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Abstract
The most common congenital heart disease in the general population is the bicuspid aortic valve. Far from being just a 
harmless valve malformation, it is a complex and heterogeneous disease. It is often identified as an incidental finding in 
healthy people. However, in a high percentage of patients, it leads throughout their life toward valvular (stenosis, insufficien-
cy, and endocarditis) or aortic (dilatation or dissection) complications. Frequently, manifestations occur at an early age, being 
responsible for high morbidity and mortality. Even though in recent years intense research has been carried out in this field, 
the pathophysiogenesis of the disease is not fully known and many questions remain open. In this article, we review the most 
innovative and relevant clinical and pathophysiological aspects of this congenital heart disease.
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Resumen
La válvula aórtica bicúspide es la cardiopatía congénita más frecuente en la población general. Lejos de ser solo una mal 
formación valvular inocua, supone una enfermedad compleja y heterogénea. A menudo es identificada como un hallazgo 
incidental en personas sanas, cursando de manera asintomática. Sin embargo, en un alto porcentaje de pacientes conduce  
a lo largo de su vida a complicaciones valvulares (estenosis, insuficiencia, endocarditis) o aórticas (dilatación o disección). 
Con frecuencia estas manifestaciones suceden a una edad temprana y causan una elevada morbimortalidad. A pesar de que 
en los últimos años se ha producido una intensa investigación en este campo, la fisiopatoge nia de la enfermedad no es del 
todo conocida y muchas preguntas siguen abiertas. En este artículo se revisan de forma actualizada los aspectos clínicos y 
fisiopatológicos más novedosos y relevantes sobre esta cardiopatía congénita.
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Introduction
Bicuspid aortic valve (BAV) is the most common con-

genital heart disease in the general population. Far 
from being just a harmless valve malformation, it entails 
a complex and heterogeneous disease1. Its spectrum 
can consist, at its most benign extreme, of an incidental 
finding, remaining as a subclinical anomaly throughout 
life, or, at a more serious extreme, become the origin 
of a valve dysfunction that may be decisive for patient 
short-term prognosis1. Within this inter-individual clini-
cal dispersion, complications in middle adulthood are 
known to be common, conferring a much heavier bur-
den of morbidity than any other congenital heart dis-
ease2. In consequence, there has been progressive 
scientific interest on BAV in recent years, with important 
advances in the field of embryology and genetics that 
seek to explain the etiology of this malformation. Light 
has been shed on its pathogenesis and on its high as-
sociation with aortic dilatation, with which sometimes it 
is currently comprised within the same syndrome. As a 
result of this growing knowledge, the reason for this 
article arises, whereby we expect to review the most 
relevant aspects of this congenital heart disease.

Anatomy and morphological subtypes
The first anatomical descriptions of this valve anomaly 

are classically attributed to Leonardo da Vinci, in the 15th 
century. Today, BAV is defined as the existence of two 
valve leaflets, although there is great individual variability 
with regard to the valve detailed characteristics: symme-
try, presence of raphe, nature of the commissures, 
etc.1-3. One of the leaflets is mainly generated by the 
fusion or lack of separation of two of the primitive leaflets 
during valve development. Thus, the two leaflets are 
usually uneven in size, with the fused one having a larger 
surface. On the other hand, in most bicuspid valves, 
there is a raphe, that is, a fibrous ridge directed from the 
free border of the valve to the arterial wall, which rep-
resents the “junction zone” of the larger leaflet compo-
nents. The shape of the valve opening and the raphe 
position (when present) will define the different BAV 
subtypes. There are several classifications described by 
different authors4-6, but one of the most widely used is 
that of Sievers and Schmidtke4. These authors differen-
tiate three subtypes according to the absence of raphe 
or presence of one or two raphes (types 0, 1, and 2, 
respectively), and then they make a subdivision accord-
ing to the raphe and leaflets spatial position. Thus, in 
type 0, in which there is no raphe (“pure” BAV), there 

are two subcategories: (1) lateral position, with the leaf-
lets being right and left, and (2) leaflets anteroposterior 
position. In type 1, there are three anatomical leaflets, 
but two functional leaflets due to the presence of the 
raphe; it is the most common type. The raphe can be 
located between the left and right leaflets (L-R), which is 
the most common subtype; between the right and 
non-coronary leaflets (R-N); or, finally, between the 
non-coronary and left leaflet (N-L), which is the least 
common subtype of all three. Finally, and infrequently, 
type 2 has two raphes, present in practically all cases 
between the left and right leaflets (L-R) and between the 
right and non-coronary leaflets (R-N) (Fig. 1).

Epidemiology
BAV estimated prevalence in the literature ranges from 

0.5% to 2% of the population1,2,7, although the real prev-
alence is not entirely known because no extensive pop-
ulation screening exists and because, on many occa-
sions, it has an asymptomatic evolution. Most of the 
classic studies were carried out in cohorts of Caucasian 
patients, but studies in other populations already exist in 
the literature, with geographic variations being observed 
in terms of prevalence. Thus, a similar prevalence has 
been described in the Asian population8. In the popula-
tion native to sub-Saharan Africa, there is disagreement 
regarding prevalence, but it appears to be lower9. In a 
Central American study with 2750 unselected patients 
who attended to have an echocardiogram practiced, 
BAV was observed in 4.9% of them10. A low prevalence 
has been described among the Afro-American and Ca-
ribbean population, which ranges from 0.11% to 0.28%11. 
It predominates in the male gender (around 3:1)3. An 
interesting screening study carried out by Tutar et al.12 
in newborns describes a higher prevalence in boys 
(7.1/1000 boys) than in girls (1.9/1000 girls). These gen-
der differences suggest that the X chromosome may 
play an important role in its origin, also supported by the 
high incidence of BAV in Turner syndrome13.

Diagnosis
Diagnosis is usually established after auscultation of 

an aortic stenosis or aortic regurgitation murmur, after 
the appearance of symptoms or incidentally during an 
echocardiographic study. Diagnosis is based on two-di-
mensional transthoracic echocardiography imaging, 
and thus is it referred in current clinical practice guide-
lines: “transthoracic echocardiography is the recom-
mended imaging modality for the initial assessment of 
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the aortic valve and thoracic aorta, including the 
assessment of hemodynamic aortic valve function;” 
with class I scientific evidence14. This type of non-inva-
sive diagnosis, applicable to large population groups, 
has enabled the performance of larger studies on BAV. 
For diagnosis to be established, the valve must be vi-
sualized in systole (open valve) in a parasternal view 
over the short axis. It should not be performed in dias-
tole (closed valve), since the raphe can make the valve 
appear as a TriValve, generating confusion3,14,15. When 
the valve is highly calcified, as it occurs in advanced 
stenosis, differentiating the valve cusps is more difficult 
and diagnosis is less accurate. Transesophageal ultra-
sound offers a more detailed and better-quality view, 
and it can therefore be used when there are doubts. 
Sometimes, other diagnostic imaging tests, such as 
cardiac magnetic resonance imaging (MRI) or comput-
ed tomography (CT), help to confirm the diagnosis of 
congenital malformation, although these techniques are 
usually more often used to study the aorta3,15,16.

Etiopathogenic aspects

At present, bicuspid valve abnormal development is 
integrated in the so-called left ventricular outflow tract 

anomalies, included in this spectrum together with 
coarctation of the aorta, hypoplastic left heart syn-
drome, etc. For example, approximately 50% of pa-
tients with coarctation have associated BAV3,13,15 
(Fig. 2). In addition, a marked genetic heterogeneity 
underlying BAV is observed, thus appearing linked to 
different chromosomal abnormalities and genetic dis-
eases13. A higher prevalence of BAV has been de-
scribed in Down syndrome (trisomy 21) or in DiGeorge 
syndrome (monosomy 22q11), as well as in Turner 
syndrome, with a prevalence of 15-30% in patients 
with this condition; also in Marfan syndrome, Lo-
eys-Dietz syndrome, and William-Beuren syndrome13. 
Although over the past few decades there has been 
great interest for discovering the mechanisms that 
lead to the formation of bicuspid valve disease, the 
genes and the interrelationships of the molecules in-
volved in left ventricular outflow tract normal develop-
ment are not yet adequately understood. Several sig-
naling pathways that are key to normal morphological 
development of the heart have been associated with 
BAV: tumor growth factor beta (TGF-β) superfamily, 
GATA family, Tbx20, nitric oxide synthase 3 (eNOS3), 
NOTCH1, or Wnt/β-catenin, among others1,15,17,18. BAV 
development is known not to be due to a single gene 

TRIVALVE AORTIC VALVE 
(SYSTOLE - OPEN)

TRIVALVE AORTIC VALVE 
(DIASTOLE - CLOSED)

 “PURE” BICUSPID - 
ZERO TYPE 

LATERAL ZERO
TYPE 

ANTEROPOS
TERIOR

ZERO TYPE 

TYPE 1 BICUSPID -
ONE RAPHE

“R-N” RAPHE “L-R” RAPHE

“L-N” RAPHE

TYPE 2 BICUSPID -
TWO RAPHES

Figure 1. Diagram of bicuspid valve types classification according to Sievers and Schmidtke4. CD: right coronary artery; 
D: right coronary sinus; I: left coronary sinus; L: left; N: non-coronary sinus; R: right; TCI: left coronary trunk.
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and, currently, for a better classification of related 
mutations, two groups are distinguished. On one 
hand, there are genetic alterations described in pa-
tients with BAV that is related to clinical syndromes, 
such as mutations in FBN1 (Marfan syndrome) or TG-
FBR1/2 (Loeys-Dietz syndrome)18. On the other hand, 
there are non-syndromic alterations, for example, mu-
tations in GATA5, PITX2, or CLIP21,18. Among the 
sporadic or non-syndromic forms, mutations in the 
NOTCH1 gene are the most widely studied. Families 
with mutations in this gene that behaves with a dom-
inant autosomal inheritance pattern have been 
described. NOTCH1 signaling pathways are highly 
preserved between species, since they have a key 
role in cell differentiation, cell development, and inter-
cellular communication processes and play a crucial 
function in embryonic organogenesis and particularly 
in cardiovascular system development18. In addition, 
NOTCH1 inhibition leads, in turn, to defective signaling 
in the TGF-β pathway, with a relationship existing 
between both these pathways, which affects the cor-
rect remodeling of the vascular matrix and aortic 
valve correct development. The GATA family of 
transcription factors has been involved in cell 

differentiation processes18. Several genes, GATA4, 
GATA5, and, more recently, GATA6, have been asso-
ciated with the development of BAV18-20. NOS protein 
has also been related to valve morphogenesis. Spe-
cifically, NOS-3, which is constitutive of vascular tis-
sue, exhibits mutations related to the development of 
BAV18. Not only genetic but also epigenetic studies 
(gene expression heritable changes with no changes 
in DNA sequence) are strongly emerging in the field 
of BAV. Mechanisms related to DNA methylation, his-
tone modifications, etc., have been studied. One study 
demonstrated hypermethylation of the region corre-
sponding to GATA4 and hypomethylation in ACTA2 in 
individuals with BAV, in comparison with control sub-
jects21. BAV-related microRNA and lncRNA (long 
non-coding RNA) have also been studied. In a large 
study with microarrays, Yanagawa et al.22 demonstrat-
ed differential expression of 34 microRNAs when com-
paring patients with BAV and tricuspid aortic valve 
(TAV) and identified miR-141 as a regulator of accel-
erated valve calcification. Despite the great efforts in 
recent years, with a multitude of investigations in this 
field of scientific knowledge, the ontogenetic basis of 
the development of BAV remains unknown.

Figure 2. Patient with bicuspid aortopathy and coarctation of the aorta operated on in adulthood by stent implantation. 
A: Three-dimensional computed tomography (CT) reconstruction showing an aneurysm of the ascending aorta and the 
stent in the coarctation area. B: CT showing the bicuspid aortic valve with calcification areas on its leaflets. C: patients 
with coarctation of the aorta may exhibit Willis polygon aneurysms, and their screening is therefore recommended.

A B

C
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Family screening, is it necessary?

Genetic and epigenetic determinants, as we have 
seen, are complex, and BAV is therefore associated 
with different patterns of inheritance. In many cases, an 
autosomal dominant family inheritance with low pene-
trance and variable expressiveness is described17. 
Screening studies in first-grade relatives of patients with 
BAV show variable prevalence within a range of be-
tween 4% and 22%, although a prevalence of around 
10% has traditionally been established in first-degree 
relatives17,21. There is also evidence of a higher preva-
lence of BAV among first-degree relatives of patients 
with some congenital heart diseases, such as coarcta-
tion of the aorta, septal defects, and aortic dilatation. 
Based on these data, clinical practice guidelines recom-
mend the screening of first-degree relatives of patients 
with BAV with transthoracic echocardiography14,17.

Clinical course and complications

Given that only symptomatic patients, with or without 
valve disease, seek medical attention, there is a gap in 

the knowledge about the real consequences of having 
BAV. Thus, it is possible that current knowledge on the 
disease does not to adjust to reality, given that only 
those individuals with complications are observed in 
medical practice. Different prospective studies have 
attempted to evaluate the natural course of congenital 
heart disease, with a wide variability of presentations 
and behaviors being demonstrated, ranging from the 
development of a severe stenosis in childhood to hav-
ing an asymptomatic course practically during the en-
tire adult life1,3,15,23.

The most common complication in patients with BAV 
is valve dysfunction due to stenosis or regurgitation1,3 
(Fig. 3). In childhood, the typical course is asymptomatic. 
In youth and early adulthood, most medical consulta-
tions and surgical interventions are for severe aortic 
regurgitation23,24. The etiological mechanism can be 
functional, due to dilatation of the aortic root, or primary 
valvular due to prolapse, myxomatous degeneration, or 
endocarditis. Subsequently, individuals tend to develop 
aortic stenosis due to an accelerated valve calcification 
process, requiring intervention at an age 20-30 years 
younger than patients with stenotic TAV23-26. From a 

Figure  3. Transthoracic echocardiogram images. A: parasternal view at the short axis showing a type 1 bicuspid 
aortic valve (fusion of the right and left coronary leaflets) open in systole. B: plane at the level of the aortic root and 
ascending aorta showing significant aortic dilatation (43 mm). C: aortic transvalvular gradient by continuous Doppler 
showing elevated velocities and gradients typical of significant aortic stenosis. D: Color Doppler showing a diastolic 
regurgitation jet that occupies the entire left ventricular outflow tract, typical of severe aortic regurgitation, in a patient 
with bicuspid valve disease.

A

C D
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morphological point of view, calcification appears to 
occur in a similar way as in TAV. Current research at-
tempts to elucidate if the variability in the age of calcifi-
cation presentation in BAV versus TAV is predominantly 
due to mechanical or genetic factors1,15. The manage-
ment of aortic stenosis and aortic regurgitation should 
be the same in patients with BAV than in those with TAV, 
following current clinical practice guidelines14,27,28.

The most common association is with thoracic aortic 
dilation and aneurysms, which is why some current 
publications encompass them within the same syn-
drome (Fig. 4). Patients with BAV, in comparison with 
those with TAV, have been shown to be at higher risk 
of developing ascending aorta dilatation and aortic dis-
section5,15. However, data on the prevalence of the 
association are variable (33-80% of BAV cases), per-
haps due, apart from the heterogeneity inherent to the 
disease, to a lack of consensus in the studies on the 
measurements to define dilatation, the imaging tech-
niques that are used, the region of the aorta that is 
considered, etc. There is disagreement about whether 
or not the different bicuspid valve morphotypes are 
predictors of higher risk of aortic dilatation23,29. The 
etiology and pathogenesis of aortic dilatation in patients 
with BAV is so far uncertain, but two theories are pro-
posed. There are authors who advocate for the hemo-
dynamic-mechanical hypothesis. Mechanical stress on 
the aortic wall has been studied by means of four-di-
mensional MRI flow analysis. Due to BAV anomalous 
opening, an eccentric flow directed against the aortic 
wall is formed, and it would be this constant tangential 
force that ultimately generates the dilatation29,30. Other 

authors support the genetic hypothesis, which 
postulates that there are genetic alterations that are 
common to the risk of aortic aneurysm development 
and BAV onset. The fact that aortopathy has been 
shown to be more frequent in first-degree relatives of 
individuals with BAV supports this theory21. The close 
relationship in embryonic development between semi-
lunar valves and the remodeling of the aortic root and 
ascending aorta is also known; and, in turn, the partic-
ipation of neural crest cells both in valve and aortic wall 
development has been demonstrated31. As a result, 
alterations in intracellular and intercellular signaling 
might justify the coexistence of both pathologies.

A non-valvular but highly feared complication is aortic 
dissection. Patients with BAV have a higher prevalence 
of aortic dilatation and, therefore, higher risk in these 
cases of aortic dissection, an acute pathology that is 
associated with high rate mortality when it occurs. It 
usually takes place in the ascending aorta23. Although 
the described incidence is variable, in large popula-
tion-based follow-up series, it is low (<0.5%)23-25. In 
childhood, aortic dissections are extremely rare. How-
ever, in cases of Marfan syndrome with aortic wall dil-
atation, there is higher risk of aortic dissection in child-
hood or adolescence, a fact that is associated with high 
morbidity and mortality in these patients32.

Another non-valvular complication that has been 
classically associated with BAV is infectious endocar-
ditis. The risk of endocarditis described in the early 
series was very high (10-30%),2 and thus clinical prac-
tice guidelines recommended antibiotic prophylaxis for 
all patients with BAV. However, more recent and larger 

Figure 4. Computed tomography of the aorta. A: axial plane at the level of the great vessels showing significant dilatation 
of the ascending thoracic aorta (4.76 mm). B: Oblique reconstructions of the aorta where dilatation of the ascending 
aorta is observed.

A B
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series estimate that the incidence of endocarditis in this 
population subgroup is much lower, of 0.3-2%23,24. For 
this reason, current European and American clinical 
practice guidelines do not recommend antibiotic pro-
phylaxis in these patients, except in those with a history 
of endocarditis33.

Despite all these possible complications, the cohort 
follow-up series confirm an important fact: in current 
era, individuals with BAV do not have a shorter life ex-
pectancy than the rest of the population. In asymptom-
atic adults with BAV and different degrees of valve 
dysfunction, 10-year survival was 96 ± 1%24, and in 
asymptomatic adults with BAV without significant valve 
dysfunction, 20-year survival was 90 ± 3%23.

As for patient follow-up, it will depend on the symp-
toms and on the appearance of complications. Periodic 
transthoracic echocardiograms are usually performed 
during the follow-up of an asymptomatic patient to rule 
out the appearance of silent complications, such as 
valve dysfunction or aortic dilatation. When there is 
valve dysfunction, clinical practice guidelines recom-
mendations for valvular heart disease14,27,28 are 
followed: in case of mild-moderate insufficiency, an 
echocardiogram will be performed every 2 years, and 
if severe, at 1 year; in case of stenosis, if calcification 
is significant within the mild-moderate range, an echo-
cardiogram will be performed every year, and if it is 
severe, every 6 months. If there is dilatation of the 
ascending aorta or aortic root, carrying out a control 
using an imaging technique once a year is recom-
mended. While it is true that, if there is an adequate 
acoustic window, transthoracic echocardiography is 
useful for aortic measurements to be carried out in 
patient follow-up, this window often is not optimal and 
can generate measurement errors. MRI and CT use a 
“double oblique” measurement technique that provides 
a more accurate measurement of the aortic segment15. 
In case of any increase in aortic diameter, it is recom-
mended to confirm it with CT or MRI. Based on this, 
there are authors who advocate for the follow-up of the 
patient with aortic dilatation to be carried out with these 
imaging tests.

Surgical treatment, when is it indicated?
The indications for acting on valve dysfunction in 

patients with BAV are the same as in those with TAV. 
According to the guidelines, symptomatic patients with 
severe valve dysfunction, both regurgitation and ste-
nosis, should be offered valve intervention14,27,28. In 
addition, it should also be recommended to patients 

who are asymptomatic, but with severe failure with left 
ventricular ejection fraction <50%, left ventricular 
end-diastolic diameter >70 mm, or left ventricular 
end-systolic diameter >50 mm27,28. In asymptomatic 
patients who are to undergo other cardiac surgery, 
acting on the aortic valve should be considered in case 
of severe valve dysfunction28. Valve replacement with 
a mechanical or biological prosthesis is the treatment 
of choice, with a 15-year survival rate of around 80%15. 
One-year complication rate is 3-5%34. It should be 
borne in mind that, in the case of BAV, since patients 
are younger and have a longer life expectancy, they 
are more susceptible to complications associated with 
prosthetic replacement, either secondary to the need 
for anticoagulation, risk of thrombosis or thromboem-
bolism in mechanical prostheses, or prosthetic 
degeneration in biological prostheses, or endocarditis 
development in both34. Although valve replacement is 
the standard procedure, aortic valve repair should be 
considered in centers with high experience, since its 
long-term durability and lower complication rate versus 
valve replacement have been demonstrated. In pa-
tients with comorbidity, not susceptible to heart sur-
gery, consideration should be given to percutaneous 
valve replacement34,35. The performance of transcath-
eter aortic valve implantation in patients with BAV 
shows a higher degree of complexity and requires a 
detailed study of the aortic annulus and individual se-
lection of the most appropriate prosthesis; and it con-
tinues to have poorer results than in patients with 
TAV35. Although a meta-analysis describes similar 
mortality, need for pacemaker implantation, and stroke 
rate in comparison with tricuspid aortic stenosis, sub-
jects with BAV continue to be shown to have a signifi-
cantly lower success rate with the implant, higher 
peri-procedural complications, more moderate/severe 
residual para-prosthetic insufficiency, and a higher rate 
of surgical reconversion35.

Other aspects

Medical treatment

Optimal control of blood pressure figures is recom-
mended in these patients14. In addition, with a low level 
of evidence and extrapolated from studies carried out 
in populations with connective tissue diseases, mainly 
Marfan syndrome, the use of beta-blockers and re-
nin-angiotensin system blockers is recommended as 
preferred drugs14.
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Pregnancy
Pregnancy will not entail a problem for a woman 

without significant valve dysfunction and with no aortic 
root dilation1,15. Aortic valve regurgitation is generally 
well tolerated by healthy women during pregnancy. This 
does not occur with moderate or severe aortic stenosis, 
which generates greater cardiovascular health prob-
lems with frequent decompensation and need for hos-
pitalization due to heart failure36,37. Therefore, avoiding 
pregnancy if there is known significant stenosis is rec-
ommended. In case this is unknown, it is possible to 
perform a rescue aortic valvuloplasty if it becomes 
necessary. Pregnancy with aortic dilatation is usually 
safe, with dissections being an infrequent event37. In 
clinical practice guidelines, pregnancy is not recom-
mended in patients with severe aortic dilatation (inher-
ited diseases of the thoracic aorta, such as Marfan 
syndrome >45 mm, BAV >50 mm, and aortic dimension 
>27 mm/m2 of body surface), although there is insuffi-
cient scientific evidence behind this expert recommen-
dation37. Performing serial ultrasounds during 
pregnancy if there is a diagnosis of aortic dilatation is 
recommended38.

Physical exercise
Given that BAV affects young patients, recommen-

dations regarding physical exercise are important. 
However, there is little scientific data on the subject. 
Considering that physical exercise benefits on health 
have been demonstrated, every physician should make 
recommendations about it to his/her patients with 
BAV7. For symptomatic patients, avoiding exercise is 
recommended; for asymptomatic patients with severe 
insufficiency associated with left ventricle dilatation or 
severe stenosis, not participating in sports competi-
tions and not overexerting themselves is recommend-
ed14,39. In those with or without significant valve dys-
function who have aortic root dilatation (>40 mm), only 
moderate exercise and not to participate in high-inten-
sity sports competitions, or performing isometric exer-
cises is recommended39. There are many asymptom-
atic patients with BAV and mild-to-moderate valve 
dysfunction who wish to practice physical exercise for 
pleasure or for its benefits for health; although there is 
no scientific evidence in this regard, the recommenda-
tion is that they can practice moderate physical exer-
cise. They should be advised that in the event of any 
symptoms such as angina, palpitations, or dyspnea, 
they should stop exercising. Finally, it is important 

bearing in mind that patients with BAV without valve 
dysfunction or aortic root dilatation (<40 mm) should 
not be recommended restrictions regarding physical 
exercise7,39.
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