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presents a complex management challenge to the physician and is 
now attracting substantial clinical and academic interest because of a 
strong association with substantial mortality and morbidity [1]. Over 
the past decade, systemic arterial endothelial dysfunction has been 
demonstrated both experimentally and clinically in various subsets 
of AF patients [2-4].

Circulating endothelial cells (CECs) have emerged as markers 
of vascular damage. While present in very small numbers in healthy 
individuals, CECs increase dramatically in diseases with vascular 
damage, such as cardiovascular disease, specific infections, and 
vasculitis [5-8].

Assessment of flow-mediated dilatation (FMD %) of the brachial 
artery is a reliable non-invasive tool to evaluate endothelial function. 
The technique provokes the release of nitric oxide, resulting in 
vasodilation that can be quantified as an index of vasomotor function 
[9].

Lone AF is defined as the occurrence of AF in subjects younger 
than < 60 years without associated comorbidities or recognized 
risk factors [10,11]. Lone AF is considered a benign condition with 
favorable long-term prognosis [12,13]. However, even in patients 
with persistent lone AF, an evidence of damage/dysfunction of atrial 
endocardium, platelet activation and increased inflammatory and 
oxidative stress has been found [14,15] and also no available studies 
concerning endothelial function in paroxysmal lone AF patients . The 
aim of this study was to evaluate the association of paroxysmal lone 
AF with endothelial dysfunction by comparing CECs, brachial artery 
FMD % of younger patients with paroxysmal lone AF with FMD % of 
healthy control subjects in sinus rhythm.

Patients and Methods
The study was conducted between September 2011 and April 

2013. Ethical committee of Tanta university approval was taken and 
all the study group 70 patients and 20 volunteers approval for study 
was taken after full explanation. Patients with recurrent paroxysmal 
lone AF (sinus rhythm at examination) and healthy volunteers 
without history of arrhythmia, matched by age, gender and no AF 
risk factors. The patients were eligible if developed recurrent attacks 
of short duration AF, relieved without treatment. AF was confirmed 
by 12-lead ECG. AF duration was determined as accurately as 
possible according to patient-reported symptom on set and available 
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Introduction
Atrial Fibrillation (AF) is the commonest arrhythmia encountered 

in clinical practice and is increasingly considered as an emerging 
health epidemic. Despite rapidly evolving treatment strategies, AF 
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cells were not accounted). Normal CEC count by flow-cytometry was 
< 20 cells/ml [20].

Statistics
Statistical presentation and analysis of the present study was 

conducted, using the mean and standard deviation, unpaired t- test 
used to compare. Linear regression analysis was used in correlation 
between CEC, FMD % and different parameters done.

Results
Demographic, clinical and laboratory data are summarized in 

table 1. There were no differences between the 2 groups regarding 
age, gender and most clinical, laboratory and echocardiographic 
characteristics, CRP level was significantly higher in paroxysmal lone 
AF group comparing to controls 1.12 ± 0.44 versus 0.84 ± 0.35 (Table 
1 and  Table 2).

FMD % of AF patients was significantly lower than FMD of 
healthy controls 6.4 ± 1.6 versus 9.2 ± 2.4 (p < 0.0001). CECs count 
was significantly elevated in paroxysmal lone AF patients compared 
to controls 24.7 ± 7.2 versus 13.2 ± 3.8, p < 0.0001 (Table 3, Figure 1 
and Figure 2).

medical documentation. AF was considered lone in patients younger 
than 60 years of age if there were no known associated cardiovascular 
disorders, or precipitating factors for AF.

Exclusion Criteria
History of hypertension , diabetes mellitus , smoking or other 

cardiovascular disorders priorto AF, thyroid dysfunction, LA 
more than 40 mm, chronic pulmonary diseases, acute or chronic 
inflammatory disorders, malignancy, recent body trauma or surgery. 
No regular medications except rate control during attacks (verapamil 
or beta blockers).

All the Study Group underwent the Following
1. Complete history taking

2. Clinical evaluation

3. Routine laboratory investigations which include: Complete 
blood count, urine analysis, kidney function tests, thyroid function 
assessment, determination of C-reactive protein (CRP) levels (by a 
commercially available immunoassay for high-sensitivity detection 
- detection limit 0.1 mg/L), liver function test, lipid profile which 
include: Total cholesterol, Triglyceride, Low-density lipoprotein and 
high -density lipoprotein.

4. 12-lead electrocardiogram (ECG), exercise stress testing and 
standard transthoracic echocardiographic examination.

5. Assessment of endothelial function by flow mediated dilatation 
(FMD %):

1. Endothelial function was assessed with high-resolution B-mode 
Doppler (ATL HDI 5000 with a 7.4 MHz linear-array transducer). 
The brachial artery was examined using the standard protocol [16,17]. 
The test was performed in the morning in quiet, low light room.

2. Subjects had fasted and the brachial artery was scanned 5–15 
cm above cubital fossa. Resting diameter was measured, then blood 
pressure cuff was inflated to 300 mmHg around forearm and further 
scanning was done 1 min during occlusion then 1 min after occlusion 
(cuff release). FMD % was calculated as: [(post deflation diameter − 
resting diameter)/resting diameter] × 100.

6. Inter, intra-observer variability: Vascular studies were 
successful in all the participants. Inter- and intra-observer variations 
for baseline brachial artery measurements in our laboratory are 0.04 
± 0.01 mm and 0.05 ± 0.02 mm, respectively.

7. Immunophenotyping of CECs by flow-cytometry

Venous blood samples (10 ml) were separated into 2 tubes: 
one tube (5 ml) was collected into EDTA tube and transferred into 
anticoagulant then analyzed by flow-cytometry [18]. Freshly isolated 
peripheral blood mononuclear cells were washed and separated 
from blood of patients and healthy control using lysis solution for 
erythrocytes lysis then re-suspended in phosphate buffered saline 
(pH 7.4) containing 20 uL of the appropriate antibody and cells were 
double stained with mouse anti-human fluorescein isothiocyanate 
conjugated CD45 antibody and mouse anti-human phycoerythrin 
conjugated CD146 antibody (BD Biosciences) to identify CD45 
- and CD146 + respectively [19]. The Iso-type control was used to 
determine nonspecific c binding of the lymphocyte subset-specific 
c antibodies and to set the cut-off between fluorescence-negative 
and fluorescence-positive staining. Stained cells were washed 3 
times with 1% bovine serum albumin, pH 7.2, and then 7AAD was 
added to stain dead cells. The cells were analyzed within 15 min after 
addition of 7AAD using a fluorescence-activated cell scanner and 
Cell Quest software [FACS Caliber, Becton-Dickinson]. Cells were 
plotted according to forward scatter and side scatter profiles and a 
region was drawn around the small, live cell population containing 
the lymphocyte. The cell population data obtained from the quadrant 
statistics (2-color staining) was standardized for the number of 
mature CEC using the sum of CD45 -, CD146 + and 7-AAD negative 
(Live) cells within this region (i. e., CD45 -, CD146 + and 7-AAD + 

Table 1: Demographic, clinical and laboratory parameters.

Parameters Patients (70) Control (20) p. value
Age (years) 31.25 ± 5.3 32.35 ± 3.29 0.4
Gender M 22 (62.0%) 13 (65%) NS

F 13 (37%) 7 (35%)
body mass index (BMI)(kg\m2) 24 ± 2.3 25 ± 1.8 0.1
Total cholesterol (mg/dl) 178 ± 31.5 165 ± 27.7 0.13
Duration of the attacks (minutes) 170 ± 95 -
Frequency of the attacks/year 29 ± 15 -
LDL -C mg\dl 86.4 ± 22.3 79 ± 18. 8 0.21
CRP 1.12 ± 0.44 0.84 ± 0.35 0.018
Triglycerides mg\dl 112.4 ± 16.9 104.8 ± 13.6 0.09
HDL (mg /dl) 45.6 ± 7.4 48.5 ± 5.2 0.12
Systolic (mmhg) 134 ± 25.5 123 ± 20.6 0.1
Diastolic (mmhg) 81.2 ± 12.6 75.6 ± 10.4 0.097

P. Value < 0.05 is significant and P value > 0.05 is non significant.

Table 2: M -mode echocardiographic data of study group and controls.

Parameters  Patients (70) Controls (20) P value 
LV EDD 4.7 ± 0.8 4.3 ± 0.7 0.068
LV EF % 63.1 ± 6.5 67.1 ± 9.9 0.076
LVFS% 35.1 ± 4.2 37.7 ± 8.9 0.14
LA diameter 3.5 + 0.39 3.2 + 0.76 0.058

FS = Fractional Shortening, EF = Ejection Fraction, P. Value < 0.05 is significant 
and P value > 0.05 is non significant.

Table 3: FMD%, CECs of study group and controls.

Parameters  Patients (70) Controls (20) P value 
FMD% 6.4 ± 1.6 9.2 ± 2.4 < 0.0001
CECs 24.7 ± 7.2 13.2 ± 3.8 < 0.0001

P Value < 0.05 is significant  and P value > 0.05 is non significant.

Table 4: Correlation in between FMD%, CECs and different parameters in AF 
group using multi-linear regression analysis.

Parameters  FMD% CECs
LA diameter F = 1.75

P = 0.658

F = 0.414

P = 0.579
LV EF % F = 0.1995

P = 0.194

F = 0.261

P = 0.612
AF duration F = 34.27

P < 0.0001

F = 24.3

P < 0.0001
CRP F = 5.63

P = 0.02

F = 14.95

P = 0.0005

P. Value < 0.05 is significant and P value > 0.05 is non significant.
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In the multivariate analysis, the independent FMD %, CECs 
determinants in our study population were the duration of the attack 
and CRP level (Table 4).

Discussion
Lone atrial fibrillation (AF) is a term commonly used to denote 

AF occurring in a small subset (∼3%) of patients without identifiable 
cardiovascular and extra-cardiac comorbidities or triggering 
factors [21,22]. It has been recognized that circulating indices of 
endothelial damage are related to increased risk of stroke in AF and 
endothelial dysfunction in peripheral vessels has been associated with 
adverse vascular events [23,24]. However, the systemic endothelial 
dysfunctions in paroxysmal lone AF young patients are still not fully 
investigated. Therefore, the aim of this study was to evaluate the 
association of paroxysmal lone AF with endothelial dysfunction by 
comparing brachial artery FMD %, CECs of younger patients with 
paroxysmal lone AF with FMD % of healthy controls.

In the present study two groups of participants were prospectively 
enrolled. The first group comprised of 70 patients with recurrent 
paroxysmal lone AF (sinus at time of examination). The second group 
comprised of 20 healthy controls without history of arrhythmia 
matched by age and gender. All the participants underwent physical 
examination, laboratory analysis (including determination of 
C-reactive protein (CRP)), standard echocardiography, exercise-
stress testing, brachial artery FMD % and CECs by flow-cytometry 
were assessed. There were no differences between the 2 groups 
regarding age and gender. FMD % of AF patients was significantly 
lower (p < 0.001) than FMD of healthy controls. CECs count was 
significantly elevated in lone AF patients compared to controls. In the 
multivariate analysis, the independent FMD%, CECs determinants in 
our study population were the duration of the attacks and CRP level.

Although, current evidence indicates that chronic low-grade 
inflammation could represent a link between AF and subclinical 
vascular disease and Increased plasma levels of inflammatory markers 
(e.g., C-reactive protein) have been reported in subjects with lone AF 
compared to healthy individuals in sinus rhythm same as our study 
results, the mechanism of endothelial dysfunction in young patients 
with lone AF is not clear. To our knowledge, the present study is the 
first study emphasis upon endothelial dysfunction in young patient 
experienced paroxysmal lone AF without any recognizable risk factor 
for endothelial dysfunction or presence of LA dilatation.

Previous studies showing that the FMD % technique could be 
reliably utilized for endothelial function assessment in AF. These 
trials invariably demonstrated impaired FMD % in the AF patients 
in comparison with the healthy subjects. The implication of these 
findings was that AF presence could be regarded as a risk factor for 
systemic endothelial dysfunction. However, most of these trials have 
been conducted in patients with underlying comorbidities, most 
often hypertension, coronary artery disease and diabetes, which are 
recognized risk factors for endothelial damage. There have been a few 
studies that enrolled a relatively small subset of predominantly older 
patients with idiopathic AF that also confirmed impaired FMD [3,25-
30]. Recently Polivina M et al. [31] demonstrated impaired FMD 
% in relatively young patients (mean age 45 years) with persistent 
lone AF (more than 7 days) and low cardiovascular risk profile. Two 
well recognized risk factors for endothelial damage, i.e., smoking 
and serum cholesterol levels were independent predictors of lower 
FMD % in the study, also LA dimension up to 45 mm patients were 
included in the study.

Study Limitations & Recommendations
- Asymptomatic AF not included as they don’t seek medical 
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Figure 1: Shows the differences between the mean values of FMD% in lone AF patients group and controls. FMD% = Flow Mediated Dilatation, AF = Atrial Fibrillation.
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Figure 2: Shows the differences between the mean values of CECs in lone AF patients group and controls. CECs = Circulating Endothelial Cells, AF = Atrial Fibrillation.
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advice and absence of continuous monitoring of the patients during 
study duration (more than one year).

- Duration of attacks before arrival to hospital was dependent on 
patient assessment due to absence of continuous monitoring of the 
patients during study duration (more than one year).

- Lack of long term follow up of this group of patients.

Further larger clinical and pathological studies are needed for full 
understanding the mechanism of endothelial dysfunction in young 
patients with lone AF.

Conclusion
Paroxysmal lone AF is associated with systemic endothelial 

dysfunction even in relatively young patients with no cardiovascular 
disorders or risk factors. Duration of the attack and high level CRP 
are independent contributors to lower FMD % and higher CECs 
which may confer the risk for more profound endothelial damage.
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