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Abstract 

The bicuspid aortic valve (BAV) is the most frequent congenital anomaly of the heart in adults. BAV is composed of two 

cusps, morphologically and functionally. BAV are often associated with other cardiovascular malformations, coarctation 

of aorta, aortic dilatation. BAV is associated with number of complications; aortic stenosis, aortic regurgitation, aortic 

dissection and infective endocarditis. The morphology of the bicuspid or bicommissural aortic valve (BAV) may predict 

the severity of valve dysfunction. The aim of this study was to determine the relationship between aortic valve 

morphology in relation with its clinical significance. Sixty formalin fixed cadaveric hearts specimens irrespective of age, 

sex, and race were collected and serially numbered from 1 to 60. The aortic valve of heart was dissected and opened. The 

characteristics and morphology of the bicuspid aortic valve is studied. A total of 3 specimens (5%) had congenitally 

malformed valves (bicuspid valve) in 60 heart specimens examined. On dissection a well defined bicuspid aortic valve 

was found with calcification and friable valve leaflet. No other congenital anomalies were noted in these hearts. Analysis 

of BAV morphology is of clinical and prognostic relevance. 
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Introduction 

     Bicuspid aortic valve (BAV) is a common congenital 
cardiac malformation affecting 1-2% of the population 

with strong male predominance. It is likely that the 
presence of a bicuspid aortic valve has a genetic basis, 
with the pattern of transmission in some families 
suggesting an autosomal dominant pattern of inheritance 
[1]. The prevalence of BAV according to sex has been 
found to be 7.1 cases per 1000 among male neonates, and 
1.9 per 1000 among female neonates [2]. The usual 
arrangement of the aortic valve is for it to have three 
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leaflets; these are termed the right and left coronary 
leaflets and the non-coronary leaflet. Bicuspid aortic valve 
(BAV) describes as two of the three leaflets are formed 
and there is evidence of a raphe between the conjoined 
leaflets that control blood flow through the heart. 
Bicuspid aortic valves are often associated with 
coarctation of the aorta, aortic stenosis, aortic 
regurgitation, aortic dissection, aortic dilatation and 
infective endocarditis.  
 

     Individuals may have a normally functioning BAV and 
may be unaware of its presence and the potential risk of 
impending complications [3]. They may typically remain 
asymptomatic until the third or fourth decade of life, 
when the valve becomes dysfunctional. They then require 
close follow-up and valve replacement may be warranted 
[4]. It is now accepted that BAV is associated with both 
valve disease and aortic disease, thereby leading to 
increased morbidity and mortality, including aortic valve 
disorders, aortic wall abnormalities, endocarditis and 
other cardiovascular malformations [2].  
 
     The recognition of the bicuspid valve in patients with 
aortic valve disease remains an important challenge to the 
clinician, whereas preoperative knowledge of valve 
morphology would be helpful in planning the surgery. The 
study or case report mentioned in most of the literature 
about these embryological remnants was based on 
echocardiographic findings. There is paucity of literature 
about the anatomical study of these structures. It also 
possesses diagnostic confusion since it mimics other 
pathological manifestations. Hence, the aim of this study 
is to find the incidence of these rare embryological 
remnants with its morphology and possible associated 
clinical manifestations.  
 

Material and Methods  

     The present observational descriptive study was 
conducted at the department of Anatomy and 
Neurobiology, Oman Medical College, Sohar, Sultanate of 
Oman. The specimens were provided by West Virginia 
University Health Sciences Center, Morgantown, WV. In 
this study, total sixty formalin fixed cadaveric heart 
specimens irrespective of age, sex, and race were 
collected for the purpose of teaching undergraduate 
students were utilized. The specimens which were 
putrefied, showed crush and cut injury of heart specimens 
were excluded from the study. Ethical clearance from 
Institutional Ethical Committee was obtained. The 
specimens were serially numbered from 1 to 60. The 
Aortic valve of heart was opened and dissected. The 
characteristics and morphology of the bicuspid aortic 
valve is studied. 

Result and Discussion 

     Fusion of the right and left valve cushions at the 
beginning of valvulogenesis appears to be a key factor in 
BAV formation. The fewer the number of cusps, the 
greater is the chance that the valve is stenotic from birth 
[5]. In the present study, BAV has been noticed in a 3(5%) 
specimen out of 60 hearts studied. Bicuspid aortic valve is 
the commonest etiology of aortic stenosis between the 
ages of 60 and 75 years (59% of cases); it was also the 
cause in 40% of those aged under 60 years and 32% of 
those aged more than 75 years [6]. The incidence of aortic 
stenosis complicating BAV in an autopsy series ranges 
from 15% to 75%. The anatomy of the bicuspid valve may 
also influence the propensity for obstruction: Stenosis is 
more rapid if the aortic cusps are asymmetrical or in the 
antero-posterior position [4]. Progression of BAV stenosis 
is age related, with fibrosis beginning in the second 
decade and calcification progressing significantly after the 
fourth decade [7]. 
 
     The presence of a BAV is an independent risk factor for 
progressive aortic dilation, aneurysm formation, and 
dissection. Aortic root dilatation is common in bicuspid 
aortic valve, even when the valve is haemodynamically 
normal. Apoptosis may be one of the mechanisms 
responsible for aortic medial smooth muscle cell loss 
associated with aortic dilatation and aneurysm formation 
in the setting of BAV disease [8]. Aortic regurgitation 
occurs in the presence of a BAV usually from cusp 
prolapse, fibrotic retraction, or dilation of the sinutubular 
junction. Infective endocarditis is responsible for between 
43% and 60% of cases of severe aortic regurgitation in 
patients with bicuspid aortic valve, the result of cusp 
perforation in the majority of cases [9]. The incidence of 
bicuspid aortic valve is 1–2% and that serious 
complications occur in at least one third of cases, this 
condition may be responsible for more deaths and 
morbidity than the combined effects of all other 
congenital heart defects [10]. 
 
     There is a wide spectrum of BAVs with variability in 
appearance and morphology. Ward C (2000) reported 
three characteristics of bicuspid aortic valve: inequality of 
cusp size, the presence of a central raphe (ridge), usually 
in the centre of the larger of the two cusps, and smooth 
cusp margins even in diseased valves [4]. In the present 
study, one of the specimens showed the free margins of 
both cusps were relatively linear in appearance, or the 
margins of one of the 2 cusps had a V-shaped 
configuration, with the apex of the V pointing toward a 
raphe (Figure 1). Other specimen shows, the free margins 
of the raphe cusp were concave, and the free margins of 
the non-raphe cusp were convex, such that the valvular 
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orifices were nevertheless usually competent. The 
ventricular aspect of the valve beneath the raphe in all 
instances was flat or nearly so. Furthermore, on the aortic 
aspect at the site of the raphe, the V shaped cuspal 
margins were not visible in the raphe (Figure 2). On 
surgical resection in another specimen showed, a well 
defined bicuspid aortic valve was found with calcification 
and friable valve leaflet (Figure 3). The stenotic valves 
were obstructed by nodular, calcareous masses, but 
commissural fusion with diffuse calcification of valve 
leaflet is supported by adhesion. The evidence for 
attributing calcification and other deposits on the aortic 
aspects of the cusps would be due to patients with 
homozygous familial hypercholesterolemia which 
develops into aortic stenosis [11]. Tutar, et al. (2005) 
reported that aortic leaflet calcification starts as a focal 
area on the aortic side of the leaflet with subendothelial 
accumulation of lipoproteins and an inflammatory cell 
infiltrate [2]. BAVs may progress and become calcified, 
thus leading to varying degrees of severity of aortic 
stenosis or aortic regurgitation, or both, which may 
eventually necessitate surgical intervention [12]. Ward C 
(2000) suggested that in pediatric patients, 70% to 85% 
of stenotic aortic valves are bicuspid, and at least 50% of 
adults with aortic stenosis have BAV. This may reflect a 
propensity to premature fibrosis, and calcification [4]. 
Collins, et al. (2008) found that among the BAV patients 
included in their study, calcification of the base, 
calcification of the commissure, and ossification were 
found in 39.1%, 43.3%, and 7% of the valves [13]. Lamas 
and Eykyn (2000) found that among 50 BAV patients with 
infective endocarditis, 86% had anemia with a mean 
hemoglobin level of 11.8±1.58 g/dL. Anemia can be a 
result of several disorders of the aorta and aortic valve 
[14]. 
 

 

Figure 1: Picture of bicuspid aortic valve where both 
cusps are linear in appearance.  

 

 

Figure 2: Picture of bicuspid aortic where V-shaped cuspal 
margins are not visible in the raphe (arrow). 
 

 

 
Figure 3: Picture of bicuspid aortic valve with calcification 
(*) and friable leaflet (arrow). 
 
     Scholz, et al. reported that 24% of the BAV patients in 
their study had a left dominant cardiac circulation [15]. 
Hutchins, et al. found a higher incidence of left dominance, 
29%, in postmortem angiography among the patients 
with the BAVs in their study [16]. It has been recognized 
that the BAV demonstrates abnormal leaflet motion, 
including folding or wrinkling of the valve tissue and 
increased leaflet doming during the cardiac cycle. This 
may result in increased currents of turbulence even when 
the leaflets are not stenotic [8]. Collins, et al. reported a 
prevalence of infective endocarditis of 1.5% among 
patients with the BAVs in his study, while we observed a 
prevalence of 4.11% [13].  
 
     The BAV, appearing on gross examination as an aortic 
valve with two cusps, has clinical relevance and has 
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gained increasing interest in the medical community from 
a pathogenetic and especially surgical point of view. 
 

Conclusion 

     The recognition of the bicuspid valve in patients with 
aortic valve disease remains an important challenge to the 
clinician, whereas preoperative knowledge of valve 
morphology would be helpful in planning the surgery. To 
confirm the results of this study, a prospective study with 
a larger sample size and a matched control group should 
be performed. 
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