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Aortic root dilatation

• Aortic coarctation: BAV, syndromes

• Marfan S. and collagenopathies

• BAV

• Conotruncal anomalies: DORV, TGA, ToF, TA

• Single ventricle: Fontan, Norwood
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Hemodynamic causes: 
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The earlier the 
correction
The lower the incidence
of aortic dilatation



Natural history of aortic root dilatation in ToF
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Sengupta A. Natural history of aortic root dilatation an pathologic aortic regurgitation in tetralogy of Fallot and its morphological variants. JTCVS 2023: in press

Incidence of dilatation > 30%
9 % of significant dilatation
Progression is rare



Histologic/Genetic causes:

• Increased aortic stiffness

• Decreased distensibility

• Focal loss of smooth muscle cells in the tunica media

• Increased mucoid accumulation

• Fragmentation and disruption of elastic lamellae

• 22q11.2

• 14q23 (found both in BAV and HLHS)

• FBN1
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Niwa K Aortic dilatation in complex congenital heart disease Cardiovasc Diagn Ther 2018; 8(6): 725-738
Francois K Aortopathy associated with congenital heart disease: A current literature review Ann Pediatr Cardiol 2015;8(1):25-36

Timing could mitigate the histologic derangement as elastin
deposition occurs in the first days after birth

Grade of disruption of elastic fibers



Geometric causes: 

• Ventriculoarterial
angular geometry

• Left ventricular systolic
vorticity and 
supraphysiologic elical
flow contribute to 
aortopathy
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Schafer M Increased systolic vorticity in the left vetricular outflow tract is associated with abnormal aortic flow formations in tetralogy of Fallot. Int J Cardiovasc Imaging 2020; 36:691-700



Indications: 

• > 45 concomitant surgery on Ao valve

• > 45-50 mm Loeys-Dietz

• > 50 mm family history of aneurysm-dissection/ Marfan Syndrome

• > 50 mm and rapid aortic growth

• > 55 mm asymptomatic

•ACHD?
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Risk of aortic rupture: 

• 37 million admissions

• 12.000 dissections

• 6 with conotruncal disease

• OR: 1,2-1,7 (Marfan 92,9; BAV 10,4)
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Frischertz BP Thoracic aortic dissection and rupture in conotruncal cardiac defects: A population-based study



Indications in ACHD

• > 5,5 cm

• Concomitant surgery: residual VSD, Conduit replacement, AR

• AR: 4+ 
• symptomatic

• asymptomatic LV EF <50%

• Concomitant surgery on the aorta or other valves

• > 27,5 mm/m2 (?)
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Type of operation

• Valve sparing: 
• Visualization of the aortic root and anatomy are different

from normal heart
• In presence of right sided conduit, the mobilization of the 

coronary arteries could be difficult
• Presence of aortic valve regurgitation more than moderate
• Lenght of cross clamp

• Bentall: 
• Mechanical: first choice in pts who

already had multiple sternotomies
• Biological: first choice in childbearing

age, controindications to warfarin
• Homograft: endocarditis
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Bentall
operation
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Plan the re-entry: 

• CT – MRI:

• Distance of Ao and PA/conduit from the
sternum

• Coronary arteries: 15% of ToF pts and
30% of TGA pts have anomalous pattern
of the coronary arteries

• Single ventricle volume/function

• MRI could suffer artifacts

• Periferal vessels doppler

• Echo: residual defects (VSD, PV, tunnel,
LPA/MPA…)

• Check for AR: need for LV venting

• Echo contrast: check for residual L-R shunt
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Bentall in ToF: 

• Dilated more in the root. Aortic arch
is normal

• Aorta is behind the sternum

• Anomalies of the coronary arteries 
are frequent (15%)

12° Annual Multimodality Cardiovascular Imaging for the 
Clinician

Dearani JA Management of the aortic root in adult patients with conotruncal anomalies Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann 2009;12:122-129
Francois K Aortopathy associated with congenital heart disease: A current literature review Ann Pediatr Cardiol 2015;8(1):25-36



Bentall in TGA: 

• Dilatation is present in 50-60% of pts

• Dilated more at the sinus level.  Aortic arch is normal

• Progression of AR over time is slow. Freedom from aortic
root reoperation is 95% at 25 yrs

• Risk factors: previous PAB, VSD; age at op > 1 yr

• Pulmonary artery is behind the sternum

• CT is mandatory to assess distance of PA from the 
sternum and to check coronary arteries

• Coronary arteries are side by side
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Dearani JA Management of the aortic root in adult patients with conotruncal anomalies Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann 2009;12:122-129
Francois K Aortopathy associated with congenital heart disease: A current literature review Ann Pediatr Cardiol 2015;8(1):25-36
Angeli E Late reoperations after neonatal arterial switch operation for transposition of the great arteries Eur J Thorac Surg 2008;34:32-36



Bentall in TGA: 
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Dearani JA Management of the aortic root in adult patients with conotruncal anomalies Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann 2009;12:122-129
Francois K Aortopathy associated with congenital heart disease: A current literature review Ann Pediatr Cardiol 2015;8(1):25-36
Angeli E Late reoperations after neonatal arterial switch operation for transposition of the great arteries Eur J Thorac Surg 2008;34:32-36



Bentall in TA: 

• Conduit is behind the sternum

• Harvesting of the coronary
ostia could be difficult

• Calcification of the aorta

• Pathological pulmonary
arteries

• Often it is a twin root
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Dearani JA Management of the aortic root in adult patients with conotruncal anomalies Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann 2009;12:122-129
Francois K Aortopathy associated with congenital heart disease: A current literature review Ann Pediatr Cardiol 2015;8(1):25-36



Bentall in DORV: 

• Conduit could be behind the sternum

• Orientation of the aortic anular plane is different 
from normal

• Valve sparing is demanding due to different 
orientation of the aortic root
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Dearani JA Management of the aortic root in adult patients with conotruncal anomalies Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann 2009;12:122-129
Francois K Aortopathy associated with congenital heart disease: A current literature review Ann Pediatr Cardiol 2015;8(1):25-36



Bentall in UVH (Fontan/Norwood): 

• After Fontan: dilatation of the root, normal descending aorta  
• >90% of Fontan pts with z-score > than 2 after 10 yrs

• After Norwood: dilatation of both ascending and descending aorta
• ¼ pts with AR after 1 yr F-up, rare increase to more than mild

• Minimize cross clamp time
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Dearani JA Management of the aortic root in adult patients with conotruncal anomalies Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann 2009;12:122-129
Francois K Aortopathy associated with congenital heart disease: A current literature review Ann Pediatr Cardiol 2015;8(1):25-36



Focus on Aortic Root:

• Enlarged aortic root is a common finding in CHD and is multifactorial

• Risk of dissection is rare but described for diameter > 60 mm

• Bentall should be considered if there is need for concomitant surgery

• Re-entry should be carefully planned

• Carefully inspection for residual defects
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Aortic Valve: 

• The bicuspid aortic valve: most common 
congenital anomaly

• Aortic valve regurgitation in conotruncal anomalies

• Congenital aortic stenosis

• Quadricuspid aortic valve in truncus

12° Annual Multimodality Cardiovascular Imaging for the 
Clinician



Aortic Valve: 

• The bicuspid aortic valve: most common 
congenital anomaly

• Aortic valve regurgitation in conotruncal anomalies
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Sievers 
Classification 
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Fused BAV

• Three sinus of Valsalva

• 2 cusps

• 2 commissures

• Raphe  common, visible 
or not
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Fused BAV
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Orientation of the commissures 
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• 2 sinuses

• 2 cusps

• 2 commissures

• Raphe: no

2 sinus BAV



Partial 
Fused BAV
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• Three sinus of Valsalva

• 3 cusps

• 3 commissures (1 

fused < 50%)

• Raphe: small/mini



Continuum….
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Functional classification 
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Why repair?
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Bouhout I. Semin Thorac Cardiovasc Surg Pediatr Card Surg Ann 2022:25:28-37



Trends of 
aortic valve 
surgery
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Raphe plication 
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Petterson GB JACC 2008; 52:40-9



Asymmetric
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Plication  
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Raphe resection 
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Resection  
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Very asymmetric aortic valve
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Tricuspidalization 
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Partial fused: Very asymmetric 
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Results after long-term
aortic valve repair

Schneider U Long-term results of differentiated anatomic reconstruction of bicuspid aortic valves JAMA Cardiol 2020;5(12):1366-1373
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Impact of an anatomic approach on results:

Schneider U Long-term results of differentiated anatomic reconstruction of bicuspid aortic valves JAMA Cardiol 2020;5(12):1366-1373
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Risk factors

Schneider U Long-term results of differentiated anatomic reconstruction of bicuspid aortic valves JAMA Cardiol 2020;5(12):1366-1373



Results according to 
surgical performance 
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Sengupta A. Ann Thorac Surg 2023; 115:159-65

507 pts
Early deaths 4,3%



Results according to surgical performance
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Sengupta A. Ann Thorac Surg 2023; 115:159-65



Conclusions

• AV repair is a viable option 

• AV repair performs better when foreign material is avoided, although 
foreign material may provide better immediate results

• Foreign material is unavoidable under certain circumstances

• Poor quality of leaflet tissue is a risk factor for poor outcome

• A suboptimal result should be fixed immediately 
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