
31© Springer International Publishing Switzerland 2016
G. Butera et al. (eds.), Fetal and Hybrid Procedures in Congenital Heart 
Diseases, DOI 10.1007/978-3-319-40088-4_5

      Fetal Anatomy: The Aortic Valve in 
Fetal Aortic Valve Diseases                     

     Annalisa     Angelini     ,     Marny     Fedrigo    ,     Carla     Frescura    , 
and     Gaetano     Thiene   

5.1          Introduction 

 As in the adults, also in the fetus, the pathology of aortic valve diseases can manifest 
at subvalvular, valvular, or supravalvular level [ 1 – 4 ]. Fetal supravalvular aortic ste-
nosis is very rare, while subvalvular stenosis is encountered more often in the set-
ting of complex congenital defect, like posterior malalignment of conal septum, 
subaortic conus, or mitral valve tissue [ 5 ]. The most common fetal aortic valve 
diseases are represented by atresia or valvular stenosis.  

5.2    Morphological features 

 Aortic valvular stenosis is often characterized by restricted cusps excursion and 
post-stenotic dilatation of the ascending aorta. In aortic atresia an imperforate mem-
brane is guarding the aortic severe hypoplastic annulus and ascending aorta 
(Fig.  5.1 ).  

 Congenital aortic stenosis is a very rare condition falling in the spectrum of con-
genital left heart obstructions, encompassing a wide range of morphological fea-
tures, from tricuspid aortic valve dysplasia or asymptomatic bicuspid aortic valve to 
unicuspid, severely stenotic valve to complete atresia and can be part of the hypo-
plastic left heart syndrome [ 1 ,  2 ,  6 – 9 ]. 

 As in critical pulmonary valve stenosis, also in critical aortic valve stenosis, the 
blood fl ow and pressure during gestation impact on the remodeling cardiac process 
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and can lead to hypoplastic left heart syndrome (HLHS) due to impairment in left 
ventricle and aortic arch growth [ 10 ,  11 ]. 

 HLHS with mitral and aortic stenosis manifests with severe aortic stenosis and left 
ventricular remodeling of different degree: at midtrimester of gestation, with hypopla-
sia, or dilatation, if associated to mitral valve incompetence; later in the gestational 
period, critical aortic stenosis can occur with a borderline left ventricle or even a rela-
tively normal ventricle. In some setting the dimensions of the left ventricle remain 
unchanged throughout the gestational period [ 12 – 14 ]. 

 Critical aortic valve stenosis can be due to an anomaly in the number of cusps, 
namely, unicuspid, bicuspid, or even quadricuspid, and/or to dysplasia of the cusps. 
The structure of the cusp is composed by the fi brosa covered by the ventricularis 
and the arterialis and by the spongiosa located on the ventricular side between the 
fi brosa and the ventricularis. In the setting of dysplasia, the structure is altered with 
loss of fi brosa integrity and mucoid degeneration and nodular thickening. The dys-
plastic cusps are usually thicker and rigid than the normal ones. 

 In the setting of unicuspid valve, there are one commissure with an eccentric 
intrinsically stenotic commissural orifi ce, only one well-formed interleafl et triangle, 
and a small aortic annulus and dysplastic cusp with myxoid nodular excrescences 
usually located on the ventricular aspect of the valve (Figs.  5.2  and  5.3 ). Two raphes 
can be identifi ed as remnants of the commissures indicating lack of cusp separation 
or fusion. Bicuspid aortic valve is usually non-stenotic, and stenosis is usually pres-
ent when there is associated dysplasia of the cusps (Fig.  5.4 ). Even tricuspid valve 
can be stenotic due to cusp dysplasia. The ascending aorta and aortic arch can be 
hypoplastic to a different extent. The left cavities can present with different 
patterns:   
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  Fig. 5.1    Aortic valve atresia with imperforate valve. ( a ) View of the imperforate valve from above, 
after sectioning of the ascending aorta. Three well-formed commissures are still identifi able. ( b ) 
Four-chamber cut of the heart, showing the well-formed right ventricle reaching the apex and the 
dilated right atrium. Note the severe hypoplasia of the left ventricle, with hypertrophic free wall and 
minute mitral valve.  AA  ascending aorta,  AoV  aortic valve,  LA  left atrium,  RA  right atrium,  RAA  
right atrial appendage,  RV  right ventricle,  SVC  superior vena cava,  PT  pulmonary trunk       
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  Fig. 5.2    Critical aortic valve stenosis with dysplastic valve. ( a ) View of the left ventricle and the 
aorta: note the unicuspid valve with severe dysplastic thickening and one identifi able commissure 
and the left ventricle with whitish thickened endocardium suggestive of endocardial fi broelastosis. 
( b ) Close-up of the same specimen showing the hypoplasia of the annulus and the origin of the 
right coronary artery.  Ao  aorta,  CA  coronary artery,  LV  left ventricle       
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  Fig. 5.3    Critical aortic valve stenosis with unicuspid dysplastic valve. ( a ) Right lateral view of the 
great arteries and of the right atrial appendage: the aortic valve present hypoplasia of the anulus 
and an eccentric orifi ce. ( b ) View from the left outfl ow tract showing the dysplastic cusp with 
nodular thickening.  AoV  aortic valve,  PV  pulmonary valve,  RAA  right atrial appendage       
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  Fig. 5.5    Critical aortic valve stenosis with unicuspid valve. ( a ) View from the left outfl ow tract 
showing the dysplasia of the cusp and the small left ventricle with hypertrophy of the parietal wall 
and severe diffuse endocardial fi broelastosis. ( b ) View from the left outfl ow tract showing the 
dysplasia of the cusp and a more developed left ventricle and less severe endocardial fi broelastosis 
confi ned to the lateral wall.  RAA  right atrial appendage,  LAA  left atrial appendage,  Ao  aorta,  PT  
pulmonary trunk,  AoV  aortic valve,  LV  left ventricle       
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  Fig. 5.4    Aortic valve stenosis with bicuspid valve. ( a ) View from the above of the great arteries and 
of the right and left atrial appendages two well formed interleafl ets triangles and one aborted triangle 
in relation to the raphe are present. ( b ) View from the left outfl ow tract showing the two cusps, the 
anterior one with the raphe and dysplasia of the cusp.  AAo  ascending aorta,  LV  left ventricle       
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  Critical aortic stenosis and HLHS can be associated to severely restricted or 
intact atrial septum. With left heart obstructive lesions, there is left atrial hyperten-
sion leading to severe pulmonary vein dilatation and altered blood fl ow, which can 
produce dilated lymphatics and arterialization of the pulmonary veins. 

 Valve stenosis is due, in the majority of cases, not only to the fusion of the cusps 
with the presence of rudimentary commissures but also (sometimes mainly) to 
irregular cups thickening. These excrescences protrude into valve orifi ce and ham-
per its opening. Endocardial fi broelastosis is usually associated with critical aortic 
stenosis and can be focal, involving the papillary muscle or the septum, or can be 
diffuse to all the ventricular cavity with, at macroscopic evaluation, whitish appear-
ance of the endocardium and severe thickening due to fi broelastic fi ber endocardial 
deposition [ 15 ] (Fig.  5.5 ). There is no association between the severity of the endo-
cardial fi broelastosis and size of the aortic valve and leafl et.  

  Conclusions 

 Aortic valve disease can present with a wide spectrum of abnormalities, at subval-
vular, valvular or supravalvular level. Heterogeneity affects the number of cusps, 
grade of dysplasia of the cusp, and is associated with aortic annular hypoplasia. 
This is directed related to the number of cusps. Critical aortic valve stenosis or 
atresia is associated to hypoplasia of the left ventricle, mitral valve involvement 
and usually endocardial fi broelastosis. If mitral valve incompetence is present the 
left ventricle can be dilated with thin parietal wall and giant left atrium.   
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