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Abstract:

Objectives: To compare reliabilities of assessing synovitis in hand osteoarthritis (OA) using
Magnetic Resonance Imaging (MRI) with/without gadolinium (Gd).

Methods: Three readers scored synovitis on non-enhanced two-dimensional (2D) proton
density (PD)-weighted MRI and Gd-enhanced (3D) MRI of hand joints in 20 patients. Inter-
reader reliabilities were examined.

Results: Reliability was good for Gd-enhanced MRI, but poor for non-enhanced PD-weighted
MRI (intraclass correlation coefficient 0.83 and 0.21, respectively). Agreement between the
two sequences was poor (weighted kappa 0.18).

Conclusion: Gd-enhanced MRI was more reliable than PD-weighted MRI for assessing
synovitis. Gd-enhancement, but also resolution and tissue contrast, might have contributed to

this.
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Introduction

Gadolinium(Gd)-enhanced magnetic resonance imaging (MRI)-detected synovitis is
associated with pain and radiographic progression in hand osteoarthritis(OA) patients(1, 2).
Synovitis assessment by MRI has been used as a measure of joint activity in hand OA trials
for anti-inflammatory therapies(3-6). Allergic reactions to Gd-based contrast agents(GBCA)
are rare, and the risk of nephrogenic systemic fibrosis seems confined to patients with severe
renal insufficiency. However, Gd deposits have been detected in basal cell ganglia, muscle,
liver and skin tissue, questioning whether repeated use of GBCA might be harmful(7-10).
Synovitis and effusion are visible on proton density (PD)-weighted MRI without the need of a
radiocontrast agent and could thus be a safer alternative. Our main objective in this study was
to compare the reliability of non-enhanced two-dimensional(2D) PD-weighted MRI to that of
Gd-enhanced three-dimensional(3D) T1-weighted MRI for assessing synovitis in hand OA
patients. Furthermore, we wanted to assess the agreement in detecting synovitis between PD-

weighted vs. Gd-enhanced MRI

Methods

HMembers of the Outcome Measures in Rheumatology(OMERACT) MRI Working Group
prepared an atlas containing examples of synovitis in distal interphalangeal(DIP) and
proximal interphalangeal(PIP) joints on non-enhanced 2D PD-weighted MRIs in the axial
plane and Gd-enhanced 3D T1-weighted MRIs in the axial and sagittal planes(Figure 1,
Supplementary file 1). The grading was based on the Hand Osteoarthritis Magnetic

Resonance Imaging Scoring System(HOAMRIS), whichrangedranging from 0-3 based on

thirds of the estimated maximum volume of enhancing tissue in the synovial
compartment(O=normal; 1=mild;-2=moderate;-3=severe)(12). Additionally, enhancement had

to be present in 3 consecutive slices in all planes assessed. Example images of joints in which



the severity of synovitis(grade 0-3) was regarded the same on both non-enhanced 2D PD-
weighted and Gd-enhanced 3D T1-weighted images were included. The atlas was presented
during a webinar and key images were selected through consensus. The OMERACT Thumb
Base Osteoarthritis Magnetic Resonance Imaging Scoring System(TOMS) was used for
scoring of the thumb base joints and the readers were aided by an atlas including MRIs of the
1** carpometacarpal(CMC-1) and scaphotrapeziotrapezoid(STT) joints, with similar grading

of synovitis as in HOAMRIS(13). According to the OMERACT Filter Instrument Selection

Algorithm we defined synovitis by PD-weighted anf GD-enhanced MRI as core set measure

“disease”(11, 14).

The MRIs for the calibration and reliability exercise were selected with a random
number generator from the Nor-Hand study, which is a cohort including 300 patients aged
from 40 to 70 years with confirmed hand OA in at least one joint on clinical examination
and/or ultrasound(15). Participants were imaged with a 1.5 tesla MRI device(Siemens Aera,
Germany) with a 16-channel hand/wrist coil covering the fingers and thumb base of the
dominant hand. Sequences included 2D PD-weighted Turbo Spin Echo MRI with 3.2 mm
axial slices of the fingers along with axial and coronal slices of the thumb base, followed by
intravenous GBCA and T1-weighted 3D gradient-echo MRI with 0.4 mm coronal slices and
sagittal and axial reformations(15).

A calibration exercise with 7 readers(SVB,-FK,-SJP,-AM,-MS,-FG, @M) from 5
centers was arranged. Eleven joints, including DIP 2-5, (P)IP 1-5, CMC-1 and STT joints of
the dominant hand of 10 patients were graded from 0-3 according to the atlas. After
calibration, 2 rheumatologists(SJP, MS) with experience assessing MRIs and 1 PhD-
student(@M) trained in assessing MRI-defined synovitis in hand joints conducted a reliability
exercise with 20 patients. Results of the first reliability exercise were discussed in a webinar.

Disagreements on the presence or absence of synovitis, or score differences of 2 grades were



discussed in an online meeting. After re-calibration, a final reliability exercise with 20 new
cases was performed by the same 3 readers.

Mean(SD) sum score of synovitis for all joints together and for different joint groups
for 3 readers was calculated. The sum score was based on 11 joints graded from O to 3 with a
maximum possible sum score of 33. Inter-reader reliability between the two different MRI
techniques was calculated with the average(range) intraclass correlation coefficients(ICC) by
two-way mixed-effects model with absolute-(individual) measure for 3 reader pairs. At joint
level, percent exact agreement(PEA) and percent close agreement(PCA) between the 3
readers were calculated. PCA was defined as same grade or one grade difference across the 3
readers. Agreement at joint level between each MRI technique was assessed by linearly
weighted kappa values for each reader and presented as a mean(range) weighted kappa value
for the 3 readers. Kappa values for dichotomized scores(Grade 0-1 vs. Grade 2-3) between the
two MRI techniques were also calculated. All results were presented for all joints together
and for separate joint groups. Both ICC, weighted kappa and kappa values were interpreted as
poor(0.00-0.19), fair(0.20-0.39), moderate(0.40-0.59), good(0.60-0.79) or very good(0.80-
1.00). Stata version 15.0 was used for all analyses. The Nor-Hand study was approved by the

regional ethics committee(Ref:2014/2057).

Figure 1

Results

The study participants were predominantly women(90%) and had a mean(SD) age of
60.5(6.5) years. Forty percent of the participants had erosive hand OA, defined as having at
least one finger joint in the erosive or remodelling phase of the Verbruggen-Veys anatomical

phase scoring system, and the mean(SD) Kellgren Lawrence sum score of bilateral DIP,



(P)IP, metacarpophalangeal and CMC-1-(range: 0-120) was 27.6(16.0). Eighty percent
fulfilled the American College of Rheumatology hand OA criteria and mean(SD) body mass
index was 25.7(4.5) kg/m>.

The mean(SD) sum score for synovitis in all hand joints was numerically higher for
the non-enhanced PD-weighted images(13.5(3.6)) than the Gd-enhanced 3D images(10.2
(6.8)). These results were driven by higher scores on the PD-weighted images in the DIP and
PIP joints, whereas more synovitis was scored in the thumb base joints on the Gd-enhanced

3D MRIstSupplementaryFable-b—Patients with erosive hand OA demonstrated higher scores

in both MRI sequences compared to non-erosive hand OA patients(Supplementary Table 1).

For the non-enhanced PD-weighted images, inter-reader reliability for all joint areas
was poor or fair. For the Gd-enhanced 3D images, the inter-reader reliability was very good
for all joints together and the DIP joints, good for the PIP joints and moderate for the thumb

base joints(Table 1).

Table 1

The agreement between the two MRI techniques was poor to fair(Table 2).
Dichotomizing the scores and assessing grade 0-1 versus grade 2-3, slightly improved values,
however the agreement remained poor(data not shown). The strongest agreement was found

in the PIP joints with fair kappa(range) values of 0.3(0.3, 0.4). The agreement between PD-

weighted and Gd-enhanced MRI remained poor to fair when analyzing erosive hand OA

patients only(data not shown).




Table 2

Discussion

The inter-reader reliability for synovitis detection was poor for the non-enhanced PD-
weighted images, regardless of the joint evaluated. Scoring of the Gd-enhanced 3D images
demonstrated good reliability for all joints collectively as well as the DIP and PIP joints in
particular. Scoring of the thumb base had poorer reliability(ICC=0.6) compared with findings
in a previous MRI study by Kroon ef al.(ICC=0.8)(13). This discrepancy might be explained
by different level of experience among readers, as Kroon ef al. included a radiologist and 2
rheumatologists with extensive MRI experience.

While no previous studies have examined the reliability of the two MRI modalities in
hand OA, Hagiwara et al. found moderate to good reliability for both PD-weighted images
and Gd-enhanced images when assessing synovitis in Hoffa’s fat pad of the knee. The
divergent results may suggest the PD-weighted MRI is more suitable for assessment of
synovitis in larger rather than smaller joints(16).

Several factors might explain the discrepancy in reliability between non-enhanced PD-
weighted and the Gd-enhanced 3D MRIs. Firstly, the slice-thickness of the two techniques
differed substantially and might have resulted in loss of information in the small finger joints
on the PD-weighted MRIs. Slice thickness on 2D PD-weighted MRI can be reduced slightly
with longer scanning times, but cannot feasibly approach that of 3D gradient-echo techniques.
Secondly, finger joints were assessed in both axial and sagittal planes with the Gd-enhanced
3D MRIs, but only in the axial plane on PD-weighted images, as the coronal plane with this
sequence lacked sufficient resolution. Nevertheless, assessments of the thumb base included

coronal and axial planes, and reliability still remained lower for PD-weighted MRIs.



Furthermore, poor reliability might be due to the lack of previous experience in assessing PD-
weighted MR images among the readers. Finally, the atlas applied has not been externally
validated. Poor agreement was detected between Gd-enhanced and PD-weighted MRIs.
Although we assume that Gd-enhanced MRI is more accurate than PD-weighted MRI, we
cannot make a firm conclusion due to the lack of a true gold standard in our study. (17, 18)

In conclusion we found very good reliability between 3 readers for measuring
synovitis in hand OA with Gd-enhanced 3D T1-weighted MRI, but not for non-enhanced 2D
PD-weighted MRI. We also found poor agreement between the two MRI modalities. Despite
the possible risks and extra costs related to intravenous contrast, our results might suggest that
assessment of synovitis in clinical hand OA trials should be done with Gd-enhanced MRIs.
However, while Gd-enhancement was probably an important driver of performance, slice
thickness, plane of section and reader experience likely contributed significantly as well.

Future studies exploring the validity of the two MRI modalities in hand OA are needed.
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