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What are the prevalence and
Clinical implications of Bicuspid AV ?

• Bicuspid AV : most common congenital cardiac malformation, 

occurring in 0.7-2 % of the population (males are affected 4:1)

• BAV is present in >50% of patients with aortic coarctation and 

10% of women with Turner syndrome

• The majority of patients with BAV will develop complications 

requiring surgery (mostly in their 4th to 6th decades)

• BAV might be responsible for more deaths and morbidity than 

the combined effects of all other congenital heart defects

Fedak et al. Circulation. 2002; 106:900-4
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When to suspect a bicuspid aortic 
valve ?

• Coarctation of the aorta

• Cardiac murmur in adolescent / young adult

• Aortic dilatation/ regurgitation <60 years

• Aortic valve stenosis in the 4th to 6th decade

• First relative of a patient with a bicuspid valve

• Turner syndrome
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How to diagnose a bicuspid valve ?
Male patient, 48 years

1/ Deformed aortic Root; 2/ Asymmetric opening; 3/ Large ring



Henri Mondor

7



Henri Mondor

8

En-face view: No raphe (Type 0)
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Type O: 6% of bicuspid valves

Roberts & Ko. Circulation. 2005;111: 920-925

Bicuspid aortic valve/ Type 0: 
Two Sinuses of Valsalva / 2 cusps
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Adapted from Sievers & Schmidtke. J Thorac Cardiovasc Surg. 2007; 133:1226-3310

0 raphe / Type 0
True bicuspid

1 raphe / Type 1
(Bicommisural)

2 raphes / Type 2
(Unicommissural)

21 (7) 269 (88) 14 (5)

Lat

13 (4)

AP

7 (2)

LR

216 (71)

NR

45 (15)

NL

8 (3)

NR-LR

14 (5)

6 (2) 1 (0.3) 79 (26) 22 (7) 3 (1) 6 (2)

7 (2) 5 (2) 119 (39) 15 (5) 3 (1) 2 (1)

1 (0.3) 15 (5) 7 (2) 2 (1) 2 (1)

3 (1) 1 (0.3)

Main category:

Number of raphes

1. subcategory:

spatial position

of cusps in Type 0

and raphes in

Types 1 and 2

2. subcategory:

Valvular

function

I

S

B (I + S)

No

RCA LCA RCA LCA RCA LCA
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Adapted from Sievers & Schmidtke. J Thorac Cardiovasc Surg. 2007; 133:1226-3312
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Variable phenotypes of bicuspid aortic 
valves : classification by CMR

Adapted from Buchner et al. Heart. 2010;96:1233e1240

Retrospective study (2003-2007): 105 patients with a bicuspid valve 
plus 12 with a unicuspid valve, all assessed by CMR

76/117 (65%) 14/117 (12%) 0/117

11/117 (9%) 4/117 (4%) 12/117 (10%)
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Typical form of BAV: Type 1/LR
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Typical form of BAV: Type 1/LR
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BAV Type 1/LR : associated coarctation
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BAV Type 1/LR : associated coarctation
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Asymptomatic young woman, 23 years old
BAV type 1/LR + coarctation
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Adapted from Sievers & Schmidtke. J Thorac Cardiovasc Surg. 2007; 133:1226-3319
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Asymptomatic young male, 34 years old
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Atypical form of BAV: Type 1/NR
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BAV: Type 1/NR ; moderate AR
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• Retrospective study: 1 135 patients <18 years (1986-1999)  with BAV identified by Echo
• 55% of patients with isolated coarctation had a bicuspid valve
• 40% of patients with a BAV had a coarctation in this study (vs.7-25% in others)

Morphology of bicuspid aortic valves in 
children and adolescents

Fernandes et al. J Am Coll Cardiol. 2004;44:1648-51

(55%)

(11%)
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Morphology of bicuspid aortic valves in 
children and adolescents

Fernandes et al. J Am Coll Cardiol. 2004;44:1648-5124

• Associated BAV + coarctation: 89% of typical BAV (Type 1/LR, Sievers) 
• Aortic coarctation is associated with lesser degrees of AS or AR
• In contrast: Type 1/NR was more often associated with significant AS or AR 

(OR 2.4, 95% CI: 1.2-4.7; p  0.01)
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Type-1 bicuspid valves, LR versus NR :
Differences in outcome

310 patients (aged 16 years (6-34), 71% males), BAV: L-R (n=202) vs. N-R (n=108)

Fernandes et al. J Am Coll Cardiol. 2007;49:2211-4

64%

91%

HR: 4.5; 95% CI: 2.5-8.1; p<0.0001
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Asymptomatic young woman, 27 years old
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BAV type 2 (Unicommisural valve)
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Close to severe AS at 27 years old 
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Outcomes in adults with Bicuspid AV

Tzemos et al. JAMA. 2008;300: 1317-25

642 consecutive adults (mean age, 35±16 years; 68% male) with bicuspid AV 
Toronto Congenital Cardiac center (1994-2001), mean FU: 9±5 years.

• Cardiac mortality rate: 

0.3% per patient-year of FU

• Aortic dissection : 0.1% 

per patient-year of FU

• Overall mortality was not 

significantly different from 

age- and sex matched 

Ontario population 

estimates (P=0.71)
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Five patients (1%) had an aortic dissection (3 ascending and 2 descending).
Frequency of dissection: 0.1% per patient-year of follow-up

Indications for intervention:

• Symptomatic AS (13%)

• Symptomatic AR/ LV 
dysfunction (6%)

• Aortic sinus or ascending 
aorta dilation (2%)

• Endocarditis (2%)

Outcomes in adults with Bicuspid AV

Tzemos et al. JAMA. 2008;300: 1317-25
32
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Michelena et al. JAMA. 2011; 306: 1104-13

Incidence of aortic complications in 
patients with bicuspid aortic valves
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Michelena et al. JAMA. 2011; 306: 1104-13

Incidence of aortic complications in 
patients with bicuspid aortic valves

- Survival rate after 25 years was 80% 
(95% CI 74.2%-85.8%) 
- It was identical to the expected 
survival of the general county 
population matched for age and sex 
(P=0.98)

• Mean FU time of 16±7 years / AORTIC DISSECTION occurred in 2 of 416 patients : 
- Incidence of 3.1 (95% CI, 0.5-9.5) cases per 10 000 patient-years, 
- Age-adjusted relative-risk 8.4 (95% CI, 2.1-33.5; P=.003) vs. general population.

• There were no dissections in patients with baseline aortic diameter <45 mm or with 
normally functioning aortic valves.
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Michelena et al. JAMA. 2011; 306: 1104-13

Incidence of aortic complications in 
patients with bicuspid aortic valves

Patients with BAV incur significant morbidity, with 25-year risks of : 
- Aortic valve replacement: 53% (95% CI, 43%-63%)
- Surgery of thoracic aorta: 25% (95% CI, 17-33%)
- Aneurysm formation: 26% (95% CI, 18-34%)
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Nonsyndromic thoracic aortic aneurysm: 
Outcomes versus bicuspid aortopathy and Marfan syndrome 

1988-2014: Prospective follow-up of all patients <60 years of age and genetic aortopathy:

1/ Bicuspid aortic valve (BAV), n=228

2/ Marfan syndrome (MFS), n=221

3/ Heritable TAA without obvious physical features = non-syndromic TAA (NS-TAA), n=311

The 687 patients 
surviving >30 days 
after presentation 
were followed for a
median of 7 years. 

Sherrah et al. J Am Coll Cardiol. 2016;67:618–2636
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Sherrah et al. J Am Coll Cardiol. 2016;67:618–26

10-year mortality was 3.5% for BAV, 7.8% for NS-TAA and 8.7% for MFS: 
p <0.05 for BAV vs. NS-TAA and MFS

Factors associated with all-
cause mortality:

- Marfan syndrome (p < 0.04)

- Age at presentation

- Family history of dissection 
(doubling the mortality risk)

Aorta size = NS
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Nonsyndromic thoracic aortic aneurysm: 
Outcomes versus bicuspid aortopathy and Marfan syndrome 
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Bicuspid Aortopathy:
Pathophysiological Features 

Normal tricuspid valve :

• Embryogenesis : Microfibrillar proteins 

= structural support for cell 

differentiation and tissue formation

• Adults: The elastic laminae of the 

aortic media provide structural support 

and elasticity to the aorta.

• Fibrillin-1 microfibrils tether smooth 

muscle cells to adjacent elastin and 

collagen matrix.

MMP release

Bicuspid aortic valve :

• Embryogenesis: Deficient fibrillin-1 

may disrupt cusps formation

• Adults: Deficient microfibrillar

elements result in smooth muscle cell 

detachment, MMP release, matrix 

disruption, apoptosis and loss of 

structural support and elasticity

Fedak et al. Circulation. 2002; 106:900-4
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Aortic dilatation in patients with 
bicuspid aortic valves 

Verma & Siu. N Engl J Med. 2014; 370: 1920-940
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Aortic dilatation in patients with 
bicuspid aortic valve 

Verma & Siu. N Engl J Med. 2014; 370: 1920-941
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Bicuspid aortic cusp fusion alters aorta 
flow patterns (3D-MRI) 

Mahadevia et al. Circulation. 2014; 129: 673-8242

Four-dimensional flow-MRI 
can measure in vivo 3-D 
blood flow in the aorta

The type of BAV fusion is 
associated with regional 
wall shear stress 
distribution, systolic flow 
eccentricity and expression 
of BAV aortopathy



Henri Mondor

• BAV patients (n = 20) undergoing ascending 
aortic resection underwent pre-operative 4D-
flow CMR to regionally map aortic wall sheer 
stress (WSS). 

• Paired aortic wall samples (within-patient 
samples obtained from regions of elevated vs. 
normal WSS) were collected and compared for 
medial elastin degeneration by histology and 
extra-cellular matrix (ECM) regulation by 
protein expression (mainly MMP and TGFβ).

Valve-related hemodynamics mediate
human bicuspid aortopathy

Guzzardi et al. J. Am Coll Cardiol. 2015; 66: 892–900
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Valve-related hemodynamics mediate
human bicuspid aortopathy

Guzzardi et al. J. Am Coll Cardiol. 2015; 66: 892–900

Regions of high wall shear 
stress (WSS) had: 

1. Fewer elastin fibers 
(black)

2. Thinner Elastin fibers

3. farther apart

as compared with regions 
with normal WSS
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Valve-related hemodynamics mediate
human bicuspid aortopathy

Guzzardi et al. J. Am Coll Cardiol. 2015; 66: 892–900

Regions of increased WSS correspond 
with ECM dysruption and elastic fiber 
degeneration in the ascending aorta of 
BAV patients, implicating valve-related 
hemodynamics as a contributing factor in 
the development of aortopathy. 

Further study to validate the use of 4D 
flow CMR as a noninvasive biomarker 

of disease progression and its ability to 
individualize resection strategies is 

warranted
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Bicuspid aortic valves/ Aortopathy

AHA/ACC Guidelines on VHD. Circulation. 2014; 129: e521-e643
47

• When echocardiography does not provide adequate images of 
the ascending aorta to a distance ≥4.0 cm from the valve plane, 
additional imaging is needed.

Class I : CMR or MDCT is indicated in patients with a bicuspid valve 
when morphology of the proximal aorta cannot be assessed 
accurately or fully by echocardiography. (Level of Evidence: C)

• Cardiac Magnetic Resonance imaging is preferred over CT Scan, 
when possible, because of the absence of ionizing radiation 
exposure in patients who likely will have multiple imaging studies 
over their lifetime.
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AHA/ACC Guidelines on VHD. Circulation. 2014; 129: e521-e643
48

Class I : Serial assessment of the 
proximal aorta by TTE, CMR (MDCT) is 
recommended in patients with a 
bicuspid valve and aortic diameter 
>40 mm.

Examination interval is determined by 
the rate of progression of aortic 
dilation and by family history. 

In patients with an aortic diameter 
>45 mm, evaluation should be 
performed annually. (Level of Evidence: C)

Bicuspid aortic valves/ Aortopathy
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Bonow et al. 36th Bethesda Conference/ Task Force 3:
J Am Coll Cardiol. 2005;14:1334–40.

- Patients without aortic root dilatation (<40 mm or <21 mm/m²) 
and no significant AS or AR may participate in all competitive 
sports

- Patients with dilated aortic roots between 40 and 45 mm may 
participate in low/moderate static or dynamic competitive sports, 
but should avoid any sports involving the potential for bodily 
collision or trauma

- Patients with dilated aortic roots >45 mm can participate in only 
low-intensity competitive sports

Bicuspid AV/ Ascending Aorta :
What about sports?
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AHA/ACC Guidelines on VHD. Circulation. 2014; 129: e521-e64351

Class I : Surgery to repair the aortic sinuses or replace the 
ascending aorta is indicated in patients with a bicuspid aortic valve 
if any diameter of the proximal aorta is >55 mm.
(Level of Evidence: B)

Class IIa : Surgery to repair the aortic sinuses or replace the 
ascending aorta is reasonable in patients with a bicuspid aortic 
valve if the diameter of the proximal aorta is >50 mm with 
additional risk factor for dissection. (family history of aortic 
dissection/ increase in diameter ≥5 mm per year). 
(Level of Evidence: C)

Bicuspid aortic valves/ Aortopathy
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AHA/ACC Guidelines on VHD. Circulation. 2014; 129: e521-e64352

Class IIa : Replacement of the ascending aorta is reasonable in 
patients with a bicuspid aortic valve who are undergoing aortic 
valve surgery because of severe AS or AR if the diameter of the 
ascending aorta is >45 mm. (Level of Evidence: C)

Replacement of the sinuses of Valsalva is not necessary in all 
cases and should be individualized based on the displacement of 
the coronary ostia, because progressive dilation of the sinus 
segment after separate valve and graft repair is uncommon.

Bicuspid aortic valves/ Aortopathy
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ESC Guidelines on aortic diseases. Eur Heart J. 2014; 35: 2873-926

• Inter- and intra-observer variability of CT for AAA are around 5 and 3 mm
respectively.

• Thus, any change of ≥5 mm on serial CT can be considered a significant change, 
smaller changes are difficult to interpret.  

What is a significant increase in size?
Should we index to body size?

RECOMMENDATIONS COR LOE

Allergy to contrast media, pregnancy and renal function should be 
systematically assessed to select the best imaging modality with 
minimal radiation exposure, except for emergency cases

I C

The risk of radiation exposure should be assessed, especially in 
young adults and those undergoing serial imaging

IIa B

Aortic diameters may be indexed to BSA, specially for patients with 
small body size

IIb B
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Carlson et al. Circulation. 2012; 126: 2220-26

Moderate aortic enlargement and bicuspid aortic 
valve are associated with aortic dissection 
in Turner syndrome

• Data from 20 individuals with acute AD (Type A in 17 cases, 5%) from the International 
Turner Syndrome Aortic Dissection Registry

18 of 19 patients (95%) with AAD had an 
associated cardiac malformation that 
included a bicuspid aortic valve.

For those with type A dissections, the 
mean ascending aorta size index (ASI) 
was 2.7±0.6 cm/m2

Patients with Turner syndrome aged >18 
years with ASI >2.5 cm/m2 should be 
considered for an aortic operation to 
prevent aortic dissection
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• BAV is the most frequent congenital heart defect 

• It should be detected by TTE in young patients with cardiac murmurs, aortic 
insufficiency or dilatation, first relatives of patients with BAV and women with 
Turner syndrome

• The primary risk of BAV is severe AS (or AR) requiring surgery between 45-65 
years of age (50% risk)

• Lower risk of surgery for aortic aneurysm: 25% around the same age

• Although significantly higher than the general population, the risk of aortic 
dissection is significantly lower than in Marfan syndrome or other forms of 
genetic aneurysms

• Contemporary favorable outcomes are at the price of regular follow-up 
(clinical and imaging) and proactive guideline-based elective aortic surgery for 
ascending aortic aneurysms

Take-Home Message
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Aortic Dilatation and Dissection in 
Turner Syndrome

Matura et al. Circulation. 2007; 116: 1663-70

• 166 adult volunteers with Turner Syndrome (aged 36±11 years) not selected 
for CV disease and 26 healthy female control subjects. 

• Ascending and descending aortic diameters measured by MRI at the right 
pulmonary artery.
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Aortic Dilatation and Dissection in 
Turner Syndrome

Matura et al. Circulation. 2007; 116: 1663-70

• Only 9.5% of women with Turner Syndrome (TS) exceeded the 95th

percentile for absolute ascending aorta diameter
• 24% and 45% of women with TS exceeded the 95th percentile for Aorta Size 

Index (ASI) and Ascending/ Descending Aorta ratio (AD/ DD) respectively.
• The presence of a bicuspid aortic valve and/or elongation of the transverse 

aortic arch (ETA) was associated with greater ASI.
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Aortic Dilatation and Dissection in 
Turner Syndrome

Matura et al. Circulation. 2007; 116: 1663-70

• After 2.9 years of FU: 3 cases of aortic dissection (aged 44, 47, and 57 years)
• Two had a bicuspid aortic valve, and all 3 had elongated transverse arches.
• All 3 women had ADs >3.5 cm and ASI >2.5 cm/m2.
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Eleid et al. Heart. 2013; 99: 1668–74

Type-A aortic dissection in patients with bicuspid
valves: comparison with tricuspid aortic valves

• Observational study of all patients with confirmed BAV and AD from 1980–2010 (n=47), 
compared with a consecutive group with TAV and AD (n= 53, 2005-2010)

RESULTS: Patients with AD and BAV :

- Were younger

- Had less hypertension, more aortic valve 
stenosis and previous AVR

- Larger aortic dimension

- Worse aortic medial degeneration

- High prevalence of aortic coarctation

- 50% of patients with BAV had known aortic 
dilatation prior to AD
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Eleid et al. Heart. 2013; 99: 1668–74

Type-A aortic dissection in patients with bicuspid
valves: comparison with tricuspid aortic valves

61

• Of the 23 patients with BAV with known aortic dilatation, maximal diameters were 
≥55 mm in 5 patients (22%), 50–54 mm in 6 (26%)

53±11 mm 

44±1 mm 

• 7 of 11 patients had significant aorta dilatation at the time of previous AVR (diameter 
≥45 mm and/or ≥moderate aortic dilatation by direct surgical inspection)

CONCLUSION: Implementation of current guidelines could have theoretically 
prevented aortic dissection in several patients with BAV


