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Introduction
The human aortic valve is normally a tricuspid structure but may occur as bicuspid or quadricuspid
structures (Figure 1). Bicuspid aortic valve (BAV) is one of the most common congenital heart anomalies
and the most common congenital anomaly in adults, occurring in 0.5-2% of the population based on
echocardiography and autopsy series.1, 2 It is an inherited defect that appears to occur in an autosomal
dominant pattern. BAV is the cause of aortic stenosis in 70-85% of pediatric cases3 and about 50% of
adult cases.4 Indications for aortic valve replacement (AVR) in BAVs is the same as rheumatic or senile
calcific degeneration aortic valves. BAVs are different, however, in that the tissue pathology is not limited
to the valves’ leaflets but extends from the left ventricular outflow tract to the ascending thoracic aorta.
BAVs are associated with several congenital anomalies, infective endocarditis, and acute thoracic aortic
emergencies such as aneurysm and dissection. These associations lead to
surgical considerations different from other aortic valve pathologies.

Associated Congenital Conditions

Valvular Complications with BAV

BAV is usually an isolated anomaly but may be associated with additional congenital abnormalities in
20-40% of patients. Coarctations of the aorta, ventricular septal defect, and patent ductus arteriosus have
known associations with BAV. Those BAVs associated
with coarctation of the aorta have an increased risk
of ascending thoracic aortic aneurysm and aortic dissection.5 Ventricular septal defect (VSD) is the most
common congenital defect in children. When found in
adults, ventricular septal defects are associated with
BAV in up the 30% of cases.6 Determination of BAV
prior to VSD repair or VSD prior to BAV replacement is
of obvious importance to the surgeon. BAV can also
be associated with more severe genetic congenital
heart problems such as Turner syndrome,7 Williams
syndrome,8 and Shone’s syndrome.9 These are generally
concerns for the pediatric cardiac surgeon and are not
often encountered in an adult practice.

The majority of patients with BAV are asymptomatic and unaware of their abnormality until adulthood,
when symptoms, physical findings, or cardiac echocardiography for other reasons lead to the diagnosis.
Although undetected for prolonged periods, the majority of patients with BAV will require surgery for their
valve abnormality at some point in their life.10
Echocardiographic series have demonstrated that
valve sclerosis begins in the patient’s second decade
and that calcification increases after the fourth decade.11
The natural history is similar to but occurs earlier
and progresses faster than senile calcific degeneration of the aortic valve. Valvular complications of BAV
include aortic stenosis, aortic regurgitation, and infective endocarditis. The vast majority of cases (at least
75%) presenting to the cardiac surgeon for operative
correction have aortic stenosis,12 with a lesser number
presenting with regurgitation or mixed lesions. The
indications for surgical intervention are the same as
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Figure 1A. Bicuspid aortic valve with calcific
stenosis.

Figure 1B. Tricuspid aortic valve with senile
calcific stenosis.

other aortic valve pathologies and can be found in the
ACC/AHA guidelines.27 Case series have led to estimates of infective endocarditis in BAV ranging from
10-30%,13 but the actual population risk is likely closer
to 3%.10 Infective endocarditis is the cause for most cases
of severe aortic regurgitation in BAV due to perforation
of the leaflets.13 Indications for surgical intervention
are no different than other valve pathologies with
endocarditis.

Aortic Complications with BAV
BAV is associated with an aortopathy leading to wall
weakness. Whether this affects all patients with BAV
or only a subset is not known, but all thoracic aortas
are considered at risk. The challenge to the cardiac
surgeon is deciding what to do with a slightly to moderately enlarged ascending aorta in the patient with
BAV. Cystic medial necrosis, elastic fragmentation, and
changes in smooth muscle orientation are significantly
more common in aortas with BAV than with tricuspid aortic valves.14 These changes are similar to, but
not as severe as, those seen in Marfan syndrome and
lead to increased dilatation and aneurysm formation
in the ascending thoracic aorta as well as an increased
risk of aortic dissection that is five to nine times greater
than in the normal population.15 Aortic dilatation can
be seen by echocardiographic exam in up to 70% of
patients with BAV, even in the absence of hemodynamic
valve disturbance.16 Repair of ascending thoracic aortic
aneurysm in patients without BAV is commonly recommended when the ascending aorta is 5.5 cm in diameter,
since there appears to be an upward inflection point for
rupture at 6 cm. In patients with BAV, ascending aortas
greater than 4.5 to 4.9 cm in diameter appear to have an
increased risk of rupture, leading to the recommenda-

Figure 1C. Quadricuspid aortic valve with
severe regurgitation.

tion that they be repaired during AVR if larger than 4.5
cm.17 This recommendation is made to decrease the risk
of both rupture and dissection. The persistence of aneurysm and dissection risk after successful aortic valve
replacement underscores the belief that aneurysm formation and dissection are due to intrinsic aortic wall
abnormality and not hemodynamic flow perturbations
across abnormal valves.18

Surgical Procedures with BAV
Repair
Stenotic aortic valves are replaced and regurgitant
aortic valves may be replaced or repaired. Early reports
of repair for BAV stated good results,19 but recent follow
up shows only an 87% freedom from reoperation at five
years.20 A 10-year follow-up paper shows a competent
valve in only 57% of patients.21 Most cases of BAV repair
involve reconstruction of an enlarged annulus or sinotubular junction only; When leaflet reconstruction is
needed, the results are more disappointing. We would
recommend aortic valve repair in BAV only in carefully
selected patients.

Replacement
The indications for AVR and valve selection criteria when using a mechanical or stent mounted tissue
valve are the same in BAV as they are in other causes
of aortic stenosis, as the annular tissue has good tensile
strength. Aortic valve replacement is complicated if the
surgeon wishes to use a stentless valve such as a stentless xenograft valve, allograft, or pulmonary autograft
due to the risk of aortic dilation and subsequent future
distortion of the valve and aortic regurgitation. For a
stentless xenograft or allograft, we would recommend
annular and sinotubular stabilization with fabric collars
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to prevent future dilatation. The pulmonary autograft
or Ross procedure presents a special consideration since
the arterial wall abnormality present in BAV can also
be present in the pulmonary artery being used as the
new aortic valve, leading to a high failure rate.22, 23 We
believe that the Ross procedure should be used with
caution and should include consideration of graft
stabilization with fabric collars when used in patients
with BAV.

The ascending aorta
The ascending aorta is repaired in an asymptomatic
patient to prevent rupture or dissection. The patient
without BAV shows a predilection for rupture or dissection above a diameter of 6 cm.24 For the patient with
BAV, the risk of rupture or dissection increases between
diameters of 4.5 to 4.9 cm.25 This has led to the ACC/
AHA Class I guidelines for ascending aortic replacement in patients with BAV at a diameter greater than
5 cm if AVR is not needed and greater than 4.5 cm if
AVR is necessary. When appropriate, surgical strategies
for the ascending aorta include reduction aortoplasty,
replacement from the sinotubular junction to the distal
ascending aorta, and full root replacement with coronary reimplantation. Although not technically difficult,
reduction aortoplasty has a high rate of future failure
due to redilatation, and we do not use this approach.26
Replacement beyond the sinotubular junction is adequate for most patients and adds little risk to the
operative procedure. Full root replacement is necessary
when there is evidence of aortic root involvement such
as extreme annular dilatation or cephalad displacement
of the coronary ostia. Full root replacement can, however, double the risk of the procedure in some series.25

Conclusion
Bicuspid aortic valve disease is a common entity
that usually necessitates surgery at some point in the
patient’s life. Surgical decision making is complicated
by the coexisting aortopathy of the ascending aorta that
may require surgical replacement. Even when replacement of the ascending aorta is unnecessary, it remains
at risk after successful AVR and requires life-long
surveillance.
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