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Background/objectives: The mechanisms underlying aortic dilation in bicuspid aortic valve (BAV) disease are un-
known. Circulating endothelial microparticles (EMPs) have emerged as biomarkers of endothelial damage. We
sought to evaluate the relationships among EMPs, BAV disease, and aortic dilation.
Methods: Four evaluationswere used. Circulating EMPs (PECAM+, E-selectin+)were compared between BAVpa-
tients and tricuspid aortic valve (TAV) control subjects. The variables related to circulating EMPswere investigat-
ed in BAV patients. Circulating EMP levels were compared between BAV and TAV patients with a dilated aorta.
Finally, circulating EMPs in BAV patients were evaluated over time with respect to aortic valve surgery (AVS)
or aortic surgery.
Results:We observed higher levels of circulating PECAM+ EMPs in the BAV patients than in the control subjects
(3.98 ± 0.2 vs. 2.39± 0.4 per log PECAM+ EMPs/μl, p = 0.001). Aortic dilation was the most significant variable
that correlated with the PECAM+ EMP levels in the BAV patients (β=0.321, p = 0.008). The BAV patients with
aortic dilation exhibited higher PECAM+EMP levels than the TAV patients with dilated aortas, and this correla-
tion was independent of aortic valve function. We observed a drastic decrease in the circulating PECAM+

EMPs followingAVS and aortic root replacement (4.27±0.6 and1.75±0.3 per log PECAM+EMPs/μl, p=0.002).
Conclusion: The observed pattern of higher circulating PECAM+ EMP levels links BAV disease to endothelial dam-
age and aortic dilation. Circulating PECAM+EMPswere identified as a biological variable related to aortic dilation
in patients with BAV disease.
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1. Introduction

A bicuspid aortic valve (BAV) represents the most common congen-
ital cardiac malformation and is generally associated with the develop-
ment of aortic valve dysfunction and the progressive dilation of the
ascending aorta. The latter is associated with aortic regurgitation [1]
and the risk of aortic dissection or rupture and often requires prophylac-
tic aortic surgery [2–6]. The cause of ascending aorta dilation has been
debated for several years andmay be due to changes in the flow charac-
teristics of the ascending aorta [7]. However, the mechanisms involved
have not been fully elucidated. The aortic dilation observed in BAV dis-
ease may be related to endothelial dysfunction, as estimated by flow-
mediated dilation [4]. Endothelial microparticles (EMPs) are small cell
membrane vesicles, less than 1 μm in size, shed by endothelial cells

upon activation, injury, or apoptosis [8]. The EMPs are characterized
by the presence of endothelial-specific surface antigens, the composi-
tion of which is dependent on the cell origin of the microparticles and
the generating process [9]. In this way, CD31 (PECAM) and CD62e (E-
selectin) are markers of microparticles released from endothelial cells.
The PECAM+ EMPs have been related to apoptosis or endothelial dam-
age and the E-selectin+ EMPs to cellular activation [9]. The EMPs have
been linked to inflammation, vascular injury, angiogenesis, and throm-
bosis and have emerged as markers of endothelial dysfunction [10].
They have also been linked to aortic valve disease [11]. However, the re-
lationships among EMPs, BAV, and aortic dilation have not been exten-
sively studied; thus, the aim of this study was to investigate these
associations.

2. Methods

2.1. Study population

This study included a cohort of patients with BAV and patients with
aortic dilation whowere prospectively included and followed-up in our
facilities. Therewere 185 patientswith BAV and 125 patientswith aortic
dilation with tricuspid aortic valve (TAV). The participants were

International Journal of Cardiology 217 (2016) 35–41

Abbreviations:AVS, aortic valve surgery; BAV, bicuspid aortic valve; EMPs, endothelial
microparticles; LV, left ventricular; TAV, tricuspid aortic valve; WSS, wall systolic stress.
⁎ Corresponding author at: Grup de Recerca Cardiovascular, Servei de Cardiologia,

Hospital Universitari de Sant Joan, Departament de Medicina i Cirurgia, Universitat
Rovira i Virgili, c/ Dr Josep Laporte, 1, 43204 Reus, Spain.

E-mail address: josepmaria.alegret@urv.cat (J.M. Alegret).
1 This author takes responsibility for all aspects of the reliability and freedom from bias

of the data presented and their discussed interpretation.

http://dx.doi.org/10.1016/j.ijcard.2016.04.184
0167-5273/© 2016 Elsevier Ireland Ltd. All rights reserved.

Contents lists available at ScienceDirect

International Journal of Cardiology

j ourna l homepage: www.e lsev ie r .com/ locate / i j ca rd

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijcard.2016.04.184&domain=pdf
http://dx.doi.org/10.1016/j.ijcard.2016.04.184
mailto:josepmaria.alegret@urv.cat
http://dx.doi.org/10.1016/j.ijcard.2016.04.184
http://www.sciencedirect.com/science/journal/01675273
www.elsevier.com/locate/ijcard


prospectively entered into a specific database and provided a blood
sample upon enrolment and written acceptance. The samples were
stored until needed in our biological samples bank (Biobanc IISPV —
HUSJR). The diagnosis of BAV was made when two aortic leaflets were
clearly visualized, with or without a raphe, on the parasternal short-
axis view of a transthoracic echocardiogram [12], on a transesophageal
echocardiogram [12], or by cardiac magnetic resonance [13]. A dilated
aortic root or ascending aorta was diagnosed when the aortic diameter
was ≥21 mm/m2 [14]. Explorations were performed or supervised by
the same observer (JMA). Our database and biobank also included a
group of healthy controls. For this study, those individuals who met
the characteristics to be included were selected. The participants were
divided into different groups dependingon themorphology of the aortic
valve and the diameter of the aortic root (Fig. 1).

The design of the study included four evaluations to determine the
possible factors related to the EMP circulation levels and BAV disease.
First, the circulating EMP levels of the patients diagnosed with BAV
(n=60)were comparedwith those of the healthy TAV control subjects
(n = 15), matched by age (ranging from 18 to 55 years) and sex. We
excluded the BAV patients with evidence of significant left ventricular
(LV) remodeling (LV end-diastolic diameter N 60 mm or LV end-
systolic diameter N 45 mm) or LV dysfunction (LV ejection fraction b

50%) and individuals younger than 18 years or older than 55 years to re-
duce the possible confounding effects exerted by LV function and re-
modeling and age. Next, the effects exerted by aortic diameter on
other variables potentially related to EMP levels were evaluated. The

patients with BAV disease were within a defined age range (18–
55 years) and had no restrictions pertaining to LV end-diastolic or
end-systolic diameter or LV ejection. Patients were divided based on
the presence or absence of aortic dilation, either at the level of the aortic
root and/or the ascending aorta (BAVnon-dil n = 32, BAVdil, n = 39) or
based on the dilation of the aortic root or the ascending aorta. The
type of aortic dilation was categorized into two phenotypes, depending
on the dilation pattern, as follows: an ascending phenotype
(BAVdil_ascending, n = 25, dilation of the ascending aorta with either a
normal aortic root or a less dilated aortic root) or a root phenotype
(BAVdil_root, n = 14, dilation in the aortic root with either a normal as-
cending aorta or a less dilated ascending aorta) [15].

In the third step, the influence of valve morphology on EMP levels
was evaluated among the patients with aortic dilation and compared
with the previously described control subjects (defined in the first
step) and BAVdil (defined in the second step, n = 67), as well as a
third group composed of TAV patients with a dilated aorta (TAVdil,
n = 19). Due to the older ages of the TAV patients with a dilated aorta
included in our database, no restrictions regarding age range were ap-
plied to this step although age was analyzed as a possible confounding
factor. Patients with Marfan syndrome were excluded. Finally, circulat-
ing EMPs were analyzed for BAV patients over timewith respect to aor-
tic valve surgery (AVS). New blood samples were obtained periodically,
and the effect of AVS was evaluated in the BAV patients by measuring
the EMP levels from blood samples obtained before and 6 months
after the surgery (BAV pre- and post-AVS, respectively, n = 10).

Fig. 1. The participants were divided into different groups based on themorphology of the aortic valve and the diameter of the aortic root for each of the four evaluations used. In the first
evaluation, the circulating PECAM+ EMPs were compared between BAV patients and tricuspid aortic valve (TAV) control subjects. In the second evaluation, the variables related to
circulating PECAM+ EMPs were investigated in BAV patients. The third evaluation compared the circulating PECAM+ EMP levels in BAV and TAV patients with a dilated aorta. Finally,
circulating EMPs in BAV patients were evaluated over time with respect to aortic valve surgery (AVS) or aortic surgery in the fourth evaluation.
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