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58 Noncontrast MRA of the Thoracic Aorta

Non-Gadolinium-Enhanced
3-Dimensional Magnetic
Resonance Angiography

for the Evaluation of Thoracic
Aortic Disease: A Preliminary Experience

We compared image quality and diagnostic accuracy of a noncontrast 3-dimensional mag-
netic resonance angiography (NC-MRA) technique (balanced steady-state free-precession
sequence) to contrast-enhanced MRA (CE-MRA) for evaluation of thoracic aortic disease.

The CE-MRA provides 3-dimensional high-resolution images of the thoracic aorta that
are important in the evaluation of patients with aortic disease. However, recent concerns
with the potential nephrotoxic effects of gadolinium contrast medium limit the application
of CE-MRA for patients who have significant renal insufficiency.

Twenty-one patients (mean age, 51 yr; 18 men) who underwent NC-MRA and CE-MRA
for evaluation of thoracic aortic disease were retrospectively identified. Data sets were
reviewed by 2 readers who were blinded to the patients’ information. The thoracic aorta
was divided into 5 segments. Image quality and reader confidence for diagnosis of aortic
pathology were rated on 5-point scales. The Wilcoxon matched-pairs signed rank test and
the Student t test were used for comparisons.

The NC-MRA identified all pathologic findings with 100% diagnostic accuracy and simi-
lar reader confidence, when compared with CE-MRA. Although overall image quality was
not significantly different, superior image quality was observed at the aortic root (4.4 + 0.8
vs 3.2+ 0.9, P <0.0005) and ascending aorta (4.1 + 1 vs 3.7 + 0.9, P=0.05) respectively.

In conclusion, NC-MRA is a useful alternative for evaluation and follow-up of thoracic
aortic disease, especially for patients with poor intravenous access or contraindications to
gadolinium use. (Tex Heart Inst J 2010;37(1):58-65)

ontrast-enhanced magnetic resonance angiography (CE-MRA) is often used

for initial assessment and follow-up of thoracic aortic disease."? Fast, repro-

ducible, 3-dimensional (3-D) high-resolution imaging of the thoracic aorta
is essential for surgical planning and follow-up after intervention. Although comput-
ed tomographic angiography has advanced rapidly over the past few years and now
can provide high-resolution images of the thoracic aorta, it has several drawbacks, in-
cluding its use of ionizing radiation and nephrotoxic iodinated contrast agents and its
inability to quantify blood flow. Contrast-enhanced MRA has such limitations as its
need for intravenous gadolinium-chelate contrast, its frequent application without
cardiac gating (which leads to motion artifacts), and its predominantly intralumi-
nal imaging of the aorta® (with restricted imaging of the aortic wall for the evalua-
tion of mural and extraluminal disease such as intramural hematoma or vasculitis).
Gadolinium-chelate contrast agents are far less likely to elicit allergic-type reactions
than are iodinated contrast agents, and are, in general, considered safer for use in pa-
tients with impaired renal function. Recently, however, they have been associated with
nephrogenic systemic fibrosis, a potentially life-threatening disease that chiefly affects
patients on dialysis or with severe renal dysfunction.*

Electrocardiographic (ECG) gated 2-dimensional noncontrast imaging techniques,
including spin-echo, gradient-echo, and time-of-flight pulse sequences, enable im-
proved visualization of the aorta without need for contrast but are hampered by long-
er imaging times and nonvolumetric data acquisition.® Recently, a respiratory- and
cardiac-gated, fat-suppressed, noncontrast 3-D magnetic resonance angiography
(NC-MRA) technique (balanced steady-state free-precession sequence) has been de-
veloped for whole-heart imaging,” and this provides high and isotropic spatial reso-
lution for the evaluation of coronary arteries.”" It is unknown whether this technique
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can be applied to the imaging of various aortic diseases
with reliable diagnostic accuracy, although recent pre-
liminary results are promising."* The aim of this study
was to examine our institution’s initial experience in
comparing the image quality and diagnostic accura-
cy of NC-MRA to those of CE-MRA for the evalua-
tion of the anatomy and pathology of the thoracic aorta
and branch vessels.

Patients and Methods

Our study was approved by the institutional review
board at our medical center and was found to comply
with the Health Insurance Portability and Account-
ability Act. The need for informed consent was waived.
Given our prior experience with NC-MRA for the eval-
uation of coronary artery disease, as of February 2007, a
modified version of this sequence was incorporated into
our department’s MAGNETOM Avanto 1.5T (Siemens
AG; Erlangen, Germany) thoracic aorta MRA proto-
col. Retrospective review of our imaging database iden-
tified 21 patients (mean age, 51 yr; 18 men) who had
undergone evaluation for thoracic aortic disease from
February through June 2007 by means of NC-MRA,
followed by CE-MRA during the same examination.
Patients had been referred for evaluation of suspect-
ed aortic aneurysm (n=06), congenital vascular disease
(n=8), known dissection (n=2), vasculitis (n=1), and
atheromatous disease (n=4). No patient was excluded
due to poor image quality.

Magnetic Resonance Technique

All patients included in this study underwent ECG-
and respiratory-gated NC-MRA and routine nongat-
ed CE-MRA in the same session; these examinations
were performed using a 6-channel phased-array coil
combined with an 8-element spine coil. Depending
on the suspected disease process, 3-D imaging was
performed in either the coronal plane (for the eval-
uation of congenital vascular disease or vasculitis) or
the oblique sagittal plane (for primary aortic disease).
Noncontrast MRA was performed using an ECG-gat-
ed and respiratory-triggered 3-D balanced steady-state
free-precession sequence with T, preparation and fat
suppression. Image acquisition was set to occur dur-
ing mid-to-late diastole of the cardiac cycle. Respirato-
ry gating was accomplished by placing cross-excitation
pencil-beam navigator pulses at the dome of the liver
and by using an acceptance window of £3 mm. Im-
aging parameters were repetition time, 3.7 ms; trigger
delay, 400 ms; echo time, 1.4 to 1.8 ms; flip angle, 90°;
generalized autocalibrating partially parallel acquisi-
tions (GRAPPA) acceleration factor, 2; mean voxel size,
1.6 x 1.7 x 2.6 mm (0.9 x 0.9 x 1.4 mm with interpo-
lation); mean acquisition time, 9 min 9 sec + 4 min 1
sec (range, 3 min 9 sec—20 min 51 sec; median time, 9
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min 21 sec), and navigator efficiency rate, 23% to 69%
(median, 50%). On the basis of our early evaluations,
which demonstrated poor signals at the level of grear
vessel origins, local magnetic-field shimming at the level
of the great-vessel origins was performed in the last 6 of
the 21 patients in this study. Contrastenhanced MRA
was always performed after the NC-MRA using a 3-D
spoiled gradient-echo sequence with the following pa-
rameters: repetition time, 3.2 to 3.4 ms; echo time, 1.1
to 1.3 ms, GRAPPA acceleration factor, 2; mean voxel size,
1 x 0.9 x 1.3 mm (no interpolation was used); average
time of acquisition, 17 + 2.5 sec (range, 12.8-21.8 sec)
before and after injection of Magnevist® 0.1 mmol/kg
Gd-diethylenetriamine penta-acetic acid (Bayer Health-
care Pharmaceuticals Inc.; Wayne, NJ) at 2 mL/sec via
a power injector (Medrad, Inc. USA; Warrendale, Pa)
after a scan delay determined by test-bolus injection of 1
mL of total weight-based dose of contrast medium and
a timing formula.

Image Analysis

Data sets were independently interpreted by 2 read-
ers (MBS and EH) with 5 years’ experience each, who
had been blinded to patient information and prior re-
sults and who used a 3-D workstation (Multimodality
Workplace, Siemens Medical Solutions). Although the
readers could not be blinded to which sequence was
under interpretation (NC-MRA vs CE-MRA), they
read data sets in random order, with a delay of at least
2 weeks between assessments of the same patient’s im-
ages, to reduce interpretation bias. For CE-MRA, the
unsubtracted raw data sets were used for all analyses.

The following parameters were assessed by both read-
ers:

Image quality was rated on a 5-point scale (1 = unin-
terpretable, 2 = poor, 3 = satisfactory, 4 = good, 5 = ex-
cellent) on the basis of visualization of the lumen, aortic
wall, branch vessel (or coronary artery) origins, and ar-
tifacts. The image quality of predefined aortic segments
(the root, ascending, arch, and descending segments,
and the great-vessel origins) was determined (Fig. 1),
and the mean image-quality score was calculated for
the entire thoracic aorta. The root encompassed the re-
gion from the aortic annulus to the sinotubular junc-
tion. The ascending aorta encompassed the region from
the sinotubular junction to the takeoff of the 1st great
vessel (usually the right brachiocephalic artery). The
arch encompassed the region between the 1st great-ves-
sel takeoff and the ductus bump. The descending aorta
encompassed the region from the ductus bump to the
diaphragm. The arch vessels were evaluated for a dis-
tance of at least 6 cm distal to their origin.

Luminal diameters and areas of the aorta were meas-
ured from inner wall to inner wall at predefined lev-
els (Fig. 1), including the normal-diameter values from
echocardiography™ (within parentheses): the aortic root,
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Fig. 1 This diagram of the thoracic aorta demonstrates the seg-
ments used for the evaluation of image quality and the levels
used for the measurement of aortic dimensions, including the
sinus of Valsalva (A), sinotubular junction (B), mid-ascending
aorta (C), mid-aortic arch (D), mid-descending aorta (E), and
diaphragm level (F).

including measurements at the aortic sinuses (<37 mm)
and the sinotubular junction (<37 mm); the ascend-
ing aorta at the level of the pulmonary bifurcation (<39
mm); the aortic arch between the left common carot-
id and left subclavian artery takeoffs (<35 mm); the de-
scending aorta at the level of the pulmonary bifurcation
(<28 mm); and the descending aorta at the diaphrag-
matic level (<28 mm).

Recognition of relevant aortic diseases was noted, with
readers’ confidence in the diagnosis scored on a 5-point
ordinal scale: 1 = uninterpretable, 2 = poorly identified
with uncertain diagnosis, 3 = identified with probable
diagnosis, 4 = clearly identified with highly probable di-
agnosis, 5 = very clearly identified with definite diagno-
sis. In particular, specific note was made of the presence
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or absence of aortic aneurysm; classic aortic dissection
and communication sites; intramural hematoma; aor-
tic coarctation; and severe (>4-mm thick) or complex
aortic atheroma.

In addition to evaluating NC-MRA and CE-MRA
data sets, our readers evaluated each patient’s entire aor-
tic examination at a separate session for the identifi-
cation of relevant aortic disease, and this was used as
the reference standard. Moreover, the location, severity
(largest or narrowest diameter), and extent of the dis-
ease were recorded.

Statistical Analysis

All variables are expressed as mean + SD. Comparisons
between the 2 techniques for continuous variables were
made by the paired Student # test. Comparisons be-
tween the 2 techniques for categorical variables were
made by the Wilcoxon matched-pairs signed rank test.
A probability value of P <0.05 was considered statisti-
cally significant. The intra-class correlation coefficient,
which is similar to the Pearson correlation but also ac-
counts for the magnitude of difference (between read-
ers) measured in the same segment, was used to evaluate
interobserver agreement for measurements of the aortic
diameters. Values near +1 were considered to represent
close agreement, while values <0.9 were considered to
indicate relatively poor agreement.

Results

Image Quality

Although overall image quality was not significantly dif-
ferent between the 2 techniques (mean image-quality
score, 4.2 for NC-MRA vs 4.1 for CE-MRA; P=0.6),
significantly higher image quality was observed at the
aortic root (4.4 £ 0.8 vs 3.2 + 0.9; 2 <0.0005) and as-
cending aorta (4.1 £ 1 vs 3.7 £ 0.9; P=0.05), for NC-
MRA compared with CE-MRA. However, this was
offset by significantly lower image-quality scores at
great-vessel origins (3.5 + 1.4 vs 4.6 + 0.7; P <0.005)
for NC-MRA compared with CE-MRA (Figs. 2 and
3), particularly in the initial patient studies. Improve-
ment in the visualization of great-vessel origins could
be attained with the use of local magnetic-field shim-
ming, which was implemented in the last 6 of 21 pa-
tients (Fig. 4). Both coronary artery origins were well
visualized in 16 patients in the NC-MRA group and in
only 1 patient in the CE-MRA group (Fig. 5).

Aortic Dimensions

There were no significant differences between the 2 tech-
niques in the measurements of aortic dimensions at the
mid-ascending, arch, mid-descending, and diaphragm
levels. However, the mean luminal diameter and area

measurements were significantly higher with NC-
MRA than with CE-MRA at the aortic sinus (34.6 mm
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Fig. 2 Multiplanar reformation of A) noncontrast magnetic reso-
nance angiography (NC-MRA) and B) contrast-enhanced MRA
in a patient with aneurysm of the aortic root. Image quality, par-
ticularly distinct visualization of the aortic walls, was better with
NC-MRA for the aortic root and ascending aorta levels (black
arrows). Magnetic-field inhomogeneities from lung parenchyma
surrounding the left subclavian artery caused signal artifact in
that region and consequently reduced image quality at that level
(white arrow) on the NC-MRA image (top).
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Fig. 3 Comparison of image-quality scores between noncon-
trast and contrast-enhanced magnetic resonance angiography.

vs 33.7 mm and 9.6 cm? vs 9.1 cm?; P <0.05) and sino-
tubular junction (30.6 mm vs 29.7 mm and 7.5 cm® vs
7.1 cm?; P <0.01) (Fig. 6). In addition, the intra-class
correlation coefficient for NC-MRA was noted to be
high (>0.9) for all aortic segments; for CE-MRA, the
intra-class correlation coefficient was high (>0.9) for all
aortic segments except the mid-ascending aorta.

Aortic Conditions

On the basis of imaging findings from the standard aor-
tic protocol for all 21 subjects, there were 5 aneurysms
(including 2 with dissections), 1 coarctation, 3 instanc-
es of severe or complex atheromatous disease, and 1 in-
stance of prior coronary artery bypass grafting. These
findings were all correctly diagnosed by means of both
CE-MRA and NC-MRA techniques, used individual-
ly. In addition, 11 subjects without significant thoracic
aortic disease were also correctly diagnosed by both CE-
MRA and NC-MRA techniques, which yielded a diag-
nostic accuracy of 100% for each technique. For aortic
dissections, an entry site could be visualized by means of
both techniques. For coarctation, the smallest luminal
diameter was measured at 1.2 cm by both readers. Mean
reader-confidence scores were not significantly differ-
ent between the 2 techniques (NC-MRA 4.17 £ 091
vs CE-MRA 4.26 £ 0.7, P=NS). No significant addi-
tional findings (for example, anomalous coronary ar-
teries) were noted with NC-MRA in the current study.

Discussion

Contrast-enhanced MRA has become the standard
imaging technique for the evaluation of thoracic aortic
disease in many centers, due to its high diagnostic accu-
racy for intraluminal pathologic conditions such as aor-
tic aneurysm and dissection, its fast acquisition times,”"
and the 3-D nature of its data sets, which is important
for surgical or interventional planning.” However, CE-
MRA techniques require intravenous access and gad-
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Fig. 4 Noncontrast magnetic resonance angiography A) before
and B) after localized shimming of the ascending aorta and arch
in a patient with prior coronary artery bypass grafting. Before
local shimming, artifact from sternal wires obscures the ascend-
ing aorta (arrowheads), and consequently the bypass graft origin
(arrow). Local shimming also improves visualization of the great-
vessel origins (curved arrows).

olinium-based contrast administration, with accurate
timing of contrast delivery for optimal enhancement
of relevant structures.” In recent years, there have been
increasing concerns regarding the risk of using gadolin-
ium-based contrast agents, particularly in patients with
severe renal insufficiency; therefore, alternative, non-
gadolinium-enhanced MRA techniques need to be re-
considered for the clinical evaluation of vascular disease.

In this study, we compared 3-D NC-MRA to conven-
tional 3-D CE-MRA for the evaluation of thoracic aor-
tic diseases. Although results in coronary imaging are
quite promising, prior studies that used a similar tech-
nique for imaging renal arteries yielded inferior image
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quality when compared with CE-MRA."* For evalu-
ation of the thoracic aorta, we found that overall image
quality was not significantly different between the gated
NC-MRA and CE-MRA techniques used in this study.
In fact, NC-MRA provided significantly better visu-
alization of the aortic root, ascending aorta, and coro-
nary arteries, compared with CE-MRA. Visualization

Fig. 5 A) Multiplanar reformation of noncontrast magnetic
resonance angiography at the level of the aortic sinuses shows
good visualization of the right (white arrow) and left (black arrow)
coronary arteries from their respective sinuses. B) Correspond-
ing multiplanar reformation of contrast-enhanced magnetic reso-
nance angiography at the same level shows partial visualization
of the left coronary artery (black arrow) and non-visualization of
the right coronary artery (white arrow).
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Fig. 6 Comparison of aortic dimension measurements between
noncontrast and contrast-enhanced magnetic resonance angi-
ography.

AA = ascending aorta; Arch = aortic arch; CE-MRA = contrast-
enhanced magnetic resonance angiography; DA = descending
aorta; Diaphragm = at level of diaphragm, LCC = left common
carotid artery; LSA = left subclavian artery; NC-MRA = noncon-
trast magnetic resonance angiography; RBC = right brachioce-
phalic artery; Sinus = sinus of Valsalva; STJ = sinotubular junction
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of these regions is important, because aortic disease can
affect these regions primarily, in conjunction with other
regions or independently; aortocoronary bypass grafts
often originate from these regions and are also impor-
tant to recognize. In addition, knowledge of the exact
location and extent of disease involvement is important
for preprocedural surgical planning. Image quality for
the aortic root and ascending aorta were significant-
ly worse with CE-MRA compared with NC-MRA,
primarily due to cardiac motion artifact from non-
ECG-gated data acquisition with CE-MRA. Although
ECG-gated CE-MRA sequences are available?** and
are used routinely at some centers, these sequences are
heartrate dependent and often result in comparably
longer imaging times with resultant requirements for
longer breath-hold times and higher doses of gadolini-
um contrast medium.

Artifacts related to magnetic-field inhomogeneity,
while present with both MRA techniques, were more
prominent with NC-MRA, particularly at the left sub-
clavian artery takeoff and, in patients with sternal wires,
at the ascending aorta segment. The artifactual signal
intensity loss in the great vessels is likely related to the
perturbing effect of nearby lung air, which has been re-
ported with fatsaturation sequences.” Although the
overall image quality and the potential diagnostic per-
formance of NC-MRA can be reduced by these arti-
facts, imaging with localized shimming at the aortic
arch or ascending aortic segments greatly minimized ar-
tifacts in our patients (Fig. 4). As a result, we routinely
used localized shimming with NC-MRA in the last 6
cases of this cohort.

There were no significant differences between the
2 sequences for measuring aortic diameters at stan-
dard anatomic landmarks, except for the aortic sinus-
es and sinotubular junctions. Measurements tended to
be slightly higher at these levels with NC-MRA than
with CE-MRA. Although no gold standard exists for
measuring the aorta at these levels, it is presumed that
the pulsation artifact from noncardiac-gated sequenc-
es, including CE-MRA, with the resultant blurring of
the aortic walls at these levels as noted by decreased im-
age-quality scores, may have led to inaccurate measure-
ments with CE-MRA. Accurate measurements at these
levels are important since they affect prognosis, follow-
up, and future management of these patients.”**

All thoracic aortic pathologic changes included in our
patient cohort were recognized with use of both tech-
niques and with similarly high diagnostic confidence
scores. In particular, aortic diseases primarily affecting
the aortic root and ascending aorta were more clearly de-
picted on NC-MRA techniques, which was likely due
to the lack of ECG gating on the CE-MRA technique
used in this study. Although aortic dissections could be
diagnosed using both techniques, visualization of the
proximal entry site and distinction between true and
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false lumina appeared to be more easily accomplished
on CE-MRA (Fig. 7). Further evaluation of diagnostic
performance of NC-MRA for the assessment of relevant
structural anatomy in aortic dissections is warranted.

Fig. 7 Multiplanar reformation of A) noncontrast and B) contrast-
enhanced magnetic resonance angiography in a patient with
type B aortic dissection. Locations of true (T) and false (F)
lumina, as well as the proximal entry site (arrow), are seen with
both techniques. Of note, a susceptibility artifact due to metallic
sternal wires obscures the ascending aorta in the noncontrast
image.
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Our findings of better visualization of the aortic
root and ascending aorta with NC-MRA are similar
to those of recent studies" " that compared NC-MRA
with gated CE-MRA, insofar as they would have been
expected to provide similar image quality for these re-
gions. However, given the different populations of pa-
tients studied in our cohort (which included patients
with prior median sternotomy and aortic dissections)
and given our inclusion of great-vessel anatomy in the
evaluation, our study also demonstrates the inherent
limitations of NC-MRA. Because prior studies'" did
not include evaluations of the great vessels, it is unclear
whether similar decreases in image quality would have
been observed in their patient populations. In our pre-
liminary evaluation, use of local shimming techniques
in the last 6 patients of our cohort appeared to reduce
susceptibility to the artifact we have noted, but it is un-
clear whether routine local shimming would improve
image quality in these regions for all patients; therefore,
this warrants further study

While our study demonstrates the potential clinical
usefulness of NC-MRA for the evaluation of thorac-
ic aortic disease, it is important to note the wide range
in image acquisition times (mean, 9 min 9 sec = 4 min
1 sec; range, 3 min 9 sec—20 min 51 sec) with NC-
MRA; this in general results in significantly longer im-
aging times, compared with CE-MRA (mean, 17
2.5 sec; range, 12.8-21.8 sec). Faster image acquisi-
tion times and improvement in respiratory-gating tech-
niques, including the use of motion-adaptive navigator
pulses—along with advances in coil technology that
will enable the use of higher orders of parallel imag-
ing—can improve the efficiency of data collection and
shorten overall imaging time with NC-MRA.* De-
spite the relatively long image acquisition times with
NC-MRA compared with CE-MRA, it is worthwhile
to consider the potential time saved overall with NC-
MRA through its elimination of the need to obtain
consent to administer contrast medium, to obtain in-
travenous access, and to determine the appropriate scan
delay time (timing run).

Limitations of this study include the retrospective
nature of the study design, which limits evaluation of
the true diagnostic performance of each technique. Pa-
tients who had both NC-MRA and CE-MRA tech-
niques were included. However, it is unclear if and how
often technical failures may have occurred with each
technique. These possible failures include the inability
to complete the imaging sequence for NC-MRA con-
sequent to difficulties with either cardiac or respiratory
gating and the inability to perform CE-MRA because
of inadequate intravenous access, improper timing of
contrast-agent delivery, or contraindications to gadolin-
ium-chelate contrastagent administration (for example,
pregnancy or severe renal insufficiency). Furthermore,
improvements in technique and adjustments to the orig-
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inal protocols, such as the addition of motion-adaptive
navigator pulses when available, are ongoing and can
affect the overall diagnostic performance of each tech-
nique. Another limitation of this preliminary investi-
gation is its small number of patients and its narrow
variety of aortic diseases and conditions, which limits
the robustness of our findings but aids in defining areas
for further and more detailed investigation, such as the
use of NC-MRA in the evaluation of patients with aor-
tic dissection.

In conclusion, NC-MRA using a 3-D balanced steady-
state free-precession sequence provided image quality
comparable to that of CE-MRA, with 100% relative
diagnostic accuracy in our study group, and provided
similar diagnostic reader confidence for the recogni-
tion of important thoracic aortic disease. Further re-
finements in technique, such as localized shimming in
regions susceptible to artifacts arising from magnetic-
field inhomogeneity and use of motion-adaptive respi-
ratory gating, may be needed to optimize image quality
and improve diagnostic performance for specific cases.
Although image quality may be limited in patients who
have metallic implants or great-vessel disease, NC-MRA
using respiratory and ECG gating is useful for screen-
ing and follow-up of thoracic aortic disease, especially
in patients who have poor intravenous access, contrain-
dications to gadolinium contrast administration (for ex-
ample, pregnancy or renal failure), or inability to hold
their breaths.
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