
MR Angiography for Aortic
Diseases

Ishan Garg, MDa, Thomas M. Grist, MDb, Prashant Nagpal, MDc,*
KEYWORDS

� Aorta � Aortic diseases � Acute aortic syndrome � Aortic dissection � Aneurysm
� Computed tomography angiography (CTA) � MR imaging � Magnetic resonance angiography (MRA)

KEY POINTS

� Aortic diseases range from acute life-threatening emergencies to chronic nonemergent conditions.
The choice of imaging depends on the disease, patient factors, and technical expertise.

� MR angiography primarily plays a vital role in nonemergent diseases and repeated follow-up. How-
ever, it also serves as an excellent alternative to CT if there is a contraindication to its use.

� Knowledge of aortic disease pathogenesis and a consistent, reliable imaging and measurement
method is critical for a successful aortic imaging program.

� Techniques such as 4-dimensional-flow imaging provide anatomic and physiologic information that
can be critical for patient management.
Video content accompanies this article at http://www.cardiology.theclinics.com.
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INTRODUCTION

Aortic diseases comprise a broad spectrum of
pathologic conditions with varied clinical presen-
tations and urgency of therapeutic interven-
tions.1–5 Acute aortic pathologic conditions such
as aneurysm rupture and aortic dissection present
as acute emergencies and are often associated
with catastrophic outcomes. The reported mortal-
ity rate of acute aortic syndromes (AASs) such as
high-grade TAI and ruptured abdominal aortic
aneurysm (AAA) are 80% and 80% to 90%,
respectively.3,5,6 One of the critical components
toward improving outcomes for aortic diseases is
early diagnosis and treatment. Chronic aortic
pathologic conditions such as aneurysms and
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atherosclerosis are usually asymptomatic and
are often detected incidentally or on surveillance
imaging. Imaging modalities such as ultrasound,
computed tomography (CT), MR imaging,
and angiography play a critical role in diagnosis,
risk stratification, guiding therapeutic interven-
tions, and postintervention surveillance of aortic
diseases.2,7,8 Recent advances in imaging tech-
nology such as 4D-flow MR imaging and thera-
peutic interventions may provide a new paradigm
for the management of aortic pathologic condi-
tions and optimizing clinical outcomes.9–12 The
purpose of this article is to review the manage-
ment of common aortic pathologic conditions us-
ing multimodality imaging with a focus on MR
imaging.
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AORTIC ANATOMY

The aorta is the largest and main artery in the
body, extending from the aortic valve annulus to
the pelvis (fourth lumbar vertebra, L4), where it di-
vides into the right and left common iliac arteries.
There are various systems used for the classifica-
tion of aortic anatomy.

Embryologic Segments: Morphologic
Classification

Based on embryologic development, the aorta can
be morphologically divided into the aortic root,
ascending aorta, aortic arch, descending thoracic
aorta, and abdominal aorta (Fig. 1).

� The aortic root extends from the aortic
valve annulus to the sinotubular junction
and includes the aortic valve, sinuses of Val-
salva, and the origin of the coronary
arteries.13
Fig. 1. The anatomy and histology of the aorta.
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� The ascending aorta extends from the sino-
tubular junction of the aortic valve upward
and to the right before curving posteriorly
into the aortic arch (at the origin of the bra-
chiocephalic trunk).2,13

� The aortic arch extends from the origin of the
brachiocephalic trunk to the ligamentum ar-
teriosum. The aortic arch gives rise to 3 major
arterial branches, the brachiocephalic trunk
(divided into the right common carotid and
right subclavian arteries), the left common
carotid artery, and the left subclavian artery
in 70% of individuals. It is important to note
that there can be several normal variants in
aortic arch anatomy, including the common
origin of the brachiocephalic and left com-
mon carotid arteries (seen in 20%–30% of
the population) and the separate origin
of the left vertebral artery from the aortic
arch (seen in approximately 5% of the
population).2,14
th and Social Security de ClinicalKey.es por Elsevier en mayo 14, 
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� Descending thoracic aorta extends from liga-
mentum arteriosum to the hiatus of the dia-
phragm, beyond which it continues as the
abdominal aorta.

� The abdominal aorta is a retroperitoneal
segment extending from the hiatus of the dia-
phragm to the pelvis (fourth lumbar vertebra,
L4), where it divides into the right and left
common iliac arteries.

Aortic Wall Anatomy: Histologic Classification

The aortic wall is composed of 3 layers (see Fig. 1).1

� Intima is a thin innermost layer. It consists of a
layer of endothelial cells within a matrix of
connective tissue.

� Media is a thick center layer. It consists of
smooth muscle cells, elastic fibers, collagen,
and proteins.

� Adventitia is a thin outermost layer. It consists
of connective tissue, fibroblasts, nerves, and
the vasa vasorum that provides support and
perfusion to the artery, respectively.

IMAGING OF THE AORTA

Various imaging modalities are available for the
visualization of aortic anatomy and pathologic
condition, including ultrasound (transthoracic and
transesophageal echocardiogram and abdominal
ultrasound), CT, MR imaging, and angiography.
Although chest radiograph may frequently be the
first test in acute clinical scenario such as trauma,
specific aortic pathologic condition is rarely (if
ever) diagnosed on radiograph in modern times.
The choice of imaging modality is often dictated
by a combination of following factors.15

� Modality-specific factors: availability, porta-
bility, speed of acquisition, and spatial and
temporal resolution.

� Patient-specific factors: acuity of the disease,
hemodynamic stability, comorbidities, contrast
allergy, renal function, and contraindication to
specific modalities such asMR imaging or pro-
cedures requiring contrast agents.

� Disease-specific factors: suspected aortic
pathologic condition, evaluation of branched
vessels, and cardiac and valvular function.

� User-specific factors: level of expertise and
familiarity of interpreting radiologists and phy-
sicians with different imaging modalities.
Ultrasound

Transthoracic echocardiogram (TTE) is commonly
used imaging modality for cardiac evaluation. It
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Libra
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can also be used as a screening tool for aortic
root and ascending aortic sizing as aortic size
can be routinely measured on left ventricular
outflow tract views. The primary advantages of
echocardiogram are wide availability, real-time dy-
namic imaging, simultaneous valve imaging, lack
of ionizing radiation, and relatively low cost.16

Different imaging axis can be used in TTE to help
provide a more comprehensive visualization of the
aortic and cardiac anatomy, including parasternal
long-axis, parasternal short-axis view, apical 4-
chamber view, subcoastal view.

Transesophageal echocardiography (TEE),
however, is a relatively invasive procedure that
provides a more detailed evaluation of thoracic
aorta and aortic valve pathologic conditions. It is
worth noting that part of the distal ascending
aorta, just proximal to the innominate artery, is hid-
den under acoustic shadowing from the trachea
and may not be visually accessible on TEE.

Intravascular ultrasound is used for intraluminal
imaging of localized vascular pathologic condition.
It is often used intraoperatively for guiding endo-
vascular procedures such as a stent placement
and thrombectomy and helps distinguish between
true and false lumen (FL) in aortic dissection.17,18

However, its routine clinical use is limited and not
discussed in this review.

Abdominal ultrasound is often used as a diag-
nostic tool in the screening and surveillance of
AAA.18 Recent advances in ultrasound techniques,
including 3D TEE and contrast-enhanced Doppler,
have shown promising results in the evaluation of
various aortic pathologic conditions such as
atheroma, stenosis, thrombus, dissection, aneu-
rysm, rupture, and even surveillance for endoleaks
after endovascular repair of AAA.19,20 However,
the use of abdominal ultrasound is most commonly
limited to screening for aortic aneurysm.

The major limitations of ultrasound-based
assessment include operator dependence and
poor visualization of the aorta in patients with large
body habitus (limiting ultrasound penetration) or
gas in the abdomen (limiting acoustic windows).
Computed Tomography

Cross-sectional imaging modalities, including
multidetector CT (MDCT) and MR imaging, are
the preferred modalities for aortic imaging
because they provide excellent and superior
anatomic details over ultrasound. MDCT/MR im-
aging is limited to a lesser extent by large body
habitus. In addition, MDCT/MR imaging imaging
protocols minimize the interoperator variability,
making them ideal imaging modalities for serial
monitoring and comparative follow-up studies.21
ry of Health and Social Security de ClinicalKey.es por Elsevier en mayo 14, 
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MDCT has shown nearly 100% sensitivity and
specificity for the diagnosis of aortic pathologic
conditions.22 CT angiography (CTA) provides
high temporal and spatial resolution images for
the evaluation of both the vascular anatomy and
solid organs. Electrocardiogram (ECG)-gating,
help minimize motion-induced (cardiac motion) ar-
tifacts, seen in as much as 92% of nongated
scans.1 This, in turn, allows relatively motionless
aortic root evaluation with improved diagnostic ac-
curacy and reproducibility of aortic size measure-
ments.23 The ECG-gating can be done either
prospectively (lower radiation dose) or retrospec-
tively (higher radiation dose).24 With technological
advances such as improved gantry rotation, high-
pitch scanning, and use of dual-source scanners,
motionless imaging of the aorta can now be ob-
tained even without ECG-gating.13 The major lim-
itations of CT include potential side effects
related to exposure to amodest amount of ionizing
radiation and contrast agent used in CTA.23,25
Magnetic Resonance Angiography

Magnetic resonance angiography (MRA) is the
preferred imaging modality for the assessment
and follow-up of aortic pathologic condition in
the nonemergent setting. If there is sufficient tech-
nical and reader expertise, MRA can easily be
used in emergent setting as well using abbreviated
protocols that allow aortic imaging in less than
10 minutes, which is comparable to CTA. MRA is
a powerful imaging modality offering several po-
tential advantages over CT, including (1) lack of
ionizing radiation (ideal for patients with known an-
eurysms who require sequential follow-up exami-
nations), (2) functional information including valve
evaluation and quantification of dynamic vascular
flow (forward and reverse aortic flow), (3) superior
soft tissue characterization, and (4) advances like
4D flow that allow physiologic evaluation and
assessment of aortic compliance and wall shear
stress.8 When performed as combined MRA and
cardiac MR imaging, it can be used a comprehen-
sive test for combined aortic and cardiac anatomy
and function.26,27

The major disadvantage of MR imaging includes
longer acquisition time (remedied via focused pro-
tocols), higher cost, limited availability (remedied
by education and technical expertise), lower
spatial resolution (compared with CT), claustro-
phobia (often remedied through sedation), risk of
nephrogenic systemic fibrosis (remedied via use
of ionic macrocyclic agents), MR imaging-
specific contraindications such as non-MR imag-
ing compatible implants, and body habitus (limited
gantry diameter of the MR imaging scanners.2,9,28
argado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
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As highlighted, most of these limitations can be
easily overcome and MRA remains the primary
workhorse for aortic evaluation at our program
during last 2 decades.
Imaging protocol on MR imaging
The availability of various pulse sequences allows
MR imaging to provide versatile imaging evalua-
tion with functional information and excellent soft
tissue characterization. Due to the availability of
these sequences, MR imaging can be used even
without exogenous contrast for the assessment
of the entire aorta and the proximal origins of its
branches, unlike noncontrast CT.
Typical MR imaging sequences that are ob-

tained as part of MR imaging protocol for aortic
imaging include black blood and bright blood se-
quences, cine sequences through the aortic valve,
flow assessment (2D or 4D flow imaging), and
contrast-enhanced MRA sequences. Two-station
examination of the thoracic and abdominal aorta
can be performed to improve spatial resolution
and the contrast-to-noise ratio. However, the
newer coil arrays allow wide coverage with high-
resolution imaging for chest and abdomen. MRA
protocol for aortic evaluation is summarized in Ta-
ble 1. The premise behind use of different MR se-
quences is as follows:

i. Contrast-enhanced MRA (CE-MRA)—CE-MRA
sequences are the most commonly used
bright-blood technique for luminal assessment.
Most MRA chest protocols have CE-MRA se-
quences as the primary sequence for vascular
evaluation. CE-MRA can be performed as a
high-spatial resolution 3D spoiled gradient-
echo (SPGR) acquisition or dynamic time-
resolved MRA.29 The choice among these
techniques depends upon the clinical indica-
tion, 3D-MRA preferred in most protocols due
to higher spatial resolution and time-resolved
imaging reserved for clinical scenarios in which
directionality of flow or dynamic information is
needed (Fig. 2). In our institution, we perform
time-resolved imaging of aorta in patients
with aortic stent for dynamic evaluation of en-
doleak or in patients with suspected or known
arterio-venous malformations. High-spatial-
resolution CE-MRA can be performed with or
without ECG-gating. ECG-gating is usually
performed if aortic root or ascending aortic
evaluation is needed and to perform accurate
measurements of thoracic aorta, especially
the aortic root.2

Of various strategies that can be used to
decrease the dose of GBCA for MRA of the
aorta, use of a smaller dose of contrast (than
ealth and Social Security de ClinicalKey.es por Elsevier en mayo 14, 
ión. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Table 1
Aortic MR Angiography protocol at our institute

Scan Range Chest, chest and abdomen, or chest, abdomen, and pelvis—depending on
the suspected or known aortic pathologic condition

Contrast type Gadobenate dimeglumine (Multihance, Bracco Diagnostic, Princeton, New
Jersey, USA)

Contrast dose � 0.1 mmol/kg (Max 20 mL), dilute with 25 mL saline, followed with a saline
flush; injected at 1.5 mL/s

� If time-resolved MRA added (for poststent endoleak evaluation cases):
8 mL of the diluted contrast; injected at 2 mL/s

Gating Vector ECG-gating (for aortic root and ascending aorta), Respiratory (for all)

Sequences � 3-plane localizers
� Axial single shot SSFP (GE: FIESTA)
� Single breath-hold ECG-gated 3D MRA: precontrast, peak arterial,
immediate delay

� Postcontrast 3D FSPGR T1W axial sequence (GE: Lava-Flex)
� Optional sequences:

� Time-resolved MRA (GE: TRICKS) (Temporal Resolution w 4 s), if stent
(for endoleak) or dynamic imaging needed (example AV malformation)

� Axial T1-weighted and T2-weighted sequences for vessel wall
evaluation. T1W sequence is done both before and after contrast
administration. T2W imaging is preferably done only before contrast
administration.

� Gated 3D SSFP with respiratory navigators: if noncontrast MRA protocol
or if technical issues with 3D MRA sequence

� 4D Flow: If aortic flow and hemodynamics are desired, ex. Aortic coarc-
tation, aortic valve evaluation
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standard), which is however diluted with sa-
line and then injected at a standard rate of
1.5 to 2 mL/s has become routine for MRA
protocols. This strategy allows the use of a
lower contrast dose, which leads to a slightly
lower peak signal intensity while extending
the duration of contrast enhancement as
compared with standard dose, thus reducing
the chance of mistiming or missing the peak
bolus. Hence, it is strongly encouraged to
decrease the dose of GBCA for the MRA aorta
and perform the scan with diluted contrast so-
lution because it leads to less contrast use
with minimal effect on the quality of the MRA
examination. If there is contraindication to
the use of GBCA, ferumoxytol can be used,
typically in doses of 3 to 5 mg/kg with total
dose not to exceed one bottle (510 mg). How-
ever, it should be noted that use of ferumoxy-
tol is considered an off-label use.30

ii. Black-blood sequences (vessel wall)—These
sequences are used for visualization of aortic
morphology and are acquired using the spin-
echo technique. Multiple radiofrequency
pulses are used to suppress the signal from
the blood, making it seem dark on imaging,
hence the name. For instance, in a double
inversion recovery sequence, 2 inversion
Descargado para Lucia Angulo (lu.maru26@gmail.com) en National Libra
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pulses null the signal from the blood to provide
a higher contrast-to-noise ratio of the aortic
wall. This, in turn, helps in improved visualiza-
tion of aortic wall morphology.

Precontrast and postcontrast black-blood
sequences can be used for further character-
ization of aortic wall thickening and enhance-
ment or vascular malformations.10,11 Various
variants of black-blood sequences, including
T1-weighted and T2-weighted sequences,
allow further tissue characterization. Fast
spin echo sequences provide high-resolution
images while minimizing motion artifacts.11

These sequences are particularly useful for
morphologic assessment of the aorta in pa-
tients with suspected aortic wall pathology
such as vasculitis or intramural hematoma
(Fig. 3).

iii. Steady-state fast precision (SSFP) sequence—
SSFP is a frequently used workhorse for pre-
contrast and noncontrast imaging of the aorta.
Two-dimensional SSFP sequences can be
done in cine mode with images acquired
through the cardiac cycle or noncine single-
shot mode that can serve as an excellent
bright-blood localizer as well as serve as an
anatomic review sequence. When done as 3D
sequence with ECG and respiratory navigators,
ry of Health and Social Security de ClinicalKey.es por Elsevier en mayo 14, 
torización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.



Fig. 2. Sagittal MR angiogram (MRA) images obtained via time-resolved MRA technique (A) and 3D-spoiled
gradient echo MRA technique (B) highlighting the difference in the spatial resolution. The stent details (arrows)
are much better seen on the 3D MRA (B) as compared with time-resolved MRA image (A).
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the SSFP images provide high-resolution
bright blood aortic evaluation, which often are
the most useful sequence for noncontrast pro-
tocols (Fig. 4).

iv. Two-dimensional and 4D-phase contrast flow
MR imaging—Phase-contrast (PC) imaging is
also a noncontrast MRA technique that allows
quantification of blood flow and provides direc-
tionality information. In 2D sequences’ velocity
is encoded in one direction through a 2D plane.
Unlike 2D flow mapping (where the velocity
Fig. 3. T2-weighted image in 2 different patients with vas
(A), the aortic wall shows bright wall signal while aorta s
patients with nonactive or treated vasculitis (B). T2-weigh
typically used to evaluate for edema and disease activity.
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vector is encoded in one direction), in 4D flow
mapping, the velocity vector is encoded in 3 di-
rections and images are acquired from a 3D
spatial volume.31

For all PC sequences, operator-selectable
parameter known as velocity encoding
(VENC) is prescribed before acquisition.
Proper setting of VENC estimated based on
the velocity of the blood-flow desired to be
resolved is critical to the performance of the
study. These sequences are ideal for
culitis (A, B). As shown, in patient with acute vasculitis
eems thickened but does not show bright T2 signal in
ted imaging is used for vessel wall evaluation and is

ealth and Social Security de ClinicalKey.es por Elsevier en mayo 14, 
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Fig. 4. Noncontrast MRA in a patient with suspected
acute aortic emergency. Navigated 3D SSFP images
showing high-quality imaging of the aorta without
requiring contrast administration.
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quantitative and qualitative assessment of
aortic flow abnormalities, including aortic
valvular stenosis or regurgitation (turbulent
flow) or flow within the aortic lumen (false or
true lumen) (eg, in aortic dissection). This
also allows simultaneous evaluation of aortic
valvular abnormality, which has direct conse-
quences on treatment planning.12,32

Four-dimensional-flow MRA can be used for
real-time assessment of blood flow patterns.
In 4D flow mapping, a series of 3D images
are captured over time and converted
into a 3D video (Cine-sequence) (Video 1).
Four-dimensional-flow mapping has been
demonstrated in qualitative and quantitative
assessments of hemodynamic consequences
of pathologic flow disturbances in diverse car-
diovascular regions, including the aorta, ven-
tricles, atria, pulmonary arteries, intracranial
arteries, portal, and splanchnic arteries.33–37

Four-dimensional-flow mapping also offers
various advanced hemodynamic measures
of pathologic flow disturbances, including
vorticity and helicity, wall shear stress, flow
displacement, pressure gradients, viscous
energy loss, and turbulent kinetic energy.
The clinical utility of 4D-flow MR imaging-
based metrics remains under investigation,
although it is increasingly being recog-
nized.38,39 Four-dimensional flow mapping is
a rapidly evolving technique for the assess-
ment of hemodynamic markers. It may offer
escargado para Lucia Angulo (lu.maru26@gmail.com) en National Libra
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several advantages over 2D flow mappings,
such as ability retrospective data analysis,
improved qualitative assessment, application
in diverse cardiovascular regions, and avail-
ability of a diverse set of hemodynamic
markers with a potential role in the manage-
ment of aortic diseases.

Aortography

Aortography is an invasive endovascular proced-
ure involving the injection of a contrast agent into
the aorta through a catheter. For diagnostic evalu-
ation of aortic diseases, aortography is no longer
performed and has been supplanted by less inva-
sive and highly sensitive and specific modalities
such as CTA and MRA.8,40,41 However, aortog-
raphy is still the preferred modality for guiding
endovascular therapeutic interventions.

AORTIC MEASUREMENT

To define normal ranges (adjusted for age, sex,
and body habitus), develop management guide-
lines, risk stratification, treatment planning, prog-
nostication, and follow-up (treatment response
assessment and surveillance) for aortic diseases;
it is crucial to first develop an accurate and repro-
ducible system for measurements of the aorta.12,42

At present, there is no universally accepted stan-
dard for aortic diameter measurements (eg, inner
edge to the inner edge, outer edge to outer
edge) across different imaging modalities.

Aortic Measurements Technique

Measurements of the aortic diameter must be
performed perpendicular to the aortic long-axis,
as estimation using oblique angles (to vessel
long-axis) can lead to overestimation.8,43 For
aortic measurements on CT or MR imaging, the
latest (2022) American College of Cardiology
and American Heart Association guidelines sug-
gest using double oblique inner-edge-to-inner-
edge measurements if the aortic wall is healthy
and use outer-to-outer-wall when the aortic wall
is diseased in patients with atherosclerotic thick-
ening, aortitis, dissection, or intramural hema-
toma (IMH)1 (Fig. 5). The aortic root is measured
from commissure to the opposite sinus or from si-
nus to sinus, whichever one is larger at the end-
diastole. It is more important to have an institution
standard and have consistent method of aortic
measurement in every aortic study. Measurement
using sinus-to-sinus with inner-edge-to-inner-
edge (I-I) on CT and MR imaging has
shown high user confidence and lower intraob-
server and interobserver variability and better
ry of Health and Social Security de ClinicalKey.es por Elsevier en mayo 14, 
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Fig. 5. Double oblique method highlighting the correct technique of measuring aorta from inner-to-inner wall
when aortic wall is normal (top row) and measuring from outer diseased wall to outer diseased wall in a patient
with aortic aneurysm, mural thrombus, and aortic atherosclerosis (bottom row).
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correlation with echocardiogram.1,16,43 The use
of ECG-gated triggered to end-diastole can also
help reduce measurement variabilities.44 In pa-
tients with open aortic repair and a replaced
aortic graft, the measurement of graft is done
from the inner edge to the inner edge (I-I) for the
determination of the functional lumen and future
treatment planning.
It is worth noting that different imaging tech-

niques may provide slightly different measure-
ments of the aorta. Therefore, to improve the
consistency and usability of serial readings, it is
advisable to use the same imaging modality for
longitudinal monitoring of aortic disease.

Normal Aortic Dimensions

The normal diameter of the aortic root and the
ascending aorta is influenced by age, gender,
and body surface area. Hence, the use of a single
cutoff value is not recommended. Aortic diameter
is normalized using a ratio of aortic diameter to
body surface area (aortic size index, ASI, centi-
meter per square meter) or of aortic diameter
to the patient’s height (aortic height index, AHI,
centimeter per centimeter) or ratio of aortic
cross-sectional area to the patient’s height
(cross-sectional area to height ratio, square centi-
meter per meter) is preferable for clinical use and
argado para Lucia Angulo (lu.maru26@gmail.com) en National Library of H
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to use as a predictor of adverse events including
rupture, dissection, or death.45,46 Studies have
shown a cross-sectional area-to-height ratio of
10 cm2/m or greater as a threshold predictive of
increased risk of adverse events.7,16

AORTIC DISEASES

Aortic diseases represent a group of diverse patho-
logic conditions ranging from acute conditions pre-
senting as life-threatening emergencies to chronic
conditions, presenting with varied cardiovascular
symptoms or as an incidental finding on imaging.
Based on the temporal presentation, aortic dis-
eases can be broadly classified as acute or chronic.
The most commonly encountered aortic pathologic
conditions include AAS, aneurysm, aortitis (inflam-
matory and infectious), atherosclerosis, and
congenital anomalies.

Acute Aortic Syndrome

AAS represents a group of life-threatening aortic
pathologic conditions characterized by a sudden
disruption in the integrity of the aortic wall. The
most common causes of AAS include aortic
dissection, IMH, penetrating aortic ulcer (PAU),
traumatic aortic rupture, and aortic aneurysm
rupture (contained or not contained).47 These
ealth and Social Security de ClinicalKey.es por Elsevier en mayo 14, 
ión. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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heterogeneous conditions have different underly-
ing causes but they often present with similar clin-
ical features, characterized by acute severe chest
(or abdominal) pain that may radiate to the neck or
back, hemodynamic instability (shock), and often
requiring emergent intervention.28,47–49

Given the acute life-threatening nature of AAS,
imaging is critical in early and accurate diagnosis,
identifying site(s) of involvement and complica-
tions to help guide optimum and timely therapeutic
interventions. CTA is the preferred imaging modal-
ity for the evaluation of AAS due to its widespread
availability and speed of acquisition. However,
MRA is useful for the evaluation of patients
when CTA is contraindicated or for longitudinal
follow-up.

Aortic dissection
Aortic dissection is the most common cause of
AAS. It is characterized by a tear in the intima, the
innermost layer of the aortic wall. This tear allows
the blood to pass through the tear into the media
and thereby creates a dissection flap (filled with
blood). This dissection flap can expand in either di-
rection (antegrade or retrograde, along the aortic
long-axis). There is an evident entry and exit tear
with double barrel appearance of the aorta.

Etiopathogenesis The overall incidence of aortic
dissection ranges from 0.5 to 3 cases per
100,000 person-years.1 The usual age at presen-
tation ranges between 50 and 70 years, with peo-
ple with congenital aortic diseases may present at
a younger age. The most common risk factor is hy-
pertension, followed by preexisting aortic dis-
eases (Marfan syndrome, bicuspid aortic valve,
Loeys-Dietz syndrome, and Ehlers-Danlos syn-
drome), aortic valve disease, familial aortic dis-
ease, cigarette smoking, direct, blunt chest
trauma, and the use of intravenous drugs such
as cocaine and amphetamine.25,50,51

Classification Aortic dissection is classified based
on anatomic location (Stanford or DeBakey classi-
fication) or time from onset of symptoms.

The DeBakey system divides dissections into
types I, II, and III based on the origin of the intimal
tear and the extent of the dissection (Fig. 6).52

� Type I: Dissection tear originating in the
ascending aorta and extending distally to the
aortic arch.

� Type II: Dissection tear confined to the
ascending aorta.

� Type III: Dissection tear originates in the de-
scending thoracic aorta.
Des
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� Type IIIa: confined to descending thoracic
aorta.
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� Type IIIb: extending distally below the
diaphragm.
The Stanford classification system divides dis-
sections into 2 categories based on the involve-
ment of ascending aorta (see Fig. 6).1

� Type A: Involving the ascending aorta. More
common and managed surgically.

� Type B: Not involving the ascending aorta.
Less common, managed conservatively with
antihypertensive therapy or by endovascular
stent repair unless complicated by end-
organ ischemia or persistent symptoms.53 En-
dovascular stent treatment is associated with
reduced aorta-specific mortality but no overall
mortality benefit when compared with medical
management.2

In 2019, a new category was published by the
European Association for Cardio-Thoracic Surgery
and the European Society for Vascular Surgery,
Non-A-non-B, in which the proximal dissection
flap start in the aortic arch.54 In 2020, the Society
of Thoracic Surgeons and Society for Vascular
Surgery proposed a new classification in which
aortic dissection was divided based on the loca-
tion of intimal tears and the proximal and distal
extent of the dissection process.55 Stanford clas-
sification remains the most commonly used classi-
fication system, although frequently, there is
institutional variability.

The aortic dissection is divided into 4 temporal
types: hyperacute (within 24 hours), acute
(2–7 days), subacute (8–30 days), and chronic
(more than 30 days).56 The hyperacute and acute
period carries a high mortality risk, approximately
1% to 2% per hour rupture risk, with 75% of aortic
dissection–related deaths reported during the first
2 weeks.8,57

Complications Aortic regurgitation (AR) is a com-
mon complication associated with type A aortic
dissection, seen in up to 50% of cases. There
are multiple underlying mechanisms, including
aortic dilatation, an extension of the dissection
flap into the sinuses of Valsalva (thereby detaching
the aortic valve commissures from the aortic wall)
or prolapse of the dissection flap through aortic
leaflet.58,59 It is important to recognize AR and its
underlying mechanisms of AR to allow appropriate
surgical intervention (repair vs replacement of
aortic valve). Although MR imaging can help with
delineation of aortic valve pathologic condition,
echocardiogram is faster and superior.

Malperfusion syndrome is characterized by clin-
ical evidence of end-organ ischemia by branch
vessel obstruction. The presence of malperfusion
ealth and Social Security de ClinicalKey.es por Elsevier en mayo 14, 
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Fig. 6. The Stanford and DeBakey classification for aortic dissection and intramural hematoma.
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syndrome is a poor prognostic sign and is associ-
ated with a mortality rate of 30.5% versus 6.2% in
patients without malperfusion. Mesenteric malper-
fusion has an associated mortality rate of
63.2%.60,61 The branch vessel obstruction can
be static or dynamic. In static obstruction, the
dissection flap extends and blocks the branch
vessel. In dynamic obstruction, the dissection
flap (FL) compresses and true lumen, thereby
impairing flow to branch vessels.
TEE and MRA can help in the early identification

of these complications by both direct visualiza-
tions of extension of the dissection flap as well
as changes in flow pattern (Doppler, 2D or 4D
flow map) through the aortic valve (AR) and branch
vessels (malperfusion syndrome). It is interesting
to note that imaging evidence of malperfusion
can be seen in up to 25% of patients with acute
aortic dissection on imaging; however, they may
not be clinically symptomatic (Fig. 7).

Diagnosis Imaging is critical to the diagnosis and
management of aortic dissection. TEE, CTA, and
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MRA are all highly accurate for the diagnosis of
AAS. One meta-analysis looking at the compara-
tive diagnostic accuracy of different imaging mo-
dalities (TEE, CTA, and MRA) showed excellent
diagnostic accuracy for all 3 modalities, with
sensitivity between 98% and 100% and specificity
between 94% and 98%.40 Clinically CT is the most
preferred imaging modality, primarily due to its
widespread availability in emergency depart-
ments, more user expertise, and rapid image
acquisition. However, as discussed previously,
better knowledge of MR techniques and use of
succinct and focused imaging protocols can
bridge the gap.
Imaging of suspected aortic dissection must be

able to identify the dissection flap (FL) and its
extent, origin, and extent of the aortic wall (intimal)
tear, and presence of risk factors (such as a
bicuspid aortic valve) and complications. The
presence of a dissection flap (FL, channel between
the layers of the aortic wall) is pathognomic for
aortic dissection. MR imaging has high sensitivity
(97%–100%) and specificity (94%–100%) for
ealth and Social Security de ClinicalKey.es por Elsevier en mayo 14, 
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Fig. 7. A 63-year-old man with acute aortic dissection. An image (A) showing the pathogenesis of aortic dissec-
tion. Coronal MRA image (B) showing right renal artery (arrow) originating from the FL and left renal artery orig-
inating from the true lumen (TL). Axial MRA image (C) showing differential renal enhancement with decreased
right renal perfusion (block arrow, C). Although imaging showed malperfusion of the right kidney, the patient
was clinically asymptomatic, and the renal function was preserved.
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diagnosing aortic dissection.62 Black-blood (aortic
wall) and 2D or 4D-flow (blood flow patterns) se-
quences can help distinguish between true and
FL (based on flow pattern and anatomic features).
It can help identify the origin and extent of aortic
dissection. For instance, the presence of bright
pericardial effusion on the black-blood sequence
may suggest a rupture of ascending aorta
rupturing into the pericardial space.4 Four-
dimensional-flow mapping can help quantify the
aortic wall stress, flow pattern within the false
and true lumen, and presence of thrombus.63,64

Four-dimensional-flow studies have shown that
the technique can detect small flap fenestration
in aortic dissection and provide additional informa-
tion about flow through fenestrations throughout
the cardiac cycle, when compared with CTA and
conventional MR imaging.65 In patients with
type-B aortic dissection, FL ejection fraction,
defined as the ratio of retrograde flow rate at the
dominant entry tear during diastole over the ante-
grade systolic flow rate, is shown to be an inde-
pendent predictor of aortic growth.66

Additionally, the presence of high-volume turbu-
lent flow in FL is shown to be associated with
higher risk of late complications.67

Management Early and accurate diagnosis of
AAS is important for timely treatment to provide
optimum outcomes and prevent acute and chronic
complications. Early initiation of medical treatment
has been shown to reduce long-term aorta-related
adverse events.68–70 Therefore, it is recommended
while undergoing evaluation for definitive treat-
ment (eg, surgical intervention in type-A aortic
dissection or endovascular intervention in type-B
aortic dissection). Medical management is tar-
geted at aggressive control of blood pressure
and heart rate to reduce aortic wall stress, using
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intravenous beta blockers (or calcium channel
blockers if a contraindication to beta blockers) fol-
lowed by vasodilators adjunctive therapy (ideally
started after beta-blockers or calcium channel
blockers to avoid compensatory tachycardia).71,72

Open surgical or endovascular stent graft repair
is the preferred modality for the definitive manage-
ment of AAS. The type of definitive management is
often dictated by the patient’s hemodynamic sta-
tus and complications related to AAS. For
instance, type-A aortic dissection, which is associ-
ated with potentially life-threatening sequelae,
including rupture leading to cardiac tamponade,
shock, malperfusion, or the presence of these
complications, warrants the earliest surgical inter-
vention is preferred.73

Endovascular aortic repair (thoracic endovascu-
lar aortic repair [TEVAR]) of type-B aortic dissec-
tion is being frequently performed with a goal to
place the stent in true lumen and cover the entry
and exit tear. Postprocedural imaging is useful
for evaluating expansion of stent graft, branch
anastomosis, reevaluation for improvement in mal-
perfusion, and detection of endoleaks. A study us-
ing 4D flow MR imaging for detecting endoleaks
found 4D flow MR imaging to be superior to
CTA, allowing the distinction of type II endoleak
into subtypes (type IIa and IIb) based on flow pat-
terns of the aortic side branches.74 It is also worth
noting that certain applicability of TEE or intravas-
cular ultrasounds can be limited by the type of
stent graft used in the procedure. For instance,
stents made of polytetrafluoroethylene or Gore-
Tex-based material act as a barrier to ultrasound
waves.8

Long-term follow-up is crucial for prognostica-
tion and early diagnosis of complications. The rec-
ommended time frame for follow-up assessment
of the aorta is 1, 3, 6, and 12 months after the
ry of Health and Social Security de ClinicalKey.es por Elsevier en mayo 14, 
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procedure, followed by yearly examinations.8

Prognostic factors associated with poor outcomes
include an increase in false luminal pressure (seen
as compression of the true lumen, thrombosis, and
blood flow pattern changes in the FL) and persis-
tence of false patent lumen and aortic diameter.
An aortic diameter of more than 45 mm after the
acute phase with a false patent lumen or descend-
ing thoracic aortic diameter of more than 55 mm or
annual growth of more than 5 mm is associated
with a high risk of aortic rupture and warrants sur-
gical reintervention.25

CT and MR imaging are preferred modalities for
a long-term follow-up, given their large field of
view and excellent anatomic information, including
surrounding structure. MR imaging and MRA offer
added advantages, including lack of ionizing radi-
ations and assessment of blood flow using 2D or
4D flow mapping. It has been shown that the
combined use of 4D flow MR imaging and compu-
tational flow dynamics could predict the post-
TEVAR flow dynamics from pre-TEVAR flow
data.75

Penetrating aortic ulcer
Etiopathogenesis A PAU is characterized by an ul-
ceration of an atherosclerotic lesion that disrupts/
penetrates the intimal layer. It typically affects
elderly patients with severe atherosclerotic dis-
ease. It can involve multifocal lesions, as the un-
derlying process of atherosclerosis is generally
diffuse.76 It accounts for 2% to 7% of all AAS.77

Some isolated PAUs remain asymptomatic and
are only incidentally detected on imaging such as
CTA or MRA. It is most commonly located in the
descending thoracic aorta and is uncommon in
the aortic arch and the abdominal aorta. Clinically
PAU presents similar to aortic dissection and other
AAS.1

PAU can progress to IMH (penetrating media),
aortic dissection (media with FL), aneurysm, or
rupture (penetrating through all the 3 layers of
the aortic wall resulting in saccular, fusiform, or
pseudoaneurysm, which may ultimately rupture)
based on level of penetration. Overall, rupture is
uncommon. The presence of progression lesions
is a poor prognostic indicator.

Diagnosis Diagnosis of PAU and its complications
can be evaluated using MR imaging. The
commonly seen imaging features include irregular
crater-like contrast-filled protrusion/out-pouching
from the aortic wall (Fig. 8).17 Calcified atheroscle-
rotic plaques surrounding the ulcer are better seen
on CT imaging. Extraluminal outpouchings
(saccular, fusiform, or pseudoaneurysm) are well
visualized both on CT and MR imaging. A size of
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more than 13 mm or a neck of more than 10 mm
is associated with rapid progression and therefore
warrants early definitive treatment.78 Intramural
hematomas are seen as areas of high signal inten-
sity on T-1 weighted images within the aortic wall.8

Management Current management strategy for
PAU treatment even for asymptomatic PAU if they
have a diameter of 13 mm or greater to 20 mm or
a depth of 10 mm or greater, or if they involve
ascending aorta. Any-size symptomatic PAUs are
associated with a high risk of early disease progres-
sion and treatment through open surgical or endo-
vascular intervention is recommended.79,80

Intramural hematoma
Etiopathogenesis IMH is characterized by hemor-
rhage within the media. It has a distinct pathologic
condition to aortic dissection or PAU. It typically
affects elderly patients with hypertension and se-
vere atherosclerotic disease.81 It is most
commonly located in the descending thoracic
aorta (60%), followed by ascending aorta (30%)
and aortic arch (10%).81 It accounts for 6% to
44% (6%–23% in North America and Europe and
26%–44% in Asia) of all AAS.1 Clinically, it pre-
sents with similar symptoms to aortic dissection
and other AAS.
IMH can progress to aortic dissection, aneu-

rysm, or rupture or lead to malperfusion (through
similar mechanisms seen in aortic dissection). In
some cases, the hematoma can also be resorbed.
Intramural hematomas use the same classification
system as aortic dissection. Type-A IMH is associ-
ated with an 18% risk of rupture at presentation
and 100% mortality without surgical interven-
tion.79 Type-B IMH is associated with a lower mor-
tality rate ranging from 4% to 6% with medical
management while in-hospital and 9% at 1-year
follow-up.81,82

Diagnosis On MR imaging, the signal intensity of
the hematoma varies with the stage or age of the
thrombus. Hyperacute intramural hematoma
seems isointense on T1-weighted images and
hyperintense on T2-weighted while the late sub-
acute stage is characterized by change from
oxyhemoglobin to methemoglobin that changes
the signal characteristics to bright crescentic
appearance on T1-weighted and T2-weighted im-
ages (Fig. 9). Given the small size of the IMH-
associated lesion, MR imaging may offer an
advantage by providing better soft-tissue charac-
terization and luminal evaluation, especially
compared with CT in situations iodinated contrast
use is relatively or absolutely contraindicated
(Fig. 10).
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Fig. 8. An image (A) showing pathogenesis of PAU. Coronal (B) and Sagittal (C) images showing intimal discon-
tinuity with a contained contrast-filled outpouching along the thoracic aorta (arrows) consistent with PAUs.
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Imaging can also be used for risk stratification
and guiding treatment approaches. High-risk im-
aging features associated with intramural hema-
tomas include focal intimal disruption (FID),
increasing aortic diameter, increasing hematoma
thickness, hematoma thickness 10 mm or greater
to 13 mm (�13 in type B and �10 mm in type A),
pericardial effusion, maximum aortic diameter
greater than 45 mm to 50 mm (�47–50 in type B
and �45–50 mm in type A).83,84 FID is character-
ized by contrast-filled outpouching 3 mm or
greater from the aortic wall (intraluminal), similar
to a PAU. However, unlike PAUs, these FID are
not associated with atherosclerotic plaque.
Benign tiny intimal disruptions share a similar
physical appearance to FID but are smaller 3 mm
or lesser projections.84 MR imaging may also offer
an advantage in serial surveillance imaging for
monitoring the dynamic evolution of intramural he-
matoma, that is, progression to aortic dissection,
aneurysm, or rupture.8
Fig. 9. A diagram (A) showing pathogenesis of intramural
images showing subacute stage intramural hematoma w
thoracic aorta.
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Management Similar to PAU, there is no evidence
of directed management guidelines for IMH. For
typeA IMH,opensurgical intervention is recommen-
ded. The timing of the procedure remains unclear,
with some authors suggesting a delay of 1 to
3 days may offer some advantage by allowing the
hematoma tomature.85Although inmedically unsta-
ble patients, urgent intervention is recommended.
For the management of type B intramural hema-
toma, open surgical, TEVAR, and medical manage-
ment have shown similar results. However, good
outcomeswere reportedwithopensurgical repair.86

Traumatic aortic injury
TAI is often lethal, with more than 80% of patients
dying before reaching the hospital.6,87 TAI can be
from sharp (penetrating/direct trauma) or blunt (in-
direct trauma) force. Penetrating aortic trauma is
usually fatal. MR imaging has a limited role in the
assessment of acute TAI, given the validated diag-
nostic accuracy of rapid CTA examinations.
hematoma. Axial T1-weighted (B) and T2-weighted (C)
ith high T1 and T2 signal in the wall of descending
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Fig. 10. A 72-year-old woman with history of iodinated contrast severe allergy and known TAA, presenting with
acute chest pain. Contrast-enhanced MR angiogram (A) showing high signal (white arrows) in the periphery of
the aneurysm aorta. Although a noncontrast follow-up CT (B) also allowed faint delineation of high-density pe-
ripheral IMH (white arrows, B), MRA, with luminal evaluation, enabled both the diagnosis and presurgical
planning.
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However, MR imaging is a great option for serial
assessment of chronic aortic trauma because it
provides better soft-tissue characterization,
assessment of hemorrhagic component of a blunt
traumatic thoracic aortic injury, and changes in
aorta morphology (sheer wall pressure, blood
flow patterns in FL, endoleaks).4,88

Aortic Aneurysm

Aneurysm is defined as a permanent localized
dilatation of the artery, at least 50% greater than
the normal luminal diameter. True aneurysms
contain all 3 layers of the vessel wall. Based on
morphology, the aneurysm can be fusiform (more
common) or saccular (less common). Fusiform re-
sults from diffuse circumferential weakening of the
aortic wall. Saccular aneurysms result from the
weakening of the partial segment of the circumfer-
ential aortic wall. Usually patients with aortic aneu-
rysm present in their fifth or sixth decades.
However, people with connective tissue disorders
or congenital aortic diseases may present at a
younger age. The incidence of thoracic aortic aneu-
rysm (TAA) ranges from 5 to 10 per 100,000 person-
years.89 The incidence of AAA ranges from 1.3% to
8.9% inmen and 1% to 2.2% in women.90 For TAA,
the most common site involved is the aortic root or
ascending aorta (60%), followed by descending
aorta (30%) and aortic arch (10%). Infrarenal aorta
is the most common site for AAA.

Etiopathogenesis
The most common risk factors include hyperten-
sion, smoking, hypercholesterolemia, heritable
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genetic disorders (Marfan syndrome, Loeys-Dietz
syndrome, and Ehlers-Danlos syndrome), BAV,
history of aortic diseases, and trauma.91 Aneu-
rysms of the aortic root and ascending aorta
tend to be from heritable genetic disorders (fibril-
lin-1 deficiency being the most common cause)
and are often associated with the bicuspid aortic
valve.1 The “tulip bulb” sign refers to the charac-
teristic appearance of annuloaortic ectasia due
to symmetric dilatation of the sinuses of Valsalva,
with extension into the ascending aorta and
effacement of the sinotubular junction (Fig. 11).
This appearance is typically seen in patients with
Marfan syndrome. AAA tends to be from athero-
sclerosis. It is characterized by cystic medial
degeneration of the aortic wall.1 Although, it is
worth remembering that the development of an
aneurysm involves a complex interplay of various
hereditary and environmental risk factors.

Diagnosis and treatment planning
Most patients with either TAA or AAA are asymp-
tomatic, and diagnosis is often made on screening
or incidentally on imaging. Imaging also plays a
key role in risk stratification and treatment plan-
ning of aortic aneurysms.
Role of imaging in screening and diagnosis Size
thresholds are often used for screening, diagnosis,
prognostication, or treatment planning. However,
single aortic diameter measurements are limited
by interindividual variability based on age, sex,
height, and body surface area and, therefore,
may not be the most accurate assessment of
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Fig. 11. A 12-year-old girl with Marfan syndrome.
Three-dimensional SSFP coronal MRA image showing
classical annuloaortic ectasia with sinuses of Valsalva
aneurysm and effacement of the sinotubular junction
(also known as “Tulip bulb” sign).
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pathologic dilatation. Traditional size thresholds
used for diagnosis of TAA and AAA are 4.5 cm
and 3 cm, respectively.

Screening of AAA is suggested in patients aged
between 65 and 75 years with either a family his-
tory of AAA (grade 1 recommendation in men
and grade 2a recommendation in women) or has
ever smoked (grade 1 recommendation in both
men and women), using abdominal ultrasound.
Some randomized clinical trials have shown
screening associated with significant mortality
benefit (Odd ratio, OR: 0.65; 95% confidence in-
terval, CI: 0.57–0.74) and reduction in AAA-
related ruptures (OR: 0.62; 95% CI: 0.55–0.70).1

TTE and TEE are often limited in their capacity to
visualize certain segments of the aorta (distal
ascending aorta, aortic arch, and descending
aorta) due to normal anatomic structures
obscuring the view. MDCT and MR imaging offer
excellent alternatives for the assessment of the
aorta that cannot be adequately visualized on
ultrasound.

Role of imaging in serial monitoring and risk

stratification The goal of serial monitoring is to
prevent complications by providing timely thera-
peutic interventions. Aortic aneurysm dissection
and rupture are 2 of the most dreaded and cata-
strophic complications of aortic aneurysm. For
instance, the mortality rate of ruptured AAA is
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approximated between 80% and 90%, with
many patients dying before even reaching the hos-
pital.5 Imaging using ultrasound, CT, or MR imag-
ing can provide a simultaneous assessment of
aortic diameter, aortic morphology, the extent of
involvement of the aorta and its branches, and
tools for serial follow-ups.

Aortic diameter is an important prognostic indi-
cator of aortic rupture or dissection.92 This is
based on Laplace’s law, meaning that an increase
in aortic diameter will lead to a proportional in-
crease in wall stress. Accordingly, a maximum
aortic diameter threshold of 5.5 cm is the most
used parameter in deciding elective aneurysm
repair. However, various studies have shown that
as much as 60% of patients with an aortic diam-
eter of less than 5.5 cm can still have aortic dissec-
tion or rupture.93,94 Therefore, it is important to
consider additional factors while risk-stratifying
aortic aneurysm, including gender (women may
have higher rupture risk at smaller diameter
compared with men), aneurysm growth of greater
than 10 mm/y, severe aortic or mitral regurgitation,
uncontrolled hypertension, and inherited or family
history of the aortic disease.1,2,95

Four-dimensional-flow MR imaging may offer
several potential advantages over CT and con-
ventional MR imaging sequences. For instance,
4D-flow MR imaging can be used for accurate
assessment (qualitative and quantitative) of the
hemodynamic changes (increased turbulence,
wall shear stress, pulse wave velocity) that cause
aortic wall dysfunction and subsequent aneu-
rysm.96,97 These metrics may help improve risk
stratification and treatment guidelines in aneu-
rysms (particularly ascending aortic aneurysms).

Role of imaging in treatment planning Imaging
can provide important information on the landing
zone (proximal and distal), characteristics of the
aneurysm sac (tortuosity and angulation), the rela-
tionship of the aneurysm sac with surrounding
structures (eg, compression), and assessment of
potential vascular access site (patency and lumen
size). This information, in turn, helps in deciding
between an open surgical versus endovascular
approach, vascular access site, and appropriate
size (lumen and length) of the stent.

Management
Optimum management of aortic aneurysm re-
quires an appropriate risk stratification based on
aortic diameter, site, and extent of involvement
of the aneurysm, and existing comorbidities.
Based on the risk-stratification, the patient can
be managed using the medical and medical plus
surgical-endovascular approach.
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Fig. 12. Patient with aortic dissection, status after aortic arch graft repair. Anatomic image from 4D flow data (A)
showing anatomic narrowing at the graft anastomosis (white arrow, A). Pressure (B) and velocity (C) data
showing less than 5 mm Hg drop across the stenosis with no significant flow velocity acceleration suggesting
functionally nonsignificant stenosis.
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Medical management Asymptomatic patients
with aneurysms less than 5.5 cm are often
managed using medical treatment strategies.
This treatment approach can provide primary
(decrease the need for aortic repair by reducing
growth rates and rupture or dissection) and sec-
ondary (reducing recurrence rate and postinter-
vention complications) preventative strategies for
aortic aneurysms. This includes a combination of
lifestyle modifications, such as smoking cessation,
weight reduction, a well-balanced diet and phar-
macotherapy with statins (targeting inflammatory
and atherosclerotic pathways), antihypertensives
(reducing sheer stress on the aortic wall), and
Fig. 13. Patient with complex endovascular thoracoabdom
image (A) showing endoleak (star) with right phrenic art
if the right phrenic artery is being supplied by the endo
dimensional Flow (B) was performed which showed that t
tery is toward the endoleak (yellow arrows, B) and confirm
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antithrombotic therapy (thrombus has been hy-
pothesized to have a role in the pathogenesis of
AAA).1

Surgical and endovascular management In symp-
tomatic patients (resulting from aneurysmal
rupture, dissection, or mass effect on surrounding
structures), surgical or endovascular interventions
are recommended. As most patients are asymp-
tomatic, the need and type of intervention are
often dictated by the imaging findings, especially
maximal aortic diameter and rate of growth.1

An open surgical approach is often associated
with higher operative mortality risk as compared
inal aortic aneurysm repair. Three-dimensional MRA
ery communicating with the endoleak. It was unclear
leak or is the feeding vessel for this endoleak. Four-
he direction of the blood flow in the right phrenic ar-
ed that it is the source of the endoleak for this patient.
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Fig. 14. 68-year-old woman with suspected giant cell aortitis. Axial T2 weighted image (A) showing increased T2
signal in the ascending and descending aorta (white arrows, A). Contrast enhanced MRA (B) showing wall thick-
ening (white arrows, B). F18-Deoxy Glucose positron emission tomography (FDG-PET) image (C) confirmed high
metabolic activity (black arrows, C) suggesting active vasculitis.
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with an endovascular approach.98 Therefore, sur-
gical management is often reserved for patients
with unfavorable anatomy for an endovascular
intervention.99

Surveillance after aneurysm repair
The goal of follow-up examination postintervention
is to allow early identification of treatment compli-
cations and monitoring of residual disease pro-
cess. In patients with open repair and anatomic
suspicion of anastomotic narrowing, 4D Flow im-
aging can help measure the pressure gradient
and characterize the significance of anastomotic
stenosis (Fig. 12). CT is often the preferred modal-
ity for post-TEVAR surveillance, which can be
helpful in the detection of endoleaks, stent migra-
tion, stent-graft fracture or collapse, and aneu-
rysmal dilation of other aortic segments. MR
imaging-based follow-up can be limited by
metallic artifacts. Although, as discussed previ-
ously, MR imaging and flow mapping (2D and
4D) may provide excellent surveillance tools,
particularly for the detection of endoleaks and
evaluate directionality of blood-flow in suspected
type-2 endoleak (Fig. 13). MR imaging may also
be preferred in younger-middle-aged patients to
avoid side effects related to ionizing radiation
and iodinated contrast needed in CT-based
evaluation.100

Other Aortic Conditions

Aortitis
Infectious aortitis (mycotic aneurysm) Infectious
aortitis is quite rare and often results from septic
emboli from endocarditis.101 It can result in a
mushroom-shaped aneurysm, hence the name. It
is interesting to note that almost all mycotic aneu-
rysms have a bacterial source, although fungal
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causes (from Candida or Aspergillus) may be seen
in immunocompromised patients.1 Similar to other
aortic aneurysms, imaging (CT, MR imaging) can
help assess the aneurysm and cardiovascular and
valvular function to help formulate a treatment plan.

Inflammatory aortitis It is caused by the deposi-
tion of inflammatory tissues in the adventitia layer.
The 2 most common causes include Takayasu
arteritis and giant cell arteritis, primarily affecting
the thoracic aorta.102,103 In comparison, immuno-
globulin G4–related diseases primarily affect the
abdominal aorta.102 Takayasu arteritis typically af-
fects young women and is most prevalent in Asia
and South America while giant cell arteritis typi-
cally presents with new onset headache in patients
aged older than 50 years with tenderness of the
temporal arteries or decreased pulsation in that re-
gion.104 Imaging can show vascular wall thick-
ening (on CT or MR imaging) and an increase in
[18F]Fluorodeoxyglucose (18F-FDG) uptake on
FDG-PET105 (Fig. 14). In chronic stage, areas of
stenosis or strictures can be seen.103 Imaging
can help differentiate between infectious and in-
flammatory aortitis because periaortic fluid and
air in periaortic region favor infectious cause.106

Treatment options include anti-inflammatory ther-
apy and revascularization procedures.

SUMMARY

MR imaging has an integral role in the screening,
diagnosis, management, and posttherapeutic
surveillance of aortic pathologic conditions.
Advances in imaging that allow improved ECG-
gating and techniques such as 4D flow MR imag-
ing, may offer a new paradigm in the management
of aortic pathologic conditions by improving the
accuracy of anatomic assessment and
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torización. Copyright ©2025. Elsevier Inc. Todos los derechos reservados.
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complementing the anatomic data with physio-
logic flow disturbances that are involved in the
pathogenesis of the aortic disorder, respectively.
However, faster and improved 4D flow processing
and further systematic evaluation are critical for
these advances to integrated into clinical practice
guidelines for the management of aortic disorders.

CLINICS CARE POINTS

� Aortic diseases have diverse presentations
and urgent treatment needs.

� Imaging is crucial for early diagnosis and
treatment. MRI Imaging is primarily reserved
for non-emergent aortic diseases, but is
routinely used even for acute cases in many
centers.

� Advancements in imaging technology, like
4D-flow MR imaging, and therapeutic inter-
ventions offer new possibilities for managing
aortic diseases and improving clinical
outcomes.

� Use of Gadolinium or Ferumoxytol is an excel-
lent alternative for CT imaging in patients
with contraindication to iodinated contrast
or when radiation risk needs to be mitigated.
SUPPLEMENTARY DATA

Supplementary data related to this article can
be found online at https://doi.org/10.1016/j.mric.
2023.05.002.
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