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Bicuspid aortic valve is a common congenital anomaly associated with aortopathy, 
which can cause aortic root dilatation, necessitating regular screening if the aortic root 
is . 4.0 cm. Despite the low absolute incidence of aortic complications associated with 
bicuspid aortic valve in the general population, the consequences of such complications 
for an individual patient can be devastating. Herein we propose a balanced algorithm 
that incorporates recommendations from the three major guidelines for follow-up imag-
ing of the aortic root and ascending thoracic aorta in patients with a bicuspid aortic 
valve, maintaining the current recommendations with regard to surgical thresholds.
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A 60-year-old man who underwent aortic valve 
replacement with a mechanical prosthe-
sis for severely incompetent bicuspid aortic 

valve and congestive heart failure 6  years earlier 
was referred for evaluation of dyspnea. Aortic root 
dimension at the time of surgery was reportedly 
, 4.5 cm, not meeting criteria for root replacement. 
He was maintained on warfarin and metoprolol since 
surgery. Echocardiography revealed massive aortic 
root dilatation, which measured 9.5 cm (Figure 1A). 
This was confirmed on aortography (Figure  2A), 
performed as part of angiography in preparation 
for surgery, which also revealed extensive dissection 

extending from the aortic arch down to the renal 
arteries (Figure  2B). He underwent repair of the 
arch and ascending aorta with a 28-mm Vascutek 
(Renfrewshire, Scotland, United Kingdom) tube 
graft to the arch, aortic root aneurysm repair, and 
aortic root replacement with a 24-mm St. Jude 
Medical (St. Paul, MN) valve mechanical conduit 
(Figure  1B) and reimplantation of coronary arter-
ies. Postoperatively, transesophageal echocardiogra-
phy revealed aortic dissection with thrombus in the 
false lumen of the descending aorta (Figure 3). The 
patient recovered well and was discharged with rec-
ommendations to undergo computed tomography 
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abnormalities, causing variable 
degrees of aortic valvular abnor-
malities and ascending aortic dila-
tation. They proposed that optimal 
management requires careful 
assessment of various risk factors 
of the aortic valve and the aorta to 
determine ongoing surveillance, 
medical management, and opera-
tive intervention.

Grewal and associates3 exam-
ined ascending aortic wall biopsy 
specimens from bicuspid and tri-
cuspid aortic valves. In tricuspid 
aortic valves the aortic wall showed 
more aspects of aging, whereas 
in bicuspid valves it had defective 
smooth muscle cell differentiation 
possibly linked to lower lamin A/C 
expression. They concluded that 
there is aortic wall immaturity and 
increased susceptibility to dilation 
in bicuspid valves, which dictate 
different diagnostic and therapeu-
tic approaches.

Fedak and colleagues4 quoted a 
$ 50% echocardiographic evidence 
of aortic dilation in young patients 
with normally functioning bicus-
pid aortic valves. They argued that, 
despite ongoing controversy, the 
vascular complications of bicuspid 
aortic valve are not believed to be 
secondary to valvular dysfunction, 

morphologies: type 1—fusion of 
right and left coronary cusp (80%); 
type 2—right and noncoronary 
cusp fusion (20%); and type 3—
left and noncoronary cusp fusion 
(,  1%). They found a higher inci-
dence of ascending aorta dilatation 
in type 2 and type 3 (when the non-
coronary cusp is involved in the 
fusion) compared with the more 
common type 1.

Losenno and associates2 sug-
gested that emerging evidence indi-
cates a heterogeneous presentation 
of bicuspid aortic valve phenotypes 
related to complex congenital, 
genetic, and/or connective tissue 

angiography at 3 months, 6 months, 
and then yearly to assess the stabil-
ity of the aortic repair and residual 
dissection.

Discussion
Bicuspid aortic valve is a common 
congenital valve anomaly and is 
heterogeneous in presentation and 
natural history. Schaefer and col-
leagues1 reviewed clinical data and 
transthoracic echocardiograms 
of 191 bicuspid aortic valve cases, 
assessing leaflet morphology, valve 
function, and aortic shape and 
dimensions; they identified three 
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Figure 1. (A) Preoperative two-dimensional parasternal echocardiographic view showing dilated aortic root and mechanical aortic prosthesis. (B) Postoperative 
two-dimensional parasternal echocardiographic view showing mechanical conduit.
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Figure 2. (A) Preoperative aortogram showing the massively dilated aortic root. (B) Extensive dissection along 
the descending thoracic aorta with darker opacification of the smaller true lumen, and lighter opacification 
of the larger false lumen.
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valve replacement and simultane-
ous replacement of the proximal 
aorta. They reported nearly twice 
the elastic fiber loss in the ascend-
ing aorta in patients with aortic 
valve regurgitation compared with 
those with aortic valve stenosis, 
with a lower 10-year event-free sur-
vival of 64% compared with 93%, 
respectively.

Kallenbach and colleagues9 
debated the need for prophylactic 
aortic surgery at ascending aortic 
aneurysm diameters of , 5.0 cm in 
patients with bicuspid aortic valve, 
to avoid acute type A aortic dissec-
tion, because 50% of such dissec-
tions have been reported with aortic 
diameters of , 5.5 cm. The success 
and lower mortality of surgical 
therapy to avoid such a devastat-
ing outcome may encourage ear-
lier intervention. However, the low 
absolute incidence of  aortic com-
plications and the health implica-
tion of an earlier intervention may 
call for prudence. Overall,  better 
employment of imaging techniques 
with a more sophisticated risk 
evaluation approach, incorporat-
ing aorta and aortic valve mor-
phology, aortic stenosis severity, 
and possibly the characteristics of 
aortic wall tissue, was suggested as 
an alternative to the limited aortic 

and can therefore manifest in 
young adults without significant 
aortic stenosis or regurgitation, 
as well as in patients who under-
went aortic valve replacement with 
prosthesis.

Charitos and coworkers5 inves-
tigated the evolution of aortic root 
and ascending aorta dimensions in 
patients with normal transvalvular 
hemodynamics after a subcoro-

nary autograft aortic valve replace-
ment (which preserved intact the 
native aortic wall). They reported 
no  difference in aortic diameter 
increase rates among bicuspid and 
tricuspid aortic valve patients, 
or between bicuspid aortic valve 
phenotypes. They concluded that, 
for the first postoperative decade, 
transvalvular hemodynamics 
appeared to have a greater effect 
than the genetic component of 
bicuspid aortic valve on the devel-
opment of aortopathy.

Conversely, Cohoon and col-
leagues6 reported a 22% incidence 
of ascending aortic aneurysm 

(. 4.5 cm) after 10-year follow-up, 
and a 12% death rate after 6-year 
follow-up, of bicuspid  aortic valve 
patients who underwent elec-
tive aortic valve surgery with a 
 mechanical St. Jude  bioprosthesis. 
They concluded that lifelong serial 
monitoring of the ascending aorta 
in patients with bicuspid aor-
tic valve should be the standard  
of care.

Girdauskas and coworkers7 
reviewed a bicuspid aortic valve 
database of patients who under-
went isolated aortic valve replace-
ment. They reported that patients 
who were operated on for valve 
stenosis had significantly higher 
(93%) rate of 15-year freedom from 
late adverse aortic events (including 
proximal aortic intervention and 
aortic  dissection/rupture) com-
pared with those operated on for 
isolated  aortic regurgitation (78%).

Girdauskas and coworkers8 stud-
ied patients with bicuspid aortic 
valve and dilated ascending aorta 
of $ 5.0 cm who underwent aortic 
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Figure 3. (A) Postoperative transesophageal echocardiographic view showing dissection within the descending thoracic aorta with a small true lumen and a larger 
thrombus-filled false lumen. (B) Color Doppler showing flow within the true lumen and an entry point to the false lumen.

… patients who were operated on for valve stenosis had significantly 
higher (93%) rate of 15-year freedom from late adverse aortic events 
 (including proximal aortic intervention and aortic dissection/rupture) 
compared with those operated on for isolated aortic regurgitation 
(78%).
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root dimensions recommended by 
guidelines for decisions regarding 
surgical intervention.

Michelena and associates10 con-
ducted a comprehensive assessment 
of aortic complications of patients 
with bicuspid aortic valve living 
in a population-based setting in 
Olmsted County, Minnesota. They 
reported an overall prevalence of 
1.3 % of bicuspid aortic valve in the 
general population. The incidence 
of aortic dissection over a mean of 
16  years of follow-up in bicuspid 

aortic valve patients was approxi-
mately eight times higher than in 
the general population. However, 
despite this high relative risk, the 
absolute incidence of aortic dissec-
tion remained very low, at 3.1 cases 
per 10,000 patient-years. An 
encouraging finding was that there 
was no excess mortality during 
25  years of follow-up within this 
large bicuspid aortic valve commu-
nity cohort. 

Coady and associates11 ana-
lyzed data on patients with tho-
racic  aortic aneurysms followed 
for nearly 12 years, and reported a 
median size at the time of rupture 
or dissection of 5.9 cm. Therefore, 
they recommended 5.5  cm as an  

acceptable size for elective opera-
tion on ascending aortic aneu-
rysms. Svensson and coworkers,12 
however, reported that, in patients 
with bicuspid aortic valve present-
ing with thoracic aortic dissection, 

35% had an aortic size of # 5.5 cm 
and 12.5% had an aortic size of 
, 5.0  cm. The authors, there-
fore, argued that, in the setting of 
a bicuspid aortic valve, thoracic 
aortic dissection may occur at a 
smaller size, and recommended 
elective operative repair at an  
aortic size of $ 4.5 cm. Observation 
from the International Registry of 
Acute Aortic Dissection reported 
a median ascending aortic diam-
eter of 5.0 cm (mean 5.3 cm) in all 
patients presenting with type A 

 dissection, casting further doubt on 
the adequacy of an aortic  diameter 
of $ 5.5 cm as a good  predictor 
of type A aortic dissection in the 
 general population.13

The latest American College 
of Cardiology/American Heart 
Association (ACC/AHA) guidelines 
for the management of patients with 
valvular heart disease14 acknowl-
edge the limited data on the optimal 
timing of  aortic surgery in bicuspid 
aortic valve patients. Despite a pre-
viously more aggressive approach 
of recommending aortic surgery on 
such patients when the aortic dilata-
tion is . 5.0 cm,15 current guidelines 
consider the evidence support-
ing these previous recommenda-

tions very limited and anecdotal, 
and endorse a more individualized 
approach. Surgery is reasonable 
(Class IIa indication) with aortic 
dilation of 5.1 cm to 5.5 cm only if 
there is a family history of  aortic 

dissection or rapid progression of 
dilation ($ 0.5  cm/y), and when 
the aortic diameter is . 4.5  cm in 
patients undergoing aortic valve 
replacement because of severe aortic 
valve stenosis or regurgitation. In all 
other patients, operation is indicated 
(Class I indication) if there is more 
severe dilation (5.5 cm). The writing 
committee also did not  recommend 
the application of formulas to adjust 
the aortic diameter for body size. 
With regard to follow-up, the guide-
lines recommend (Class I indication) 
at least annual imaging in patients 
with significant aortic dilation 
(.  4.5  cm), a rapid rate of change, 
in aortic diameter, and in those with 
a family history of aortic dissection. 
In patients with milder dilation, no 
change on sequential studies and a 
negative family history of aortic dis-
section, a longer interval between 
imaging studies is considered appro-
priate. The 2014 European Society of 
Cardiology Guidelines on the diag-
nosis and treatment of aortic dis-
eases16 recommend yearly imaging of 
the aortic root and ascending aorta 
when the dimension exceeds 4.5 cm 
or the growth rate exceeds 0.3 cm/y. 
These guidelines recommend sur-
gery at a diameter of > 5.5 cm, with a 
stricter surgical threshold of > 5.0 cm 
in the presence of coarctation of the 
aorta, systemic hypertension, fam-
ily history of dissection, or increase 
in aortic diameter of $ 0.3  cm/y 
(on repeated measurements using 
the same imaging technique, mea-
sured at the same aortic level, with 
side-by-side comparison and con-
firmed by another technique). Many 
of the guidelines' recommendations 
with regard to surveillance inter-
vals of the aortic root and ascend-
ing aorta in bicuspid valve patients 
are level C recommendations, due 
to the absence of randomized clini-
cal trials. We propose a balanced 
algorithm (Figure  4), which incor-
porates  recommendations from 
the three major guidelines,14-16 for 

The incidence of aortic dissection over a mean of 16 years of follow-
up in bicuspid aortic valve patients was approximately eight times 
higher than in the general population. However, despite this high 
relative risk, the absolute incidence of aortic dissection remained 
very low, at 3.1 cases per 10,000 patient-years.

Surgery is reasonable (Class IIa indication) with aortic dilation of 
5.1 cm to 5.5 cm only if there is a family history of aortic dissection 
or rapid progression of dilation ($ 0.5 cm/y), and when the aortic 
diameter is . 4.5 cm in patients undergoing aortic valve replace-
ment because of severe aortic valve stenosis or regurgitation.
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follow-up imaging of the aortic 
root and ascending thoracic aorta 
in patients with a bicuspid aortic 
valve, maintaining the ACC/AHA 
recommendations14 with regard to 
surgical thresholds. This algorithm 
may be applied in bicuspid aortic 
valve patients whether or not they 
have received isolated aortic valve 
replacement, as this has not been 
convincingly shown to alter the nat-
ural history of aortic dilation in this 
condition. 

Conclusions
Bicuspid aortic valve is a common 
congenital anomaly associated  
with aortopathy. Despite the low 

absolute incidence of aortic compli-
cations associated with bicuspid 
aortic valve in the general popula-
tion, the consequences of such 
complications for an individual 
patient can be devastating. 
Controversy is likely to continue 
with regard to the adequacy of the 
guideline recommendations in 
terms of the individual risk of aor-
tic complications in bicuspid  aortic 
valve patients, despite the low 
 population risk of such complica-
tions. The risk obviously involves a 
 complex interplay of hemody-
namic, morphologic, and genetic 
factors. Improved future laboratory 
and diagnostic imaging techniques 
will better help characterize such 

risk and individualize therapy. 
Meanwhile, vigilance is recom-
mended with adequate surveillance 
to avoid missing severe aortic 
 dilatation, as we report in our 
patient who was lost to follow-up 
for years. 
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Main Points

• Bicuspid aortic valve is a common congenital valve anomaly and is heterogeneous in presentation and natural 
history. Despite the low absolute incidence of aortic complications associated with bicuspid aortic valve in the 
general population, the consequences of such complications for an individual patient can be devastating.

• There is aortic wall immaturity and increased susceptibility to dilation in bicuspid valves, which dictate different 
diagnostic and therapeutic approaches.

• Better employment of imaging techniques with a more sophisticated risk evaluation approach, incorporating 
aorta and aortic valve morphology, aortic stenosis severity, and the characteristics of aortic wall tissue, was 
suggested as an alternative to the limited aortic root dimensions recommended by guidelines for decisions 
regarding surgical intervention.

• The latest American College of Cardiology/American Heart Association guidelines for the management of 
patients with valvular heart disease acknowledge the limited data on the optimal timing of aortic surgery in 
bicuspid aortic valve patients. Despite a previously more aggressive approach of recommending aortic surgery 
on such patients when the aortic dilatation is . 5.0 cm, current guidelines consider the evidence supporting 
these previous recommendations very limited and anecdotal, and endorse a more individualized approach.
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