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Increased levels of red cell distribution width
is correlated with presence of left atrial stasis
in patients with non-valvular atrial fibrillation
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ABSTRACT

OBJECTIVE: Red cell distribution width (RDW) and neutrophil to lymphocyte ratio (NLR) have been found to
be associated with non-valvular atrial fibrillation (AF) and cardiovascular diseases. However, correlation of these
parameters with presence of left atrial (LA) thrombus and/or spontaneous echo contrast (SEC) in patients with
non-valvular AF has not been clarified. This study was an investigation of correlation of RDW, NLR, and clinical risk
factors with LA thrombus and dense SEC in patients with non-valvular AF in the Turkish population.

METHODS: The demographic, laboratory, and echocardiographic properties of 619 non-valvular AF patients who
underwent transesophageal echocardiography (TEE) examination before direct current cardioversion (DCCV) or
AF ablation treatment were retrospectively investigated. Complete blood count (CBC) and biochemical parameters
were studied 6 to 12 hours before TEE examination. Left atrial stasis (LAS) markers were noted as presence of left
atrial/left atrial appendage (LA/LAA) thrombus or dense spontaneous echo contrast (DSEC).

RESULTS: Total of 325 (52%) patients with LAS were compared with 294 patients (48%) without LAS. In the LAS
group, there were 274 (84%) patients with LA/LAA thrombus and 51 (16%) patients with DSEC. LAS (+) group,
values for RDW (14.85+1.48 vs. 13.77+1.30; p<0.01), NLR (2.38 [1.58], vs. 2.10 [1.35]; p<0.01) and C-reactive
protein (0.95 [0.61] vs. 0.88 [0.60] mg/L; p<0.01) were significantly higher than seen in LAS (-) group. In mul-
tivariate regression analysis, increased level of RDW, age, male gender, heart failure, duration of AF >6 months,
and international normalized ratio <2 were independently correlated with presence of LAS.

CONCLUSION: Our study indicated that increased level of RDW is independently correlated with higher risk for
development of LAS in patients with non-valvular AF.
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Atrial fibrillation (AF) is the most common
cardiac arrhythmia and is associated with in-
creased cardiovascular risks [1]. The major compli-
cation of AF is formation of thrombus in the left
atrium (LA) and/or left atrial appendage (LAA)
causing thromboembolism. Abnormal flow dynam-
ics in the LA and LAA cause blood stasis, endothe-
lial damage, and thrombus formation, even in the
absence of valvular disease [2]. The inflammatory
process is important in pathogenesis of AF, which is
associated with the stimulation of coagulation cas-
cade and thrombus formation [3].

Recently, correlation of red cell distribution
width (RDW) and neutrophil to lymphocyte ratio
(NLR) with inflammatory status has been demon-
strated [4]. In addition, prognostic importance of
these parameters in various cardiovascular diseases,
including non-valvular AE has been found (5, 6].
Transesophageal echocardiography (TEE) is the
criterion standard for detection of LA/LAA throm-
bus and dense spontaneous echo contrast (DSEC).
These findings indicate left atrial stasis (LAS), and
are correlated with higher risk of thromboembo-
lism during electrical cardioversion and AF ablation
procedures [7-9].

The aim of this study was to investigate the cor-
relation of pre-procedural RDW, NLR, and clinical
risk factors with presence of LAS in patients with
non-valvular AF who had undergone TEE exami-
nation.

MATERIALS AND METHODS

Patient selection

This study was a retrospective, cross-sectional
study conducted between January 2009 and June
2014 at our tertiary cardiovascular hospital.
Study consisted of 325 consecutive LAS (+) pa-
tients who had undergone TEE between January
2009 and June 2014 and randomly selected 294
LAS (-) patients from the same time interval be-
fore electrical cardioversion or AF ablation treat-
ment. Patients older than 80 years of age, with val-
vular AF post-operative AF, recent acute coronary
syndrome, anemia (for men hemoglobin <13 gr/

dL, for women hemoglobin <12gr/dL), acute or

chronic inflammatory disease, renal failure, hepat-
ic failure, malignancy, or with other indication of
chronic anticoagulation or history of blood trans-
fusion within 3 months were excluded. All patient
risk factors, clinical information, laboratory and
demographic data were obtained from hospital
records.

Echocardiography examination

Transesophageal echocardiography was performed
with GE Vivid 7 device (GE Healthcare, Inc. Chi-
cago, IL, USA) and 6T phased array multiplane
transesophageal (2.9 to 7.0 MHz) probe. All exam-
inations were performed after administration of lo-
cal anesthesia of hypopharynx with lidocaine spray
and sedation with 2 to 5 mg intravenous administra-
tion of midazolam. LA and LAA were investigated
for presence of thrombus and DSEC in different
tomographic planes of TEE. LA/LAA thrombus
was defined as (1) masses adhering to LA wall or
LAA, (2) masses moving independently from the
LAA wall, (3) masses of different echogenicity
density from LAA wall, and (4) confirmation of
mass in more than 1 imaging plane. Special efforts
were made to discriminate pectinate muscles from
thrombi. In case of doubt, images were re-evaluated
until consensus was reached. Spontaneous echo
contrast (SEC) scoring was done from 1+ to 4+
as described by Fatkin et al. [10]. Patients with 3+
and 4+ SEC were defined as DSEC. Patients with
thrombus of LA/LAA and/or DSEC formed study
group [LAS (+) group] and patients who did not
have these findings formed control group [LAS (-)
group]. Congestive heart failure (CHF) was defined
as having diagnosis of ejection fraction preserved
heart failure and/or heart failure with systolic dys-
function (ejection fraction less than 49%) and use
of heart failure medication. In addition, Congestive
Heart Failure, Hypertension, Age, Diabetes Melli-
tus, Stroke (CHADSZ) score and Congestive Heart
Failure, Hypertension, Age, Diabetes Mellitus,
Stroke, Vascular Disease, Sex (CHAZDSZ-VASC)
score were calculated for each patient in order to
evaluate risk of thromboembolism and stroke [11].
The study was approved by the local ethics commit-
tee of the hospital.
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Laboratory analysis

Fasting blood samples were drawn according to
hospital protocol from antecubital vein punc-
ture into ethylenediaminetetraacetic acid-treated
or plain tubes on day of admission 6 to 12 hours
before TEE examination. Complete blood count
(CBC) testing utilized clinical laboratory methods
(Coulter LH 780 Hematology Analyzer; Beckman
Coulter Inc., Brea, CA) for hemoglobin, total white
blood cell (WBC) count, platelet count and RDW.
Baseline NLR was calculated by dividing neutro-
phil count by lymphocyte count. High-sensitivity
C-reactive protein (CRP) level was measured with
Cobas Integra analyzer (Roche Diagnostics, Basel,
Switzerland) using turbidimetric method.

Statistical analysis

Statistical analyses were performed using SPSS
for Windows, Version 15.0 (SPSS Inc., Chicago,
IL, USA) software. Continuous variables were
checked for normal distribution assumption using
Kolmogorov-Smirnov test and were reported as
mean+SD or median (interquartile range). Differ-
ences between LAS (+) and (-) groups were evalu-
ated using Student’s t-test or Mann-Whitney U test.
Categorical variables were tested with Pearson’s chi-
squared test and Fisher’s exact test. Receiver operat-
ing curves (ROC) were generated to define cut-off
values (upper left corner of ROC as point of maxi-
mum sensitivity and specificity) of RDW for pres-
ence of LAS in the study population. In addition,
univariate and multivariate binary logistic regres-
sion analysis was performed to investigate indepen-
dent correlates of LAS. Variables with p<0.10 in
univariate analysis were included in multivariate re-
gression analysis. All p values were two-sided and p
value <0.05 was considered statistically significant.

RESULTS

The study included 325 patients with LAS and 294
patients without LAS. In the LAS (+) group, there
were 274 (84%) patients with LA/LAA thrombus
and 51 (16%) patients with DSEC. Clinical and de-
mographic properties of the study population are
summarized in Table 1. Study patients were older

(62.8412.5 vs. 54.5+£13.9; p=0.01), and frequency
of male gender was higher (63% vs. 54%; p=0.03)
compared with control group. Frequency of pa-
tients with hypertension, diabetes mellitus, CHEF,
and vascular diseases was higher and duration of
AF was longer in LAS (+) group. Mean CHADS,
score (1.90+1.16 vs. 1.08+1.01; p<0.01) and
mean CHA DS -VASc score (2.43+£1.40 vs.
1.58+1.19; p<0.01) were significantly higher in
LAS (+) group. In addition, percentage of patients
with CI—IADSZZS, CI—IAZDSZ—VASC >3 was sig-
nificantly higher in LAS (+) group compared with
LAS (-) group.

In total, 370 patients had warfarin treatment and
rate of warfarin use was significantly higher in the
LAS (+) group (82% vs. 36%; p<0.01). When only
patients with warfarin treatment were considered,
rate of LA/LAA thrombus was 66%. Frequency of
patients with optimal anticoagulation (internation-
al normalized ratio between 2—3) at time of TEE
examination was 78%. Only patients without LAS
had undergone electrical cardioversion or AF abla-
tion procedure and none of the treated patients had
thromboembolic complication.

Hematological and biochemical parameters of
study groups are compared in Table 2. Statistically
significant difference was observed between creati-
nine levels, whereas hemoglobin level and WBC,
platelet, neutrophil, and lymphocyte counts were
not different between groups. In LAS (+) group,
NLR (2.38 [1.58] vs. 2.10 [1.35]; p<0.01), RDW
(14.85+1.48 vs. 13.77+£1.30; p<0.01), and CRP
(0.95 [0.61] vs. 0.88 [0.60] mg/L; p<0.01) levels
were significantly higher compared with control
group. In subgroup analysis, when patients with
LA/LAA thrombus were compared with patients
with DSEC, RDW (14.84+1.56 vs. 14.34+0.93;
p=0.32), NLR (2.25 [1.62] vs. 2.32 [0.93];
p=0.32), and CRP (0.96 [0.60] vs. 0.95 [0.51]
mg/L; p=0.91) levels were not significantly differ-
ent (Figure 1).

In ROC curve analysis, area under curve (AUC)
of RDW was significantly higher compared with
AUC of NLR and CRP for discrimination of LAS
in the study population (0.732 vs. 0.579 vs. 0.584,
respectively; p<0.01) (Figure 2). Cut-off level of
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TABLE 1. Demographic characteristics and risk factor identification for left atrial stasis (+) and (-) groups
LAS (+) (n=325) LAS (-) (n=294) p
n % n %
Age, years 62.8+12.5 54.5+13.9 <0.01
Male sex 206 63 161 54 0.03
Hypertension 247 76 164 55 <0.01
Diabetes mellitus 49 15 23 8 <0.01
Stroke 24 7 14 5 0.24
Congestive heart failure 59 18 12 4 <0.01
Vascular disease 57 17 19 6 <0.01
AF duration >6 months 278 85 143 49 <0.01
LA/LAA thrombus 274 84 - - -
DSEC 51 16 - - -
CHADS, score 1.90+1.16 1.08+1.01 <0.01
CHADS, score>3 85 26 28 10 <0.01
CHA,DS,-VASc score 2.43+1.40 1.58+1.19 <0.01
CHA,DS,-VASc>3 148 45 59 20 <0.01
Treatment
Warfarin 265 82 105 36 <0.01
Acetylsalicylic acid 50 15 148 50 <0.01
No treatment 10 3 41 14

AF: Atrial fibrillation; LA: Left atrium; LAA: Left atrial appendage; DSEC: Dense spontaneous echo contrast; CHADS,: Congestive Heart Failure, Hyperten-
sion, Age, Diabetes Mellitus, Stroke; CHA,DS,-VASc: Congestive Heart Failure, Hypertension, Age, Diabetes Mellitus, Stroke, Vascular Disease, Sex.

TABLE 2. Comparison of hematological parameters be-
tween left atrial stasis (+) and (-) groups

LAS (+) LAS (-) p

(n=325) (n=294)
Creatinine, mg/dL 0.93+0.25 0.87+0.24 <0.01
Hemoglobin, g/dL 13.8+1.5 14.0+1.3 0.21
Platelet, 103/pL 246+75 249177 0.56
WBC, 103/pL 7.92+1.85 7.91+2.23 0.77
Neutrophil, 103/pL 5.03+£1.65 4.79+1.79 0.09
Lymphocyte, 103/pL  2.12+ 1.12  2.26+£0.91 0.10
NLR 2.38[1.58] 2.10[1.35] <0.01
RDW, % 14.85+1.48 13.77£1.30 <0.01
CRP, mg/L* 0.95[0.61] 0.88[0.60] <0.01

CRP: C-reactive protein; NLR: Neutrophil to lymphocyte ratio; RDW: Red
cell distribution width; WBC: White blood cell. *CRP level could be ob-

tained in only 524 patients.

Red cell distribution width (%)

20.00

18.00

16.00

14.00

12.00

10.00

—P<0.01—

|—p=0.32—|

LAS (-)

LAS (+)

T
DSEC

LA/LAA

thrombus

FIGURE 1. Box-plot graph demonstrating comparison
of red cell distribution width level between the study
groups. DSEC: Dense spontaneous echo contrast; LA:
Left atrium; LAA: Left atrial appendage; LAS: Left

atrial stasis.
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FIGURE 2. Receiver operating characteristic curve
analysis of red cell distribution width, neutrophil to
lymphocyte ratio, and high sensitivity C-reactive pro-
tein level for prediction of left atrial stasis in the study
population.

RDW >13.7% predicted presence of LAS with
sensitivity of 78.1% and specificity of 58.5%. In
patients with RDW >13.7%, rate of LAS (+) was
68.9%, which was significantly higher than in pa-
tients with RDW <13.7% (30.6%) (p<0.01).

Univariate and multivariate binary logistic re-
gression analysis was performed to investigate inde-

pendent correlates of LAS in the study population.
In multivariable model, age, male gender, heart fail-
ure, AF duration >6 months, and increased RDW
level (odds ratio, 1.67; 95% confidence interval,
1.44-1.94; p<0.01) were found to be independently
correlated with presence of LAS (Table 3).

DISCUSSION

In this study, we determined correlation between in-
creased RDW level and increased risk for LA/LAA
thrombus formation and DSEC in Turkish patients
with non-valvular AF. In multivariate binary logis-
tic regression analysis, older age, male gender, heart
failure, AF duration >6 months, and increased
RDW level were found to be independently corre-
lated with presence of LAS. NLR was determined
to be significantly higher in study group, but it was
not an independent predictor when combined with
clinical risk factors. To the best of our knowledge,
this is the first study in which RDW independently
predicted LAS.

AF is the most common sustained tachyarrhyth-
mia and is associated with increased cardiovascular
morbidity, mortality, and preventable stroke, ac-
counting for approximately one-third of cardiac hos-
pitalizations for cardiac rhythm disturbances [12].

TABLE 3. Univariate and multivariate regression analysis for predictors of left atrial stasis in the study population

Variables Unadjusted OR (95% CI) p Adjusted OR (95% CI) p

Age 1.05 (1.03-1.06) <0.01 1.03 (1.01-1.05) <0.01
Male gender 1.42 (1.03-1.96) 0.03 1.53 (1.05-2.31) 0.04
Hypertension 2.52 (1.79-3.56) <0.01 0.98 (0.61-1.58) 0.92
Heart failure 5.30 (2.79-10.1) <0.01 3.59 (1.68-6.86) <0.01
Diabetes mellitus 2.09 (1.23-3.51) <0.01 1.09 (0.59-2.11) 0.77
AF duration >6 months 6.29 (4.28-9.24) <0.01 3.25 (2.08-5.12) <0.01
Creatinine 2.80 (1.44-5.48) <0.01 1.41 (0.63-3.45) 0.75
CRP* 1.32 (1.024-1.69) 0.03 - -

Hemoglobin 0.91 (0.81-1.01) 0.11 - -

RDW 1.81 (1.57-2.08) <0.01 1.67 (1.44-1.94) <0.01
NLR 1.08 (0.99-1.17) 0.06 0.98 (0.89-1.07) 0.61

AF: Atrial fibrillation; CI: Confidence interval; CRP: C-reactive protein; INR: International normalized ratio; OR: Odds ratio; RDW: Red cell distribution width;
NLR: Neutrophil to lymphocyte ratio. *CRP level was not included in the multivariable model because this parameter could be obtained in only 524 patients.
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Left atrial stasis, dyssynchrony, and compromised
contraction and relaxation are the undetlying pathol-
ogies in AF that cause SEC, sludge, and thrombus in
LA/LAA. Consequently, any thrombus migration
from LA/LAA interrupts blood flow of the organ it
occludes, and associated disabilities occur.

There may be some concerns about the num-
ber and ratio of patients with LAS in our study
(325/619), which is unlike 2 previously published
papers. There were 88 patients with LAS of 247
patients who underwent TEE in study conducted
by Providencia et al. [13]. The other study included
24 patients with LAS of 90 patients who had un-
dergone TEE [14]. Both studies compromised all
consecutive TEE patients, while we selected 325
consecutive patients with LAS and matched them
with 294 consecutive patients without LAS.

In our study, we found that patients with LAS
were older, as well as more often hypertensive, and
diabetic. Similarly, they had CHE vascular disease
and persistent AF more often than control group.
CHADS, score, CHA DS, -VASc score, and war-
farin usage were also higher than seen in controls.
These demographic properties of the groups were
compatible with current literature. However, there
were no statistical differences in previous stroke, de-
spite high rate of warfarin use in LAS (+) group.
We think patients under warfarin treatment may
not have had enough time in therapeutic range,
which means ineffective treatment. Zhao et al. [14]
found increased warfarin usage in LAS group, as
seen in our study, but found that previous stroke
was also higher in LAS group, unlike our results.

RDW, which has institutionally been used
for differential diagnosis of anemia, is a quantita-
tive measure of variability in the size of circulating
erythrocytes, and is now accepted as prognostic in-
dex for cardiovascular diseases. It is associated with
increased mortality in patients with stroke, CHE,
and myocardial infarction; however, there is no clear
pathophysiological mechanism yet for this asso-
ciation. Chronic inflammation and oxidative stress,
which are present in both development and persis-
tence of AF, may reduce number of red blood cells,
which in turn increases erythropoietin production

and leads to increase in RDW. Higher RDW level

was associated with high level of CRP, erythropoi-
etin, interleukin-6, tumor necrosis factor (TNF) al-
pha, and TNF receptor I/1I in systolic heart failure
patients [15], which revealed association of chronic
inflammation with RDW level.

Association of RDW and non-valvular AF has
recently been reported [16]. There are 2 studies that
investigated association of RDW and LAS in non-
valvular AF, and both failed to show independent
correlation of RDW with LAS. The study conduct-
ed by Providencia et al. [13] indicated that RDW
and mean corpuscular volume (MCV) add incre-
mental value to each other, but when clinical risk
factors were added, MCV remains independent
predictor. Zhao et al. [14] also reported association
of RDW with LAS, but when clinical risk factors
were added, low hemoglobin and persistence of
AF remained independent predictors. In our study,
even after adding clinical risk factors, RDW was in-

dependent predictor of LAS.

Increased neutrophil count is consistent with
subclinical inflammation, while decreased lympho-
cyte count shows physiological stress and poor gen-
eral health [17]. This means NLR could be used
as a monitor for inflammatory status and stress re-
sponse. In this study, even though NLR was higher
in LAS (+) group, we did not observe independent
correlation between NLR and presence of LAS (+)
when RDW levels and clinical factors were included
in multivariable regression model. Chronic inflam-
mation could have a role in development of AF. It
generates electrical and structural remodeling, form-
ing substrate for development and persistence of ar-
rhythmia. Ongoing rhythm disturbance with atrial
endothelial destruction due to inflammation results
in thrombus formation in LAA. In other words,
severity of inflammatory status in LA may be cor-

related with risk of LA/LAA thrombus formation.

Limitations

There are some potential limitations with the pres-
ent study. First of all, this was a retrospective study
and demonstrates association of variables rather
than cause-effect relationship. In addition, our find-
ings do not describe clinical use of CBC parameters
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in prediction of future thromboembolic events in
patients with AF. Lack of parameters, especially
iron/ferritin level, can be accepted as a limitation.
Lack of parameters demonstrating inflammation
other than CRP could also be considered a limi-
tation of our study. Rate of LA/LAA thrombus
formation was higher than seen in previous stud-
ies13,14. This finding may suggest that effectiveness
and duration of anticoagulation was not adequate
for resolution of thrombi at time of TEE examina-
tion. For further investigation of this topic, multi-
centet, prospective studies are warranted.

Conclusion

RDW is independent predictor of LAS in non-val-
vular AF in Turkish population. Larger prospective
studies may reveal clinical use of CBC parameters,
and especially RDW level, for defining cases with
higher risk of LAS, embolization, and cerebrovas-
cular events.
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