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Abstract

Registry of Italian Society of Echocardiography and Cardiovascular Imaging

Background: Bicuspid aortic valve (BAV) is the most common congenital heart disease, affecting 0.5%–2% of the general population. 
It is associated not only with notable valvular risk (aortic stenosis and/or regurgitation, endocarditis) but also with aortopathy with a 
wide spectrum of unpredictable clinical presentations, including aneurysmal dilation of the aortic root and/or ascending thoracic aorta, 
isthmic coarctation, aortic dissection, or wall rupture. Methods: The REgistro della Valvola Aortica Bicuspide della Società Italiana di 
ECocardiografia e CArdiovascular Imaging is a retrospective (from January 1, 2010)/prospective, multicenter, observational registry, 
expected to enroll 3000 patients with definitive diagnosis of BAV made by transthoracic and/or transesophageal echocardiography, 
computed tomography, cardiovascular magnetic resonance, or at surgery. Inclusion criteria were definitive diagnosis of BAV. Patients 
will be enrolled regardless of the presence and severity of aortic valve dysfunction or aortic vessel disease and the coexistence of other 
congenital cardiovascular malformations. Exclusion criteria were uncertain BAV diagnosis, impossibility of obtaining informed consent, 
inability to carry out the follow-up. Anamnestic, demographic, clinical, and instrumental data collected both at first evaluation and during 
follow-up will be integrated into dedicated software. The aim is to derive a data set of unselected BAV patients with the main purpose 
of assessing the current clinical presentation, management, and outcomes of BAV. Conclusions: A multicenter registry covering a large 
population of BAV patients could have a profound impact on the understanding of the natural history of this disease and could influence 
its management.
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IntroductIon

Bicuspid aortic valve (BAV) is the most common congenital 
heart disease, affecting 0.5%–2% of the general population. 
It can be clinically silent, and it is often identified as an 
incidental finding in otherwise healthy and asymptomatic 
patients. However, it is often considered a serious condition 
with notable valvular risk, particularly of aortic valve 
endocarditis, frequent progression to aortic valve stenosis, 
especially in men, and frequent aortic regurgitation 
requiring aortic valve replacement. Furthermore, BAV is 
not only a peculiar valve morphology, but it also features 
a more complex disease defined as “bicuspid aortopathy,” 
characterized at an early stage by asymptomatic dilation 
of the different portions of the aorta, particularly of the 
ascending aorta, and later by frequent susceptibility to aortic 
aneurysm formation and to the most dreaded complication, 
aortic dissection.[1-7]

Early recognition and monitoring of an enlarged ascending 
thoracic aorta are crucial as it entails a high risk of dissection. 
BAV patients have a 25% risk of developing ascending aortic 
aneurysms 25 years after BAV diagnosis, with a risk of aortic 
dissection ranging from 0.03% to 0.1% per year. This risk 
may increase to 0.5% per patient-year in those with an aortic 
diameter of >45 mm, and the ascending aorta is the most 
common site of involvement (60%–70% of cases).[8]

In addition, BAV is frequently associated with other congenital 
heart defects and can present in BAV families as an autosomal 
dominant trait with variable penetrance. Noteworthy, valve 
anomalies and aortopathy may be inherited separately. BAV is 
also more common in the first-degree relatives of patients with 
congenital diseases of the left ventricular outflow tract (LVOT). 
Owing to genetic transmission, screening of the first-degree 
relatives is mandatory.[7]

It is estimated that about 25% and 5% of patients with BAV 
require aortic valve and aortic vessel surgery, respectively, 
in their lifetime. Of note, up to 50% of surgical interventions 
for aortic valve disease in adulthood are performed in patients 
with BAV.[9]

Valvular and vascular complications of BAV can virtually 
occur at any age during lifetime. Clinical presentation is 
extremely variable, including incidentally detected heart 
murmurs or incidental echocardiographic findings, thoracic 
aortic aneurysm, hospitalization for heart failure, as well as 
other life-threatening conditions (e.g., aortic dissection or 
endocarditis), and sudden death.

Distinctly different from the tricuspid aortic valve (TAV), 
the anatomy of BAV usually includes two unequal-sized 
cusps (due to fusion of two cusps resulting in one larger 
cusp) and the presence of a raphe at the site of fusion of 
the conjoined cusps. A minority of BAVs show two equally 
sized cusps without raphe (“pure” BAV). There are different 
classification schemes of BAVs with raphe, based either on the 
morphotype of the fused cusps (right and left coronary cusp 

fusion [type 1, the most common], right and noncoronary cusp 
fusion [type 2], left and noncoronary cusp fusion [type 3, the 
rarest variant]) or on the cusp orientation related to the position 
of the raphe. BAVs without raphe are classified according to 
the cusp orientation.[10,11]

Although the presence of two Valsalva sinuses has been 
recognized in the past as a hallmark of BAV, three Valsalva 
sinuses are frequently observed in BAV patients. Therefore, 
the true anatomical marker of BAV is currently considered the 
presence of a rudimentary intercuspal triangle or the absence 
of one of the three intercuspal triangles.[10-14]

Although up to date the clinical and prognostic significance 
of valve phenotype remains elusive, various data suggest a 
possible relationship between type of BAV morphology, valve 
dysfunction, and features of aortic dilation; hence, accurate 
phenotype valve characterization is strongly recommended.[15]

Diagnosis of BAV by common imaging techniques relies 
on a multimodality approach to assess valve morphology 
and function. The most widely used imaging technique is 
transthoracic echocardiography (TTE) with a sensitivity 
and specificity of >90% in BAV diagnosis; these values 
drop significantly in case of suboptimal image quality 
and/or calcification. In some patients, transesophageal 
echocardiography (TEE), cardiovascular magnetic 
resonance (CMR), or computed tomography (CT) may be 
necessary for precise evaluation of valve morphology and 
accurate assessment of each of the aortic vessel segments.[14,16,17]

Valve morphology, signs of degeneration, and valve function 
must be carefully evaluated during long-term follow-up.

An essential step in the morphologic characterization of the 
aortic valve is to assess the degree of valve degeneration.[18,19] 
An echocardiographic aortic valve degeneration score including 
variables such as calcification, thickening, and mobility 
reduction (0–3 to each, ranging 0–9 overall) was found to be 
a predictor of aortic valve surgery and cardiovascular events 
(cardiac death, heart failure, new cardiovascular symptoms, 
stroke, and endocarditis) in asymptomatic patients with 
normally functioning or slightly dysfunctional BAV during a 
15-year follow-up.[20]

The current guidelines recommend the assessment of the entire 
thoracic aorta by multimodality imaging both at diagnosis 
and during follow-up, especially in patients with aortic 
diameters of ≥40 mm, aortic coarctation, Turner syndrome, 
or Loeys–Dietz syndrome.[21]

Although normal values of ascending aortic diameter 
according to age, body size, and gender have been reported 
in the literature, in clinical practice, a tubular ascending aorta 
of ≥37 mm or an aortic root of ≥40 mm is considered cut-off 
points for aortic dilation in adults.[21-24] Alternatively, an aortic 
diameter of >27.5 mm/m2 (aortic diameter in mm indexed to 
body surface area in m2) can be considered as cut-off point in 
patients of small size.[21-24]
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If an aortic diameter of ≥ 40 mm is detected by echocardiography, 
aortic measurement should be confirmed by CT or CMR, and 
BAV patients should undergo annual follow-up regardless of 
the coexistence of valve disease.[21-24]

Both CT and CMR have superior spatial resolution compared 
with echocardiography, allowing assessment of aortic vessel 
size and morphology, regardless of its course in the thorax. 
Moreover, through “double-oblique” measurements, both 
these imaging modalities provide a cross-sectional diameter 
perpendicular to the longitudinal axis of the ascending 
aorta.[21-24]

Global cardiovascular risk should be estimated in every patient 
to implement a tailored treatment plan (i.e., beta-blockers).[21-24] 
Prophylactic surgery of isolated aneurysms seems reasonable 
when the aortic diameter reaches ≥55 mm or grows faster 
than 3 mm per year.[21-24] According to the 2017 European 
Society of Cardiology guidelines, surgery of the aortic root or 
tubular ascending aorta should be considered for BAV patients 
with a maximal ascending aortic diameter of ≥50 mm in the 
presence of additional risk factors (i.e., family history, systemic 
hypertension, or coarctation of the aorta), irrespective of the 
severity of aortic valve disease.[24]

BAV patients usually undergo aortic valve surgery at an earlier 
age than TAV patients, raising questions regarding the most 
appropriate prosthesis choice, need for anticoagulation, desire 
of pregnancy, type of job, and patient’s lifestyle.

BAV syndrome is characterized by a wide clinical and 
functional spectrum with different prognoses, probably 
related to genetic and biomolecular heterogeneity.[25-27] Future 
studies should aim at identifying predictors of increased risk 
for developing aortic valvulopathy and vessel disease and 
integrating demographic, clinical, imaging, genetic, and 
biomolecular findings in large populations of BAV patients.

Methods

Study design
The BAV registry of the Italian Society of Echocardiography 
and Cardiovascular Imaging (SIECVI) (REgistro della 
Valvola Aortica Bicuspide della Società Italiana di 
ECocardiografia e CArdiovascular Imaging – REBECCA) is 
a retrospective/prospective, multicenter, observational study 
that will enroll patients with a definitive diagnosis of BAV 
made by TTE and/or TEE, CT, CMR, or at surgery. For the 
retrospective enrollment, all patients with BAV identified by 
reviewing hospital discharge diagnosis records, and surgical, 
echocardiographic, CMR, or CT databases from January 1, 
2010, will be included.

Study participation will neither interfere with the current 
guideline recommendations nor influence the common patient 
management or the therapeutic strategy. The study protocol 
was approved by the Ethics Committee of the Coordinating 
Center as well as by each enrolling site. Informed consent will 
be obtained from all patients.

Aims
The REBECCA registry aims to derive a clinical, 
echocardiographic, radiologic, and anatomic (intraoperative) 
data set of unselected patients with BAV, reaching the largest 
population ever reported on a national scale. The main purpose 
is to assess the current clinical presentation, management, 
and outcomes of BAV. Primary and secondary endpoints are 
as follows:

Primary endpoints
• Cardiovascular and noncardiovascular mortality
• Aortic valve and/or aortic surgery
• Onset or worsening of cardiovascular symptoms
• Hospitalization for heart failure or arrhythmias
• Stroke
• Endocarditis.

Related to:
• Clinical features
• Personal and family risk factors
• BAV phenotype and valvular degeneration
• Aortic vessel phenotype
• Aortic valve function
• Associated heart diseases.

Secondary endpoints
• To assess the incidence of valvular and vascular (aortic) 

complications in different age groups (≤35, 36–65, 66–75, 
and ≥76 years)

• To determine the most appropriate imaging technique 
according to the patient’s clinical condition

• To evaluate the efficacy of different imaging techniques 
in diagnosing BAV and detecting/monitoring associated 
complications

• To compare the data obtained with those reported in the 
literature

• To establish the incidence and progression of aortic 
dilation (maximum diameter of ≥1 segments of the 
proximal thoracic aorta, including aortic root and 
ascending aorta diameters >40 mm) and its complications 
both in patients with BAV and TAV to assess aortopathy 
evolution in these two populations.

Definition of bicuspid aortic valve
A congenital BAV has two functional cusps that are 
conjoined or failed to separate completely during embryonic 
development. The two cusps are arranged in either an 
anterior-posterior orientation with right-left commissures or a 
right-left orientation with anterior-posterior commissures, with 
the former arrangement reported in 50% of cases. Features 
including cusp-free edge length, cusp surface area, presence 
or absence of aortic sinuses, and presence or absence of the 
intercuspal triangle are helpful in distinguishing congenital 
from acquired BAVs and conjoint from nonconjoint cusps. 
In addition, the classical type of BAV is characterized by the 
presence of a raphe along the aortic aspect of the conjoined 
cusp. Usually, a right-left BAV has a raphe in the right cusp, 
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with the left and right coronary arteries originating from 
each cusp separately. In anterior-posterior BAV, the raphe 
is in the anterior cusp with both the left and right coronary 
arteries originating from the front of the anterior cusp. The 
raphe may be so prominent that its free margin reaches 
the free edge of the cusp or may be fenestrated or partially 
developed (miniraphe).[28]

Inclusion criteria
• Definitive diagnosis of BAV made at any age by TTE 

or TEE, CMR, CT, and/or intraoperatively in surgical 
patients. Patients will be enrolled regardless of the 
presence and severity of aortic valve dysfunction or aortic 
vessel disease and the coexistence of other congenital 
cardiovascular malformations.

Exclusion criteria
• Uncertain BAV diagnosis
• Impossibility of obtaining informed consent
• Inability to carry out the follow-up.

Statistical analysis
Data will be described as mean and standard deviation 
(for normally distributed variables), median and interquartile 
range (for nonnormally distributed variables), or prevalence 
and percentage frequency (for categorical data). Survival 
and event rates will be determined with the Kaplan–Meier 
method and compared with log-rank test. For evaluation of 
prognostic factors, univariate and multivariate Cox regression 
models will be used to determine the impact of confounding 
variables (e.g. ejection fraction, comorbidities). Confidence 
intervals for each variable will be reported as appropriate. 
For each continuous variable (such as valvular degeneration 
score), receiver operating characteristic (ROC) analysis will 
be performed to identify retrospectively the optimal sensitivity 
and specificity cut-off values toward the prognostic standard. A 
P < 0.05 will be considered statistically significant. Statistical 
analysis will be performed with the software Statistical 
Package for the Social Sciences, v. 16 (SPSS Inc., Chicago, 
Illinois, USA).

Sample size calculation
According to the primary endpoints, sample size calculation 
was based on a previously published pilot study in 
over 200 patients with identical inclusion criteria, which 
demonstrated that patients with high aortic valve degeneration 
scores (valve fibrosis or calcification) have at least a 
two-fold increased risk of cardiovascular events at 5 years 
compared to patients with low or intermediate degeneration 
scores (7.5% vs. 3.0%).[20] A sample size of approximately 
3000 patients (i.e., approximately 100 patients from 30 centers) 
was planned to achieve 80% power with an alpha error of 4% 
and a relative risk of 7.5% at 5-year follow-up in case of a high 
valve degeneration score.

Data collection
The diagnosis of BAV is established in the presence of 
an aortic valve with two cusps and two commissures. 

Echocardiography is the first-line imaging diagnostic tool 
for BAV detection. In patients with inadequate acoustic 
window, CMR or CT will be used to confirm the diagnosis 
or to provide a more comprehensive evaluation of the 
thoracic aorta. In patients undergoing aortic valve and/or 
aortic surgery, intraoperative diagnosis will be considered 
if provided.

Clinical and instrumental data will be entered into dedicated 
data collection software called REBECCA (1.0, 2016, designed 
in Italy under Windows XP environment) [Figure 1]. A central 
database will be managed under the direct responsibility of 
the SIECVI.

Patient demographics and clinical variables (i.e. sex, age, 
weight, height, systolic and diastolic blood pressure, heart 
rate, and rhythm) will be obtained both at first evaluation and 
during follow-up.

Anamnestic data collection will include as follows: risk 
factors (hypertension, diabetes mellitus, dyslipidemia, and 
smoking), personal and family history of previous or current 
cardiovascular disease, congenital cardiovascular anomalies, 
and ongoing pharmacological therapy.

To detect the presence of valve malformations or thoracic aortic 
aneurysms/dilation, anamnestic and echocardiographic data 
will be obtained in at least one of the first-degree relatives of 
BAV patients, whenever possible.

Echocardiography
The diagnosis of BAV will be based on TTE images obtained 
in parasternal long- and short-axis views. In patients with 
nondiagnostic TTE, a TEE will be performed, with the 
assessment of aortic valve morphology in the mid-esophageal 
short-axis view (at 45°–60°).

Different valve phenotypes will be distinguished according to 
the classification proposed by Schaefer et al.:[11]

• Type 1 with raphe: Right and left coronary cusp fusion 
(anterior-posterior cusp orientation) with the raphe in the 
anterior position

• Type 1 without raphe: Anterior-posterior cusp orientation 
without evidence of a raphe

• Type 2 with raphe: Right and noncoronary cusp fusion 

Figure 1: Screenshot from REBECCA software with the classification of 
bicuspid aortic valve as reported by Schaefer et al.
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(right-left cusp orientation) with the raphe in the right 
position

• Type 2 without raphe: Right-left cusp orientation without 
evidence of a raphe

• Type 3 with raphe: Left and noncoronary cusp fusion 
(right-left cusp orientation) with the raphe in the left position

• Type 3 without raphe: This is an extremely rare phenotype 
indistinguishable from type 2 without raphe and is not 
included in this classification [Figures 2-4].

For data analysis, type 2 without raphe and type 3 without 
raphe will be considered as a single group.

Cusp orientation – either anterior-posterior or right-left – will 
be defined even if the presence of a raphe and its position 
cannot be ascertained.

Estimation of the presence and severity of aortic valve 
disease (stenosis and/or regurgitation) will be performed in 
accordance with the European Society of Cardiovascular 
Imaging (EACVI) recommendations.[29]

Valve function will be assessed using the Doppler technique. 
Aortic stenosis severity will be estimated based on the 
maximum and mean aortic gradient obtained by aortic 
transvalvular flow measurement by continuous wave (CW) 
Doppler recording in the apical five-chamber, apical long-axis, 
subcostal, and suprasternal views and in the modified right 
parasternal view for imaging the ascending aorta.

The aortic valve area will be calculated applying the continuity 
equation according to the standard criteria. The LVOT diameter 
will be measured in parasternal long-axis view at mid-systole 
using the inner edge-to-inner edge convention. The LVOT 
velocity–time integral will be measured by positioning 
the pulsed wave (PW) sample volume close to the aortic 
valve plane in the apical long-axis and apical five-chamber 
views. Mean and peak aortic valve gradients will be derived 
from the aortic velocity–time integral using CW Doppler. 
The criteria used for the definition of severe aortic stenosis 
include as follows: aortic valve area (AVA) <1 cm² or AVA 
indexed for body surface area <0.6 cm2/m2; mean aortic 
gradient >40 mmHg in patients with normal cardiac output 
and normal transvalvular flow; maximum transvalvular 
velocity >4 m/s (to be interpreted according to heart rate, valid 
in patients in sinus rhythm); velocity ratio <0.25.

Aortic regurgitation severity will be assessed using color 
Doppler (mainly for vena contracta measurement), CW 
Doppler (for evaluation of pressure half-time and slope of the 
regurgitant velocity curve), and PW Doppler (diastolic flow 
reversal in the proximal descending aorta).

Although the proximal isovelocity surface area is a 
well-established method for assessing aortic regurgitation, 
this parameter is influenced by loading conditions and is not 
routinely used.

The definition of severe aortic regurgitation will be 
based on qualitative criteria, including valve morphology 

(abnormal/flail/coaptation defect), regurgitant flow at color 
Doppler (wide in central jets and variable in eccentric 
jets), strong signal of regurgitant jet at CW Doppler, and 
holodiastolic flow reversal in the descending aorta (end-diastolic 
volume >20 cm/s).

Figure 2: Screenshot from REBECCA software showing a window 
that includes data on morphologic and functional echocardiographic 
parameters of the aortic valve

Figure 4: Surgically specimen of excised bicuspid aortic valve type 1

Figure 3: Echocardiographic images of different bicuspid aortic valve 
phenotypes. Panel A, type 1 (right and left coronary cusp fusion) with 
raphe; Panel B, type 1 (right and left coronary cusp fusion) without 
raphe; Panel C, type 2 (right and noncoronary cusp fusion) with raphe; 
Panel D, type 3 (left and noncoronary cusp fusion)

dc

ba
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Other semi-quantitative parameters (i.e., vena contracta 
width >6 mm and pressure half-time <200 ms) will also be 
assessed according to the EACVI recommendations.[29]

The thoracic aorta will be assessed through the measurement 
of the anteroposterior diameters at aortic annulus, sinuses 
of Valsalva, sinotubular junction, and ascending aorta in the 
longitudinal parasternal long-axis view, perpendicular to the 
longitudinal axis of the aortic lumen at end-diastole. In case 
of suboptimal visualization of the thoracic aorta with the 
standard approach, unconventional sections (i.e., modified 
off-axis left parasternal, right parasternal, apical, suprasternal, 
supraclavear, substernal, and subcostal views) will be used for 
the measurement of maximum vessel diameter.

The aortic diameter at the sinuses of Valsalva will be measured 
not only in a long-axis parasternal view but also in a short-axis 
orientation (with TEE) with cusp-to-cusp measurement, as 
recommended for radiological imaging.

The aortic arch diameter will be measured in the suprasternal 
view under clear visualization of the vessel segment between 
the origin of the innominate artery and the left subclavian 
artery.

The descending thoracic aorta diameter will be measured 
with TTE posteriorly to the left atrium in the modified apical 
two-chamber view or in dedicated modified views.

The abdominal aortic diameter will be measured distally to 
the origin of the renal arteries.

The aortic diameter will be obtained perpendicular to the 
long axis of the vessel, avoiding measurements in the 
oblique planes that would generate an overestimation of 
aortic dimensions. Measurements will be accomplished 
at end-diastole (or, alternatively, in the second half of 
diastole) using the leading edge-to-leading edge approach, in 
accordance with the latest guidelines.[30,31] The aortic annulus 
will be measured at mid-systole using the inner edge-to-inner 
edge convention.

A degeneration score will also be calculated according to the 
semi-quantitative estimation of:
• Valve thickening
• Valve calcification
• Reduction in cusp movement.

Each of these three variables will be assigned a score of 
0 (normal), 1 (mild), 2 (moderate), or 3 (severe). In particular, 
the distribution of valvular calcification will be classified as: 
0 (absent); 1 (mild, 1 calcified nodule in a cusp); 2 (moderate, 
≥2 nodules); and 3 (severe, diffuse calcification extended to 
almost all cusps).

A global score of aortic valve degeneration (0–9) will result 
from the sum of the scores of each component.

Cardiovascular magnetic resonance
CMR is a useful imaging tool for assessing aortic valve and 
aortic valve disease. This imaging modality can be used to 

define BAV morphology and motion, presence of a raphe, 
number and symmetry of the sinus of Valsalva, and functional 
data, including quantification of forward and reverse aortic 
flow and aortic valve planimetry. CMR allows measurement 
of all aortic segments and is useful during the follow-up of 
patients with aortic dilation as well as in both preoperative and 
postoperative evaluation. CMR can also be used to assess aortic 
complications (e.g., aneurysm, ulceration, and dissection) 
and to detect areas of wall thickening related to aortitis or 
intramural hematoma.

As for the CMR technique, a stack of contiguous, retrospectively 
gated, cine-steady-state free precession (SSFP) acquisitions in 
cross-section across the aortic root will be obtained following 
a plane derived from two complimentary views, the coronal 
localizer and the standard three-chamber view. Cine-SSFP 
images will be obtained during an end-expiratory breath-hold 
with an in-plane spatial resolution of 1.3 mm × 2.6 mm, 
a slice thickness of 5–6 mm, and a temporal resolution 
adjusted at <50 ms. Aortic valve morphology will be 
determined according to the classification system described 
by Schaefer et al.[11]

For each acquisition, the frames demonstrating maximal 
systolic and diastolic distension at the level of the sinuses 
of Valsalva will be visually selected and measured; in 
aortic roots with three distinct cusps, measurements 
wil l  be drawn from one blood–wall  interface to 
another, from cusp-to-opposite commissure (three 
cusp-commissure measurements: from right, left, and 
noncoronary cusps to respective opposite commissures), 
and from cusp-to-cusp (three cusp–cusp measurements: 
right-left coronary cusp, right-noncoronary cusp, and 
left-noncoronary cusp). In aortic roots with only two 
distinct cusps (“pure” BAVs), measurements will be limited 
to cusp–cusp and commissure–commissure dimensions 
only. The sequence “phase-contrast” imaging of the aortic 
valve, with an in-plane and through plane direction at the 
sinus of Valsalva, will be used to assess forward flow and 
to define stenotic and/or regurgitant valve. In addition, 
contrast-enhanced CMR angiography will be performed 
to provide a three-dimensional (3D) data set of the aorta 
and branch vessels.

Computed tomography
CT imaging of the chest will be performed using multislice 
dual-energy CT scanners. Automated detection of peak 
enhancement in the aortic root will be used to time the 
scan. All images will be acquired during an inspiratory 
breath-hold, with simultaneous recording of the patient’s 
electrocardiogram. Acquisition will be centered at the 
75% phase of the R-R cardiac cycle to ensure minimal 
motion artifacts. Axial data sets will be transferred to a 
workstation for subsequent evaluation. Maximal aortic 
diameter measurements at the sinuses of Valsalva, 
sinotubular junction, and ascending aorta will be obtained 
using the double-oblique short-axis technique. The three 
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cusp-to-commissure and the three cusp-to-cusp diameters 
will be measured at the level of the aortic root and the two 
diameters (anteroposterior and laterolateral) at the rest of 
the aortic levels. Aortic diameters will be measured using 
the inner edge-to-inner edge and outer edge-to-outer edge 
conventions. To better assess the ascending aorta caliber, a 
second measurement 90° perpendicular to the measurement 
of maximum diameter will be made on the short-axis image. 
Therefore, two measurements of the ascending aorta will be 
obtained: maximum identified diameter and its perpendicular 
diameter. Measurements will be made according to the 
current American College of Cardiology/American Heart 
Association and American Society of Echocardiography 
recommendations.[21,31]

To evaluate interobserver agreement, measurements will be 
repeated by a second expert reader on a randomly selected 
subset of patients.

Aortic elasticity
In BAV patients, the assessment of aortic elasticity could be 
useful although the clinical relevance of this parameter is still 
controversial. For this reason, aortic stiffness by multimodality 
imaging (CT, MRI, M-mode echo, and 2D strain) should be 
optionally performed.[32]

Quality control of enrolling centers
Quality control of diagnostic performance among the 
enrolling centers is of critical importance to acquire 
meaningful information into the data bank and to reduce 
interobserver variability. Quality control will be performed 
based upon two criteria, each one having to be met 
to fulfill the quality control requirements. The first 
criterion is passing the test prepared by the steering 
committee and available on https://www.siec.it/ricerca/
test-per-laccreditamento-allo-studio-rebecca/, which 
includes 12 questions concerning BAV phenotype definition 
and methods of aorta measurement, to be completed 
by the principal local investigator of each participating 
center providing at least 10 correct answers. The second 
criterion consists, in random sampling, of 10 consecutive 
studies from each contributing center. These 10 studies 
will be examined in a blinded fashion by two experienced 
cardiologists–echocardiographists – members of the steering 
committee – whose reading is arbitrarily assumed to be the 
“gold standard.” It is assumed a priori that the minimum 
threshold of concordance to pass the quality control should 
be 80%.

dIscussIon

Owing to the high incidence of valve dysfunction and thoracic 
aorta complications often requiring surgical intervention, 
BAV should be considered as a valvulo-aortopathy with a 
wide spectrum of unpredictable clinical presentations.[33] The 
issues that need to be clarified concern both phenotypical and 
genetic aspects.

The high incidence of aortic valve dysfunction in BAV patients 
compared with TAV patients has been well demonstrated. 
However, the genetic and mechanical mechanisms underlying 
the progression of BAV stenosis and/or regurgitation are 
still unknown. In addition, BAV is frequently associated 
with aneurysmal dilation of the aortic root and/or ascending 
thoracic aorta or aortic isthmic coarctation. Other serious 
complications such as aortic dissection or wall rupture can 
also occur. These associations are likely to be framed in a 
complex disorder of cardiac development, but not limited to 
the aortic valve and probably related to genetic susceptibility. 
As for the genetic aspects, mutations in NOTCH1 and 
GATA5 have been identified in different clusters of BAV 
patients, but the genetic causes and their potential clinical 
implications remain largely unknown and need to be further 
investigated.[33]

The initial diagnosis of bicuspid aortopathy is likely to be made 
using TTE. Visualization of the mid-distal ascending aorta and 
aortic arch may be difficult in adults, in whom either CT or 
CMR should be considered. If CT or CMR is contraindicated, 
then a TEE study should be obtained. CMR is preferable to 
CT for serial surveillance as it is not associated with radiation 
exposure.

Yearly echocardiographic surveillance is recommended 
in patients with an aortic root or ascending aorta diameter 
of >40 mm, as assessed by TTE, and no concomitant indication 
for valve replacement or repair. In patients with an aortic root 
or ascending aorta diameter of 40–44 mm and no concomitant 
valvular indication for intervention, a baseline CT or CMR 
scan may be obtained. If ongoing imaging surveillance, by 
means of echocardiography, CT, or CMR, reveals a growth 
rate exceeding 5 mm per year, surgical management may 
be considered. In patients with an aortic root or ascending 
aorta diameter of 45–49 mm, a CT or CMR scan should 
be obtained.[34] A predominant sinus of Valsalva dilation 
phenotype has been demonstrated to be mainly associated 
with type 1 (right-left cusp fusion) BAV morphology[11] and 
male sex.[35] This root phenotype has been linked with faster 
ascending aorta dilation and aortic regurgitation,[36] implicating 
a higher risk for acute aortic syndromes in this limited BAV 
subgroup.[37]

Only a few published studies have estimated the rate of 
progressive aortic dilation in adults with BAV with a long 
follow-up period [Table 1].[8,20,38-51] Hence, further evidence 
is needed to confirm the relation between BAV and aortic 
phenotypes, with the aim to predict disease progression, to 
refine patient stratification, and to offer an appropriately timed 
surgical approach.

A multicenter registry covering a large population of BAV 
patients could have a profound impact on the understanding of 
this disease, filling the knowledge gaps regarding the natural 
history of BAV aortopathy according to valve morphology, 
prognostic significance of aortic phenotypes, and indications 
for aortic valve and/or aortic surgery.
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Table 1: Published studies with a long follow‑up period that evaluated the rates of progressive aortic dilation in adults 
with bicuspid aortic valve

Authors Endpoint Number 
of 

patients

Follow‑up 
(years)

Age 
(years)

Mortality AS 
(%)

AR 
(%)

Ao dilation 
(>45 mm)

Aortic 
dissection 

(%)

Surgery 
(%)

Results

Morosin 
et al.[38]

Predictive 
model of 
outcome of 
patients with 
BAV

337 8-21 29.2±19.8 0.1% per 
patient per 

year

7.4 21.6 18.4 1.2 45.2 Hypertension, 
wider Ao diameter, 
moderate-to-severe 
AR and AS were 
independently 
correlated 
with AVR, 
aortic surgery and 
death

Michelena 
et al.[39]

Sex-related 
differences in 
morbidity and 
survival in 
BAV

2242 4-14 51±16 16% at 
9 years

12 8 27 24 BAV-related 
morbidity, AR, 
and endocarditis 
are more 
prevalent in men 
in the community, 
women exhibit 
a significantly 
higher 
relative risk of 
death in the surgical 
group

Kinoshita 
et al.[40]

Assessment 
of risk factors 
for Ao dilation 
over time in 
BAV patients 
undergoing 
AVR, focusing 
on valve 
phenotype

167 5 64±12 4.1% at 
5 years

29 24 39 24 The presence 
of AR and 
ascending Ao 
diameter >40 mm 
at the time of 
surgery emerged 
as significant 
predictors of Ao 
dilation after 
AVR but valve 
fusion phenotype 
was not

Rodrigues 
et al.[41]

Incidence and 
predictors of 
cardiac events 
in adults with 
BAV

227 13 28±14 3.1% at 
13 years

34 35 12.3 0.9 33 Long-term 
survival was 
excellent. 
Baseline AV 
calcification 
and dysfunction 
were the only 
independent 
predictors 
of frequent 
cardiovascular 
events

Masri 
et al.[42]

Impact of 
surgical 
intervention 
on long-term 
outcome in 
BAV with 
complications

1890 4 50±14 9% at 
years

17 31 35 0.4 49 Patients with 
BAV 
have a 
high prevalence 
of AV 
dysfunction and 
concomitant 
aortopathy. 
Undergoing 
surgery was 
associated with 
a significantly 
lower incidence 
of death 
and/or dissection
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Table 1: Contd...

Authors Endpoint Number 
of 

patients

Follow‑up 
(years)

Age 
(years)

Mortality AS 
(%)

AR 
(%)

Ao dilation 
(>45 mm)

Aortic 
dissection 

(%)

Surgery 
(%)

Results

Matsuyama 
et al.[43]

Long-term 
results after 
treatment of 
the ascending 
Ao for BAV

145 1975-2016 59.3±1.5 20% at 
10 years
54% at 

20 years

0.7 25 No surgical 
treatment for 
ascending Ao 
40 mm, an 
artificial graft if 
40-50 mm, AVR if 
>50 mm. Hospital 
mortality was 
1.4%. There were 
no significant 
differences among 
groups

Itagaki 
et al.[44]

Long-term 
risk for aortic 
complications 
after AVR 
in patients 
with BAV 
versus Marfan 
syndrome 
undergoing 
AVR

2079 with 
BAV, 

73 with 
Marfan 

syndrome

1995-2010 69.5±13.0 28% at 
15 years

0.5 2.5 for 
only 
aortic 

surgery

Patients with 
Marfan syndrome 
were significantly 
more likely to 
undergo thoracic 
aortic surgery in 
late follow-up

Svensson 
et al.[45]

Long-term 
durability of 
BAV repair

728 1985-2011 42±12 18% at 
20 years

9 85 38 42 Freedom from 
AV reoperation at 
10 years was 78%. 
Risk of reoperation 
2.6% per year 
up to 15 years. 
Primary reasons 
for reoperation 
were cusp 
prolapse (38%), 
AS or AR (17%) 
and AR from root 
aneurysm (15%)

Girdauskas 
et al.[46]

Aortic events 
after isolated 
AVR for BAV 
versus TAV 
stenosis with 
concomitant 
ascending Ao 
dilation

325 15 59.5±10 22% at 
15 years

47 39 0 3 for only 
aortic 

surgery

Patients with BAV 
and TAV stenosis 
with concomitant 
ascending Ao 
dilation are at 
comparably low 
risk of adverse 
aortic events 
15 years after 
isolated AVR

Michelena 
et al.[8]

Incidence 
of aortic 
complications 
in BAV 
patients

416 16±7 35±21 20% at 
25 years

61 29 26 0.5 53 In BAV patients, 
the incidence of 
aortic dissection 
over a mean 
follow-up of 
16 years was low 
but significantly 
higher than 
in the general 
population

McKellar 
et al.[47]

Long-term risk 
of aortic events 
following 
AVR in BAV 
patients

1286 12±7 58±14 48% at 
15 years

10 1 1 Despite a true risk 
for aortic events 
after AVR for BAV, 
the occurrence of 
aortic dissection 
was low
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