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ABSTRACT

Background Patients with genetic aortic syndromes such as
Marfan or Loeys-Dietz syndrome have a decreased life expec-
tancy due to the risk of aortic dissection and rupture. Imaging
plays an important role in the acute setting but also in the
initial diagnosis and image-based monitoring. In this article,
we provide an overview of the most common genetic aortic
syndromes and recommended imaging strategies. Further-
more, we highlight modern imaging methods allowing for
the quantification of hemodynamic changes in aortic disease.
Method This is a narrative review article on genetic aortic syn-
dromes and recommended imaging strategies, where we take

into account expert opinions and standard-of-care practices
from our own center.

Results and Conclusion Radiological imaging plays a key role
in the initial diagnosis and surveillance of patients with genetic
aortic syndromes. Radiologists contribute significantly to the
multi-disciplinary setting of genetic aortic syndromes with
knowledge of special features and recommended imaging
methods. Accurate measurement of the aorta is crucial, parti-
cularly in terms of diameter-based surgical treatment algo-
rithms. Modern imaging methods like 4D-flow MRI and pulse
wave velocity have a potential to further improve individualized
risk stratification in patients with genetic aortic syndromes.

Key points:

= The risk for cardiovascular complications such as acute
aortic syndrome is increased in patients with genetic aortic
syndromes.

= Recommended time intervals between image-based
monitoring depend on the underlying aortic disease.

= CT-angiography should be used only in the acute setting.

= Non-contrast MR-angiography is adequate for screening
and image-based monitoring of patients with genetic
aortic syndromes.
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ZUSAMMENFASSUNG

Hintergrund Genetische Aortenerkrankungen wie das Mar-
fan- oder Loeys-Dietz-Syndrom umfassen ein relativ kleines,
jedoch wichtiges kardiovaskuldres Patientenkollektiv. Die
betroffenen Patienten unterscheiden sich durch diverse
Phanotypen, haben jedoch alle bereits in jungem Alter ein
sehr hohes Risiko fiir ein akutes Aortensyndrom. Sowohl in
der Akutsituation als auch im Rahmen der Vorsorge ist die
Schnittbildgebung unverzichtbar. In diesem Ubersichtsartikel
stellen wir die haufigsten genetischen Aortenerkrankungen
und die fir sie empfohlene Bildgebung vor. Dariiber hinaus
geben wir einen Ausblick auf moderne Methoden zur Erfas-
sung der Hdmodynamik bei Aortenerkrankungen.

Weinrich JM et al. Current and Emerging... Fortschr Rontgenstr 2020; 192: 50-58

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



Methode Diese Ubersichtsarbeit basiert auf der Kombination
publizierter Expertenmeinungen sowie den klinischen Standards
unseres auf Aortenerkrankungen spezialisierten Zentrums.

Ergebnisse und Schlussfolgerungen Die radiologische
Bildgebung ist zentraler Bestandteil der initialen Diagnose-
stellung und Verlaufskontrolle genetischer Aortenerkrankun-
gen und unterscheidet sich in Abhdngigkeit der Grunderkran-
kung. Durch Kenntnis der Besonderheiten genetischer
Aortenerkrankungen und der empfohlenen Bildgebungstech-

niken tragt der Radiologe wesentlich zur optimalen Patienten-
betreuung bei. Die genaue Vermessung der Aortendiameter
beeinflusst maRgeblich den interdisziplindren Beschluss eines
prophylaktischen chirurgischen Aortenersatzes. Moderne
Bildgebungstechniken wie die 4D-Fluss-MRT und die Pulswel-
lengeschwindigkeit haben das Potenzial, die individualisierte
Risikostratifizierung bei Patienten mit genetischen Aortener-
krankungen zu verbessern.

Background

With a prevalence of 1.5-17.2/100 000, Marfan syndrome is the
most common genetic aortic syndrome [1, 2]. There are also a
number of other genetic aortic syndromes including Ehlers-Dan-
los syndrome and Loeys-Dietz syndrome [3]. Even in the case of
non-syndromic acute aortic syndrome, approximately 20 % of pa-
tients have a genetic predisposition [4]. A common feature of all
genetic aortic syndromes is an increased risk for aneurysms and
associated life-threatening aortic dissection [3]. Therefore, radiol-
ogists must be familiar with the most common genetic aortic
syndromes and the recommended imaging for each. Knowledge
of the correct imaging method and exact measurement of the
aortic diameter are relevant for diagnosis, individual risk stratifica-
tion, the timing of prophylactic aortic replacement surgery, and
for the planning of complex interventions [5].

Based on published expert opinions and the clinical standards
of a center specialized in aortic syndromes, the following presents
the most common genetic aortic syndromes and the recommen-
ded imaging methods. Moreover, we provide an overview of mod-
ern methods such as 4 D flow MRI and MRI-based measurement of
the pulse wave velocity in aortic diseases.

Imaging methods

Transthoracic echocardiography (TTE)

TTE is a cost-effective and widely available imaging method allow-
ing visualization of the aortic root (» Fig. 1) and also portions of
the ascending aorta and the aortic arch [6]. In addition to aortic
diameters, TTE can also be used to assess valve and ventricular
function.

A majority of the studies regarding standard aortic root diam-
eter values are based on echocardiographic values [7]. Because of
decades of clinical experience, TTE is an integral part of the initial
examination in the case of suspicion of a genetic aortic syndrome.
However, genetic aortic syndromes are often associated with
changes in habitus [8]. Particularly in Marfan syndrome, thoracic
deformities such as a Pectus excavatum are often seen thus com-
plicating visualization of the aortic root.

In summary TTE continues to be important for initial diagnosis
as well as for follow-up due to its broad availability and the exten-
sive clinical experience.
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Computed tomography angiography (CTA)

CTA is widely available and can visualize the entire aorta quickly
and with high resolution [7]. Post-procedural multiplanar recon-
struction represents a further advantage. As a result, arbitrary
image planes can be generated allowing the orthogonal and thus
exact measurement of the aortic diameter. CTA is the reference
standard for ruling out dissection in the case of acute aortic
syndrome (> Fig. 1) [6].

Exposure to ionizing radiation and the administration of intra-
venous jodine-containing contrast agent are limitations of CTA
[5]. Since young patients with genetic aortic syndrome often
need to be examined via cross-sectional imaging repeatedly over
the course of their lives, CTA should only be used in acute situa-
tions or in preoperative or preinterventional treatment planning
[3]. CTA should not be used in preventive care.

Magnetic resonance angiography (MRA)

MRA allows multiplanar cross-sectional imaging of the entire aor-
ta without the use of ionizing radiation [9], precise measurement
of the aortic diameter [10] and diagnosis of aortic dissections [6]
with high diagnostic accuracy. It can also be used for quantifica-
tion of possible insufficiencies or stenoses of the aortic valve. The
disadvantage of MRA in comparison to CTA is the longer examina-
tion time.

MRA can be performed both with and without administration
of intravenous contrast media. The advantages of contrast-en-
hanced MRA include short acquisition times, high spatial resolu-
tion, and the ability to assess the perfusion of a false lumen in
the case of a dissection [11]. The acquisition of 3D sequences
with isotropic datasets allows multiplanar reconstructions
(MPRs), which can be used for optimal measurement of the aortic
diameter.

Multiple studies have been able to show that ECG-triggered
non-contrast MRA, e. g. using steady-state free precession (SSFP)
sequences, is equal to contrast-enhanced MRA for measuring the
aortic diameter in preventive care [9, 12, 13]. Postoperative
follow-up after aortic replacement surgery can also be performed
using non-contrast MRA [14]. Therefore, we recommend
non-contrast ECG-triggered MRA for the annual follow-up of
asymptomatic patients with a genetic aortic syndrome. Using
this method, the entire aorta can be visualized and measured
without the risks associated with ionizing radiation or intravenous
contrast agents.
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» Fig.1 21-year-old Loeys-Dietz patient with aneurysm of the aortic bulb on echocardiography A and non-contrast MRA B in screening and with
intramural hematoma on CTA C in acute aortic syndrome. In this patient the indication for surgical aortic root replacement was determined during
screening based on the aneurysm of the aortic bulb (5.9 cm) detected on echocardiography and MRA. Two weeks prior to the planned surgery, the
patient presented with an acute aortic syndrome at the emergency room. Emergency contrast-enhanced CTA showed an intramural hematoma
(IMH) (C, arrowheads). The patient was able to be saved by emergency surgery.

4D flow MRI and pulse wave velocity

To date, the absolute aortic diameters and the annual growth rate
of an aortic aneurysm are considered the most important predic-
tors for life-threatening aortic dissection [6]. However, dissections
also occur in patients with genetic aortic syndromes with normal
diameter [15]. This highlights the necessity to identify additional
predictors for dissection and the importance of investigating new
hemodynamic parameters and their effect on the vascular wall.

One of these parameters is the eccentricity of the blood flow in
the vessel, which can be quantified by 2 D phase contrast (PC)
MRI. It was recently able to be shown in patients with bicuspid
aortic valve disease that blood flow eccentricity is predictive for
an increase in the diameter of the ascending aorta [16].

4D PC MRI (4D flow MRI) allows co-registration of morpholo-
gical images and velocity data [17, 18] and thus the visualization
and quantification of physiological and pathological blood flow
profiles [19-21]. In large vessels like the aorta, 4D flow MRI
allows the visualization and quantification of complex changes in
hemodynamics, e. g. vortices and helices (» Fig.2) [17, 22].
Moreover, the wall shear stress can be derived from 4D flow MRI
as a measure for the forces acting on the aortic wall [23]. A corre-
lation between hemodynamic changes and the morphology of
the aorta can be seen in patients with a bicuspid aortic valve as
well as with Marfan syndrome [24 - 26]. These MRI-based studies
support the theory that pathological blood flow profiles (flow
eccentricity, helix, vortex, wall shear stress) contribute to the
formation of aneurysms.

Changes in global or regional vascular stiffness were also de-
scribed as a risk factor for the progression of aortic dilatation in
patients with Marfan syndrome [27]. The vascular stiffness of the
aorta can be derived indirectly from the pulse wave velocity
(PWV). The PWV is elevated in the case of a stiff vascular wall
and can be determined noninvasively via PC MRI (> Fig. 2) [28].
Compared to healthy subjects, patients with Marfan syndrome
have an elevated pulse wave velocity [29]. It was able to be shown
that pulse wave velocity can predict aortic dilatation [30].
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These initial results regarding 4 D flow MRI and pulse wave
velocity indicate their potential for the future assessment of aortic
diseases. Large prospective studies with clinically relevant end
points are necessary to confirm the diagnostic and prognostic
value of these MRI techniques.

Measuring aortic diameter

Precise measurement of the aortic diameter is essential in
patients with genetic aortic syndromes [5, 31]. Dilatation of the
aortic bulb to 5 cm is an indication for prophylactic aortic replace-
ment in Marfan patients and in patients with a bicuspid aortic
valve and additional risk factors (i. e., positive family history,
hypertension, fast growth: >3 mm/year) [6]. Annual growth of
>3 mm is also a risk factor for aortic dissection in Marfan patients
[6]. Therefore, standardized measurement methods are neces-
sary: The aortic diameter must be measured in a standardized
manner at certain aortic segments (> Fig. 3). The aortic diameter
must be measured orthogonally to the anatomical axis of the
aorta. Therefore, measurement cannot be performed on axial
CTA or MRA source images [32]. Mendoza et al. were able to
show on the basis of CTA data that, compared to orthogonal
diameters, diameters measured on a strictly axial basis double
the diameter-based indication for surgery [33].

In patients with genetic aortic syndromes, standardized mea-
surements are very important due to the need for repeated follow-
up examinations. The aortic diameter should be measured both in
the last (most recent) and the first (oldest) baseline examination,
ideally performed by the same radiologist [34]. In our experience
slow increases in diameter in the millimeter range can be reliably
identified and gradual growth can be evaluated only in this way.

The measured aortic diameters are converted to a Z-score
particularly in pediatrics. Z-scores describe in standardized form
the extent to which a measured value deviates from the expected
mean of a comparison group. The Z-score is adapted to patient
age and body surface [35].
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» Fig.2 4D phase contrast (4D flow) MRI in a 24-year-old patient with bicuspid aortic valve disease A-C and 2D phase contrast MRI for determining
the pulse wave velocity in a 31-year-old patient with Marfan syndrome D, E. 4D flow MRI-based parasagittal visualization of pathological helical
(arrow) and vortical (arrowheads) flow patterns in the ascending aorta due to the asymmetrical and stenotic bicuspid aortic valve. Orthogonal
cross-section of the aorta with B velocity-encoded visualization of the eccentric and accelerated blood flow along the vascular wall and C vector-
based visualization of the wall shear stress in the ascending aorta (length of the vectors = degree of wall shear stress). D Parasagittal SSFP-MRA with
measurement planes orthogonal to the ascending (1) and descending (2) aorta with the distance between them being measured. E 2D phase
contrast MRI is used to determine the time difference of the pulse waves between the ascending (1) and descending (2) aorta. The pulse wave
velocity is calculated from the quotient of the distance between the two measurement points and the time difference of the blood flow.

In summary, the aortic diameter must be determined in a
standardized manner. Therefore, we recommend creating process
instructions and a note in the radiology report as to the slice plane
that was used for the aortic diameter measurement.

Genetic aortic syndromes: Etiology,
prevalence and special features of imaging

Marfan syndrome

Marfan syndrome is a systemic autosomal dominant genetic
connective tissue disorder caused by a mutation of the fibrillin
1 gene (FBNT). Marfan syndrome occurs with a rate of 1.5-17.2/
100000 [T, 2]. Marfan syndrome is diagnosed based not only on a
gene mutation but also on additional clinical criteria as defined in
detail in the 2010 revised Ghent Nosology [1]. Aortic dilatation is
a decisive criterion here.

In Marfan syndrome, the risk of an early death due to aortic
rupture or dissection is significantly increased without regular
image-based follow-up [6]. Dissection is typically, but not neces-
sarily, preceded by aneurysmatic dilatation of the aortic root
(» Fig.4A, B) [36]. However, aneurysms and dissections of the
distal aorta can also occur in patients following proximal aortic
replacement [37]. Thus, imaging of the entire aorta is not only
decisive for the initial diagnosis and follow-up (> Fig.5A, B)
but also for monitoring in the case of aortic replacement [38].
Accordingly, patients with Marfan syndrome require imaging of
the aorta throughout their lives.
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The interdisciplinary American guidelines recommend per-
forming TTE for the initial diagnosis and at 6-month intervals to
assess the aortic root and the proximal ascending aorta [5].
In the case of a constant diameter, annual imaging is recommen-
ded. If an absolute diameter of 4.5 cm is exceeded or in the case of
significant growth more frequent imaging is recommended [5].

Loeys-Dietz syndrome

Loeys-Dietz syndrome is an autosomal dominant genetic connec-
tive tissue disorder with a prevalence of 1/100 000 first described
in 2005 [39, 40]. It has similarities with Marfan syndrome but has
major differences regarding the phenotypic presentation as well
as the prognosis [41]. The known subtypes (I-1V) are based on
gene mutations of transforming growth factors B receptors 1
and 2 (TGFBR1 and TGFBR2) and the decapentaplegic homolog
3 proteins (SMAD3 and TGFB2) occurring in the same signaling
pathway. The prognosis for types | and Il is most unfavorable since
aortic ruptures can occur in these patients even in the case of
normal vessel diameters [39]. Type | of the Loeys-Dietz syndrome
is characterized on the vascular level primarily by aneurysms of
the large vessels and pronounced tortuosity of the smaller vessels
(» Fig. 6). In contrast, type Il can resemble vascular Ehlers-Danlos
syndrome and has a higher peri/postoperative complication rate
than the other subtypes (Loeys-Dietz syndrome general: 1.7 %;
type II: 4.8 %) [42]. The diagnosis must be definitively confirmed
since the indication for surgery is determined more liberally for
Loeys-Dietz syndrome than for vascular Ehlers-Danlos syndrome
due to the lower incidence of peri/postoperative complications
(45%) [42, 43]. In contrast to Marfan syndrome, aneurysms are
frequently abdominal or intracranial in Loeys-Dietz syndrome
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» Fig. 3 Parasagittal reconstruction of non-contrast 3D-MRA with
illustration of recommended aortic measurement planes. The
following aortic segments should be measured in a standardized
manner: 1: Aortic annulus; 2: Aortic bulb/sinus valsalva; 3: Sino-
tubular junction; 4: Ascending aorta on the level of the pulmonary
trunk; 5: Proximal aortic arch at the origin of the brachiocephalic
trunk; 6: Middle aortic arch between the left common carotid artery
and left subclavian artery; 7: Proximal descending aorta 2 cm distal
to the left subclavian artery; 8: Descending aorta on the level of the
pulmonary trunk; 9: Aorta on the level of the diaphragmatic open-
ing; 10: Aorta above the celiac trunk.

and the disease is more aggressive [15]. In addition to aneurysms,
Loeys-Dietz syndrome is associated with a patent ductus arterio-
sus, atrial septal defects, and tortuosity of smaller arteries [3].
The interdisciplinary American guidelines recommend closer
image-based monitoring ranging from the intracranial to the
pelvic vascular system for Loeys-Dietz syndrome in comparison
to Marfan syndrome [5]. CTA/MRA of the entire aorta should be
performed at the time of diagnosis and after 6 months. Whole-
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» Fig.4 Sagittal non-contrast SSFP-MRA of the thoracic aorta of a

35-year-old patient with Marfan syndrome with progressive dilata-
tion of the aortic bulb (A: prior image; B: current image). The aortic
bulb increased in diameter from 3.7 cm A to 4.4 cm B within three

years.

» Fig.5 33-year-old Marfan patient before A and after B aortic root
replacement on sagittal non-contrast SSFP-MRA of the thoracic
aorta. A Due to the 5.1 cm aneurysm of the aortic bulb (dashed line)
detected during screening, elective surgery was indicated. A valve-
sparing aortic root replacement according to David in combination
with a valsalva prosthesis was performed. B The aorta can be
effectively evaluated postoperatively on non-contrast SSFP-MRA
despite the presence of sternal cerclages causing susceptibility
artifacts (B, star).

body MRA is recommended for the further annual follow-up
examinations [5]. The frequency of imaging increases as a func-
tion of the findings and regular intervals of at least two years are
recommended.

Ehlers-Danlos syndrome

Ehlers-Danlos syndrome includes a genetically and clinically het-
erogeneous group of connective tissue diseases with 13 subtypes
and a prevalence of 4-10/100000 [44, 45]. Due to rupture of
vessels or internal hollow organs, particularly the colon and
uterus, Ehlers-Danlos syndrome has a high mortality rate with a
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» Fig.6 Non-contrast time-of-flight (TOF) MRA of the cervical ar-
teries and basal cerebral arteries in 35-year-old Loeys-Dietz patient.
Both sides show significant, corkscrew-like tortuosity of the cervical
arteries. The tortuosity is not associated with an increased risk of
aneurysm or dissection of the affected vessels. However, they are
associated with an overall worse prognosis regarding complications
of the aorta.

median life expectancy of 40 - 50 years. The vascular subtype (IV)
based on mutations in the type 3 procollagen gene (COL3A1) oc-
cursin 5% of cases and has the worst prognosis [46]. Pregnancies
in these patients (> Fig. 7A, B) result in a mortality rate of 12% as
a result of uterine rupture or perinatal vascular ruptures [47]. Dis-
sections are rarer in other subtypes. In particular, the kyphoscolio-
tic type (type VI) is associated with the formation of arterial an-
eurysms and ruptures [48].

Vascular complications of subtype IV affect arterial vessels in
up to 82 % of cases. They can occur in various aortic segments as
well as in smaller vessels [47]. In contrast to Marfan syndrome,
aneurysms of the aortic root are rare and vessel tortuosity as in
Loeys-Dietz syndrome is not typical. Elective prophylactic inter-
ventions require careful consideration since the fraqgility of the
vessels can result in intraoperative complications like bleeding
and dissections.

Experts recommend primary TTE and in the case of an unre-
markable finding no further follow-up imaging for adults. Chil-
dren should be followed-up every three years until the age of 18
[47]. In contrast, a newer study recommends initial visualization
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» Fig.7 Axial non-contrast SSFP-MRA of 29-year-old patient with
vascular Ehlers-Danlos syndrome and type B aortic dissection A be-
fore and B during pregnancy. A The aortic dissection (arrow) was
known prior to pregnancy from the screening examinations and
extended from the abdominal aorta to the iliac arteries. B The dis-
section was monitored closely on non-contrast SSFP-MRA during
the pregnancy due to the risk of additional complications. The
pregnancy progressed without further complications. The dissec-
tion also remained limited to the abdominal aorta and the left
common iliac artery.

of the entire vascular tree [46]. However, it must be stated that
because of the insufficient number of available studies, it is cur-
rently not possible to make an evidence-based recommendation
regarding the frequency of imaging.

Bicuspid aortic valve disease

With a prevalence of approx. 1000-2000/100 000, bicuspid
aortic valve disease is the most common cardiovascular malfor-
mation [49]. There is a polygenetic inheritance pattern with
variable penetrance frequently associated with mutations of the
NOTCH1 signaling pathway. The inheritance pattern is not yet
known [49].

Bicuspid aortic valve disease is a primary disease of the aortic
valve but can often result in simultaneous aortic dilatation [50].
With a rate of 0.5% to 5% [51, 52], aortic dissection is rarer in
bicuspid aortic valve disease than in Marfan syndrome [53], but
the disease remains a common cause of aortic dissection due to
its higher prevalence [54].
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Dilatation of the ascending aorta can occur in accompanying
aortic valve stenosis as well as insufficiency [55]. However, an
aneurysm or dissection can form even without stenosis or insuffi-
ciency of the bicuspid aortic valve [49, 52]. In addition to a
persistent ductus arteriosus, coronary anomalies and brain aneur-
ysms, an aortic isthmus stenosis can also be associated with a
bicuspid aortic valve [49, 56]. This is relevant in that hypertension
caused by the aortic isthmus stenosis further increases the risk of
dissection.

The Guidelines of the American Association for Thoracic Sur-
gery published in 2018 recommend using TTE for the initial meas-
urement of the proximal aorta [49]. If segments of the aorta
cannot be visualized or the aortic diameter exceeds 4.5 cm, ECG-
triggered MRA or CTA is recommended. In the case of an aortic
isthmus stenosis, the exclusion of intracranial aneurysms is also
recommended.

Turner syndrome

Turner syndrome is characterized by the absence of an X-chromo-
some and resulting gonadal dysgenesis and dwarfism [57]. It
exclusively affects females and has a frequency of approximately
40/100 000. Moreover, the cardiovascular mortality rate for these
patients is one to three times higher [58]. Apart from aortic isth-
mus stenosis (8 %), bicuspid aortic valve (10 -25 %) is the most
common cardiovascular malformation [6].

The majority of dissections in patients with Turner syndrome
occur in association with congenital cardiovascular malformations
(» Fig. 8) [59]. The dwarfism associated with Turner syndrome
makes it difficult to assess aortic dilatation: Reference values
from a normal-sized population can result in an underestimation
in Turner patients. For this reason the aortic diameter determined
by Quezada et al. specifically for Turner syndrome should be used
[60].

The clinical guidelines of the international Turner Syndrome
Symposium from 2016 recommend the following intervals for
follow-up imaging depending on age, Z-score, and the presence
of three Turner-specific main cardiovascular risk factors: 1. Bicus-
pid aortic valve, 2. Aortic isthmus stenosis (ISTA), and 3. Arterial
hypertension [61]. ISTA is often also associated with further cardi-
ovascular malformations in non-syndromic diseases, such as valve
diseases and hypoplasia of the aortic arch [62], so that the term
ISTA complex is also used. The range of intervals for follow-up is
between 6 and 12 months in the case of a high risk and 5 -
10 years in the case of a low risk. The recommendation for elective
imaging always includes TTE and cardiac MRI including MRA of
the entire aorta.

Rarer genetic aortic syndromes

In addition to the diseases described above, there are a number of
further genetic aortic syndromes. These include tortuosity
syndrome and aneurysm osteoarthritis syndrome [3]. There are
not yet any definitive recommendations regarding imaging for
these highly rare diseases.
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» Fig.8 32-year-old patient with Turner syndrome A before and

B after treatment of aortic isthmus stenosis. A Periinterventional
aortography prior to stent graft treatment of a 40 % aortic isthmus
stenosis (arrow). B CT angiography with visualization of a postin-
terventional type B dissection occurring after stent implantation
(*). The patient’s aortic isthmus stenosis initially caused treatment-
refractory hypertension that normalized after the intervention.

Summary

Genetic aortic syndromes are diverse and are highly significant
due to their high morbidity and mortality rates. Radiological ima-
ging is essential for diagnosing, following up, and determining the
indication for prophylactic aortic root replacement. With knowl-
edge of the special features of genetic aortic syndromes and the
recommended imaging techniques, radiology makes an essential
contribution to interdisciplinary patient care. Modern imaging
technique like 4D flow MRI and pulse wave velocity have the
potential to improve individualized risk stratification in patients
with genetic aortic syndrome.
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