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• A 40 year-old woman

• Height: 172 cm/ Weight: 70 kg

• Ascending aortic aneurysm

• She wants to become pregnant (3-year old kid)

• No Marfan syndrome or bicuspid AV

• Younger sister: sudden unexplained death (at 18 years old)

• 2012 (MRI): Valsalva: 42 mm, tubular: 43 mm

• 2013 (MRI): Valsalva: 40 mm, tubular: 45 mm

Clinical case 
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A. Pregnancy is temporarily contra indicated, 
MRI or cardiac CT is needed

B. No contra indication for pregnancy, 
TTE or MRI at 1 year

What would we advise to this woman 
?
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Thoracic aortic aneurysm
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Coady et al. J Thorac Cardiovasc Surg. 1997;113: 476

Thoracic Aortic Aneurysm:
An indolent but virulent process

3 mm/ year
1 mm/ year

Rate of aortic dilatation is 
EXPONENTIAL

• Expansion rate ≈ 2.1 mm/ year for an 
initial diameter of 35-40 mm

• Expansion rate ≈ 5.6 mm/ year for 
aneurysms ≥ 60 mm
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Mechanical properties of human 
ascending aorta : >6 cm is the limit

Exponential relationship between wall stress and aneurysm size 

in ascending aortic aneurysms. 

• Pink columns : 

SBP =100 mm Hg

• Purple columns : 

SBP = 200 mm Hg

• Range of maximum 

tensile strength of the 

human aorta :

800 to 1,000 kPa

Koullias et al. J Thorac Cardiovasc Surg. 2005;130: 677
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Baseline 

characteristics:

• Age: 66 years (9-94)

• Male gender: 60%

• Ascending aorta: 72%

• Marfan syndrome: 9%

• Coarctation excluded

Retrospective analysis of 304 patients, followed up serially with 

thoracic aortic aneurysms at Yale Center for Thoracic Aortic Disease

Davies et al. Ann Thorac Surg. 2002;73: 17-28

Yearly Rupture or Dissection Rates for 
TAA: Simple Prediction Based on Size



www.imm.fr

Aortic diameter > 55 mm is NOT
A good predictor of Type-A aortic dissection

Ascending aorta diameter was:

• <55 mm in 349 patients (59%)

• <50 mm in 229 Pts (40%)

• The group with larger 
diameters (>55 mm)  included 
more patients with Marfan or 
Bicuspid valves (?)

Pape et al. Circulation. 2007;116: 1120-7

Type-A dissection in 591 patients from IRAD (1996-2005, mean age: 61 years)
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Relative aortic size predicts rupture or 
dissection of thoracic aortic aneurysms

Davies et al. Ann Thorac Surg. 2006;81: 169-77

Retrospective study: 410 patients with thoracic aortic aneurysms:
Aortic size index: maximal diameter indexed to BSA (mm/m2) 

= significant predictor of rupture, death, or dissection

28 mm/m2 43 mm/m2

Demographics at baseline:

• Age: 65 years (9-93)

• Male gender: N= 257 (63%)

• BSA: 1.9 m2 (1.1-2.7)

• Hypertension: N= 356 (67%)

• Marfan : N= 23 (6%)
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Davies et al. Ann Thorac Surg. 2006;81: 169-77

Relative aortic size predicts rupture or 
dissection of thoracic aortic aneurysms

NB: Non-Marfan (94%)
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Carlson et al. Circulation. 2012; 126: 2220-26

Aorta enlargement and bicuspid aortic valve
associated with dissection in Turner Σd

• 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

18
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Asymptomatic patients with Marfan Σd: 
Aorta cross-sectional area to height ratio

Svensson et al. J Thorac Cardiovasc Surg. 2002;123: 361

Aortic Cross-sectional area / Height  Ratio can be calculated as: 
Ratio =  π r2 (cm2) / height (m)

Example of a 1,85 m male patient with a 5,0 cm aorta: 
Ratio = 3,14 x (5/2)2 / 1,85 = 10,6

Example of a 1,65 m female patient with a 4,6 cm aorta: 
Ratio = 3,14 x (4,6/2)2 / 1,65 = 10,06

Marfan, Bicuspid AV: Prophylactic surgery advised in case of a 
Ratio > 10 (ACC/AHA 2010; Class IIa) 
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Thoracic aortic aneurysm
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Michelena et al. JAMA. 2011; 306: 1104-13

- 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.

21

Incidence of aortic complications in 
patients with bicuspid aortic valves
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• 732 patients with Marfan’s Σd, followed up for a mean of 6.6 years.
• Systematic β-blockade/Advice about sports activities/Annual FU.
• Prophylactic aortic surgery: maximal aortic diameter ≥ 50 mm. 
• Follow-up: 5 deaths and 2 dissections (Type A).

Aortic events in the Marfan Population :
A cohort study

Jondeau et al. Circulation. 2012;125: 226-32

• The risk of death/ AAD increased
4 times at diameters ≥ 50 mm. 

• Aortic diameter < 50 mm: annual risk 
<0.05% after exclusion of:

1. A neonatal patient

2. A woman who became pregnant 
against our recommendation 

3. A 72-year-old woman with previous 
myocardial infarction.
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Non-syndromic thoracic aortic aneurysm: 
Outcomes vs. bicuspid AV and Marfan Σd

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;67:618–2623
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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

24

Non-syndromic thoracic aortic aneurysm: 
Outcomes vs. bicuspid AV and Marfan Σd
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Thoracic aortic aneurysm
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Aortic dilatation in patients with 
bicuspid aortic valve 

Verma & Siu. N Engl J Med. 2014; 370: 1920-926
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Bicuspid aortic cusp fusion alters 
aorta flow patterns (3D-MRI) 

Mahadevia et al. Circulation. 2014; 129: 673-8227

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
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• 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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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

29

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

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

30

Valve-related hemodynamics mediate
human bicuspid aortopathy
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ESC Guidelines on aortic diseases. Eur Heart J. 2014; 35: 2873-926

RECOMMENDATIONS Class LOE

Surgery is indicated in patients with Marfan’s syndrome and aortic 
root aneurysm with maximal aortic diameter >50 mm.

I C

Surgery should be considered in patients with aortic root aneurysm, 
and maximal ascending aortic diameters:
• > 45 mm for patients with Marfan’s syndrome AND risk factors
• > 50 mm for patients with a bicuspid valve AND risk factors
• > 55 mm for other patients with no elastopathy

IIa C

Lower thresholds for intervention may be considered in patients of 
small stature* or in case of rapid progression, aortic valve 
regurgitation, planned pregnancy and patient’s preference.

IIb C

Indications for intervention on 
aneurysms of the ascending aorta

* in patients with Turner syndrome, an indexed aortic diameter of 27.5 mm/m2

should be considered 
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RISK FACTORS:

Marfan + BAV: Family history of dissection, Increase in aortic diameter >2 (5) mm/year

Marfan: Severe AR/ MR, Desire of pregnancy

BAV: Coarctation of the aorta, Systemic hypertension
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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 
greater than 4.5 cm. (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.

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

Bicuspid aortic valves: 
Indications for surgery



www.imm.fr

Thoracic aortic aneurysm
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Transesophageal Echo:
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Transesophageal Echo:
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Cardiac CT scan 
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47 mm

Cardiac CT scan 
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Svensson et al. Circulation. 1999; 99: 1331-6

- Class 1: Classic aortic dissection: 
flap between true/ false lumen

- Class 2: Intramural hematoma

- Class 3: Limited intimal tear: 
eccentric bulge at tear site

- Class 4: Penetrating atherosclerotic 
ulcer

- Class 5: Iatrogenic/ traumatic 
dissection

Intimal tear without hematoma:
An Important Variant of Aortic Dissection That Can Elude Current
Imaging Techniques
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Clinical case: conclusion
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Take-Home Messages

• Current Guidelines: prophylactic surgery for proximal aortic 
aneurysm >55 mm to prevent acute aortic dissection or rupture 

• Indexed cutoff values are currently not clear 

• Additional risk factors are crucial for considering earlier surgery:

- For any patient: Family history of AAD/ aortic rupture, 
Rapid aorta growth (≥4-5 mm/ year)

- Bicuspid AV: Hypertension, coarctation (EU)

- Marfan syndrome: surgery if aortic root >50 mm; 
>45 mm if desire of pregnancy, significant AR or  MR; consider 

surgery if aorta cross-sectional area/height ratio >10 

- Turner syndrome: surgery if proximal aorta > 25 mm/m2
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Management of pregnant women with 
bicuspid aortopathy

Verma & Siu. N Engl J Med. 2014; 370: 1920-9

Before pregnancy

• Women with a bicuspid aortic valve should undergo imaging of 
the entire aorta before pregnancy

• Women with proximal aorta dimension >45 mm should be 
advised against pregnancy

• Women with mildly dilated proximal aorta (40-45 mm) likely 
represent an intermediate risk group for which pregnancy is 
relatively contraindicated and who will require close medical 
surveillance during pregnancy
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Management of pregnant women with 
bicuspid aortopathy

Before pregnancy (2)

• Threshold for surgery prior to pregnancy is similar to that of 
the general population of individuals with bicuspid aortopathy
without concomitant valve dysfunction (50-55 mm) 

• Body surface area should be taken into account in small 
women. 

• Indexed aortic diameter has been proposed for pre-pregnancy 
surgical consideration but the suggested threshold was 
extrapolated from women with Turner’s syndrome 
(i.e. 25-27 mm/m2)

Verma & Siu. N Engl J Med. 2014; 370: 1920-9
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Antepartum and Peripartum

• Women with a dilated aorta should have strict blood pressure 
control

• Repeated echocardiographic imaging every 4–12 weeks during 
pregnancy should be performed in women with bicuspid 
aortopathy

• MRI (without gadolinium) is recommended if there is an 
indication for imaging of distal ascending aorta, aortic arch or 
descending aorta during pregnancy

Management of pregnant women with 
bicuspid aortopathy

Verma & Siu. N Engl J Med. 2014; 370: 1920-9
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Antepartum and Peripartum (2)

• Beta adrenergic blockers, to reduce shear stress on the aorta, 
may be considered during pregnancy in women with dilated 
aorta

• Women with bicuspid aortopathy or history of dissection 
should deliver in a centre where cardiothoracic surgery is 
available

• Cesarean delivery should be considered for aorta > 45 mm

• For women with aorta < 40 mm, Cesarean delivery is reserved 
for obstetric or fetal indications

Management of pregnant women with 
bicuspid aortopathy

Verma & Siu. N Engl J Med. 2014; 370: 1920-9


