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Summary

The goals of this overview on heritable thoracic aortic aneurysms and dissections (shortened in this GeneReview
to heritable thoracic aortic disease [HTAD]) are the following.

Goal 1

Define the clinical characteristics of thoracic aortic disease.

Goal 2
Review the causes of HTAD.

Goal 3

Provide a strategy for evaluation and genetic risk assessment for HTAD in a proband.

Goal 4

Review management recommendations for individuals with HTAD.

Goal 5

Inform genetic counseling and risk assessment in family members of a proband with HTAD.

1. Clinical Characteristics of Thoracic Aortic Disease

Thoracic aortic disease refers to thoracic aortic aneurysms and aortic dissections for the purpose of this
GeneReview.
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A thoracic aortic aneurysm is a permanent, localized enlargement of the thoracic aorta. Thoracic aortic
aneurysms may involve different thoracic aortic segments; this review focuses on aneurysms involving the aortic
root and/or ascending aorta (see Figure 1).

To evaluate for a thoracic aortic aneurysm, the aortic diameter is measured (perpendicular to the axis of blood
flow) by echocardiography, CT, or MRI at reproducible anatomic locations. Measurements of aortic diameters
obtained from transthoracic echocardiography tend to be smaller than measurements obtained from CT or MRI
[Asch et al 2016]. The echocardiography convention for assessment of aortic root and ascending aortic diameters
has been to measure leading edge to leading edge in end-diastole [Evangelista et al 2010]. Recent data indicate
that measurements (using this convention) assessed by two-dimensional transthoracic echocardiography
accurately correlate with internal diameters assessed by multidetector CT or MRI [Rodriguez-Palomares et al
2016].

Nomograms and z scores based on reference values for aortic root and ascending aortic diameters that account
for biologic sex normalized to body surface area (aortic size index) are commonly used in the pediatric
population to interpret clinically significant aortic dilatation in a growing child, but can also be applied to adults
[Devereux et al 2012, Campens et al 2014]. Caution should be used when interpreting absolute aortic diameters
in individuals with body size that differs significantly from the population mean. In these instances, normalizing
aortic diameters to body surface area (aortic size index) and/or height may be more appropriate [Davies et al
2006, Zafar et al 2018].

An aortic dissection is defined as a tear in the intimal (innermost) layer of the aorta; blood flows from the
lumen of the aorta and enters the inner wall separating the intima and media layers of the aortic wall.

Aortic dissections are most commonly classified using Stanford and Debakey criteria. The Stanford system
categorizes dissections based on the involvement of the ascending aorta. A newer classification system was
proposed in 2020 to define aortic dissections in greater detail based on the location of entry tear and extent of
dissection [Isselbacher et al 2022].

« Stanford type A dissections (Figure 2a, 2b) involve the ascending aorta and typically originate at the
junction between the root and ascending aorta. Type A dissections may or may not extend into the arch
and descending thoracic aorta. In type A dissections blood within the aortic wall can either flow distally,
up the ascending aorta (anterograde dissection), or back toward the aortic root (retrograde dissection).

« Stanford type B dissections (Figure 2c) do not involve the ascending aorta. Most often tears originate at
the beginning of the descending thoracic aorta, just distal to the left subclavian artery, and propagate
variable distances to the descending thoracic and abdominal aorta.

Natural history

« Thoracic aortic aneurysms of the aortic root and ascending aorta are usually asymptomatic and enlarge
over time. When undiagnosed these aneurysms can lead to life-threatening acute type A aortic
dissections.

« The mortality rate for elective surgical repair of ascending aortic aneurysms at tertiary centers that
routinely do these procedures is substantially lower than emergent surgery for a type A dissection [Olsson
et al 2007].

« Although aneurysms involving the ascending aorta often precede type A dissections, aortic dissection can
occur in the absence of aortic enlargement. Data from the International Registry of Acute Aortic
Dissection (IRAD) showed that up to 60% of individuals with acute type A dissections present with aortic
diameters smaller than 5.5 cm [Pape et al 2007].

« Historically, the mortality rate associated with acute type A dissections was reported to be 1%-2% per
hour, with the highest risk of sudden death in the first 48 hours after symptom onset [Olsson et al 2007].
More recent studies report a lower mortality rate in individuals presenting to a tertiary care center for
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dissection repair [Harris et al 2022]. The majority of deaths in non-hospitalized individuals are due to
blood dissecting retrograde and rupturing into the pericardial sac, causing pericardial tamponade
[Prakash et al 2011, Huynh et al 2019].

» Type B aortic dissections are associated with lower mortality rates compared with type A dissections, but
still confer significant risk for short and long-term clinical complications [Hysa et al 2021].

2. Causes of Heritable Thoracic Aortic Disease

A diagnosis of heritable thoracic aortic disease (HTAD) can be established in an individual with any of the
following: (1) a highly penetrant pathogenic variant(s) in a known HTAD gene (see Table 1); (2) thoracic aortic
disease and one or more additional family member(s) with thoracic aortic disease; or (3) thoracic aortic disease
with specific clinical features of a syndrome associated with thoracic aortic disease (e.g., Marfan syndrome,
Loeys-Dietz syndrome).

A genetic cause of HTAD is identified in the majority of individuals with a clinical diagnosis of Marfan
syndrome or Loeys-Dietz syndrome. However, a genetic cause of HTAD is identified in only approximately
20%-30% of individuals with a family history of thoracic aortic disease who do not have syndromic
manifestations [Robertson et al 2016, Hicks et al 2018, Raunse et al 2020].

Known causes of HTAD. The Clinical Genome Resource (ClinGen) HTAD Gene Curation Expert Panel
identified 11 genes with a definitive or strong HTAD association (see Table 1) [Renard et al 2018]. Additional
genes were determined to have moderate or limited HTAD association (see Table 1), or uncertain associations
with HTAD (see Table 2); classification may change as new evidence emerges. Variable expression is common
with respect to age of disease onset and presentation (e.g., type A vs type B dissection, aneurysms confined to
aortic root vs involvement of ascending aorta). Penetrance of thoracic aortic disease is reduced, particularly in
women. In addition, other cardiovascular manifestations have been reported in individuals and families with
various genetic causes of HTAD (see Table 1).


https://www.ncbi.nlm.nih.gov/books/n/gene/marfan/
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Figure 1. Thoracic aortic aneurysms involving the aortic root (a) and the ascending aorta (b)

Printed with permission from Baylor College of Medicine, Copyright 2016
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Figure 2. Thoracic aortic dissections: Type A (a and b) and Type B (c)

Printed with permission from Baylor College of Medicine, Copyright 2016

Table 1. Genes Associated with Heritable Thoracic Aortic Disease

ClinGen

1 .
Gene MOI Classification 2 Phenotype(s) Other Cardiovascular Features
« Nonsyndromic HTAD 3 PDA, moyamoya-like
ACTA2 AD Definitive o Smooth muscle dysfunction cerebrovascular disease, early-
syndrome (OMIM 613834) onset coronary artery disease
COL3A1 AD Definitive Vascular Ehlers-Danlos syndrome Dissection, rupture, &aneurysms
throughout arterial tree
. o Marfan syndrome Mitral valve disease, arterial
FBNI AD Definitive « Nonsyndromic HTAD 3 tortuosity
MYHI11 AD Definitive Nonsyndromic HTAD 3 PDA 4

MYLK AD Definitive Nonsyndromic HTAD 3


https://omim.org/entry/613834
https://www.ncbi.nlm.nih.gov/books/n/gene/eds4/
https://www.ncbi.nlm.nih.gov/books/n/gene/marfan/
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Table 1. continued from previous page.

Gene ! MOI
SMAD3

TGFB2

TGFBR1 AD
TGFBR2

LOX AD
PRKGI AD
EFEMP2 AR
FOXE3 AD
MFAP5 AD
SMAD?2 AD
BGN XL
CBS AR
COL4A5 XL
ELN AD
FBN2 AD
FLNA XL
HCN4 AD
NOTCH1 AD
MAT2A AD
PKDI

PKD2 AD
SKI AD
SLC2A10 AR
SMAD4 AD

ClinGen

Classification 2

Definitive

Strong

Strong

Moderate

Moderate

Moderate

Moderate

Limited

Limited

Limited

Limited

Limited

Limited

Limited

Limited

Limited

Limited

Limited

Limited

Limited

Phenotype(s)

+ Loeys-Dietz syndrome
« Nonsyndromic HTAD 3

Nonsyndromic HTAD 3

Nonsyndromic HTAD 3

EFEMP2-related cutis laxa

Nonsyndromic HTAD 7

Undefined 7

« Loeys-Dietz syndrome 8
« Nonsyndromic HTAD 3

Meester-Loeys syndrome (OMIM

300989)

Homocystinuria

Alport syndrome

ELN-related cutis laxa

Congenital contractural
arachnodactyly

FLNA deficiency °

Sick sinus syndrome (OMIM
163800)

Aortic valve disease (OMIM 109730)

Nonsyndromic HTAD 4
Polycystic kidney disease
Shprintzen-Goldberg syndrome

Arterial tortuosity syndrome

Juvenile polyposis syndrome

Other Cardiovascular Features

Aneurysms & dissections
throughout arterial tree, cardiac
valve disease, arterial tortuosity

Aneurysms & dissections

reported in other arteries

Coronary artery aneurysm &
dissection reported

Arterial tortuosity, stenosis of
pulmonary arteries & aortic
isthmus

Atrial fibrillation, mitral valve
prolapse

Aneurysms & dissections
throughout arterial tree, cardiac
valve disease, arterial tortuosity

Cardiac valve disease

Thromboembolism; diagnosis
primarily based on nonvascular
features

Abdominal aortic aneurysms;
diagnosis primarily based on
nonvascular features

PDA, other congenital cardiac
defects, thoracic aortic disease

Arrhythmia, cardiomyopathy

BAV
BAV 4

Intracranial aneurysms, thoracic
aortic disease; diagnosis primarily
based on nonvascular features

Mitral valve disease

Arterial tortuosity, stenosis of
pulmonary artery, aorta, & other
arteries

Arteriovenous malformations,
thoracic aortic disease, mitral
valve disease


https://www.ncbi.nlm.nih.gov/books/n/gene/loeys-dietz/
https://www.ncbi.nlm.nih.gov/books/n/gene/efemp2-cutis-laxa/
https://www.ncbi.nlm.nih.gov/books/n/gene/loeys-dietz/
https://omim.org/entry/300989
https://www.ncbi.nlm.nih.gov/books/n/gene/homocystinuria/
https://www.ncbi.nlm.nih.gov/books/n/gene/alport/
https://www.ncbi.nlm.nih.gov/books/n/gene/eln-cutis-laxa/
https://www.ncbi.nlm.nih.gov/books/n/gene/cca/
https://www.ncbi.nlm.nih.gov/books/n/gene/cca/
https://www.ncbi.nlm.nih.gov/books/n/gene/x-pvh/
https://omim.org/entry/163800
https://omim.org/entry/109730
https://www.ncbi.nlm.nih.gov/books/n/gene/pkd-ad/
https://www.ncbi.nlm.nih.gov/books/n/gene/sgs/
https://www.ncbi.nlm.nih.gov/books/n/gene/arterial-t/
https://www.ncbi.nlm.nih.gov/books/n/gene/jps/
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Table 1. continued from previous page.

1 MOI ClinGen 2 Phenotype(s) Other Cardiovascular Features

Gene . .
Classification

+ Loeys-Dietz syndrome
TGFB3 AD Limited o Arrhythmogenic right
ventricular cardiomyopathy 4

Aneurysms & dissections
throughout arterial tree

BAV = bicuspid aortic valve; HTAD = heritable thoracic aortic disease; PDA = patent ductus arteriosus

1. Genes are ordered first by strength of gene-disease validity classification and then alphabetically.

2. Renard et al [2018]

3. Milewicz et al [2021]

4. Pannu et al [2007]

5. Guo et al [2016], Van Gucht et al [2021]

6. Guo et al [2013]

7. Milewicz et al [2021]

8. SMAD?2 was not classified as definitively associated with HTAD by Renard et al [2018]; however, more recent evidence is available
[Cannaerts et al 2019].

9. FLNA was not classified as definitively associated with heritable thoracic aortic disease by Renard et al [2018] because FLNA
pathogenic variants had not been identified in individuals with aortic dissection/rupture. In a more recent study, more than 20
individuals with FLNA pathogenic variants had thoracic aortic aneurysms and two had aortic rupture [Chen et al 2018].

Table 2. Other Genes in which Thoracic Aortic Disease Is Reported

Gene ! MOI Classification 2 Phenotype(s) Cardiovascular Features
ARIHI AD Not curated Nonsyndromic HTAD 3
LTBP3 AR Not curated Dental anomalies & short stature (OMIM Mitral valve dlseése, aneurysms
601216) throughout arterial tree
 Familial thoracic aortic aneurysm 12 Dilatation of aortic root, ascending
THSD4 AD Not curated (OMIM 619825) aorta, abdominal aorta, aortic root
« Nonsyndromic HTAD # aneurysm & dissection

BAV = bicuspid aortic valve; HTAD = heritable thoracic aortic disease; PDA = patent ductus arteriosus

1. Genes are ordered first by validity classification and then alphabetically.

2. Gene classification regarding association with heritable thoracic aortic disease is primarily from Renard et al [2018] and ClinGen.
More recent information supporting classification is available for some genes as noted.

3. Boerio et al [2022]

4. Elbitar et al [2021]

3. Evaluation and Genetic Risk Assessment for Heritable
Thoracic Aortic Disease in a Proband

Risk assessment for heritable thoracic aortic disease (HTAD) should incorporate data from the proband's

®

medical history, physical examination, family history, and aortic and arterial imaging studies. Molecular genetic

testing is recommended in all individuals with suspected HTAD.

Medical history should include assessment of additional cardiovascular and thoracic aortic disease including
poorly controlled hypertension, hyperlipidemia, sleep apnea, excessive isometric exercise, and smoking.

Physical examination should be directed at identifying syndromic features observed in a subset of individuals
with HTAD with specific HTAD-related syndromes (e.g., Loeys-Dietz syndrome, Marfan syndrome, vascular
Ehlers-Danlos syndrome).

Family history should include collection and interpretation of a three-generation family history with attention
to aortic or other cardiovascular disease including sudden cardiac death in relatives, and documentation of


https://www.ncbi.nlm.nih.gov/books/n/gene/loeys-dietz/
https://www.ncbi.nlm.nih.gov/books/n/gene/arvd/
https://www.ncbi.nlm.nih.gov/books/n/gene/arvd/
https://www.omim.org/entry/601216
https://www.omim.org/entry/619825
https://clinicalgenome.org/
https://www.ncbi.nlm.nih.gov/books/n/gene/loeys-dietz/
https://www.ncbi.nlm.nih.gov/books/n/gene/marfan/
https://www.ncbi.nlm.nih.gov/books/n/gene/eds4/
https://www.ncbi.nlm.nih.gov/books/n/gene/eds4/
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relevant findings through direct examination or review of medical records, including results of molecular genetic
testing, cardiovascular and physical examinations, and postmortem examination including aortic

histopathology.

Aortic and arterial imaging studies (echocardiogram, CT, MRI) can provide information on aneurysm
morphology, growth rate, and/or findings of extra-aortic aneurysms or occlusive disease to inform the likelihood
of an underlying genetic cause and/or risk of aortic dissection (particularly in those with uninformative
molecular genetic testing).

Molecular Genetic Testing

Establishing a molecular genetic cause of HTAD is useful for tailoring management recommendations based on
the causative gene, and to identify and counsel at-risk relatives. When an HTAD-related pathogenic variant(s) is
not identified, clinical and family history information also inform risk of aortic dissection and can be used to
guide medical and surgical management (see Management).

The likelihood of identifying the genetic cause of HTAD in an individual with thoracic aortic disease varies
based on clinical presentation and family history. Clinical and family history findings that increase the
likelihood of identifying a pathogenic variant in an HTAD-related gene include:

« Thoracic aortic aneurysm or dissection at age <60 years;

o Family history of thoracic aortic disease, unexplained sudden death, or aneurysms/dissections in other
arteries;

« Syndromic features associated with Marfan syndrome, Loeys-Dietz syndrome, vascular Ehlers-Danlos
syndrome, or smooth muscle dysfunction syndrome; and

 Aneurysms and dissections/ruptures of other arteries in an individual with thoracic aortic disease.

Note: Although these clinical and family history findings are useful for identifying individuals most likely to
have a molecular cause identified, individuals without these findings can still benefit from molecular genetic
testing and risk assessment [Cecchi et al 2022].

A multigene panel that includes genes associated with HTAD is recommended (see Table 1). The panel should
include genes with a definitive or strong HTAD association; a panel that also includes genes with moderate or
limited association with HTAD and/or emerging data regarding association with HTAD may be considered to
increase the likelihood of identifying the genetic cause. Note: (1) The genes included in the panel and the
diagnostic sensitivity of the testing used for each gene vary by laboratory and are likely to change over time. (2)
Some multigene panels may include genes not associated with the condition discussed in this GeneReview. (3) In
some laboratories, panel options may include a custom laboratory-designed panel and/or custom phenotype-
focused exome analysis that includes genes specified by the clinician. (4) Methods used in a panel may include
sequence analysis, deletion/duplication analysis, and/or other non-sequencing-based tests.

For an introduction to multigene panels click here. More detailed information for clinicians ordering genetic
tests can be found here.

Comprehensive genomic testing (exome sequencing, genome sequencing) may be considered when evaluating
an individual with thoracic aortic disease and clinical manifestations that overlap with other syndromes in
which thoracic aortic disease is a rare manifestation (e.g., Noonan syndrome, neurofibromatosis type 1, Alagille
syndrome). Genome sequencing may be useful to identify deep intronic variants not detected on a multigene
panel. However, exome or genome sequencing are unlikely to yield a higher rate of clinically actionable findings
in most individuals with thoracic aortic disease.

For an introduction to comprehensive genomic testing click here. More detailed information for clinicians
ordering genomic testing can be found here.


https://www.ncbi.nlm.nih.gov/books/n/gene/marfan/
https://www.ncbi.nlm.nih.gov/books/n/gene/loeys-dietz/
https://www.ncbi.nlm.nih.gov/books/n/gene/eds4/
https://www.ncbi.nlm.nih.gov/books/n/gene/eds4/
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Multigene_Panels_FAQs
https://www.ncbi.nlm.nih.gov/books/n/gene/noonan/
https://www.ncbi.nlm.nih.gov/books/n/gene/nf1/
https://www.ncbi.nlm.nih.gov/books/n/gene/alagille/
https://www.ncbi.nlm.nih.gov/books/n/gene/alagille/
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Comprehensive_Genomic_Testing
https://www.ncbi.nlm.nih.gov/books/n/gene/app5/#app5.Comprehensive_Genomic_Testing_1
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Karyotype or chromosomal microarray. In individuals with thoracic aortic aneurysm, aortic dissection, and/or
bicuspid aortic valve and clinical features of Turner syndrome (short stature, ovarian insufficiency), a peripheral
blood karyotype should be performed to identify an X chromosome deletion. FISH analysis or testing of
additional tissue may be needed in those with suspected low-level mosaicism [Gravholt et al 2017].

4. Management

This section provides information regarding recommendations for imaging surveillance, medical management,
and surgical management in individuals with heritable thoracic aortic disease (HTAD) and imaging
recommendations for family members of individuals with thoracic aortic disease of unknown genetic cause.
Management should be based on the genetic cause (when possible) or based on the clinical and family history
when a molecular genetic diagnosis cannot be established [Isselbacher et al 2022]. Early detection of
asymptomatic aneurysms through imaging surveillance allows for monitoring of aortic growth,
pharmacotherapy to slow aortic root growth, and timely prophylactic aneurysm repair, which reduces the high
morbidity and mortality associated with thoracic aortic dissections.

Imaging Surveillance

Thoracic Aortic Imaging Recommended for Individuals with HTAD

A baseline echocardiogram should be performed to assess aortic diameters (i.e., the aortic root and ascending
aorta) and evaluate aortic valve anatomy and function. If the entire ascending aorta cannot be visualized on
echocardiogram, CT or MRI may be indicated. Note that echocardiography may be needed to visualize the
aortic root and cardiac valve structure and function unless a gated CT/MRI is performed.

« Individuals diagnosed with a dilated aorta should undergo repeat imaging via echocardiogram, CT, or
MRI (depending on baseline findings and aortic anatomy) in six to 12 months to assess the rate of aortic
growth.

o If the aortic diameter is stable on repeat imaging, continue imaging surveillance every six to 24 months
based on aortic diameter and other dissection risk factors.

o If the rate of increase in aortic diameter exceeds 0.5 cm per year, more frequent imaging should be
considered. The frequency of imaging may be modified based on the individual's age and family history
[Isselbacher et al 2022].

Imaging of Other Arteries in Individuals with HTAD

The risk of aneurysms in arteries other than the aorta and/or other cardiovascular disease is variable and
depends on the underlying cause of HTAD.

Imaging to assess for aneurysms in other arteries, moyamoya-like cerebrovascular disease, coronary artery
disease, and other cardiovascular manifestations should be guided by family history and molecular genetic cause
of HTAD, if established.

Imaging Recommendations for Family Members of Individuals with HTAD of
Unknown Genetic Cause

When the genetic cause of HTAD in a family is unknown, thoracic aortic imaging is recommended for first-
degree relatives (i.e., parents, sibs, offspring) of all individuals with thoracic aortic disease. This recommendation
applies to all at-risk relatives regardless of the proband's age of thoracic aortic disease diagnosis and
presentation.

o Screening via echocardiogram is recommended if the aortic root and ascending aorta are adequately
visualized; otherwise, a CT or MRI may be indicated.
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« Additional head and neck imaging may be indicated if there is also a family history of aneurysms/
dissections in the intracranial and cervical arteries.

Note: Family members with HTAD-related pathogenic variant(s) have, by definition, HTAD, and
implementation of gene-based management is recommended.

Pharmacotherapy

Beta-adrenergic blocking agents (beta-blockers) have been shown to slow the rate of aortic root growth in
individuals with Marfan syndrome by reducing hemodynamic stress on the aortic wall [Ladouceur et al 2007,
Forteza et al 2016]. Angiotensin receptor blockers have also been shown to slow aortic root dilation in children
with Marfan syndrome [Lacro et al 2014]. Based on these data and studies investigating the effect of
combination therapy (beta-blocker with angiotensin receptor blocker), American Heart Association (AHA)
guidelines recommend treatment with a beta-blocker, angiotensin receptor blocker, or both to reduce the rate of
aortic dilation. Randomized trials have not been conducted in individuals with Loeys-Dietz syndrome, but based
on data from mouse models and individuals with Marfan syndrome, AHA guidelines note that treatment with a
beta-blocker, angiotensin receptor blocker, or both is also reasonable [Gallo et al 2014, Forteza et al 2016,
Isselbacher et al 2022].

Studies investigating the use of celiprolol, a beta-blocker with vasodilatory properties, in individuals with
vascular Ehlers-Danlos syndrome have shown benefit [Ong et al 2010, Frank et al 2019]. However, the efficacy of
celiprolol versus other more commonly prescribed beta-blockers has not been investigated. Use of angiotensin
receptor blockers has not been investigated in individuals with vascular Ehlers-Danlos syndrome.

The efficacy of beta-blockers and angiotensin receptor blockers on slowing progressive aortic dilation has not
been investigated in other known molecular causes of HTAD, but expert consensus generally supports the use of
beta-blockers in individuals with other molecular causes of HTAD or no known molecular cause of HTAD
[Isselbacher et al 2022].

Risk Factor Modification

Hypertension should be aggressively treated and controlled in all individuals with thoracic aortic disease
(regardless of cause) and in at-risk family members (including those without aortic aneurysm or dissection).
AHA treatment guidelines recommend beta-blockers as a first-line therapy to achieve optimal blood pressure in
individuals with thoracic aortic disease, with adjunct use of an angiotensin receptor blocker if needed
[Isselbacher et al 2022].

Exercise and physical activity. Data on the safety of specific types of exercise and physical activity in individuals
with thoracic aortic disease is limited, but it is recommended that individuals with thoracic aortic disease avoid
high-intensity isometric exercise (e.g., heavy weightlifting, activities requiring the Valsalva maneuver) and
contact sports [Thijssen et al 2019, Isselbacher et al 2022]. See physical activity recommendations for Marfan
syndrome, Loeys-Dietz syndrome, and vascular Ehlers-Danlos syndrome.

Other risk factors. Counseling on the contribution of other cardiovascular risk factors to thoracic aortic disease,
including smoking and hyperlipidemia, should be provided. Approaches to mitigate associated risk should be
discussed.


https://www.ncbi.nlm.nih.gov/books/n/gene/marfan/
https://www.ncbi.nlm.nih.gov/books/n/gene/loeys-dietz/
https://www.ncbi.nlm.nih.gov/books/n/gene/eds4/
https://www.ncbi.nlm.nih.gov/books/n/gene/marfan/
https://www.ncbi.nlm.nih.gov/books/n/gene/marfan/
https://www.ncbi.nlm.nih.gov/books/n/gene/loeys-dietz/
https://www.ncbi.nlm.nih.gov/books/n/gene/eds4/
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Surgical Management of Aneurysms of the Aortic Root and Ascending
Aorta

Although pharmacotherapy and risk factor modification can slow progressive dilation of the aortic root and/or
ascending aorta, the primary treatment to prevent premature death due to type A dissection is prophylactic
surgical repair/replacement.

2022 AHA treatment guidelines proposed thresholds for prophylactic aortic root and ascending aortic repairs
based on the causative HTAD gene. It is important to note that the presence of additional risk factors and family
history should be considered when determining the timing of surgical repair; these are detailed in the AHA
treatment guidelines [Isselbacher et al 2022] (see Table 3). Surgical thresholds refer to the maximum diameter of
either the aortic root or ascending aorta.

Aneurysms in individuals with a pathogenic variant in certain genes (FBNI, SMAD3, TGFBR1, TGFBR2,
TGFB2) almost always involve the aortic root and may also involve the ascending aorta; therefore, prophylactic
replacement of both the aortic root and ascending aorta is recommended.

Table 3. Surgical Thresholds for Prophylactic Replacement of the Aortic Root and Ascending Aorta by HTAD Gene
Gene Diameter of Aortic Root or Ascending Aorta

ACTA2 242t0>45cm!

FBNI  24.5t025.0cm!

PRKGI  Normal aortic diameter to >4.2 cm 1

SMAD3 24.5cm

TGFB2 =4.5cm

TGFB3 25.0cm

TGFBRI 24.0to>4.5cm !

TGFBR2 24.0to>45cm!

There is limited data to establish surgical thresholds; however, type A dissections may present at aortic diameters <5.0 cm &

i/(l);;] 11 differ by gene. Timing of aortic repair should account for aortic diameter, age, family history, other clinical risk factors, &
MYLK studies reporting risk of dissection & aortic diameters at the time of dissection or repair in individuals w/pathogenic

variant(s) in a specific HTAD-related gene.

1. Depending on presence of other risk factors and surgical expertise

In individuals with HTAD of unknown cause. Factors that increase the risk of aortic dissection in individuals
with aneurysms of the aortic root or ascending aorta include: (1) family history of aortic dissection; (2) family
history of sudden unexplained death at younger ages (usually <60 years); and (3) rapid aortic growth (0.5 cm in
one year or 0.3 cm/year for two consecutive years) [Isselbacher et al 2022].

 Timing of prophylactic surgical repair should be based on aortic diameter at the time of dissection or age
at aneurysm repair in affected family members.

o Ifaortic diameters are not known for affected family members and the affected individual does not have
other dissection risk factors, prophylactic repair is recommended when the maximal aortic diameter
reaches >5.0 cm.

« In individuals with other dissection risk factors, prophylactic repair is reasonable when the maximal aortic
diameter reaches >4.5 cm if performed by an experienced surgeon who is part of a multidisciplinary aortic
team.
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Pregnancy Management

The risk of peripartum aortic dissection and other pregnancy-related complications in individuals with HTAD
varies based on the cause of HTAD, medical history, and family history. The majority of peripartum dissections
occur in the third trimester and up to 12 weeks postpartum.

In the preconception period, individuals with HTAD should be counseled on recurrence risk (see Genetic Risk
Assessment in Family Members of a Proband), molecular genetic testing options (see Molecular Genetic
Testing), and pregnancy-related complications of HTAD. Prior to conception, thoracic aortic imaging by
echocardiogram and/or MRI/CT is recommended for individuals with HTAD to evaluate aortic diameters and
assess dissection risk. The recommended surgical threshold for prophylactic aortic repair prior to conception in
individuals with HTAD-related pathogenic variant FBN1 is before the aortic root or ascending diameter exceeds
4.5 cm. However, surgical repair prior to pregnancy may be considered when the aortic diameter is 4.0-4.5 cm in
individuals with other dissection risk factors (rapid aortic growth, family history of HTAD). Surgical repair
before pregnancy may be considered when the aortic diameter reaches 4.0 cm for individuals with pathogenic
variants in TGFBR1, TGFBR2, or SMAD3. In individuals with pathogenic variants in other HTAD-associated
genes or in individuals with no known genetic cause, surgery is recommended when the aortic diameter reaches
4.5 cm, unless other risk factors are present.

Pregnant individuals with HTAD and those at risk for HTAD should be managed by a multidisciplinary team
including a cardiologist and maternal-fetal medicine specialist [Isselbacher et al 2022]. During pregnancy, aortic
imaging is recommended for individuals with aortic dilatation in each trimester and in the postpartum period.
Echocardiogram should be used to evaluate the aortic root and ascending aorta or MRI (without contrast) if
other portions of the aorta need to be imaged (arch, descending, abdominal aorta) based on indication
[Isselbacher et al 2022].

In some instances, cesarean delivery may be recommended over vaginal delivery, but studies investigating
indications and outcomes are limited. Factors that influence the method of delivery include aortic diameter and
prior history of aortic dissection (e.g., chronic dissection or portion of aorta with residual dissection). In general,
vaginal delivery is acceptable for individuals with HTAD who have an aortic diameter <4.0 cm. Cesarean
delivery can be considered for individuals with aortic diameters between 4.0 cm and 4.5 cm and is
recommended when the aortic diameter reaches 4.5 cm. Cesarean delivery is recommended when there is a
history of aortic dissection (residually dissected aorta).

After delivery, aortic imaging by echocardiogram and/or MRI/CT is recommended.

See MotherToBaby for information on medication use during pregnancy.

5. Genetic Risk Assessment and Cascade Testing in Family
Members of a Proband

Genetic counseling is the process of providing individuals and families with information on the nature, mode(s) of
inheritance, and implications of genetic disorders to help them make informed medical and personal decisions. The
following section deals with genetic risk assessment and the use of family history and genetic testing to clarify genetic
status for family members; it is not meant to address all personal, cultural, or ethical issues that may arise or to
substitute for consultation with a genetics professional. —ED.

Genetic counseling regarding risk to family members of a proband with heritable thoracic aortic disease
(HTAD) depends on accurate molecular diagnosis (i.e., identification of the HTAD-causing pathogenic
variant[s] in an affected family member) and confirmation of the mode of inheritance in each family. When a
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molecular diagnosis is established in a proband, genetic counseling should be tailored to the molecular diagnosis
and family history.

HTAD is typically inherited in an autosomal dominant manner. Less commonly, HTAD is inherited in an X-
linked (e.g., FLNA deficiency) or autosomal recessive (e.g., LTBP3-related HTAD) manner (see Tables 1 and 2).

Note: A basic view of autosomal dominant nonsyndromic HTAD recurrence risk assessment is presented in this
section; genetic counseling issues that may be specific to a given family or genetic cause of nonsyndromic HTAD
and issues related to syndromic HTAD are not addressed.

Risk to Family Members of a Proband with a Pathogenic Variant in an
Autosomal Dominant HTAD-Related Gene

Parents of a proband

 Some individuals diagnosed with autosomal dominant HTAD have the disorder as the result of an HTAD-
related pathogenic variant inherited from a parent. Because the penetrance of HTAD is reduced, the
transmitting parent may or may not have a history of thoracic aortic or other associated vascular disease.

 Some individuals diagnosed with autosomal dominant HTAD have the disorder as the result of a de novo
pathogenic variant.

« Molecular genetic testing for the HTAD-related pathogenic variant identified in the proband is
recommended for the parents of the proband to evaluate their genetic status, inform recurrence risk
assessment, and - if the HTAD-related pathogenic variant is identified in a parent - implement gene-
based management recommendations for the heterozygous parent.

o If the pathogenic variant identified in the proband is not identified in either parent and parental identity
testing has confirmed biological maternity and paternity, the following possibilities should be considered:

o The proband has a de novo pathogenic variant.

o The proband inherited a pathogenic variant from a parent with germline (or somatic and germline)
mosaicism. Note: Testing of parental leukocyte DNA may not detect all instances of somatic
mosaicism and will not detect a pathogenic variant that is present in the germ cells only.

Sibs of a proband. The risk to the sibs of the proband depends on the genetic status of the proband's parents:

o Ifa parent of the proband has the pathogenic variant identified in the proband, the risk to the sibs of
inheriting the pathogenic variant is 50%.

« Sibs who inherit a pathogenic variant should be counseled and managed based on the causative HTAD
gene, family history, and other clinical or lifestyle risk factors (see Management).

o If the HTAD-related pathogenic variant identified in the proband cannot be detected in the leukocyte
DNA of either parent, the recurrence risk to sibs is estimated to be 1% because of the theoretic possibility
of parental germline mosaicism [Rahbari et al 2016].

« Ifa molecular genetic diagnosis has been established in the proband but the genetic status of the parents is
unknown (e.g., the parents have not been tested for the familial HTAD-related pathogenic variant),
genetic testing should be offered to all sibs regardless of their clinical history due to the possibility of
reduced penetrance in a heterozygous parent or the theoretic possibility of parental germline mosaicism.

Offspring of a proband. Each child of an individual with autosomal dominant HTAD has a 50% chance of
inheriting the HTAD-related pathogenic variant.
Cascade Testing of Relatives at Risk

If the HTAD-related pathogenic variant(s) in a family are known, cascade genetic testing is recommended for
parents, sibs, offspring, and other at-risk family members in order to confirm their genetic status.
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 Implementation of gene-based management recommendations should be initiated in family members
with HTAD-related pathogenic variant(s) (see Surgical Management of Aneurysms of the Aortic Root and
Ascending Aorta). Note: Identification of highly penetrant pathogenic variant(s) in a known HTAD gene
(see Table 1) constitutes a diagnosis of HTAD.

 Family members who did not inherit the familial HTAD-related pathogenic variant(s) (confirmed by
genetic testing) can be discharged from the aortic/arterial surveillance protocol indicated for those who
have an HTAD-related pathogenic variant(s).

If the HTAD-related pathogenic variant(s) in a family are not known, parents, sibs, offspring, and other at-
risk family members should be offered appropriate aortic imaging studies to screen for asymptomatic thoracic
aortic disease (see Imaging Recommendations for Family Members of Individuals with HTAD of Unknown
Genetic Cause and Isselbacher et al [2022]).

Resources

GeneReviews staff has selected the following disease-specific and/or umbrella support organizations and/or registries
for the benefit of individuals with this disorder and their families. GeneReviews is not responsible for the
information provided by other organizations. For information on selection criteria, click here.

o American Heart Association
Aortic Aneurysm

« MedlinePlus
Familial thoracic aortic aneurysm and dissection

o The John Ritter Foundation for Aortic Health
Phone: 213-218-3329
www.johnritterfoundation.org

« The Marfan Foundation
Familial Thoracic Aortic Aneurysm and Dissection

o Genetic Aortic Disorders Association (GADA) Canada
Canada
Phone: 905-826-3223; 866-722-1722
Email: info@gadacanada.ca
www.gadacanada.ca
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