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Background: We aimed to evaluate the image quality, feasibility, and diagnostic performance of three-
dimensional ultrashort echo time magnetic resonance imaging (3D UTE-MRI) to assess idiopathic 
pulmonary fibrosis (IPF) compared with high-resolution computed tomography (HRCT) and half-Fourier 
single-shot turbo spin-echo (HASTE) MRI.
Methods: A total of 36 patients with IPF (34 men; mean age: 62±8 years, age range: 43 to 78 years) were 
prospectively included and underwent HRCT and chest MRI on the same day. Chest MRI was performed 
with a free-breathing 3D spiral UTE pulse sequence and HASTE sequence on a 1.5 T MRI. Two radiologists 
independently evaluated the image quality of the HRCT, HASTE, and 3D UTE-MRI. They assessed the 
representative imaging features of IPF, including honeycombing, reticulation, traction bronchiectasis, and 
ground-glass opacities. Image quality of the 3D UTE-MRI, HASTE, and HRCT were assessed using a 5-point 
visual scoring method. Kappa and weighted kappa analysis were used to measure intra- and inter-observer 
and inter-method agreements. Sensitivity (SE), specificity (SP), and accuracy (AC) were used to assess the 
performance of 3D UTE-MRI for detecting image features of IPF and monitoring the extent of pulmonary 
fibrosis. Linear regressions and Bland-Altman plots were generated to assess the correlation and agreement 
between the assessment of the extent of pulmonary fibrosis made by the 2 observers.
Results: The image quality of HRCT was higher than that of HASTE and UTE-MRI (HRCT vs. UTE-
MRI vs. HASTE: 4.9±0.3 vs. 4.1±0.7 vs. 3.0±0.3; P<0.001). Interobserver agreement of HRCT, HASTE, 
and 3D UTE-MRI when assessing pulmonary fibrosis was substantial and excellent (HRCT: 0.727≤ κ ≤1, 
P<0.001; HASTE: 0.654≤ κ ≤1, P<0.001; 3D UTE-MRI: 0.719≤ κ ≤0.824, P<0.001). In addition, reticulation 
(SE: 97.1%; SP: 100%; AC: 97.2%; κ =0.654), honeycombing (SE: 83.3%; SP: 100%; AC: 86.1%; κ =0.625) 
patterns, and traction bronchiectasis (SE: 94.1%; SP: 100%; AC: 94.4%, κ =0.640) were also well-visualized 
on 3D UTE-MRI, which was significantly superior to HASTE. Compared with HRCT, the sensitivity of 
3D UTE-MRI to detect signs of pulmonary fibrosis (n=35) was 97.2%. The interobserver agreement in 
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic, progressive, 
fibrosing disease of the lung with a poor prognosis. The 
median survival of IPF is 3–5 years from diagnosis (1). 
High-resolution computed tomography (HRCT) plays a 
key role in diagnosing and evaluating IPF (1). However, 
radiation exposure is a concern for patients with IPF who 
require multiple HRCT scans during routine follow-up. 
Thus, a radiation-free imaging method is desirable for 
patients with IPF.

Pulmonary magnetic resonance imaging (MRI) is an 
imaging modality that does not use ionizing radiation, 
which has progressed significantly in the past decade (2). 
The single-shot fast spin-echo [half-Fourier single-shot 
turbo spin-echo (HASTE)] and two-dimensional balanced 
steady-state free-precession (bSSFP) sequences are used 
to evaluate the morphologic details of interstitial lung 
disease (ILD) and have demonstrated moderate agreement 
with findings based on HRCT (3-7). Although the bSSFP 
sequence is less valuable in depicting minor fibrotic changes, 
the diagnostic accuracy of MRI tends to increase in more 
advanced ILD stages (7). The ILD signal intensity volume 
(ISIV) on T2-BLADE can assess the volumetric extent of 
abnormal interstitial lung signal intensity modifications in 
patients with IPF in a reproducible manner (8). Recently, 
the value of ultrashort echo time MRI (UTE-MRI) of the 
lung has been demonstrated in imaging lungs and lung 
diseases, providing high signal-to-noise rations (SNRs) and 
high-resolution images for the quantitative and qualitative 
assessment of changes in lung parenchyma (9-16). However, 
there is limited research about UTE-MRI in the assessment 
of lung abnormalities found in ILD (17-19). Therefore, the 

objective of this study was to evaluate the image quality, 
feasibility, and diagnostic performance of 3D UTE-MRI in 
the assessment of IPF, compared with HRCT and HASTE. 
We present the following article in accordance with the 
GRRAS reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-21-1133/rc).

Methods

Patients

The study was approved by the Ethics Committee of the 
China-Japan Friendship Hospital (No. 2019-123-K85-1).  
The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). All study 
participants provided written informed consent. From 
August 2020 to July 2021, patients with a definitive 
diagnosis of IPF were prospectively enrolled and diagnosed 
by the multidisciplinary diagnostic team based on the 
2018 American Thoracic Society, European Respiratory 
Society, Japanese Respiratory Society, and Latin American 
Thoracic Association (ATS/ERS/JRS/ALAT) criteria (1). 
All patients who underwent HRCT and MRI on the same 
day were included. The exclusion criteria were as follows: 
(I) participants with other pulmonary diseases, such as 
lung cancer or another malignancy; (II) participants with 
long-term oxygen therapy; (III) participants with MRI 
contraindications, such as a pacemaker or claustrophobia; 
and (IV) participants who rejected the MRI examination.

HRCT scan

All patients underwent HRCT using multidetector CT 

elevation of the extent of pulmonary fibrosis with HRCT and 3D UTE-MRI was R2=0.84 (P<0.001) and 
R2=0.84 (P<0.001), respectively. The extent of pulmonary fibrosis assessed with 3D UTE-MRI [median =9, 
interquartile range (IQR): 6.25 to 10.00] was lower than that from HRCT (median =12, IQR: 9.25 to 13.00; 
U=320.00, P<0.001); however, they had a positive correlation (R=0.72, P<0.001).
Conclusions: As a radiation-free non-contrast enhanced imaging method, although the image quality of 
3D UTE-MRI is inferior to that of HRCT, it has high reproducibility to identify the imaging features of IPF 
and evaluate the extent of pulmonary fibrosis.
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(MDCT) systems (Lightspeed VCT/64, GE Healthcare, 
Chicago, IL, USA; Toshiba Aquilion ONE TSX-301C/320, 
Toshiba, Tochigi, Japan; Philips iCT/256, Philips, 
Amsterdam, Netherlands). During a single breath-hold, we 
craniocaudally scanned the whole chest of each participant 
from the lung apex to the lowest hemidiaphragm. 
Acquisition parameters and reconstruction parameters 
were in accordance with CT standards: tube voltage of  
100–120 kV, tube current of 100–300 mAs, section thickness 
of 0.625–1 mm, table speed of 39.37 mm/s, gantry rotation 
time of 0.8 s, and reconstruction increment of 1–1.25 mm. 
All participants assumed a supine position with their hands 
raised above their heads to undertake the scan.

MRI image acquisition

All participants underwent a chest MRI on a 1.5T MRI 
scanner (MAGNETOM Aera; Siemens Healthcare, 
Erlangen, Germany) with an 18-channel phased-array body 
coil and 12-channel spine coil. The 3D UTE, a prototypic 
3D volumetric interpolated breath-hold examination 
(VIBE) sequence with a stack-of spirals trajectory, was used 
for data acquisition as described in a previous study (20).  
The sequence was implemented at end-expiration during 
free-breathing with the following key parameters: coronal 
acquisition plane; repetition time =3.85 ms; echo time  
=0.05 ms; flip angle =5°; field of view (FOV) =480×480 mm2; 
in-plane resolution =1.5 mm × 1.5 mm; spiral interleaves 
=240; slice thickness =1.5 mm, slice per slab =160; and 
spiral readout duration =1,800 μs. A non-uniform Fourier 
Transform (NUFT) was used for image reconstructions (21).  
Prospective respiratory gating without navigator positioning 
was used to minimize motion artifacts, and the specified 
coil element closest to the diaphragm edge was selected 
for navigator signal processing. The gating tolerance 
was 40% (22). The acquisition times varied from 6 to  
7 min, depending on the respiration pattern of individual 
patients. The HASTE was implemented during the 
breath-hold with the following key parameters: axial and 
coronal acquisition plane; repetition time =868 ms; echo 
time =46 ms; flip angle =160°; FOV =340×340 mm2; voxel 
size =1.3 mm × 1.3 mm × 8 mm. Image reconstructions 
were performed with a half-Fourier method using k-space 
symmetry. Electrocardiogram (ECG) triggering was used 
to minimize motion artifacts. The acquisition time was  
16 seconds.

Image analysis

Coronal images of HRCT and transversal images of 3D 
UTE-MRI were reconstructed. The HRCT and MRI 
images were evaluated by 2 chest radiologists with 15 years 
of experience (reader 1) and 8 years of experience (reader 2) 
in the Picture Archiving and Communications System; the 
radiologists were blinded to patient information and data. 
Two readers independently evaluated all HRCT images 
at the lung [level: −550 Hounsfiled units (HU), width: 
1,600 HU] window settings. To evaluate intra-observer 
agreement, reader 2 evaluated the 3D UTE-MR images a 
second time after one month.

Image quality analysis

To evaluate the image quality 3D UTE-MRI, HASTE, 
and HRCT, a 5-point visual scoring method (17) was 
adopted (1, nondiagnostic image quality; 2, poor image 
quality; 3, acceptable image quality; 4, good imaging 
quality; 5, excellent image quality). The 5-point visual score 
referenced the Likert scale as previously described (10) 
(1, images with severe artifacts; 2, obscure lung anatomy 
with moderate artifacts; 3, mild artifacts present but they 
do not obscure lung anatomy; 4, minimal artifacts but with 
good bronchi and vessel visibility; 5, no artifacts present 
and good bronchi and vessel visibility). Two radiologists 
independently supplied the visual score to analyze the 
interobserver agreement of image quality. To compare the 
imaging quality of HRCT, UTE, and HASTE, the final 
scores of each method were obtained via consensus of the 2 
radiologists.

Feature-based image analysis

We compared the representative imaging features of 
ILDs, including honeycombing, reticulation, traction 
bronchiectasis, and ground-glass opacities (GGO), among 
3D UTE, HASTE, and HRCT using a 2-point visual 
scoring method (0, absent; 1, present) (23,24). According 
to Müller et al. (25), GGO on MRI was defined as an 
area of increased signal intensity without obscuration of 
the pulmonary vessels. In cases of discrepancy between 
the observers regarding the detection of abnormalities, 
a final interpretation was obtained by consensus from 2 
radiologists.

The extent of pulmonary interstitial fibrosis was graded 
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with a system used by Gay et al. (23). Each lung was divided 
into the following three zones: the upper zones, defined 
as the area above the aortic arch; the middle zone, defined 
as the area between the aortic arch and the pulmonary 
veins; and the lower zone, defined as the area below the 
pulmonary veins (26). The sum of the scores for all zones 
was obtained for each patient (minimum score, 0; maximum 
score, 30).

Statistical analysis

Statistical analyses were performed with the software SPSS 
23.0 (IBM Corp., Armonk, NY, USA). Continuous values 
were presented as means ± standard deviations (SD) or the 
median with interquartile range (IQR). The Wilcoxon-rank 
sum test was used to compare image quality scores among 
the 3D UTE-MRI, HRCT, and HASTE images. Using 
HRCT as the reference standard, the ability of 3D UTE-
MRI to display features of interstitial fibrosis was assessed 
using sensitivity (SE), specificity (SP), and accuracy (AC). 
Kappa and weighted kappa values were used to determine 
intra-observer agreement and interobserver agreement. The 
intra-observer, inter-observer, and inter-method agreements 
were determined as excellent for kappa =0.8–1.0, substantial 
for kappa =0.6–0.8, moderate for kappa =0.4–0.6, and 
poor for kappa =0–0.2 (27). Linear regressions and Bland-
Altman plots were generated to assess the correlation and 
agreement between 2 observers in the assessment of the 
extent of pulmonary interstitial fibrosis. The extent of 
pulmonary interstitial fibrosis assessed with HRCT and 3D 

UTE were analyzed with Spearman correlation analysis and 
the Mann-Whitney U test.

Results

Patient characteristics

As shown in Figure 1, 36 patients with IPF (34 men and 
2 women; mean age: 62±8 years, age range: 43–78 years) 
were included in this study. The clinical information of all 
participants is shown in Table 1.

Image quality analysis

Interobserver agreements for 3D UTE-MRI, HASTE, 
and HRCT image quality are shown in Table 2. All 
interobserver agreements were significant and deemed 
“substantial” (3D UTE-MRI: κ =0.766, P<0.001; HRCT:  
κ =0.786, P<0.001; HASTE: κ =0.864, P<0.001). As shown in  
Figure 2, the image quality score for 3D UTE-MRI 
(4.1±0.7) was significantly inferior to that of HRCT 
(4.9±0.3; P<0.001), although it was higher than that of 
HASTE (3.0±0.3, P<0.001). The intra-observer agreement 
for 3D UTE-MRI image quality assessments was deemed 
“excellent” (κ =0.829; P<0.001).

The feasibility of 3D UTE-MRI

All interobserver agreements to the lung parenchymal 
findings are shown in Table 3. These values were significant 
and deemed either “substantial” or “excellent” (3D UTE-

Figure 1 The flowchart of inclusion and exclusion criteria of patients in this study. IPF, idiopathic pulmonary fibrosis; MRI, magnetic 
resonance imaging. 

2020.8 to 2021.7
IPF patients

n=95

With other lung diseases 
n=11

With MRI contraindications
n=31

Refuse chest MRI
n=10

With cough or long-term oxygen therapy
 n=7

Enrolled IPF
 n=36
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Table 1 Clinical characteristics of patients with IPF

Patients Clinical characteristics

Mean age (years) [range] 62 [43–78]

Gender (female/male), n (%) 2 (5.6)/34 (94.4)

Height (cm) 167.5±6.1

Weight (kg) 71.2±8.5

BMI (kg/m2) 25.4±2.6

Smoker, n (%) 30 (83.3)

Radiological patterns on HRCT, n (%)

UIP 30 (83.3)

Possible UIP 6 (16.7)

Pulmonary function tests

FEV1 % predicted 85.4±14.0

FVC % predicted 83.0±15.5

FEV1/FVC % predicted 81.4±7.3

DLCO % predicted 53.3±11.5

GAP score, n (%)

I 25 (69.4)

II 10 (27.8)

III 1 (2.8)

IPF, idiopathic pulmonary fibrosis; BMI, body mass index; UIP, 
usual interstitial pneumonia; FEV, forced expiratory volume; 
FVC, forced vital capacity; DLCO, diffusing capacity of the lungs 
for carbon monoxide; GAP, gender-age-physiology variables 
(FVC and DLCO).

Table 2 Interobserver agreement to image quality of HRCT, 3D UTE-MRI, and HASTE

Methods Investigators
Visual score

Kappa value P value
1 2 3 4 5

HRCT Reader 1 0 0 0 2 34 0.786 0.001

Reader 2 0 0 0 3 33

3D UTE-MRI Reader 1 0 0 6 20 10 0.766 0.001

Reader 2 0 0 6 19 11

HASTE Reader 1 0 2 32 2 0 0.846 0.001

Reader 2 0 2 33 1 0

3D UTE-MRI, 3D ultrashort echo time magnetic resonance imaging; HASTE, half-Fourier single-shot turbo spin-echo; HRCT, high-
resolution computed tomography.

Figure 2 A violin plot graph shows the image quality scores of 
HRCT, 3D UTE-MRI, and HASTE. Median: the line that crosses 
the box; data density: smoothed histograms alone the data point. 
3D UTE-MRI, 3D ultrashort echo time magnetic resonance 
imaging; HASTE, half-Fourier single-shot turbo spin-echo; 
HRCT, high-resolution computed tomography. 

MRI: 0.719≤ κ ≤0.824, P<0.001; HRCT: 0.727≤ κ ≤1, 
P<0.001; HASTE: 0.654≤ κ ≤1, P<0.001). Inter-method 
agreements for 3D UTE-MRI and HRCT assessments 
were significant and deemed “substantial” for the 
evaluation of reticulation (vs. HRCT: κ =0.654; P<0.001), 
honeycombing (vs. HRCT: κ =0.625; P<0.001), and traction 
bronchiectasis (vs. HRCT: κ =0.640; P<0.001), although 
those for GGOs and emphysema were not significant 
(P>0.05). On the contrary, inter-method agreements for 
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Table 3 Interobserver and inter-method agreement when assessing lung parenchymal changes using the HRCT, 3D UTE-MRI, and HASTE

Radiological finding Methods Investigators
Visual score

Kappaa value Kappab value Kappac value
0 1

GGO HRCT Reader 1 30 6 0.727* – –

Reader 2 29 7

UTE Reader 1 4 32 0.719* 0.017 –

Reader 2 4 32

HASTE Reader 1 0 36 1 – 0.000

Reader 2 0 36

Reticular HRCT Reader 1 1 35 1 – –

Reader 2 1 35

UTE Reader 1 3 33 0.786* 0.654* –

Reader 2 2 34

HASTE Reader 1 14 22 0.880* – 0.096

Reader 2 12 24

Honeycomb HRCT Reader 1 5 31 0.893* – –

Reader 2 6 30

UTE Reader 1 14 22 0.818* 0.625* –

Reader 2 11 25

HASTE Reader 1 34 2 0.654* – 0.011

Reader 2 35 1

Traction bronchiectasis HRCT Reader 1 2 34 1 – –

Reader 2 2 34

UTE Reader 1 5 31 0.768* 0.640* –

Reader 2 5 31

HASTE Reader 1 12 24 0.816* – 0.189

Reader 2 13 23

Emphysema HRCT Reader 1 18 18 0.944* – –

Reader 2 17 19

UTE Reader 1 28 8 0.824* 0.304 –

Reader 2 30 6

HASTE Reader 1 36 0 1 – 0.000

Reader 2 36 0
a, interobserver agreement between the two readers for HRCT, HASTE, 3D UTE-MRI; b, intra-method agreement between HRCT and 3D 
UTE-MRI; c, intra-method agreement between HRCT and HASTE; *, P<0.001. HRCT, high-resolution computed tomography; 3D UTE-MRI, 
3D ultrashort echo time magnetic resonance imaging; HASTE, half-Fourier single-shot turbo spin-echo; GGO, ground-glass opacity. 
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HASTE and HRCT image assessments were deemed “fair” 
for parenchymal findings. The intra-observer agreement 
for the lung parenchymal findings on 3D UTE-MRI were 
significant and deemed either “substantial” or “excellent” 
when assessing GGO (κ =0.842; P<0.001), reticulation 
(κ =0.786; P<0.001), honeycombing (κ =0.869; P<0.001), 
traction bronchiectasis (κ =0.893; P<0.001), and emphysema 
(κ =0.906; P<0.001).

The diagnostic performance of 3D UTE-MRI in 
assessment of IPF

Representative imaging features of IPF, including 
reticulation, traction bronchiectasis, and honeycombing, 
but not emphysema, could be visualized on 3D UTE-
MRI (Figures 3,4; Figure S1). Using HRCT as the gold 
standard, the sensitivity and accuracy of 3D UTE-MRI 
for reticulation (97.1%, 97.2%), honeycombing (83.3%, 
86.1%), traction bronchiectasis (94.1%, 94.4%), and 
emphysema (31.6%, 63.9%) were superior to those of 
HASTE (SE: reticulation, 65.7%, honeycombing, 3.3%, 
traction bronchiectasis, 67.6%, emphysema, 0; AC: 
reticulation, 66.7%, honeycombing, 19.4%, traction 
bronchiectasis, 69.4%, emphysema, 47.2%). However, the 
sensitivity of GGOs on 3D UTE-MRI (85.7%) was inferior 
to that of HASTE (100%). The specificities of reticulation, 
traction bronchiectasis, honeycombing, and emphysema, 
but not of GGO, were all 100% on 3D UTE-MRI and 
HASTE (3D UTE-MRI, 10.3%; HASTE, 0) (Table 4).

As indicated in Table 5, 3D UTE-MRI had a sensitivity 
of 97.2% for the detection of pulmonary fibrosis. Only 
1 patient with IPF was absent of pulmonary fibrosis on 
3D UTE-MRI (Figure S2). The 3D UTE-MRI protocol 
enabled us to identify 28 (90%) of 31 patients with total 
fibrosis scores of 6–15 and 2 (40%) of 5 patients with a total 
fibrosis score >15. Figure 5 shows high correlations between 
the 2 readers when elevating the extent of pulmonary 
fibrosis from both methods (HRCT, R2=0.84; 3D UTE-
MRI, R2=0.84). The mean difference and 95% limits of 
agreement (95% LOA) between the 2 readers from HRCT 
and 3D UTE-MRI were −0.86 (−3.48 to 1.75) and −1.28 
(−4.00 to 1.44), respectively. Figure 6 shows that the extent 
of pulmonary fibrosis assessed with 3D UTE-MRI (median 
=9, IQR: 6.25 to 10.00) positively correlated with that from 
HRCT (median =12, IQR: 9.25 to 13.00) (r=0.72, P<0.001), 
although the extent of pulmonary interstitial fibrosis 
assessed with 3D UTE-MRI was lower than that from 
HRCT (U=320.00, P<0.001; Figure 7).

Discussion

In this study, we analyzed the image quality, feasibility, and 
diagnostic performance of 3D UTE-MRI in the assessment 
of IPF. Our results indicated that the image quality of 3D 
UTE-MRI was inferior to that of HRCT, but superior 
to that of HASTE. The high inter- and intra-observer 
agreements in the assessment of IPF with 3D UTE-MRI 
indicated its high feasibility. Moreover, 3D UTE-MRI 

Figure 3 A 77-year-old male patient with interstitial pulmonary fibrosis. Images were obtained with HRCT (A), 3D UTE-MRI (B), and 
HASTE (C). Honeycombing (green arrow), reticular patterns (red arrow), and traction bronchiectasis (blue arrow) are seen in the left and/
or right lower lobes. 3D UTE-MRI and HRCT image qualities are equal (IQS: 5), which were higher than the HASTE image quality (IQS: 
4). The extent of pulmonary fibrosis on images obtained with 3D UTE-MRI (IQS: 16) was equal to those obtained with HRCT (IQS: 16). 
The transverse 3D UTE-MRI images are MPRs. HRCT, high-resolution computed tomography; 3D UTE-MRI, 3D ultrashort echo time 
magnetic resonance imaging; HASTE, half-Fourier single-shot turbo spin-echo; MPRs, multiplanar reconstructions; IQS, image quality 
score.
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Figure 4 A 68-year-old male patient with interstitial pulmonary fibrosis and emphysema. Images obtained with HRCT (A), and 3D UTE-
MRI (B) show honeycombing (green arrow), reticular patterns (red arrow), and traction bronchiectasis (blue arrow) in the left and/or right 
lower lobes. The image quality of the 3D UTE-MRI (IQS: 4) was lower than that of the HRCT (IQS: 5). The extent of pulmonary fibrosis 
on images obtained with 3D UTE-MRI (IQS: 10) was lower than those obtained with HRCT (IQS: 14). The images obtained with HRCT 
also showed that the pulmonary emphysema (yellow arrow) was heterogeneously distributed in the low attenuated areas of both lungs (C). 
However, pulmonary emphysema was not seen in the lung segments of the 3D UTE-MRI images (D). The transverse 3D UTE-MRI 
images are MPRs. HRCT, high-resolution computed tomography; 3D UTE-MRI, 3D ultrashort echo time magnetic resonance imaging; 
IQS, image quality score; MPRs, multiplanar reconstructions.

A

C

B

D

Table 4 Sensitivity, specificity, and accuracy of 3D UTE-MRI and HASTE for detecting radiologic features

Radiologic features
HRCT, 

n

3D UTE-MRI HASTE

n Sensitivity, % Specificity, % Accuracy, % n Sensitivity, % Specificity, % Accuracy, %

GGO 7 32 85.7 10.3 25.0 36 100.0 0.0 19.4

Reticulation 35 34 97.1 100.0 97.2 23 65.7 100.0 66.7

Honeycombing 34 32 83.3 100.0 86.1 1 3.3 100.0 19.4

Traction bronchiectasis 30 25 94.1 100.0 94.4 23 67.6 100.0 69.4

Emphysema 19 6 31.6 100.0 63.9 0 0.0 100.0 47.2

3D UTE-MRI, 3D ultrashort echo time magnetic resonance imaging; HASTE, half-Fourier single-shot turbo spin-echo; HRCT, high-
resolution computed tomography; GGO, ground-glass opacity.
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Table 5 The sensitivity of 3D UTE-MRI in the assessment of pulmonary fibrosis

Pulmonary fibrosis HRCT, n 3D UTE-MRI, n Sensitivity R2# R2&

Present 36 35 97% – –

Degree* 0.84 0.84

Score 1–5 0 5 –

Score 6–15 31 28 90%

Score >15 5 2 40%

*, degree is based on the sum of scores in six zones (minimum score was 0, the maximum score was 30); #, the correlation between 
the two readers for HRCT; &, the correlation between the two readers for 3D UTE-MRI. 3D UTE-MRI, 3D ultrashort echo time magnetic 
resonance imaging; HRCT, high-resolution computed tomography.

Figure 5 The extent of pulmonary fibrosis obtained with reader one plotted as a function of reader two for IPF patients with both HRCT 
(R2=0.84, P<0.001) and 3D UTE-MRI (R2=0.84, P<0.001) (A,B). Bland-Altman plot of the agreement analysis of the extent of pulmonary 
fibrosis between reader one and reader two from HRCT and 3D UTE-MRI. Mean difference for HRCT (Reader 1, Reader 2) =0.86, 95% 
limits of agreement =−3.48 to 1.75 (C). Mean difference for 3D UTE-MRI (Reader 1, Reader 2) =−1.28, 95% limits of agreement =−4.00 
to 1.44 (D). IPF, idiopathic pulmonary fibrosis; HRCT, high-resolution computed tomography; 3D UTE-MRI, 3D ultrashort echo time 
magnetic resonance imaging; LOA, limits of agreement. 

presented a high consistency with HRCT in the detection 
of representative imaging features of IPF, including 
reticulation, traction bronchiectasis, and honeycombing 
signs. The extent of pulmonary fibrosis assessed with 3D 
UTE-MRI was lower than that from HRCT; however, they 
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In our research, the image quality of 3D UTE-MRI was 
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some patients. This may have been because we used NUFT 
as a reconstruction method, which sometimes generated 
artifacts in the upper lung areas. There were no significantly 
blurred images, which may have been related to the gating 
tolerance and the larger FOV in 3D UTE image acquisition 
which leads to blurred images at a high level. In our study, 
the 3D UTE-MRI with improved techniques was used 
to minimize the motion and enhance the parenchymal 
signal. However, these techniques still depend on extended 
acquisition times of several min. As a result, the method 
remains sensitive to respiratory motion. Moreover, images 
from 3D UTE-MRI were acquired at end-expiration and 
HRCT at end-inspiration. This different acquisition phase 
may affect the discrimination of lung parenchyma imaging 
features. The image quality of 3D UTE-MRI was superior 
to that of HASTE, which was the first sequence used for 

imaging lung parenchymal abnormalities in patients with 
ILD (3). This suggests that 3D UTE-MRI has the potential 
to evaluate lung parenchyma structure.

The perfect agreements among the 2 radiologists when 
assessing IPF with 3D UTE-MRI suggested that 3D UTE-
MRI images can feasibily be used to assess IPF. The inter-
method agreement between 3D UTE-MRI and HRCT 
was equal to the inter- and intra-observer agreement for 
3D UTE-MRI when evaluating the radiologic findings in 
patients with IPF, especially for traction bronchiectasis, 
reticular, and honeycomb patterns. Conversely, the inter-
method agreement between HASTE and HRCT was poor.

Moreover, the diagnostic performance of 3D UTE-MRI 
when evaluating honeycombing, reticulation, and traction 
bronchiectasis of IPF was comparable to that of HRCT 
and superior to that of HASTE. This was attributed to 
the improved SNR. The acquisition-weight stack of spiral 
sequence acquired high-resolution 3D UTE images by 
using the variable-duration slice encoding to minimize T2 
decay, separating slice thickness from in-plane resolution 
to reduce the number of slice encodings, and using spiral 
trajectories to accelerate in-plane data collections (20). In 
addition, the prospective respiratory gating during free-
breathing and non-uniform sampling during the readout 
also provided sufficient SNR and limited artifacts (10). 
Benlala et al. (28) suggested that UTE could be used for 
emphysema quantification. However, in our study, 3D 
UTE-MRI showed poorer sensitivity and accuracy when 
detecting emphysema and GGO compared with HRCT. 
This finding was similar to that of a previous study (17), 
that the decreased lung tissue in patients with emphysema 
will reduce the SNR gains from variable density sampling. 

Figure 6 Correlation between the extent of pulmonary fibrosis 
with HRCT and 3D UTE-MRI (R=0.72, P<0.001). HRCT, high-
resolution computed tomography; 3D UTE-MRI, 3D ultrashort 
echo time magnetic resonance imaging. 

Figure 7 A bar chart showing the discrepancies in the extent of pulmonary fibrosis obtained with an average of two readers between HRCT 
(blue) and 3D UTE-MRI (red) for 36 patients with IPF. HRCT, high-resolution computed tomography; 3D UTE-MRI, 3D ultrashort echo 
time magnetic resonance imaging; IPF, idiopathic pulmonary fibrosis. 
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However, in our research, more GGOs were shown in 3D 
UTE-MRI than in HRCT. A possible reason for this is that 
the 3D UTE-MRI were acquired in the expiratory phase 
during a dynamic free-breathing session and related to the 
different respiratory phases between the free-breathing 3D 
UTE-MRI and HRCT. The extent of pulmonary interstitial 
fibrosis of IPF is helpful in evaluating disease progression 
and response to treatment. The extent of pulmonary fibrosis 
measured by 3D UTE-MRI was positively correlated 
with that measured by HRCT. However, 3D UTE-MRI 
subtly underestimated the extent of pulmonary fibrosis 
in comparison with HRCT, which was consistent with a 
previous study (29). A possible reason for this is that HRCT 
images were acquired during a static inspiratory breath-hold 
near total lung capacity, which enabled a better definition 
of reticulation and honeycombing than was possible with 
3D UTE-MRI, which was acquired in the expiratory 
phase (30). Our results suggested that 3D UTE-MRI was 
not significantly inferior to HRCT but rather had similar 
potential to assess the radiologic features of IPF. Apart from 
that, the most significant advantage of MRI over HRCT is 
the ability to provide functional information (31-39).

There were several limitations to this study. First, because 
of the strict inclusion criteria and that most IPF patients were 
male, only a small number of patients at a single center were 
included in this research. The predominantly male cohort 
may limit the generalizability of our findings. Second, we 
did not set a control group in this study because a previous 
study suggested that the value of the UTE-MRI imaging 
method could be reflected by healthy volunteers (19).  
Third, compared with HRCT, 3D UTE-MRI scans 
have relatively longer scanning times, which makes them 
more sensitive to respiratory motion and may influence 
the imaging quality. Furthermore, 3D UTE-MRI was 
acquired at end-expiration and HRCT was acquired at 
end-inspiration, which affected the assessment of imaging 
quality, imaging patterns. and the extent of fibrosis. The 
recent development of a temporally resolved low-resolution 
navigator and a compressed sensing probe, and technical 
UTE pulse sequence improvements, shows potential to 
create high-resolution free-breathing pulmonary MRI 
imaging (40-43). Further technical advances will enable 3D 
UTE-MRI to provide more functional information and 
clinical applications.

Conclusions

This study demonstrated that 3D UTE-MRI, a radiation-

free non-contrast-enhanced imaging method, can be an 
alternative to HRCT in the evaluation and follow-up 
of IPF patients. We found that 3D UTE-MRI has high 
reproducibility and good performance when identifying 
imaging features of IPF.
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Supplementary

Figure S1 A 77-year-old male patient with interstitial pulmonary fibrosis. The coronal orientation was obtained with 3D UTE-MRI in 
high-resolution. 3D UTE-MRI, 3D ultrashort echo time magnetic resonance imaging. 

Figure S2 A 43-year-old women patient with interstitial pulmonary fibrosis. Images were obtained with HRCT (A) and 3D UTE-MRI 
(B). The reticular patterns, traction bronchiectasis, and GGO are seen in the left and/or right lower lobes on HRCT, but 3D UTE-MRI 
only shows GGO. 3D UTE-MRI image quality (IQS: 4) was inferior to HRCT image quality (IQS: 5). The extent of pulmonary fibrosis 
on images obtained with 3D UTE-MRI (IQS: 0) was inferior to those obtained with HRCT (IQS: 6). HRCT, high-resolution computed 
tomography; 3D UTE-MRI, 3D ultrashort echo time magnetic resonance imaging; GGO, ground-glass opacity; IQS, image quality score. 
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