fibrinogen concentration 
in patients with atrial fibrillation. Advances in Clinical and Experimental Medicine, 
28(11), 1451-1457.

29. Keskin, M., Ural, D., Altay, S., Argan, O., Börklü, E. B., &Kozan, Ö. (2018). Iron 
deficiency and hematinic deficiencies in atrial fibrillation: A new insight into 
comorbidities. Turk Kardiyol Dern Ars, 46(2), 103-110.

30. Wu, T. T., Chen, Y., Zhou, Y., Adi, D., Zheng, Y. Y., Liu, F., ... &Xie, X. (2017). 
Prognostic value of dehydroepiandrosterone sulfate for patients with cardiovascular 
disease: a systematic review and meta‐analysis. Journal of the American Heart 
Association, 6(5), e004896.

31. Larsson, S. C., Lee, W. H., Burgess, S., &Allara, E. (2021). Plasma Cortisol and Risk 
of Atrial Fibrillation: A Mendelian Randomization Study. The Journal of Clinical 
Endocrinology & Metabolism, 106(7), e2521-e2526.

32. Maesen B, Nijs J, Maessen J, Allessie M, Schotten U. Post-operative atrial fibrillation: 
a maze of mechanisms. Europace 2012;14:159–74.

33. Conway, D. S., Buggins, P., Hughes, E., & Lip, G. Y. (2004). Prognostic significance 
of raised plasma levels of interleukin-6 and C-reactive protein in atrial fibrillation. 
American heart journal, 148(3), 462-466.

34. Lip GY, Patel JV, Hughes E, Hart RG. High-sensitivity C-reactive protein and 
soluble CD40 ligand as indices of inflammation and platelet activation in 880 
patients with nonvalvular atrial fibrillation: relationship to stroke risk factors, stroke 
risk stratification schema, and prognosis. Stroke 2007;38:1229–1237.)

35. Aulin JK EM, Andersson U, Connolly SJ, Huber K, Reilly PA, Siegbahn A, 
Wallentin L, Yusuf S, Oldgren J. Interleukin-6 and C-reactive protein and risk 
for death and cardiovascular events in patients with atrial fibrillation. J Am Coll 
Cardiol 2011;57:E91. 

36. Karabacak, K., Kubat, E., Akyol, F. B., Kadan, M., Erol, G., Doğancı, S., ... & Bolcal, 
C. (2020). The C‐reactive protein/albumin ratio as a new predictor for postoperative 
atrial fibrillation after coronary artery bypass graft surgery. Journal of Cardiac 
Surgery, 35(10), 2747-2753.

37. Zhou, P., Waresi, M., Zhao, Y., Lin, H. C., Wu, B., Xiong, N., ... & Li, J. (2020). 
Increased serum interleukin-6 level as a predictive biomarker for atrial fibrillation: 
A systematic review and meta-analysis. Revista Portuguesa de Cardiologia (English 
Edition), 39(12), 723-728.

38. Eggers, K. M., Lind, L., Ahlström, H., Bjerner, T., Ebeling Barbier, C., Larsson, A., 


