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Purpose: To test respiratory-triggered ultrashort echo-time (UTE)
Spiral VIBE-MRI sequence in systemic sclerosis-interstitial
lung disease assessment compared with computed tomography
(CT).

Material and Methods: Fifty four SSc patients underwent chest CT
and UTE (1.5 T). Two radiologists, independently and in consensus,
verified ILD presence/absence and performed a semiquantitative
analysis (sQA) of ILD, ground-glass opacities (GGO), reticulations
and honeycombing (HC) extents on both scans. A CT software
quantitative texture analysis (QA) was also performed. For ILD
detection, intra-/inter-reader agreements were computed with
Cohen K coefficient. UTE sensitivity and specificity were assessed.
For extent assessments, intra-/inter-reader agreements and UTE
performance against CT were computed by Lin’s concordance
coefficient (CCC).

Results: Three UTE were discarded for low quality, 51 subjects were
included in the study. Of them, 42 QA segmentations were accepted.
ILD was diagnosed in 39/51 CT. UTE intra-/inter-reader K in ILD
diagnosis were 0.56 and 0.26. UTE showed 92.8% sensitivity and
75.0% specificity. ILD, GGO, and reticulation extents were 14.8%,
7.7%, and 7.1% on CT sQA and 13.0%, 11.2%, and 1.6% on CT
QA. HC was <1% and not further considered. UTE intra-/inter-
reader CCC were 0.92 and 0.89 for ILD extent and 0.84 and 0.79 for
GGO extent. UTE RET extent intra-/inter-reader CCC were 0.22
and 0.18. UTE ILD and GGO extents CCC against CT sQA and
QA were ≥ 0.93 and ≥ 0.88, respectively. RET extent CCC were
0.35 and 0.22 against sQA and QA, respectively.

Conclusion: UTE Spiral VIBE-MRI sequence is reliable in assessing
ILD and GGO extents in systemic sclerosis-interstitial lung disease
patients.

Key Words: magnetic resonance imaging, interstitial lung diseases,
systemic sclerosis, x-ray computed tomography

(J Thorac Imaging 2022;00:000–000)

S ystemic sclerosis (SSc) is an autoimmune disease char-
acterized by fibrosis of the skin and internal organs,

vasculopathy and immune dysregulation.1 Moreover,
interstitial lung disease (ILD) is a frequent complication and
a major cause of death.2 In SSc, different patterns of ILD
may be encountered, such as nonspecific interstitial pneu-
monia and usual interstitial pneumonia.3 About two-thirds
of SSc patients show a nonspecific interstitial pneumonia
pattern, usually characterized by ground-glass opacities
(GGO) and reticulations (RET) on computed tomography
(CT). The remaining third of SSc patients often display a
usual interstitial pneumonia pattern, where the hallmark
feature is represented by honeycombing (HC).4–9 CT is the
gold standard imaging technique10,11 to assess SSc-related
ILD (SSc-ILD). However, SSc patients may be younger
than other ILD patients, with a peak of onset between 30
and 50 years.12 Therefore, a radiation-free technique, such
as magnetic resonance imaging (MRI), has been recently
proposed for patients with ILD13,14 and deserves to be taken
into consideration. MRI of the pulmonary parenchyma is
problematic to obtain because of the extremely low proton
density of the lung tissue,15 magnetic susceptibility of sharp
air/parenchyma interfaces16 and respiratory motion
artifacts.15 New MRI sequences, such as ultrashort echo-
Time (UTE), have been designed to overcome these limi-
tations, counteracting lung parenchyma T2 star-related
signal decay.15 Moreover, UTE allows isotropic voxels and
multiplanar reconstructions acquiring data during free
breathing conditions with fully automatic respiratory
synchronization.17

This prospective study aimed to evaluate the reliability
of an UTE-MRI sequence, denominated Spiral VIBE, in
identifying SSc-ILD and quantifying the extents of SSc-
ILD-related abnormalities, using CT as the reference
standard.
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MATERIALS AND METHODS

Study Design
This was a prospective observational multicentric study

(Department of Radiology, AOU Careggi, Florence, Italy
and Department of Radiology, Ca’ Foncello General Hos-
pital, Treviso, Italy). From February 2019 to February 2020,
consecutive SSc patients referred to the rheumatologic
department (AOU Careggi, Florence, Italy), with suspected
or ascertained ILD and in clinical need for a chest CT, were
evaluated to undergo both chest CT and MRI examinations
on the same day. SSc diagnosis was performed according to
the 2013 ACR/EULAR criteria.18 The exclusion criteria
were: age below 18 years, heart failure or pulmonary disease
other than ILD, contraindication to MRI, no informed
consent, claustrophobia, impossibility to lay supine for the
scan time and/or to follow breathing instructions, low-quality
images for visual assessment or wrong software segmentation
(see the paragraph on Image analysis). Patients were referred
to one of the two radiologic centers based on geographical
proximity and were instructed on how to perform the
breathing maneuvers. Recorded data included: age, sex,
antibody subset, previous and ongoing therapy, pulmonary
function tests (ie, forced volume capacity and diffusion lung
capacity for carbon monoxide) and presence of pulmonary
arterial hypertension. The research project was approved by
the local institutional ethics committees: CEAV Careggi,
Florence, protocol number 27299/2019, code 15220/oss and
CESC Treviso and Belluno, protocol number 641/CECEAV.

Imaging Systems and Acquisition Protocol
Chest CT scans were performed as follows: tube volt-

age 120 kV, tube current 200 mAs, slice thickness 1 mm,
reconstruction kernels b35f and b60f and matrix 512×512.
The CT scanners were a Sensation 64 and a Somatom

Definition Flash (Siemens, Forchheim, Germany). Each CT
acquisition took 3 to 5 seconds and was obtained at the end
of full inspiration, without contrast agent administration.

UTE-MRI scans were performed with two 1.5 T MRI
systems (Aera and Avanto Fit; Siemens, Erlangen,
Germany). The 2 MRI systems supported the same UTE
sequence and the same parameters: repetition time 3.73 ms,
echo time 0.05 ms, flip angle 5 degrees, distance factor 20%,
field of view 480×480, matrix 320×320, and voxel size
1.5×1.5×1.5 mm. UTE scans were free-breathing coronal
acquisitions with a fully automated navigator trigger
(Siemens-Dense). UTE scans lasted from 7 to 9 minutes,
depending on the respiratory rhythm of the patients. No
contrast agent was administrated. Images were reformatted
in axial sections. All examinations were acquired with
patients in supine position. Prone acquisitions, that might be
performed to avoid the dependent atelectasis,19 were consid-
ered uncomfortable and inefficiently performable in a great
percentage of our patients, given the MRI examination dura-
tion and patients clinical conditions.

Image Analysis
CT and UTE scan quality was assessed in consensus by

two chest radiologists of 10 and 12 years of experience in
lung MRI (P.C. and G.M.). Scans were discarded as low-
quality images in presence of significant blurring of airways
and/or of peripheral lung parenchyma, as previously
reported.20 Then, two thoracic radiologists, each with
10 years of experience in thoracic imaging (N.L. and
Me.O.), evaluated CT and UTE scans. First, they visually
assessed the presence of ILD by the analysis of the whole
parenchyma on both acquisitions. Then, they performed a
visual semiquantitative analysis (sQA) on both CT and
UTE to compute the disease extent of lung ILD-related
abnormalities: GGO, RET and HC extents were scored as

FIGURE 1. Detailed flowchart of patients’ inclusion.
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the percentage of involved lung parenchyma (at the nearest
5%) at 5 anatomic levels21,22: (1) aortic arch, (2) carina, (3)
confluence of pulmonary veins, (4) halfway between levels 3
and 5, (5) immediately above the right hemidiaphragm. The
ILD extent at each level was obtained summing the per-
centages of all abnormalities at that level. Then, the total
GGO, RET, HC, and ILD extents were computed as the
mean percentage of the 5 levels. For instance, if the GGO
extent is 0%, 5%, 10%, 15%, and 20% for each of the five
levels, the mean GGO extent was computed as (0+5+10+15
+20)/5= 10% total lung parenchyma. Lung abnormalities
were defined according to the radiological glossary of terms
compiled by the Fleischner Society.23 GGO was defined as
hazy increased opacity, with preservation of bronchial and
vascular margins. RET was defined as a collection of
innumerable small linear opacities that, by summation,
produce an appearance resembling a net. HC was defined as
clustered cystic air spaces that are usually subpleural,
peripheral, and basal in distribution; the walls of the cysts
are well defined and often thick (1 to 3mm).

CT images were analyzed with high-resolution kernel,
b60f, using a standard lung window. UTE window was visu-
ally adjusted to obtain the best contrast-to-noise ratio. CT and
UTE scans were analyzed separately. Readers assessed images
independently and, after 1 month, 1 reader (N.L.) repeated the
analysis. Lastly, both readers evaluated the images in con-
sensus after an interval of 3 months. Discordances were dis-
cussed with a third senior radiologist (S.C.) with 30 years of
experience in MRI imaging. In addition, an automated
quantitative analysis (QA) of CT images was obtained on

standard reconstruction algorithms (b35f) by using Imbio’s
Lung Texture Analysis software (Imbio LLC, Minneapolis,
MN), based on Computer-Aided Lung Informatics for Path-
ology Evaluation and Rating (CALIPER) algorithm, as pre-
viously performed in SSc-ILD.21 The software segments the
lung into 3 areas (upper, middle, and lower), then identifies
and quantifies percentages of GGO, RET and HC. The total
ILD score is computed as the sum of all abnormalities. One
thoracic radiologist (Me.O.) checked the software segmenta-
tions, ascertaining the inclusion of the whole lung parenchyma
and the exclusion of other structures (ie, trachea).

Statistical Analysis
Cohen κ test was used to compute intra-/inter-reader

agreement for SSc-ILD diagnosis on CT and UTE. κ values of
0.01 to 0.20, 0.21 to 0.40, 0.41 to 0.60, 0.61 to 0.80, 0.81 to 0.99,
and 1 represented poor, fair, moderate, substantial, almost
perfect, and perfect agreement, respectively.24 Sensitivity, spe-
cificity, positive and negative predictive values25 of UTE were
computed. Lin’s concordance correlation coefficient (CCC)26

was used to compute intra-/inter-reader agreement for SSc-ILD
extent analyses and to compare UTE consensus reading for
disease extent analysis with CT, namely UTE sQA versus CT
sQA and QA. The CCC values of 0.00 to 0.10, 0.11 to 0.40, 0.41
to 0.60, 0.61 to 0.80, and 0.81 to 1.0 represented no, slight, fair,
good, and very good agreement, respectively. Collected data
were analyzed using the SPSS v. 23.0 statistical analysis software
(IBMCorp., New York, NY; formerly SPSS Inc., Chicago, IL).

RESULTS

Patient Cohorts
Seventy-six patients were initially screened by a rheu-

matologist (M.O.) for CT and MRI examinations. Of these,
22 patients were excluded because of patient’s refusal
(n= 6), MRI contraindication (n= 7), claustrophobia
(n= 3), difficulty to perform respiratory maneuvers (n= 3),
and difficulty to maintain supine position (n= 3). Therefore,
54 patients performed both CT and MRI scans on the same
day. All 54 CT scans were considered adequate in terms of
image quality. Three UTE acquisitions (5.5%) were dis-
carded because of blurring of peripheral lung parenchyma
(2 UTE acquired on Aera, 1 on Avanto Fit). Thus, 51
patients (94.5%) were included in the study (33 UTE scan-
ned with Aera, 18 with Avanto Fit). Furthermore, of them,

TABLE 1. Clinical, Functional, and Radiologic Characteristics of the SSc Population

Clinic and Radiology CT sQA (n= 51) UTE sQA (n= 51) P CT QA (n= 42) UTE sQA (n= 42) P

Age median (IQR) 50 (45-59) — 49 (43-57) —
Female (%) 43 (84) — 38 (90) —
SCL (%) 25 (61), n= 41 — 22 (59), n= 37 —
CENP-B (%) 13 (32), n= 41 — 13 (35)), n= 37 —
FVC median (IQR) 92 (70-109) — 91 (70-104) —
DLCO median (IQR) 59 (41-69) — 57 (40-68) —
IS therapy (%) 26 (62), n= 42 — 23 (62), n= 37 —
Steroid therapy (%) 19 (45), n= 42 — 18 (58), n= 31 —
Radiology
ILD-Extent mean % (SD) 14.8 (22.8) 12.9 (19.2) > 0.05 13.0 (19.7) 12.8 (19.9) > 0.05
GGO % (SD) 7.7 (15.2) 9.8 (17.4) > 0.05 11.2 (18.6) 9.7 (17.7) > 0.05
RET % (SD) 7.1 (10.0) 3.0 (4.6) 0.012 1.6 (1.8) 3.1 (4.6) 0.049
HC % (SD) 0.0 (0.2) 0 NA 0.1 (0.3) 0 NA

CENP-B indicates anti-centromere B antibodies; DLCO, diffusion lung capacity for carbon monoxide; FVC, forced vital capacity; IQR, interquartile range;
IS, immunosuppressive; n, patients’ number; SCL, anti-topoisomerase 1 antibodies.

TABLE 2. Intra-reader and Inter-reader Agreement in
Semiquantitative Extent Analysis of total ILD and ILD-related
Abnormalities, Expressed by Lin’s Concordance Correlation
Coefficients (95% Confidence Interval)

CT sQA UTE sQA

Intra-reader agreement
ILD 0.95 (0.94-0.96) 0.92 (0.89-0.95)
GGO 0.96 (0.95-0.97) 0.84 (0.81-0.87)
RET 0.75 (0.75-0.77) 0.22 (0.18-0.25)

Inter-reader agreement
ILD 0.94 (0.94-0.94) 0.89 (0.89-0.90)
GGO 0.92 (0.92-0.93) 0.79 (0.78-0.80)
RET 0.76 (0.75-0.78) 0.18 (0.16-0.20)
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9 CT QA were discarded because of wrong segmentations;
thus, 42 patients were considered to compare UTE with CT
QA. The detailed flowchart of patients’ inclusion is shown in
Figure 1. Demographical, serological, and clinical charac-
teristics of the patients are reported in Table 1.

ILD Presence and Extent
SSc-ILD was detected in 76.5% (39/51) on both CT and

UTE sequences. The percentage of lung parenchyma affected
by ILD, calculated as the mean value of all patients, was
14.8% and 12.9% on CT sQA and UTE sQA, respectively.
The mean ILD extents of the 42 patients with available CT
QA were 13.0% on CT QA and 12.8% on UTE sQA. All
alterations extents are shown in Table 1. HC extent was
found to be lower than 1% in all extent assessments and
therefore considered irrelevant for further analysis.

Observers Agreements
Intra-reader Cohen κ for ILD diagnosis showed almost

perfect agreement for CT (κ=0.95) and moderate agreement
for UTE (κ=0.56).

Intra-reader agreement for extent analyses was good to
very good for total ILD, GGO, and RET on CT sQA (CCC
ranging from 0.75 to 0.96). UTE sQA showed good to very
good intra-reader agreement for ILD extent (CCC= 0.92)
and GGO extent (CCC= 0.84), but poor for RET extent
(CCC= 0.22) (Table 2). Inter-reader Cohen κ for ILD
diagnosis showed substantial agreement (κ= 0.74) for CT
and fair agreement for UTE (κ= 0.26). Inter-reader agree-
ments for alterations extents were good to very good (CCC
ranging from 0.76 to 0.94) for total SSc-ILD, GGO, and
RET on CT sQA. UTE sQA showed very good inter-reader
agreement for the ILD extent (CCC= 0.89) and good
agreement for the GGO extent (CCC= 0.79), but poor inter-
reader agreement for RET (CCC= 0.18) (Table 2).

UTE-MRI Performance
UTE sensitivity, specificity, and positive and negative

predictive values (confidence interval) in identifying SSc-
ILD on consensus reading were 92.3% (79.1% to 98.4%),
75.0% (42.8% to 94.5%), 92.3% (79.1% to 98.4%), and
75.0% (42.8% to 94.5%), respectively. In particular, UTE
generated 3 false negatives (ILD extent on CT sQA 1%, 3%,
and 3%) and 3 false positives (ILD extent on UTE 5%, 6%
and 8%). The alterations extent CCC between UTE and CT
(sQA and QA) were very good for total ILD (0.95 and 0.89)
and GGO extent (0.93 and 0.88), whereas poor for the RET
extent (0.35 and 0.22) (Table 3).

DISCUSSION
We tested the performance of UTE Spiral VIBE in the

detection of SSc-ILD and in the assessment of disease
extent, using CT as the reference standard. UTE Spiral
VIBE proved to be reliable in ILD and GGO extent analysis
(Figs. 2, 3). Thus, in our series the potential benefits deriving
from new chest MRI techniques, as reported in state-of-art
reviews,14,27 are confirmed.

The first paper that investigated the use of MRI in ILD
extent assessment on SSc patients28 used a 2D BH half-
Fourier single-shot TSE sequence. This 2D sequence showed
high sensitivity to detect SSc-ILD, but it was less reliable in
evaluating the disease extent. Generally, UTE sequences
help overcome the technical limits of MRI in the lung study
by enabling both high signal-to-noise ratio and high-
resolution 3D lung morphological imaging. In fact, UTE
sequences reduce the minimum time needed to cover k-space
using a nonselective RF pulse. In particular, standard Car-
tesian phase encoding and spiral sampling in-plane encoding
are performed in the UTE Spiral VIBE tested by us.17

Previous studies have found good agreement of UTE
sequences with CT in ILD detection,17,29 but none of these
assessed the ability to quantify disease extent. The current
study is the first one, as far as we know, that demonstrated
the agreement between a UTE sequence and CT in SSc-ILD
extent evaluation.

Moreover, UTE Spiral VIBE acquisitions did not exceed
the 8-minute duration in our study and only 5% of them (3/54)
were discarded for motion artifacts. This was a relevant result,
as a short scan time is pivotal in dyspneic patients, such as those

TABLE 3. Lin’s Concordance Correlation Coefficient Between CT
and UTE for ILD, GGO, and RET Extents (95% Confidence
Interval)

CT sQA vs. UTE sQA CT QA vs. UTE sQA

ILD 0.95 (0.94-0.95) 0.89 (0.88-0.90)
GGO 0.93 (0.93-0.94) 0.88 (0.87-0.88)
RET 0.35 (0.34-0.36) 0.22 (0.21-0.23)

FIGURE 2. CT and UTE sQA SSc-ILD extent analysis. ILD was scored as 85% total lung parenchyma at level 5 on both CT (A) and UTE (B).
Breath-hold CT and free-breathing UTE acquisitions may lead to slightly anatomical differences at the same level, as it was shown by left
lower lobe bronchi (black asterisks); however, visualized segmental vessels are the same (white arrows).
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with SSc-ILD.3 Our Spiral VIBE exploits an improved auto-
mated respiratory gating that should make the scan more robust
against motion artifacts than a previous zero-TE version,
namely PETRA (Pointwise-Encoding-Time-Reduction-Radial-
Acquisition). In fact, PETRA relies on navigator positioning

with possible steady-state interruption and longer acquisition
time, depending on the required resolution and actual breathing
pattern of patients.17

We also observed high sensibility and positive predictive
value of UTE in ILD diagnosis, but intra-/inter-reader

FIGURE 3. SSc-ILD, left lung: ground-glass opacities on CT and UTE. CT areas of ground-glass opacities (A) may be easily recognized and
quantified on UTE (B).

FIGURE 4. SSc-ILD, right lung: possible cause of disagreement in ILD detection on UTE. If ILD is absent or mild on CT (A), ground-glass
opacities on UTE (B) could be entirely interpreted as dependent atelectasis or ILD.

J Thorac Imaging � Volume 00, Number 00, ’’ 2022 Lung MRI in Systemic Sclerosis

Copyright © 2022 Wolters Kluwer Health, Inc. All rights reserved. www.thoracicimaging.com | 5
Copyright r 2022 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

This paper can be cited using the date of access and the unique DOI number which can be found in the footnotes.



agreements were lower than CT, for such task. As a matter of
fact, especially in mild or no ILD, the assessment of lung
parenchyma in expiration could have artificially increased the
detection of GGO. The lung parenchyma in expiration has
higher signal for partial collapse (atelectasis), especially in the
dependent peripheral lung regions, that may be also the zones
primarily affected by SSc-ILD.8 This could justify the read-
ers’ discrepancy, since the dependent GGO due to mild
interstitial disease may be misinterpreted as partial alveolar
collapse (atelectasis) and vice versa, as well as it may lies
behind the UTE false negatives and false positives (Fig. 4).
To overcome this problem, UTE could be acquired at full
inspiration, as recently shown by Veldhoen et al.30 They
achieved the best spatial and temporal resolution compromise
with a breath-hold UTE of 2.3 mm (isotropic voxel) for a
mean scan time of 115 seconds obtained with 5 breath-holds,
to cover the entire thorax. However, the setting proposed by
Veldhoen et al30 requires a significant effort to the patient
providing anyhow a spatial resolution lower than CT, since
inspiration and the small voxel size could reduce lung signal,
affecting ILD evaluation. Nevertheless, considering the good
performance in quantifying ILD and GGO extent, UTE
could be now tested to monitor disease progression, especially
in young patients with ascertained ILD and GGO as the
predominant feature. In the clinical setting, a good policy to
improve UTE diagnostic accuracy could be to acquire a
baseline MRI scan at the same time of CT. Then, in selected
subjects, MRI could be alternated to CT, adapting an
imaging scheme adopted for other chronic lung diseases, such
as cystic fibrosis.31 However, further studies are needed to
confirm this hypothesis.

Nevertheless, RET analysis in UTE sequence was
scarcely reliable. Air-filled alveoli tend to reduce the lung
signal15 and might make the identification of thickened
septa very challenging. Moreover, adjacent or superimposed
areas GGO, due to ILD or partial alveolar collapse, could
partially hide septal thickening (Fig. 5). Thus, the assess-
ment of fine RET extent remains a limitation of chest MRI,
even with UTE sequences.

Strengths of our study included the non-small number of
patients and the same-day acquisition of CT and MRI, as
well as the CT QA analysis. However, we have to acknowl-
edge some limitations. First, anatomical levels for sQA could
have slightly differed between full inspiration on CT and free
breathing scans on UTE. However, sQA performed in the
current study is a well-validated sampling method for a

diffuse lung disease, such as SSc-ILD, that should be repre-
sentative of the whole lung parenchyma32 and small differ-
ences in anatomical levels (Fig. 2) should not be so relevant in
quantifying the disease. Moreover, we tested UTE also
against CT QA, that is a whole lung parenchyma evaluation,
and we obtained similar correlation results. To avoid the
possible level mismatch in sQA, one solution could have been
a whole-lung visual evaluation for both CT and UTE.
However, among visual ILD scoring systems that are usually
considered for SSc, if the whole parenchyma is evaluated by
the analysis of each lobe, the total score is based on wider
ranges of involvement percentage (ie, assigning one point for
each 25%, per each lobe)32: this scoring system, in our
opinion, may result in a more approximated quantification.
On the other hand, assessing the whole lobes to the nearest
5% of involvement would be really challenging and scarcely
feasible in a clinical setting. Second, the low extent of HC on
CT images made difficult to assess the full diagnostic
potential of UTE for this kind of alterations being HC less
common than GGO combined with RET in SSc-ILD.3 Then,
we could not compare the image quality of the UTE sequence
obtained with the two different MRI systems, which would
have required scanning twice the same patient in both sys-
tems. For further multicenter studies, protocol harmonization
will be needed to reduce image quality variability. Lastly, we
did not correlate imaging data to clinical and lung function
status, but this was beyond the purpose of our work.

In conclusion, the respiratory-triggered Spiral VIBE
MRI sequence is a reliable imaging tool in ILD and GGO
extent analysis in SSc-ILD patients, although it may suffer
from low inter-reader agreement in mild ILD diagnosis.
However, RET extent assessment remains challenging for
this MRI sequence.
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