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Imaging plays a key role in the clin-
ical evaluation of aortic pathology.1 
Magnetic resonance imaging (MRI) 

is a versatile modality in this setting, 
providing precise information about 
aortic anatomy and pathology, as well 
as physiologic flow and functional data. 
The combination of targeted sequences, 
multiplanar imaging, and lack of ioniz-
ing radiation with MRI allows for the 
assessment of a diverse range of aortic 
conditions without exposing the pa-
tient to ionizing radiation, and in some 
instances, without the need for intrave-
nous contrast. In this article, we will re-
view the role of MRI in thoracic aortic 
assessment, review a few common clin-
ical applications, and describe the ben-
efits and drawbacks of this modality in 
comparison to computed tomographic 
angiography (CTA).

 
MRI techniques

The technique most commonly used 
to image the lumen is contrast-en-
hanced MR angiography (CE-MRA).2 

With this method, a gadolinium-based 
contrast material is injected into a pe-
ripheral vein (typically an antecubital 
vein); image acquisition occurs when 
the contrast reaches the arterial system 
for the first time (first-pass circulation) 
after circulating through the right heart 
chambers, pulmonary circulation, and 
left heart chambers. A 3D T1-weighted 
sequence is used for acquisition, yielding 
good contrast between the thoracic aorta 
and the veins and background tissues 
(Figure 1). Images are acquired during 
breath holds, typically of approximately 
20 seconds. Multiplanar reformatting is 
performed to measure the aortic diameter 
in a true perpendicular plane to the ves-
sel. CE-MRA can be performed with or 
without electrocardiogram (ECG) trig-
gering, although there is evidence that 
ECG triggering may increase the preci-
sion of root and ascending segment de-
piction (Figure 2).3

The aortic lumen can also be imaged 
without intravenous administration of a 
contrast material.4, 5 A commonly used 
sequence for this method is the balanced 
steady-state free-precession (bSSFP) 
sequence, with contrast determined by 
the T2/T1 ratios of the different tissues.6 
As blood intrinsically has a high T2/
T1ratio when compared with the ratio of 
stationary tissues, this technique yields 
bright-blood images without the use of 

intravenous contrast. It must be noted 
that veins will also appear bright with 
this technique. bSSFP can be imple-
mented as a 2D or 3D sequence (Figure 
3). The 2D sequence can be obtained 
with ECG synchronization to provide 
cine images depicting aortic blood flow, 
as well as generating dark signal in the 
setting of dephasing caused by nonlam-
inar flow associated with valve stenosis 
or coarctation. The 3D sequence, which 
is most commonly used as a substitute 
for CE-MRA, can be used with or with-
out ECG triggering. Because of the long 
scan time required for 3D implemen-
tation, respiratory triggering is used to 
remove respiratory motion artifacts. 
Research has shown that compared with 
CE-MRA, bSSFP in patients with tho-
racic aortic diseases provides equivalent 
measurements of aortic diameter, com-
parable sensitivity and specificity, and 
better visualization of the aortic root.7 
Use of ECG-triggered technique does 
depend on a regular heart rate for suc-
cessful implementation.

Dark-blood MRI techniques can be 
obtained with spin echo or inversion re-
covery sequences; with nulling of signal 
from moving blood, the aortic wall is 
clearly depicted. The aortic wall anat-
omy and tissue characteristics may be 
defined based on T1, T2, and T2* signal 
characteristics. Many different methods 
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are used to acquire black-blood images, 
including breath-hold, respiratory-trig-
gered, and rapid single-shot techniques 
(Figure 4). 

Phase-contrast (PC) sequences can be 
used to quantify aortic flow. PC quanti-
fication was founded on the observation 
that protons passing through a magnetic 
field gradient undergo a phase change 
in proportion to velocity. Aortic blood 
flow can be quantified by integrating 
these measured velocities within the aor-
tic lumen during the cardiac cycle (Fig- 
ure 5). This technique allows for evalu-
ation of aortic forward flow and stenotic 
and regurgitant valves and is helpful in 
the assessment of congenital heart dis-
ease. PC imaging is most commonly ac-
quired as a single through-plane or 
in-plane direction, with more recent de-
velopments allowing for flow analysis 
in multiple directions, albeit with longer 
acquisition time.

Selected MRI clinical applications 
Thoracic aortic aneurysm

A thoracic aortic aneurysm (TAA) 
is defined as a permanent localized  
dilation of the thoracic aorta, in which 
the diameter is 50% larger than the  
normal aortic diameter.1 TAAs are usu-
ally asymptomatic and may develop  

FIGURE 1. First-pass CE-MRA in a sagittal oblique plane. (A) Raw image and (B) subtracted 
maximum intensity projection image. Note that better contrast between the enhanced thoracic 
aorta and background tissues is achieved by using subtraction.
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FIGURE 2. Images of the aortic root (red arrow) from the same patient. (A) Image obtained with 
first-pass CE-MRA shows blurred margins of the aortic root. (B) Image obtained with ECG-syn-
chronized and respiratory navigator-gated technique shows improved depiction of the aortic root.

FIGURE 3. Image obtained with bSSFP sequence without the admin-
istration of intravenous contrast material. Both the thoracic aorta (*) 
and pulmonary arteries (**) appear bright with this technique.

FIGURE 4. Axial image of the thorax at the level of the right main pulmonary 
artery, obtained with a T1-weighted black-blood sequence. All vessel lumens 
appear dark and the vessel walls can be clearly seen, including the walls of 
the ascending thoracic aorta (***), pulmonary arteries (**), and descending 
thoracic aorta (*).
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undetected until an acute emergent event 
occurs, such as dissection or rupture.1 
These acute events carry a high mortality 
rate, and studies have demonstrated that 
treatment of asymptomatic, stable TAAs 
leads to better results than treatment of 
dangerous acute events.1 Therefore, pa-
tients with known TAAs that have not 
yet met surgical size criteria are usually 
followed up with serial imaging studies to 
assess the maximum caliber and growth 
rate of the aneurysm, which allows clini-
cians to determine the correct timing for 
surgical intervention. Because patients 
are not exposed to ionizing radiation and 
nephrotoxic contrast media with this tech-
nique, MRI is an attractive option in this 
clinical setting 8,9 particularly for younger 
patients with conditions placing them  
at higher risk for TAAs such as bicuspid 

aortic valve and Marfan, Ehlers-Danlos, 
and Loeys-Dietz syndromes.1,8

The MR method of choice to diag-
nose or follow up a TAA in patients 
with normal renal function is CE-MRA 
because of the contrast levels achieved 
and the depiction of large branch ves-
sels that can be obtained with this tech-
nique. Multiplanar reformatting should 
be performed and the aortic diameter 
should be measured in reproducible an-
atomic positions, in a plane perpendic-
ular to the direction of flow. Diameter 
should be measured from outer wall to 
outer wall.1 Cases in which severe or 
end-stage chronic renal disease is pres-
ent (ie, estimated glomerular filtration 
rate [eGFR] <30 mL/min/1.73 m2), 
gadolinium-based materials should not 
be administered.10 A noncontrast MRA 

technique can be employed in these 
cases. Dark-blood techniques typically 
have supplementary roles in TAA ex-
aminations (e.g, when there is concom-
itant concern for aortic wall pathology).

TAAs can be corrected by open sur-
gery or by endovascular stent place-
ment.11 Open surgery is typically 
performed by implanting an imperme-
able Dacron tube, which is nonmetal-
lic, MRI safe, and not associated with 
artifact; or by performing aortoplasty, 
which involves resection of a portion 
of the aortic wall (Figure 6). Thoracic 
endovascular stents, on the other hand, 
are usually constructed with a stainless 
steel mesh and are considered “MRI 
conditional” according to the current 
terminology of the American Society 
for Testing and Materials, meaning 
“an item that has been demonstrated 
to pose no known hazards in a speci-
fied MRI environment with specified 
conditions of use.”12-14 Conditions in 
which many of the available commer-
cial stents were found to be safe are 
listed in Table 1.12 Specific and de-
tailed information for each product can 
be obtained from the manufacturer. 
Although most endovascular stents can 
be safely imaged by an MRI system 
immediately after implantation in typ-
ical clinical conditions, susceptibility 
artifact often will degrade the images 
and render the treated aortic segment 
and its lumen impossible to evaluate, 
limiting the usefulness of MRI as a  
follow-up tool in this setting.

Because bicuspid aortic valve has 
been found to be an independent risk fac-
tor for TAA, many young patients with 
known bicuspid aortic valve are serially 
screened for developing aneurysms and 
may therefore benefit from the use of 
MRI.15 When these patients are imaged, 
the aortic valve can also be evaluated 
with cine and phase-contrast imaging to 
delineate leaflet opening and flow quan-
tification, respectively.8 Further, left ven-
tricle size and systolic function may be 
accurately quantified with cine bSSFP 
imaging when there is concern about 
ventricular remodeling associated with 
chronic valve dysfunction.

FIGURE 5. A cine PC velocity-encoded sequence is shown in the axial orientation at the level 
of the mid ascending aorta in a patient with normal aortic valve function. The top row illus-
trates the magnitude (left,A) and phase (right,B) images acquired at peak systole. A region 
of interest is placed encompassing the ascending aorta (red circles in the upper images) 
throughout the cardiac phases. The bottom row demonstrates the flow curve generated 
during the cardiac cycle (left) and portions of the quantitative data produced (right). 
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FIGURE 7. Aortic arch intramural hematoma 
(arrows). (A) CE-MRA, (B) dark-blood MRA, 
and (C) noncontrast CT. Although the imaging 
method of choice for acute aortic syndromes 
is CT/CTA, MRA can demonstrate intramural 
hematoma clearly and may be a useful alter-
native when CT/CTA is contraindicated.

Acute aortic syndromes
Acute aortic syndromes are defined 

as a sudden occurrence of chest or back 
pain that is caused by an aortic disease. 
Acute aortic syndromes include intra-
mural hematoma, aortic dissection, and 
penetrating aortic ulcer. Intramural he-
matoma is a consequence of the rupture 
of the vasa vasorum into the media of 
the aorta, without intima rupture.16 Dis-
section involves rupture of the intima 
and media of the aorta, with bleeding 
within and along the wall of the aorta.1 
Penetrating aortic ulcer is defined as a 
focal atherosclerotic lesion that ulcer-

ates, disrupting the internal elastic lam-
ina of the aortic wall.17,18 These three 
presentations of acute aortic syndromes 
have similar symptoms, and each car-
ries the risk of aortic rupture. The im-
aging method of choice for acute aortic 
syndromes in most instances is CTA 
because of its ready availability, precise 
anatomic depiction, and fast acquisition 
time. However, for cases in which ad-
ministration of iodinated contrast ma-
terial is contraindicated, MRA without 
intravenous contrast can be employed 
with good results if the patient’s con-
dition is stable. The increased time of 

Table 1. Common scanning conditions in which  
stent grafts are usually deemed “MR-conditional”12

• Static magnetic field of ≤3 Tesla
• Maximum spatial gradient magnetic field of ≤720 Gauss/cm
•  Maximum MR system-reported whole-body-averaged specific absorption 
rate of 3 W/kg for 15 minutes of scanning (per pulse sequence)

FIGURE 6. Postoperative first-pass CE-MRA image acquired after ascending thoracic aortic 
aneurysm correction with an open surgery graft placement. Because the graft is not made of 
ferromagnetic materials, no susceptibility artifact is present and the thoracic aorta and graft 
are clearly depicted. The graft can be recognized by its uniform caliber and shape (arrows).

FIGURE 8. T1-weighted dark-blood image 
of a patient with Takayasu arteritis. The 
ascending thoracic aortic wall is concentri-
cally thickened (arrow).
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acquisition for MRI, alterations in ECG 
signal, and difficulty providing care to 
patients in the MRI scanner are limita-
tions to consider for this technique. Be-
cause of the previously mentioned risk 
of radiation exposure with CTA, MRI 
may be considered for the follow-up of 
acute aortic syndromes. MRI can also 
be useful for evaluating intramural he-
matoma because of this technique’s 
good soft tissue delineation of the aortic 
wall (Figure 7).

Large vessel vasculitis
Large vessel vasculitis (LVV) refers 

to inflammatory diseases that involve 
the aorta and its major branches. There 
are several common subtypes of LVV. 
Takayasu arteritis most often occurs 
in women between the ages of 15 and 
45 years, whereas giant cell arteritis is 
most commonly diagnosed in patients 
older than 50 years.19 Arterial wall in-
flammation and thickening in patients 
with LVV can lead to luminal stenosis 
or occlusion and associated end-organ 
ischemia (Figure 8). Less commonly, 
aneurysm formation and aortic valve 
insufficiency may ensue, in some cases 
leading to acute aortic pathology such 
as dissection or rupture.20 MRI is well 
suited to the serial evaluation of LVV, 
providing luminal and vessel wall as-
sessment, with the potential to provide 
assessment of aortic flow and stiffness 
(by means of pulse wave velocity calcu-
lation) as part of the same comprehen-
sive examination. 20

 
MRI and CTA in thoracic aorta 
assessment

CTA is the most commonly used 
method to image the thoracic aorta be-
cause of its availability in most health-
care facilities, rapid imaging acquisition 
times, relative ease of acquisition and in-
terpretation, and good spatial resolution. 
In addition, ordering and interpreting 
physicians are generally familiar with 
this imaging method. However, MRI 
offers some potential advantages over 
CTA for thoracic aorta imaging.8,9 MRI 
does not expose the patient to ionizing 

radiation and uses gadolinium-based 
contrast agents, which have excellent 
safety profiles in properly screened pa-
tients.10 Although gadolinium-based 
contrast agents should not be used in pa-
tients with end-stage and severe chronic 
renal disease (eGFR <30 mL/min/1.73 
m2) because of the risk of nephrogenic 
systemic fibrosis, these agents are not 
considered to be nephrotoxic.10 MRI 
allows for improved soft tissue char-
acterization compared to CTA and can 
obtain aortic flow information as part 
of the same examination. Finally, MRI 
can, in some instances, be successfully 
performed without the administration of 
contrast media, whereas CTA requires 
the use of a contrast agent to depict the 
aortic lumen. 

Conclusion
MRI is a versatile tool for clinical 

assessment of the thoracic aorta. CTA 
remains a ubiquitous imaging option 
in this setting because of its ease of use 
and rapid acquisition time. However, 
MRI is a viable option when there is 
concern about ionizing radiation or 
contrast toxicity or there is interest in a 
comprehensive imaging examination 
offering improved aortic wall character-
ization and with the potential to quan-
tify aortic flow measurements and left 
ventricular function.
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