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Bicuspid aortic valve:

Basics and beyond

ABSTRACT

Bicuspid aortic valve, one of the most common con-
genital cardiac malformations, is associated with other
valvular abnormalities and aortopathies. It increases the
risk of thoracic aortic aneurysm and dissection, infective
endocarditis, and sudden cardiac death. Patients require
regular surveillance for progressive valvular disease and
aortopathy. Although bicuspid aortic valve may occur
sporadically, many cases are inherited, so first-degree
relatives should be evaluated and genetic counseling
considered.

KEY POINTS

Associated aortopathies such as aortic root dilation,
aneurysm, dissection, and coarctation may initially be
asymptomatic.

Regular surveillance with transthoracic echocardiography

(TTE) is required.

Transesophageal echocardiography should be performed

if TTE does not clearly show the aorta and aortic root.
Magnetic resonance imaging or computed tomographic
angiography may also be needed to measure the aortic
root and ascending thoracic aorta.

If initial imaging is normal and there is no aortic dilation,

repeat imaging should be done every 5 to 10 years. If any
abnormality is found, annual surveillance is needed.

Women with a bicuspid aortic valve who are contemplat-

ing pregnancy should undergo echocardiography first,
and some may need to undergo surgery.
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ICUSPID AORTIC VALVE may initially be
B asymptomatic, but it is associated with
progressive valvular and aortic abnormali-
ties that can lead to chronic heart failure and
sudden death. Regular monitoring is required
with an eye toward surgery when indicated.

See related editorial, page 786

This article reviews inheritance patterns
and conditions associated with bicuspid aor-
tic valve. We discuss diagnosis, management,
and monitoring, and offer surgical recom-
mendations. Special guidance for dental pro-
cedures, pregnancy, and athletes is also pro-

vided.

I AYOUNG MAN WITH PALPITATIONS
AND A MURMUR

A 34-year-old man presented to an outpatient
clinic with occasional palpitations over the
past several months. He reported that he had
been diagnosed with a murmur as a child but
had received no further testing.

Physical examination at this time re-
vealed a faint systolic crescendo-decrescen-
do murmur along the right sternal border
without radiation to the carotid arteries or
to the apex. Transthoracic echocardiogra-
phy (TTE) showed a bicuspid aortic valve
with fusion of the right and left coronary
cusps, with no aortic valve stenosis or insuf-
ficiency. There was mild dilation of the aor-
tic root, but the mid-ascending aorta could
not be evaluated because of limited acoustic
windows.

Is further diagnostic testing needed, and
if so, what? May he participate in exertional
physical activity? Does his newborn son need
evaluation?
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I ABNORMALITIES OCCUR
DURING EMBRYOGENESIS

Bicuspid aortic valve develops because of ab-
normal valvulogenesis. Adjacent cusps fail to
separate from each other, resulting in only 2
cusps, with 1 usually larger than the other.
Morphology varies according to which com-
missures are fused.!

Bicuspid aortic valve is associated with
abnormalities in the coronary artery anatomy
in about 2% of patients, including anomalous
origins of the coronary arteries and upwardly
displaced coronary ostia.> Such features need
to be considered before surgical intervention.

Bicuspid aortic valve can be found in 1%
to 2% of the general population, with a male-
to-female predominance of 3:1.1%# It is one of
the most common congenital cardiac malfor-
mations and is the leading congenital cause
of aortic valve stenosis.!® However, routine
screening of newborns for the condition is not
recommended, and most cases are diagnosed
incidentally.

I GENETIC FACTORS PROMINENT

Bicuspid aortic valve is thought to be primar-
ily inherited in an autosomal-dominant pat-
tern, but there is evidence of genetic hetero-
geneity, and the pattern may be variable.”®

No single gene responsible for bicuspid aor-
tic valve has been identified. The condition
may occur as a component of different pleio-
tropic genetic syndromes such as Loeys-Dietz,
DiGeorge, and Marfan syndromes,’® as well
as in patients with Turner syndrome and Wil-
liams syndrome.®!! It also commonly coexists
with other congenital heart diseases, including
ventricular septal defect, isolated aortic arch
obstruction, and patent ductus arteriosus.”

Studies have found a 15% rate of familial
clustering.®"? In a study of 142 patients with
bicuspid aortic valve, 20% of first-degree rela-
tives had some cardiac abnormality found by
screening, of whom 68% had bicuspid aortic
valve. Of these, 71% were newly detected ab-
normalities."”

I CHARACTERISTIC CLICK AND MURMUR

Physical examination findings of a functionally
normal bicuspid aortic valve include a systolic
ejection click followed by an early peaking sys-
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tolic murmur at the apex or left lower sternal
border. With progression of aortic stenosis, the
ejection murmur has a harsher sound, with
later peaking, and the S2 sound diminishes
or becomes inaudible.'* If aortic regurgitation
is present, a diastolic decrescendo murmur is
heard best at the left lower sternal border.

I DISEASE PROGRESSION

Although bicuspid aortic valve is typically
asymptomatic at first, it is commonly associ-
ated with progressive valvulopathy and tho-
racic aortic disease.'”>*!® [t can lead to chronic
heart failure and increase the risk of acute aor-
tic syndromes and sudden cardiac death.”

Michelena et al'® studied 212 cases of
asymptomatic bicuspid aortic valve. Although
the survival rate 20 years after diagnosis was
the same as for an age-matched cohort in the
general population, the frequency of adverse
cardiovascular events and surgical interven-
tions was higher.

Aortic stenosis progresses rapidly

Aortic stenosis associated with a bicuspid aor-
tic valve tends to affect younger patients and
progress more rapidly than when associated
with a tricuspid valve.!”

In a study of 542 patients with congenital
bicuspid aortic valve undergoing aortic valve
replacement,’ 75% had isolated aortic steno-
sis, 10% had aortic stenosis with some degree
of aortic insufficiency, and 13% had isolated
aortic insufficiency. Given the tendency of
aortic stenosis to progress rapidly, early surgery
is often pursued.'”!8

Aneurysmal disease is common
The thoracic aorta is at increased risk of aneu-
rysmal disease, coarctation, and dissection in
patients with a bicuspid aortic valve.®
Michelena et al' reported that in patients
without an aneurysm at the time of bicuspid
aortic valve diagnosis, the 25-year risk of an-
eurysm formation was approximately 26%.
In patients with an aneurysm at the time of
diagnosis, the 15-year risk of aortic surgery af-
ter the diagnosis of aneurysm was about 46%
and the risk of aortic dissection after aneurysm
diagnosis was 7%." Compared with the gen-
eral population, the age-adjusted relative risk
of aortic aneurysm in patients with bicuspid
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aortic valve was 86.2, and that of aortic dis-
section was 8.4. Although the absolute inci-
dence of dissection is low in these patients, it
is markedly higher than in the general popu-
lation, particularly in older patients (age >
50) and those with an aneurysm at the time
of diagnosis.”

The risk of infective endocarditis

Patients with bicuspid aortic valve are highly
prone to infective endocarditis for reasons that
remain poorly understood. The pathogens in
most cases are staphylococci or viridans strep-
tococci.” Patients with infective endocarditis
typically require emergency surgery. Compli-
cations including valvular abscess, myocardial
abscess, and overt heart failure are common."

Lamas and Eykyn?® studied 408 cases of na-
tive valve endocarditis; in 12.3%, the patient
had a bicuspid aortic valve. In this subset, all
were male, the mean age was 39 at diagnosis,
82% needed surgery, and the death rate was
14%.

Patients with bicuspid aortic valve do not
routinely need antibiotics before dental and
surgical procedures, but if they have had en-
docarditis in the past, they need antibiotics to
prevent a recurrence.’!

M REGULAR MONITORING NEEDED

Because complications may be life-threat-
ening, early detection of progressive disease
by regular screening is critical. Echocar-
diographic evaluation of valvular function,
ventricular dimensions and function, and
diameter of the aortic root and ascending
aorta should be performed in every patient
with bicuspid aortic valve. If initial imaging
is normal and there is no aortic dilation, im-
aging should be repeated every 5 to 10 years.
If any abnormality is found, repeat imaging
is needed every year.??

Magnetic resonance imaging (MRI) or
computed tomographic (CT) angiography
may be required to better assess the aorta for
patients requiring a surgical intervention, or
when aortic dimensions are not clearly visual-
ized on TTE. MRI has 2 advantages over CT
angiography: it poses no radiation risk, and it
provides more information on left ventricular
function and dimensions, in addition to valve
assessment.”*4
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Figure 1. Transthoracic echocardiography, parasternal long-
axis view, shows a dilated aortic root (AR) measuring 4.5 cm
in a patient with bicuspid aortic valve (arrows). AA, ascend-

ing aorta; LA, left atrium; LV, left ventricle.

Figure 2. Two-dimensional transesophageal
raphy demonstrates an anterior-posterior bicuspid aortic
valve (opening phase, arrows). RA, right atrium; LA, left
atrium; RV, right ventricle.

No published study has compared MRI or CT
angiography and transesophageal echocar-
diography (TEE), but in a study of 174 pa-
tients with dilated aortic root, combined TTE
and TEE detected aortic valve morphology
accurately in 98% of cases. As TEE is more
invasive, it is not recommended for regular
surveillance (Figures 1 and 2).”
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Il FAMILY SCREENING RECOMMENDED

Close relatives should be evaluated for aortic
valve and thoracic aortic disease.!>!>?326

The American College of Cardiology
(ACC) and the American Heart Association
(AHA), backed by radiologic and cardiovascu-
lar associations, concur in recommending echo-
cardiographic screening and routine screening
of the thoracic aorta for aortic root dilation in
first-degree relatives (ie, siblings, parents, and
children) of patients with bicuspid aortic valve
(class I recommendation).?2%%%8

A comprehensive physical examination is
recommended for family members in addition
to TTE, with careful assessment of the aortic
valve in short and long axes, and of the aortic
root.!* If the aorta cannot be adequately eval-
uated with TTE, further assessment should be
pursued with CT angiography or MRI.

I EXERCISE RESTRICTIONS
The 2015 ACC/AHA guidelines for competi-

tive athletes with cardiovascular abnormali-
ties recommend annual screening with TTE
or MRI angiography for athletes with bicuspid
aortic valve and coexisting dilation of the as-
cending aorta (aortic diameter 40-42 mm in
men and 36-39 mm in women) (class | recom-

mendation, level of evidence C).%

Athletes with a bicuspid aortic valve and

a normal aortic root and ascending aorta may
participate in all competitive activities.”’
However, those with a dilated aorta should
avoid strenuous activities because of the in-
creased risk of rupture.*® The ACC/AHA
recommendations’’ depend on the diameter
of the ascending aorta and the nature of the
sport:

e For an aortic diameter 40 to 42 mm in
men or 36 to 39 mm in women, and no
features of connective tissue disease or fa-
milial thoracic ascending aortic syndrome,
low- and moderate-intensity sports with
a low likelihood of significant body con-
tact may be considered; consider avoiding
intense weight training (class IIb, level of
evidence C)

e For an aortic diameter 43 to 45 mm, low-
intensity sports with a low likelihood of
body contact may be considered (class IIb,
level of evidence C)
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e For an aortic diameter greater than 43 mm
in men or greater than 40 mm in women,
sports involving body collision should be
avoided (class 111, level of evidence C)

e Foran aortic diameter greater than 45 mm,

sports activities should be avoided (class
111, level of evidence C).

I PREGNANCY CONSIDERATIONS

Bicuspid aortic valve is associated with aor-
tic dissection, mainly in the third trimester.’!
Patients should ideally undergo echocardio-
graphic screening before conception. The 2010
ACC/AHA guidelines for managing thoracic
aortic disease recommend monthly or bimonth-
ly echocardiography until delivery in pregnant
women with a dilated thoracic aorta.”?

Patients with bicuspid aortic valve and
aortic root enlargement of more than 40 mm
should have preconception counseling about
surgery for aortic root replacement before be-
coming pregnant. If the diagnosis of enlarged
aortic root is made during pregnancy, echocar-
diographic surveillance at 4- to 6-week inter-
vals is indicated.*

Il SURGICAL MANAGEMENT

In the past, beta-blockers and angiotensin-
converting enzyme inhibitors were recom-
mended to minimize shear stress, with the
goal of slowing progression of aortic dilation.
However, evidence to support their use is in-
adequate.*

The only definitive treatment is surgery,
with various procedures that lower the risk of
death or dissection.”**

The dimensions of the aortic root or as-
cending aorta should be examined vigilantly,
according to the 2014 ACC/AHA guide-
lines®":

e Repairing the aortic sinuses or replacing
the ascending aorta is indicated if the di-
ameter of the aortic sinuses or ascending
aorta is greater than 5.5 cm (class I, level
of evidence B)

e Repairing the aortic sinuses or replacing
the ascending aorta is reasonable if the di-
ameter of the aortic sinuses or ascending
aorta is greater than 5.0 cm and the pa-
tient has a risk factor for dissection such as
a family history of aortic dissection or an
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increase in diameter of 0.5 cm or greater
per year (class Ila, level of evidence C)

e Replacement of the ascending aorta is
reasonable if the diameter of the ascend-
ing aorta is greater than 4.5 cm and the
patient is undergoing aortic valve surgery
for severe aortic stenosis or regurgitation.

Valve repair or replacement
Aortic valve repair or replacement is some-
times done separately from aortic root repair.

The value of aortic valve repair is debat-
able, but a series of 728 patients at Cleve-
land Clinic showed a very low mortality rate
(0.41%) and an annual reoperation rate of
2.6% during up to 15 years of follow-up.*

Aortic valve replacement is usually con-
sidered for patients with severe valve dysfunc-
tion, abnormal left ventricular dimensions,
or symptoms. It is important to determine if
the patient is a good surgical candidate and
to refer early for surgical evaluation to avoid
the higher risk of death associated with emer-
gency surgery.*®

Transcatheter aortic valve replacement has
been studied in patients deemed to be at too
high a risk for surgical replacement. Short- and
intermediate-term outcomes have been good in
these patients, but long-term data are lacking.”

Surveillance after surgery
The type of operation determines postopera-
tive surveillance.

After isolated aortic valve repair or re-
placement, patients should continue with
surveillance at least annually to monitor for
progressive aortopathy, as they remain at in-
creased risk of dissection or rupture after iso-
lated valve surgery, especially if they had aor-
tic insufficiency preoperatively.*®

After definitive surgery with replacement
or repair of the ascending aorta, no clear rec-
ommendations have been established for con-
tinued surveillance. However, it is reasonable
to image these patients with either MRI or CT
angiography 3 to 5 years after their surgery to
monitor for anastomotic complications.

I CASE QUESTIONS ANSWERED

Our patient should undergo repeat TTE in 1
year. He should also undergo CT angiography
of the ascending aorta if it is not seen by TTE.
He can participate in low-intensity sports but
should avoid intense weight training. His par-
ents, siblings, and children should be screened
for bicuspid aortic valve or associated aortopa-

thies. ]
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