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Table 1. ACC/AHA 2022 GL on Aortic Disease. TAA Syndromes and Conditions 
Attributable to a Heritable or Genetic Cause 
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Table 2. ESC 2024 Guidelines on Aortic and Peripheral Diseases.  
 
Recommendations for the management of patients with heritable thoracic aortic disease 
 

 
 
HTAD, heritable thoracic aortic disease. 
 
Recommendations for genetic testing and aortic screening in aortic disease 
 

 

 
 
CCT, cardiovascular computed tomography; CMR, cardiovascular magnetic resonance; FDR, first-degree relative; 
HTAD, heritable thoracic aortic disease; TAD, thoracic aortic disease; TTE, transthoracic echocardiography.  
 
d CMR/CCT may be indicated if the aortic root/ascending aorta cannot be visualized adequately.  
e  Parents, siblings, children. 
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Figure 1. ESC 2024 Guidelines on Aortic and Peripheral Diseases. Algorithm for genetic 
and imaging screening in patients with thoracic aortic disease.  
CCT, cardiovascular computed tomography; CMR, cardiovascular magnetic resonance; FDR, first-
degree relative; HTAD, heritable thoracic aortic disease; HTN, arterial hypertension; TAD, thoracic 
aortic disease; TTE, transthoracic echocardiography; VUS, variant of uncertain significance.  
a mainly by TTE, but also consider CMR or CCT if the aortic root/ascending aorta are not properly 
visualized. 
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Table 3. Revised Ghent Criteria 
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Table 4. Imaging in Marfan Syndrome 
 
ACC/AHA 2022 GL on Aortic Disease. Diagnostic and Surveillance Aortic Imaging in 
Marfan Syndrome 

Initial Diagnosis and Surveillance Imaging 
 
In patients with Marfan syndrome, a TTE at the time of initial diagnosis, to determine I C-EO 
the diameters of the aortic root and ascending aorta, and 6 months thereafter,  to determine  
the rate of aortic growth; annual surveillance TTE if the aortic diameters are stable; CT or MRI of the 
thoracic aorta if the aortic root, ascending aorta, or both are not adequately visualized on TTE. 
 
In adults with Marfan syndrome, after the initial TTE, CT or MRI of the thoracic aorta  IIa C-EO 
to confirm the aortic diameters and assess the remainder of the thoracic aorta. 

 
Imaging After Aortic Root Replacement 

In patients with Marfan syndrome who have undergone aortic root replacement,   I C-LD 
surveillance imaging of the thoracic aorta by MRI (or CT) to evaluate for distal TAD,  
initially annually and then, if normal in diameter and unchanged after 2 years, every other year. 
 
In patients with Marfan syndrome who have undergone aortic root replacement,   IIa C-LD 
surveillance imaging every 3 to 5 years for potential AAA. 
 

 

ESC 2024 Guidelines on Aortic and Peripheral Diseases. Recommendations for vascular 
imaging in Marfan syndrome 
 

 
 
CCT, cardiovascular computed tomography; CMR, cardiovascular magnetic resonance; DUS, duplex 
ultrasound; MFS, Marfan syndrome; TTE, transthoracic echocardiography.  
 
c Risk factors: aortic root diameter >_40 to ≤45 mm and family history of aortic dissection at small 
aortic dimensions (i.e. <_50 mm); resistant hypertension (hypertension persisting notwithstanding three 
or more antihypertensive medications prescribed by a physician with experience in hypertension 
treatment); and rapid growth of the aorta (annualized growth rate ≥3 mm or more in adults). 
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Figure 2. ESC 2024 Guidelines on Aortic and Peripheral Diseases. Algorithm for imaging 
surveillance in patients with syndromic and non-syndromic heritable thoracic aortic disease.  
a Pre-surgical CCT.  
b See respective tables of recommendations for aortic surgery in Marfan and Loeys-Dietz syndrome 
 
CCT, cardiovascular computed tomography; CMR, cardiovascular magnetic resonance; DUS, duplex ultrasound; 
HTAD, heritable thoracic aortic disease; SMC, smooth muscle cell; TTE, transthoracic echocardiography.  
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Table 5. Medical Therapy of Marfan Syndrome 
 
ACC/AHA 2022 GL on Aortic Disease. Medical Therapy in Marfan Syndrome 
 
Treatment with either a beta blocker or an ARB, in maximally tolerated   I A 
doses (unless contraindicated), to reduce the rate of aortic dilation. 
 
Use of both a beta blocker and an ARB, in maximally tolerated   IIa C-LD 
doses (unless contraindicated), to reduce the rate of aortic dilation 
 
ESC 2024 Guidelines on Aortic and Peripheral Diseases. Recommendations for medical 
treatment in Marfan syndrome 
 

 
ARB, angiotensin receptor blocker; BB, beta-blocker; MFS, Marfan syndrome 
 
 
 
Table 6. Surgery in Marfan Symdrome 
 
ACC/AHA 2022 GL on Aortic Disease. Marfan Syndrome Interventions: Replacement of the 
Aortic Root in Patients With Marfan Syndrome 
 
In aortic root diameter of >=5.0 cm, surgery to replace the aortic root and ascending aorta I B-NR 
 
In aortic root diameter of >=4.5 cm, and features associated with an   IIa B-NR 
increased risk of aortic dissection, surgery to replace the aortic root and ascending aorta, 
when performed by experienced surgeons in a Multidisciplinary Aortic Team 
 
In maximal cross-sectional aortic root area (cm2) to patient height (m) ratio of >=10,  IIa C-LD 
surgery to replace the aortic root and ascending aorta, when performed by 
experienced surgeons in a Multidisciplinary Aortic Team. 
 
In aortic diameter approaching surgical threshold, who are candidates   IIb C-LD 
for valve-sparing root replacement (VSRR) and have a very low surgical risk, surgery to replace 
the aortic root and ascending aorta, when performed by experienced surgeons in a 
Multidisciplinary Aortic Team. 
 
Features Associated With Increased Risk of Aortic Complications in Marfan Syndrome 
 
Family history of aortic dissection 
Rapid aortic growth (>=0.3 cm/y) 
Diffuse aortic root and ascending aortic dilation 
Marked vertebral arterial tortuosity 
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Replacement of Primary (Nondissected) Aneurysms of the Aortic Arch, Descending, and 
Abdominal Aorta in Patients With Marfan Syndrome 
 
In a nondissected aneurysm of the aortic arch, descending thoracic   IIa C-LD 
aorta, or abdominal aorta of >=5.0 cm, surgical intervention to replace the aneurysmal segment. 
 
 
 
 
ESC 2024 Guidelines on Aortic and Peripheral Diseases Recommendations for aortic 
surgery in Marfan syndrome 
 

 
 
HTAD, heritable thoracic aortic disease; MFS, Marfan syndrome.  
c Family history of aortic dissection at small aortic dimensions (i.e. <_50 mm); resistant hypertension 
(hypertension persisting notwithstanding three or more antihypertensive medications prescribed by a 
physician with experience in hypertension treatment); and rapid growth of the aorta (annualized growth 
rate ≥3 mm or more in adults). 
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Table 7. ESC 2024 Guidelines on Aortic and Peripheral Diseases Recommendations for 
pregnancy in women with Marfan syndrome 
 

 
 
ARBs, angiotensin receptor blockers; BBs, beta-blockers; CCT, cardiovascular computed tomography; CMR, 
cardiovascular magnetic resonance; CV, cardiovascular; HTAD, heritable thoracic aortic disease; MFS, Marfan 
syndrome. 
 
 
 
 
Table 8. ESC 2024 Guidelines on Aortic and Peripheral Diseases Recommendations for 
physical exercise in patients with Marfan syndrome  
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Table 9. Imaging in Loeys-Dietz Syndrome 
 
ACC/AHA 2022 GL on Aortic Disease. Imaging in Loeys-Dietz Syndrome 
 
A baseline TTE is recommended to determine the diameters of the   I C-EO 
aortic root and ascending aorta, and 6 months thereafter to determine the rate of aortic growth;  
if the aortic diameters are stable, annual surveillance TTE. 
 
In a dilated or dissected aorta and/or arterial branches at baseline, annual surveillance I C-EO 
 imaging of the affected aorta and arteries with MRI or CT. 
 
A baseline MRI or CT from head to pelvis to evaluate the entire aorta and its branches I C-EO 
for aneurysm, dissection, and tortuosity.1 
 
In patients  without dilation of the aorta distal to the aortic root or ascending  IIa C-EO 
aorta and without dilated or dissected arterial branches, surveillance imaging from chest to pelvis with 
MRI (or CT) every 2 years, but imaging may be more frequent depending on family history. 
 
In patients without dilation of the cerebral arteries on initial screening, periodic  IIa C-EO 
imaging surveillance for cerebral aneurysms with MRI or CT every 2 to 3 years. 
 
 
ESC 2024 Guidelines on Aortic and Peripheral Diseases. Recommendations for imaging 
follow-up in Loeys-Dietz syndrome 
 
 

 
 
CCT, cardiovascular computed tomography; CMR, cardiovascular magnetic resonance; DUS, duplex ultrasound; 
TTE, transthoracic echocardiography.  
c More frequent imaging if aortic root/ascending diameter >_42 mm and aortic growth rate ≥3 mm per 
year. 
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Table 10. Therapy of Loeys-Dietz Syndrome 
 
ACC/AHA 2022 GL on Aortic Disease.  
 
Medical Therapy in Loeys-Dietz Syndrome 
 
Treatment with a beta blocker or an ARB (unless contraindicated),   IIa C-EO 
or both, in maximally tolerated doses. 
 
Replacement of the Aorta in Patients With Loeys-Dietz Syndrome 
 
In patients with aortic dilation, the surgical threshold for prophylactic aortic  I C-LD 
root and ascending aortic replacement should be informed by the specific genetic variant,  
aortic diameter, aortic growth rate, extra-aortic features, family history, patient age and sex,  
and physician and patient preferences. 
 
In Loeys-Dietz syndrome attributable to a pathogenic variant in TGFBR1, TGFBR2,  IIb C-EO 
or SMAD3, surgery to replace the intact aortic arch, descending aorta,  
or abdominal aorta at a diameter of >=4.5 cm, with the specific genetic variant, patient age, aortic 
growth rate, family history, presence of high-risk features, and surgical risk informing the decision. 
 
Surgical Thresholds for Prophylactic Aortic Root and Ascending Aortic Replacement in Loeys-
Dietz Syndrome Based on Genetic Variant 
 
Genetic Variant   Presence of High-Risk Features*  Aortic Diameter (cm) COR 
TGFBR1   No     >=4.5   I C-LD 
TGFBR2   No     >=4.5   I C-LD 
TGFBR1   Yes     >=4.0   IIb C-EO 
TGFBR2   Yes     >=4.0   IIa C-LD 
SMAD3   –     >=4.5†   IIa C-EO 
TGFB2‡   –     >=4.5†   IIb C-EO 
TGFB3   –     >=5.0†   IIb C-EO 
 
*Aortic surgery may be recommended at smaller aortic diameters in Loeys-Dietz syndrome attributable 
to TGFBR1 and TGFBR2 pathogenic variants when there are features that associate with a higher risk 
of aortic dissection, including: certain specific pathogenic variants; women with TGFBR2 and small 
body size; severe extra-aortic features (ie, craniosynostosis, cleft palate, hypertelorism, bifid uvula, 
marked arterial tortuosity, widened scars, and translucent skin); family history of aortic dissection 
(especially at young age or relatively small aortic diameter); and aortic growth rate >0.3 cm/y. 
†Family history, age, and aortic growth rate also inform surgical thresholds. 
‡Pathogenic variants in the TGFB2 gene are different than variants in the TGFBR2 gene. 
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ESC 2024 Guidelines on Aortic and Peripheral Diseases. Recommendations for aortic 
root surgery in Loeys-Dietz syndrome 
 

 
 
cHigh-risk features include certain specific pathogenic variants; women with TGFBR2 variants and 
small body size; severe extra-aortic features; family history of aortic dissection (especially at young 
age or relatively small aortic diameter); and aortic growth rate ≥3 mm per year.  
 
 
 
 
 
 
 
 

 
 
Figure 3. ESC 2024 Guidelines on Aortic and Peripheral Diseases. Suggested thresholds 
for prophylactic aortic root/ascending replacement in Loeys–Dietz syndrome. 
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Table 11. ESC 2024 Guidelines on Aortic and Peripheral Diseases.  
Recommendations for medical treatment in patients with vascular Ehlers-Danlos 
syndrome 
 

 
 
 
Table 12. ACC/AHA 2022 GL on Aortic Disease. Surgical Thresholds for Prophylactic 
Aortic Root and Ascending Aortic Replacement in Nonsyndromic Heritable Thoracic 
Aortic Disease Based on the Genetic Variant and Additional Risk Factors for Aortic 
Dissection 
 
Genetic Variant    Risk Factors  Aortic Diameter (cm) COR 
ACTA2     No   >=4.5   IIa C-LD 
ACTA2     Yes†   >=4.2   IIb C-EO 
PRKG1     No   >=4.2   IIb C-LD 
PRKG1     Yes†   >=4.0†   IIb C-EO 
 
*Patient has risk factors for aortic dissection (family history of type A aortic dissection with minimal aortic 
enlargement, aortic growth rate >=0.3 cm/y) or significant valve disease requiring surgery. 
†Earlier surgery may be considered in patients with a family history of type A aortic dissection in the setting of no 
or minimal aortic dilation, aortic growth rate $0.3 cm/y, or at the patient’s request. 
 
 
Table 13. ACC/AHA 2022 GL on Aortic Disease. Surgical Considerations for 
Nonsyndromic Heritable TAA and No Identified Genetic Cause  
 
In asymptomatic patients with aneurysms of the aortic root or ascending aorta   I C-LD 
with nonsyndromic heritable thoracic aortic disease (nsHTAD) and no identified genetic  
cause, determining the timing of surgical repair requires shared decision-making  
and is informed by known aortic diameters at the time of aortic dissection, TAA repair,  
or both in affected family members. 
 
In asymptomatic patients with aneurysms of the aortic root or ascending aorta   I C-LD 
with nsHTAD and no identified genetic cause but no information on aortic diameters  
at the time of dissection or aneurysm repair in affected family members and who have  
no high-risk features for adverse aortic events, repair the aorta when the maximal diameter  
reaches >=5.0 cm. 
 
In patients with aneurysms of the aortic root or ascending aorta with nsHTAD   IIa C-LD 
and no identified genetic cause and a maximal aortic diameter of >=4.5 cm, who have  
high-risk features for adverse aortic events, or who are undergoing cardiac surgery  
for other indications, aortic repair when performed by experienced surgeons  
in a Multidisciplinary Aortic Team. 
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Table 14. ESC 2024 Guidelines on Aortic and Peripheral Diseases. Recommendations 
for imaging and surgery in ACTA2-related heritable thoracic aortic disease 
 

 
 
CCT, cardiovascular computed tomography; CMR, cardiovascular magnetic resonance; TTE, transthoracic 
echocardiography.  
c Risk factors for aortic dissection: family history of dissection with no or minimal dilatation or young 
age; rapid growth ≥3 mm per year. 
 


