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Abstract: Background: The role of erythrocyte indexes for the prediction of left atrial stasis, assessed by transesoph-
ageal echocardiography in patients with non-valvular atrial fibrillation, has not been previously clarified. Methods: 
Single center cross-sectional study comprising 247 consecutive patients admitted to the emergency department 
due to symptomatic atrial fibrillation and undergoing transesophageal echocardiogram evaluation for exclusion of 
left atrial appendage thrombus (LAAT) before cardioversion. All patients had a complete blood count performed up 
to 12 hours prior to the transesophageal echocardiogram. Markers of left atrial stasis were sought: LAAT, dense 
spontaneous echocardiographic contrast (DSEC) and low flow velocities (LFV) in the left atrial appendage. Eryth-
rocyte indexes’ accuracy for detecting transesophageal echocardiogram changes was evaluated through receiver 
operating curve analysis. Binary logistic multivariate analysis, using solely erythrocyte indexes and in combination 
with other variables (i.e. CHADS2, CHA2DS2VASc classifications and left ventricle ejection fraction), was used for 
transesophageal echocardiogram endpoints prediction. Results: LAAT was found in 8.5%, DSEC in 26.1% and LFV 
in 12.1%. Mean corpuscular volume and red cell distribution width were independent predictors of LAAT and DSEC. 
Despite adding incremental predictive value to each other, when clinical risk factors from CHADS2 and CHA2DS-
2VASc classifications and left ventricle ejection fraction were added to the models, only mean corpuscular volume 
remained an independent predictor of LAAT and DSEC. Conclusions: These findings suggest that mean corpuscular 
volume and red cell distribution width may be linked to left atrial stasis markers. 

Keywords: Atrial fibrillation, stroke, left atrial appendage thrombus, mean corpuscular volume, red cell distribution 
width, spontaneous echocardiographic contrast

Background

Thromboembolism is among the most feared 
complications of non-valvular atrial fibrillation 
(AF) [1]. However, the mechanisms and path-
ways underlying thrombus formation and the 
presence of prothrombotic milieu in the left 
atrium have not yet been fully clarified. 

The presence of left atrial thrombus is associ-
ated with thromboembolism in patients submit-
ted to cardioversion [2] or catheter ablation of 
AF [3], and that is why these procedures are 
contraindicated in the case of intracavitary 
thrombus [4]. Although, transesophageal echo-
cardiogram is the gold-standard for the exclu-
sion of thrombus, this procedure is not devoid 

of risks, is invasive in nature and may be not 
tolerable for some patients [5]. Furthermore, 
thrombi are found in only a minority of patients 
with non-valvular AF if under anticoagulation 
treatment (1.6%) [3] and 12% in patients with-
out anticoagulation [6].

Patients with AF and left atrial thrombus [7], 
dense spontaneous echocardiographic con-
trast (DSEC) [8] and low flow velocities (LFV) in 
the left atrial appendage [9] are known to have 
a higher risk of thromboembolism or adverse 
prognosis.

A better understanding of the thrombogenic 
mechanisms and pathways in non-valvular AF 
could have two main benefits: first, providing 
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help in foreseeing which patients have a very 
low risk of having a left atrial appendage throm-
bus (LAAT) and, therefore, could be spared 
transesophageal echocardiogram assessment 
before cardioversion or catheter ablation of AF; 
second, a more accurate detection of subjects 
at a high risk of thromboembolism that would 
derive benefit from anticoagulation therapies.

The assessment of red blood cell indexes is a 
low cost and very commonly performed labora-
tory technique that has been previously shown 
to provide information concerning prothrombot-
ic status or adverse outcome in other spectra 
of cardiovascular disease [10, 11]. However, 
the role of these erythrocyte measures as pre-
dictors of left atrial stasis in patients with AF 
remains to be assessed.

Methods

Study population

A single center cross-sectional study was con-
ducted including patients undergoing echocar-
diographic assessment (comprising trans-
esophageal and transthoracic echocardiogram) 
due to symptomatic AF, which lead to a hospital 
admission in a 25-month time period. Among a 
total of 353 subjects, 302 performed a com-
plete blood count 12 hours prior to transesoph-
ageal echocardiogram and were selected for 
the purpose of our investigation. Among these, 
31 subjects with valvular AF (defined as pres-
ence of a previous valve repair, a prosthetic 
valve, rheumatic heart disease, and moderate 
or severe valve stenosis and/or regurgitation) 
and 24 with concomitant infection were exclud-
ed from analysis. Our study population included 
the remaining 247 patients. All subjects pro-
vided their informed consent to undergo the 
necessary investigations and to allow the 
usage of their data for research purposes, pre-
serving their anonymity.

Baseline overall group characterization with 
demographic, anthropometric, clinical, labora-
tory and echocardiographic data, alongside 
with information on medication was obtained 
for all patients. Data was retrospectively 
retrieved from clinical records (outpatient clinic 
evaluations, emergency department and hospi-
tal ward admissions). This study was conducted 
with the approval of our institution’s Cardiology 
Department Supervisor and Ethics Committee.

Echocardiographic data

Transesophageal and transthoracic echocar-
diogram were performed using a GE Vivid 7 
echocardiograph alongside with M4S (1.5-4.0 
MHz) and 6T phased array multiplane trans-
esophageal (2.9-7.0 MHz) probes. All examina-
tions were performed by two cardiologists with 
accreditation in transesophageal and transtho-
racic echocardiography by the European 
Society of Cardiology. Transesophageal echo-
cardiography was performed without anesthe-
sia or sedation in more than 98% of patients. 
Images were later reanalysed using the GE 
Health Care EchoPac Dimension software, PC 
version 108.1.4. Left atrium volume was mea-
sured using the single-plane area length meth-
od. On transesophageal echocardiogram, the 
left atrium and left atrial appendage were 
imaged in different tomographic planes to 
detect the presence of LAAT and DSEC. 
Spontaneous echo contrast was classified 
according to the classification (1 to 4+) pro-
posed by Fatkin et al. [12]. Grade 3+ or 4+ was 
defined as DSEC. Left atrial appendage flow 
velocities were assessed with a pulsed Doppler 
sample placed 1 cm from the entry of the left 
atrial appendage into the body of the left atri-
um. Emptying and filling velocities were esti-
mated from an average of five well-defined 
emptying and filling waves. Patients with emp-
tying and filling velocity ≤20 cm/s were classi-
fied as having LFV. 

The cardiologists performing the transesopha-
geal and transthoracic echocardiogram were 
blinded for the laboratory results and clinical 
information of the patients, other than the fact 
that they were in AF and there was need for 
excluding transesophageal echocardiogram 
changes that could contraindicate cardio- 
version. 

Laboratory data

After venous blood was drawn, it was immedi-
ately transferred into our hospital’s laboratory 
using an automatic internal tube transference 
system directly connected from different parts 
of the hospital into the laboratory. On average 
laboratory measures were performed within 15 
minutes of venous blood sampling.

Erythrocyte index assessment was performed 
using the Cell-Dyn Sapphire Hematology 
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Analyzer from Abbot Diagnostics. Reference 
range values according to local calibration from 
our hospital’s laboratory were: red blood cell 
counting -4.5 to 5.5 x 106/uL; hemoglobin -13.0 
to 17.5 g/dL; hematocrit -40 to 50%; mean cor-
puscular volume 80 to 100 fL; mean corpuscu-
lar hemoglobin 27 to 32 pg; mean corpuscular 
hemoglobin concentration 32 to 35 g/dL; red 
cell distribution width 11.6 to 14%.

C-reactive protein was measured using the CRP 
VITROS Chemistry Products assay. The lower 
limit of sensitivity was <0.5 mg/L and the refer-
ence interval for normal values was <1.0 mg/L. 
A rise in C-reactive protein was defined as the 
observed value over the lower limit of sensitivi-
ty (eg. 0.4 mg/L was the observed rise in 
C-reactive protein in a patient with a value of 
0.9 mg/L, assuming the 0.5 mg/L lower limit of 
sensitivity).

Reference range for activated partial thrombo-
plastin time (aPTT) was 25 to 30 seconds.

Erythrocyte indexes and prediction of trans-
esophageal endpoints

PASW Statistics version 18.0 was used for 
descriptive and inferential statistical analysis. 
Comparisons were performed according to the 
presence/absence of markers of left atrial sta-
sis. Chi-square was used for nominal variables 
and Student’s t-test was used for comparison 
of continuous variables, where appropriate; the 
Levene test was used in order to check the 
homogeneity of variance; equivalent non-para-
metric tests were used when Kolmogorov-
Smirnov was in favor of absence of normal dis-
tribution. Results with P<0.05 were regarded 
as significant.

The discriminative capability of the red blood 
cell indexes was tested using receiver operat-
ing characteristic (ROC) curves and the result-
ing area under the curve (AUC) summary statis-
tic (c statistic) for the prediction of LAAT. In 
parameters with an AUC of at least 0.650 we 
were able to define the optimal cutoff point 
(Youden index) using the coordinates from the 
ROC curves. Univariate analysis was then per-
formed using the chi-square test. 

Binary logistic multivariate analysis using eryth-
rocyte indexes alone and combined with vari-
ables from the CHADS2 and CHA2DS2VASc clas-

sifications was used for obtaining models for 
the prediction of transesophageal echocardio-
gram endpoints. Erythrocyte indexes that were 
predictors of changes on transesophageal 
echocardiogram on univariate analysis were 
used either alone or with the isolated clinical 
parameters from CHADS2 and CHA2DS2VASc 
and left ventricle ejection fraction for obtaining 
logistic regression models (using the backward 
stepwise method trough likelihood ratio; prob-
ability for stepwise=0.1) that could predict 
transesophageal echocardiogram endpoints: 
LAAT, DSEC and LFV. Continuous variables such 
as left ventricle ejection fraction were convert-
ed into ordinal variables and then used in the 
logistic regression analysis. Established cutoff 
points were: ≥55% vs. <55% for left ventricle 
ejection fraction. The Hosmer-Lemeshow sum-
mary statistic was used to assess the good-
ness-of-fit of the models.

Results

The patients’ baseline clinical, echocardio-
graphic and laboratory characterization is 
shown on Table 1. In 41.7% (n=103) of sub-
jects, there was no previously known history of 
AF. The following markers of left atrial stasis 
were found on transesophageal echocardio-
gram: LAAT in 8.5%, DSEC in 27.1% and LFV in 
12.3%.

Table 2 illustrates the capability of red blood 
cell indexes to discriminate LAAT, DSEC and 
LFV, with the respective area under the curve 
(AUC) values. Only mean corpuscular volume 
and red cell distribution width had a moderate 
accuracy for detecting LAAT (AUC=0.668 and 
AUC=0.657, respectively). Concerning DSEC 
and LFV, the discriminative capability was low 
and non-significant. Youden index values for 
the variables that performed better on Table 2 
were the following: mean corpuscular volume 
<91.5 fL (62% sensitivity and 64% specificity 
for LAAT) and red cell distribution width (57% 
sensitivity and 70% specificity for LAAT).

Comparisons of patients with mean corpuscu-
lar volume < vs. ≥91.5 fL and red cell distribu-
tion width < vs. ≥15.0% are shown on Table 1. 
A higher prevalence of females (p=0.024) and 
diabetes mellitus (p=0.037) was observed in 
patients with mean corpuscular volume <91.5 
fL. Furthermore, a lower prevalence of subjects 
medicated with statins (p=0.028), alongside 
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Table 1. Population baseline characteristics and sub-analysis according to mean corpuscular volume and red blood cell distribution width

Overall 
(n=247)

MCV <91.5 fL  
(n=90)

MCV ≥91.5 fL  
(n=157) P RDW <15% 

(n=166)
RDW ≥15% 

(n=81) P

Demographics
Age (years) 68.0±10.5 67.0±10.0 68.6±10.7 0.213 67.4±11.3 69.3±8.4 0.383
Female gender 36.4% (90) 45.6% (41) 31.2% (49) 0.024 64.5% (107) 61.7% (50) 0.676
Body Mass Index (Kg/m2) 29.0±5.0 29.8±5.8 28.6±4.5 0.275 28.8±4.6 29.5±5.9 0.704

Clinical Data
Congestive heart failure 49.8% (124) 48.9% (44) 51.0% (80) 0.755 45.2% (75) 60.5% (49) 0.024
Hypertension 83.8% (207) 82.2% (74) 84.7% (133) 0.609 82.5% (137) 86.4% (70) 0.436
Diabetes mellitus 22.7% (56) 30.0% (27) 18.5% (29) 0.037 20.5% (34) 27.2% (22) 0.239
Stroke or TIA 15.4% (38) 14.4% (13) 15.9% (25) 0.757 10.2% (17) 25.9% (21) 0.001
Vascular diseasea 52.2% (129) 54.4% (49) 51.0% (80) 0.597 52.4% (87) 51.9% (42) 0.934
AF episode duration >1 week 67.6% (167) 65.6% (59) 68.8% (108) 0.601 66.9% (111) 69.1% (56) 0.721
CHADS2 score 2.2±1.3 2.1±1.3 2.2±1.3 0.761 2.0±1.2 2.5±1.4 0.003
CHA2DS2-VASc score 3.7±1.8 3.8±1.8 3.7±1.8 0.804 3.5±1.7 4.2±1.9 0.019

Medication
Oral anticoagulants 23.1% (57) 25.6% (23) 21.7% (34) 0.484 21.7% (36) 25.9% (21) 0.458
Enoxaparin 44.1% (109) 40.0% (36) 46.5% (73) 0.322 42.8% (71) 46.9% (38) 0.538
Antiplatelet agents 53.8% (133) 48.9% (44) 56.7% (89) 0.237 55.4% (92) 50.6% (41) 0.477
ACE-i or ARB-II 71.3% (176) 67.8% (61) 73.2% (115) 0.361 72.3% (120) 69.1% (56) 0.607
Statin 41.3% (102) 32.2% (29) 46.5% (73) 0.028 41.6% (69) 40.7% (33) 0.902

Laboratory Assessment
RBC (106/uL) 4.51±0.65 4.48±0.66 4.40±0.62 0.001 4.52±0.61 4.48±0.72 0.658
Haemoglobin (g/dL) 13.8±1.8 13.4±1.8 14.0±1.8 0.029 14.0±1.7 13.2±1.9 0.001
Hematocrit (%) 41.6±5.7 40.7±5.6 42.2±5.6 0.040 42.3±5.2 40.2±6.2 0.005
MCV (fL) 92.7±5.7 93.8±4.4 90.3±7.0 0.001
MCV <91.5 fL 36.4% (90) 28.9% (48) 51.9% (42) <0.001
MCH (pg) 30.7±2.2 28.8±2.1 31.7±1.4 <0.001 31.1±1.7 29.7±2.7 <0.001
MCHC (g/dL) 33.0±1.3 33.0±1.2 33.1±1.3 0.697 33.1±1.3 32.9±1.2 0.068
RDW (fL) 14.1±1.4 14.6±1.4 13.7±1.3 <0.001
RDW ≥15 32.8% (81) 46.7% (42) 24.8% (39) 0.001
INR 1.2±0.5 1.2±0.6 1.2±0.5 0.199 1.2±0.4 1.3±0.7 0.054
INR ≥2.0 7.7% (19) 5.6% (5) 8.9% (14) 0.340 5.4% (9) 12.3% (10) 0.055
aPTT time (s) 33.1±5.5 33.2±5.4 33.0±5.6 0.899 33.2±5.8 32.8±5.2 0.876
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Rise in CRP (mg/L) 0.9±2.5 1.0±2.5 0.9±2.5 0.698 0.8±2.0 1.1±3.3 0.158
GFR assessed with MDRD (ml/
min)

71.4±28.2 73.6±29.7 70.2±27.2 0.362 75.0±27.2 63.9±28.9 0.004

Transthoracic echocardiogram data
Indexed left atrial volume (ml/
m2)

62.0±25.5 65.0±27.7 60.4±24.4 0.302 57.5±19.9 73.1±33.8 0.007

Indexed LV diastolic diameter 
(mm/m2)

29.7±5.6 30.8±4.5 29.2±5.9 0.011 29.2±5.6 30.9±5.3 0.026

LV ejection fraction <55% 27.9% (69) 21.1% (19) 31.8% (50) 0.070 22.3% (37) 39.5% (32) 0.005

MCV – mean corpuscular volume; MPV – mean platelet volume; TIA – transient ischemic attack; AF – atrial fibrillation; ACE-i – angiotensin converting enzyme inhibitor; ARB-II – angio-
tensin II receptor blocker; RBC – red blood cells; MCH – mean corpuscular hemoglobin; MCHC – mean corpuscular hemoglobin concentration; RDW – red cell distribution width; INR 
– international normalized ratio; CRP – C reactive protein; GFR – glomerular filtration rate; MDRD – modified diet in renal disease formula; LV – left ventricle; aPTT – activated partial 
thromboplastin time. avascular disease is defined as having at least one of the following: myocardial infarction, peripheral artery disease and complex aortic plaque.

Table 2. Discrimination of left atrial stasis by erythrocyte indexes

Variable
LAAT DSEC LFV

AUC CI95% P AUC CI95% P AUC CI95% P
RBC (106/uL) 0.507

0.381-0.634
0.910 0.505

0.429-0.582
0.902 0.533

0.418-0.649
0.597

Hgb (g/dL) 0.430
0.304-0.555

0.285 0.503
0.424-0.581

0.946 0.536
0.425-0.646

0.570

MCV (fL)a 0.668
0.558-0.777

0.011 0.528
0.442-0.613

0.505 0.432
0.308-0.556

0.278

Hematocrit (%) 0.434
0.309-0.560

0.320 0.515
0.436-0.594

0.715 0.563
0.450-0.675

0.322

MCH (pg)a 0.609
0.484-0.735

0.098 0.507
0.425-0.590

0.865 0.490
0.365-0.615

0.874

MCHC (g/dL) 0.489
0.365-0.614

0.873 0.468
0.386-0.550

0.439 0.435
0.315-0.555

0.302

RDW (%) 0.657
0.544-0.771

0.017 0.570
0.489-0.652

0.089 0.514
0.395-0.634

0.820

LAAT – left atrial appendage thrombi; DSEC – dense spontaneous echo contrast; LFV – low flow velocities in the left atrial appendage; AUC – area under the curve; CI – confidence 
interval; RBC – red blood cells; Hgb – hemoglobin; MCV – mean corpuscular volume; MCH – mean corpuscular hemoglobin; MCHC – mean corpuscular hemoglobin concentration; 
RDW – red cell distribution width; aA lower value was defined as a more positive test for MCV and MCH.
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with lower hemoglobin (p=0.029) values was 
found. Red cell distribution width was higher 
(p<0.001) in patients with mean corpuscular 
volume <91.5 fL. Despite the lack of differenc-
es concerning depressed left ventricle ejection 
fraction, left ventricles of patients with mean 
corpuscular volume <91.5 fL were slightly more 
dilated.

Concerning patients with red cell distribution 
width ≥15.0%, they had more frequently previ-
ous episodes of congestive heart failure and 
stroke or transient ischemic attack (TIA) 
(p=0.024 and p=0.001, respectively), which 
translated into higher CHADS2 and CHA2DS2-
VASc scores (p=0.003 and p=0.019, respec-
tively). Lower mean corpuscular volume and 
estimated glomerular filtration rate (p<0.001 
and p=0.004, respectively), alongside with a 
compromised left ventricle ejection fraction 
(p=0.005) was also observed among patients 
with red cell distribution width ≥15.0%.

On univariate analysis (Table 3) both mean cor-
puscular volume and red cell distribution width 
were predictors of LAAT and DSEC (all p<0.05). 
However, these variables were not predictors of 
the presence LFV in the left atrial appendage. 

When combined (Table 4), mean corpuscular 
volume and red cell distribution width were 
both included in backward likelihood ratio logis-
tic regression models for the prediction of LAAT 
and DSEC. However, when clinical risk factors 
from CHADS2 and CHA2DS2-VASc and left ven-
tricle ejection fraction were added to the mod-
els, only mean corpuscular volume remained 
an independent predictor of LAAT and DSEC. 

Discussion

We have identified two parameters (mean cor-
puscular volume and red cell distribution width) 
that were linked to an increased prevalence of 
LAAT and DSEC, which are transesophageal 
echocardiogram markers that have been previ-
ously associated with an increased risk of 
stroke and adverse outcome in patients with AF 
[7, 8]. However, despite adding incremental 
predictive value to each other, when combined 
with clinical risk factors present within CHADS2 
and CHA2DS2-VASc classifications and left ven-
tricle ejection fraction, only mean corpuscular 
volume remained an independent predictor, 
which may be due to the small size sample.

Thromboembolic risk stratification of patients 
with AF is currently based on clinical schemes 
[14, 15]. The CHADS2 [15, 16] and CHA2DS2-
VASc [17, 18] scores have been shown to pos-
sess a moderate ability for the prediction of 
thromboembolic transesophageal echocardio-
gram risk factors. Their predictive capability 
has shown potential for improvement in this 
setting with the addition of biomarkers like 
C-reactive protein [19], troponin I [20], von 
Willebrand factor [21] or D-dimers [22].

To the best of our knowledge, red blood cell 
indexes had not yet been shown to improve the 
prediction of LAAT or DSEC provided by clinical 
risk factors.

Decreased mean corpuscular volume may be a 
marker of different situations: iron deficiency 
(caused by inadequate dietary intake or blood 
loss), chronic disease (e.g. inflammation, chron-
ic kidney disease, hematologic or lymphoprolif-
erative disorders) or thalassemia. Patients with 
ongoing infection were excluded from our study 
and univariate analysis showed that no differ-
ence was observed concerning C-reactive pro-
tein and estimated glomerular filtration rate, 
according to the mean corpuscular volume cut-
off level used. Furthermore, no patients with 
low mean corpuscular volume were identified 
as having thalassemia.

A high red cell distribution width (signaling the 
presence of red blood cells of variable sizes) 
was more frequent in the subset of patients of 
low mean corpuscular volume and is known to 
be compatible with iron deficiency in this situa-
tion. A high red cell distribution width has previ-
ously been associated with cardiovascular 
events and adverse outcomes [23] and in some 
investigations these findings were seen inde-
pendently of the presence of anaemia [24].

Despite our patients were not anemic, those 
with a mean corpuscular volume <91.5 fL were 
below the average of our population (see Table 
1). Therefore, and despite not having assessed 
their body’s iron stores, we wonder if this micro-
cytic trend may lead to a more prothrombotic 
behavior. 

Takahashi et al. have previously described an 
increase in mean corpuscular volume in 
patients with AF [25]. If this holds true for our 
population, this increase in mean corpuscular 
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Table 3. Presence of left atrial stasis on transesophageal echocardiogram and sub-analysis according to mean corpuscular volume and red cell 
distribution width

Atrial stasis transesophageal echocardiogram markers

Overall (n=247) MCV <91.5 fL MCV ≥91.5 fL OR CI95% P P RDW <15% RDW ≥15% OR CI95% P P
LAAT 8.5%

(21)
14.4%
(13)

5.1%
(8)

3.14
1.25-7.91

0.011 5.4%
(9)

14.8%
(12)

3.03
1.22-7.53 0.013

DSEC 27.1%
(67)

35.6%
(32)

22.3%
(35)

1.92
1.09-3.41

0.024 22.3%
(37)

37.0%
(26)

2.05
1.15-3.67 0.014

LFV 12.3%
(24)a

9.9%
(7/71)

13.7%  
(17/124)

0.69
0.27-1.75

0.431 11.9%
(16/135)

13.3%  
(8/60)

1.14
0.46-2.84 0.771

MPV – mean platelet volume; RDW – red cell distribution width; LAAT – left atrial appendage thrombi; DSEC – dense spontaneous echo contrast; LFV – low flow velocities in the left 
atrial appendage. aonly 195 subjects had assessment of left atrial appendage flow velocities due to technical or procedural reasons (see discussion).

Table 4. Binary logistic regression multivariate analysis models for predicting the presence of markers of left atrial stasis
Erythrocyte indexes alone

Endpoint Variable Wald Β Exp β CI95% P Hosmer and Lemeshow test
LAAT MCV <91.5 fL 3.864 0.952 2.591

1.003-6.695
0.049 χ2=2.071

df=2
p=0.355RDW ≥15% 3.568 0.903 2.467

0.967-6.296
0.059

Constant 15.098 1.369 3.933 <0.001
DSEC MCV <91.5 fL 3.078 0.528 1.695

0.940-3.057
0.079 χ2=3.306

df=2
p=0.191RDW ≥15% 3.930 0.604 1.829

1.007-3.323
0.047

Constant 1.136 0.286 1.331 0.287
Erythrocyte indexes plus clinical risk factors from CHADS2 and CHA2DS2-VASc and left ventricle ejection fraction

Endpoint Variable Wald Β Exp β CI95% P Hosmer and Lemeshow test
LAAT Stroke/TIA 8.275 1.480 4.394

1.603-12.046
0.004 χ2=1.065

df=3
p=0.786MCV <91.5 fL 7.321 1.339 3.816

1.446-10.068
0.007

LVEF <55% 3.443 0.921 2.521
0.949-6.648

0.064

Constant 0.007 -0.051 0.950 0.932
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DSEC MCV <91.5 fL 9.872 1.050 2.858
1.484-5.501

0.002 χ2=6.128
df=6

p=0.409Age ≥65 3.307 0.642 1.901
0.951-3.799

0.069

LVEF <55% 28.341 1.811 6.118
3.140-11.917

<0.001

Stroke 3.188 0.740 2.097
0.930-4.726

0.074

Constant 9.732 -1.640 0.194 0.002
LFV Stroke/TIA 4.051 1.092 2.980

1.029-8.631
0.044 χ2=0.629

df=1
p=0.428LVEF <55% 3.193 0.841 2.320

0.922-5.838
0.074

Constant 0.608 0.469 1.598 0.436

LAAT – left atrial appendage thrombi; DSEC – dense spontaneous echo contrast; LFV – low flow velocities in the left atrial appendage; LA ABN – left atrial abnormality; CI – confidence 
interval; TIA – transient ischemic attack; MCV – mean corpuscular volume; LVEF – left ventricle ejection fraction; MPV – mean platelet volume.
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volume caused by AF may contribute to partly 
masking some of the microcytic trend in sub-
jects in the mean corpuscular volume <91.5 fL 
group. 

Patients with heart failure frequently have iron 
deficiency (most of them have no relevant 
decrease on serum hemoglobin) and improve 
their outcomes after intravenous iron replace-
ment [26]. Iron deficiency can have deleterious 
effects, independently of anemia. A possible 
explanation is the possibility of altered cardiac 
function illustrated by mitochondrial swelling, 
abnormal sarcomere function [27] and impaired 
mitochondrial electron transport [28]. As far as 
endothelial dysfunction and procoagulant 
states are concerned, an association with iron 
deficiency remains to be proved.

Maguire and colleagues suggested that a rela-
tion between iron-deficiency anemia and stroke 
in young children might be caused the hypervis-
cosity that may occur in this setting [29]. Other 
reports have focused the same association in 
adult and elderly cohorts [30]. As far as mark-
ers of left atrial stasis are concerned, and 
according to the Virchow triad, this hypervis-
cosity hypothesis fits perfectly as an explana-
tion for the observed association. 

Another example of an association between 
iron deficiency, hyperviscosity and thrombosis 
may occur in patients with Eisenmenger syn-
drome, where repeated phlebotomies may lead 
to the formation of microcytic erythrocytes, 
which are thought to have higher viscosity than 
their normocytic counterparts and thus predis-
pose to embolic events [31]. 

In our population, patients with a lower mean 
corpuscular volume had a more dilated left ven-
tricle. This has been previously described to be 
an effect of iron deficiency [27]. Moreover, 
women displayed more frequently lower levels 
of mean corpuscular volume. We hypothesize 
that besides hormonal factors, the association 
of female gender with increased thromboem-
bolic risk in AF may be also explained by iron 
deficiency.

Based on different hypothesis concerning the 
composition of spontaneous echocardiograph-
ic contrast (aggregates of red blood cells inter-
acting with plasma proteins [32, 33]) we are 
lead into thinking that the observed associa-

tion of mean corpuscular volume and red cell 
distribution width with LAAT and DSEC is not 
caused by pure chance.

A high bleeding and thrombotic risk frequently 
coexists in patients with AF, as classifications 
for bleeding risk (e.g. HAS-BLED [34]) share 
several common risk factors present within 
CHADS2 and CHA2DS2-VASc scores [13, 14]. 
Furthermore, some of the recently assessed 
biomarkers in AF (e.g. troponin I [35], D-dimer 
[36]) signal both the thromboembolism and 
bleeding predisposition. The association of 
anemia or bleeding with adverse outcomes has 
also been observed in other cardiovascular 
conditions: in patients with acute myocardial 
infarction, anemia and bleeding enclose worse 
outcomes [37] and the same applies to patients 
with heart failure and concurrent anemia [38]. 

Study limitations

Due to the small size of our single-centre study 
sample only a limited number of predictors was 
included in the logistic regression models. 
However, we think that our data is already indic-
ative that red blood cell indexes (data mostly 
supportive of mean corpuscular volume) may 
play a role in predicting transesophageal echo-
cardiogram changes like LAAT and DSEC.

A low prevalence of patients undergoing oral 
anticoagulation was found in our sample. Still, 
we reinforce that 103 patients (41.7%) had no 
previous diagnosis of AF. If we consider only 
patients with previously known AF the preva-
lence of patients undergoing oral anticoagula-
tion rises steeply to 39.6% (57 out of 144).

Fifty-two patients (21.1%) had no evaluation of 
left atrial appendage flow velocities. This was 
due to technical reasons (echocardiographic 
data being classified as unsuitable for the 
accurate assessment of flow velocities) or lack 
of probe tolerance by the patient. In these sub-
jects, transesophageal echocardiogram was 
performed without measurement of left atrial 
appendage flow velocities if the presence of 
LAAT and DSEC could be excluded right 
promptly. 

Conclusions

Our findings, using left atrial stasis markers, 
suggest that mean corpuscular volume and red 
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cell distribution width may be associated with 
the presence of left atrial appendage thrombus 
and dense spontaneous echocardiographic 
contrast in non-valvular atrial fibrillation. 
However, only mean corpuscular volume 
seemed to add incremental predictive power to 
the clinical risk factors present within CHADS2 
and CHA2DS2-VASc classifications.

Further validation of these findings using trans-
esophageal endpoints in patients undergoing 
cardioversion or catheter ablation of atrial fibril-
lation may be useful in identifying low risk 
groups that can be spared of this imaging pro-
cedure. Furthermore, assessment of mean cor-
puscular volume and red cell distribution width 
as predictors of thromboembolism in patients 
with atrial fibrillation may also be a reasonable 
approach.

Abbreviations

AF, atrial fibrillation; TEE, transesophageal 
echocardiogram; DSEC, dense spontaneous 
echocardiographic contrast; LAAT, left atrial 
appendage thrombus; LFV, low flow velocities; 
MCV, mean corpuscular volume; RDW, red cell 
distribution width; ROC, receiver operating 
characteristic; AUC, area under the curve.

Conflicts of interest

None to be declared.

Address correspondence to: Rui Providência, 
Serviço de Cardiologia, Centro Hospitalar e 
Universitário de Coimbra, Quinta dos Vales, S. 
Martinho do Bispo, 3041-853 Coimbra, Portugal. 
Fax: +351239445737; E-mail: rui_providencia@
yahoo.com

References

[1] Wolf PA, Dawber TR, Thomas HE Jr, Kannel WB. 
Epidemiologic assessment of chronic atrial fi-
brillation and risk of stroke: the Framingham 
study. Neurology 1978; 28: 973-7.

[2] Klein AL, Grimm RA, Murray RD, Apperson-
Hansen C, Asinger RW, Black IW, Davidoff R, 
Erbel R, Halperin JL, Orsinelli DA, Porter TR, 
Stoddard MF; Assessment of Cardioversion Us-
ing Transesophageal Echocardiography Inves-
tigators. Use of transesophageal echocardiog-
raphy to guide cardioversion in patients with 
atrial fibrillation. N Engl J Med 2001; 344: 
1411-20.

[3] Scherr D, Dalal D, Chilukuri K, Dong J, Spragg 
D, Henrikson CA, Nazarian S, Cheng A, Berger 
RD, Abraham TP, Calkins H, Marine JE. Inci-
dence and predictors of left atrial thrombus 
prior to catheter ablation of atrial fibrillation. J 
Cardiovasc Electrophysiol 2009; 20: 379-84.

[4] Fuster V, Rydén LE, Cannom DS, Crijns HJ, Cur-
tis AB, Ellenbogen KA, Halperin JL, Kay GN, Le 
Huezey JY, Lowe JE, Olsson SB, Prystowsky EN, 
Tamargo JL, Wann LS, Smith SC Jr, Priori SG, 
Estes NA 3rd, Ezekowitz MD, Jackman WM, 
January CT, Lowe JE, Page RL, Slotwiner DJ, 
Stevenson WG, Tracy CM, Jacobs AK, Anderson 
JL, Albert N, Buller CE, Creager MA, Ettinger 
SM, Guyton RA, Halperin JL, Hochman JS, 
Kushner FG, Ohman EM, Stevenson WG, Tark-
ington LG, Yancy CW; American College of Car-
diology Foundation/American Heart Associa-
tion Task Force. 2011 ACCF/AHA/HRS focused 
updates incorporated into the ACC/AHA/ESC 
2006 guidelines for the management of pa-
tients with atrial fibrillation: a report of the 
American College of Cardiology Foundation/
American Heart Association Task Force on 
practice guidelines. Circulation 2011; 123: 
e269-367.

[5] Hilberath JN, Oakes DA, Shernan SK, Bulwer 
BE, D’Ambra MN, Eltzschig HK. Safety of trans-
esophageal echocardiography. J Am Soc Echo-
cardiogr 2010; 23: 1115-27.

[6] Yarmohammadi H, Varr BC, Puwanant S, Li-
eber E, Williams SJ, Klostermann T, Jasper SE, 
Whitman C, Klein AL. Role of CHADS(2) Score 
in Evaluation of Thromboembolic Risk and 
Mortality in Patients With Atrial Fibrillation Un-
dergoing Direct Current Cardioversion (from 
the ACUTE Trial Substudy). Am J Cardiol 2012; 
110: 222-6.

[7] Bernhardt P, Schmidt H, Hammerstingl C, 
Lüderitz B, Omran H. Atrial thrombi-a prospec-
tive follow-up study over 3 years with trans-
esophageal echocardiography and cranial 
magnetic resonance imaging. Echocardiogra-
phy 2006; 23: 388-94.

[8] Bernhardt P, Schmidt H, Hammerstingl C, 
Lüderitz B, Omran H. Patients with atrial fibril-
lation and dense spontaneous echo contrast 
at high risk a prospective and serial follow-up 
over 12 months with transesophageal echo-
cardiography and cerebral magnetic reso-
nance imaging. J Am Coll Cardiol 2005; 45: 
1807-12.

[9] The Stroke Prevention in Atrial Fibrillation In-
vestigators Committee on Echocardiography. 
Transesophageal echocardiographic corre-
lates of thromboembolism in high-risk patients 
with nonvalvular atrial fibrillation. Ann Intern 
Med 1998; 128: 639-47.

mailto:rui_providencia@yahoo.com
mailto:rui_providencia@yahoo.com


MCV and RDW and left atrial stasis in AF

101 Am J Cardiovasc Dis 2013;3(2):91-102

[10] Stolz E, Valdueza JM, Grebe M, Schlachetzki 
F, Schmitt E, Madlener K, Rahimi A, Kempkes-
Matthes B, Blaes F, Gerriets T, Kaps M. Anemia 
as a risk factor for cerebral venous thrombo-
sis? An old hypothesis revisited. Results of a 
prospective study. J Neurol 2007; 254: 729-
34.

[11] Zorlu A, Bektasoglu G, Guven FM, Dogan OT, 
Gucuk E, Ege MR, Altay H, Cinar Z, Tandogan I, 
Yilmaz MB. Usefulness of admission red cell 
distribution width as a predictor of early mor-
tality in patients with acute pulmonary embo-
lism. Am J Cardiol 2012; 109: 128-34.

[12] Fatkin D, Kelly RP, Feneley MP. Relations be-
tween left atrial appendage blood flow velocity, 
spontaneous echocardiographic contrast and 
thromboembolic risk in vivo. J Am Coll Cardiol 
1994; 23: 961-969.

[13] Gage BF, Waterman AD, Shannon W, Boechler 
M, Rich MW, Radford MJ. Validation of clinical 
classification schemes for predicting stroke: 
results from the National Registry of Atrial Fi-
brillation. JAMA 2001; 285: 2864-70.

[14] Olesen JB, Lip GY, Hansen ML, Hansen PR, Tol-
strup JS, Lindhardsen J, Selmer C, Ahlehoff O, 
Olsen AM, Gislason GH, Torp-Pedersen C. Vali-
dation of risk stratification schemes for pre-
dicting stroke and thromboembolism in pa-
tients with atrial fibrillation: nationwide cohort 
study. BMJ 2011; 342: d124.

[15] Decker JM, Madder RD, Hickman L, Marinescu 
V, Marandici A, Raheem S, Carlyle LM, Van 
Dam R, Boura JA, Haines DE. CHADS(2) score 
is predictive of left atrial thrombus on precar-
dioversion transesophageal echocardiography 
in atrial fibrillation. Am J Cardiovasc Dis 2011; 
1: 159-65. 

[16] Puwanant S, Varr BC, Shrestha K, Hussain SK, 
Tang W, Gabriel RS, Wazni OM, Bhargava M, 
Saliba WI, Thomas JD, Lindsay BD, Klein AL. 
Role of the CHADS2 Score in the Evaluation of 
Thromboembolic Risk in Patients with Atrial Fi-
brillation Undergoing Transesophageal Echo-
cardiography Before Pulmonary Vein Isolation. 
J Am Coll Cardiol 2009; 54: 2032-2039.

[17] Willens HJ, Gómez-Marín O, Nelson K, Denicco 
A, Moscucci M. Correlation of CHADS(2) and 
CHA(2)DS(2)-VASc Scores with Transesopha-
geal Echocardiography Risk Factors for Throm-
boembolism in a Multiethnic United States 
Population with Nonvalvular Atrial Fibrillation. J 
Am Soc Echocardiogr 2013; 26: 175-84.

[18] Providência R, Botelho A, Trigo J, Quintal N, 
Nascimento J, Mota P, Leitão-Marques A. Pos-
sible refinement of clinical thromboembolism 
assessment in patients with atrial fibrillation 
using echocardiographic parameters. Europa-
ce 2012; 14: 36-45.

[19] Ederhy S, Di Angelantonio E, Dufaitre G, Meule-
man C, Masliah J, Boyer-Chatenet L, Boccara F, 
Cohen A. C-reactive protein and transesopha-
geal echocardiographic markers of thrombo-
embolism in patients with atrial fibrillation. Int 
J Cardiol 2011 Mar 12; [Epub ahead of print].

[20] Providência R, Paiva L, Faustino A, Botelho A, 
Trigo J, Casalta-Lopes J, Nascimento J, Leitão-
Marques AM. High sensitivity cardiac tropo-
nine I: prothrombotic risk marker in non-valvu-
lar atrial fibrillation. Int J Cardiol 2012; [Epub 
ahead of print].

[21] Habara S, Dote K, Kato M, Sasaki S, Goto K, 
Takemoto H, Hasegawa D, Matsuda O. Predic-
tion of left atrial appendage thrombi in nonval-
vular atrial fibrillation. Eur Heart J 2007; 28: 
2217-2222.

[22] Ammash N, Konik EA, McBane RD, Chen D, 
Tange JI, Grill DE, Herges RM, McLeod TG, 
Friedman PA, Wysokinski WE. Left atrial blood 
stasis and Von Willebrand factor-ADAMTS13 
homeostasis in atrial fibrillation. Arterioscler 
Thromb Vasc Biol 2011; 31: 2760-6.

[23] Dabbah S, Hammerman H, Markiewicz W, Ar-
onson D. Relation between red cell distribu-
tion width and clinical outcomes after acute 
myocardial infarction. Am J Cardiol 2010; 105: 
312-7.

[24] Pascual-Figal DA, Bonaque JC, Redondo B, 
Caro C, Manzano-Fernandez S, Sánchez-Mas 
J, Garrido IP, Valdes M. Red blood cell distribu-
tion width predicts long-term outcome regard-
less of anaemia status in acute heart failure 
patients. Eur J Heart Fail 2009; 11: 840-6.

[25] Takahashi N, Ashida T, Kiraku J, Fujii J. In-
crease in erythrocyte volume in patients with 
chronic atrial fibrillation. Jpn Heart J 1997; 38: 
387-91.

[26] Carson JL, Adamson JW. Iron deficiency and 
heart disease: ironclad evidence? Hematology 
Am Soc Hematol Educ Program 2010; 2010: 
348-50.

[27] Dong F, Zhang X, Culver B, Chew HG Jr, Kelley 
RO, Ren J. Dietary iron deficiency induces ven-
tricular dilation, mitochondrial ultrastructural 
aberrations and cytochrome c release: involve-
ment of nitric oxide synthase and protein tyro-
sine nitration. Clin Sci (Lond) 2005; 109: 277-
286.

[28] Blayney L, Bailey-Wood R, Jacobs A, Hender-
son A, Muir J. The effects of iron deficiency on 
the respiratory function and cytochrome con-
tent of rat heart mitochondria. Circ Res 1976; 
39: 744-748.

[29] Maguire JL, deVeber G, Parkin PC. Association 
between iron-deficiency anemia and stroke in 
young children. Pediatrics 2007; 120: 1053-7.

[30] Stolz E, Valdueza JM, Grebe M, Schlachetzki F, 
Schmitt E, Madlener K, Rahimi A, Kempkes-



MCV and RDW and left atrial stasis in AF

102 Am J Cardiovasc Dis 2013;3(2):91-102

Matthes B, Blaes F, Gerriets T, Kaps M. Anemia 
as a risk factor for cerebral venous thrombo-
sis? An old hypothesis revisited. Results of a 
prospective study. J Neurol 2007; 254: 729-
34.

[31] DeFilippis AP, Law K, Curtin S, Eckman JR. 
Blood is thicker than water: the management 
of hyperviscosity in adults with cyanotic heart 
disease. Cardiol Rev 2007; 15: 31-4.

[32] Mahony C, Ferguson J, Fischer PL. Red cell ag-
gregation and the echogenicity of whole blood. 
Ultrasound Med Biol 1992; 18: 579-586.

[33] Merino A, Hauptman P, Badimon L, Badimon 
JJ, Cohen M, Fuster V, Goldman M. Echocardio-
graphic “smoke” is produced by an interaction 
of erythrocytes and plasma proteins modulat-
ed by shear forces. J Am Coll Cardiol 1992; 20: 
1661-1668.

[34] Pisters R, Lane DA, Nieuwlaat R, de Vos CB, 
Crijns HJ, Lip GY. A novel user-friendly score 
(HAS-BLED) to assess one-year risk of major 
bleeding in atrial fibrillation patients: the Euro 
Heart Survey. Chest 2010; 138: 1093-100.

[35] Hijazi Z, Oldgren J, Andersson U, Connolly SJ, 
Ezekowitz MD, Hohnloser SH, Reilly PA, Vine-
reanu D, Siegbahn A, Yusuf S, Wallentin L. Car-

diac biomarkers are associated with an in-
creased risk of stroke and death in patients 
with atrial fibrillation: a Randomized Evalua-
tion of Long-term Anticoagulation Therapy (RE-
LY) substudy. Circulation 2012; 125: 1605-16.

[36] Eikelboom J, Hijazi Z, Oldgren J, Andersson U, 
Connolly SJ, Ezekowitz MD, Reilly PA, Yusuf S, 
Wallentin L, Siegbahn A. D-dimer is Prognostic 
for Stroke, Major Bleeding and Death During 
Anticoagulation of Atrial Fibrillation - a RELY 
Sub-study. Circulation 2010; 122: A18321.

[37] Dauerman HL, Lessard D, Yarzebski J, Gore 
JM, Goldberg RJ. Bleeding complications in pa-
tients with anemia and acute myocardial in-
farction. Am J Cardiol 2005; 96: 1379-83.

[38] Young JB, Abraham WT, Albert NM, Gattis 
Stough W, Gheorghiade M, Greenberg BH, 
O’Connor CM, She L, Sun JL, Yancy CW, Fonar-
ow GC; OPTIMIZE-HF Investigators and Coordi-
nators. Relation of low hemoglobin and ane-
mia to morbidity and mortality in patients 
hospitalized with heart failure (insight from the 
OPTIMIZE-HF registry). Am J Cardiol 2008; 
101: 223-30.


