European Journal of Radiology 134 (2021) 109412

Contents lists available at ScienceDirect

European Journal of Radiology

journal homepage: www.elsevier.com/locate/ejrad

ELSEVIER

Check for

Comparison between 3-point Dixon- and CHESS-based i
OMERACT-recommended MRI protocols in hands of patients with suspicion
of early rheumatoid arthritis

-1 Maria Stoenoiu ™", Nicolas Michoux ?, Patrick Durez ",

a5 5

Thomas Kirchgesner
Bruno Vande Berg*

@ Department of Medical Imaging, Musculoskeletal Imaging Unit, Cliniques universitaires Saint-Luc, Université Catholique de Louvain, Institut de Recherche Expérimentale
et Clinique (IREC), Avenue Hippocrate 10 1200, Brussels, Belgium

Y Department of Rheumatology, Cliniques universitaires Saint-Luc, Université Catholique de Louvain, Institut de Recherche Expérimentale et Clinique (IREC), Avenue
Hippocrate 10 1200, Brussels, Belgium

ARTICLE INFO ABSTRACT

Keywords: Purpose: To compare fat suppression effectiveness, image quality and disease activity scores between MRI pro-
MRI tocols based on the Dixon method and the Chemical Shift Selective (CHESS) technique in hands of patients with

Dixon suspicion of early rheumatoid arthritis (RA).
;Efusiatoi d arthritis Method: Both hands of 28 patients (19 women; mean age 45.2 years old) with suspicion of early RA were pro-
Fat spectively imaged with Dixon- and CHESS-based OMERACT recommended protocols at 1.5 T including fat-

Hand suppressed T2-weighted and contrast-enhanced T1-weighted imaging. Two radiologists (R1/R2) separately
assessed effectiveness of fat suppression and determined RAMRIS scores woth the Dixon- and CHESS-based
protocols. R1 repeated the RAMRIS scoring and measured contrast-to-noise ratios (CNRs) on Dixon and
CHESS images. Statistics included 2-way ANOVA test for the comparison of CNRs and Bland-Altman method-
ology for inter-technique and intra-observer agreement (p < 0.05).

Results: Fat suppression failure occurred in up to 1 patient with the Dixon- and 25 patients with the CHESS-based
protocols. CNRs were significantly higher on T1-weighted and lower on T2-weighted Dixon images than on the
corresponding CHESS images (p < 0.042). Median bias of the difference between Dixon- and CHESS-based
RAMRIS scores was not significantly different from 0 (—0.8 to +1.0 and —1.1 to +1.4 for R1/R2). Median
bias of the difference between RAMRIS scores at first and second readings was significantly different from 0 with
the CHESS-based protocols (—0.8 to +1.7) but not with the Dixon-based protocols (+0.0 to +1.0).

Conclusions: Dixon sequences yield more effective fat suppression and more reproducible RAMRIS scoring than
CHESS sequences in hands with suspicion of early RA.

1. Introduction activity at MRI, the Rheumatoid Arthritis MRI scoring system (RAMRIS)

[2,3]. OMERACT recommends the following MRI protocol to perform

Magnetic resonance imaging (MRI) is more sensitive than clinical
examination and radiographs to detect early inflammatory changes
(synovitis, tenosynovitis, osteitis) and structural damage (bone erosions)
in patients with rheumatoid arthritis (RA) [1].

Outcome Measures in Rheumatology (OMERACT), a multi-
institution study group, developed a scoring system to assess RA

RAMRIS: i. T1-weighted images to assess erosions; ii. fat-saturated
T2-weighted or STIR images to assess osteitis; iii. T1-weighted images
after intravenous contrast material injection to assess synovitis and
tenosynovitis.

Fat signal suppression including on contrast-enhanced T1-weighted
imaging is useful to image RA as it allows higher sensitivity for lesion

Abbreviations: CHESS, Chemical Shift Selective; CNR, contrast-to-noise ratio; GRE, gradient echo; OMERACT, Outcome Measures in Rheumatology; RA, rheu-

matoid arthritis; RAMRIS, Rheumatoid Arthritis MRI scoring system; SE, spin echo.
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detection [4-6]. The Chemical Shift Selective (CHESS) technique has
been used to obtain fat signal suppression at hand MRI during the past
decades [6-9]. Recently the Dixon method emerged in clinical practice
and gained particular interest in musculoskeletal imaging [10].

Previous studies compared fat suppression effectiveness and image
quality between Dixon and CHESS sequences in hands of healthy vol-
unteers [11-13]. To our knowledge, no previous study compared com-
plete Dixon- and CHESS-based OMERACT recommended MRI protocols
for the quantification of synovitis, tenosynovitis, osteitis and erosions
according to RAMRIS in hands of patients with suspected RA [11].

The aim of our study was to compare Dixon- and CHESS-based
OMERACT-recommended MRI protocols for the effectiveness of fat
suppression, the image quality and the RAMRIS scoring in hands of
patients with suspicion of early RA.

2. Material and methods
2.1. Patients

Study participants were recruited by two senior rheumatologists
among new outpatients of our Department of Rheumatology between
January 2016 and December 2017. Inclusion criteria were: i. age older
than 18 years old; ii. suspicion of active rheumatoid arthritis at hands by
a senior rheumatologist based on clinical and biological data; iii. active
disease for less than 24 months; iv. no history of treatment by disease-
modifying anti-rheumatic drugs (DMARDs); v. no contraindication to
MRI; vi. signed agreement to participate to the study. Clinical evaluation
with tender and swollen joints count, CRP (C-reactive protein) blood
level and calculation of disease activity score 28 (DAS28-CRP) were
obtained for all study participants.

This prospective study was performed with Institutional Review
Board approval and after the obtention of written informed consent from
each study participant.

2.2. MR imaging

MRI examinations were performed on a 1.5 T MR scanner (Optima
MR450w; General Electric, United States of America) with a flexible 16-
channel medium-sized extremity coil (Flex coil; General Electric, United
States of America). Study participants were positioned in prone procu-
bitus with arms extended above head and hands joined palm-to-palm.
Hands were separated by a 4-millimeter-thick plastic plate and main-
tained with straps. A vitamin E capsule was placed on the dorsal aspect
of the right wrist. The flexible coil was placed around the hands and
maintained with straps.

Table 1
Parameters of the sequences of the study protocol.
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Both hands of each study participant were simultaneously imaged
with the OMERACT-recommended sequences using the 3-point Dixon
method (“Dixon-based protocol”) and the CHESS technique (“CHESS-
based protocol”). Dixon-based protocol included T1-weighted “IDEAL”
Dixon sequence(s) without contrast material injection, T2-weighted
“IDEAL” Dixon sequence and contrast-enhanced T1-weighted “IDEAL”
Dixon sequence(s). CHESS-based protocol included T1-weighted
sequence(s) without contrast material injection, T2-weighted CHESS
sequence and contrast-enhanced T1-weighted CHESS sequence(s). One
out of two study participants was imaged with 2D spin echo (SE) T1-
weighted sequences in the axial and coronal planes before and after
intra-venous Gadolinium contrast-material injection (“2D SE T1” group)
while the other one was imaged with axial 3D fast spoiled gradient echo
(GRE) T1-weighted sequences (“3D GRE T1” group) in accordance with
the OMERACT recommendations [3].

All study participants were injected with 2 ml/kg of gadoterate
meglumine (Dotarem®; Guerbet, France). The acquisition order of the
contrast-enhanced sequences (Dixon or CHESS sequences first) was
alternated among study participants. All T2-weighted sequences were
obtained in the coronal plane. MRI sequences parameters are summa-
rized in Table 1. Investigated area extended from distal radio-ulnar
joints to metacarpophalangeal joints of both hands. Acquisition dura-
tions were 15 min 57 s and 16 min 01 s with the Dixon-based protocols
of the “2D SE T1” and “3D GRE T1” groups respectively and 8 min 39 s
and 6 min 57 s for the CHESS-based protocols of the “2D SE T1” and “3D
GRE T1” groups respectively. Patients with incomplete MRI examination
according to the study requirements or MRI examination not meeting
quality standards were excluded from the study.

In May 2019, a data manager created sets of images including one
Dixon- and one CHESS-based set for each of the study participants. The
Dixon-based sets contained T1-weighted Dixon in-phase images without
contrast material injection, T2-weighted Dixon water-only images and
contrast-enhanced T1-weighted Dixon water-only images. The CHESS-
based sets contained standard T1-weighted images without contrast
material injection, T2-weighted CHESS images and contrast-enhanced
T1-weighted CHESS images. After deletion of study participant and fat
suppression information, the Dixon and CHESS-based sets were
numerically labelled in a random order and archived in our research
picture archiving communication system (Carestream Vue 12.1.6.1005;
Carestream Health, Inc., Canada). No image was lost at archiving.

2.3. MR imaging analysis

Between June and August 2019, two radiologists with four years
(R1) and 30 years (R2) of experience in musculoskeletal imaging and

Axial 2D SE Coronal 2D SE Axial 3D GRE Coronal 2D SE Axial 2D SE T1 Coronal 2D SE Axial 3D GRE T1 Coronal 2D SE
T1 Dixon T1 Dixon T1 Dixon T2 Dixon (CHESS) T1 (CHESS) (CHESS) T2 CHESS

Field of view (cm) 16.8—24 16.8—24 16—20 16.8—24 16.8—24 16.8—24 16—20 16.8—-24
Slice thickness 2.5 2.5 1.6 2.5 2.5 2.5 1.6 2.5

(mm)
Spacing (mm) 0.3 0.3 / 0.3 0.3 0.3 / 0.3
Repetition time 442-741 618-623 10.9-11.2 5524-5851 427-661 535-550 6.8—-6.9 5834-5909

(ms) (530-734) (725-734) (16.4-16.5)
Effective echo time  11.6 11.6 5.96 68.6 10.1 10.1 4.2 66.2

(ms)
Flip angle (°) 160 160 12 160 160 160 12 160
Echo train length 3 3 / 11 3 3 / 11
Acquisition matrix 288 x 224 288 x 224 256 x 256 288 x 256 512 x 288 512 x 288 256 x 256 288 x 224
Reconstruction 512 x 512 512 x 512 512 x 512 512 x 512 512 x 512 512 x 512 512 x 512 512 x 512

matrix
NEX 1 1 1 1 1 1 1 2
Bandwidth (kHz) 62.5 62.5 50 83.3 41.7 41.7 50 27.8
Number of slices 44-48 42 192 42 44-48 42 192 42
Duration 3 min 08s 2 min 59s 6min 09s 3 min 43s 1min1ls(1 1 min 09s (1 min 1 min 19s (3 min 2 min 27s

min 56 s) 56 s) 11s)
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previous experience in RAMRIS scoring [14] separately analyzed all the
sets to evaluate fat suppression effectiveness and to score disease ac-
tivity. Between September and October 2019, R1 repeated the RAMRIS
scoring of all the sets of images to evaluate intra-observer agreement.

Fat suppression effectiveness was assessed on fat-suppressed images
in the areas to score according to the RAMRIS scoring system. Fat sup-
pression was considered effective when diffuse homogeneous low signal
intensity was present in epiphyseal bone marrow or adjacent fat on all
slices through the joint and completely failed when diffuse high signal
intensity in epiphyseal bone marrow or periarticular fat was present on
all slices through the joint. Fat suppression was considered partially
failed when it was neither effective nor completely failed.

Disease activity was scored according to OMERACT recommenda-
tions [3]. Synovitis was scored from 0 (absence of synovitis) to 3 (severe
synovitis) in 8 joints per hand (distal radioulnar joint, radiocarpal joint,
intercarpal and carpometacarpal joints and each metacarpophalangeal
joint), tenosynovitis from O (absence of tenosynovitis) to 3 (severe
tenosynovitis) in 13 tendons per hand (6 extensor tendon compartments
and 3 flexor tendon compartments at the wrist and the flexor tendons at
the level of each metacarpophalangeal joint), osteitis from 0 (no osteitis)
to 3 (severe osteitis) and erosions from 0 (no erosion) to 10 (complete
destruction) in 23 bones per hand (distal radius, distal ulna, carpal
bones, metacarpal bases, metacarpal heads and proximal phalangeal
bases) [3]. Readers used T1l-weighted images to score erosions,
fat-suppressed  T2-weighted images to score osteitis and
contrast-enhanced fat-suppressed T1-weighted images to score synovitis
and tenosynovitis [15]. In case of fat suppression failure on T2-weighted
images, readers were allowed to use other sequences to assess osteitis. If
scoring of a joint, tendon or bone was not feasible, it was declared “non
assessable”.

In November 2019, R1 measured contrast-to-noise ratio (CNR) in fat-
suppressed images with a dedicated software (Osirix 10.0; Pixmeo SARL,
Switzerland) [16].

Quantitative measurements of signal intensity (SI) were performed
on axial contrast-enhanced fat-suppressed T1-weighted images for
defined regions of interest (ROIs) between 3 and 25 mm? (mean 13.6
mm?) in size in the enhanced synovial tissue of joints scored 3 according
to RAMRIS by at least one reader whatever the MRI protocol. Axial
contrast-enhanced T1-weighted Dixon water-only and axial contrast-
enhanced T1-weighted CHESS images of the same patient were syn-
chronized. First, an ellipse-shaped ROI was placed in the area with the
highest SI of the targeted synovium on the CHESS image. Care was taken
that ROIs did not include interdigital vessels. On the same image,
another ROI identical to the first ROI was placed in normal homoge-
neous muscle tissue and an ellipse-shaped ROI larger than 40 cm? was
placed in an artifact-free zone of the air around the hands. Defined ROIs
were automatically propagated into the corresponding Dixon image.
CNR was calculated with the following formula: CNR®™VitS — 0,66 x
(STeynovitis_gpmuscley /,GRAIr yhare SIYIOVITS is the average SI of the ROI set
in the inflammatory synovial tissue, SI™¢!® is the average SI of the ROI
set in the normal muscle tissue and SD?" is the standard deviation of the
SI of the air.

The same method was applied to measure on coronal fat-suppressed
T2-weighted images the CNR of osteitis in abnormal medullary areas
scored 3 by at least one reader whatever the MRI protocol. Defined ROIs
between 10 and 60 mm? (mean 37.8 mm?) in size were placed in the
medullary areas scored 3, in medullary areas scored O and in the sur-
rounding air on the coronal T2-weighted CHESS sequence and propa-
gated on the corresponding coronal Dixon-based water-only images
after synchronization. CNR was calculated with the following formula:
CNRosteitis — 0.66 X (Slosteitis _ SIbone marrOW)/SDair where SIosteitis is the
average SI in the abnormal bone marrow, SIP°" MW the average SI in
the normal bone marrow and SD®" the standard deviation of the SI the
air.
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2.4. Statistical analysis

Aggregated RAMRIS scores were calculated for synovitis (RAMRIS-
synovitisy “tenosynovitis (RAMRIS!MOY1OViS) - osteitis (RAMRIS®®1%) and
erosions (RAMRIS®™5°™) a5 the sum of the individual scores of both
hands for synovitis, tenosynovitis, osteitis and erosions respectively.
Total RAMRIS scores were calculated as the sum of the aggregated scores
for synovitis, tenosynovitis, osteitis and erosions. If an individual score
was declared not assessable on one MRI protocol, it was also considered
non assessable on the other MRI protocol of the same patient.

Statistical analysis for the comparison of CNR consisted on a 2-way
ANOVA test with fixed factors (fat suppression technique and type of
measures) and 2-by-2 comparisons including paired t-test in case of
normal distribution and Wilcoxon’s signed ranks test in case of non-
normal distribution. A p-value less than 0.05 was considered as statis-
tically significant.

Inter-technique agreement, intra-observer agreement and inter-
observer agreement were assessed using the paired differences in
scores (the score obtained with the “Dixon-based protocol” minus the
score obtained with the “CHESS-based protocol” for the inter-technique
agreement, the score obtained by R1 at second reading minus the score
obtained by R1 at first reading for the intra-observer agreement and the
score obtained by R1 at first reading minus the score obtained by R2 at
first reading for the inter-observer agreement) against the geometric
mean of both scores according to the Bland and Altman methodology
[17]. The mean bias and the limits of agreement were derived from each
Bland-Altman plot. A paired t-test (normal distribution) or equivalently
a non-parametric Wilcoxon rank-sum test (non-normal distribution)
were performed to assess whether the median bias was significantly
different from 0. The regression line of the differences was also
computed and the p-value resulting from a 2-sided t-test based on the
null hypothesis that the slope of the regression was equal to zero was
calculated. A p-value less than 0.05 was considered as statistically sig-
nificant for these tests.

3. Results
3.1. Patients

Thirty-two consecutive study participants suspected with early RA
were imaged at MRI. Four were excluded because of incomplete MRI
examinations (premature termination of the MRI examination in 3
participants and impossibility to inject contrast material in one). Com-
plete MRI examinations were obtained in 28 study participants with
motion artefacts observed and considered not to alter the analysis of the
images in three participants.

Final diagnosis of the 28 included participants was ACPA-positive RA
in 20 patients (71.4 %), ACPA-negative RA in five (17.9 %), undiffer-
entiated arthritis in two (7.1 %) and monoarthritis in one participant
(3.6 %). All study participants met the ACR/EULAR 2010 criteria for RA
except one with ACPA-negative RA [18].

There was no statistically significant difference between the “2D SE
T1” and “3D GRE T1” groups concerning sex (10 women / 4 men in the
“2D SE T1” versus (vs.) 9 women / 5 men in the and “3D GRE T1” group;
p = 0.699), age (46.1 years + 14.6 vs. 44.4 years + 15.0; p = 0.791),
time between the suspicion of active RA by the rheumatologist and the
MRI examination by the radiologist (22.4 days + 22.1 vs. 22.6 days +
39.4; p = 0.981), mean CRP blood level (27.1 mg.L’1 + 28.8 vs. 15.6
mg.L’l + 20.4; p=0.811) and DAS28-CRP (5.2 +1.1vs. 4.7 + 1.4;p =
0.909).

3.2. Comparison of fat suppression between Dixon- and CHESS-based
MRI protocols

Among the series of 28 Dixon- and 28 CHESS-based MRI protocols,
fat suppression failure was observed in 1 Dixon- and 25 CHESS-based
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protocols by R1 and in 0 Dixon- and 23 CHESS-based protocols by R2.

On T2-weighted sequences, R1 observed fat suppression failure in
0.2 % of the areas to score with the Dixon images and 29.7 % of the areas
to score on the CHESS images. On enhanced 2D SE T1-weighted se-
quences, R1 observed fat suppression failure in 0% of the areas to score
with the Dixon images and 4.7 % of the areas to score with the CHESS
images (Table 2) (Fig. 1).

Gradings of fat suppression effectiveness by R2 agreed with those of
R1 in 91.3 % of the areas to score.

3.3. Comparison of CNRs between Dixon- and CHESS-based MRI
protocols

CNRY™Vitis and CNRO®IUS were measured in the synovial tissue of 43
joints (six study participants from the “2D SE T1” group and six from the
“3D GRE T1” group) and in the medullary cavity of 35 bones (10 pa-
tients) (Table 3). CNRY™VUS was statistically significantly higher on
axial 2D SE (p < 0.0001) and 3D GRE (p < 0.042) contrast-enhanced T1-
weighted Dixon water-only images than on corresponding CHESS im-
ages. CNR™! IS was statistically significantly lower on coronal T2-
weighted Dixon water-only images than on corresponding CHESS im-
ages (p < 0.0002).

3.4. Comparison of RAMRIS scores between Dixon- and CHESS-based
MRI protocols

RAMRIS scoring was feasible in all joints, tendons and bone except
synovitis in 1/3 distal radioulnar joints for R1/R2 respectively. Mean
aggregated and total RAMRIS scores of the “2D SE T1” group were not
statistically significantly different from those of the “3D GRE T1” group
(p > 0.129) (Table 4). Median bias and regression slopes of the differ-
ences between Dixon- and CHESS-based RAMRIS scores were not sta-
tistically significantly different from 0 for both readers in “2D SE T1”
and “3D GRE T1” groups (Table 5) (Figs. 2-5).

3.5. Intra-observer reproducibility for RAMRIS scores on Dixon- and
CHESS-based MRI protocols

In the “2D SE T1” group, differences between RAMRISTY"OVits,
RAMRIS!®mOsYP0Vitis 5y RAMRIS®™S1°™ at first and second readings were
not statistically significantly different from O with the Dixon- and
CHESS-based MRI protocols.

Table 2

Frequency of partial and complete fat suppression failure (FSF) in areas to score
by the RAMRIS on fat-suppressed images of the Dixon- and CHESS-based MRI
protocols for the two readers.

Dixon-based MRI protocol CHESS-based MRI protocol

2DSE 3D 2DSET2 2D SE 3D 2D SE T2
T1 GRE T1 GRE
T1 T1
R1
Partial FSF 0/ 0/616 3/1400 19/616 0/616 221/1400
616 (0.2 %) (3.1 %) (15.8 %)
Complete 0/ 0/616 0/1400 10/616 0/616 194/1400
FSF 616 (1.6 %) (13.9 %)
R2
Partial FSF 0/ 0/616 0/1400 8/616 0/616 160/1400
616 (1.3 %) (11.4 %)
Complete 0/ 0/616 0/1400 5/616 0/616 196/1400
FSF 616 (0.8 %) (14.0 %)

N.B.: 616 joints and tendons were assessed for (teno)synovitis in 14 study par-
ticipants on contrast-enhanced 2D SE T1-weighted images (8 joints and 14
tendons per hand) and 616 joints and tendons were assessed for (teno)synovitis
in 14 study participants on contrast-enhanced 3D GRE T1-weighted images (8
joints and 14 tendons per hand); 1400 bones were assessed for osteitis in 28
study participants on T2-weighted images (25 bones per hand).
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In the “3D GRE T1” group, differences between RAMRIS!eROsYnOvitis ¢
first and second readings were not statistically significantly different
from 0 with the Dixon- and CHESS-based MRI protocols. Median bias of
the differences between RAMRIS®YVitS at first and second readings was
statistically significantly different from 0 only with the CHESS-based
MRI protocol (mean bias of +1.7; p = 0.0305). Regression slope of the
differences between RAMRIST™!™ at first and second readings was
statistically significantly different from 0 only with the CHESS-based
MRI protocol (+0.6; p = 0.0039).

In all study participants, regression slope of the differences between
RAMRIS®it at first and second readings was statistically significantly
different from O only with the CHESS-based MRI protocol (—0.8; p =
0.0026) (Table 5).

3.6. Inter-observer reproducibility for RAMRIS scores on Dixon- and
CHESS-based MRI protocols

In the “2D SE T1” group, differences between R1 and R2 RAMRIS-
synovitis | p ANRIS!CPOSYIOVItS anq RAMRISTSI™ were not statistically
significantly different from 0 with the Dixon- and CHESS-based MRI
protocols.

In the “3D GRE T1” group, differences between R1 and R2 RAM-
RISY™°ViS were not statistically significantly different from 0 with the
Dixon- and CHESS-based MRI protocols. Regression slope of the differ-
ences between R1 and R2 RAMRIS' "oV vag statistically signifi-
cantly different from O only with the CHESS-based MRI protocol (+1.1; p
= 0.0072). Regression slope of the differences between R1 and R2
RAMRIS®™1% was statistically significantly different from 0 with the
Dixon- (—0.6; p = 0.0216) and CHESS-based (—0.6; p = 0.0179) MRI
protocols.

In all study participants, median bias and regression slopes of the
differences between R1 and R2 RAMRIS®®!' were statistically signifi-
cantly different from 0 with the Dixon- (—2.4; p < 0.0342) and CHESS-
based (—3.1; p < 0.0001) MRI protocols (Table 5).

4. Discussion

First, the current study performed in patients with suspicion of early
RA confirmed the robustness of the Dixon fat suppression as previously
demonstrated in hands of healthy volunteers and RA patients based on
semi-quantitative or qualitative analysis [11-13].

Second, we demonstrated higher CNRs for synovitis and tenosyno-
vitis on contrast-enhanced 2D SE and 3D GRE T1-weighted Dixon water-
only images than on the corresponding CHESS images. Previous studies
demonstrated higher image quality with the Dixon method than with the
CHESS technique by subjective visual image analysis [11] or by
measuring signal-to-noise ratio (SNR) in hands of healthy volunteers
[12,13]. To our knowledge, no previous study compared CNRs between
contrast-enhanced T1-weighted Dixon and CHESS sequences in the
musculoskeletal system. Of note, we demonstrated lower CNR for oste-
itis on T2-weighted Dixon water-only images than on CHESS images.
This observation contradicts those of previous studies demonstrating
higher image quality with the Dixon method than with the CHESS
technique by subjective visual image analysis in the spine [19] or by
measuring SNR in the brachial plexus [20,21] or CNR in the sacroiliac
joints [22]. In our T2-weighted CHESS sequence, bandwidth was three
time narrower than the bandwidth of the Dixon sequence while NEX was
twice that of the Dixon sequence. It remains to be validated whether
these parameter variations may account at least partially for the lower
CNR on the T2-weighted Dixon sequence [23].

Third, we demonstrated that Dixon-based RAMRIS scoring was more
reproducible than CHESS-based RAMRIS scoring. At intra-observer
reproducibility, there was no statistically significant difference be-
tween RAMRIS scores at first and second readings with the Dixon se-
quences whereas significant differences were present with the CHESS-
based protocols. At inter-observer reproducibility, the two statistically
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T2 Dixon

T2 CHESS

CE T1 CHESS

Table 3

Comparison between CNRs (mean =+ SD) for synovitis (contrast-enhanced fat-
suppressed T1-weighted images) and osteitis (fat-suppressed T2-weighted im-
ages) on Dixon- and CHESS-based MRI protocols.

Number of First sequences CNR CNR P
measures / after contrast Dixon CHESS
Number of injection (mean + (mean +
study (Dixon / SD) SD)
participants CHESS)
Synovitis 32/6 16/16 110.0 + 16.9 + <0.0001
2D 46.0 10.9
SET1
Synovitis 11/6 5/6 389.8 + 3221 + 0.042*
3D 295.2 239.9
GRE T1
Osteitis 35/10 - 432 + 839 + 0.0002*
2D SE 53.8 46.3
T2

" Statistically significantly different (p < 0.05).

significant differences occurring with Dixon sequences also occurred
with the CHESS-based protocols.

Finally, we demonstrated that the Dixon-based RAMRIS scores were
in agreement with the CHESS-based RAMRIS scores. These results make
Dixon-based OMERACT-recommended MRI protocols a robust alterna-
tive to assess RAMRIS in early inflammatory arthritis at the cost of
increased imaging time. Actually, the duration of the currently used
Dixon-based MRI protocols was twice that of the CHESS-based OMER-
ACT-recommended protocols. Our Dixon-based MRI protocols could
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Fig. 1. Comparison between Dixon- (a-c) and
CHESS-based (d-f) images of the right thumb of
a 59-year-old RA patient. Fat suppression was
effective on all Dixon images, including (a) T2-
weighted Dixon water-only and contrast-
enhanced 2D SE T1-weighted Dixon water-
only images in the (b) coronal and (c) axial
planes. Fat suppression failure occurred on all
CHESS images (arrows) including (d) SE T2-
weighted CHESS and contrast-enhanced 2D SE
T1-weighted CHESS images in the (e) axial and
(f) coronal planes.

>

CE T1 Dixon

CE T1 CHESS

Table 4
Aggregated and total RAMRIS scores (mean + SD) of “2D SE T1” and “3D GRE
T1” groups with Dixon- and CHESS-based MRI protocols for R1 and R2.

Reader 1—1st Reader 1-2nd Reader 2
reading reading
Dixon CHESS Dixon CHESS Dixon CHESS
RAMRIS scores in “2D SE T1” group (n = 14)
Synovitis 13.0 + 13.7 + 135+ 15.1 + 13.8 + 13.0 +
7.6 8.1 7.7 7.1 7.7 7.4
Tenosynovitis 7.8 &+ 6.8 £ 8.8+ 7.4 £ 8.1+ 6.7 £
5.9 5.8 6.2 6.1 6.5 5.5
Osteitis 10.3 + 10.6 + 10.7 + 9.1+ 13.0 15.2 +
16.1 16.0 14.6 14.1 18.3 19.7
Erosions 4.3 + 4.4 + 4.4 + 4.4 + 4.8 + 3.5+
7.2 6.6 7.7 6.6 5.8 6.0
Total 354 + 35.6 + 374+ 359 + 39.7 + 384 +
30.4 27.8 29.9 25.9 31.3 30.8
RAMRIS scores in “3D GRE T1” group (n = 14)
Synovitis 8.6 8.0 + 9.4+ 9.7 + 83+ 9.4+
6.2 5.4 6.0 6.6 5.7 5.3
Tenosynovitis 6.4 &+ 7.1+ 7.3+ 8.4 + 6.1 + 6.1 +
4.6 5.4 4.1 5.1 3.6 3.6
Osteitis 29+ 29+ 2.6 + 29+ 5.0+ 4.6 +
4.2 4.0 3.6 3.6 4.5 5.0
Erosions 0.4 £+ 0.7 + 0.4 £ 1.3+ 1.0 £ 1.4+
0.8 1.1 0.8 1.8 1.5 1.9
Total 18.3 £ 18.8 + 19.7 £ 224 + 20.4 + 21.4 +
11.5 11.0 10.9 13.6 10.2 10.2
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Table 5
Inter-technique agreement (Dixon-based RAMRIS — CHESS-based RAMRIS), intra-observer agreement (second reading RAMRIS - first reading RAMRIS) and inter-

observer agreement (R1 RAMRIS — R2 RAMRIS) using Bland-Altman plots analysis with mean bias and limits of agreement.

Synovitis Tenosynovitis Osteitis Erosions
2D SET1 3D GRE T1 2DSET1 3D GRET1 SE T2 2D SET1 3D GRE T1
n=14) =14 m=14) n=14) (n = 28) n=14) n=14)
R1 bias -0.7 +0.6 +1.0 -0.8 —0.2 -0.1 -0.3
Inter-technique agreement [-6.4;+5.0] [-4.9;+6.2] [-7.8;49.8] [-5.6;+4.0] [-4.2;+3.8] [-3.6;+3.3] [-1.7;+1.1]
R2 bias +0.8 -1.1 +1.4 0.0 -0.9 +1.3 —-0.4
[-7.6;4+9.2] [-6.8;+4.7] [-10.8;+13.6] [-3.4;+3.4] [-10.7;+8.9] [-4.1;+6.6] [-3.6;4+2.9]
. . +0.5 +0.8 +1.0 +0.9 +0.1 +0.1 0.0
Dixon bias
Intra-observer agreement [-3.5;+4.5] [-3.8;+5.3] [-4.3;+6.3] [-4.1;+6.0] [-4.5;+4.7] [-4.2;+4.5] [-1.3;+1:3]
CHESS bias +1.4 +1.7% +0.6 +1.3 —0.8%* -0.1 +0.6"*
[-5.0;+7.9] [-3.5;4+6.9] [-2.8;44.0] [-5.7;+8.3] [-6.8;4+5.2] [-1.5;+1.4] [-1.4;42.6]
. . -0.8 +0.4 -0.4 +0.3 —2.4%/ -0.5 —-0.6"*
Dixon bias
Inter-observer agreement [-11.4;+9.8] [-5.6;+6.3] [-8.0;+7.3] [-4.7;+5.2] [-11.9;+7.1] [-6.2;+5.2] [-3‘6;+2‘.5]
CHESS bias +0.7 -1.4 +0.1 HF1.1%* —3.1%/%% +0.9 —0.6"*
[-10.2;+11.7] [-8.8;4+6.0] [-3.2;43.4] [-5.5;+7.6] [-11.5;+5.2] [-4.5;+6.4] [-3.5;4+2.2]

" Bias significantly different from 0 (p < 0.05).
" Regression slope significantly different from 0 (p < 0.05).

CE T1 Dixon water-only

Fig. 2. Similar appearance of radio-carpal joint synovitis (white arrows) on axial contrast-enhanced 3D GRE T1-weighted (a) Dixon water-only and (b) CHESS images
in a 30-year-old woman with early RA.

CE T1 Dixon water-only CE T1 CHESS

Fig. 3. Similar appearance of flexor pollicis longus and flexor digitorum tendons tenosynovitis (white arrows) on axial contrast-enhanced 2D SE T1-weighted (a)
Dixon water-only and (b) CHESS images in a 28-year-woman with early RA.

have been more time-efficient and reduced by 4—5 min with the use of method would have reduced the acquisition duration at the cost of a
pre-contrast standard instead of Dixon T1-weighted sequences. We also higher risk of fat-water swapping [7].
acknowledge that the use of the 2-point instead of a 3-point Dixon Our study has a few limitations. A major limitation of the current
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T2 Dixon water-only
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T2 CHESS

Fig. 4. Similar appearance of carpal (black arrows) and metacarpal (white arrows) bones osteitis on coronal SE T2-weighted (a) Dixon water-only and (b) CHESS

focused images of a 56-year-old man with early RA.

T1 Dixon in-phase

Fig. 5. Similar appearance of metacarpal head erosion (white arrows) on axial 3D GRE T1-weighted (a) Dixon in-phase and (b) non-Dixon focused images in a 60-

year-old man with early RA.

study is its monocentric design with a limited number of patients and of
readers. A multicentric study including more patients and more readers
should be performed. Another limitation was the variability in the time
delay between injection and sequence acquisition of the different MRI
protocols. All contrast-enhanced sequences were obtained within 15 min
after contrast-material injection ensuring optimal enhancement of in-
flammatory synovial tissue [24]. In our protocol, the acquisition order of
the contrast-enhanced sequences (Dixon or CHESS sequences first) was
alternated among study participants.

5. Conclusion

Three-point Dixon-based OMERACT-recommended MRI protocol at
1.5 T yields effective fat suppression, high T1-weighted image quality
and reproducible assessment of disease activity in hands with early in-
flammatory arthritis.
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