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Introduction: why a unified, universal 
consensus? 

Nomenclature refers to the selection of name that is 
given to a particular structure, abnormality or phenotype, 
whereas classification refers to the process of arranging 
or categorizing something according to shared features 
(1-4). The clinician evaluating the congenital bicuspid 
aortic valve (BAV) patient must be able to communicate all 
specific morphological, functional and prognostic aspects 
of the BAV condition to the patient, other clinicians, 

surgeons, interventionalists and researchers, in a common  
language (5). In addition, there are multiple gaps in the 
knowledge and understanding of the BAV condition (6). For 
advancing the clinical, biological and genetic understanding 
of the BAV condition, a common language that incorporates 
all possible phenotypic expressions, must be articulated 
among researchers in all clinical and laboratory research 
disciplines. Multiple nomenclatures and classifications exist 
for the BAV condition (1-4), and they are as heterogeneous 
or more than the BAV condition itself (5). For example, 
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the Sievers (7), Schaefer (8) and Kang (9) classifications use 
multiple letters and numbers to describe different aspects of 
the BAV and its aortopathy that are not intuitive and also are 
incomplete (1-4). The use of one of the many classifications 
for research varies randomly according to authors and 
institutions, and there are specific terminologies that lead to 
confusion such as the “true” BAV (6); does it mean that the 
others are false BAV? These heterogeneous classifications 
cause confusion in clinical practice; failure to identify 
phenotypes that may predict outcomes; inability to analyze 
clinical outcome data in registries, systematic reviews 
and meta-analysis formats; failure to capture anatomical 
information critical for surgical aortic valve repair; and 
hamper identification of phenotypic-genetic associations. 
This international consensus is an imaging-based, 
descriptive, simple, but comprehensive, nomenclature and 
classification system that is based on the English language, 
rather than on numbers or letters (1-4). In addition, it is 
based on important available anatomical, clinical, surgical 
and pathological scientific data. This new nomenclature/
classification system represents the combined efforts of 
international BAV experts including Clinicians (both adult 
and pediatric), surgeons, interventionalists, pathologists, 
embryologists, geneticists and imagers [echocardiography, 
computed tomography (CT) and magnetic resonance (MR) 
experts] (1-4). 

Limitations of the Sievers classification

The Sievers classification (7), based on the presence and 
number of raphes identified at surgery (i.e., direct surgical 
visualization), has several shortcomings (Table 1) (1-4): (I) it 
is not based on imaging, which is the most common method 
of diagnosing, phenotyping and surveilling the BAV and 
its aortopathy; (II) it is unable to define all known BAV 
phenotypes (i.e., does not recognize the partial fusion (forme 
fruste) BAV and does not recognize fused phenotypes 
without raphe); (III) it does not recognize the aortopathy 
phenotypes of a condition (BAV) that is a valvulo-
aortopathy; (IV) it lacks assessment of BAV symmetry, 
which is critical for planning surgical regurgitant-BAV 
repair (10,11); and (V) it includes as a “BAV”, an incomplete 
definition of the unicuspid aortic valve morphology (Sievers 
type 2). Although the morphological spectrum of human 
congenital aortic valve abnormalities includes unicuspid, 
bicuspid and quadricuspid aortic valves, their embryologic 
origins may not necessarily be linked, such that animal 
models of BAV have displayed all possible BAV phenotypes, 
quadricuspid valves and pulmonary valve abnormalities, 
but not unicuspid anatomical forms (12). In addition, the 
prevalence, age at presentation and prognosis of unicuspid 
and BAV, are not equivalent (13,14). Furthermore, the 
anatomic definition of unicuspid aortic valve (one cusp with 

Table 1 Critical limitations of the Sievers classification compared to the new international consensus

Type of limitation Specific Sievers limitation International consensus

Comprehension and retention Not language-intuitive: types: 0, 1 and 2 Language-intuitive: types: fused, 2-sinus and partial fusion

Unable to define all BAV 
phenotypes

Type 0 does not differentiate between a 
fused BAV with no raphe and a 2-sinus BAV

Fused types may have raphe or not; 2-sinus types do not 
have raphe 

Lack of pre repair assessment 
of symmetry

Nonexistent Fused types require assessment of symmetry for surgical 
repair planning

Lack of recognition of BAV 
phenotypes

Does not recognize the partial-fusion (forme 
fruste); does not recognize fused BAV with 
no raphe

Recognizes partial-fusion (forme fruste); recognizes fused 
BAV with no raphe, which is different from 2-sinus BAV

Lack of recognition of 
aortopathy phenotypes

Nonexistent Aorta phenotypes: root, ascending and extended

Includes a non-BAV congenital 
aortic valve abnormality

Type 2 is not BAV, is unicuspid aortic valve Does not include unicuspid aortic valves

Evidence-based Anatomical surgical pathology only Imaging, anatomical surgical pathology, surgical-functional 
pathology, clinical associations

From Michelena et al. (1-4) with permission. BAV, bicuspid aortic valve.



Michelena. International BAV nomenclature consensus404

© Annals of Cardiothoracic Surgery. All rights reserved. Ann Cardiothorac Surg 2022;11(4):402-417 | https://dx.doi.org/10.21037/acs-2022-bav-24

or without a commissure: unicommissural or acommissural) 
(15,16) is very different from that of BAV (two cusps, two 
commissures); therefore, the Sievers classification includes 
only one (unicommissural) of the two types of unicuspid 
aortic valves as if it were a subtype of BAV, which is not correct.

Nosology of the congenital BAV condition

The congenital BAV condition is a valvulo-aortopathy, 
characterized by significant heterogeneity of its valvular 
and aortic phenotypic expressions, of its associated 
disorders, of its complications and of its prognosis 
(5,6,17-19). To reconcile this clinical and prognostic 
heterogeneity, the BAV condition is broadly categorized 
into three clinical-prognostic subgroups (Figure 1). (I) 
Complex valvulo-aortopathy (1-5,19) is characterized by 

concomitant or associated disorders that may be clinically 
and prognostically worse than the BAV condition per se 
(i.e., Turner syndrome, Loeys-Dietz syndrome, Shone 
complex and severe aortic coarctation) and/or by early/
accelerated valve dysfunction and/or aortopathy, more 
commonly diagnosed earlier in the pediatric, adolescent 
and young adult population (20,21). This presentation 
frequently requires early surgical/invasive treatment and 
close surveillance. (II) Typical valvulo-aortopathy (1-6) is 
the most common type, with progressive BAV dysfunction 
and/or aortic dilatation without other major associated 
disorders, is more commonly diagnosed in the young adult 
and adult, requires long-term surveillance and commonly 
requires subsequent surgical/invasive treatment. Patients 
with complex-presentation and typical-presentation 
valvulo-aortopathies are at risk of developing infective 

Figure 1 Nosology of the congenital BAV condition. Left: anatomically and prognostically complex presentations of the BAV valvulo-
aortopathy are those associated with syndromes, left-sided obstructions, significant aortic coarctation, early/accelerated valve dysfunction 
(stenosis or regurgitation) and/or early aortopathy. Middle: the anatomically and prognostically typical valvulo-aortopathy is usually diagnosed 
in young and middle-aged adults although it may be diagnosed in children as well and comprises various degrees of progressive valvular 
dysfunction (mostly high incidence of aortic stenosis), with a high cumulative incidence of aortopathy over the long-term, manifested as 
thoracic aortic dilatation, without other major associated conditions. Right: the undiagnosed form is diagnosed retrospectively (without any 
BAV-related complications, some are diagnosed post-mortem), or may present for the first time with a life-threatening complication such as 
aortic dissection or infective endocarditis. Modified from Michelena et al. (1-4) with permission. BAV, bicuspid aortic valve.
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endocarditis and aortic dissection (Figure 1), although 
aortic dissection is extremely rare in young children with 
BAV and rare in adults without aortic dilatation (6,22). (III) 
The undiagnosed BAV subgroup (1-4,6) exhibits a lifelong 
silent condition with mild or non-progressing valvulo-
aortopathy that does not manifest clinically but may come 
to light at autopsy or incidentally by imaging (Figure 1) but 
may also present with a life-threatening complication with 
unknown BAV status. Therefore, it commonly represents 
a retrospective definition. A critical difference between the 
typical and complex valvulo-aortopathies is the preserved 
long-term overall life expectancy that is similar to that of 
the age- and sex-matched general population in patients 
with the typical valvulo-aortopathy (23), whereas the life 
expectancy of patients with complex valvulo-aortopathy 
may be reduced (1-4). 

Clinical importance and Fundamentals of imaging 
assessment of the congenital BAV condition

In order of frequency, the most common complications of 
the congenital BAV condition are (6,23): (I) the need for 
aortic valve surgery due to aortic stenosis; (II) ascending 
thoracic aortic dilatation that may require surgical repair; 
(III) the need for aortic valve surgery due to aortic 
regurgitation; (IV) mitral valve prolapse including the 
anterior leaflet that may require surgery (24); (V) infective 
endocarditis (25); and (VI) aortic dissection (22). 

At the center of the BAV condition is echocardiography, 
which serves as the first-line imaging modality in 6 major 
capacities (26): (I) BAV diagnosis; (II) valvular phenotyping; 
(III) assessment of valvular function (26); (IV) measurement 
of the thoracic aorta (the expression of BAV aortopathy 
is dilatation of the thoracic aorta); (V) exclusion of aortic 
coarctation and other associated congenital lesions (6,20); 
and (VI) assessment of uncommon but serious complications 
such as infective endocarditis and aortic dissection. 
Transthoracic echocardiography (TTE) is the best modality 
for hemodynamic assessment of valvular dysfunction and 
the initial modality for assessment of thoracic aorta size, 
presence of aortic coarctation and other congenital lesions. 
Transesophageal echocardiography (TEE) may aid in the 
diagnosis and phenotyping of BAV if it is not well visualized 
by TTE and, has excellent accuracy for the diagnosis of 
aortic dissection and infective endocarditis (1-4).

Advanced imaging modalities are also critical in assessing 
the BAV condition: electrocardiographic (ECG)-gated 
cardiac CT and ECG-gated MR. These imaging techniques 

improve diagnostic accuracy and phenotyping of BAV 
(27,28) and represent the gold standard for measuring 
the thoracic aorta because they accurately assess aortic 
diameters that are truly perpendicular to the longitudinal 
axis of the aorta (1-4). After initial TTE imaging, if any 
aortic segment cannot be visualized or coarctation cannot 
be ruled out or any thoracic segment measures ≥45 mm 
by TTE, then ECG-gated CT angiography or MR 
angiography, is recommended (29). 

Definition of the congenital BAV by the 
international consensus

The congenital BAV is most commonly diagnosed by base-
of-the-heart, short-axis aortic valve imaging with TTE 
or TEE or ECG-gated CT or MR, demonstrating the 
existence of only two commissures delimiting only two 
valve cusps (Figure 2) (1-4,6,30). On echocardiographic 
long-axis imaging, systolic doming of the conjoined cusp 
may be appreciated particularly for right-left coronary 
cusp fusion (Figure 2), but it is less reliable for identifying 
other BAV phenotypes. The diagnosis can also be made by 
direct surgical observation (11,31) and by a pathological 
examination (32). It is important to recognize that a 
tricuspid aortic valve that is calcified or rheumatic may 
present a pattern of acquired (non-congenital) fusion 
of two cusps that may be difficult to differentiate from 
congenital BAV. In these cases, surgical inspection and/or 
pathological examination may identify whether the fusion 
is congenital or not. In the operating room, the surgeon 
can define the congenital bicuspid condition by comparing 
the height of the “pseudocommissure” [the attachment 
of the “raphe” (pseudo-commissure) at the aortic wall], 
which is lower within the root compared to the height 
of the true commissures, whose attachment is higher  
(Figure 3). Additional gross features can be used on surgical 
or pathological inspection, such as the angle formed 
between the fused cusps (obtuse: congenital fusion; acute: 
acquired fusion) and the cleavage plane on the ventricular 
aspect of the fused cusps (absent: congenital; present 
acquired) (Figure 2). 

Definition of the aortic root complex 

The term aortic root refers only to the most proximal part 
of the ascending thoracic aorta, from the distal end of the 
left ventricular outflow tract to the sinotubular junction 
(STJ), formed by the sinuses of Valsalva and containing the 
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aortic valve (34) (Figure 3). The anatomy and physiology 
of the aortic root complex and its interaction with the 
valve have been thoroughly investigated as contemporary 
techniques for aortic valve repair have been introduced and 
more widely adopted (33,35). Functionally, and particularly, 
in relation to the competency of the BAV and surgical 
repair, three elements of the aortic root complex cooperate 
in determining physiological valve dynamics (36): (I) the 
STJ; (II) the aortic sinuses with the crown-like attachment 
line of the aortic valve cusps to the aortic wall at the aortic 
sinuses (which, as mentioned, assumes a peculiar form in 
the fused BAV, with 1 of the 3 “crown tips” corresponding 
to the under-the-raphe pseudocommissure, reaching a 
lower height than the other 2) (Figure 3); and (III) the 
aortic annulus, which is a virtual circular line inside the 
left ventricular outflow tract, running through the nadir of 
the aortic cusps and the bases of the respective inter-cusp 

triangles (Figure 3). The aortic annulus is a virtual surrogate 
for the ventriculo-aortic junction, which is the real 
boundary of the aortic root complex, identified anatomically 
as the transition from the ventricular muscle to the aortic 
media and located circumferentially slightly above the nadir 
of the aortic cusps, crossing the semilunar lines of each 
cusp’s attachment (Figure 3). However, for both surgical and 
imaging purposes, the virtual aortic annulus is the practical 
and clinically used anatomical landmark. The aortic root 
complex, particularly the size of the aortic annulus and 
the STJ, are indispensable in the maintenance of sufficient 
diastolic cusp coaptation area to prevent the progression 
of aortic regurgitation (37) and its recurrence after  
surgery (38). Therefore, the aortic root complex is the 
anatomical scaffold that maintains BAV competency, with 
the BAV cusps acting as a stentless valve and the root 
complex as its native stent (36).

Figure 2 Diagnosis of congenital BAV by transthoracic echocardiography and pathology. (A) Parasternal short-axis aortic valve systolic still 
image demonstrating the existence of only 2 commissures (asterisks) delimiting only 2 cusps. (B) Parasternal long-axis still shows systolic 
doming of the fused (conjoined) cusp (arrow), common for right-left coronary cusp fusion. (C) Pathological congenital BAV specimen shows 
the area of the raphe (dashed line) from the left ventricular perspective, forming an obtuse angle between the fused cusps. (D) Ventricular 
side of a tricuspid aortic valve with acquired rheumatic fusion shows the cleavage plane with acute angle (yellow arrow). From Michelena  
et al. (1-4) with permission. LV, left ventricle; BAV, bicuspid aortic valve.
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BAV types and specific phenotypes by the 
international consensus

There are three BAV types: the fused BAV, the two-
sinus BAV and the partial-fusion BAV, each with specific 
phenotypes (1-5).

The fused BAV type 

The fused BAV type is the most common (Figure 4), 
accounting for approximately 90−95% of BAV cases (6,32). 
The fused BAV is characterized by two of the three cusps 
anatomically fused or jointed within three distinguishable 
aortic sinuses, resulting in two functional cusps (one fused 
or conjoined and the other non-fused) that are usually 
different in size and shape. Commonly, patients with a fused 
BAV demonstrate eccentric dominance of the non-fused 
aortic sinus and its cusp (compared to the other two sinuses 
and two fused cusps), irrespective of age (39). There are 
three specific BAV phenotypes within the fused type: right-
left cusp fusion, right-non (non-coronary) cusp fusion and 
left-non cusp fusion (Figure 4). The right-left cusp fusion 
phenotype is the most common (70–80%) (6,32,40). The 
right-left cusp fusion phenotype is also the most common 

across all variations of aortic phenotypes (normal aorta, 
dilated ascending aorta, dilated root, dilated arch) and across 
valve dysfunction (regurgitation or stenosis). Although 
this right-left fusion phenotype statistically develops more 
AS (6), it has been associated in some patients (41,42) 
with aortic root dilatation, aortic regurgitation and male 
preponderance (these associations have been termed the 
“root phenotype”) (38,39). The right-left cusp fusion is also 
strongly associated with aortic coarctation in children (43). 

The right-non cusp fusion phenotype is the next most 
common (20–30%). It is associated with a higher prevalence 
of AS in adults (44) and also, independently predicts aortic 
regurgitation progression in adults (37). Similarly, the 
right-non cusp fusion phenotype is associated with a more 
rapid progression of AS and regurgitation in children and 
adolescents (43,45). The left-non cusp fusion phenotype 
is the least common phenotype (3–6%) across studies and 
needs further study. Referring to the fused phenotypes 
as BAV with right-left cusp fusion, right-non cusp fusion 
or left-non cusp fusion, is appropriate. Occasionally, it is 
possible to recognize a fused BAV but not to be able to 
discern the fusion phenotype, in which case BAV with 
indeterminate cusp fusion is appropriate.

Figure 3 The aortic root complex. (A) Schematic drawing of the aortic root: the blue line indicates the virtual basal-ring (aortic annulus); 
the yellow line depicts the ventriculo-aortic junction (whose non-planar nature is schematically emphasized) (33); the red lines show the 
crown-shaped attachments of the cusps to the wall of the aortic sinuses [note the different height of the underdeveloped commissure 
(pseudocommissure, asterisk) compared to that of the other 2 true commissures]; the brown line depicts the STJ. (B) All the above 
boundaries and structures are reported (same colors as above) in an anatomical specimen of a normal aortic root and tricuspid aortic valve. 
(C) Echocardiographic view of the aortic root: the levels of the aortic annulus, ventriculo-aortic junction and STJ are shown (same colors 
as above). It is important to recognize that it is the measurement of the virtual annulus, sinuses and STJ that have clinical and practical 
implications for the patient with BAV. RCO: blue pin and arrow; LCO: green pin and arrow. From Michelena et al. (1-4) with permission. 
STJ, sinotubular junction; BAV, bicuspid aortic valve; RCO, right coronary orifice; LCO, left coronary orifice.

Sino-tubular junction (STJ)

Ventriculo-aortic junction

Virtual basal-ring (aortic annulus)

A B C Root
STJ

STJ

RCO LCO

Tubular 
ascending

*



Michelena. International BAV nomenclature consensus408

© Annals of Cardiothoracic Surgery. All rights reserved. Ann Cardiothorac Surg 2022;11(4):402-417 | https://dx.doi.org/10.21037/acs-2022-bav-24

Importance of raphe and valve symmetry in fused BAV 
phenotypes
Frequently (approximately 70%) but not always, a 
congenital fibrous ridge occurs between the fused cusps, 
termed “raphe” (32,46). The presence of a raphe has been 
associated with the progression of valvular dysfunction, 
particularly AS, and future valvular surgery (30,44,46). 
A raphe may be present but not initially visible on the 
echocardiogram and may become visible years later (47). 
The presence of a significantly calcified raphe may also 
make the repair of the regurgitant BAV more difficult or not 
possible. It is important to recognize that some fused BAVs 
may not have a congenital raphe (32) (this is not recognized 
by the Sievers’ classification). Therefore, when diagnosing 

a fused type, the next descriptor must be: with or without 
raphe, and further description of the raphe (i.e., calcified 
versus non-calcified) is warranted. 

BAV symmetry for the fused BAV type is defined by the 
angle between the commissures for the non-fused cusp and, 
has recently become a critical aspect in the planning and 
performance of BAV repair for pure aortic regurgitation 
(5,11,48) (Figure 5). From a regurgitation-repair perspective, 
the BAV “concept” offers a single-line coaptation surface (a 
tricuspid aortic valve has 3 coaptation lines); if that single 
coaptation line is straight or almost straight (Figure 5, 
symmetrical), the repair of the regurgitant BAV is simple 
and reproducible. As the angle between the commissures 
of the non-fused cusp decreases <160° (48), the BAV 

Figure 4 Schematic of fused BAV phenotypes as seen by parasternal short-axis transthoracic echocardiography. Applicable to similar 
tomographic views by cardiac computed tomography and cardiovascular magnetic resonance, the figure demonstrates the 3 fused BAV 
phenotypes as zoomed views of the base of the heart (black square contains a tricuspid aortic valve for reference) for anatomical landmark 
correlation. Note that all fused BAVs have 3 distinguishable aortic sinuses. Note the oval (American football shape) systolic opening of 
these 3 valves, as opposed to the triangular opening of a tricuspid aortic valve. 1: Right-left cusp fusion (most common) with visible raphe, 
different size/shape functional cusps [the non-fused cusp (non-coronary) is commonly a bit larger than the others]. 2: Right-non cusp 
fusion with visible raphe, different size/shape functional cusps [the non-fused cusp (left) is larger than the others]. 3: Left-non cusp fusion 
with visible raphe (least common), different size/shape functional cusps [the non-fused cusp (right) is larger than the others]. These 3 fused 
phenotypes may not have a visible raphe and may also be symmetrical (Figure 5). From Michelena et al. (1-4) with permission. BAV, bicuspid 
aortic valve; RC, right cusp; LC, left cusp; NC, noncoronary cusp; RV, right ventricle; TV, tricuspid valve; IAS, interatrial septum.
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becomes less symmetrical, resembling more a tricuspid 
(especially <140°) valve (Figure 5, very asymmetrical), which 
becomes technically more challenging for the surgeon to 
“bicuspidize” during the repair, yet remains repairable 
in experienced hands. Very asymmetrical valves may 
exhibit retraction of the free edge of the fused cusp at the 
raphe level, which is best appreciated by direct surgical 
visualization (Figure 5) or gross pathological inspection and 
not reliably by imaging. This retraction may contribute 
to valve regurgitation. Measuring the commissural angle 
of the non-fused cusp with TEE before cardiopulmonary 
bypass aids the surgeon in planning the repair (Figure 6). 
Therefore, the symmetry of a fused-type BAV is defined by 
the angle between the commissures of the non-fused cusp. 

The two-sinus BAV type

The two-sinus BAV type is uncommon, accounting for 
approximately 5–7% of BAV cases (5,6,32). In contrast to 
the fused type, the appearance of the two-sinus BAV does 
not suggest that two of the three cusps have fused; instead, 

it suggests that two cusps of roughly equal size and shape, 
each cusp occupying 180° of the annular circumference, 
were “formed” within only two aortic sinuses, resulting in a 
two-sinus/two-cusp valve (Figure 7) with 180° commissural 
angles. It is difficult to determine which two cusps could 
have coalesced to form a two-sinus BAV, but it is usually 
evident whether the cusps are laterolateral (side-to-side) 
or anteroposterior (front-to-back) within the short-axis 
base-of-the-heart plane (Figure 7); thus, these are the two 
specific phenotypes of the two-sinus BAV type. The two-
sinus laterolateral BAV has one coronary artery arising 
from each sinus, whereas the anteroposterior BAV may 
have one coronary artery arising from each sinus or both 
coronary arteries arising from the anterior sinus (Figure 7).  
The two-sinus BAV likely represents a more severe 
expression of the embryologic mechanisms leading to 
the fused BAV. Referring to these phenotypes as two-
sinus laterolateral BAV or two-sinus anteroposterior BAV 
is appropriate. Occasionally, despite suspicion, it may be 
difficult to be certain whether there are only two sinuses, 
in which case, terms such as possible or probable two-

Figure 5 Schematic of the transthoracic echocardiographic evaluation of fused BAV symmetry in the parasternal short-axis. Applicable 
to similar tomographic views by cardiac computed tomography and cardiovascular magnetic resonance, the figure demonstrates different 
commissural angles of the non-fused cusps (applicable to the 3 fused BAV phenotypes, only right-left cusp fusion is shown), which define 
symmetry. Left panel: symmetrical (angle 160–180°) right-left cusp fusion BAV with a raphe, where the 2 functional cusps are almost same 
size/shape (the non-fused cusp is a little larger), and the commissural angle of the non-fused cusp is about 170°. Middle panel: asymmetrical 
(angle 140–159°) right-left fusion BAV with a raphe, and the commissural angle of the non-fused cusp is about 150°. Right panel: very 
asymmetrical (angle 120–139°) right-left fusion BAV shows retraction of the conjoined cusp at the raphal area and the commissural angle of 
the non-fused cusp is about 130°. Note that retraction is more prominent as the angle decreases, which may cause aortic regurgitation. From 
Michelena et al. (1-4) with permission. BAV, bicuspid aortic valve.
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Figure 6 Transoesophageal echocardiographic measurement of the commissural angle of the non-fused cusp prior to valve repair. Applicable 
to similar tomographic views by cardiac computed tomography and cardiovascular magnetic resonance, after careful visualization of systolic 
and diastolic motion of this regurgitant fused-type right-left cusp fusion BAV, the non-fused commissures are identified, and a line is drawn 
from the position of the commissures to the center of the valve in diastole (left). The angle of the non-fused cusp (N) is then carefully 
measured at approximately 162° on the protractor to the right, suggesting a good repair chance. From Michelena et al. (1-4) with permission. 
BAV, bicuspid aortic valve.

Figure 7 Schematic of the 2-sinus BAV phenotypes as seen by the transthoracic echocardiogram parasternal short-axis. Applicable to 
similar tomographic views by cardiac computed tomography and cardiovascular magnetic resonance, the figure demonstrates 2-sinus 
BAV phenotypes as zoomed views of the base of the heart for anatomical landmark correlation. 1: 2-sinus laterolateral BAV with only 2 
distinguishable aortic sinuses and 2 roughly equal size/shape cusps each occupying 180° of the circumference, with a 180° angle of the 
commissures. The 2-sinus BAV laterolateral phenotype has 1 coronary artery arising from each sinus. 2A: 2-sinus anteroposterior BAV 
with only 2 distinguishable aortic sinuses and 2 similar size/shape cusps each occupying 180° of the circumference, with 180° angle of the 
commissures; 1 coronary arising from each sinus. 2B: 2-sinus anteroposterior BAV, which resembles a fused right-left fusion without a raphe, 
with only 2 distinguishable aortic sinuses and 2 similar size/shape cusps each occupying 180° of the circumference; with coronaries arising 
from the same sinus. From Michelena et al. (1-4) with permission. BAV, bicuspid aortic valve.
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sinus BAV may be used. There is a lack of scientific data on 
the clinical/prognostic associations of the two-sinus BAV, 
which represents a “morphologically severe” form of BAV. 
As with all BAV phenotypes, the short axis tomographic cut 
is reproducible by MR and CT (Figure 8). Therefore, we 
hope that through this nomenclature/classification system, 
the research community directs more attention towards this 
BAV type. 

The partial-fusion (or forme fruste) BAV type

The prevalence of this recently recognized partial-fusion 
BAV (or forme fruste BAV) is unknown (49) (Figure 9). The 
appearance of the partial-fusion BAV is that of a typical 
tricuspid aortic valve with three symmetrical cusps with a 
systolic triangular opening and commissural angles of 120°, 
yet on surgical inspection or high-resolution imaging, less 
than 50% cusp fusion is noted at the base of a commissure, 

forming a small “mini-raphe” (5,49-51). It is important to 
recognize and further study the partial-fusion BAV, which 
has been described most frequently in the operating room 
in patients undergoing surgery for aortic dilatation (49).  
This forme fruste BAV results in alteration of aortic flow 
patterns, consisting of increased flow eccentricity and 
increased vortexes (50), perhaps partially explaining the 
apparent high prevalence of aortic dilatation in these 
patients. Referring to this phenotype as partial-fusion BAV 
or forme fruste BAV is appropriate, as is noting between 
which cusps the fusion occurs: right-left, right-non and so 
forth. This phenotype also requires further study.

Definition of aortic dilatation by the international 
consensus

The definition of “aortic aneurysm” (52) is rarely applied 
in clinical practice, and the term aneurysm carries a somber 

Figure 8 Diastolic and systolic still images of the 2-sinus BAV phenotypes obtained from transthoracic echocardiogram and diastolic still 
images by ECG-gated cardiac CT. (A) 2-sinus laterolateral BAV in systole, with only 2 distinguishable aortic sinuses in diastole (B) and 
roughly equal size/shape cusps occupying 180° of the circumference, reproducible on an equivalent tomographic cut as seen with CT (C). 
Note the coronary arteries arising 1 from each sinus (D). (E) 2-sinus anteroposterior BAV in systole, with only 2 distinguishable aortic 
sinuses and roughly equal size/shape cusps occupying 180° of the circumference (F, diastolic still frame), reproducible on an equivalent 
tomographic cut as seen with CT (G). Note coronary arteries arising 1 from each sinus in this particular example (H). From Michelena et al.  
(1-4) with permission. BAV, bicuspid aortic valve; ECG, electrocardiographic; CT, computed tomography; RA, right atrium; RV, right 
ventricle; LA, left atrium; A, anterior cusp; P, posterior cusp; L, lateral cusp; RCA, right coronary artery; LCA, left coronary artery.
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Figure 9 Schematic of the partial-fusion BAV phenotype as seen by the transthoracic echocardiographic parasternal short axis. Left panel: 
The imaging appearance in diastole of the partial-fusion or forme fruste BAV is that of a tricuspid aortic valve. Right panel: The imaging 
diagnosis is usually made in systole. Although the opening appears triangular, there is a small fusion of the right and left cusps with a “mini-
raphe”. These can be suspected by looking at the transoesophageal echocardiogram and sometimes confirmed by a 3D transoesophageal 
echocardiogram, cardiovascular magnetic resonance or cardiac computed tomography. Definitive confirmation is usually obtained by surgical 
inspection or pathology. From Michelena et al. (1-4) with permission. BAV, bicuspid aortic valve.

Partial-fusion BAV 
(forme fruste) 

Short fusion of 1 commissure

Diastole Systole

or dismal connotation for patients. Therefore, we propose 
a simple, universal term: aortic dilatation. Qualitative 
descriptive terms, such as saccular or fusiform dilatation or 
STJ effacement, may be important for aorta specialists and 
surgeons. A full discussion on aortic dilatation in patients 
with BAV is presented in the full documents (1-4). 

BAV aortopathy phenotypes 

The importance of recognizing BAV aortopathic phenotypes 
is that their presence and association with specific valvular 
phenotypes and dysfunction patterns may imply different 
clinical histories for a patient with BAV (53). There are 
three major forms of aortic dilatation phenotypes: (I) the 
ascending phenotype (dilatation preferentially located at 
the tubular ascending tract beyond the STJ (Figure 10), 
accounting for approximately 70% of BAV aortopathy 
cases; (II) the root phenotype [dilatation preferentially 
located at the root (sinuses of Valsalva)] accounting for 
approximately 20% of BAV aortopathy cases (Figure 10) 
(5,41,42,54). Importantly, the root phenotype may have 
mild ascending dilation but significantly prevails at the root, 
and the ascending phenotype may have mild root dilatation 
but significantly prevails at the ascending portion; (III) the 

extended phenotype, where significant dilatation may be 
present in both the root and tubular ascending aorta without 
predominance, or significant dilatation of the ascending and 
arch portions is found (Figure 10). The root and ascending 
phenotypes often correspond to two clearly distinct overall 
patient phenotypes: roughly, the older patient with BAV, 
either male or female, presenting more often with aortic 
valve sclerosis/stenosis and the ascending phenotype and, 
the younger patient with BAV, usually male, presenting 
with aortic regurgitation of degrees ranging from mild to 
severe and the root phenotype (41,55,56). However, those 
associations are not universal, and the right-left cusp fusion 
BAV can be associated with either aortic phenotype (56). 
The root phenotype has been associated with greater rates 
of acute aortic dissection in the postoperative follow-up of 
patients with BAV who had undergone simple aortic valve 
replacement compared to the ascending phenotype (57).

As mentioned, in a proportion of these cases, a localized 
dilatation at first observation can evolve during follow-
up, with possible dilatation of previously normal adjacent 
segments of the aorta. In this scenario, the ascending 
phenotype can present, especially if a right-non cusp fusion 
valve is present, with associated dilatation of the aortic 
arch; it is appropriate to refer to this condition as ascending 
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Figure 10 BAV aortopathy phenotypes. On the left is a normal aorta. Top: the most common phenotype, the ascending phenotype 
(approximately 70%), is preferential dilatation of the tubular ascending aorta. Middle: the root phenotype involves preferential dilatation of 
the root, seen in approximately 20% of patients with BAVs with aortopathy. Bottom: the extended phenotype shows dilatation of the root, 
the ascending aorta and the arch. The most common extended phenotypes are root plus ascending aorta and ascending aorta plus arch. 
From Michelena et al. (1-4) with permission. BAV, bicuspid aortic valve.

BAV aortopathy
Dilatation phenotypes

Ascending phenotype 
(70%)

Root phenotype
(20%)Extended phenotype 

(variable %)

phenotype extended. Similarly, the root phenotype has 
been demonstrated to be independently associated with 
faster growth of the ascending tubular tract, so that cases of 
“cross-over” from an initial root phenotype configuration to 
significant dilatation of both tracts have been observed; root 
phenotype extended would be the appropriate definition of 
this form. In the context of a root phenotype, the presence 
and progression of effacement of the STJ may be an initial 
sign of this kind of evolution.

The BAV anatomic spectrum 

The BAV phenotypic expression represents an anatomical 
continuum that is likely related to the severity of its 
embryologic mechanisms. Therefore, we propose a general 
BAV anatomical spectrum (Figure 11) of BAV phenotypes 
according to “bicuspidity”, defined as resemblance to a 
two-sinus BAV. This spectrum represents a continuum 
that begins with what is closer to a tricuspid aortic valve 

(i.e., partial-fusion), continues with the asymmetric fused 
phenotypes with raphe, and as the symmetry of the valve 
increases and raphes become absent, it finishes with the 
two-sinus phenotype. 

Conclusions

This international consensus identifies three major types 
of clinical presentation/outcomes for BAV patients, three 
major types of valvular phenotypes and three major types 
of aortopathy phenotypes. Based on the new nomenclature 
and classification consensus, Figure 12 presents a simple 
algorithm of the critical imaging evaluation for the BAV 
valvulo-aortopathy. Three critical anatomic aspects to be 
described in all patients with BAVs are: (I) the type and 
specific phenotype of the BAV and valve function; (II) the 
presence and characteristics of the raphe of the fused BAV, 
and the symmetry of the fused BAV; and (III) the presence and 
phenotype of aortopathy and whether coarctation is present.
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Figure 11 Schematic of the BAV anatomical spectrum using the most common right-left cusp fusion as an example. From left to right, 
note the partial-fusion BAV resembling a tricuspid aortic valve likely associated with a mild embryologic defect, then spanning a continuum 
of fused BAV with increasing commissural angles and increasing cusp size/shape similarity, ending with the 2-sinus BAV phenotypes that 
represent almost perfect “bicuspidity” and are likely associated with the most severe embryologic defects. From Michelena et al. (1-4) with 
permission. BAV, bicuspid aortic valve.

Figure 12 Critical imaging evaluation of the congenital BAV condition. BAV, bicuspid aortic valve; CCT, cardiac computed tomography; 
CMR, cardiac magnetic resonance. 
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