N

N

High-resolution lung MRI with Ultrashort-TE: 1.5 or 3
Tesla?
Guillaume Chassagnon, Charlotte Martin, Wadie Ben Hassen, Gael Freche,

Souhail Bennani, Baptiste Morel, Marie-Pierre Revel

» To cite this version:

Guillaume Chassagnon, Charlotte Martin, Wadie Ben Hassen, Gael Freche, Souhail Bennani, et al..
High-resolution lung MRI with Ultrashort-TE: 1.5 or 3 Tesla?. Magnetic Resonance Imaging, 2019,
61, pp.97 - 103. 10.1016/j.mri.2019.04.015 . hal-03486106

HAL Id: hal-03486106
https://hal.science/hal-03486106
Submitted on 20 Dec 2021

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.

Distributed under a Creative Commons Attribution - NonCommercial 4.0 International License


https://hal.science/hal-03486106
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://hal.archives-ouvertes.fr

Version of Record: https://www.sciencedirect.com/science/article/pii/S0730725X19301444
Manuscript_1¢969a592db6b528892910cbcb90499¢

High-resolution lung MRI with Ultrashort-TE: 1.5 0r 3 Tesa?

Guillaume CHASSAGNON, M.D. (1) (2) ; Charlotte MARTIN, M.D. (1) ; Wadie BEN
HASSEN, Ph.D. (3) ; Gael FRECHE, M.D. (1) ; Souhail BENNANI, M.D. (1) ; Baptiste
MOREL, M.D. PhD (4) ; Marie-Pierre REVEL, M.D. Ph.D. (1)
| nstitutions:
(1) Radiology Department, Groupe Hospitalier Cochin-Hotel Dieu, AP-HP, Université Paris
Descartes, 27 Rue du Faubourg Saint-Jacques, 75014 Paris, France
(2) Center for Visual Computing, Ecole CentraleSupelec, 3 Rue Joliot Curie, 91190, Gif-sur-
Yvette, France
(3) Siemens Healthineers France, 40 avenue des fruitiers, 93210 Saint-Denis, France
(4) Radiology Department, Hopital Clocheville, CHU Tours, Université Francois Rabelais, 49

Boulevard BérangeB87000 Tours, France

Corresponding author:

Marie-Pierre REVEL

Address: Service de Radiologie A, Groupe Hospitalier Cochin Broca Hoétel-Dieu, AP-HP, 27
Rue du Faubourg Saint-Jacques, 75014 Paris, France

Phone: 00-33-1-42-34-79-10 / Fax: 00-33-1-43-26-65-52

Email: marie-pierre.revel@aphp.fr

Acknowledgements:

The authors would like to thank Alto Stemmer, Thomas Benkert, and Josef Pfeuffer from
Siemens Healthineer for providing the UTE spiral VIBE sequence and the SPIRIT

reconstruction.

© 2019 published by Elsevier. This manuscript is made available under the CC BY NC user license
https://creativecommons.org/licenses/by-nc/4.0/


http://www.elsevier.com/open-access/userlicense/1.0/
https://www.elsevier.com/open-access/userlicense/1.0/
https://www.sciencedirect.com/science/article/pii/S0730725X19301444
https://creativecommons.org/licenses/by-nc/4.0/
https://www.sciencedirect.com/science/article/pii/S0730725X19301444

Funding: This study was sponsored by Assistance PubliqudHépitaux de Paris

(Département de la Recherche Clinique et du Dépelognt)



1. INTRODUCTION

Lung magnetic resonance imaging (MRI) is an evgwield, and MRI may be increasingly
used to evaluate chronic lung diseases in the fuéare [1]. The functional results of recent
techniques such as T1 mapping and Fourier decotiposiave been found to be promising
in the lungs, especially for cystic fibrosis andrashic obstructive pulmonary disease
assessment [2-6]. Recently, high-resolution lunglM@s been made possible by the
development of ultrashort echo time (UTE) sequens#sg non-cartesian k-space sampling
and respiratory gating to compensate for respiyatootion. These sequences compensate for
the low proton density and very short transverexegion time (T2*) of the lung parenchyma
[7-11].

Several high-resolution lung MRI sequences withrme#limeter resolution have been
reported, with different image qualities [7—11]. 8af them use radial sampling of the k-
space and a navigator for respiratory gating. TBEHA sequence has been reported to allow
visualization of the distal bronchi at 1.5T [9] Wwitgood agreement with computed
tomography for morphological scoring of bronchiedegse in cystic fibrosis patients [12].
High-resolution lung MRI sequences have been regdaat both 1.5 and 3T magnetic fields.
According to Lederlin and Crémillieux, there isteeoretical advantage of 3T because the
signal-to-noise ratio should be higher [13]. Howewuhis theoretical advantage might be
counterbalanced by the increase of the magneteeptibility effects within lung parenchyma
and subsequent shortening of T2* relaxation timetle best of our knowledge, there have
been no reports comparing the same high-resoldtiog MRI sequence at 1.5 and 3T
magnetic field. Therefore, the exact influence @fgmetic field strength on image quality of
the lung is not known and shoute evaluated.

Optimizing high resolution lung MRI protocols ismplex and is not only based on the

choice of magnetic field. Indeed, there are sevetiadr parameters influencing both image



guality and acquisition/reconstruction times sushspatial resolution, the setting of the non-
Cartesian sampling used to accelerate k-spacadfiliand the optional use of an iterative
reconstruction technique to accommodate for undetpding of the k-space.

A prototype free-breathing UTE technique based 8nGRE sequence with volumetric

interpolation (VIBE) sequence and spiral samplimg cover the k-space was recently
developed [14]. This sequence can be performedtt b.5 and 3T and uses prospective
intrinsic gating to obtain near-millimeter high-odgtion lung MR images during free-

breathing.

The purpose of this study was to assess the irdesf magnetic field strength and

additionally of acquisition and reconstruction paeters on the quality of high-resolution

lung MRI, using a prototypical UTE sequence.

2. MATERIALSAND METHODS

This study was approved by a national ethics cotemiiBlinded for review). All participants
provided written informed consent prior to examiot One investigator (Blinded for
review) was an employee of Siemens Healthineerglidutot participate in the evaluation of

image quality. The remaining authors had full cohtf the data presented in this article.

2.1. Study Population
From January to February 2018, 10 healthy volusteesre included (6 men and 4 women
[mean age tstandard deviation (SD)= 26.8 £3.7 ah€él 22.4, respectively; p=0.933]). They
had no history of smoking, no respiratory symptansistory of lung disease. Mean height
and weight £SD were 176 +9cm and 69.2 £10.5kg,aetsypely. All images were anonymized

for evaluation.



2.2. Image Acquisition

MR images were acquired on 1.5 Tesla (MAGNETOM Aefemens Healthineers,
Erlangen, Germany) and 3 Tesla (MAGNETOM Skyranties Healthineers) units on the
same day, using a prototype UTE spiral VIBE seqedie]. The two MR scanners had
similar gradient performances and the same softwenson (syngo MR VE11).
The characteristics of the sequence are as follbvwspace data are acquired following a
stack-of-spirals scheme where Cartesian phase e used for slice encoding. Spiral
sampling is performed for in-plane encoding. To imime echo time, each spiral readout
starts directly after the 3D phase encoding grdadiEs] and non-selective RF pulses are used.
The free-breathing sequence uses intrinsic prosgecespiratory gating, with real time
evaluation of breathing during scanning. When sidfit data have been acquired, the
sequence acquisition automatically stops and imageseconstructed. The expiratory phase
is used for gating, since its duration is typicalbnger than the inspiratory phase and
therefore, more data are available.
All images were acquired on the coronal plane, ¢isin 18-channel body array combined
with a 32-channel spine array on both MRI unitsefBwere 20 active coil elements for each
acquisition. Acquisitions were performed with thena alongside the body. For evaluating
the influence of magnetic field strength, acquisis were performed with the following
default acquisition parameters on each unit: TE5®€) 1.2mm resolution, 464 spiral
interleaves, in-plane acceleration parameter (iP&cfor) of 2, and iterative self-consistent
parallel imaging reconstruction (SPIRIT) recondtiiut (Table 1). For evaluating the
influence of other parameters, 3 additional segegneere acquired, with only one change in
acquisition or reconstruction parameter for eacjueace, compared to the default setting:

- At 1.5 Tesla, one acquisition with Non-Uniform Faur Transform (NUFFT)

reconstruction instead of SPIRIT reconstructiord another with a decreased number



of spiral interleaves (264 instead of 464)
- At 3 Tesla, one acquisition with 1.0mmesolution
Thus, 5 acquisitions were performed for each v@entEach spiral readout lasted 1800 ps at
1.5T and 1160 ps at 3T to compensate for the shog&e at 3T. These values were those
recommended by the manufacturer. Acquisition arcdmnstruction times were recorded. The
objective when performing these 5 acquisitions waassess the effects of magnetic field
strength, voxel resolution, number of spiral irdaxtes and reconstruction algorithm on image
guality and examination time. Comparisons werequeréd between 2 sequences having only

one difference in acquisition or reconstructiongpaeter.

2.3. Visual Assessment of | mage Quality

Signal homogeneity, visibility of fissures and theesence of artifacts were subjectively
assessed by two radiologists with 1 and 3-yearengce in thoracic imaging (Blinded for
review). Signal homogeneity was rated as O=podiaif,=2=good, or 3=very good. Visibility
of vertical and horizontal fissures was rated asndd=visible, 1=visibility<50%,
2=visibility>50%, or 3=complete visibility. The arsge visibility score of the three fissures
was calculated for each sequence. Artifacts (ripgind streaking) were rated as O=absent,
1=mild, 2=moderate, or 3=severe. The proportionvigible airways from the trachea
(generation 0) down to the subsegmental level (gioe 4) was analyzed using the Boyden
classification [16]. This proportion was calculafied a total of 68 airways on 5 sequences in

10 patients, thus for a total of 3400 bronchi.

2.4. Objective Assessment of Image Quality



Measurement of signal intensity was adapted froemntlethod proposed by Dournes et al [9].
Briefly, 30mnf regions of interest (ROIl) were drawn on image®maftted in the axial

plane. Signal intensity of the lung parenchyma massured by drawing ROIs in the anterior
and posterior areas of each lung, at a distanca tdast 20 mm from the pleura and not
including visible pulmonary vessels. These ROIsendrawn at 3 different levels: 1/ the
aortic arch, 2/ the carina, and 3/ the right pulargninferior vein. Signal intensity in the

airways was measured by drawing ROIs in the lumkrihe trachea, the intermediate
bronchus and the left main bronchus at the levethef left upper lobe bronchus. Signal
intensity of the vessels was measured in the pusmyotrunk and in the right and left main
pulmonary arteries. The average signal intensity W&s calculated from 12 ROIs for the
lung parenchyma ( fdg and 3 ROIs for both the airways {Qkyy and the pulmonary

vessels (Slssed. Signal-to-noise (SNR) and contrast-to-noise (¢ RRios were calculated as
follows: SNR = (Siing / Skiway) - 100%, and CNR = (Slg - Shiway) / Shesser 100%. Signal

measurements were performed by 2 radiologists @Btinfor review), with 3- and 1-year

experience in thoracic imaging, respectively, idesrto assess interobserver repeatability.

2.5. Statistical Analysis
Statistical analysis was performed using ‘R’ sofevéversion 3.3.3, R Foundation, Vienna,
Austria). Continuous variables are presented amnme&D. Agreement between observers
was evaluated using the McNemar test for airwaggwity. Interobserver repeatability for
SNR and CNR measurements was evaluated using lagsacCorrelation Coefficients.
Interobserver agreement for the rating of fissustbility, signal homogeneity and artifacts
was evaluated using weighted (squared) kappaRestiurther analysis, measurements from
the 2 observers were combined. In order to sepgratalyze the influence of each parameter

(magnetic field strength, voxel size, number ofapnterleaves, and iterative or non-iterative



reconstruction mode), comparison of SNR, CNR, amvand fissure visibility, signal
homogeneity and artifacts was performed betweerueseps with only one different
acquisition or reconstruction parameter, usingieegd test. AP value <0.05 was considered

to be statistically significant.

3. RESULTS

3.1. Visual Assessment of Image Quality
There was no significant difference between theb&eovers for the proportion of visible
airways (p=0.120). There was also a good inter veseagreement for the rating of fissure
visibility (kappa = 0.71; p<0.001), the presenceriofgying (0.80; p<0.001) and streaking
(kappa = 0.77; p<0.001) artifacts and perfect agese for the rating of signal homogeneity
(kappa = 1; p<0.001). All lobar bronchi and neaillysegmental bronchi were visible (94 £16
to 99 +3 % depending on the acquisition and recoosbn parameters) (Table 2) whereas
only 35 £18 to 73 +14% of the subsegmental bromahe depicted (figure 1).
Visibility of the subsegmental bronchi and fissureas significantly decreased at 3T
(p<0.001 for both) (figure 2), and ringing artifaatrere increased (p<0.001). Reducing the
number of spiral interleaves similarly decreasexuisibility of the subsegmental bronchi and
fissures (p<0.001 for both) and increased ringinaats (p=0.028). Using the non-iterative
reconstruction mode (NUFFT reconstruction) rathantthe SPIRIT algorithm also decreased
the visibility of the subsegmental bronchi (p<0.p@hd fissure (p=0.003) and increased
ringing artifacts (p=0.049). Conversely, the vikipi of the subsegmental bronchi was
significantly improved with higher resolution (1.6mvs 1.2 mm, p=0.001), even though
visibility with 1.0mn? resolution at 3T was less than at 1.5T with 1.Zmmesolution

(p<0.001). Sequences with 1.0rhresolution could not be acquired at 1.5T.



Signal homogeneity was rated as very good (3/3)alanost all acquisitions (50/50 for
observer 1 and 49/50 for observer 2). A significiaetease of streaking artifacts (p<0.001)

was observed with the NUFFT reconstruction modgu(e 3) due to k-space undersampling.

3.2. Objective Assessment of I mage Quality
Intraclass correlation coefficients for repeatdpitif SNR and CNR measurements were 0.92
and 0.89 respectively. Although the signal intgnsit the lung parenchyma was 1.4-fold
higher at 3T than at 1.5T with the default paramse(69.4 +22.3 vs 70.7 +12.3, p<0.001),
SNR and CNR were significantly lower (140.2 £199190.2 +34.8, p=<0.001; and 5.7 £2.4
vs 10.8 £2.8, p<0.001, respectively). The use wikefespiral interleaves (p= 0.09) or a higher
resolution (p=0.018) also resulted in a significdatrease in SNR. SNR and CNR were not
significantly influenced by the use of NUFFT recoustion (p=0.364 and p=0.548,

respectively).

3.3. Acquisition and Reconstruction Times
The mean acquisition and reconstruction times rarigen 4.9 +0.5 to 8.7 +0.8 minutes, and
from 1.7 £0.2 to 17 £3.0 minutes, respectively ([€ab). Acquisition time was significantly
longer when the resolution was increased (p=0.@b%) shorter when the number of spiral
interleaves was decreased (p<0.001). Reconstrutiioa was significantly shorter with
NUFFT than with SPIRIT (p<0.001). Reconstructiameiat 3T was significantly longer due

to less power of the calculator on the 3T unit (j5€Q).

4. DISCUSSION

To the best of our knowledge, this study is thstfio compare 1.5 and 3T magnetic fields for

high-resolution lung MRI using UTE sequences. Neatl bronchi were visible up to the



segmental level at both 1.5 and 3T magnetic figldgealthy volunteers. SNR and CNR were
lower at 3T with a decreased visibility of the tisss and subsegmental bronchi, and an
increase of ringing artifacts. Decreasing the nunmdfespiral interleaves and using non-
iterative reconstruction also negatively influencdte image quality, whereas higher
resolution improved the visibility of the subsegradibronchi.

Despite the reduced T2* relaxation time at 3T (&1.74ms) [17], several authors suggested
that 3T acquisitions would represent a significadvantage for lung parenchyma imaging
because of the 2-fold gain in proton signal [13,Bjen though Gai et al predicted a 1.8-fold
increase in SNR [18] and we observed a 1.4-foldemse in the lung parenchyma signal at
3T, the increase in noise and artifacts resultea significantly lower SNR compared to 1.5T.
The decrease of transverse relaxation time wasrfédsan anticipated at 3T, resulting in less
signal at the end of the spiral readout, despiiecimg the readout window from 1800 us at
1.5T to 1160us. Visually assessed image quality.at was also higher. Whereas signal
homogeneity was very good on 3T images, ringindaats were also significantly increased.
Evaluating a non-UTE VIBE sequence, Fink et al atgmorted lung MRI quality at 1.5 T to
be higher than at 3 T, despite a higher contta3T419]. Dynamic 2 D lung MRI sequences
have also been compared at different magnetic &lehgth. At 3 T, GRE sequences were
the best option, whereas at 1.5 T, SSFP with arl@@tion factor of 2 was considered the
best compromise of temporal and spatial resoly&26h

In digital imaging, spatial resolution is defined &e ability to distinguish 2 separate
structures and should not be confused with voxa# sir matrix resolution. In experimental
studies, spatial resolution can be quantified it point spread function [21]. In previous
reports of high-resolution lung MR, all with neamifimeter voxel size, the spatial resolution

on the provided images seemed highly heteroger@ed4d].



A compromise between a high matrix resolution alNRSs important for MRI sequence
optimization [22]. When voxel size is decreased #mount of signal received by each
individual voxel of the matrix is reduced. A sigondnt decrease in SNR may induce a loss in
spatial resolution. Kale et al have shown that humeaders are more willing to lose fine
details in the image for greater SNR [22]. In owdy, decreasing the voxel size from 1.2 to
1.0mn? at 3T resulted in an increased visibility of thebsegmental bronchi without a
significant decrease in SNR. Even though highesluti®n could be obtained at 3T without
significantly decreasing SNR, there was less sigmal more artifacts resulting in lower
guality scores as compared with 1.5T.

In MRI, while image contrast mostly depends on |t frequencies in the center of the k-
space, image sharpness is contained in the highdreies located at the periphery. For lung
MR, the use of radial or spiral sampling of thepgace to compensate for respiratory motion
and the very short T2*, results in undersamplinghef peripheral k-space and thus, blurrier
images. Undersampling of the peripheral k-spacestdn be more significant with spiral
acquisitions due to longer data collection andreffenance induced signal decay [15,23].
Blurring artifacts can be limited by increasing th@mber of spiral interleaves. The optimal
number of spiral interleaves should be a comprometeeen acquisition time and tolerable
blurring. We found that decreasing the number afaspnterleaves from 464 to 264
significantly decreased image quality, even thotigh advantage was to reduce the mean
acquisition time by 3 minutes. Even though we trimkt the improved image quality is worth
the extra acquisition time, the clinical relevanéesuch improvement remains to be clinically
validated.

The final parameter evaluated in our study wasatitee reconstruction. Compared to
Cartesian k-space sampling, the non-Cartesian egiratrequires more sophisticated

reconstruction methods such as non-uniform fasti€otransform (NUFFT) or SPIRIT [23].



NUFFT is a conventional reconstruction method usingridding approach that can be
adapted to reconstruct spiral MRI [24,25]. SPIRA a recent iterative reconstruction
algorithm designed to reconstruct from arbitrargpace sampling [26]. However, iterative
reconstruction algorithms are usually more companatly demanding than direct
reconstruction methods, such as NUFFT [26]. In atmdy, SPIRIT reconstruction
significantly reduced streaking artifacts, known lhe more pronounced with gridding
algorithms than with iterative reconstruction [27]his is expected, since undersampling
combined with a regular NUFFT reconstruction resultthese artifacts. However, the use of
SPIRIT also resulted in a 370% increase in meaonstouction time.

This study has several limitations. First, the Ugfral VIBE sequence was not compared to
other high-resolution lung MRI sequence such asFA&THowever, this comparison was not
possible because PETRA is no longer supportedeanatiest MAGNETOM units. Moreover,
PETRA results have only been reported at 1.5 Tedosd potential limitation is that we only
evaluated healthy volunteers and not diseasednpsiti@ohnson et al. hypothesized that 1.5T
images could improve the evaluation of lung diseasih increases in soft tissue or fluid,
due to the longer T2* at this magnetic field [7]ndther limitation was the use of slightly
different acquisition parameters at 3 T and 1.3 Tifferent field-of-view was used for 1.5T
and 3T because these were the optimized protocolgdch MR unit and they were not
changed for the present study.

In conclusion, we have shown that high-resolutiongl MRI using UTE spiral VIBE
sequence is feasible at both 1.5 and 3T. Betterdhiovisualization, SNR and CNR, as well
as less ringing artifacts were observed at 1.5Taddition, decreasing the number of spiral
interleaves and using non-iterative reconstructiegatively influenced the image quality,
whereas higher resolution improved the detectgllithe subsegmental bronchi but resulted

in longer acquisition time. The clinical relevarafethese changes needs to be confirmed by



further research.
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Tables

Table 1. Acquisition parameters

Default 1.5T with 264 1.5T Default 3T with

1.5T spiral with 3T 1.0mn?
interleaves  NUFFT resolution

Magnetic field 1.5T 1.5T 1.5T 3T 3T
Resolution (mm3) 1.2 1.2 1.2 1.2 10
Field of view (mm) 540 540 540 467 467
Echo Time (ms) 0.05 0.05 0.05 0.05 0.05
Repetition Time (ms) 4.19 4.19 4.19 4,07 4,07
Readout time (us) 1800 1800 1800 1160 1160
Flip angle (°) 5 5 5 5 5
Number of spiral 464 264 464 464 464
interleaves
iIPAT Factor 2 2 2 2 2
Reconstruction mode SPIRIT SPIRIT NUFFT SPIRIT SPIRIT

Difference with default sequences are highlightedald.
The number of slices was set according to patientgohology
Abbreviations: NUFFT = Non-Uniform Fourier Transform, SPIRIT = iterative self-consistent

parallel imaging reconstruction



Table 2. Comparison of examination time and image quality between the 5 acquired

sequences
Default 1.5T with  1.5T with Default 3T with
1.5T 264 spiral NUFFT 3T 1.0mn?
interleaves (pvalue)* (pvalue)*  resolution
(p value)* (p value) **
Acquisition time (min) 8.1+0.5 4905 8104 7.7x0.9 8.7 £0.8
(p<0.001) (p=0.815) (p=0.101) (p=0.015)
Reconstruction time (min) 8.0+0.5 9.0+£2.2 1.7+0.2 15215 17.0+3.0
(p=0.177) (p<0.001) (p<0.001) (p=0.094)
Visibility of bronchi (%)
- Generation 0 10040 100 +0 100 +0 100 +0 100 +0
(p>0.99) (p>0.99) (p>0.99) (p>0.99)
- Generation 1 10040 100 £0 100 £0 100 £0 100 £0
(p>0.99) (p>0.99) (p>0.99) (p>0.99)
- Generation 2 100+0 100 0 100 +0 100 +0 100 +0
(p>0.99) (p>0.99) (p>0.99) (p>0.99)
- Generation 3 99+4 99 +3 97 9 94 +16 98 +7
(p>0.99) (p=0.167) (p=0.098) (p=0.144)
- Generation 4 73114 46 £17 57 +18 35+18 45 +17
(p<0.001) (p<0.001) (p<0.001) (p=0.001)
Visibility of fissures (/3) 1.5+0.5 0.7+#0.4 1.1+#05 0905 1.0 +0.5
(p<0.001) (p=0.003) (p<0.001) (p=0.681)
Signal homogeneity (/3) 3.0+0.0 3.0+0.0 3.0+0.0 2.9+0.2 3.0£0.0
(p>0.99) (p>0.99) (p=0.330) (p=0.330)
Ringing artifacts (/3) 0.6+0.6 1.0+0.6 1.0+0.6 1.7x0.7 1.4 £0.6
(p=0.028) (p=0.049) (p<0.001) (p=0.149)
Streaking artifacts (/3) 0.0+0.0 01+03 1.0+08 0.1#0.3 0.3+0.6
(p=0.163) (p<0.001) (p=0.162) (p=0.186)
Signal to noise ratio (%) 190.2 165.8 185.9 140.2 131.3 9.9
+34.8 +20.5 +28.5 +19.9 (p=0.018)
(p=0.009) (p=0.364) (p<0.001)
Contrast to noise ratio (%) 10.8+2.8 9.8+2.1 10.6+2.6 5724 5.2+1.6
(p=0.171) (p=0.548) (p<0.001) (p=0.183)

Significant p values (< 0.05) are highlighted indo

* Comparison to the standard 1.5T acquisition

** Comparison to the standard 3T acquisition

Abbreviation: NUFFT = Non-Uniform Fourier Transform



Figure Legends

Figure 1. Subsegmental bronchi visualization depending ajuiagion and reconstruction

parameters. Subsegmental bronchi are visualizethe@mnlefault protocol image at 1.5T (A),
Bla (arrow) and B1b (arrowhead). With fewer spinétrieaves (B) or Non-Uniform Fourier

Transform (NUFFT) reconstruction (C), Bla bronchsbility is decreased and the Blb
bronchus is no longer visible. Findings are simdarthe default 3T protocol (D) and the 3T
acquisition with 1.0 mrhresolution (E). With the default protocol at 3T)(Einging artifacts

(repetition lines) are mostly seen in the uppéntrfgart of the image (arrowhead).

Figure 2. Fissure visibility on default acquisitions at abd 3T. More than 50% of the left

vertical fissure is seen at 1.5T (A), whereas tbaa 50% is seen at 3T.

Figure 3. Streaking artifact. Streaking artifact is seenthie lung parenchyma on images
reconstructed with Non-Uniform Fourier TransformURFT) (arrows in A and B). In the

same patient, streaking artifacts are reduced edefault 1.5T acquisition reconstructed with
iterative self-consistent parallel imaging reconstion (SPIRIT) (C and D) and do not project

in the lung parenchyma.














