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ABSTRACT

Background: The use of the CHA2DS2-VASc scoring 
system and red cell distribution width (RDW) as post-op 
Atrial Fibrillation (POAF) predictors may be promising for 
the identification of patients that are at a higher risk of POAF.

Methods: A total of 358 patients (57 patients with POAF, 
and 301 patients with non-POAF ) with sinus rhythm under-
going a coronary artery bypass graft (CABG) operation 
were included in the study retrospectively. Preoperative 
RDW levels and electrocardiograms with sinus rhythm were 
recorded. Patients with at least one 12-lead electrocardio-
gram with atrial fibrillation in the postoperative period, with 
or without medical or electrical cardioversion, were consid-
ered to have postoperative atrial fibrillation. A CHADS2 and 
CHA2DS2-VASc score was calculated for all of the patients.

Results: RDW levels were significantly higher in POAF 
group. RDW levels were significantly correlated with 
CHADS2 ( r = 0.15, P = .007) and CHA2DS2-VASc (r = 0.19 
P = .0001) scores. CHA2DS2-VASc scores were significantly 
higher in patients with POAF, whereas CHADS2 scores did 
not differ between groups. In multivariate analysis, left atrial 
diameter (LAD) (OR:2.44 [95% CI 1.16 – 5.1], P = .018), age 
(OR:1.04 [95% CI 1.01 – 1.08], P = .01), and RDW (OR:1.16 
[95% CI 1.0 – 1.36], P = .05) were found to be predictive for 
POAF. The area under the receiver-operating characteristic 
curve of RDW was 0.65 (0.57 – 0.72, P = .0001) with 68.4% 
sensitivity and 51.2 % specificity to predict POAF.

Conclusion: Our study showed that age, LAD, and the 
reduced probability of RDW are predictors of POAF, and 
that RDW is strongly associated with the thromboembolic 
risk as determined by CHADS2 and CHA2DS2-VASc scores.

INTRODUCTION

Post-operative atrial fibrillation (POAF) is the most 
common arrhythmia after coronary artery bypass grafting 

(CABG) operation, and affects 10% to 40% of patients 
undergoing CABG [Anatolevna 2016; Bohatch 2015]. 
This arrhythmia is associated with higher short and 
long term mortality rates, as well as higher prevelance of 
post-operative complications, including stroke, pneumo-
nia, respiratory failure, and longer hospitalization [Folla 
2016; Bohatch 2015; Mansoor 2014; Villareal 2004]. The 
exact mechanism of POAF is not fully understood, and 
a method of risk classification has not been established. 
Use of the CHA2DS2-VASc score (congestive heart fail-
ure; hypertension; age >75 years [doubled]; type 2 diabe-
tes; previous stroke, transient ischemic attack [TIA], or 
thromboembolism [doubled]; vascular disease; age 65-75 
years; and sex category), which extends the CHADS2 
score (congestive heart failure, hypertension, age >75 
years, type 2 diabetes, and previous stroke or TIA [dou-
bled]) by considering additional stroke risk factors, was 
recently recommended to guide antithrombotic therapy 
in patients with atrial fibrillation (AF) or atrial flutter 
[European Heart Rhythm Association 2010]. Each of 
these components has been associated with the ventricu-
lar remodeling, left ventricular (LV) diastolic dysfunction, 
and left atrial enlargement, which may cause the atrial  
fibrillation [Chua 2013].

The red blood cell distribution width (RDW) is a rather 
simple measure of red blood cell (RBC) size heterogene-
ity. RDW has an important role in many acute and chronic 
cardiovascular diseases, including acute coronary syndrome 
(ACS), ischemic cerebrovascular disease, peripheral artery 
disease (PAD), heart failure (HF), AF, and hypertension, 
which are often associated with a high degree of anisocytosis. 
The association between RDW and non-valvular or parox-
ysmal AF with or without CHA2DS2-VASc score has been 
shown in some studies [Lui 2017; Lee 2015; Kurt 2014]. 
Moreover, baseline RDW levels were found to be associated 
with POAF [Korantzopoulos 2015; Ertaş 2013]. However, 
these studies have not had a strong enough impact to change 
treatment algorithms.

The use of the CHA2DS2-VASc scoring system and 
RDW as POAF predictors may be promising for the iden-
tification of patients that are at a higher risk of POAF. In 
this study, we investigated the relationship of RDW and 
CHA2DS2-VASc score in patients with POAF after the early  
post-CABG period.
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METHODS

This study was approved by a local ethics committee. A 
total of 358 patients (57 patients with POAF, and 301 patients 
with non-POAF ) undergoing a CABG operation in our hos-
pital between January 2016 and March 2017 were included 
in the study retrospectively. Patients over 18 years of age 
with sinus rhythm were included in the study consecutively. 
All data were provided by the patients’ hospital files and the 
computer data system of our hospital. Patients with previous 
atrial arrhythmia, active infections, significant anemia and 
renal failure, and concomitant valve surgery were excluded 
from the study. There were no chronic inflammatory diseases 
reported for any patients. 

Preoperative hematological data including complete blood 
count, biochemical investigations, and coventional inflama-
tory indexes such as white blood cell (WBC), C-reactive pro-
tein (CRP), and electrocardiograms (ECG) with sinus rhythm 
were recorded. Patients that had at least one 12-lead electro-
cardiogram with atrial fibrillation in the first three postopera-
tive days, with or without medical or electrical cardioversion, 
were considered as having postoperative atrial fibrillation. All 
patients were given a 12-lead ECG within the 24 hours before, 
and the 72 hours following, the CABG operation. All patients 

were monitored for 72 hours, and patients who developed AF 
during monitoring were also given a 12-lead ECG. All elec-
trocardiograms were analyzed by an expert cardiologist.

The CHADS2 score was calculated for all the patients 
by assigning one point for each of the following crite-
ria: congestive heart failure, hypertension, age of at least  
75 years, and diabetes mellitus. For the criterion of pre-
vious stroke or TIA, two points were added. In contrast, 
the CHA2DS2-VASc score is based on a point system in 
which two points each are assigned for an age of at least 
75 years and history of stroke/TIA/thromboembolism, 
and one point is assigned for each of the following crite-
ria: congestive heart failure, hypertension, diabetes melli-
tus, age of 65 to 75 years, female sex category, and vascular 
disease (defined as previous myocardial infarction, com-
plex aortic plaque, carotid disease, and peripheral arterial 
disease [PAD], including intermittent claudication, previ-
ous surgery or percutaneous intervention on the abdomi-
nal aorta or the lower extremity vessels, and arterial and  
venous thrombosis).

Before CABG operation, all patients underwent a trans-
thoracic 2-dimensional and Doppler echocardiographic 
assessment, using a 1 to 5 MHz S5-1 transducer ( iE33, 
Philips Healthcare, Inc., Andover, MA). Patients were 
examined in the left lateral position, and measurements 
were averaged over three consecutive heart cycles. All 

Table 1. Demographic, Clinical and Echocardiographic 
Characteristics of the Study Population

POAF non-POAF P

Age 65.2 ± 8.8 60.5 ± 9.5 .001

Gender (F , %) 14 (24.6%) 52 (17.4%) .20

BMI 28.08 ± 3.0 28.02 ± 3.5 .90

DM (n, %) 23 (40.4%) 124 (41.2%) .90

HT (n, %) 35 (61.4%) 170 (56.9%) .52

HL (n, %) 48 (87.3%) 262 (92.9%) .15

CHADS2 1.29 ± 0.82 1.16 ± 0.86 .30

CHA2DS2-VASc 3.03 ± 1.05 2.68 ± 1.14 .034

ACS (n, %) 30 (52.6%) 164 (45.5%) .79

Stable CAD (n, %) 27 (47.4 %) 137 (54.5 %) .79

Beta-blocker (n, %) 53 (93%) 289 (96%) .31

ACEI 28 (49.1%) 137 (45.5%) .61

LVEF (%) 55.9 ± 10.5 56 ± 10.1 .9

LAD (cm) 3.8 ± 0.43 3.6 ± 0.36 .003

LVEDD (cm) 4.9 ± 0.78 4.8 ± 0.52 .54

LVESD (cm) 3.3 ± 0.72 3.3 ± 1.6 .88

E/A < 1 (n, %) 37 (64.9 %) 210 (69.8%) .09

BMI indicates body mass index; DM, diabetes mellitus; HT, hypertension; 
HL, hyperlipidemia; ACS, acute coronary disease; CAD, coronary artery 
disease; ACEI, ace inhibitor; LVEF, left ventricular ejection fraction; LAD, 
left atrial diameter; LVEDD, left ventricular end-diastolic diameter; LVESD, 
left ventricular end-systolic diameter. 

Table 2. Labaratory Findings of The Study Population

POAF non- POAF P

WBC 8,18 ± 1.94 8.34 ± 2.29 .62

HGB 12.8 ± 1.73 13.4 ± 1.78 .029

PLT 249.2 ± 69.2 231.3 ± 68.2 .07

RDW 14.6 ± 2.04 13.9 ± 1.4 .002

CRP 4.98 ± 22.1 2.22 ± 8.2 .105

NLR 3.0 ± 1.3 2.8 ± 1.77 .41

Sedimentation 32.6 ± 25.1 33.7 ± 27.1 .78

UREA 41.1 ± 12.0 40.5 ± 16.8 .8

CREA 0.90 ± 0.25 0.88 ± 0.23 .52

UA 6.08 ± 1.5 6.8 ± 8.5 .53

Na 137.2 ± 3.1 135.5 ± 13.6 .35

K 4.3 ± 0.48 4.3 ± 0.43 .87

Total cholesterol 194.0 ± 51.6 201.2 ± 55.8 .37

HDL 40.9 ± 8.9 40.1 ± 8.6 .51

LDL 113.0 ± 39.8 122.2 ± 42.1 .15

Triglyceride 195.9 ± 119.3 205.9 ± 208.6 .73

NLR indicates Neutrophil Lymphocyte Ratio; WBC, white blood cell; HGB, 
hemoglobin; PLT, platelets; RDW, red cell distribution width; CRP, C-reac-
tive protein; CREA, creatine; UA, uricacid; HDL, high-density lipoprotein; 
LDL, low-density lipoprotein.
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standard 2D transthoracic echocardographic images from 
parasternal long axis, short axis, apical four, three, and two 
chamber views, and color Doppler images were stored 
in cine-loop format, triggered to the QRS complex. The 
LV diastolic and systolic diameters were measured using 
M-mode or 2-dimensional echocardiography. Left ventric-
ular ejection fraction (LVEF) was calculated according to 
Simpson’s formula, employing a two-dimensional image of 
the LV chamber during systole and diastole in the four and 
two chamber apical views.

STATISTICAL ANALYSIS

Statistical analyses were performed using SPSS 17.0  
(Chicago). The Kolmogorov-Smirnov test was used to ana-
lyze normality of the data. Continuous data were expressed 
as mean ± standard deviation (SD), and categorical data were 
expressed as percentages. The chi-square test was used to 
assess differences in categorical variables between groups. 
The relationships among parameters were assessed using 
Pearson’s or Spearman’s correlation analysis, according to the 
normality of the data. Differences between groups were tested 
using Mann–Whitney U or Student’s T testing as appropriate. 
Receiver-operating characteristic (ROC) curves were con-
structed to determine the optimum cut-off for the RDW value 
that best predicted post-operative atrial fibrillation. The area 
under the curve (AUC) was calculated to quantify sensitivity 
and specificity. The logistic regression analysis was examined 
to determinate the relationship between independent vari-
ables. A P-value < .05 was considered statistically significant.

RESULTS 

The patients’ demographic and echocardiographic find-
ings are shown in Table 1. The incidence of POAF was 15.9% 
in our patient group. The mean age of all patients was 61.3 
± 9.5 years, and was higher in the POAF group (65.2 ± 8.8 in 
POAF group and 60.5 ± 9.5 in non-POAF group, P = .001). 
There was no statistical difference between the POAF and 
non-POAF groups in terms of gender (P = .20), body mass 
index (BMI) (P = .90), diabetes mellitus (DM) (P = .90), hyper-
tension (HT) (P = .52), or hyperlipidemia (HL) (P = .15). 

The diagnosis given during admission to the hospital 
(acute coronary syndrome and stable coronary artery disease) 
did not differ between groups (P = .79).

CHA2DS2-VASc scores were significantly higher in 
patients with POAF, though CHADS2 scores did not differ.

Although LVEF, LV end diastolic diameter (LVEDD), and 
LV end systolic diameter (LVESD) were not statistically dif-
ferent between patients of both groups, the left atrial diam-
eter (LAD) was higher in POAF group than in non-POAF 
group (3.8 ± 0.43 and 3.6 ± 0.36, respectively, P = .003).  
E/A<1 ratios were used as an indicator of diastolic dysfunc-
tion, and were not different among groups.

The laboratory findings of the patients are shown in Table 2.  
Hemoglobin levels were lower in the POAF group, and the 
RDW levels were significantly higher (Figure 1).

RDW was positively correlated with age (r = 0.192,  

P = .0001), LAD (r = 0.166 , P = .002), and urea (r = 0.151, 
P = .004), and negatively correlated with hemoglobin levels  
(r = -0.183, P = .001).

CHA2DS2-VASc score was also significantly correlated with 
LAD (r = 0.138, P = .012), and negatively correlated with LVEF 
(r = -0.109. P = .043) and hemoglobin (r = -.0.26, P = .0001).

There was a significant correlation between RDW 
and CHADS2 scores (r = 0.15, P = .007), and RDW and 
CHA2DS2-VASc scores (r = 0.19, P = .0001) (Figure 2).

 In multivariate analysis, LAD (OR:2.44 [95% CI 
1.16 - 5.1], P = .018), age (OR:1.04 [95% CI 1.01 – 1.08],  
P = .01), and less probable RDW (OR:1.16 [95% CI 1.0 – 1.36],  
P = .05) were found to be predictive for POAF (Figure 3). The 
area under the ROC curve of RDW was 0.65 (0.57 – 0.72,  
P = .0001) with 68.4 % sensitivity and 51.2% spesificity to 
predict POAF (Figure 4).

DISCUSSION

Our study is consistent with other studies that demon-
strated that the LAD and age were the main predictors of 

Figure 1. Box-plot of RDW levels in POAF and non-POAF groups.

Figure 2. Correlations between RDW and CHADS2 and CHA2DS2-
VASc scores.

Figure 3. The area under the receiver-operating characteristic (ROC) 
curve of RDW was 0.65 (0.57 – 0.72 , P = .0001), with 68.4 % sensitivity  
and 51.2 % spesificity to predict POAF.



Red Cell Distribution Width with CHADS2 and CHA2DS2-VASc—Kılıcgedik et al

E173© 2018 Forum Multimedia Publishing, LLC

POAF, and that RDW tended to predict POAF [Folla 2016; 
Korantzopoulos 2015; Ertaş 2013]. Advancing age is the most 
prominent risk factor for AF; degenerative changes such as 
atrial fibrosis and dilatation lead to changes in the electrical 
characteristics of the sinus and AV nodes [Staerk 2017; Yadava 
2016; Bohatch 2015]. Villereal et al found that an age greater 
than 65 years was an independent risk factor for develop-
ment of POAF after revascularization [Villareal 2004]. It is 
well established that atrial enlargement and stretch facilitate 
the occurence of AF by increasing atrial vulnerability [Chua 
2013]. Moreover, Gabrielli et al found that left atrial dysfunc-
tion, evaluated by strain and strain rate, is an independent 
predictor of POAF and contributes to classical risk factors 
like age and atrial volume [Gabrielli 2011].

Although RDW is not a direct measure of anisocyto-
sis, it is an easy measure of red blood cell (RBC) size het-
erogeneity within the complete blood cell count. AF, like 
many cardiovascular diseases, is often associated with a high 
degree of anisocytosis because of oxidative stress and chronic 
inflammation [Danese 2015]. RDW and changes in RDW 
were found to be independently associated with the risk of 
all causes of mortality in patients with AF [Saliba 2017]. In 
a pilot observatonal study of 109 patients, Korantzopoulos  
et al showed that baseline RDW levels were associated 
with the occurence of POAF after elective cardiac surgery  
[Korantzopoulos 2015]. Consistent with this study, Ertaş et 
al showed that preoperative RDW level predicted new-onset 
AF after CABG [Ertaş 2013]. In our study, RDW was found 
to be significantly higher in POAF group, however, in multi-
variate analysis it was not found to be as significant as in the 
aforementioned studies.

The RDW and CHA2DS2-VASc scores were found to be 
significantly higher in the POAF group, though CHADS2 
scores did not differ between the patients of the two groups. 
Although Chua et al showed that CHADS2 and CHA2DS2-
VASc scores could be helpful, convenient scoring systems for 
predicting POAF after cardiac surgery, in our study group, 
CHADS2 and CHA2DS2-VASc scores were not significant 
predictors of POAF in multivariate analysis [Chua 2013]. 
However, RDW was found to be significantly correlated with 
CHADS2 and CHA2DS2-VASc scores. Some studies (8,10) 
have shown that RDW values are significantly correlated 
with CHA2DS2-VASc scores in nonanemic, non-valvular 
AF patients [Kurt 2014]. This is not, in fact, an unexpected 
result, because RDW was revealed to be associated with and 
higher in some components of CHADS2 and CHA2DS2-
VASc scores, such as heart failure, stroke, coronary heart 
disease, HT, and DM [Makhoul 2013; Tanindi 2012; Azab 
2011; Sánchez-Chaparro 2010; Ani 2009]. RDW was also 
found to be associated with AF itself [Saliba 2017; Lee 
2015; Güngör 2014]. It has also been shown to be a strong 
independent predictor of morbidity and mortality in acute 
decompansated heart failure [Makhoul 2013]. Increased 
levels of RDW are associated with stroke, and are predic-
tive for all causes of deaths in patients with a known his-
tory of stroke [Ani 2009]. RDW also has predictive value in 
non-STMI patients for all-cause long-term mortality [Azab 
2011]. In addition, higher RDW values are correlated with 

higher systolic and diastolic blood pressures and metabolic 
syndrome [Tanindi 2012; Sánchez-Chaparro 2010]. In our 
study, we demonstrated that these scoring systems may be 
usable in, and associted with, POAF as well.

Although each component of the CHADS2 and 
CHA2DS2-VASc scores has been associated with the ven-
tricular remodeling, LV diastolic function, and LA enlarge-
ment, in our study, there was no significant difference in 
LVEF, LVEDD, LVESD, or diastolic dysfunction between 
the patients of the two groups [Chua 2013]. However, 
LAD was shown to be significantly higher in the POAF 
group. Despite the fact that some studies found LVEF as 
a predictor of POAF, and found an association between 
LV diastolic dysfunction and an increased incidence of 
POAF, these were not confirmed in our study [Onk 2015;  
Ashes 2014].

In the literature, an exagerated inflamatory response 
was shown to be associated with a higher risk of POAF, 
but we were unable to find a correlation between systemic 
inflamation and POAF among the patients in our study 
[Aviles 2003]. There was no significant difference in base-
line CRP levels, Neutrophil Lymphocyte Ratio (NLR), or 
WBC counts between POAF and non-POAF group. In 
contrast with this finding, the study of Şaşkın et al showed 
that elevated preoperative CRP levels were associated 
with development of POAF in a relatively large cohort  
[Şaşkın 2016]. 

LIMITATIONS

This is a retrospective study; all information about the 
patients were provided from their files. Some factors such as 
iron, vitamin B12, and folic acid levels, which can influence 
RDW levels, were not determined in our study. No follow-
up data is available to clarify the relation between RDW and 
thromboembolic events. Further prospective studies with 
large numbers of patients are required in order to clarify the 
predictive value of RDW in POAF patients.

CONCLUSION

Our study showed that age, LAD, and a lower probability 
of RDW are the predictors of POAF. RDW was also demon-
strated to be strongly associated with thromboembolic risk, as 
determined by CHADS2 and CHA2DS2-VASc scores. The 
use of RDW with CHADS2 and CHA2DS2-VASc scores 
may be helpful as a simple method for better identification 
of patients that are at higher risk of POAF and thromboem-
bolism. However, to assess the value of RDW as a predictor 
of thromboembolic events, further prospective studies with 
large number of patients are required.
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