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Background: Cardiovascular magnetic resonance (CMR) is widely used for aortic diameter assessment
but there is no consensus on the sequence or cardiac cycle phase in which the measures should be taken.
The most used sequence is contrast-enhanced-magnetic-resonance-angiography (angiography), usually non-
ECG-triggered. An alternative is a navigated 3D-whole-heart-steady-state-free-precession sequence which
is contrast-free and breath- and ECG-gated (mostly diastolic gating), producing very sharp anatomical
rendering. Nonetheless, its routine use has not yet spread. Our aim was evaluating aortic diameters by
a systolic-gated 3D and put additional effort in the validation of diastolic-gated 3D as alternative to
angiography.

Methods: We retrospectively analysed 30 patients scheduled for routine Angiography. We measured the
aorta at 9 standard positions by three different sequences (angiography, 3D-diastole and 3D-systole) and
compared the diameters obtained by calculating the differences and by paired 7-test analysis.

Results: Diameters by 3D-systole were larger than by 3D-diastole and angiography (P<0.01). In the
ascending aorta we found the maximal differences between systole and diastole and between systole and
angiography which were 1.7+ SD 1.02 mm and 1.5+ SD 1.07 mm respectively. There was no significant
difference between diastolic and angiography measurements (mean difference 0.2+ SD 0.16 mm, P not
significant).

Conclusions: Our results support the use of navigated 3D-whole-heart CMR to evaluate aortic diameters.
Systolic-gated 3D produces larger diameter, especially in the ascending aorta.
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Introduction

Cardiovascular magnetic resonance (CMR) is widely used
for aortic diameter assessment but there is to date no
consensus on the sequence, cardiac cycle phase and modality
in which the measures should be taken (1,2). One of the
most used tools is contrast-enhanced-MR angiography
(ceMRA). Though having gained broad acceptance,
this sequence carries some major limitations: first, the
use of contrast medium is not recommended or even
contraindicated in patients with impaired renal function or
allergic diathesis. Second, repeated contrast administrations
result in brain deposition of gadolinium, whose long-term
effect is yet to be understood (3); this issue gains relevance
especially for patients who need lifelong annual or even
closer follow-up examinations, such is the case in Marfan,
Ehlers-Danlos (EDS), Loeys-Dietz syndrome as well as
many acquired aortic diseases. Lastly, ceMRA is usually
non-ECG-gated, therefore producing images with a certain
amount of blurring, mostly intense at the aortic root level,
where optimal anatomic evaluation and reproducibility
of the diameter assessment is particularly crucial. A
good alternative to ceMRA is an ECG-gated navigator-
triggered 3D-SSFP-whole-heart sequence (3D), which
can produce a whole chest scan in a contrast-free, ECG-
gated and breath-gated technique, with consequent very
sharp anatomical rendering of the whole vessel, including
the aortic root. The 3D can be gated both to systole and
diastole, although in the clinical practice, diastolic trigger is
almost exclusively used because of less movement artefact
and better image quality. There are already small studies
that show non-inferiority of this sequence compared to
ceMRA as mean to assess aortic diameter as well as thoracic
aortic disease (4-6); nonetheless, the routine use of 3D
for evaluation of aortic diameters has not yet spread, and
ceMRA remains the sequence of choice in the main works
used as reference for normal CMR-based aortic diameters
both in adults and children (7). Moreover, so far there are
no studies that systematically evaluate the 3D sequence
during systole; systolic-gated images may play an important
role in case of arrhythmias in which diastolic triggering
results in suboptimal image quality as well as in aortic-
wall pathologies in which the vessel may dilate significantly
during systole. Our purpose was to verify if the 3D technique
could be a valid alternative to ceMRA in order to promote
its preferential use in the clinical routine for aortic diameter
assessment; secondly, we wanted to test a systolic-gated 3D
and provide quantification of their relation to diastolic-gated

3D and ceMRA diameters. We present the following article
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Figure 1 Anatomic locations of aorta measurements.

in accordance with the MDAR reporting checklist (available
at http://dx.doi.org/10.21037/cdt-20-868).

Methods

We retrospectively analyzed 30 CMR-examinations in patients
scheduled for routine CMR for follow-up of various congenital
heart disease; none of them had aortic disease as primary
indicadon for CMR. CMR was performed with a 1.5 T scanner
(Avanto, Siemens Healthcare, Erlangen, Germany). Ungated
ceMRA was performed during breath-hold as previously
described (8,9); 3D-whole heart CMR was performed twice, in
systole and late diastole during free breathing with a motion-
adaptive navigator technique, as previously described (8,10).
Data analysis was performed offline using commercially
available software (Argus®, Siemens Healthcare, Erlangen,
Germany). The aortic diameters were measured at 9 standard
positions from the root to the descending aorta as shown in
Figure 1. Three diameters were taken at the level of the aortic
bulbus (cusp-cusp-cusp), while two diameters were taken at all
other levels; the mean of the values was taken as representative
diameter; diameters where taken from the inner-edge to the
inner-edge of the vessel. We compared diameters at each
level in systole, diastole and ceMRA by paired #-test. We
described the absolute difference of the diameters taken
by the three different sequences. We performed intra- and
inter-observer statistics by Bland-Altman analysis. For inter-
operator variability, a second operator repeated the measures
of 7 patients in three of the aortic positions (bulbus, ascending
aorta, descending aorta). For intra-operator variability the
main operator repeated the measures of 7 patients in five of the
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Figure 2 Graphic with numeric absolute difference (mm) between the three different sequences through which the aorta was assessed.

Systolic diameters were larger than diameters assessed by the two other methods, mostly at the level of the ascending aorta. Below the

graphic, the three figures demonstrate the anatomical rendering of the aortic root by the three different sequences; blurring due to

movement artefacts is evident by ceMRA; better sharpness is obtained by 3D whole heart CMR, especially using diastolic gating. CMR,

cardiovascular magnetic resonance; ceMRA, contrast-enhanced-MR angiography.

aortic positions (bulbus, ascending aorta, second aortic arch
segment, isthmus, descending aorta). The study was approved
by the Institutional Review Board (Ethical Committee of the
Technical University of Munich; study registration number
1/15s). The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Since study design
was retrospective, no informed consent was needed.

Results

Diameters obtained by 3D systole were significantly larger
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than those by 3D diastole and by ceMRA (P<0.001).
There was no significant difference between diameters
by 3D diastole and by ceMRA (P always >0.1; overall
mean difference 0.2+ SD 0.16 mm, not significant). In
the ascending aorta the mean differences between systolic
and diastolic diameters and between systolic and ceMRA
diameters were 1.7+ SD 1.02 mm and 1.5+ SD 1.07 mm,
respectively. The differences gradually decreased to a
minimum of 0.7+ SD 0.91 mm and 0.8+ SD 0.69 mm in the
descending aorta (Figure 2). For inter-operator statistics,
results were as follows: 95% limits of agreement: -3.732 to
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Table 1 Aortic diameters at all levels by different sequences
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Aortic diameter (mm)

Aortic level

3D systole 3D diastole ceMRA
Bulbus 35.2+5.4 33.9+5.6 34.7+5.1
STJ 31.8+5.3 30.1+5.4 30.3+5.4
Asc. 31.3+5.2 29.7+5.2 29.8+4.9
BCT 28.2+4.6 26.7+4.6 26.8+4.4
Arch | 27.2+4.0 25.9+4.3 25.9+4.2
Arch Il 23.8+3.8 22.7+3.9 23.0+3.5
Isthmus 19.7+3.8 18.7+£3.7 18.9+3.5
Desc. 17.7£2.9 16.5+2.7 16.6+2.7
Diaphr. 15.6+2.6 14.7+2.6 15.1£2.4

Diameters are presented as mean + standard deviation (SD); each value is the mathematical mean of three diameters at the level of the
Bulbus (cusp-cusp-cusp method) and of two diameters (major diameter, minor diameter) at all other levels. STJ, sino-tubular junction;
Asc., ascending aorta; BCT, before brachiocephalic trunk; Arch I, first arch segment; Arch Il, second arch segment; Desc., descending

aorta; Diaphr., diaphragmatic segment.

3.403 (bias -0.1645, SD of bias 1.820). For intra-operator
statistics, results were as follows: 95% limits of agreement:
-1.941 to 1.854 (bias -0.04356: SD of bias 0.9680). All
mean and median diameters at each level by each sequence
are reported in Tuble 1.

Discussion

According to our results, navigated 3D whole-heart CMR
with diastolic trigger produces diameters that are not
significantly different from diameters taken by ceMRA;
the sequence is contrast-free and produces sharper images,
especially at the aortic root level, which is often a crucial
spot to evaluate. This finding is very important to consider
when performing long follow-ups with serial examinations
over the years because it implies sparing of repeated
contrast medium administration (e.g., arteriopathies such
as Marfan, EDS, Loeys-Dietz, dilatation of ascending aorta
in aortic stenosis/bicuspid aortic valve); moreover, sparing
of contrast administration may be crucial in the pediatric
population in which the need of an intravenous line is not
free from impact for the subsequent collaboration of the
patients during the CMR-acquisition.

This work also contains a whole set of measurements
of the aorta by navigated 3D whole-heart CMR in systole
and provide quantification of their relation to diastolic
and ceMRA diameters; we could quantify the amount of
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dilatation of the vessel during systole, showing how this
difference, though small, is statistically relevant; this dilation
may be of greater relevance in patients with aortic wall
disease (as was not the case in our cohort), in which altered
histological structure of the aortic wall can cause a more
pronounced systolic dilation of the vessel. In our cohort, the
difference between 3D systole and the two other sequences
(3D diastole and ceMRA) was bigger than the interoperator
difference, which demonstrates again the importance of the
type of sequence used. Best agreement in the interoperator
statistics, was found for the measures taken by 3D-SSFP
in diastole, which underlines how the better quality of the
images makes this sequence the more reliable for serial
evaluation of aortic diameters; the use of this sequence
implies sparing of routine use of contrast medium, which,
in our opinion, should be reserved to cases where acute or
subacute aortic wall disease is suspected. Our results point
out the need for a more detailed description on how to
evaluate aortic diameters by different imaging modalities,
currently lacking in the guidelines. Method of measurement
(inner vs. outer vs. leading edge), type of sequence and
phase of the cardiac cycle should be specified. Moreover,
guidelines should address the problem of different way of
sizing the aortic bulbus (cusp-cusp vs. cusp-commissure).
This should help to objectify the actual dilation of the
vessel, avoiding errors related to inter- and intraoperator
difference, as well as differences related to method of
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measurement. Study limitations are the retrospective design
and the small study cohort; moreover, our analysis could
gain additional significance when performed in a cohort of
patients with aortic wall disease.

Conclusions

Our results support the use of navigated 3D whole-heart
CMR to evaluate aortic diameters; the use of ceMRA in our
opinion has to be reserved for those cases in which acute
or subacute aortic wall disease is suspected; this attitude is
coherent with the clinical routine at our institution, where
only a very small number of patients evaluated for aortic
wall disease receive contrast medium. Systolic-gated 3D
produce larger diameter, especially in the ascending aorta;
this should be considered in cases that have a borderline
indication to surgery, where a few millimetres can make a
difference.
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