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The vast amount of research published on clinical areas can make awareness of
current data difficult. Systematic literature reviews (SLR) are performed in order to
identify, appraise and summarise the available evidence relating to specific
clinical questions, and form the basis of the process used to produce clinical
guidelines.

This thesis describes the different processes used to produce guidelines using
SLR. It includes a review of the literature on imaging in the management of

rheumatoid arthritis (RA) and juvenile idiopathic arthritis (JIA) as examples.

To perform the RA review, key clinical questions were generated on the role of
imaging in RA, which included the use of conventional radiography (CR),
ultrasound (US), magnetic resonance imaging (MRI), computed tomography (CT),
dual-emission X-ray absorptiometry (DXA), digital X-ray radiogrammetry (DXR),
scintigraphy and positron emission tomography (PET). A comprehensive SLR was
then performed resulting in recommendations on the role of imaging in making a
diagnosis of RA, detecting inflammation and damage, predicting outcome and
response to treatment, monitoring disease activity, progression and remission. A
similar process was used to produce recommendations in the management of JIA;

however the lack of quality data meant that ‘points to consider’ were created.

The thesis also considers the quality of existing recommendations with
potential areas for improvement discussed. It concludes with a discussion of the
overall benefit of guidelines.
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EULAR-PReS points to consider for the use
of imaging in the diagnosis and management
of juvenile idiopathic arthritis in clinical practice

A N Colebatch-Bourn,'2 C J Edwards,”* P Collado,” M-A D'Agosting,® R Hemke,’

S Jousse-Joulin,® M Maas,” A Martini,*'® E Naredo, "’
M Rooney, ' N Tzaribachev,' M A van Rossum,

C Malattia®'®

ABSTRACT

To cevelop evidence based points to consider the use of
imaging in the diagnosis and management of juvenile
idiopathic arthritis { 1A} in clinical practice. The task
force comprisad & group of paediatric rheumatologists,
rheumstologists experienced in imaging, radiologists,
methadalogists and patients from nine countries. Eleven
questions an imaging in JIA were generated using a
orocess of discussion and consensus. Research evicerce
was searched systematically for each question uging
IMEDLINE, EMBASE and Cochrane CENTRAL. Imaging
modalities included were conventional radiography,
uftrasound, MRI, CT, scintigraphy and positron emission
tomagrephy. The sxperts used the ewdence obtained
fram the relevant studies to develop 2 set of points to
consider. The level of agreement with each paint to
consider was assessed using a numerical rating scale.
A total of 13 277 references were identified from the
search process, from which 204 studies were included in
the gystematic review. Mine points to consider were
oroduced, taking into account the heterageneity of JIA,
the lack of normative data and consequent difficulty
identifying pathology. These encompassed the role of
imaging in making & dizgnosis of JIA, detecting and
monitoring inflammation and damace, predicting
outcome and response to treatment, use of guided
therapies, progression and remission. Level of agreement
for each proposition varied according to the research
evidence and expert opinion. Nine points to consider
and & related research agenda for the role of imaging in
the management of JlA were developed using published
evidence and expert opinion.

INTRODUCTION

Juvenile idiopathic arthris (JIA) is 2 heteroge-
neous group of conditions with onset under the
zge of 16 vears with unknown aetiology and
persistence & weeles
Imaging plays an importznt role in diagnosis and
monitoring of patients with JIA, but unul recently
there were few studies in this area.

A European League against Rheumatism (EULAR)
—Pediatric Bhrumartology European Society (PR=S)
task force was convened to produce evidence and
CUDSCDEUS']:\HSC\{ IEEUmmﬂ'ldaTle’]s on thE uses UE

Df s_\'mpt\oms fDI over

imaging in the diagnosis and management of JIA in
climical practice for use by secondary care profes-
sionals caring for children with JI4, to help define
standards of care for approprists imaging.

M Bstergaard,'> '
I Vojinovic,”® P G Conaghan, '®

18,17

METHODS

An expert group of paediatric rheumatologists,
rheumaztologists with imaging expertise, radiclo-
gists, methodologists and a2 fellow (16 people,
representing 9 countries) participated. The task
force used 2 rigorous procedure as described in the
updated EULAR standardised operating proce-
dures.? * Full methodclogical details are given in
the online supplementary material 51.

At zn initial meeting, members developed ques-
tions relevant to key aspects of the use of imaging
in JIA. Eleven research guestions were agreed by
consensus, encompassing the role of imaging in
mazking 2 diagnosis, detecting inflammation and
damage, predicting outcomes and response to treat-
ment, the use of guided treatment, monitoring
disease progression, and remission (se= online
supplementary  text  research questions S2).
A detailed systematic seasch of the published litera-
turs was performed on studies involving the use of
imaging in children with TIA. Imaging modalities
included weres X-ray described 25 conventiona] radi-
ography (CR), ultrasound (US), MBI, CT, scintig-
raphy and positron emission tomography. Includ=d
studies wers evaluated for risk of bias and applic-
shilizy using the Quality Assessment of Diagnostc
Accuracy Studies (QUADAS)-2 taal * Following
presentation of the literature review at a second

meeting, experts produced points to consider
(PTC) with finzl agr=ement by 2 process of discus-
sion and consensus. The available evidence for each
recommendation  was scored  according to the
Oxford Ceatre for Evidence-Based Medicine level
of evidence® The experts anonymously scored
their level of agreement for cach proposition using
a2 0-10 mumerical rating scale (0=do not agres at
al, 10=fully agree). 3cores reflected research evi-
dence and clinical expertise.® An agenda for future
research was also agreed upon following presenta-
ton of the literature review:

Three patient representatives (one child and twe
young adults with a iiaE;r_Dsis of J1A) and two
parents of children wath JIA participated in the
development of the PTC at a Patient and Public
Involvement event; further detzils are given in the
online supplementary material 51.

RESULTS
The database search (November 2013) resulted in
13277 records leaving 10925 artcles  after

Colebiateh-Bown AN, &f &l A Rhewrn D 2015:0:0-12. doi 10,1138/ ar

rrheumdis-2015-2078492 e u I a r

BM
Copyright Article author (or their employer) 2015. Produced by EMJ Publishing Group Ltd (& EULAR) under licence.
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Table 1 Peints to consider, level of evidence, grade of recommendation and level of agreement
Lewel of Grade of Level of agreement, mean
Point to consider avidence recommendation MRS 0-10 {range)
1 US and MRI are supetior to clinical esamination in the evaluation of joint inflammasion; these  3b C 207 B-10)
technigues should be considered for mare acourste detection of inflammation, in diagnosis
and assessing extant of join: imvohement.
2 \When them is dinical diagnostic doubt, CR, US or MRI can be used to improve the certzinty b C 343 [9-10)
of a diagnosis of JlA sbave dinical features alone.
3 |f datection of structural abnommalities or damage is required, CR can be used. Howewer MR b C &7 =100
o7 US may be used to datzcr dsmage at an earlier time point than O
4 In JIA imaging may be of pamicular tenafit ower routine clinical evaluation when assessing El] C TE4 B0
cartzin joints, particularly the use of MR in detecting inflammaztion of the TR znd zxis
invzlvament.
% Imaging in JIA may be considarsd for use 2= a prognostic indicstor. Damage on CR can be 4 C 3.07 -0
used for the prediction of further joint demage. Persiszent inflammation on U3 or MAI may be
predictiva of subsequent joint demage.
& InJIA, U5 znd MR c2n be useful in manitoring disease activity given their sensitivity over El] C 307 =100
linical exsmination znd good responsivensss. MR should oe considersd for monitaring zxis
disease and TMJ.
7 The periodic evaluation of joint damaps should be considered. The imaging modality wsed 3b C 225 (5100
may be joint dependent.
% US can be usad for accurate placement of intra-articular injections. b C 964 (2-10)
% US and MRI can detact inflammation when dinically inactive diseasa is present; this may have  3b C 288 5-10)

implications for manitoring.

Tha lzvel of eviderce and grada of recommendation zre based on the Oxford Cantre for Evidenca-Based Madicine system.®
Level of eviderce scgle, 12-5; grade of recommendation scale; A-D. NAS, numerical rating scale (3-10; O=do net agree at all, 10=fully agraz]

€R, corverttional radicgraphy; 118, juvenile idiopathi

deduplication. Four hundred and thirty-three articles were
included for detailed review once exclusions were made based
on titls or abstract. All full text articles written in English weee
retrieved for review; of which 244 articles were sxcluded
leaving 189 articles for inclusion. The hand s=arch identifi=d 15
additional zrticles, resulting in a total of 204 articles for inclu-
sion (sze flow chart in the online supplementary figure 34).
Articles that were relevant to multiple ressarch questions were
included in the review 25 necessary. The number of articles
included per gquestion iz shown in the online supplementary
tzhl= 53,

The task force produced nine PTC which are presented with
the level of evidence, grade of recommendation and level of
zgreement in table 1. The task force felt that the supportng
data was not sufficient to produce ‘recommendations’ so they
were categorised as ‘points to consider’. Scores for risk of bias
and applicability of the included studies zccording o
QUADAS-2, 2 full reference list for articles included in zach rec-
ommendation, and feedback given at the Patient and Public
Involvement meeting are given in the online supplementary text

56 57 and 58.

Overarching principles

The task force produced generzl statements that should be con-

sidered when interpreting the PTC. These principles cover the

imaging needs of inflammatory arthritis is children and assume
that other important differentials such as infection have been
ruled out.

» TLX is an umbrella term for 2l forms of inflammatory arth-
ritis that begins before the age of 16 years, persists for more
than & weeks and is of unknown origin. This heterogenecus
group of diseases is currently classified according to the
International League of Associations for Rheumatology clas-
sification.® There is a lack of information on imaging related
to JIA categories at present.

artheitis; TH, temparomandibular joint; US, ultrascund.

» There is a pavcity of data on the joint-spedfic imaging fea-
tures present during growth and skeletal development in
healthy children. Understanding normat
for interpretation of imaging abnormalities. For example,
some physiologicz] features of recently ossified bones can be

data is essential

misinterpreted zs cortical srosions, cartilage thickness may
vary with skeletal maturation and vascularity of epiphyses
will change with ageing.

» Joint inflammation at certain developmental time points may
cause specific structural changes, further challenging imaging
EsscIsment.

» The approprizteness and feasibility of different imaging
modzlities differs with age, relzted to radiation exposurs and
requirement for sedation. Every effort should be made to
zvoid unnecsssary radiation exposure. However, there is a
long =stablished experiznce with the use of CR to demon-
strate damage.

p FPatient experience with different imaging modalities iz
affected by their age and development. It is important to
provide a ‘child friendly” environment.

Paints to consider
Making a dizgnosis of JIA
PTC 1: US and MRI ar= superior to clinical examination in the
evaluation of joint inflammation; these techniques should be
considered for more accurate detection of inflammation, in diag-
nosis and assessing extent of joint involvement.

Sixty-five studies compared clinical examination with imaging
in the detection of inflammation in various joints, 40 with U,
27 with MEL 3 with CR and 1 with positron emission tomog-
raphy (table 2). The datz is represented according to detection
rates; for example, how many times more (=one fold) or l=ss
(<one fold) does imaging detect inflammation over clinical
examination; this has the potential to increase false positive
results. In general, US and MEI were able to

mation more frequently than clinical examination; for example

etect joint inflam-

[

Calebatch-Bourn AN, et 2

Annt Rheurn O 2015:0:1-12. doi:10.1138/annrheumdis-2015-207882
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the mean (range) detection rate for synovits and effusion at the
lnee was 1.19-fold (0.14-3.67-fold) for US and 1.02-fold
(0.96-1.12-fald) for MEI knes synovitls.

PTC 2: When there is clinical diagnostic doubt, CR, US or
MEI can be used to improve the certzingy of 2 dlagnosis of JIA
above clinical features alone.

The diagnosis of JIA is mainly based on chnical featurss and
the exclusion of other causes of chronic arthritis. However this
point illustrates the role of imzging when there 15 diagnostc
doubt; no specific imaging signatures for JIA have been
described yet, but imaging is helpful to narrow the differential
dizgnosis. Four studies compared imaging featurss in suspected/
proven JLA with either controls or other diszase =ntities, includ-
ing inf:l:tjou_:. arthritis, acute lymphoblastic leukaemia and
ha:mopl‘jlia_'-_-'u U8 detected mote joint inflammation than clin-
ical examination; two studies specifically described US improv-
ing the dizgnostic certainty in subjects with suspeceed JIAT 2

Detecting damage

PTC 3: If detection of structural abnormalities or damage s
required, CR can be used. However MRI or US may be used to
detect damage at an earlier ime point than CR.

Thirty-seven smudies compared joint damage (=rosions, joint
space narrowing (JSN), deformity) detzcted by imaging with
cliniczl findings suggestive of underlying damage, such as ten-
derness, limitation of movemesnt and crepitus. In general, 2l
imaging modalities appeared to detect less joint damage than
suggested by clinical examination; for example the mean (range)
detection rate for cartilage loss at the knee was 0.32-fold for
US, 0.624sld (0.20-1.0%0ld) for MRI and D.46-4cld (0.23-
0.71-fcld) for CR when compared with pain®*™° This reflects
the poor senmsitivity of pain as an indicator of underlying
damage.

When the imaging modalities are directly compared MEI and
US detected more joint damage than CR, particularly at the hip
(MEI ws CR detection rate, mean (rangs] 1.54-fold (1.05-
2.0-fold); US vs CR detection rate, mean 2.2%-fold), and at the
wrist (MEI vs CR. detection rate, 1.36-fald (1.0-2.0-fold)). ™ ¥

Imaging specific joints

PTC 4: In JIA imaging may be of particular benefit over routine
clinical =valuation when assessing certain joints, particularly the
use of MEI in detecting inflammation of the temporomandibu-
lar joint (TM]) and axial invelvement.

Cervical spine MRI appears better at detecting inflammation
than clinical examination; one study showed 20% of patients
had pain and/or limitztion of movement wherezs 85% had MEBI
inflammatory changes suggesting that cervical spine involvement
in JIA is often clinically silent®® MRI and CR have shown
better detection rates than clinical examination for structural
changes in the cervical spine (4.5-fold and mean, range 2.29
(1.58-3.0-fold)), r:sp:ctir:l}-‘.r' 2 Abpormal sacroiliac joint
(31]) imaging 15 alsc demonstrated despite 2 high rate of normal
examination; for example, normal S5I] examination in 42.9%
and 22.9%, in patients with CR and MRI sacroiliids,
respectivelyn H_

Muller ez 2l compared TM] clinical examination and US
with MEI changes, and found that examination correctly identi-
fied 58% patients with active MRI TM] arthritis compared with
33% for U5, and missed inflaimmation in 42% and &79%,
respectively. They described reduced maximal incisal opening to
be the best predictor of active MEI cl‘m.ugcs_-“'é Full datz compar-
ing the varous imaging modalities with cliniczl examination of
the TM] is given in the online supplementary text 59.

Prognosis

PTC 5: Imaging in JIA may be considered for use as a prognos-
tic indicztor. Damags on CR can be used for the prediction of
further joint damage. Persistent inflammation on US or MEI
may be predictive of subsequent joint damage.

Thirteen cbservational studies examined the relationship
between baseline imaging and subsequent radiographic and clin-
ical outcome; 11 with CR and 2 with MREI at baseline. The
statement on US inflammation is therefors based on expert
opinion; the findings are given in full in tzble 3. In generzl, CR
damage in the Ist vear has 2 moderats correlation with fune-
tional deterioration according to Steinbocker class, Childhood
Health Assessment (uestionnaire and physician/parent disability
scores at 5 years, as well as with CR progression at 5 '_.':.1_1'5_2:"_ﬂ
A baseline CR wrist adapted Sharp van der Heijde score 1 was
shown to be predictive of CR progression at 3 years (OR, 8.2),
and patients with erosions and/or JSN in the first € months of
the study spent mors time with clinically active disease and were
less likely to achieve clinical remission on medication® ** Just
one study described the correlation of baseline MEI wrist syn-
ovial volume with MRI erosive progression at 1 year; this found
2 moderate correlation, and zll patieats with high synowial
volume at bascline had crosive progression.

Manitoring inflammation
PTC &: In JIA, US znd MRI can be useful in monitoning disease
activity given their semsitivity over clinical examination and
good responsiveness. MEI should be considered for monitoring
zxial dizzase and TM].

Diata comparing imaging with cliniczl examination in detect-
ing joint inflammation is discussed in PTC 1, and specific infor-
mation on imaging the TM] and for axial involvement is
summarised in PTC 4. This section will consider the compan-
son of the ability of imaging to detect inflammation, responsive-
ness of imaging to change in inflammation, znd which joints
should be assessed.

Comparison of the ability of imaging fo detect inflammation
Several studies compared US with MBI in the detection of
inflammation, particularly at the knee ™ ™ ¥ ** These studies
have shown MRI to be better in detecting knee inflammation
than US (mean detection rate 1.20-fold, range 0.43-1.56-fold)
and in particular MRI was better than US in differentiating
pannus from effusion.’® Knee MRI with contrast cchancement
was more reliable at localising and differentiating synowial
hypertrophy from synovial fluid pargcularly when there was
=3 mm of synovizl hypertrophy, but the addition of contrast
did not provide additional information in the assessment of
inflammatory bone marrow lesions. ¥ Comparison of power
Dapp'_cr with grey-scale wrist S has resulted in cc\r_ﬂi:ti_ns
results, whersas the use of contrast significandly increased knee
US synovial pixel intensity in those with symptomatic disease
(p=0.004) and zsymptomatic disease (p=0.0001), but not in
those in clinical remission. ¥4

Studies comparing TM] US with MRI have shown a poor cor-
relation between these modalities, with US missing 67-73%% of
TM] MRI inflammation ¥ *! The use of MRI contrast enhance-
ment improved the detection of MRI TM]J inflammation from
3570 to 86.796.*" One study examined the CR ﬁm:h'.r_gs in
patients with TM] MRI synovitis and found significant correl-
ation with abnormal condvle morphology and accentuated ants-
gonial notching on CR, and joints with both of these changes
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on CR wers 7.5 times more likely to ]}a\.‘: MEI synovitis (OFR
T.55,55% CI 1.66 to 34.4, p=0.009).‘°

Responsiveness of imaging to change in inflammation

US and MPEI have been shown to have good responsivensss to
change in inflammation, as measured by standardised response
means (3BM, >0.20 small change, >0.50 moderate, >0.80
good). The mean (range) SEM for MRI wrist synovitis was
good at 1.27 (0,51 to 1.49) and demonstrated zhility to discrim-
inate between different levels of clinical responder categories,
whereas the 5EM for MEI wrist bone marrow ocedema was
small = 0.22.% ** ** Similar levels of SRM have been described
for MRI knee synovizl hypermrophy (0.68-0.70) and bon=
marrow cedema [0.15)_45 46 5 comparison of MRI wrist syno-
vitis score with US showed higher MRI responsiveness (1.61)
when compared with US greyscale (0.87) and US power
Dappler (0.71).%7

Which joints to assess

Studies describing the frequency of US joint inflammation in JIA
h;ﬁ'\: ShU“'D d‘].:s: dﬁa.l’]gl:s o bc most common J.l‘l L‘h‘: 1{_]1::
(~30%) and wrist (~200%%), then ankle, proscimal interphalangeal
joint and metatarsophalangeal joint (~10% cach).® ¥ U
power Doppler activity was most commen in the wrist
(~33%%).% * One study examined the frequency of US periph-
eral svnovits and found changes more commenly in the meta-
tarsophalangeal joint (61.9%) than in the metacarpophalangzal
joint (39%), with the first metztarsophalangeal joint and second
metacarpophalangeal joint most frequently affected (20% and
1304, rESPCI.‘fj\-‘C].‘.r').::\

Manitoring damage
PTC 7: The periodic svaluation of joint damage should be con-
sidered. The imaging modality used may be joint dependeat.

As for PTC &, this section will consider the comparison of
the zhility of imaging to detect damage, responsiveness of
imaging to change in damage, and which joints should be
assessed. Data comparing imaging with clinical examination in
detecting joint damage and comparing CR with MRI and US in
detecting damage is discussed in part in PTC 3.

Comparison of the ability of imaging fo defect damage
El-Miedany et al** examined the role of MRI, US and CR in
the detection of knee JSN and described 2 3.14-fold detection
rate of MBI compared with US, 4.40-fold for MEI compared
with CR and 1.4-fold for US compared with CR. The addition
of contrast to MRI enhanced the appreciation of deptk of cartil-
age invaolvement by 1.42-fold. Data describing the detection of
wrist erosive changes have shown a detection rate for MRI com-
pared with US of 1.92-fold, MEI compared with CR of
1.35-fold and US compared with CR of 1.0-fald 77 * )

In terms of detecting damage of the TM], Muller et al™
showed that MRI condylar damage was detected in 23508 of
their echort, whereas US detected only 17% (1.47-fold). Weiss
et al** also described 2 poor correlation between these modal-
ities, with only 50% agreement (detection rate 2.44-fold).

Responsiveness of imaging to change in damage

Several studies examined the responsiveness of imaging o
detect change in damage at the wrist, particnlarly with CR and
MERI Tke rate of change in CR score {Larsen, Sharp, Poznanski)
appears to be greatest inthe lst year, which is mainly due w0
Progression in JS_\I.la *1 This seems to slow after the 1st vear,
“'hcftab T_‘h: rate ‘Df EIUS.IL\-‘: Ehaﬂg: -ls Stcad:\- {‘rUm baﬁd.ln: o

vear 3; the rate of progression overall slows after 3rd third year.
In generzl, the rate of JSN exceeds that of erosions and total
score ™ When compared with CR, Malartia o al** described
the relative efficacy of MRI compared with CR erosion score to
be <1 at year 1; that is, MRI was less responsive than CR in
detecting erosive progression; the fact that cartilage assessment
was not incduded in the MRI scoring systems might explain this
result. A study of TM] condylar changes showed that MET iden-
tified significantly more changes than CR (p=0.003), and MEI
was superior to CR in following condylar changes over time:
MRI condylar changes at baseline were found in 38.6% com-

CR condylar changes were stable at
52

2.

pared with 80% at year
baselinz znd vear 2 at 30%:.

Which joints to assess

Studies describing the distmbution of CR changes i Cearly’
(within 2 years of disease cnset) and ‘late’ (up to 20.8 years of
:'Ulluv.'-up) disezse have shown \TS:\' to be most commen in ca:lj-'
diseasz in the wrst (20%), hips (169%), cervical spine (3%),
ankles (4%8) and knees (3%) compared with 34%, 235%, 3
15% and 406, respectively in late disease** ** Rostom et al
observed CR hip disease to start after 4 vears of discase,
whereas 30% had developed hip disease at 6 years, and 100%
after 14 years. Other smdies describing radiclogical features of
JIA found most CR changes in the hands (5708), knees (479),
ankles (27%0) and feet (36%0), with erosions mainly in hands
(18%8) and feet (23%6). %% The hands and feet were the zrea most
Lkely to show CR damage progression st & months and

Guided treatment
PTC 8: US can be used for accurate placement of intra-articular
injections.

Studies summarising the role
intra-articular stercid injections are given in cnline supplemen-
tary text 510, zlong with additional data on the use of imaging
to assess and menitor efficacy of stercid injections. All studies

of imaging for guiding

used trizmcinolone injections; doses and preparations varied
according to the age of the patient znd the joint being injected.
Young et 2l** used TS to zssess the accuracy of needle placement
for steroid injections at various sites (joints and tendon
sheaths), and described that US allowed accurate visualisation of
the injection point in all 1444 injections. A study by Parm
et al*® used CT to establish if US-guided TM]J injections had
besn accurately placed; needle placement was shown to be

(T

acceptable in 91% (73% required no needle adjustmen:, 16%

required minor adjustment) and unacceptable in 9% where the
needle reguired major readjustment. A study of the efficacy of
TM] imjections used MRI to assess nesdle placement accuracy
according to the location (intra-articular or extra-artienlar) of
the injected material on MRI acquired after injection; MEI
confirmed that £3% of injections werz accurately _:|la.w:|:n:1.‘51
A similar study using postinjection MRI of the SIJ described
technical success in 100065

Remissian

PTC 9: US and MRI can detect inflammation when clinically
inactive diseass is present; this may have implications for
monitoring,.

Severzl smudies addressed the discrepancy betwesn clinical
remission and inflammation seen on U3 and MEI; thess are
summarised in the online supplementary text 511, Evidence of
ongoing US synovitis has been described 1o 56.1-94.1% of
patients with clinically inactive joints, and 320 of patients with

] Colebaich-Bourn AN, &t 2l And Bheors D 20150:1-12 doi 1001138 anmhewndis-2015-207882
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inactive disezse showed 1% signs of symovial h}'pcrtruphj,', =tfu-
sion znd power Doppler activit: ™ In clinical remission, US
grey-scale symovitls was seen inoup to 54.1% of joints, and
powesr Dappler activity in up to 48.6% of joints, with a non-
significant trend to more US inflammation in clinical remission
on medication compared with cliniczl remission off medica-
ton.** #57% MEAI kaee inflammation has been demonstrated in
LLP o \Dﬂ'U Df patl:nIS ]l— \Jmll:.'l.] rcmlssll:l]:l a.l—]'\.. bUrC marrow
oedema in 33.30% patients with clinically inactive joints”=
Becent prlot studies have demonstrated that patients with sub-
clinical US or MRI inflammation are more likely o develop
active disezss and us:.un: progression, sven within & months of
[ | — -up. &4 70 T4 75

Research agenda

The group formulated a2 rescarch agends based on areas ideat-
fied with 2 lack of currently available evidence, shown in box 1.

DISCUSSION

These EULAR-FRe5 considerations for imaging provide import-
znt and novel advice for JIA in clinical practice. There is sull sig-
nificznt resezrch needed in this field, in particular consensus on
understanding normative data to allow the interpretation of
imaging abnormalities. agreement on appropriate MRI proto-
cols and definitions of bone marrow oedema, synovitds and ero-
sions, and suitability of the imaging modalities for detecting
changes at specific joints. Our data is limit=d by the lack of spe-
cific information for each JIA disease subtype; this is reflected in
the rescarch agenda.

There are significant conceptuzl differences between imaging
in adult and paediztric conditions, znd consideration must be
given to the appropriatencss and feasibility of different imaging
modalities which differs with age and developmental stage, 2
well as to economic issues such as the cost-effectiveness of the

Box 1 Research agenda

1. What are the age-specific changes in imaging, including
age-specific intervals for imzging, development of an atlas
of age-specific normal images and a registry as mechanism
for pooling of data

2. Development of validated scoring systems induding
pathology definition (eg, differentiating reversible structural
abnormalities from damage), imaging acquisition protocols
and quantification

3. What are the imaging characteristics of the subtypes of 114,
and which target sites should be imaged?

4. What is the clinical significance of imaging-detected
subclinical disease in diagnosis, monitoring and remission?

5. What is the usefulness of imaging-guided injection over
non-imaging guided injection?

6. What is the prognostic value of specific imaging features, for
example BM oedema?

7. Can imaging be used to assess and monitor disease
progression and response to treatment including the
development of structural demage?

8. What is the feasibility, cost and appropriate training for
using US and MR in JIA in clinical practice?

14, juvenile idiopathic arthritis; BM, bone marrow; US,

ultrasound.

intervention. Repeated unnecessary exposure to radiation from
tmaging should also be considered. We appreciate that access to
individuz] imaging modzalities may be insufficient to allow full
implementation of these PTC; however most of the points
include the wse of US which iz generzlly r=adily available. An
cconomic evaluation was not included in the process as the
primary aim was to discuss the clinical implications of imaging;
overall the cost of implementing the PTC should be low

After dissemination of the PTC by means of publication and
presentation at European mestings, we would propose to
perform a survey of awareness and their use,
B Do you have acesss to musculoskeletal US and MERI

routinely?

» Are vou aware of and implementing the EULAR-FReS JIA
imaging PTC?
» Have the PTC :hang:d your clinical practice?

The task force agresd that it was not approprists to create
andit or implementation tools 2s the strength of data was only
sufficient to develop PTC rather than recommendations.

In summary, we have developed nine PTC on the role of

EUI :xa.mpl::

imaging in various cliniczl aspects in JIA. We would recommend
that a similar rigorous process is followed to reassess the avail-
able datz after an interval of 5 years.
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Are guidelines good value for money?

Strapline: is it time to rethink guidelines?

The perfect clinical guideline will merge published litera-
ture with expert and patient opinion, be easy fo under-
stand and have widespread uptake and support. All of
this will lead to measurable improvemnents in patient
care. Over the past decade, guidelines have become a
key part of the landscace and the number of guidelines
has grown rapidly (Fig. 1). An estimate from a selection of
prominent societies suggests that more than 120 clinical
rheumatology guidelines have been produced in the last
15 years. This seems a good time to ask if current guide-
lines are fit for purpose, whether they make any difference
to clinical practice, how they can be improved, and
whether they provide good value for money.

There are & number of validated processes to ensure
that guidelines are of a high quality. Some organizations
publizh instructions on how to assemble guidelines using
standardized cperating procedures (S0Ps). The EULAR
has produced an SCOP for guideline development that
uses the Appraizal of Guidelines for Ressarch &
Ewvaluation (AGREE}-II instrument for quality assessment
[1]. Tis S0P, first published in 2004 and updaied in
2014, seems to have raised standards. A review of the
guality of ELULAR management recommendalions found
the use of the SOP for guideline development has been
associgied with improved guality over recent years [2].
While the process of literature review and development
of key recommendations seems well established, areas
for improvement identified included the need for more pa-
tient involvement, planning for dissemination and the need
for regular updates. All guidelines should include a re-
search agenda and implementation and audit focls, and
they need to be updated at regular intervals with a fre-
quency determined by the subject matter and how quickhy
new research is produced in the field. A recent analysis of
clinical guidelines suggested that one in five guideline
publications were outdated after just 3 years [3].

It is not always easy to iell if guidelines lead to improve-
ments in the quality of patient care; howewer, some ex-
amples do exist. The British Sociely for Bheumatology
guidelines for the management of eary RA published in
2006 appears to have been associated with a step up in
the prescription of MTX in the first year after diagnosis [4].
Conversely, failure to adhere to the EULAR treatment guide-
lines for early arthritis was associated with an increased risk
of radicgraphic progression and functicnal impairment [3].

For guidelines to be =successful, they must seem reason-
able, be accessible and be readily accepted by the clinician.
This requires awareness of the guideling in the first place,
agresment with the guideline, and a desire to adopt and

) The Acthor Z015. Fublsted by Dxford Lintensity Peas oo betaf of the Srites Sockty for Rheumariclogy- A righta ressne. For

then adhere to it [6]. Leakage in guideline use may occur at
all of these steps [7]. Cumently & large number of clinical
guidedines are produced by various organisations, sometimes
on the same area of management, making it difficult for clin-
icians to choose which one 1o follow. Thers are also disease
areas in which muliiole organisations have produced guide-
lines with differing recommendations or cowvering different
therapies. For example, EULAR have included guidance
related fo glucocorbicoid use in fheir recommendations on
the freaiment of RA whereas the ACR 2012 guidelines
have ornitted this [B]. Guidelines can only be really effective
if there is alzo a plan for dissemination, and a process that
assesses the clinician’s agreement with the guideline is vital.
This level of agreement is not only an imoortant measure of
guality but also provides an coporiunity fo broaden the clin-
ician imolvement that has been exploited in the development
process for some guidelines. The Ewidence, Expertise,
Exchange Initiative provided a mode! of guideline production
that effectively canvassed the views of several hundred inter-
national rheumatologists at muttiple times during the devel-
ocpment process [9). Digital technology and social media web-
based sysiems might also e used o mprove access o
clinical guidelines and allow increased infterachon bebween
those that produce and those that use the guidelines.

Given the large number of guidelines in circulation, we
need to think carefully about which guidelines we really
want to produce. Increazed efficiency could be introduced
by considering the common themes across guidelines.
For example, all rheumalology guidelines could start
with common generic recommendations that are import-
ant to all disease types, such as slopping smoking and
losing weight. Given all of the difficulties in adhering to
clinical guidelines, awareness at least would be improved
if all guidelines were available from a limited number of
sources. This need has been recognized, with increasing
collaborations between EULAR and ACR in 2 number of
clinical areas. While guidelines rely on the combination of
evidence and expertise, the specific information needed
from trials is often not available. With thiz in mind, the
process of guideline development should be considered
as an important opportunity and resource to demonstrate
the gaps in current knowledge.

So what about value for money? High-quality guidelines
appear to improve quality of care; however, the true value
of any guideline is difficult to guantify precisely. The pro-
cess of guideline development consumes large amounts of
resources that can be measured in time given by experts,
assembling the required clinical expertise, clinical fellows,
task force meetings, time taken to go through the rigorous
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Fiz. 1 Summary of the number of guidelines produced by a selection of major rheumatology societies, 2000-15
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SFHA: Sociele Frangaize de Rhumaiologie, CARSI|: Osieoarthritis Research Society International; CHA: Canadian
Ehevmatology Association; ARA- Australian Rheumatology Association; NZRA: New Zealand Rheumatology Association;
APLAR: Asiz Pacific League of Associations for Rheumatology.

process invohved and the necessary financial support by
rheurnatology organizations. It might make an interssting
project to accurately determine the true cost of this.

The numbers and quality of clinical guidelines has
increased in recent years. This has partly been driven by
the presence of SOP= and by an increassd body of
experience in the methodology used. Guidelines nesd to
be adapted to complicated dlinical situations and for this
reason cannot be too rigid. However, there is some evidence
that guidelines can lead to improvements in the quality of
care and that failure to comply can be associated with
poorer  outcomes.  Preventing  clinicians  from being
overwhelimed by too many guidelines could be achisved
oy greater focus on those that are the most important to
them, and by identifying common themes between guide-
lines to produce generic stems and approaches. Thess
steps are likely to improve adoption and adherence to guide-
lines, which wall in turn help to maximize value for money.
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10 years after provision of standard operating
procedures
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Abstract

Objective. To increase understanding of how to raise the quality of rheumatology guidelines by reviewing
European League Against Rheumnatism (EULAR) management recommendations, using the Appraisal of
Guidelines for Research and Evaluation (AGREE) Il instrument, 10 years after publication of the EULAR
standardized operating procedures (S0OF) for the production of recommendations. It was hoped that this
work could help inform improvemeants in guideline development by other societies and organizations.

Methods. The SOP were published in 2004 to ensure the guality of EULAR-endorsed recommendations. We
reviewed 27 published EULAR recommendations for management using the AGREE |l tool. This provides a
framework to assess the guality of guidelines across six broad domaing using 23 specific guestions.

Results. Overall the EULAR recommendations reviewed have been performed to a high standard. There are
particular strengths in the methodology and presentation of the guidelines; however, the results indicate
areas for development in future recommendations: in particular, stakeholder involvermeant and applicability of
the recommendations. Improvements in guality were evident in recent vears, with patient representation in 9
of 15 (80.0%6) recommendations published 2010-14 compared with 4 of 12 (33.3%) published 2000-09.

Conclusion. In the last 10 years the overall quality of recommendations was good, with standards im-
proving ovet the decade following publication of the SOP. However, this review process has identified
potential areas for improvemeant, especially in patient representation and provision of implementation
tools. The lessohs from this work can be applied to the development of rheumatology guidelines by
ather societies and organizations.

Key words: clinical practice guideline, health care guality assessment, rheumatology.

Rheumatology key messages

» SOPs for guideline development can raize the quality of rheumatology management recommendations.

» Patient representation and implementation tools are often lacking in the development of rheumatolegy manage-
ment recommendations.

» Uniformn intemational approaches 1o developing rheumatology management recommendations could improve
quality and comparability.
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Introduction

Ensuring the guality of rheumatology management guide-
lines oy using robust and relizble methodolegy is vital in
rmaintaining the confidence of clinicians. The European
League Against Bheumatizsm (EULAR) executive commit-
tee published their standardized operating procedures
(50P) for the elaboration, evalustion, dissemination and
implementation of recommendations in 2004 to provide
a formal structure for ensuring the quality of EULAR-
endorsed recommendations [1]. The S0P describes in
detzil methodological aspects for consideration when
producing recommendations, including a clear statement
of the objectives, target population and aporopriate steer-
ing group members, and use of a vigorous evidence-
based approach to review and assess the gquality of
the literature, including a description of categories of evi-
dence and strength of the recommendations. 1t also
describes the subsequent presentation of the recommen-
dationg, assessment of their relevance, and the process
for diszemnination, implementation and updating of such
recommendations.

A decade after the publication of the S0P for the pro-
duction of recommendations, we assessed the quality of
existing EULAR management recommendations accord-
ing fo the Appraial of Guidelines for Research and
Ewvaluation (AGREE) 1l tool [2). The original AGREE instru-
ment was published in 2003 by a group of international
guideline developers and researchers, the AGREE collab-
oration, to provide a standardized structure for guidelines
in development in order to improve consistency in guality,
and provide a framework for assessing the guality of pub-
lished guidelines. The AGREE instrument was updated
on itz 10th anniversary in 2013, funded by a grant from
the Canadian Institute of Health Besearch, and includes
six quality domains using 23 specific guestions. The
domains cover the scope and purpose; the exient of
stakeholder involvemnent; rigour of the methodology and
development process; clanty of presentation of the guide-
line; consideration of applicability, including barriers
to and faciltators of guideline implementation and
resource implications; and editorial independence. We
were interested to leam lessons from this review that
would be useful in raizing the standards of rheumatology
guidelines developed by other international societies and
organizations.

Methods

Published EULAR management recommendations were
identified through the EULAR website [3]. Supporting pub-
lications describing the systematic literature review
process were also accessed where necessary. Each rec-
ommendalion was assessed according o the AGREE |l
tool using the AGREE guideline online aopraisal sysiem
[4]. The recommendations were scored on ezch question
using the 7-point rezsponse scale (from 7 =strongly agree
to 1 =strongly disagres], which results in 2 score for each
domain. The recommendations were given an overall
guality score and a statement on whether the use of the

recommendation could be supported. A summary of the
areas assessed by each domsin is given in
Supplementary Table 37, available at Rheumafology
Cnline, with full details given on the AGREE enterprise
website [4].

Results

There are 30 documents listed on the EULAR manage-
ment recommendations section of the EULAR website
(last accessed May 2014), of which 27 met our criteria
and were included for evaluation. The three documents
that were excluded were a description of perspectives
among patients and rmeumaiologists (rather than man-
agement recommendations), a patient version of a
recommendation and a systematic review for a recom-
mendation. The 27 EULAR recommendations for manage-
ment that have been published o date between 2000 and
2014 are on diverse topics ranging from the inflammatory
arthropathies and OA to recormmendations on vaccination
and the management of FM syndrome and Behcet's dis-
ease [3]. A full reference list for the included recommen-
dations iz given in the online supplementary data,
available at Rheumatoiogy Online.

Owezrall the EULAR recommendations reviewed scored
highty using the AGREE Il fool, thereby supporting their
ongoing use. The mean and range scores for each domain
and the owverall scores are provided in Table 1, and the
frend in changes in the domain scores, as a percentage
of the fotal possible score, is shown in Fig. 1a (see sup-
plementary Table 52, available at Rheumatology Online,
for a summary of scores for each recommendation). This
highlighiz the improvement in these areas following the
publication of the S0P in 2004, and in particular
the strengths in the areas of scope and purpose, rigour
of development and clarity of presentation of the guide-
lines. The scores also show arezs for development in fu-
ture recommendations, with potential fo  Improve
stakeholder involvement, transparency of editorial inde-
pendence and applicability of the recommendations.
However, improvements in quality were evident over
recent years, with patient representation in 9 of 15
(60.0%z) recommendations published 2010-14 compared
with 4 of 12 (33.3%) published 2000-08 (Fig. 1b).

Discussion

The publication of the EULAR S0P in 2004 has provided a
framework for the production of high-guality recommen-
dations written in & consistent formal. This study has
aszessed the quality of all ELULAR management recam-
mendations published between 2000 (incheding recom-
mendations published before the S0P in 2004) and
2014 It has demonstrated that the overall guality of rec-
ommendations has been good in the last 10 years, with
standards improving owver the decade. However, the
review process has also identiied potential areas for
improvement, especially in applicability, editorial
independence and stakeholder involvernent. The recom-
mendation publications assessed consistently scored low
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Quality of rheumatology recommendations
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on all four of the gquesticns addressing applicability, which
specifically deals with the description of facilitetors of and
barriers to application of the recommendation, inclusion
of tools to put the recommendation into practice, consid-
eration of the potential resource implications of the rec-
ommendation and the inclusicn of monitoring or audst
criteria. These areas should be given more attention in
future recommendation publications. We also suggest
more transparency in the declaration of editorizl inde-
pendence, which should include a statement of the
source of funding (EULAR in this case), as well as it=s
nfluence on the content of the recommendation, and a
detailed description of competing interesis of all co-
authors and how these may have influenced the develop-
ment of the recommendations. There is also potential for
mproverment in stakeholder involvement, although there
has been a trend towards improvement in this domain
over the last 5 years. This has mainly been as a result of
an increase in patient invalvement in the recommendation
development process, and future recommendation publi-
cations should be encouraged to describe how patients
have been invohed and how their input informed the rec-
ommendation development process. Finally, although the
recommendation publications tended to score guite highly
n the rigour of development domain, it is important to
ensure that the strengthe and limitations of the evidence

W _rhaumatoiogy. cofortjoumais. ong

considered are clearly descrbed, and this should include
guality and rizk of bias azsessments.

Clinical guidelines are used across the world to inform
and optimize patient care, but there have been concems
raised about their quality and structure [5]. Appraisal sys-
tems such as the AGREE fooclzs help to guide the
methodological standards framework and guality assess-
ment. The AGREE instrumentis are widehy accepted as
validated asseszsment tools by warious organizations;
they have been endorsed by the National Institute for
Health and Care Excellence in the UK [8]. There have
been a number of publications that have used the
AGHEE tools to assess the guality of exisling guidelines,
but fo date none of the major rheumatclogy societies has
assessed the guality of all of their own guidelines using
this or another tool. They have performed a few appraisals
of condition-specific guidelines, for example Muki [7]
assessed the quality of the 2012 ACR guidelines on the
management of gout using AGREE I, and Zhang =t ai. [8]
performed a critical appraisal of existing guidelines on the
management of hip and knee OA using AGREE, in prep-
aration for the production of new guidelines for these con-
ditions  for the Osteparthritis Research  Society
International . There are alzoc & numkber of other meumato-
logical guidelines that have been guality assessed using
an AGREE toal [9-17). The tools are widely used across
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all specialties; for example Hu ef 2. [18] used AGREE
to assess the quality of all Chinese clinical practice guide-
lines published between 2006 and 2010.

The EULAR recommendations are divided into three
broad categories: those on conducting and reporting
clinical studies, those on classification and diagnostic/
response criteria and those on management. We have
only included the latter group in this review process be-
cause the AGREE Il tool includes questions that are not
applicable to the ofher categories. For example, the dif-
ferent options for management of the condition or health
izsue are clearly described. There does not ssem to
oe an alemative tool that could be used for the other
categories; however, it is possible that the existing
AGREE |l tool could be modified in order fo betier
accommodate them.

The 2004 S0P has provided a robust framework, result-
ing in well-designed recommendations, but this review
has identified that there is potential for further improve-
ment. We hope that this work underpins an update of the
S0P, a decade on from the original publication, using
the AGREE Il tool as a framework. This is an approach
that is already being uzed by other European rheumatol-
ogy socielies, such as the French Sociely for
Bheumatology [19-22]. Our work shows how the use
of a standard approach and quality framework can lead
fo improvements in the production of guidelines. This
knowledge can be widely applied to other organizations
tasked with similar waork.
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ABSTRACT

Objective To develop evidence-based
recommendations on the use of imaging of the joints in
the clinical management of heumatoid arthritis (RA).
Methods The task foree comprised an expert oroup of
rheumatologists, radiologists, methadologists and
apernenced theumatology practitioners from 13
courrtries. Thirteen key questions on the rle of imaging
in Ré& were generated using a process of discussion

and cansensus. Imaging modalities included were
conventianal radiography, ultrasound, MRI, CT,
dual-emission x-ray absorptiometry, digital x-ray
radivgramimetry, scintigraphy and positran emission
tomagraphy. Research evidence was searched
systematically for ezch guestion using MEDLIME, EMBASE
and Cochrane CENTRAL. The experts used the evidence
altained from the relevant studies to develop a set of 10
racommendations. The strength of recommendation was
assessed using & visual anslogue scale.

Results A total of 6385 references was identified from
the search process, from which 199 studies were included
in the systematic review. Ten recommendations were
produced encompassing the role of imaging in making &
diagnosis of RA, cetecting inflammetior: and damage,
predicting outcome and response to treatment,
monitaring disease activity, prograssion and remission.
The strength of recommendation for ezch proposition
varied aceording to both the research evidence and expert
apinion.

Conclusions Ten key recommendations for the rale of
imaging in the management of RA were developed using
research-based evidence nd exgert apinion.

INTRODUCTION
Structural damage in theumatoid arthritis (BA) can
occur early in the disease. Prompt treatment has
been shown to reduce inflammation thersby limit-
ing structural damag:_l : Although conventional
radiography (CR) has been considered the gold
standard for imaging in RA, its sensitivity for struc-
tural damage in RA diagnosis 1= low; and disease
activity cannot be assessed * Significant advances
have been made within the ficld of imaging in
rheumztic disezses over the past decade*

A European League Against Rheumatism

(EULAR) task force was therefore convened to

:‘C’-‘Clﬂp :'\'id:n:c'ba}vﬂd fC:GmCﬂdﬂﬁC‘ns on TJ-_C
use of imaging of the joints in the clinical manage-
ment of BA

METHODS
An expert group of rheumatologists, radiologists,
methodologists and  experienced theumatology
practitioners (19 people, representing 13 countries)
participated in the study The ohjectives were to
formulate key clinical questions relzting to the role
of imaging in BA, to identify and critically appraise
the available evidence, 2nd to generate recommen-
dations based on both evidence and
opinion.

At the inital task force meeting. members con-

EX_:'-EIT

tributed clinically relevant questions related to L=y
aspects of the use of imaging in RA. The research
guestions were agreed by consensus and 13 final
research questions were selected, which encom-
passed the role of imaging in making a diagnosis of
RA, dct:.._'ng inflammation and damage, predicting
outcome and Iczponse to treatment, monitoring
disease progression, and remission {sze supplemen-
tary material, 51 available
online only).

A systematic search of articles was performed

Research  guestions,

znd the biblisgraphies of included papers were
hand searched for evidence of other studies for
inclusion. Specific medical subject headings and
additional keywords were used to identify all rele-
vamt studics (sec  supplementary  material, 52,
Search strategy, available online only).

Titles and abstracts of all citations identified were
screened, and potentially relevant articles were
reviewed in full text using predetermined inclusion
and exclusion criteria.  Studies, published in
English, on the wse of imaging in adults (=18 years
of ag:‘ with a clinical d.a:rﬁsns of R4 -were
included. Imaging modalities included were CR,
ultrasound, MRI, CT, dual-emission x-ray absorptio-
metry (DXA), digital x-ray radiogrammetry (DXR),
scintigraphy and positron  emission tomography
(PET). Study types included randomised controlled
trials, systematic seviews, controlled clinical trials,
cohort, case—control and dizgnostic studies. Studies
were considered for inclusion when they provided
information on the role of imaging in making a

Copyright Articlecauthor (orthdiremployetf 203 Brodréddsby BMJ Publishing Group Ltd (& EULAR) under licence.
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diagnosis of RA, detecting inflammation and damage, predicting
outcome and responss to treatment, monitoring dissase progres-
sion and remission.

Following presentation of the data from the literature review,
the experts produced 10 recommendations based on the 13 clin-
ical guestions with final zgreement by a process of discussion
and consensus. The experts scored the perceived strength of rec-
ommendation (SOR) for each proposition using 2 0-10 visual
znalogue scale (VAS; O=not recommended at zll, 10=fully
recommended). Scores reflected both research evidence and
clinical ﬂcpcn.is:.j

Evidence was categorised according to study design wsing a
hierarchy of svidence in descending order zccording to qualir_r_s
Greater emphasis was given to the best available evidence when
answering guestions, although zall data were collected and
reviewed.

R=commendations for futurs research were agreed by consen-
sus following presentation of the literature review.

RESULTS

The search of databases (performed in June 2011) resulted in
6888 records, of which 2567 were duplicates. Of the remzining
4321 articles, 3975 were =xcluded based on dtle or abstract,
leaving 344 articles for detailed review: All full text articles
written in English were retrieved for review; 173 articles were
cxcluded after reviewing the full text leaving 171 articles for
inclusion (see supplementary figurs 53, zvailable online only)
The hand search identified 28 zdditional articles for inclusion,
resulting in a total of 199 articles for inclusion. Articles that
were relevant to more than one ressarch question were included

in the review more than once. The number of articles included
in sach question is shown in supplementary table 54 (available
online only).

)
Ten recommendations wete produced, and the final wording

of the propositions was adjusted using e-mail exchange and at
the closing meeting of the group. The recommendations, SOR
(mean VAS and 33% CI) and level of evidence are pr:s:nt:d in
table 1.7 A full reference list for articles included in each recom-
mendation is given in the supplementary material, 85 (available

online only).

Recommendations
Making a diagnosis of RA (in patients with at lesst one joint with
definite cinical synovitis):

Recommendation 1: When there is diagnostic doubt, CE, ultra-

sound or MEI can be used to improve the cerrainty of a diagno-
sis of RA above clinical criteria alone.

Strength of recommendanion: 5.1 (33% CI .6 w .8)

Five observational studies described the impact of imaging on
confirming a diagnosis of BA when the diagnosis could not be
confirmed using conventionzl methods, two with ultrasound
and three with MEBI Three of these studies sxamined the hand
joints {wrist, metacarpophalanges] and proximal interphalangeal
T Ope study showed that
the cermainty of KA diagnosiz
from 42.0% to 53.2% (p 0.17)," and another described hosw
synovitis seen with ultrasound helped confirm (65.2%) or
change the diagnesis (11.1%8); ultrasound was superior to

joints), but none compared si
wltrasound synovitis improved

Table 1  Recommendations, SOR and level of evidence
SOR, mean VAS  Level of

Recommendation* 0-10 {35% CIy avidenca
1 When there is diagnastic doubt, CR, ultrasound or MR czn be used to improve the cartainty of 2 dizgnosis of A sbowe 8.1 (8.6 to 9.6) Il

clinical criteria alonat
2 The presence of mflammation seen with ultrasound ar MR can be used to pradict the progression o clinical RA from 7.9 (5.7 to 9.0) Il

undifferantiated inflammatary arthritis
3 Ukrzzound and MRI zre superior o clinical axamination in the desection of joint inflammation; thesa tachniguas should be BT 7EtwaT Il

considgerad for mare accurzte assessment of inflammation

4 CRof the hands and feet showld be used as the initial imaging technigue to detect damage. Hawaver, uitrasound andior MRI

90 (841096 ]

should be cansidersd if conventional radiographs do not show demage and may be used 1 detect demage &t 2n eardisr time

point {especially in aarly RA)

w

MRI bane cedemz is a strong independent predicior of subsequent radicgraphic progression in early RA and should be

BA T2 Il

considerad for uza 25 2 prognostic indicator. Jaint inflammztion (gymovitis) detactad by MR or uitrassund s wall s joint
damage datected by convantional radiographs, MRI or uitrascund can alse be considered for the prediction of further joint

damage

&  Inflammation se2n ca imaging may be more predictive of 3 therapeutic response than clinical featunes of disease activity;

imaging may be used to pradict responsa to treatment

7 Giwen the improved dataction of inflammation by MRI and ultrasound than by diinical examination, they may be useful in

manitaring disease activity

£ The periodic evaluztion of joirt damage, usually by radicgranhs of the hands ard fest. should be considared. MRI {2nd possibly

TEBET o BE Y

B30 41291) Il

TEEEt 2T Il

ultresound) is more responsive ta change in joint demage and can be usad to monitor disease prograssion

%  Monitoring of functional instability of the cenvical spine by |ateral redizgragh obtained in flexion and neutral shauld be

94891098 Il

performed in patiants with clinical suspicion of cenical imolvement. When the radiograph is positive or specific neurodogical

symptoms and signs are present, MRI should ba parformed

10 MR and ultrascund can detect inflammation that predicis subsaguent joint damage, even when cinical remission is present

and can be usad to assess persizient inflammzticn

B2 (B0t 98 Il

“Recommendations ere based on data from imaging studiss tat have main®y foouzed on the hands [particulary wrists, metecarpophalzngeal and proximal interphzlzgeal joints). There

are few data with specific guidance on which joints to image.

TIn patients with at least one joint with definite clinical symovitis, which is not better explained by another dissaze.

Categories of evidence: 12, evidence for metz-anaheis of randomised controlled trials; b, evidence from at least one randomised cortrolled trizl 11z, evidence from at least one
controllzd study without mndomization; b, svidence from at least one other type of quasi-=spenmental study; 1, eviderce from non-expermental descriptive studiss, such a5
comparative studies, correlation studies and case—control studias; 1V, evidence from ecpert committee reports or opinions or clinical experience of respected authorities, or bath.
R, comventional redicgraphy; Ra, rewmatoid arthritis; SOR, strength of recommendztion; was, visual znalogue scale (010 O=not recommended at el 10=Fully recommended).

2 Colehatrh AN, & &l Ann Rhern D5 2013;0:1-11. doi: 1001138/ anmrheumdis-2012-203158
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clinical examination in 73% of p:n:i:nts.s Compared to clinical
classification  criteria, the demonstration of MEI synovins
increased the diagnosis of R_-\__g ¥ and was more valuzble than
anti-cyclic citrullinated peptide antibody (ACPA) determination
in the zbsence of rheumatoid factor (RF).H

Recommendation 2: The presence of inflammation seen with
ultrasound or MEI can be used to predice the progression to clin-
ical RA from undifferentiated inflammarory arthrirs.

Serength of recommendation: 7.9 (95%6 CI1 6.7 w0 2.0)

Several studies assessed the prognestic value of imaging in
patients with undifferentiated inflammatory arthnds (ULA),
mainly using ultrasound or MEI A recent systematic review
identified 11 studies relating to MEL™ The presence of bone
osdema or both synovits and erosion on MEI increased the
Likelihood of developing BA (peositive likelihood rats 4.5 and
4.8, respectively), whereas the zbsence of MREI synovits
decreased the probability of progression to BA (negative likeli-
hood ratio 0.2). A prediction model incloding clinical hand
arthritis, morning stiffness, positivity for RF and bonc occdema
on MRI correctly predicted progression to R4 in 82% of UIA
patients.** MEI flexor tenosynovitis has also been described 25 2
predictor of early BA (sensitivicy 0L60. specificiey l:'._'3]_-" Of
the three strongest predictors of RA (MEI flexor tenosynovitis,
EF and ACPA), ACPA was found to be the strongest predictar
(OR. 13.8) and flexor tenosynovitis the weakest (OR 5.0, buat its
additional value in diagnesing RA was signibicant.

In a longitudinal study ultrasound significantly increased the
detection of jeint invelvement in zll joint regions. When com-
bined with the Leiden prediction ruls power Doppler counts
signiﬁca.nrljr :_m_:'.ruvcd area under the curve (AUC) values for
the prediction of progression to RA (0.905 o D.?GZ)_:G Salaffi
et al’” described the likelihood of progression of UL to RA
using the presence of power Doppler on ultrasound (scores
higher than grade 1), with OR 2.9 if one joint was involved,
and 48.7 if more than three were invelved; OFR with high titre
ACPA or RF was 10.9.

Detecting inflammation and damage:

Recommendation 3: Ultrzsound and MRI are superior to clinical
examination in the detection of joint inflammartion: these techni-
ques should be considered for 2 more accurare assessment of
inflammarion_

Strength of recommendation: 8.7 (95%6 CI1 7.8 00 3.7)

This recommendation cxamines the added benefit of assessing

joint inflammation by imaging over clinical examination.
Sznsiﬁ\-‘ity and sp:ciﬁcit:.' were :_r_:'_:aJ_'_v extracted from the data;

however, as clinical examination was used as the reference these
results are difficult to uwse clinically To overcome this we
recorded detection rates; for example, how many times more
(=onefold) or less {<onefold) does imaging detect inflammation
over clinical scamination. Our chosen approach may increase
the number of fals= positive resules.

We identified 351 studies comparing imaging and clinical
cxamination in the detection of inflammation in varicus joints;
29 with ultrasound,*¥ % 18 with MRILT? 28 2 30 37 94 i
sci.r_tjgra_:lh};r' 47 and two with FET (table 2). In general,
ultrzsound and MEI detected joint inflammation more fre-
quently than clinical examination; the mean detection rate for
synovitis at the hand and wrist was 2.18-fold for ultrasound and
2.20-fald for MRL*® Using scintigraphy and PET were found to
provide little benefit over dinical sxamination.

Recommendation 4: CR of the hands and feet should be used as
the initial imaging technique to detect damage. However, ultra-
sound and'or MBI should be considered if CR do not show
damage and mav be used to detect damage at an earlier time
point {espedally in early RA).

Serengrh of recommendation: 9.0 (95% (1 8.4 ©@0 9.8)

Three studies compared tissue damage (crosions or loss of
joint space) detect=d by imaging with abnormal clinical examin-
ation. Caution is needed when interpreting these studies as
bony involvement shown on imaging was compared with clin-
ical signs of inflammation as reference.

Prognosis in RA: predicting outcome:
Recommendation 5: MRI bone oedema is a strong independent
predictor of subsequent radiographic progression in eacdy RA
and should be considered for use as a prognostic indicator. Joint
inflammation (synovitis) detected by MRI or ultrasound as well
as joint damage detected by CE, MEI or ulrasound can alsa be
considered for the prediction of further joint damags.

Strengrh of recommendarion: 8.4 (95% C1 7.7 w0 3.2)

Forty-sight longitudinzl studies described how baseline changes
in imaging predicted cutcome, in particular erosive progression;
26 with MEI, 11 with ultrasound, 19 with CR, seven with DXA
or DXR and three with scntigraphy, Of these, 46 studies exam-
incd the hands and 14 also included the fect; none compared
the benefit of imaging different joints.

Bone marrow oedema

Of baseline MFEI fearures, bons marrow (BM) ocedema wasz a
strong, independent predictor of erosive progression. Hetland
at J_l'a * have provided compelling datz supporting this associ-
ation; baseline MRI BM cedema was the only independent pre-
dictor of radiographic change in theit 2 and S-year follow-up
studics {cocfficient 0.75, p<0.001 ',_f.n.d cocfficient 0.82, p=0.001,
rcspct_—_:v:ljr]_ Hazavardsholm e &”” also identified bassline MEI
BM oedema (scor= >2 RAMEIS units) as an independent predictor
of radiographic (OR 2.77, 95% CI 1.06 to 7.21) as well as MRI
erosive progression (unstandardised f, B 0.21, 25% CI 0.08 to
0.34). This is supported by McQueen ¢f al** who described BM
oedema to be predictive of MBI erosive progression, OR .47,
p<0.001. This study also demonstrated that the development of
radiclogical erosions at 1 year was highly wnlikely in the absence of
bassline MRI inflammatory changt:s [negative prcd.icc'u-c valne

0.92). Patients with erosive progression on CT also have higher
bazzline MEI BM ocedema scores (relative nisk (RR} of CT progres-
sion 3.8, 9506 CI11.5 10 9.3)°°

Synovitis

Baseline synovitis, detected by MRI or ultrasound, is a predictor
of erosive progression. Dokn ef al*® reported the RR of CT
erosive progression with baseline ultrascund grey-sczle synovits
as 112, 93% CI 0.63 to 1957, p 0.1, baseline ultrzsound
power Doppler activity RE. 7.6, 950 CI 0.91 to 3.2, p 0.051,
and baseline MRI synovitis RR 0.68, 95% CI 0.04 to 11.5, p
0.79. %% The predictive value of bascline ultrasound grey-scale
svnovitis for MPRI erosive progression performed better than
MRI synovits with positive likelihood ratios of 1.75 and 1.47,
respectively, a.nd_ accuracy of 70% and 2%, r:sr)ccl:'u‘:]_\-‘.j3
Conaghan st al** described 2 close correlation betwesn the
degres of MEI synovitis and the number of new erosions, with
the AUC for MRI synovitis the only significant predictor of
erosive progression (AUC for MRI synovitis r 0.420, p<0.007).

Colebateh AN, ef 20 Ann Afews O 2013:0:01-11.
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Tenasynovitis

Baseline tenosynovitis on vltrzsound appears to be predictive of
crosive progression at 1 year (OR 7.18) and 3 years (OR 3.4).5%
This effect has not been seen with MRI tn:r_os.rnm'itis:jg but
baseline MREI tendinopathy has been shown to be predictive of
t=ndon rupture at 1vear (OFR 157, p 0.01) and & years (OR
1.52, p 003"

Erosions

Baseline erosions detected by various imaging techniques appear
to be predictive of further erosions at & months; MRI erosions
(j 0.63, p=0.001), radiographic erosions r|.1- 0.48, p 0. 04) with
ult.ramu.nd crosions less significant (§ 0.57, p 0.07).%% Several
studies have reported that baseline MBI cmsions arc pr:d.i.l.‘f.‘i.‘\-‘\:
of =rosive _:lrug::ssiou;sg 80-82 ind the absence of baseline MRI
erosions predicts that radiographic or MEI =rosions are unlikely
(negative predictive value 1.0).° Baseline radiographic erosions
independently predict further radiographic progression (at
3 years, OR 8.47; at 10 years, OR 5.64-15.1). €565 1 addi tion,
the baselins Larsen score is shown to predict an znnual radio-
ll:u:;u:a.l pmgr\:ssmn rate greater than the median (OF. 2.6, 330
CT13 ta 53) %

Digital x-ray radiogrammetry/dual-emission x-ray absorptiometry

Early hand bone loss measured by change in estimated bone
mineral density in the first year of disease by DXE appears to
be an independent predictor of erosive progeession, sven up to
53 88 &7

20 vears. Bascline femoral neck osteopenia or osteopor-

osis ars also predictive of radiographic srosive progression.

Seirtigraphy

Baseline inflammatory disease measured by scintigraphy appears
to be associated with radiographic progression ™ In addition,
multiple regression analysis has demonstrated that progression
of radiographic joint destruction was primarily predicted by
T 1pC scintigraphy; joint swelling, ESR and IgM RF were
not predictive. This suggests that scintigraphy may be superior
to conventional clinical and lsboratory measurements in the pre-
diction of joint destruction.”™
tigraphy to other baseline imaging predictors of progression,
baseline MBI BM osdema score (Spearman’s correlation,
£ 0.67), MRI synovitis score (r 0.57), and *Tc-NC scintg-
raphy uptake (r 0.45) were predictive of change in MEI erosion

However, when comparing scin-

score from baszline to 2 years. In the multvarizte analvsis, the
BM cedema score was the only baseline variable that predict=d

crosive progression (OR 4.2, 9596 CI 1.3 to 13.8).° :

Pragnosis in RA: Predicting respanse to treatment:

Recommendation &: Inflammarion seen on imaging may be more
predictive of a therapeuric response than clinical feamres of
diszase acrivity; imaging may be used to predict response to
treatment.

Strength of recommendanion: 7.8 (353% CI 6.7 o 5.5)

Two prospective cohort studies have assessed the use of clinical
measures znd Imaging to predict response to antl-fumour necro-
sis factor (TINF) therapy Ellegazrd #f 2! measured ultrasound
Doppler zctivity and clinicz]l parameters at bassline to predict
which patients would benefit from treatment, assessed by treat-
ment persistence at 1 year They identified ultrasound Doppler
activity to be the only baseline parameter to predict treztment
persistence (p 0.024); baseline clinical mezsures including

tender and swollen joint counts, C-reactive protein, 28-joint

disease activity score (DAS2E) and health asssssment question-
naire showed no significant association. Elzinga ef a1 used
changes in PET uptake 2 weeks after treztment to predict future
treztment response, zccording to DASZE. A significant correl-
ation was seen between the changes in PET activity at 2 weeks
and DASZE at 14 and 22 weeks after treatment (r 0.62,
p=0.05; r 0.65, p==0.01 respectively).

Monitoring disease progression:

Recommendarion 7: Given the improved detecrion of inflamma-
tion by ultrasound and MBI than by clinical examinarion, they
may be vseful in monitoring disease activicy.

Strengrh of recommendarion: 2.3 (95% CI 7.4 00 3.1)

Mo published datz were identified that specifically address=d
how imaging should be used to monitor RA disease activice In
the absence of this information, data were =xtracted on each
factor separately.

Comparison of the ability of imaging to detect inflammation

Several studies compared ultrasound and MEI in the detection of
joint inflammarion, with MRI considered the reference technigue
Therz seems to be sipnificant asscaation between thess modal-
115:12 24 Yut aside from access to imaging, thers may be advantages
to using sac ':d'l.r_iquc in certain simations. For namp': ultra-
sound has been s1-'~"v'r to detect more joint and tendon sheath =ffu-
sions than :\'IR_.[ xh_*td MPEI appears to b= more sensit
identifying tenosynovitis.”* Comparisons of conventional high-fi=ld
MEI with de d;dt:d, low-field ectremmuty MRI have shown high
agreement for synovitis, with lower agreement for BM oedema and
tenosynovits detected by low-feld MRI with high-fisld MEI as

73 78 Low-lield MRI without contrast also demonstrates

reference’
poor sensidvity in the detection of synovits, compared with power
Doppler ultrzsound.”” Only one study compared scintigraphy with
more modern imaging techniques, and showed strong correladon
bc.—-\'\:cl_lgptﬂ-:: on santgrzphy and inflammatory changes szen
on MEL"

Responsiveness to change in inflammation
Ulrasound and MBI appear to show good responsivensss to
change. A study of responsiveness of MBI and ultrasound to
change in inflammation with tweatment has shown that MBI syno-
vitis (standardised response mean (SEM) —0.79 to —0.92), MEI
tenosynovigs (SEM —0.70 to —1.02) and BM oedema (SEM
—1.05—1.24) were responsive to \J'u.nr.:: but ultrasound inflam-
mzaticn (symovitls, tenosynovits and effusion) was less r..spnns e
(SEM —0.37——0.54).%% A study by Haav ardsh.uLm ¢t al”® reparted
MEI to have a2 higher pr:r.:la. to detect change in wrist BM
year. The smallest detectable differ-
including power Doppler
was low in a large 1-year observational multple-reader study of BA
patients trezted with anti-TNF agents, demonstrating both the
relizhilisy of this measure and the zbility to d=tect individual-level
mea-rta.m change. At the group lev :] thers were significant
changes in all uluas-m-u:l synovial assessments in parallel with
DASZE r_'m:lg:s

oedema than in synovitis over 1
ence for a range of ultrasound measures

Y When comparing the changes in power Doppler
and grey-scale nltrasound activity with response to treatment, grey-
scale ultrasound appears to '|-:rf|:|rm b..'tr_r 1 25 does the zddition
of contrast enhancement.®?

Which joints to assess
I:11'_]‘_.' one El’.‘l:‘_V d.ir:crl_r CUlT]_T_‘aIEd tl'_c assessment ':‘f LD“EJIE;{'

tion by imaging different arsas; Calisir & 2I*" described MEI

Colezatch AN, et &/, Ann Afewm O 2013:0:1-17. dei10.17136/&mrheumdis- 2012-2
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synovitls and BM oedema in the hands and feet of patients with
carly RA and found no significant difference in MEI inflamma-
tion in these regions.

Recommendarion 5: The periodic evaluztion of joint damage,
usually by radiographs of the hands and feet, should be consid-
ered. MRI {and possibly uvleasound) is more responsive to
change in joint damage and can be used to monitor disease

progressic.
Serength of recommendstion: 7.8 (95%5 (1 6.8 o 5.9)

As for the previcus recommendation, thers wers no speaific
data on the recommended frequency of imaging in the assess-
ment of progressive joint damage.

Comparnison of the ability of imaging to detect damage
Dohn e a** performed comparison studies of the abﬂit:\' of
CER. CT, ultrasound and MEI to det=ct erosive da.rnag:_ﬁ &
With CT as the reference technigue, CR was shown to have an
accuracy of 31%, MEI of 89% and ultrasound of 30%, with
high specificities and lowest sensitiviey for CRS® %% A pre
systematic review has described vltrzsound to be more effective
for erosion detection than CR, with comparable efficacy to
MPBL® A summary of data comparing the different imaging
modalities  in  the detection of erosions is
tzhl= 3_24 2e 29 39 435 £2 54 T Te £3 45102

Studies zss=ssing t=ndon damage have shown vltrasound to be

more sensitive than MRI in the detection of finger =xtensor
03

vious

given  in

tendon tears later confirmed at su.rgcr_r;-' and moderate agree-
ment between ultrasound and MREI (used as the reference tech-

nigue)} in the assessment of shoulder tendon involvement. ***

Responsiveness to change in damage

CE 15 the standard imaging technique used to detect and
monitor joint damage. There zrz some data suggesting that CR
15 r=sponsive to change in erosions on zn individual level, par-
ticularly after the first 12 months of disease.** Radiographic
progression appears to be most rap'u:l in the frst 2 years af
disease, with of zll damage seer in the first 3 years of a2
10-year stud}'.l MERI seems to be mors responsive to change at
carlier time points, but mezsures of annnal progression rates are
similar with MEI and CR.*®¥ This is supported by Bstergaard
et df,-'us who found that 78% of new radiographic bone

erosions were secn zt least 1 year earlier by MEIL in fact MBI
detection of new erosions preceded CR by a2 median of 2 years.

Which joints to assess

Early erosive changes on CR appear to be mors common in the
feet than in the hands, but from year 3 onwards these areas are
more equally affected 195 297

Recommendarion 9: Monitoring of foncrional instability of the
cervical spine by lateral radiograph cobrained in flexion and
neueral should be performed in patients with clinical suspicion of
cervical involvement. When the radiograph is positive or specific
neurological symproms and signs are present, MRI should be
performed.

Srength of recommendation: 9.4 (35% (1 8.9 o 5.8)

Thirteen studies described the zssessment of cervical spine
& . a . i 8- s
invalvement in RA, summarised in table 4155220 g studies
explored the approprizte frequency for monitoring change in

* investigated baseline features

the cervical spine; Yurube ¢f 2
on CR predictive of future cervical instability and found that
patients with bascline deforming hand changes, cervical vertical
subluxation (V5), and subaxial subluxation showsed mere pro-
gression 1o V3 and  subaxial subluxation =t 3§ years, and
Reijnierse ¢ al*™® identified that bascline MERI atlas crosions
and reduced subarachnoid space were associated with clinical
neurological dysfunction at 1 year.

Comparison studies of different imaging modalities of the cer-
vical spine have shown variztion in the detection of the different
pathologies, according to the imaging technique used. Fezoulidiz
et al*®® found CR and CT to he comparable and better than
MERI in detecting atlanto-axizl and atlanto-occipital lesions, but
MERI to be superior in identifving odontoid lesions. MRI alse
seems to be =

better at showing srosions of the diens **7
Independent of the imaging modality used, dynamic lateral
views of the cervical spine are more useful than static, neutral
views in detecting atlanto-axial subluvarion (AAS), in particular
anterior AAS.**? Flexion znd neutral views are used commonly,
with evidence to suggest grester change in the atlanto-dental
interval with these views " The open mouth view is used for
imaging the odontoid peg and to assess for lateral and rotatory
AAS: whereas posterior AAS can be measured with neutral and
extension views, znd VS with a lateral neutrz] view; although
these types of AAS are much less common than anterior AAS Y

Table 3 Recommendation 8: Summary of included studies comparing imaging in the detection of erosions

Comparator vs referance technigue (article reference}  Semsitivity  Spacificity  Accuracy ® Detection rate. mean (range)
Handiwrist erasions:
MRI s (T 5 555 061-068  003-098  0.77-033 063 0.71-fald {0.60-0.%1-fold)
Uitrasound ws CT52 52 0.42-0.84 091005 0E1-024 0.44
CR vs (5 2 5552 014-05¢4  0.92-1.0 0.63-0.21 0.2 0.24-fald (0.16~0.60-fold)
[R vs MRH 28 38 58 75 5 s 0.0-055 05-10 0.23-097 0.38-fald (0.06-0.50-fold)
CR vs ultraspund®* 58 97131 0.48 140 0.60-fald (0.18-1.21-fald)
Uitrasound ws MRIZ 5 97-100 0.32-0.87 0.68-1.0 correlation coefficient  p<0.0005—<0001  0.77-fold {0.35-1.51-fald)
06203
Low ws high-fisld MRI™ ™ 9 95 0.45-094 083094 055084 0.94-fald {0.86—1.15-fold)
Feet enosions:
CR vs MRI* = 0.32-0.80 0.85-0.98 065 1.19-fald {0.55-1_£3-fald)
p 0.002
CR vs ulrasound™ ' 0.53-fald {0.42—0.64-fold)
Uttrasound vs MR 07 0.37 0.9 1.3-fold

CR, convertonzl radiography.

Caigbgch AN, &
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Table 4 Recommendation 9: Summary of included studies comparing imaging in the assessment of the cenvical spine

Article year, Na. of Carvical spine
(reference) subjects imaging modality  Parameter aszessed Outcome
1gan"%® 55 CR (AF, laterzl Atlanmo-axial lesions Atlanto-axial lesions: CR = (T > MRI
FiE, OM) Atlanto-pocipital lesions Atlanto-pocipital lesions: CR = CT = MRI
MEI Odontaid lesions Odontoid lesions: MRl = CRACT
T Odontoid fibro-ostasis Odontoid fibro-ostasis: CR = (T > MR
2000 3 CR (FE) AAS Maore detail sean with MR, 2nd using F/E views
kR AAS MRI (F/E}
2005110 31 CR (FE} A CR showed greater ADI in flexion than MRL, p 0.001
MR (F/E} Diznza erozions Mo significant difference in neutrzlextansion
Asseszment of dens erosions easier with MRI
1238 &5 CR (lateral M/ FE)  AAS Significant diffarence between AAS in neutrel and flexion/
unstable AAS edenzion, p <0.0001
1938"* 8 CR (AP, lateral Ans Combination on MRI with CR showed more invohement than
Symptomatic MWiF, OM) Odontaid emosionsicysts CT with CR {1.25-fokd mare VS; 1.13-fold more erosions/cysts)
MEI
ny
2000™3 a2 MRI (NF) Raduction in subarachnoid space Flextion visws showed mare:
Symptomatic Brainstem comprassion brainstem compression (1.17-fold)
raduction in the subarachnoid space at the stlanto-axial level
(1.05-fold) and below 2 {1.13-fold)
2000'4 15 CR (AP, laters] Odontoid erozions Lateral viaws showed more erozions (1.57-fold) than ogen
FiE, OM) mouth views
011" 56 CR (lzteral} CT factors pradictive of VS on CR WS greater in presance of odontoid ercsions, p<0.05
SympLomatic T Odontaid erasions significantly associated with odontoid
oeteaporosis, p<0.05
1995118 136 CR (AP, laterzl P/} MRI findings in normal CR All MR abnarmal with normal CR:
sympromatic  MRI Effusion: 28%
Pannus: 62%
2009M7 40 CR (lateral AAS 8% patiants with C-spine imvolvement on:
Wi HE. OM]) [iens arosions CR 47.5%, MRI 704, CT 28.2%
MEI (NFE) Anterior AAS seen more in flaxion on CR than MR, p<0.005
T T best at detecting laterzl AAS
Dens arasions: CR 12.5%, MAI 67.5%. (T 41%
2011"E 267 CR {lateral MIFE) Bzseline features pradictive Pradiction of V5: AAS, p 0.01; V5, p=0.01; SAS, p 0.06
of WS and SAS a 5 years Pradiction of SAS: AAS, p 0.29; VS, p=0.01; SAS, p<0.01
1987119 12 CR (AP, latersl F/E]  MAS MRI vs CR:
symptomatic  MRI oy AAS: 0.88fold
SAS €S 1.0-fold
Dens arosions SAS: 0.5ald
[Diens arasions: 1.27-fold
2001120 a5 CR (lateral M/F, OM)  Baseling CR and MRI features pradictive of CR not predictive (cdontoid srosions, AA5)

SympLomatic MRl

clinical meurclagical dysfunction at 1 yaar

Drysfunction according to BRI (OR):
Dens arasion: 1.5; atlas enosion: 4.9
Decrezzed subarachnoid space: 12.0
Decrezzed atlznto-zwial space: 2.4
Brainstam comprassion: 2.3

AA%, stlzntozxa! subluxation; 400, stlanto-dentzl imtenal; &F, anteropostenion CR, convertionz! radiogrephy; C5, cranioveriebeal settling; B, aension; F. flexion; N, neut=l, OM, open

mouth; S5, subadal subluations, vE vertica| subluxstions.

TWhen using CR to assess odontoid srosions, lateral cervical spine
views appear to be more sensitive than open mouth views. ' **

Imaging in clinical remission:

Becommendation 10: Ulrasound and MRI can derecr inflanuma-
ton thar predicts subseguent joint damags, even when clinical
remission is present and can be nsed o assess persistent
inflammarion.

Strength of recommendanion: 3.5 (33% CI 5.0 o 3.6)

The role of imzging in the detection of inflammation and subse-
quent prediction of outcome has been discussed previously (rec-
ommendation 3). Thers is good evidence to support the
disparity between clinical remission and evidence of ongoing
inflammation seen with warious imaging modalitiss. Power

Doppler activity has been found in 15-62% of patients in din-
ical remission according to DAS2E, American College of
Rheumatology or simplifi=d disease activity index remission cri-
teria, ' 7% MRI synovitis in 96% and BM ocdema in
529 2 15 one study, 60% of patients in disease activity
score remission had increzsed uptake on su:i.r.t.igr;l_:!l‘._v.:I':'E

The significance of persistent inflammation, shown in a number
of studies, is summarised in table § IS presence of ultra-

sound synovial hypertrophy, power Doppler activity and MRI

synovitis at baseline in dinical remission has been shown to be sig-
with structural progression at 1 year, even in
7 Bascline ulmrasound inflammatory activity
in clinical remission also seems predictive of fumre disease flare,
with 20% of patients experiencing z flare within 12 months in the
zbsence of baseline ultrzscund power Doppler zctivit; compared
with 47%% in patents with baseline power Doppler activigy

nificantly associate
ETVMpomatic joints.

Coleatch AN, ef &, Ann Rhewm D 201300011, doin10.17138/enrheurndis- 201 2-203158
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Table 5 Recommendation 10: Summary of included studies describing outcome in the presence of image-detected inflammation in clinical

remission
Article year No. of Duration of Qutcomea parameter
{reference) subjects follow-up (months) Bazeline asseszment modality assaszed Results
2008™ 102 12 Ultrasound SH, PD symovitis CR prograssion SH: OR .31, p 0.032
{Genant scor) PD synowitis: OR 12.21, p<0.001
MR mymowvitis OR 2.98, p 0.002
201171 94 12 Uitrazound SH, PD symowvitis, Pelapse rate % patients having flare in ultrasound
remiszians (Mo 5H or PO synovitis) remizzion: 20.0%
With ultrasound PD activity: 47.1%, p 0.003
2008™ 108 4 Ultrasound joint count, PD synovitis Relapse r=te Unsustzined remission vs sustzined
remiszion: higher PC: OR 12.3, p<0.05
Higher uitresound joint count: OR 4.6, p=0.05
20057 3z 12 Ultrasound Rl Relapsz rate Relapse rete higher with low Rl
se 0.80, =p 1.0, acc 0.85, p<0ull
2007 153 bl Sustzinad ACRDAS remission CR prograssion Increase in Larsan score in (Unsustained vs
{Larzen scong] sustzined): ACR ramiszion: p 0.017
DAS remizssion: p=0.001
20043 187 bl Sustzinad ACRDAS remission CR prograssion (SHS)  Increase in SHS score in {unsustained vs
sustzined): ACR ramiszion: p 0.053
DAS remission: p 0.017
2m2"= 535 4 Remission acoording to DAS, SDAL CR progression (SHS) % patients with CR progression with

CDAI, ACRIEULAR

baseline remission:
DAS: 30%

SDAL: 24%

CDAL 19%
ACR/EULAR: 20%

ALR, american College of Rheumasclogy, COA, clinical disezse activity index; (R, convertional radicgraphy: DAS, disease activity score; EULAR, Europesn Lesgue Against Rheumatism;
FI. power Coppler; R, rasistive inde 3040, simplfied dissace sctrvity index 3H, synovial hyperrophy; SHE, Sharpivan der Heijde score.

{p 0.003). i Uﬂ'lﬁl_gj radJa::r.—_ﬂth progression can still be seen in
clinical remission, individuals with sustained clinical remission
show fewer signs of structural progression compared with patients
with clinically relapsing disease 21702

Future research agenda
The most important topics for future ressarch according to cur-
rently available evidence and clinical practice wers formulated

by the group, shown in table 6.

DISCUSSION

These are the first recommendations produced by 2 EULAR task
force on imaging in RA clinical practice. The recommendations
were developed by zn intermational group of experts with

Table & Future research zgenda

Research agenda

Further avzluation of the specific joints 1o be assessad, timing of assessmant

(=) and the evaluation system to be employed in order to optimisze the rale

of madem imaging medalities in diagnosis, prognosis and outcome

measwement of 24

To assess algorithms using established and modern imaging modalities to

examine their cost-effectivenass in dinical practice diagnasis, prognosis and

outcome messuremant of RA

To elucidate further the imporiance of subcdinical {imaging-alone detactad)

inflammation, including synevitis, bone marmow cedama and tenosynavitis,

especizlly in low disease actvity statas and to define key thresholds to guide

intenvention

4 To zssess further the importance of imaging, in particular MRI znd
ultraszund, in the svaluation of demage, including joint space narmowing
and cartilage loss

S Assessing the fessibility, costs and approprizte training reguired to uss
ultrasound and MR in clinical practice

Pt

w

A4, rhaumatoid arthritis.

detailed literstur= review, and aimed to address clinical questions
relevant to carrent practice. We acknowl= dr.',_ there 15 still 2 la:gl:
amount of reszarch r-quu:d to optimise the uss of imaging
tools in routine clinical practice, in pa_"tl\_u]_.—_r which joints
should be used for disease assessment and monitoring and con-
sideration of the feasbility, costs and appropriate training
required to use ultrasound and MEI in clinical practice. In view
of a lack of Literature at the time of the review; these recommen-
dations have not focused on detecting joint space narrowing,
which i1s important to consider in view of the impact on func-
tional status*** We have made specific reference to this in our
proposed future research agenda.

In summary, we have developed 10 recommendations on
various aspects of imaging in BA. These are based on the best
available evidence and clinical expertise supported by an inter-
national panel of experts. We aimed to producs recommenda-
tions that are practiczl and valuzble to clinical practice.
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Chapter 1

Chapter 1: Introduction and overview of

methodology

1.0 Introduction

Inflammatory arthritis (IA) encompasses a group of conditions characterised by
joint inflammation and subsequent destruction if disease control is not achieved.
Joint damage is often detected and monitored using conventional radiography
(CR), but advances in imaging techniques have increased the potential to identify

damage and inflammation more readily.

1.1 Main thesis aim

This thesis aims to review the use of systematic literature reviews (SLR) to develop
guidelines for the management of IA, the process of producing guidelines and
their quality. It includes a review of the literature on the role of imaging in the
management of patients with rheumatoid arthritis (RA) and juvenile idiopathic
arthritis (JIA), with a view to providing evidence based recommendations for
European League Against Rheumatism (EULAR) that can be readily used in clinical
practice. It also considers the quality of all EULAR management recommendations

and areas where improvements could be made.
The thesis has been structured as follows:

Chapter 2: ‘Background: inflammatory arthritis, imaging and systematic literature
reviews’. This chapter summarises the current understanding of the aetiology,
diagnosis, monitoring and management of patients with RA and JIA. It also
describes the imaging modalities used in IA, and the methodology used to

perform a SLR and to produce guidelines, which provide the basis of this thesis.

Chapter 3: ‘Developing EULAR recommendations for use in imaging of the joints
in the clinical management of RA’. This chapter describes the specific process
used to develop recommendations on the use of imaging of the joints in the
management of RA. The recommendations produced are discussed in detail, with

consideration given to important future research topics.

Chapter 4: ‘Developing EULAR points to consider for use in imaging of the joints

in the clinical management of JIA’. This chapter presents the SLR performed to

1
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produce points to consider (PTC) on the use of imaging in the diagnosis and
management of JIA in clinical practice. A research agenda and lay summary of the

findings are also included.

Chapter 5: ‘Ensuring the quality of rheumatology management
recommendations’. This chapter provides a review of EULAR management
recommendations, using the Appraisal of Guidelines for Research and Evaluation
(AGREE) Il instrument, 10 years after publication of the EULAR standardized

operating procedures (SOP) for the production of recommendations.

Chapter 6: ‘Discussion, conclusions & future research’. This chapter summarises
the findings of the three main studies included in this thesis, and considers
potential improvements in the work performed, and recommendations for future

research that has become evident as a result of this research programme.



Chapter 2

Chapter 2: Background: inflammatory
arthritis, imaging and systematic literature

reviews

2.0 Introduction

This chapter provides an overview of the diagnosis, monitoring and treatment of
RA (section 2.1) and JIA (section 2.2). Section 2.3 describes the different imaging
modalities used in IA, and section 2.4 summarises the process involved in

producing clinical guidelines, with particular attention given to SLR.

2.1 Rheumatoid arthritis

RA is a chronic systemic autoimmune condition which primarily causes joint
inflammation in a symmetrical distribution. The diagnosis is largely a clinical one,
relying particularly in the early stages on the history and examination of the

patient, with further investigations sometimes helping to confirm the diagnosis.

Patients with RA typically present with pain, morning stiffness and joint swelling
with clinical evidence of synovitis usually of the small joints of the hands and
feet. RA is considered an autoimmune condition as it is often associated with
autoantibodies such as rheumatoid factor (RF) and anti-citrullinated protein
antibody (ACPA), which can precede the clinical onset of RA by a number of years.
Joint damage is rarely present in the very early stages of disease, but tends to
develop over time. Classification criteria have been developed which are mainly
used for patient selection for clinical trials, with the 1987 American College of
Rheumatology (ACR) classification criteria being replaced by the 2010 ACR/EULAR
RA classification criteria (figure 1)'2. This update allowed for earlier diagnosis and
management of RA as the presence of bony damage, in the form of erosions, was
included in the 1987 criteria.



Chapter 2

=] ~
Yo

START 4‘> 10 jounts (a1 leant
eligible patient onve small joint)
. Rheumatoid arthritis { pavient) ot
Mo
///
AT

e No classification of rheumatoid arthritis

-
4-10 small joints
e

/-"\\
"/,/ ’ ’ \\’* N /t“u
Neo /\Ye = oloay \
L e ] \
e Seweans N\ \

Figure 1. 2010 RA Classification Tree.

The 2010 tree algorithm for classifying definite RA (green circles) or for excluding
its presence (red circles) among those who are eligible to be assessed by the
2010 ACR-EULAR RA classification criteria.

APR, acute-phase response, serology: +, low-positive for rheumatoid factor (RF) or
anti - citrullinated protein antibody (ACPA); serology: ++, high-positive for RF or

ACPA; serology: +/++, serology either + or ++.

Reproduced from 2010 rheumatoid arthritis classification criteria: an American
College of Rheumatology/European League Against Rheumatism collaborative
initiative. Aletaha D, Neogi T, Silman AJ, et al., 69, 1580-8, 2010 with permission
from BMJ Publishing Group Ltd'.

There are approximately 400,000 people with RA in the UK, with an incidence of
about 3.6/100,000 in women and 1.5/100,000 in men which equates to a new
diagnosis of RA being made in about 12,000 people per year3*.

The precise trigger for RA is unknown but the condition is thought to develop

from the interaction of genetic and environmental risk factors. The human
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leucocyte antigen (HLA), particularly the ‘shared epitope’ HLA-DRB1, provides a
strong genetic association with a relative risk of developing RA of 3.8 - 6 in
homozygous Caucasian patients®. Twin studies have suggested genetic factors to
account for about 60% of the variation in disease liability®. Environmental factors
that are thought to influence disease susceptibility include smoking, exposure to
silica dust, various infections such as Epstein-Barr virus and Parvovirus B19, and
early life factors such as maternal smoking during pregnancy and high birth

weight’.

The pathophysiology of RA involves the interaction of T- and B-cells, and pro-
inflammatory cytokines such as tumour necrosis factor (TNF)-a and interleukin

(IL)-6, which results in local and systemic inflammation (figure 2)°.
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Figure 2. Schematic view of (a) a normal joint and (b) a joint affected by RA
The joint affected by RA (b) shows increased inflammation.

Reprinted by permission from Springer Nature: Nature Publishing Group, Nat Rev
Drug Discov, Therapeutic strategies for rheumatoid arthritis, Smolen JS, Steiner
G. © 2003.
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The diagnosis of RA is largely based on the clinical history and examination, but
the presence of raised inflammatory markers, in particular erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP), and positive immunology
(RF and ACPA) can be useful. Musculoskeletal imaging is also often performed,
usually to provide a baseline record of radiographic changes, as it is now unusual
to detect abnormalities on CR in the early stages of the disease. Ultrasound (US)
and magnetic resonance imaging (MRI) can also be used to look for inflammatory
changes; the role of imaging in RA is discussed in detail later in this thesis. These
modalities are also used to monitor disease progression, but the disease activity

score (DAS)-28 is the most routinely used clinical measure of disease activity'.

There is currently no cure for RA, but medical treatment aims to relieve
symptoms, modify disease progression, slow functional impairment, and reduce
the risk of potential comorbidities. Treatment should be started promptly in
patients with newly diagnosed RA as there appears to be a ‘window of
opportunity’ when RA is more susceptible to treatment''. Patients are managed
with analgesic preparations as required but the primary treatment of RA is with
conventional, synthetic disease modifying anti-rheumatic drugs (DMARDs) such as
methotrexate, hydroxychloroquine, sulfasalazine and leflunomide; biologic
DMARDs and other selective non-biologic DMARDs. Use of these agents is
generally reserved for those patients who have failed or been intolerant to

treatment with conventional DMARDs'2.

Treatment aims to improve symptoms and to achieve clinical remission, often
measured using the DAS score. Poor prognostic factors include positive RF or
ACPA, functional limitation, high disease activity and evidence of early erosive

damage on CR".

2.2 Juvenile idiopathic arthritis

Contrary to RA, JIA is an umbrella term for several types of arthritis. It is a
heterogeneous group of conditions with onset under the age of 16 years,
unknown aetiology, persistence of symptoms for over 6 weeks, and exclusion of

other rheumatic or infectious causes (table 1)'.
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Table 1. Classification of Subtypes of Juvenile Idiopathic Arthritis

Subtype
(% of JIA)

Definition

Oligoarthritis
(60%)

Arthritis affecting 1 - 4 joints during the first 6 months of
disease.
1. Persistent oligoarthritis: Affecting < 4 joints throughout
the disease course

2. Extended oligoarthritis: Affecting > 4 joints after the
first 6 months of disease

Polyarthritis
(RF negative)
(30%)

Arthritis affecting > 5 joints during the first 6 months of
disease

RF negative

Systemic Onset
(10%)

Arthritis in 21 joints with or preceded by fever of at least 2
weeks’ duration documented daily (‘quotidian’) for at least 3
days, and one or more of the following:

1. Evanescent (non-fixed) erythematous rash
2. Generalized lymph node enlargement

3. Hepatomegaly and/or splenomegaly

4. Serositis

Polyarthritis
(RF positive)

Arthritis affecting > 5 joints during the first 6 months of
disease

(<10%) RF positive on 2 or more occasions, at least 3 months apart
Psoriatic Arthritis and psoriasis, or arthritis and at least 2 of the
Arthritis following:
(<10%) 1. Dactylitis

2. Nail pitting or onycholysis

3. Psoriasis in a first-degree relative
Enthesitis Arthritis and enthesitis, or arthritis OR enthesitis with at least 2

Related Arthritis
(<10%)

of the following:
1. Sacroiliac joint tenderness and/or inflammatory
lumbosacral pain
2. HLA-B27 positive
3. Arthritis in a male over 6 years of age
4. Acute anterior uveitis
5. History of ankylosing spondylitis, enthesitis related
arthritis, sacroiliitis with inflammatory bowel disease,

reactive arthritis (Reiter’s syndrome), or acute anterior
uveitis in a first-degree relative

Undifferentiated
Arthritis

(<10%)

Arthritis that fulfils criteria in no subtype or in more than one
of the above subtypes

RF, rheumatoid factor. Table created using text adapted from Petty et al'“.
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JIA is the most common paediatric rheumatological condition, with a reported
prevalence of 0.07 - 4.01/1000 children and incidence of 0.008 - 0.226/1000
children per annum'. As with RA, the precise aetiology of JIA is unknown and
includes similar genetic and environmental factors. The concordance rate of JIA in
monozygotic twins has been reported between 25% and 40%'®. Proposed causative
environmental factors include passive exposure to cigarette smoke and air
pollution'”'®, Much like in RA, the whole immune system appears to be involved in

the immune response involved in the pathophysiology of JIA (figure 3)™.

Neutrophil
activation

Release cytokines:
(TNF, interferon, interleukin-6)

Release DAMPs: o o

HSP-specific T cells
(5100 proteins) 0 OO 0 o 0

Tissue damage
and expression of
auto-antigens

Auto-antigen-specific T-cells:
(T-helper-17, T-helper-1 cells)

@ @ CD39+ FOXP3+
CD39+ FOXP3-T cells

T cells

(mtcrferon interleukin-17) @

Figure 3. The balance between tolerance and inflammation in juvenile

idiopathic arthritis.

In a genetically susceptible individual, an environmental trigger leads to local
tissue damage, the expression of auto-antigens (such as heat shock proteins),
and inflammation, which activates a range of innate and adaptive immune
responses that can either down-regulate (blue arrows) or promote (red arrows)

local inflammation.

DAMPs, damage-associated molecular pattern molecules; HSP, heat-shock protein;
TGF, tumour growth factor; TNF, tumour necrosis factor.

Reprinted from The Lancet, 377, Prakken B, Albani S, Martini A, Juvenile
idiopathic arthritis, 2138-49, © (2011) with permission from Elsevier"®.
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A diagnosis of JIA should be considered in the presence of joint inflammation for
6 weeks or more, with specific features dependent on the subtype as described in
table 1. Blood tests are less useful than in RA as inflammatory markers may be
raised and RF is only positive in a small proportion of patients. Of all children
with JIA, less than 10% have the RF-positive polyarticular subtype?’. Imaging plays
a similar role in detecting joint damage and inflammation as in RA, dependent on
the disease subtype. CR is particularly used to exclude other possible diagnoses
and provide a baseline for monitoring progression of damage; other changes on
CR usually develop as a late complication. US and MRI have more specific roles in
identifying inflammation, which will be described fully in Chapter 4. As in RA,
imaging can also be used to monitor disease progression in JIA, with clinical tools
for monitoring patients, particularly with polyarticular JIA (pJIA), including DAS-28

and the juvenile arthritis disease activity score (JADAS)?'.

Treatment depends on the JIA subtype; treatment of pJIA in particular has
progressed significantly over recent years, with historically options including
intra-articular steroid injections and methotrexate, with the subcutaneous
preparation used more routinely than in the adult population. Biological agents
are also used in case of treatment failure; etanercept, adalimumab, abatacept,
tocilizumab and canakinumab have been approved to date by the European
Medicine Agency in at least one of the JIA subtypes?2.

2.3 Imaging in inflammatory arthritis

The most commonly used imaging modalities in IA include CR, US and MRI with
computed tomography (CT), dual-emission X-ray absorptiometry (DXA), digital X-
ray radiogrammetry (DXR), scintigraphy and positron emission tomography (PET)

used less frequently in specific clinical circumstances.

CR is a non-invasive imaging technique that uses a small dose of ionising
radiation to produce two-dimensional images that provide an overview of the
imaged joint, with features predominantly of bone, such as erosions, juxta-
articular osteopenia and joint space narrowing (JSN), rather than the soft tissues.
It is the most commonly used imaging modality, is readily available to all
clinicians, with low cost and few risks; the process is quick and well tolerated.
However CR does not assess inflammatory disease activity, provides only static

images, and may be less sensitive to change than other imaging modalities. It is

9
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still considered the ‘gold standard’ for the initial assessment and monitoring of
structural change in inflammatory arthritis, and is used in various CR scoring

techniques, such as the Sharp and Larsen scores?.

Musculoskeletal US uses high frequency sound waves to assess the underlying
structures. It is very readily available to clinicians; its use has increased recently
with experience of US included in most current rheumatology training curricula. It
does not involve exposure to radiation, has a relatively low cost (compared with
MRI and CT) with potentially portable equipment, and has the ability to provide
dynamic scans and be used to guide procedures including joint aspirations,
injections and synovial biopsies. As well as detecting bony changes, US
demonstrates soft tissue and inflammatory changes which is enhanced by the use
of high-resolution grey-scale and power Doppler (PD). However the accuracy of US
is operator dependant and has poor bone penetration, limiting its use in
detecting bone marrow (BM) lesions which can be more accurately identified by
MR,

MRI is based on nuclear magnetic resonance, which involves non-ionising
radiation in a strong magnetic field to align hydrogen protons that resonate
producing their own magnetic field that is used to create the image. It provides
accurate assessment of bone and soft tissue lesions, including erosions, JSN,
synovitis and BM oedema; contrast such as gadolinium can emphasise
inflammatory changes. RA MRI scoring systems, such as the RA-MRI score, have
been developed to grade and monitor joint pathology severity?. The equipment
involvement is expensive to purchase, operate, and maintain, is generally fixed
and immobile, can cause claustrophobia due to the small bore of the magnet
used and requires the patient to remain completely still for the duration of the
procedure. MRI is usually contraindicated in the presence of implanted magnetic

metal devices.

CT uses a rotating x-ray source to generate high resolution, cross-sectional
images which can then be reconstructed and manipulated using computer
processed combinations of the images. CT can involve significant radiation
exposure dependant on the site imaged, but it provides useful information on
subtle cortical disease and erosions®. Periarticular osteoporosis is one of the
earliest radiological features of RA; DXA uses low dose ionising radiation to
measure bone mineral density, usually in the spine and hip although whole body
scans are often performed in children; DXR can be used to measure more

localised bone involvement through the use of radiogrammetry?”2%, Scintigraphy is

10
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a functional study that uses radioisotopes to provide a whole body scan, but
areas of increased uptake are non-specific with high sensitivity but low specificity
as changes may be caused by increased bone turnover or joint inflammation,
which does not always correlate with disease activity®. PET also uses radiolabelled
ligands combined with structural imaging, usually CT, to detect inflammatory
changes at a cellular level, resulting in high sensitivity and specificity and can
provide a whole body scan relatively quickly. However PET has lower spatial
resolution and is not as readily available to clinicians as other imaging modalities,

and involves radiation exposure®.

Other than the key technical differences between the imaging modalities, there
are practical differences that can be important when considering the role of
imaging in children with JIA. Table 2 summarises the advantages and limitations
of US, MRI and CR in JIA®'.

Overall, the specific role of the imaging modalities in IA is unclear; use of imaging
is extensive but it is not currently standardised. Performing SLR in this field
provides an important opportunity to address this and provide best practice
guidelines.

11
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Table 2. Advantages and limitations of US compared to MRI and CR in

children with JIA

radiation

Imaging | Advantages Limitations
modality
us Lack of exposure to ionizing Difficulties in carrying out in
radiation case of severe joint limitation
Rapidity of performance Relatively small field of view
Ease of repeatability Inability to assess the whole
joint space
High patient acceptability Acoustic shadowing from
overlying bones
Demonstration of soft tissue Limited value in the assessment
inflammation of axial skeleton and TMJ
Direct visualization of cartilage Dependency on the properties
and sensitivity of the ultrasound
equipment
Early detection of bone erosions | Need of continuous practice
after appropriate training
Ability to scan multiple joints in | Reliability, standardization and
a single session validation in children under
investigation
Support in guidance of
procedures (e.g. intra- articular
corticosteroid injections)
Relatively inexpensive
MRI Lack of exposure to ionizing Intravenous contrast agent often

required

Multiplanar tomographical
imaging

Possible allergic reaction to
contrast agents

Ability to assess the whole joint
space

General anaesthesia required in
younger children

Demonstration of soft tissue
inflammation

Long examination time

Direct visualization of cartilage

Evaluation limited to one target
joint

Early detection of bone erosions

Reliability, standardization and
validation in children under
investigation

Visualization of BM oedema

High cost

High tissue contrast

Variable availability worldwide

12
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Suitable for assessment of axial
skeleton and TMJ

CR Rapidity of performance Exposure to ionizing radiations

Applicability to all joints Inability to directly visualize
cartilage and soft tissue
inflammation

Demonstration of JSN, Late detection of bone erosions
disturbances of bone growth and JSN
and maturation

Detection of bone erosions Projectional superimposition

Validated scoring methods in
children

Suitable for longitudinal
evaluation of damage
progression

Low cost

Widespread availability

TMJ, temporomandibular joint; BM, bone marrow; JSN, joint space narrowing.

Reprinted from Pediatr Rheumatol Online J, 14, Magni-Manzoni S, Ultrasound in
juvenile idiopathic arthritis, 33, © (2016),

http://creativecommons.org/licenses/by/4.0/, no changes made*'.

2.4 Systematic literature reviews and producing guidelines

Clinical guidelines are produced to assist clinicians in providing the most
appropriate management of patients, and have been defined by the Institute of

Medicine (IOM) of the National Academies as?*:

‘statements that include recommendations intended to optimize patient
care that are informed by a systematic review of evidence and an

assessment of the benefits and harms of alternative care options’(p 4).

The IOM describes 8 standards for producing trustworthy clinical guidelines32:

1) Establishing transparency

2) Management of Conflict of Interest
3) Guideline Development Group Composition
4) Clinical Practice Guideline-Systematic Review Intersection

13
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5) Establishing Evidence Foundations for and Rating Strength of
Recommendations

6) Articulation of Recommendations

7) External Review

8) Updating

This chapter will focus on standard 4, the process involved in producing
systematic reviews, which are fundamental to this thesis. The IOM has also
published 21 standards for developing high-quality systematic reviews which are

summarised in table 3 and will be used to structure this chapter?.

2.4.1 Recommended Standards for Initiating a Systematic Review

2.4.1.1 Establish a team with appropriate expertise and experience to
conduct the systematic review

The first stage in performing a systematic review is involving all suitable people
with the required expertise. This includes a team convenor; those with the
relevant clinical knowledge; individuals with experience in performing systematic
reviews in particular completing searches of databases, for example, a
methodologist, librarian and research fellow; and members of the target

population, including patients with the relevant diagnosis.

2.4.1.2 Manage bias and conflict of interest (COIl) of the team conducting

the systematic review

This stage is essential to ensure that end users of any recommendations
produced have full confidence in the credibility of the review. All members of the
review team must therefore fully disclose any potential conflict of interest, and
those with any potential financial or professional bias should be excluded from
the group.

2.4.1.3 Ensure user and stakeholder input as the review is designed and
conducted

It is important to ensure that all members of the team are able to make

independent and informed decisions during the review process.
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Table 3. IOM standards for developing systematic reviews

Recomme

nded Standards for Initiating a Systematic Review

Establish a team with appropriate expertise and experience to
conduct the systematic review

Manage bias and COI of the team conducting the systematic review

Ensure user and stakeholder input as the review is designed and
conducted

Manage bias and COI for individuals providing input into the
systematic review

Formulate the topic for the systematic review

Develop a systematic review protocol

Submit the protocol for peer review

Make the final protocol publicly available, and add any amendments
to the protocol in a timely fashion

Recomme

nded Standards for Finding and Assessing Individual Studies

Conduct a comprehensive systematic search for evidence

Take action to address potentially biased reporting of research
results

Screen and select studies

Document the search

Manage data collection

Critically appraise each study

Recomme

nded Standards for Synthesizing the Body of Evidence

Use a prespecified method to evaluate the body of evidence

Conduct a qualitative synthesis

Decide if, in addition to a qualitative analysis, the systematic
review will include a quantitative analysis (meta-analysis)

If conducting a meta-analysis, do additional statistical analyses

Recomme

nded Standards for Reporting Systematic Reviews

Prepare final report using a structured format

Peer review the draft report

Publish the final report in a manner that ensures free public access

IOM, Institute of Medicine; COI, conflict of interest. Table created using text

adapted from Institute of Medicine (US) Committee on Standards for Systematic

Reviews of Comparative Effectiveness Research *.
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24.1.4 Manage bias and COI for individuals providing input into the

systematic review
24.1.5 Formulate the topic for the systematic review

It is firstly important to ensure that there is need for a review in a proposed topic,
in particular that the review has not been performed recently already, and that the

clinical need for the review exists.

Once the specific clinical question to be answered has been developed, it needs
to rephrased into an epidemiological question, which should follow a structured
format such as the ‘PICO’ (Patients, Population or Problem, Intervention, Control
or Comparison and Outcomes) structure®. For example, if addressing the
question ‘In patients with recurrent tonsillitis, do prophylactic antibiotics,
compared to no treatment, reduce the recurrence rate?’, the population is
patients with recurrent tonsillitis; the intervention is prophylactic antibiotics; the
control is no antibiotics; and the outcome is reduction in recurrence rate of
tonsillitis. This process is important as it helps to clarify the question to be
answered and establishes specific keywords that can then be used to identify
particular Medical Subject Headings (MeSH) which form the basis of the search
strategy.

2.4.1.6 Develop a systematic review protocol; submit the protocol for peer
review; make the final protocol publicly available, and add any amendments

to the protocol in a timely fashion

The purpose of the review protocol is to develop a structure and plan for the
review that can be agreed by the review team before any further work is
performed. The protocol should include details of the background to performing
the review; a summary of the existing literature that will include rationale why the
review question is important; details of the review question and aims; an outline
of the methods that will be used; and an anticipated time frame to complete the
review. This will help to establish when the next meeting with the review team
should be. Although it is important to develop and disseminate a protocol to the
review team for all systematic reviews, it is generally not expected to fully publish

these, other than for Cochrane reviews.
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2.4.2 Recommended Standards for Finding and Assessing Individual Studies
24.2.1 Conduct a comprehensive systematic search for evidence

The search is the process used to identify evidence that addresses the review
question. It is a complex process, so it is extremely helpful to work with a
librarian experienced in performing systematic reviews. They can advise on
formulating the search strategy according to the MeSH terms identified using the
PICO structure. It is important to be clear about what resources and electronic
databases are to be used for the search, as the search terms used for each will
differ slightly. The most commonly used bibliographic databases are Cochrane
Central Register of Controlled Trials (CENTRAL), Embase, MEDLINE and Database
of Abstracts of Reviews of Effect (DARE), although subject-specific databases may

be more useful dependant on the subject of the review.

24.2.2 Take action to address potentially biased reporting of research
results

Although searching major bibliographic databases is likely to identify most
available evidence, it is possible that including only these sources will exclude
important data. For this reason it is good practice to ‘hand search’ electronic
tables of contents of selected journals and relevant conference abstracts,
particularly as it is reported that as few as 50% of conference abstracts are
eventually published in full, with lowest publication rates for those abstracts
without a positive finding*. Searching the citations of relevant publications
identified from the search or from previous systematic reviews on a similar topic
can also be useful. Other potential resources for searching for grey literature
includes clinical trial registries and grey literature databases. These processes
help to reduce publication bias, location bias and time-lag bias. It is also
important to consider potential language bias, which can result if only research
published in English is included in the review. Abstracts are often published in
English, irrespective of the publication language of the full text article, so these
can easily be screened for inclusion in the review. Any foreign language articles
identified for inclusion through the search process can then be translated using
online translation tools, or potentially by members of the review team depending
on the languages involved.
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2.4.2.3 Screen and select studies

It is incredibly helpful to use bibliographic software such as EndNote or Refworks
when performing a review as this stores all of the studies identified through the
search which can then be sorted and filed into relevant groups. The software can
also identify any duplication of studies resulting from searching multiple
bibliographic databases. Once the search has been performed, all identified
studies need to be screened for potential eligibility for inclusion in the review
based on the protocol’s pre-specified criteria. The initial screening process is
usually performed based on the study titles and abstracts, and should ideally be
performed by two researchers independently. The studies should be sorted into
folders either for inclusion or exclusion for broad reasons according to the PICO
structure, for example wrong population, wrong intervention etc. The screeners
should meet to discuss the screening process, review any areas for disagreement

with the final decision lying with a senior member of the review team.

Once all studies have been screened, the full text articles of all those identified
for potential inclusion need to be obtained to be screened further, also ideally by
two independent reviewers. The screening process is repeated again according to
the PICO criteria, and excluded studies should be filed according to reason for

exclusion.

2.4.2.4 Document the search

The full search strategy used for each database needs to be recorded fully,
including dates the searches were performed. Screening and sorting of studies is
a complex process, particularly given the potentially large numbers of studies
involved. For clarity and transparency, it is important that the screening process
is clearly documented, including any reason for excluding studies. The simplest

way to present this data is often using a flow chart (figure 4)%*.
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Figure 4. Adapted study flow diagram.

Study flow diagram for a review update with previous included studies

incorporated into the results of an updated literature search.

Reprinted from Systematic Reviews, 3, Stovold E, Beecher D, Foxlee R, et al, Study
flow diagrams in Cochrane systematic review updates: an adapted PRISMA flow

diagram, 54, © (2014), http.//creativecommons.orq/licenses/by/4.0/, no changes

made3®.

2.4.2.5 Manage data collection

Once all of the studies for inclusion have been identified which will require review
of full text articles, the next stage is data extraction. This involves identifying and
recording all relevant data from the included studies. The information extracted
may be quantitative or qualitative. It is helpful to record this data in a bespoke
data extraction form, which should be piloted for two or three of the included
studies.
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24.2.6 Critically appraise each study

The quality of all included studies needs to be assessed both in general terms
and using specific tools, dependant on the study design. This can be described as
the processes a study uses to reduce error and bias in the way it is designed,
performed and analysed. The main types of bias to consider are selection bias,
allocation bias, performance bias, detection bias, attrition bias, reporting bias,
funding bias, and confounding.

The main tool used to evaluate randomised controlled trials (RCTs) is risk of bias,
which considers sequence generation, allocation concealment, blinding of all
participants, incomplete outcome data, selective outcome reporting and any other
potential sources of bias that may not have been addressed by the tool*. Several
tools also exist to assess the quality of non-randomised studies, including the
Quality Assessment of Diagnostic Accuracy Studies (QUADAS)-2 tool for
diagnostic accuracy studies, Newcastle-Ottawa Scales for cohort and case-control
studies, with guidance for case series from the Centre for Reviews and
Dissemination, and for controlled before-and-after studies and interrupted-time-
series studies from the Cochrane Effective Practice and Organisation of Care
Group®*®*'. The Cochrane Group has also recently developed the ROBINS-I (Risk Of
Bias In Non-randomised Studies - of Interventions) tool to assess risk of bias of
the comparative effectiveness of interventions from studies that have not
randomised*?. An overall quality assessment can be made for each study using
the Oxford Centre for Evidence-based medicine (CEBM) level of evidence, which
gives studies a score for ‘level of evidence’ (1a-5) and a score for ‘grade of
recommendation’ (A-D)*.

2.4.3 Recommended Standards for Synthesizing the Body of Evidence
2.4.3.1 Use a prespecified method to evaluate the body of evidence

This is the process involved in reporting the overall quality of the whole body of
evidence, now that the individual studies have been assessed. Similar
characteristics should be considered, including risk of bias, consistency,
precision, directness and reporting bias; and dose-response association,

confounding and strength of association for observational studies*.
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24.3.2 Conduct a qualitative synthesis

The qualitative synthesis describes the subjective narrative that should be used to
assess the quality of the included studies further, for example how many studies
were included and why other studies were excluded, the range of study types and
population sizes, what outcomes were considered, strengths and limitations and
the study quality scores, as described above. This information allows the user of
the review to make a judgment on the significance and robustness of the data

presented with the specific clinical question in mind.

24.33 Decide if, in addition to a qualitative analysis, the systematic
review will include a quantitative analysis (meta-analysis)

A meta-analysis involves the statistical combination of data from the included
studies. As well as providing an overall quantitative analysis of the data, a meta-
analysis can increase the power of the estimated effect of the intervention under

review through a single pooled estimate, for example with an odds ratio (OR).

In order to appropriately perform a meta-analysis, the studies included need to be
sufficiently homogeneous for the results to be combined. Studies will not be
identical in all aspects, but it is important to consider the population
characteristics of the study groups; the outcomes and comparators that the
studies compare; the study outcomes, whether primary or secondary outcomes;
and direction of treatment effects. It can still be possible to perform a meta-
analysis if the studies are not homogenous in all of these areas but it is important

that this is made clear in a discussion of the results.

24.3.4 If conducting a meta-analysis, do additional statistical analyses

Given the complexity of performing a meta-analysis, particularly as a result of
study heterogeneity, it can be helpful to use the help of an expert methodologist
to assist in the process although software packages do exist, such as the
Cochrane Collaboration’s software, RevMan. Heterogeneity should be assessed
according to clinical, methodological and statistical aspects. Forest plots can
identify heterogeneity through poor overlap of confidence intervals, or a more
formal assessment of heterogeneity can be made using the chi-squared test. The
degree of heterogeneity can be calculated using the I statistic. The results of the
meta-analysis can then be presented in a forest plot which will show the
individual studies as well as the overall combined estimate of the treatment
effect.
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2.4.4 Recommended Standards for Reporting Systematic Reviews
2.4.4.1 Prepare final report using a structured format

A systematic review should be reported in sufficient detail for the review to be
repeated using the same methods. As systematic reviews are a multi-faceted and
complex process, it can be helpful to use a checklist such as that developed by
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA)*.

2.4.4.2 Peer review the draft report

The systematic review report should be peer reviewed by a third party for
accuracy, comprehensiveness, and clarity of the report. There should also ideally

be a public comment period for the report.

2.4.4.3 Publish the final report in a manner that ensures free public access

2.4.5 Summary

Performing systematic reviews is a complex and time-consuming process, but
using a structured format as outlined here can facilitate the process and help to
ensure a high-quality end result. To summarise, the steps involved in producing a

systematic review are illustrated in figure 5%.

Clear research question(s) is defined
Inclusion and exausion criteria are specified
Relevant studies are highlighted by search strategy
Information from studies is critically appraised
Data are system:ticglly pooled
Conclusions are made based on data

N
Report of findings

Figure 5. Stages of a systematic review.

Smith D, Reaney M, Speight J. Conducting Literature Reviews to Support the Use of
Patient-Reported Outcomes (PRO) Measures in Clinical Trials - The Benefits of a
Systematic Search Strategy. https://www.ispor.org/news/articles/July09/CLR.asp
(accessed 22 November 2016)%*.
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2.4.6 Producing guidelines

Performing systematic reviews is an essential process to provide an evidence-
based summary of the available literature and for the production of clinical
guidelines, which can then be used by clinicians to integrate best practice into
clinical care. Several tools exist that can be used to guide the process involved in
writing or assessing the quality of guidelines, including the EULAR SOP and the
AGREE Il instrument*”“¢, The procedure recommended by EULAR is illustrated in

figure 6.

Project and task force to be defined by
convener in collaboration with
methodologist

Check participation of
mandatory members of
task force

Check AGREE Il items

Submission of proposal by convenor and
methodologist to chair of EULAR standing
committee

| Evaluation by EULAR executive committee ]

Contact editor ARD about

| Invitation of task force members by convenor I publication policy

EULAR secretariat will
support with practical aspects
meeting

First meeting task force to define questions
for systematic literature review

Systematic literature review performed by
fellow, supervised by methodologist and
convenor

EULAR secretariat will
support with practical aspects
meeting

Second meeting of task force to review
results systematic literature review and
formulate recommendations

Assessment of level of agreement with
recommendations by members of task force
by email

Submission of abstract to EULAR after
approval by chair standing committee

Submission of manuscript to ARD after
approval by chair standing committee and
executive committee

Consider development of lay version if
applicable

I Dissemination I

| Implementation |

Figure 6. Flowchart of various steps during development of

recommendations.

AGREE, Appraisal of Guidelines for Research and Evaluation; ARD, Annals of
Rheumatic Diseases.

Reproduced from Ann Rheum Dis, van der Heijde D, Aletaha D, Carmona L, et al,
74, 8-13, 2015 with permission from BMJ Publishing Group Ltd*.

There are differences in the methodology used by various organisations to
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generate treatment guidelines. The model used by EULAR, described here,
involves a universal approach with a panel of relevant experts, whereas the 3e
(Evidence, Expertise, Exchange) Initiative used a model of guideline production
that effectively canvassed the views of several hundred international
rheumatologists to generate recommendations by integrating evidence synthesis
with expert exchange®. The Cochrane Collaboration uses a stringent process for
performing SLR, resulting in reviews that are ‘internationally recognized as the
highest standard in evidence-based health care resources’. The Cochrane
Handbook for Systematic Reviews of Interventions provides regularly updated
detailed guidance on the methods used to prepare Cochrane Intervention
reviews®'. The National Institute for Health and Care Excellence (NICE) in the
United Kingdom has accredited the process used by British Society for
Rheumatology (BSR) to produce clinical guidelines, who developed a stringent
protocol for creating guidelines in 2017 which is based on the AGREE Il

instrument>2°3,

Once a systematic review is performed, the data is presented to the review team
or task force to review the results and formulate recommendations. The task
force use the data presented to them to create recommendations, or PTC if the
strength of data is not sufficient to substantiate a true recommendation. They can
also use their expert opinion to devise the recommendations where good quality
data may be missing. The level of evidence and grade of the recommendation
should be categorised, for example using the CEBM described earlier®. The task
force then anonymously score their level of agreement for each proposed
recommendation using a 0-10 numerical rating scale (0, do not agree at all; 10,
fully agree), with scores reflecting research evidence and clinical expertise. An
agenda for future research can also be discussed based on areas of poor data
identified from the literature review.

In addition to presentation and publication of the systematic review as described
earlier, the final recommendations produced should also be similarly presented
and published. Consideration should also be given to the production of a lay
summary of the recommendations for patients. The final recommendations
publication should include discussion of any potential facilitators or barriers
(including financial) to the application of the recommendations, as well as any
implementation, monitoring or audit tools that may be available. The final stage
is to consider when it may be appropriate to update the recommendations, which

is dependent on how rapidly progression occurs in the topic under review.
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Chapter 3: Developing EULAR
recommendations for use in imaging of the

joints in the clinical management of RA

3.0 Chapter abstract

Objective:

To develop evidence based EULAR recommendations on the use of imaging of the

joints in the clinical management of RA.
Methods:

The task force convened consisted of an expert group of rheumatologists,
radiologists, methodologists and experienced rheumatology practitioners from
13 countries. Thirteen key questions on the role of imaging in RA were generated
using a process of discussion and consensus. Imaging modalities included were
CR, US, MRI, CT, DXA, DXR, PET. A systematic search of the research evidence was
performed for each question using MEDLINE, EMBASE and Cochrane CENTRAL.
The experts used the evidence obtained from the relevant studies to develop a
set of 10 recommendations. The level of agreement with each recommendation

was assessed using a visual analogue scale.
Results:

The search process identified a total of 6888 references, from which 199 studies
were included in the systematic review. Ten recommendations were produced
encompassing the role of imaging in making a diagnosis of RA, detecting
inflammation and damage, predicting outcome and response to treatment,
monitoring disease activity, progression and remission. Level of agreement for

each proposition varied according to the research evidence and expert opinion.
Conclusions:

Ten key recommendations for the role of imaging in the management of RA were

developed using research based evidence and expert opinion.
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3.1 Introduction

Structural damage in RA can occur early in the disease. Prompt treatment has
been shown to improve disease activity and delay structural damage****. Although
CR has been considered the gold standard for imaging in RA, its sensitivity for
diagnosis of RA is low and disease activity cannot be assessed®*. Significant
advances have been made within the field of imaging in rheumatic diseases over
the last decade. In particular, MRI and US appear to be superior to CR through

more sensitive detection of inflammation and damage®’.

A EULAR task force was formed to develop evidence-based recommendations on
the use of imaging of the joints in the clinical management of RA. The
recommendations address the role of imaging in making a diagnosis of RA,
detecting inflammation and damage, predicting outcome and response to

treatment, monitoring disease progression, and remission.

3.2 Methods

An expert group of rheumatologists, radiologists, methodologists, experienced
rheumatology practitioners and a research fellow experienced in performing
systematic reviews (19 people, representing 13 countries) participated in the
study. The group declared no relevant conflicts of interest. The objectives were to
formulate key clinical questions relating to the role of imaging in RA, to identify
and critically appraise the available evidence, and to generate recommendations

based on both evidence and expert opinion.

At the initial task force meeting, members contributed clinically relevant
guestions related to important aspects on the use of imaging in RA. The research
guestions were agreed by consensus and 13 final research questions were
selected, which included the role of imaging in making a diagnosis of RA,
detecting inflammation and damage, predicting outcome and response to
treatment, monitoring disease progression, and remission (table 4). The

systematic review protocol is given in appendix A.
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Table 4. RA imaging review research questions

Making a diagnosis of rheumatoid arthritis

Q1 What is the evidence for the differential diagnostic value of individual
imaging modalities for RA?
Q2 What is the evidence for the diagnostic value above clinical criteria of

individual imaging modalities for RA?

Detecting inflammation and damage

Q3 What is the evidence for the added value (sensitivity, specificity etc.) of
individual imaging modalities in detecting inflammation (synovitis,
tenosynovitis, osteitis, bursitis, enthesitis) above clinical evaluation?

Q4 What is the evidence of the added value above clinical examination for

the comparative value (sensitivity, specificity etc.) of individual imaging
modalities in detecting tissue damage (bone, cartilage, tendons,
ligaments)?

Predicting prognosis in RA: Qutcome

Q5 What is the evidence for the prognostic (prediction of outcome) value
of individual imaging modalities for RA?
Q6 What is the evidence for the prognostic (prediction of outcome) value

above other known prognostic markers of individual imaging
modalities for RA?

Predicting prognosis in RA: Response to treatment

Q7 What is the evidence for the prognostic (prediction of therapeutic
response) value of individual imaging modalities for RA?
Q8 What is the evidence for the prognostic (prediction of therapeutic

response) value above other known prognostic markers of individual
imaging modalities for RA?

Monitoring disease progression

Q9 When (time and under what clinical circumstances), where (which
joints), how (modality specifics) and how often, and with what imaging
modality should we monitor RA disease inflammation?

Q10 When (time and under what clinical circumstances), where (which
joints), how (modality specifics) and how often, and with what imaging
modality should we monitor RA disease damage?

Q11 When (time and under what clinical circumstances), where (which
joints), how (modality specifics) how often, and with what imaging
modality do we need to image the spine in RA?

Imaging in clinical remission

Q12 What is the relationship between individual imaging modalities and
clinical remission in RA?

Q13 What is the impact with respect to outcome of imaging-detected

inflammation /damage in the patient in clinical remission?

Reproduced from Ann Rheum Dis, Colebatch AN, Edwards CJ, Dstergaard M et al,
72, 804-14, 2013 with permission from BMJ Publishing Group Ltd.*®
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A systematic search of articles was performed and the bibliographies of included
papers were hand searched to identify other potential studies for inclusion. MeSH
and additional keywords were used to identify all relevant studies with the help of
an expert librarian (see appendix B). The search strategy was performed using
EMBASE (1980 to June 2011); MEDLINE (1948 to June 2011); and the Cochrane
Central Register of Controlled Trials (CENTRAL, The Cochrane Library, second
quarter 2011) without language restrictions. The Cochrane Database of
Systematic Reviews (CDSR) and the Database of Abstracts of Reviews of Effects

(DARE) were also searched to ensure all potential studies were identified.

The research fellow screened titles and abstracts of all citations identified, and
potentially relevant articles were reviewed in full text using predetermined
inclusion and exclusion criteria. Studies, published in English, on the use of
imaging in adults (=18 years of age) with a clinical diagnosis of RA were included.
Imaging modalities included were CR, US, MRI, CT, DXA, DXR, scintigraphy and
PET. Study types included RCT, systematic reviews, controlled clinical trials,
cohort, case-control and diagnostic studies. Studies were considered for inclusion
when they provided data on the role of imaging in making a diagnosis of RA,
detecting inflammation and damage, predicting outcome and response to

treatment, monitoring disease progression and remission.

Following presentation of the data from the literature review, the experts
produced 10 recommendations based on the 13 clinical questions with final
agreement by a process of discussion and consensus. The experts scored their
perceived level of agreement for each proposition using a 0-10 visual analogue
scale (VAS; 0, not recommended at all; 10, fully recommended). Scores reflected

both research evidence and clinical expertise.

Evidence was graded for each recommendation according to the design of studies
included in the recommendation, using a hierarchy of evidence in descending
order according to quality*®. Greater emphasis was given to the best available
evidence when answering questions, although all data were collected and

reviewed.

Recommendations for future research were agreed by consensus following

presentation of the literature review.
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3.3 Results

The search of databases, performed in June 2011, resulted in 6888 records, of
which 2567 were duplicates. Of the remaining 4321 articles, 3975 were excluded
based on title or abstract, leaving 346 articles for detailed review. All full text
articles written in English were retrieved for review; 175 articles were excluded
after reviewing the full text leaving 171 articles for inclusion (figure 7). The hand
search identified 28 additional articles for inclusion, resulting in a total of 199
articles for inclusion. Articles that were relevant to more than one research
question were included in the review more than once. The number of articles

included in each question is given in appendix C.

Medline Embase Cochrane Central
3000 — 991 3685 — 3198 203 — 132

Excluded by title/abstract:
Duplicates, n =27
Wrong population,n = 2058
Wrong comparator,n =768
Wrong intervention, n = 492
Wrong outcome, n = 741
Wrong study design, n = 581

Hand search

Fordetailed review
n=346 Excluded,n=175
Wrong population, n =14
Wrong intervention,n =1
Wrong outcome, n =104
\Wrong study design,n=12
Included Wrong language, n = 44
n=171

Included
n=28

Figure 7. Flowchart of RA imaging literature search

Flowchart showing the literature search of 6888 articles, from which 346 articles

were selected for detailed review; 199 articles met the inclusion criteria.

Reproduced from Ann Rheum Dis, Colebatch AN, Edwards CJ, Ostergaard M et al,
72, 804-14, 2013 with permission from BMJ Publishing Group Ltd.*®
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Ten recommendations were produced; the final wording of the propositions was
adjusted using e-mail exchange and at the closing meeting of the group. The
recommendations, level of agreement (mean VAS and 95% confidence internal, Cl)
and level of evidence are given in table 5. A full reference list for articles

included in each recommendation is given in appendix D.

Table 5. RA imaging recommendations, level of agreement and level of

evidence
Recommendation* Level of Level of
agreement, | evidence
mean VAS
0-10 (95% CI)

1 When there is diagnostic doubt, conventional 9.1 1]
radiography, US or MRI can be used to improve (8.6-9.6)
the certainty of a diagnosis of RA above clinical o
criteria alone**

2 The presence of inflammation seen with US or 7.9 1]
MRI can be used to predict the progression to (6.7-9.0)
clinical RA from undifferentiated inflammatory T
arthritis

3 US and MRI are superior to clinical examination 8.7 1
in the detection of joint inflammation; these (7.89.7)
techniques should be considered for more e
accurate assessment of inflammation

4 Conventional radiography of the hands and 9.0 \%
feet should be used as the initial imaging (8.4-9.6)
technique to detect damage. However, US I
and/or MRI should be considered if
conventional radiographs do not show damage
and may be used to detect damage at an earlier
time point (especially in early RA)

5 MRI bone oedema is a strong independent 8.4 1]
predictor of subsequent radiographic (7.7-9.2)
progression in early RA and should be T
considered for use as a prognostic indicator.

Joint inflammation (synovitis) detected by MRI
or US as well as joint damage detected by
conventional radiographs, MRI or US can also
be considered for the prediction of further joint
damage

6 Inflammation seen on imaging may be more 7.8 H-1v
predictive of a therapeutic response than (6.7-8.8)
clinical features of disease activity; imaging e
may be used to predict response to treatment
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7 Given the improved detection of inflammation 8.3 1]
by MRI and US than by clinical examination, (7.4-9.1)
they may be useful in monitoring disease I
activity

8 | The periodic evaluation of joint damage, 7.8 1]
usually by radiographs of the hands and feet, (6.8-8.9)
should be considered. MRI (and possibly US) is U
more responsive to change in joint damage
and can be used to monitor disease
progression

9 Monitoring of functional instability of the 9.4 1]
cervical spine by lateral radiograph obtained in (8.9-9.8)
flexion and neutral should be performed in T
patients with clinical suspicion of cervical
involvement. When the radiograph is positive
or specific neurological symptoms and signs
are present, MRI should be performed

10 | MRI and US can detect inflammation that 8.8 [l
predicts subsequent joint damage, even when 8.0-9.6
clinical remission is present and can be used to (8.0-9.6)
assess persistent inflammation

VAS, visual analogue scale (0-10: 0, not recommended at all; 10, fully

recommended); Cl, confidence interval.

Categories of level of evidence: la, evidence for meta-analysis of randomised
controlled trials; Ib, evidence from at least one randomised controlled trial; lla,
evidence from at least one controlled study without randomisation; llb, evidence
from at least one other type of quasi-experimental study; lll, evidence from non-
experimental descriptive studies, such as comparative studies, correlation
studies, and case-control studies; IV, evidence from expert committee reports or

opinions or clinical experience of respected authorities, or both

* Recommendations are based on data from imaging studies that have mainly
focused on the hands (particularly wrists, metacarpophalangeal and proximal
interphalangeal joints. There is little data with specific guidance on which joints
to image.

** |n patients with at least one joint with definite clinical synovitis, which is not

better explained by another disease

Reproduced from Ann Rheum Dis, Colebatch AN, Edwards CJ, Ostergaard M et al,
72, 804-14, 2013 with permission from BMJ Publishing Group Ltd.**
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3.3.1 Recommendations

Making a diagnosis of RA (in patients with at least one joint with definite clinical

synovitis)

Recommendation 1: When there is diagnostic doubt, conventional
radiography, US or MRI can be used to improve the certainty of a

diagnosis of RA above clinical criteria alone.
Level of agreement: 9.1 (95% ClI 8.6 to 9.6)

Five observational studies described the impact of imaging on confirming a
diagnosis of RA when the diagnosis could not be confirmed using conventional
methods, two with US and three with MRI. Three of these studies examined the
hand joints (wrist, metacarpophalangeal and proximal interphalangeal joints), but
none compared sites®**. One study showed that US synovitis improved the
certainty of RA diagnosis from 42.0% to 53.2% (p 0.17)%, and another described
how synovitis seen with US helped confirm (65.2%) or change the diagnosis
(11.1%); US was superior to clinical examination in 75% of patients. Compared to
clinical classification criteria, evidence of MRI synovitis increased the diagnosis of

RA®& and was more valuable than a positive ACPA in the absence of RF®,

Recommendation 2: The presence of inflammation seen with US or MRI
can be used to predict the progression to clinical RA from undifferentiated

inflammatory arthritis.
Level of agreement: 7.9 (95% Cl 6.7 to 9.0)

Several studies evaluated the prognostic value of imaging in patients with
undifferentiated inflammatory arthritis (UIA), mainly using US or MRI. A recent
systematic review identified 11 studies relating to MRI%. The presence of bone
oedema or both synovitis and erosion on MRI increased the likelihood of
developing RA (positive likelihood ratio (LR+) 4.5 and 4.8 respectively), whereas
the absence of MRI synovitis decreased the probability of progression to RA
(negative likelihood ratio (LR-) 0.2). A prediction model including clinical hand
arthritis, morning stiffness, positivity for RF, and bone oedema on MRI correctly
predicted progression to RA in 82% of UIA patients®”. MRI flexor tenosynovitis has
also been described as a predictor of early RA (sensitivity 0.60, specificity 0.73)¢.
Of the three strongest predictors of RA (MRI flexor tenosynovitis, RF and ACPA),
ACPA was found to be the strongest predictor (OR 13.8) and flexor tenosynovitis

the weakest (OR 5.0), but its additional value in diagnosing RA was significant.
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In a longitudinal study US significantly increased detection of joint involvement in
all joint regions. When combined with the Leiden prediction rule®, PD counts
significantly improved area under the curve (AUC) values for prediction of
progression to RA (0.905 to 0.962)™. Salaffi et al described the likelihood of
progression of UIA to RA using the presence of PD on US (scores higher than
grade 1), with OR 9.9 if one joint was involved, and 48.7 if more than three were
involved; OR with high titre ACPA or RF was 10.97".

Detecting inflammation and damage

Recommendation 3: US and MRI are superior to clinical examination in the
detection of joint inflammation; these techniques should be considered for

more accurate assessment of inflammation.
Level of agreement: 8.7 (95% Cl 7.8 to 9.7)

This recommendation examines the additional benefit of assessing joint
inflammation using imaging over clinical examination. Sensitivity and specificity
were initially extracted from the data, however as clinical examination was used
as the reference these results are difficult to use clinically. To overcome this we
recorded detection rates; for example, how many times more (>1-fold) or less
(<1-fold) does imaging detect inflammation over clinical examination. Our chosen

approach may increase the number of false positive results.

We identified 51 studies comparing imaging and clinical examination in the
detection of inflammation in various joints; 29 with US7>*°, 16 with MR|77:79:88:90-98
14 with scintigraphy®®°°'°' and 2 with PET (table 6). In general, US and MRI
detected joint inflammation more frequently than clinical examination; the mean
detection rate for synovitis at the hand and wrist was 2.18-fold for US and 2.20-
fold for MRI*°. Scintigraphy and PET were found to provide little additional benefit

over clinical examination.
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Table 6. RA imaging recommendation 3. Summary of included studies comparing imaging and clinical examination in the detection of

joint inflammation

ULTRASOUND MRI SCINTIGRAPHY
29 studies, mean no. of subjects (range): | 16 studies, mean no. of subjects (range): 14 studies, mean no. of subjects (range):
40.7 (6-100) 47.3 (6-318) 22.6 (8-38)

US HAND/WRIST vs. clinical examination

(CE)

[Article reference]

MRI HAND/WRIST vs. clinical examination
[Article reference]

Scintigraphy HAND/WRIST vs. clinical
examination
[Article reference]

Detection rate, mean

Detection rate,

Detection rate,

inflammation vs.
TJC”

TIC”

(range) mean (range) mean (range)
US vs. CE MRI vs. CE Scintigraphy vs. CE
MRI synovitis, 2.20-fold vs. Va]li-d]i?_focl)d45
vs. clinical synovitis (0.58-5.43-fold) tenderness/swelling Coeffi y- U ¢
79,86,87,89,91,95,97,98 accuracy: 0.72 100,101 oe. I.CIEI'.'It (0]
association: -0.16
Synovitis 2.18-fold vs. pain 0.71-fold vs. tenderness % 0.70-fold
76.79.81,83,86,87.89 (0.55-8.96-fold) -P kappa: 0.36, p 0.009 ’ kappa: 0.32, p 0.008
vs. swelling * 1.36-fold vs. swelling * 1.33-fold
) kappa: 0.60, p 0.019 ) kappa: 0.64, p 0.023
correlation with r 0.30-0.40
DAS-28 ** p<0.01
Tenosynovitis 1.06-fold :{eer:ztsl;,/ﬁ:\fiftlfsaﬁy for 2.48-4.69
Relative efficacy
of US at Relative efficacy of
detecting any 0.61-1.33 MRI synovitis vs. 3.03-3.86
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US FOOT/ANKLE vs. clinical examination

MRI FOOT/ANKLE vs

. clinical examination

Scintigraphy FEET vs. CE

Effusion %%

0.52-0.99-fold
kappa: 0.04-0.16
% agreement: 71%

VS.

tenderness/swelling
100

0.42-fold

Inflammation

2.21-fold
% agreement: 63%

1.71-fold
(0.93-2.8-fold)

cs o0 _ itic 8890,91,93
Synovitis 0.87-fold Synovitis % agreement:
45.5-71%
. . % agreement:
90 _ 90
Tenosynovitis 0.58-fold Tenosynovitis 54.5-90.9%

US KNEES vs. clinical examination

MRI KNEES vs. cli

hical examination

Scintigraphy KNEES vs. histology

Baker’s cyst 7>7>% (1 } '78_2_];?:%(1) g::gx:::: xs. clinical 1.6-3.15-fold vs. histology *° 1.11-fold
zl:;?;iat?:‘;?"ar 1.7-fold 9Sgwellmg vs. histology 0.72-fold
Effusion * 1.27-fold

(1.17-1.4-fold)

Synovitis vs.
clinical synovitis

73,74

r 0.9, p 0.0001

Strong correlation,

vs. DAS-28 b 0.006
Weak correlation,
vs. SJC 0 0.038

CE, clinical examination; TJC, tender joint count; SJC, swollen joint count. Reproduced from Ann Rheum Dis, Colebatch AN, Edwards CJ,

Ostergaard M et al, 72, 804-14, 2013 with permission from BMJ Publishing Group Ltd.**
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Recommendation 4: Conventional radiography of the hands and feet
should be used as the initial imaging technique to detect damage.
However, US and/or MRI should be considered if conventional radiographs
do not show damage and may be used to detect damage at an earlier

time point (especially in early RA).
Level of agreement: 9.0 (95% ClI 8.4 to 9.6)

Three studies compared tissue damage (erosions or loss of joint space) detected
by imaging with abnormal clinical examination. Caution is needed when
interpreting these studies as bony involvement shown on imaging was compared

with clinical signs of inflammation as reference.

Prognosis in RA: Predicting Outcome

Recommendation 5: MRI bone oedema is a strong independent predictor
of subsequent radiographic progression in early RA and should be
considered for use as a prognostic indicator. Joint inflammation
(synovitis) detected by MRI or US as well as joint damage detected by
conventional radiographs, MRI or US can also be considered for the

prediction of further joint damage.
Level of agreement: 8.4 (95% Cl 7.7 to 9.2)

Forty-eight longitudinal studies described how baseline changes in imaging
predicted outcome, in particular erosive progression; 26 with MRI, 11 with US, 19
with CR, 7 with DXA or DXR and 3 with scintigraphy. Of these, 46 studies
examined the hands and 14 also included the feet; none compared the benefit of

imaging different joints.
Bone marrow oedema

Of baseline MRI features, BM oedema was a strong, independent predictor of
erosive progression. Hetland et al have provided convincing data supporting this
association; baseline MRl BM oedema was the only independent predictor of
radiographic change in their 2- and 5- year follow-up studies (coefficient 0.75,
p<0.001; and coefficient 0.82, p<0.001 respectively)'®>'%, Haavardsholm et al also
identified baseline MRI BM oedema (score >2 RAMRIS units) as an independent
predictor of radiographic (OR 2.77, 95% ClI 1.06 to 7.21) as well as MRI erosive
progression (unstandardised B, B 0.21, 95% Cl 0.08 to 0.34)'*“. McQueen et al also
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described BM oedema to be predictive of MRI erosive progression, OR 6.47,
p<0.001'%. This study demonstrated that development of radiological erosions at
one year was highly unlikely in the absence of baseline MRI inflammatory changes
(negative predictive value (NPV) 0.92). Patients with erosive progression on CT
also have higher baseline MRI BM oedema scores (relative risk (RR) of CT
progression 3.8, 95% CI 1.5 to 9.3)'°.

Synovitis

Baseline synovitis, detected by MRI or US, is a predictor of erosive progression.
Dohn et al reported the RR of CT erosive progression with baseline US grey-scale
synovitis as 11.2, 95% Cl 0.65 to 195.7, p 0.1; baseline US PD activity RR 7.6, 95%
Cl1 0.91 to 63.2, p 0.061; and baseline MRI synovitis RR 0.68, 95% Cl 0.04 to 11.5,
p 0.79'°, The predictive value of baseline US grey-scale synovitis for MRI erosive
progression performed better than MRI synovitis with LR+ of 1.75 and 1.47
respectively, and accuracy of 70% and 62% respectively'®’. Conaghan et al
described a close correlation between the degree of MRI synovitis and the number
of new erosions, with the AUC for MRI synovitis the only significant predictor of

erosive progression (AUC for MRI synovitis p 0.420, p<0.007)'%,
Tenosynovitis

Baseline tenosynovitis on US appears to be predictive of erosive progression at 1
(OR 7.18) and 3 years (OR 3.4)'°. This effect has not been seen with MRI
tenosynovitis''®, but baseline MRI tendinopathy has been shown to be predictive
of tendon rupture at 1 (OR 1.57, p 0.02) and 6 years (OR 1.52, p 0.03)'"".

Erosions

Baseline erosions detected by various imaging techniques appear to be predictive
of erosive progression at 6 months; MRI erosions (B 0.63, p<0.001), radiographic
erosions (B 0.68, p 0.04), with US erosions less significant (3 0.57, p 0.07)"'2.
Several studies have reported that baseline MRI erosions are predictive of further
erosions'*""¢% and the absence of baseline MRI erosions predicts that radiographic
or MRI erosions are unlikely to develop (NPV 1.0)''¢. Baseline radiographic
erosions independently predict further radiographic progression (at 3 years, OR
8.47; at 10 years, OR 5.64-18.1)"""""°_ In addition, an annual radiological
progression rate greater than the median was shown to be predicted by baseline
Larsen score (OR 2.6, 95% Cl 1.3 to 5.3)"".
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DXR/DXA

Early hand bone loss measured by change in estimated bone mineral density
(BMD) in the first year of disease by DXR seems to be an independent predictor of
erosive progression, even up to 20 years''*'22' Baseline femoral neck osteopenia

or osteoporosis are also predictive of radiographic erosive progression'#,
Scintigraphy

Baseline inflammatory disease measured by scintigraphy appears to be associated
with radiographic progression'®. In addition, multiple regression analysis has
demonstrated that progression of radiographic joint destruction was primarily
predicted by *"Tc-IgG scintigraphy; joint swelling, ESR and IgM rheumatoid factor
were not predictive. This suggests that scintigraphy may be superior to
conventional clinical and laboratory measurements in prediction of joint
destruction'*. However when comparing scintigraphy to other baseline imaging
predictors of progression, baseline MRI BM oedema score (Spearman’s
correlation, p 0.67), MRI synovitis score (p 0.57), and *"Tc-NC scintigraphy uptake
(p 0.45) were predictive of change in MRI erosion score from baseline to 2 years.
In the multivariate analysis, the BM oedema score was the only baseline variable
that predicted erosive progression (OR 4.2, 95% Cl 1.3 to 13.8)'*.

Prognosis in RA: Predicting response to treatment

Recommendation 6: Inflammation seen on imaging may be more
predictive of a therapeutic response than clinical features of disease

activity;, imaging may be used to predict response to treatment.
Level of agreement: 7.8 (95% Cl 6.7 to 8.8)

Two prospective cohort studies have assessed the use of clinical measures and
imaging to predict response to anti-TNF therapy. Ellegaard et al measured US
Doppler activity and clinical parameters at baseline to predict which patients
would benefit from treatment, assessed by treatment persistence at one year'?°.
They identified US Doppler activity to be the only baseline parameter to predict
treatment persistence (p 0.024); baseline clinical measures including TJC, SJC,
CRP, DAS-28 and health assessment questionnaire (HAQ) showed no significant
association. Elzinga et al used changes in PET uptake two weeks after treatment

to predict future treatment response according to DAS-28. A significant
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correlation was seen between the changes in PET activity at two weeks and DAS-
28 at 14 and 22 weeks after treatment (r 0.62, p<0.05; r 0.65, p<0.01

respectively)'.

Monitoring disease progression

Recommendation 7: Given the improved detection of inflammation by US
and MRI than by clinical examination, they may be useful in monitoring

disease activity.
Level of agreement: 8.3 (95% Cl 7.4 to 9.1)

No published data was identified that specifically addressed how imaging should
be used to monitor RA disease activity. In the absence of this information, data

was extracted on several separate factors.
Comparison of the ability of imaging to detect inflammation

Several studies compared US and MRI in the detection of joint inflammation, with
MRI considered the reference technique. There seems to be significant
association between these modalities®”® but aside from access to imaging, there
may be advantages to using each technique in certain situations. For example, US
has been shown to detect more joint and tendon sheath effusions than MRI''?
whereas MRI appears to be more sensitive in identifying tenosynovitis'?.
Comparisons of conventional high-field MRI with dedicated, low-field extremity
MRI have shown high agreement for synovitis, with lower agreement for BM
oedema and tenosynovitis detected by low-field MRI, with high-field MRI as
reference’?*'*, Low-field MRI without contrast also demonstrates poor sensitivity
in the detection of synovitis, compared with PD US'*'. Only one study compared
scintigraphy with more modern imaging techniques, and showed strong
correlation between uptake on scintigraphy and inflammatory changes seen on
MRI'32,

Responsiveness to change in inflammation

US and MRI appear to show good responsiveness to change. A study of
responsiveness of MRI and US to change in inflammation with treatment has
shown that MRI synovitis (standardised response mean, SRM -0.79 to -0.92), MRI
tenosynovitis (SRM -0.70 to -1.02) and BM oedema (SRM -1.05 to -1.24) were

responsive to change, but US inflammation (synovitis, tenosynovitis and effusion)
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was less responsive (SRM -0.37 to -0.54)7”. Haavardsholm et al described MRI to
have a higher potential to detect change in wrist BM oedema than in synovitis
over one year®. The smallest detectable difference for a range of US measures
including PD was low in a large one-year observational multiple-reader study of
RA patients treated with anti-TNF agents, demonstrating both the reliability of
this measure and the ability to detect individual level important change. At the
group level, there were significant changes in all US synovial assessments in
parallel with DAS-28 changes':. When comparing the changes in PD and grey-
scale US activity with response to treatment, grey-scale US appears to perform

better'**, as does the addition of contrast enhancement’'>.
Which joints to assess

Only one study directly compared the assessment of inflammation by imaging
different areas; Caliser et al described MRI synovitis and BM oedema in the hands
and feet of patients with early RA and found no significant difference in MRI

inflammation in these regions®'.

Recommendation 8: The periodic evaluation of joint damage, usually by
radiographs of the hands and feet, should be considered. MRI (and
possibly US) is more responsive to change in joint damage and can be

used to monitor disease progression.
Level of agreement: 7.8 (95% Cl 6.8 to 8.9)

As for the previous recommendation, there was no specific data on the
recommended frequency of imaging in the assessment of progressive joint

damage.
Comparison of the ability of imaging to detect damage

Dohn et al performed comparison studies of the ability of CR, CT, US and MRI to
detect erosive damage'®'3¢, Using CT as the reference technique, CR was shown
to have an accuracy of 81%, MRI of 89% and US of 80% with high specificities and
lowest sensitivity for CR'¢'3¢, A previous systematic review has described US to be
more effective for erosion detection than CR with comparable efficacy to MRI'*7. A
summary of data comparing the different imaging modalities in the detection of

eros'ons |S glven |n table 777,87,88,93,98,106,112,129,130,136,138-155-
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Table 7. RA imaging recommendation 8: Summary of included studies comparing imaging in the detection of erosions

Comparator vs. reference Detection rate. mean
technique Sensitivity Specificity Accuracy Kappa (ran e),
[Article reference] g
Hand/wrist erosions:
0.71-fold
MRI vs. CT'06136.141,142,149 0.61-0.68 0.92-0.96 0.77-0.89 0.63 (0.60-0.81-fold)
US vs. CT'o6136 0.42-0.44 0.91-0.95 0.80-0.84 0.44
CR vs. CT106,136,138,141,142,149 0] 4_054 0-92_] -O 0-63_0-8] 0-29 (O ]06--304g8!?0|d)
CR VS- MR|77,87,98,112,129,139,140,143- 0_38_f0|d
18150150 153,154 0.0-0.55 0.5-1.0 0.23-0.92 (0.06-0.80-fold)
CR vs. US 0.60-fold
87,112,139,150,151,154,155 0.48 1.0 (O] 8-1.21 -fO|C|)
US vs. MRI correlation p<0.0005 - 0.77-fold
87,112,139,150,151,154 0.33-0.87 0.68-1.0 coefficient 0.68-0.9 <0.001 (0.35-1.51-fold)
Low- vs. high-field MRI 0.94-fold
170130144155 0.46-0.94 0.93-0.94 0.55-0.94 (0.46-1.16-fold)
Feet erosions:
0.65 1.19-fold
CR vs. MR|%* 0.32-0.80 0.85-0.98 0 0.002 (0.55-1.83-fold)
1 0.53-fold
CR vs. US® (0.42-0.64-fold)
US vs. MRI® 0.79 0.97 0.96 1.3-fold

Reproduced from Ann Rheum Dis, Colebatch AN, Edwards CJ, Dstergaard M et al, 72, 804-14, 201 3 with permission from BMJ Publishing
Group Ltd.*®
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Studies assessing tendon damage have shown US to be more sensitive than MRI
in the detection of finger extensor tendon tears confirmed surgically'*®; and
moderate agreement between US and MRI (used as the reference technique) in the

assessment of shoulder tendon involvement's’.
Responsiveness to change in damage

CR is the standard imaging technique used to detect and monitor joint damage.
There is some data suggesting that CR is responsive to change in erosions on an
individual level, particularly after the first 12 months of disease”. Radiographic
progression appears to be most rapid in the first two years of disease, with 75%
of all damage seen in the first five years of a 10-year study'. MRI seems to be
more responsive to change at earlier time points, but measures of annual
progression rates are similar with MRI and CR”. This is supported by @stergaard
et al who found that 78% of new radiographic bone erosions were seen at least
one year earlier by MRI; in fact MRI detection of new erosions preceded CR by a

median of two years'°.
Which joints to assess

Early erosive change on CR appears to be more common in the feet than in the

hands; these areas are more equally affected from year three onwards's®'¢,

Recommendation 9: Monitoring of functional instability of the cervical
spine by lateral radiograph obtained in flexion and neutral should be
performed in patients with clinical suspicion of cervical involvement.
When the radiograph is positive or specific neurological symptoms and

signs are present, MRI should be performed.
Level of agreement: 9.4 (95% Cl 8.9 to 9.8)

Thirteen studies described the evaluation of cervical spine involvement in RA,
summarised in table 873, No studies explored the appropriate frequency for
monitoring change in the cervical spine; Yurube et al investigated baseline
features on CR predictive of future cervical instability and found that patients with
baseline deforming hand changes, cervical vertical subluxation (VS), and subaxial
subluxation showed more progression in VS and subaxial subluxation at 5
years'”?, and Reijnierse et al identified that baseline MRI atlas erosions and
reduced subarachnoid space were associated with clinical neurological

dysfunction at one year'®.
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Comparison studies of different imaging modalities of the cervical spine have
shown variance in the detection of different pathologies, according to the
imaging technique used. Fezoulidis et al found CR and CT to be comparable and
better than MRI in detecting atlanto-axial and atlanto-occipital lesions, but MRI to
be superior in identifying odontoid lesions'®. MRI also seems to be better at

showing erosions of the dens'”2.

Independent of the imaging modality used, dynamic lateral views of the cervical
spine are more informative than static, neutral views in detecting atlanto-axial
subluxation (AAS), in particular anterior AAS'®. Flexion and neutral views are used
commonly, with evidence to suggest greater change in the atlanto-dental interval
with these views's*. The open mouth view is used for imaging the odontoid peg
and to assess for lateral and rotatory AAS; whereas posterior AAS can be
measured with neutral and extension views, and VS with a lateral neutral view,
although these types of AAS are much less common than anterior AAS'”2. When
using CR to assess odontoid erosions, lateral cervical spine views appear to be

more sensitive than open mouth views's°,

Imaging in clinical remission

Recommendation 10: US and MRI can detect inflammation that predicts
subsequent joint damage, even when clinical remission is present and can

be used to assess persistent inflammation.
Level of agreement: 8.8 (95% Cl 8.0 to 9.6)

The role of imaging in the detection of inflammation and subsequent prediction
of outcome has been discussed earlier in recommendation 5. There is good
evidence describing the disparity between clinical remission and evidence of on-
going inflammation seen with various imaging modalities. PD activity has been
found in 15-62% of patients in clinical remission according to DAS-28, ACR or
simplified disease activity index remission criteria'’*'”?, MRI synovitis in 96% and
BM oedema in 52%'7*'7¢, 60% of patients in DAS remission had increased uptake

on scintigraphy in one study'”.
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Table 8. RA imaging recommendation 9: Summary of included studies comparing imaging in the assessment of the cervical spine

Article

Cervical spine

year, SE&'&‘;S imaging Parameter assessed Outcome
[reference] modality
CR Atlanto-axial lesions
(AP, lateral F/E, Atlanto-occipital Atlanto-axial lesions: CR = CT > MRI
198916 55 OoM) lesions Atlanto-occipital lesions: CR = CT > MRI
MRI Odontoid lesions Odontoid lesions: MRI > CR/CT
cT Odontoid fibro- Odontoid fibro-ostosis: CR = CT > MRI
ostosis
2000'%3 know5n AAS I\%IEI ((FF//EE)) AAS More detail seen with MRI, and using F/E views
CR (F/E) ADI CR showed greater ADI in flexion than MRI, p 0.001
2005'%4 31 MRI (F/E) Dens erosions No significant difference in neutral/extension
Assessment of dens erosions easier with MRI
1998165 65 CR (lateral N/ AAS Significant difference between AAS in neutral and
unstable AAS F/E) flexion/extension, p <0.0001
CR (AP, lateral AAS Combination on MRI with CR showed more involvement than CT
199815 28 N/F, OM) Odontoid with CR
symptomatic MRI erosions/cysts (1.25-fold more vertical subluxations; 1.13-fold more
CT erosions/cysts)
Reduction in Flexion views showed more:
2000 42 MRI (N/F) subarachnoid space brainstem compression (1.17-fold)
symptomatic Brainstem reduction in the subarachnoid space at the atlanto-axial level
compression (1.06-fold) and below C2 (1.13-fold)
2000 25 CRF(AP, lateral Odontoid erosions Lateral views showed more ero§ions (1.57-fold) than open mouth
/E, OM) views
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56 CR (lateral) CT factors predictive VS greater in presence of odontoid erosions, p<0.05
20117 . P Odontoid erosions significantly associated with odontoid
symptomatic CT of VS on CR ;
osteoporosis, p<0.05
CR (AP, lateral - . All MRI abnormal with normal CR:
1995 o F/E) MRI findings in Effusion: 28%
ymp MRI Pannus: 62%
CR (lateral N/ % patients with C-spine involvement on:
F/E, OM) AAS CR 47.5%, MRI 70%, CT 28.2%
200972 40 MRI (N/F/E) Dens erosions Anterior AAS seen more in flexion on CR than MRI, p<0.005
cT CT best at detecting lateral AAS
Dens erosions: CR 12.5%, MRI 67.5%, CT 41%
2011'% CR (lateral Baseline features Prediction of VS: AAS, p 0.01; VS, p<0.01; SAS, p 0.06
267 N/F/E) predictive of VS and Prediction of SAS: AAS, p 0.29; VS, p<0.0T1; SAS, p<0.01
SAS at 5 years
CR (AP, lateral AAS MRI vs. CR:
18 F/E) cs AAS: 0.88-fold
1987' symptomatic SAS CS: 1.0-fold
MRI Dens erosions SAS: 0.5-fold
Dens erosions: 1.27-fold
CR (lateral N/F, CR not predictive (odontoid erosions, AAS)
OoM) Baseline CR and MRI Dysfunction according to MRI (OR):
200168 46 MRI features predictive of Dens erosion: 1.5; atlas erosion: 4.9
symptomatic clinical neurological Decreased subarachnoid space: 12.0
dysfunction at 1 year Decreased atlanto-axial space: 2.4
Brainstem compression: 2.3

AP, anteroposterior; F, flexion; E, extension; N, neutral; OM, open mouth; AAS, atlantoaxial subluxation; ADI, atlanto-dental interval; VS,

vertical subluxations; SAS, subaxial subluxations; CS, craniovertebral settling; OR, odds ratio. Reproduced from Ann Rheum Dis, Colebatch

AN, Edwards CJ, Ostergaard M et al, 72, 804-14, 2013 with permission from BMJ Publishing Group Ltd.**
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The significance of persistent inflammation has been described in a number of
studies, summarised in table 9'%'%, The presence of US synovial hypertrophy
(SH), PD activity and MRI synovitis at baseline in clinical remission has been
shown to be significantly associated with structural progression at one year, even
in asymptomatic joints'®. Baseline US inflammatory activity in clinical remission
also seems predictive of future disease flare, with 20% of patients experiencing a
flare within 12 months in the absence of baseline US PD activity, compared with
47% in patients with baseline PD activity (p 0.009)'%‘. Although radiographic
progression can still be seen in clinical remission, individuals with sustained
clinical remission show fewer signs of structural progression compared with

patients with clinically relapsing disease'®''®.

3.3.2 Future research agenda

The group formulated the most important topics for future research according to

currently available evidence and clinical practice (table 10).

3.4 Conclusion

These are the first recommendations produced by a EULAR task force on imaging
in RA clinical practice. The recommendations were developed by an international
group of experts with detailed literature review, and aimed to address clinical
questions relevant to current practice. There is still a large amount of research
required to optimise use of imaging tools in routine clinical practice, in particular
which joints should be used for disease assessment and monitoring and
consideration of the feasibility, costs and appropriate training required to use US
and MRI. In view of lack of literature at the time of the review, these
recommendations have not focused on detecting JSN which is important to
consider in view of the impact on functional status'®’. Specific reference is made

to this in the proposed future research agenda.

In summary, we have developed 10 recommendations on various aspects of
imaging in RA. These are based on the best available evidence and clinical
expertise supported by an international panel of experts. We aimed to produce
recommendations that are practical and valuable to clinical practice which have
since been published?®.
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Table 9. RA imaging recommendation 10: Summary of included studies describing outcome in the presence of image-detected

inflammation in clinical remission

Article year, N Duration of Baseline Outcome
o. of
[reference] . follow-up assessment parameter Results
subjects .
(months) modality assessed
US SH, CR progression SH: OR 2.31, p 0.032
2008'% 102 12 PD synovitis (GeFr’]angt ccore) PD synovitis: OR 12.21, p<0.001
MRI synovitis OR 2.98, p 0.002
US SH, PD synovitis, % patients having flare:
2011778 94 12 remissions (no SH or Relapse rate In US remission: 20.0%
PD synovitis) With US PD activity: 47.1%, p 0.009
US joint count Unsustaineql remission vs. sustained remission:
2009'% 106 24 PD synovitis ’ Relapse rate Higher PD: OR 12.8, p<0.05
Higher US joint count: OR 4.6, p<0.05
186 US resistive index Relapse rate higher with low RI
2005 32 12 RI) Relapse rate se 0.80, sp 1.0, acc 0.96, p<0.01
. . Increase in Larsen score in (unsustained vs.
2007'%2 169 24 Sustalneql A_CR/DAS (éllf progressm)n sustained):
remission arsen score ACR remission: p 0.017; DAS remission: p<0.001
20045 187 24 Sustained ACR/DAS CR progression Increase in SHS score in (unsustained vs. sustained):
remission (SHS) ACR remission: p 0.053; DAS remission: p 0.017
Remission according CR broaression % patients with CR progression with baseline
2012'® 535 24 to DAS, SDAI, CDAI, p(saS) remission:
ACR/EULAR DAS: 30%, SDAI: 24%, CDAI: 19%, ACR/EULAR: 20%

SH, synovial hypertrophy; PD, power Doppler; R, resistive index; ACR, American College of Rheumatology; DAS, disease activity score; SHS,

Sharp/van der Heijde score; SDAI, simplified disease activity index; CDAI, clinical disease activity index; EULAR, European League Against
Rheumatism. Reproduced from Ann Rheum Dis, Colebatch AN, Edwards CJ, Dstergaard M et al, 72, 804-14, 2013 with permission from BM)
Publishing Group Ltd.*®
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Table 10. RA imaging future research agenda

Research agenda

1 Further evaluation of the specific joints to be assessed, timing of assessment(s) and the evaluation system to be employed
in order to optimise the role of modern imaging modalities in diagnosis, prognosis and outcome measurement of RA

> | To assess algorithms using established and modern imaging modalities to examine their cost-effectiveness in clinical
practice diagnosis, prognosis and outcome measurement of RA

3 | To further elucidate the importance of subclinical (imaging-alone detected) inflammation, including synovitis, bone marrow
oedema and tenosynovitis, especially in low disease activity states and to define key thresholds to guide intervention

4 | To further assess the importance of imaging, in particular MRI and US, in the evaluation of damage, including joint space
narrowing and cartilage loss

5 Assessing the feasibility, costs and appropriate training required to use US and MRI in clinical practice

Reproduced from Ann Rheum Dis, Colebatch AN, Edwards CJ, Dstergaard M et al, 72, 804-14, 201 3 with permission from BMJ Publishing
Group Ltd.*®
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Chapter 4: Developing EULAR points to
consider for use in imaging of the joints in

the clinical management of JIA

4.0 Chapter abstract

Objective:

To develop evidence based EULAR points to consider on the use of imaging in the

diagnosis and management of JIA in clinical practice.
Methods:

The task force comprised a group of paediatric rheumatologists, rheumatologists
experienced in imaging, radiologists, methodologists and patients from 9
countries. Eleven questions on imaging in JIA were generated using a process of
discussion and consensus. Research evidence was searched systematically for
each question using MEDLINE, EMBASE and Cochrane CENTRAL. Imaging
modalities included were CR, US, MRI, CT, scintigraphy and PET. The experts used
the evidence obtained from the relevant studies to develop a set of points to
consider. The level of agreement with each point to consider was assessed using

a numerical rating scale.
Results:

A total of 13,277 references were identified from the search process, from which
204 studies were included in the systematic review. Nine points to consider were
produced, taking into account the heterogeneity of JIA, the lack of normative data
and consequent difficulty identifying pathology. These encompassed the role of
imaging in making a diagnosis of JIA, detecting and monitoring inflammation and
damage, predicting outcome and response to treatment, use of guided therapies,
progression and remission. Level of agreement for each proposition varied

according to both the research evidence and expert opinion.

Conclusions:

49



Chapter 4

Nine points to consider and a related research agenda for the role of imaging in
the management of JIA were developed using published evidence and expert

opinion.

4.1 Introduction

JIA is a heterogeneous group of conditions with onset under the age of 16,
unknown aetiology and persistence of symptoms for over 6 weeks'™. Imaging
plays an important role in diagnosis and monitoring of patients with JIA, but until

recently there were few studies in this area.

A EULAR - Pediatric Rheumatology European Society (PReS) task force was
convened to produce evidence and consensus-based recommendations on the
use of imaging in the diagnosis and management of JIA in clinical practice for use
by secondary care professionals caring for children with JIA, to help define

standards of care for appropriate imaging.

4.2 Methods

An expert group of paediatric rheumatologists, rheumatologists with imaging
expertise, radiologists, methodologists and a fellow (16 people, representing 9
countries) participated. The group declared no relevant conflicts of interest. The

task force used a rigorous procedure as described in the updated EULAR SOP*8,

At the initial task force meeting, members contributed clinically relevant
guestions related to key aspects of the use of imaging in JIA. The research
guestions were agreed by consensus and 11 final research questions were
selected which encompassed the role of imaging in making a diagnosis of JIA,
detecting inflammation and damage, predicting outcome and response to
treatment, the use of guided treatment, monitoring disease progression, and

remission (table 11). The systematic review protocol is given in appendix E.

A systematic search of articles was performed using MEDLINE (1946 to November
2013); EMBASE (1980 to November 2013); and the Cochrane Central Register of
Controlled Trials (CENTRAL, The Cochrane Library, third quarter 2013) without
language restrictions. The Cochrane Database of Systematic Reviews (CDSR) and
the Database of Abstracts of Reviews of Effects (DARE) were also searched to

ensure all potential studies were identified.
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Table 11

. JIA imaging review research questions

Making a diagnosis of JIA

Q1 What is the evidence for the differential diagnostic value of individual
imaging modalities for JIA?
Q2 What is the evidence for the diagnostic value above clinical criteria of

individual imaging modalities for JIA?

Detecting inflammation and damage

Q3 What is the evidence for the added value (sensitivity, specificity etc.) of
individual imaging modalities in detecting inflammation (synovitis,
tenosynovitis, osteitis, bursitis, enthesitis) above clinical evaluation
according to age?

Q4 What is the evidence for the added value above clinical examination for

the comparative value (sensitivity, specificity etc.) of individual imaging
modalities in detecting age-related structural abnormalities and
damage in JIA (bone, cartilage, tendons, ligaments)?

Predicting prognosis in JIA: Outcome

Q5

What is the evidence for the prognostic (prediction of therapeutic
response) value of individual imaging modalities for JIA?

Predicting prognosis in JIA: Response to treatment

Q6 What is the evidence for the prognostic (prediction of outcome) value
of individual imaging modalities for JIA?
Q7 What is the role of imaging for the monitoring of systemic treatment

(corticosteroids, synthetic and biological DMARDs) and the targeted
delivery of local treatments such as intra-articular injections?

Monitoring disease progression

Q8 When (time), where (which joints), how often and with what imaging
modality should we monitor JIA disease inflammation?

Q9 When (time), where (which joints), how often and with what imaging
modality should we monitor age-related structural abnormalities and
damage in JIA?

Imaging in clinical remission

Q10 What is the relationship between individual imaging modalities and
clinical remission in JIA?

Q11 What is the impact with respect to outcome of imaging-detected

inflammation /damage in the patient in clinical remission?

Reproduced from Ann Rheum Dis, Colebatch-Bourn AN, Edwards CJ, Collado P, et
al, 74, 1946-57, 2015 with permission from BMJ Publishing Group Ltd'®.
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The bibliographies of included papers were searched manually for evidence of
other studies for inclusion. A hand search was performed of the ACR and the
EULAR annual general meetings conference proceedings for 2012-13 to identify
unpublished studies. MeSH and additional keywords were used to identify all

relevant studies (appendix F).

Titles and abstracts of all citations identified were screened, and potentially
relevant articles were reviewed in full text using predetermined inclusion and
exclusion criteria. Studies, published in English, on the use of imaging in all
patients with a clinical diagnosis of JIA were included. Imaging modalities
included were CR, US, MRI, CT, scintigraphy and PET; study types included RCT,
controlled clinical trials, cohort studies, case-control studies, diagnostic studies
and case series where n>10. Studies were considered for inclusion when they
provided information on the role of imaging in making a diagnosis of JIA,
detecting inflammation and damage, predicting outcome and response to
treatment, the use of guided treatment, monitoring disease progression, and
remission. Included studies were evaluated for risk of bias and applicability using
the QUADAS-2 tool*'.

Following presentation of the data from the literature review, the experts
produced PTC (the evidence was not deemed strong enough to produce
recommendations) based on the 11 clinical questions with final agreement by a
process of discussion and consensus. The available evidence for each
recommendation was scored according to the CEBM level of evidence, which gives
studies a score for ‘level of evidence’ (1a-5) and for ‘grade of recommendation’
(A-D)®. The experts anonymously scored their perceived level of agreement for
each proposition using a 0-10 numerical rating scale (0, do not agree at all; 10,
fully agree). Scores reflected both research evidence and clinical expertise*. An
agenda for future research was agreed by consensus following presentation of

the literature review.

Given the challenges of asking children or young adults to attend consensus
meetings with the task force members, a separate Patient and Public Involvement
event was arranged following the second task force meeting where the process
and results were presented and all comments were recorded. The meeting was
attended by three patients (one child and two young adults with a diagnosis of
JIA), two parents of children with JIA, two consultant rheumatologists including

one with a special interest in paediatric rheumatology and the task force
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epidemiologist, a paediatric rheumatology nurse specialist and a paediatric
research senior nurse. All proposed points to consider were reviewed by the
patients for any alterations to be made as required, and thoughts and ideas

related to a child’s experience of imaging for JIA were generated.

4.3 Results

The database search, performed November 2013, resulted in 13,277 records
leaving 10,925 articles after de-duplication. 433 articles were included for
detailed review once exclusions were made based on title or abstract. All full text
articles written in English were retrieved for review, of which 244 articles were
excluded leaving 189 articles for inclusion. The hand search identified 15
additional articles, resulting in a total of 204 articles for inclusion (figure 8).
Articles that were relevant to multiple research questions were included in the
review as necessary. The number of articles included per question is shown in

appendix G.

Medline Embase Cochrane Database
5719 — 5176 7405 — 5731 153 — 18

Excluded by title/abstract:
Duplicates, n = 99
Non English language, n = 200
Wrong population, n = 8291
Wrong intervention, n = 156
Wrong outcome, n = 381
Wrong study design, n = 1365

ACR 2012-13
n=4 For detailed review
EULAR 2012-13 n =433 Excluded, n = 244
n=7 Wrong population, n = 53
Wrong intervention, n = 2
Wrong outcome, n = 125
Wrong study design, n = 61
Wrong comparator, n = 1
Hand search Included Full text articles to retrieve, n = 2
n=4 n =204

Figure 8. Flowchart of JIA imaging literature search

Flowchart showing the literature search of 13,277 articles, from which 433
articles were selected for detailed review; 204 articles met the inclusion criteria.
Reproduced from Ann Rheum Dis, Colebatch-Bourn AN, Edwards CJ, Collado P, et
al, 74, 1946-57, 2015 with permission from BMJ Publishing Group Ltd'®.
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The task force produced nine points to consider which are presented with the
level of evidence, grade of recommendation, and level of agreement in table 12.
The task force felt that the supporting data was not sufficient to produce
‘recommendations’ so they were categorised as ‘PTC’. Scores for risk of bias and
applicability of the included studies according to QUADAS-2, and a full reference
list for articles included in each recommendation are given in appendix H and |

respectively.

4.3.1 Overarching principles

The task force produced general statements to be considered when interpreting
the PTC.

-YJIA’ is an umbrella term for all forms of inflammatory arthritis that
begins before the age of 16 years, persists for more than 6 weeks, and is
of unknown origin. This heterogeneous group of diseases is currently
classified according to the International League of Associations for
Rheumatology (ILAR) classification'*. There is a lack of information on

imaging related to JIA categories at present.

-There is a paucity of data on the joint-specific imaging features present
during growth and skeletal development in healthy children.
Understanding normative data is essential for interpretation of imaging
abnormalities. For example, some physiological features of recently
ossified bones can be misinterpreted as cortical erosions, cartilage
thickness may vary with skeletal maturation and vascularity of epiphyses

will change with ageing.

-Joint inflammation at certain developmental time points may cause

specific structural changes, further challenging imaging assessment.

- The appropriateness and feasibility of different imaging modalities
differs with age, related to radiation exposure and requirement for
sedation. Every effort should be made to avoid unnecessary radiation

exposure.

- Patient experience with different imaging modalities is affected by their
age and development. It is important to provide a ‘child friendly’

environment.
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Table 12. JIA imaging points to consider, level of evidence, grade of recommendation and level of agreement

Level of
. . Level of Grade of agreement,
Point to consider . .
evidence | recommendation | mean NRS
0-10 (range)
US and MRI are superior to clinical examination in the evaluation of joint inflammation; 9.07
these techniques should be considered for more accurate detection of inflammation, both 3b C © ) 10)
in diagnosis and assessing extent of joint involvement.
When there is clinical diagnostic doubt, CR, US or MRI can be used to improve the certainty 3b C 9.43
of a diagnosis of JIA above clinical features alone. 9-10)
If detection of structural abnormalities or damage is required, CR can be used. However MRI 3b C 8.71
or US may be used to detect damage at an earlier time point than CR. (5-10)
In JIA imaging may be of particular benefit over routine clinical evaluation when assessing 9 64
certain joints, particularly the use of MRI in detecting inflammation of the TMJ and axial 3b C 3 ) 10
involvement. (&-10)
Imaging in JIA may be considered for use as a prognostic indicator. Damage on CR can be
used for the prediction of further joint damage. Persistent inflammation on US or MRI may 4 C 9.07
be predictive of subsequent joint damage. (5-10)
In JIA, US and MRI can be useful in monitoring disease activity given their sensitivity over 9.07
clinical examination and good responsiveness. MRI should be considered for monitoring 3b C 7 ) 10)

axial disease and TMJ.
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The periodic evaluation of joint damage should be considered. The imaging modality used 3b C 8.29

may be joint dependent. (5-10)

US can be used for accurate placement of intra-articular injections. 3b C (89:6]40)

US and MRI can detect inflammation when clinically inactive disease is present; this may 8.86
) L o 3b C

have implications for monitoring. (5-10)

The level of evidence and grade of recommendation are based on the Oxford Centre for Evidence-Based Medicine system*.

Level of evidence scale, 1a - 5; grade of recommendation scale; A-D. NRS, numerical rating scale (0-10; 0 = do not agree at all, 10 = fully
agree)

Reproduced from Ann Rheum Dis, Colebatch-Bourn AN, Edwards CJ, Collado P, et al, 74, 1946-57, 2015 with permission from BMJ Publishing
Group Ltd'®.
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4.3.2 Points to consider (PTC)
Making a diagnosis of JIA

PTC 1: US and MRI are superior to clinical examination in the evaluation
of joint inflammation; these techniques should be considered for more
accurate detection of inflammation, both in diagnosis and assessing

extent of joint involvement.

Sixty-five studies compared clinical examination with imaging in the detection of
inflammation in various joints, 40 with US, 27 with MRI, 5 with CR and 1 with PET
(table 13). The data is represented according to detection rates; for example, how
many times more (>1-fold) or less (<1-fold) does imaging detect inflammation
over clinical examination; this has the potential to increase false positive results.
In general, US and MRI were able to detect joint inflammation more frequently
than clinical examination; for example the mean (range) detection rate for
synovitis and effusion at the knee was 1.19-fold (0.14-3.67-fold) for US and 1.02-
fold (0.96-1.12-fold) for MRI knee synovitis.

PTC 2: When there is clinical diagnostic doubt, CR, US or MRI can be used to

improve the certainty of a diagnosis of JIA above clinical features alone.

The diagnosis of JIA is mainly based on clinical features and the exclusion of
other causes of chronic arthritis. However this point illustrates the role of imaging
when there is diagnostic doubt; no specific imaging signatures for JIA have been
described yet, but imaging is helpful to narrow the differential diagnosis. Four
studies compared imaging features in suspected/proven JIA with either controls
or other disease entities, including infectious arthritis, acute lymphoblastic
leukaemia and haemophilia'®*'*?. US detected more joint inflammation than
clinical examination; two studies specifically described US improving the

diagnostic certainty in subjects with suspected JIA™1%4,

Detecting damage

PTC 3: If detection of structural abnormalities or damage is required, CR
can be used. However MRI or US may be used to detect damage at an

earlier time point than CR.
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Table 13. JIA imaging point to consider 1: Summary of included studies comparing imaging with clinical examination (CE) in the

detection of joint inflammation

ULTRASOUND

MRI

CR

US KNEES vs. CE
13 studies 527

MRI KNEES vs. CE
9 studies '9%'99:208214

CR KNEES vs. CE
3 studies 96209212

Detection rate, mean (range)

Detection rate, mean

Detection rate, mean

(1 study) ?7

(range) (range)
US vs. CE MRI vs. CE CR vs. CE
Synovitis vs. clinical
. . 1.02-fold
Synovitis/effusion 1.19-fold swelling (3 studies) (0.96-1.12-fold)
H 195-206 - R H H H
(12 studies) (0.14-3.67-fold) Effusion vs. swelling 1.07-fold {/(;lnstv:iélsl?ﬁnsmn 0.69-fold
(5 studies) 108190209.211.212 (0.75-1.33-fold) 3 .studies) %&209,2]2 (0.45-1.0-fold)
. Agreement k 0.54 . .
Effusion . CE missed a significant no. of Effusion ]\gss pain 1.45-fold
(1 study) offusions (1 study) (1.33-1.57-fold)
Synovial volume vs. CRP r 0.51-0.80 Joint distension
PD vascularity 1.63-fold (1 study) " p 0.000-0.036 vs. bain 1.57-fold
(2 studies) 972 (0.96-2.71-fold) Synovial hypertrophy r 0.68-0.74 a .sgud ) 158 )
vs. pain (1 study) **® ) ) Y
US HIP vs. CE MRI HIP vs. CE CR HIP vs. CE
5 StudieS 198,200,215-217 5 StudieS 198,212,218-220 ‘l Study 212
Synovitis/effusion 0.85-fold
H 198,200,215-217 - -
(SS ri:)lj\/di;?;‘}effusion (0:13:1.39T0ld) MRI inflammation 0.88-fold Joint distension
VZ LOM Association (4 studies) 98212218219 (0.50-1.78-fold) vs. clinical
) 0.006 . 0.80-fold
(1 study) *” P effusion
Y H 212
Synov_ltls/effusmn Association Synovial enhancement (1 study)
Vs. pain 00.103 (1 study) 2 0.94-fold
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US HANDS/WRISTS vs. CE

4 Studles 197,221-223

MRI HANDS/WRISTS vs. CE

2 studies 2*2%

CR HANDS/WRISTS vs. CE
1 study *

Synovitis/effusion

0.93-fold

Synovitis volume vs.

(3 studies) 197221222 (0.47-1.33-fold) total hand swelling r 0'23'8;572
score (1 study) ** p<b.
0.96-fold
PD vascularity GS synovitis had weaker Synovitis volume vs. r 0.76
(2 studies) 107223 correlation with clinical disease LOM (1 study) #* p<0.05

activity than PD

Flexor/extensor
tenosynovitis

Significant association with

Synovitis score vs. wrist
swelling score (1 study)

MRI score significantly
higher with higher swelling

Joint distension
vs. clinical
effusion

(1 study) #'

0.63-fold

(1 study) clinical disease activity 225 score
p<0.00001
US ANKLES/FEET vs. CE MRI ANKLES/FEET vs. CE
5 Studies 197,201,226-228 'I Study 229
Synovitis/effusion 1.30-fold Tibiotalar synovitis 1.00-fold
(3 studies) 07201226 (0.86-1.04-fold) (1 study) *** )
PD vascularity i Subtalar synovitis i
(1 study) ¥ 0.57-fold (1 study) #° 3.33-fold
US TM] vs. CE MRI TM]J vs. CE
3 studies 23 8 studies #3323
Synovitis 2.46-fold
(6 studies) 23123523¢ (1.10-5.91-fold)
Synovitis/effusion 11.7-fold Synovitis vs. reduced Significantly correlated

(2 studies) %%

(0.35-23.0-fold)

MIO
(4 Stud|es) 231,233,234,237

Reduced MIO best predictor

of active MRI changes

Acute changes
(1 study) ##

71% asymptomatic
63% normal CE

US enthesitis vs. CE
3 studies 24

MRI enthesitis vs. CE
1 study **

Enthesitis
(3 studies) 40242

0.79-fold
(0.53-1.09-fold)

Enthesitis
(1 study) >

0.50-fold

US VARIOUS MULTIPLE JOINTS vs. CE

9 studies 2%

MRI VARIOUS MULTIPLE JOINTS vs. CE

1 study **

CR VARIOUS MULTIPLE JOINTS vs. CE

1 study **

Synovitis/effusion
(6 Stud ies) 245,247-250,252

1.85-fold
(1.00-3.33-fold)

Synovitis/effusion
(1 study) ***

1.08-fold

Soft tissue
swelling VS.

1.05-fold
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Association US SH: r 0.63 clinical swelling
changes vs. swelling Effusion: r 0.66 (1 study)
(1 study) **° PD: r 0.50
Association Swelling: r 0.50
synovitis vs. CE LOM: r 0.40
(2 studies) 244253 Pain: r 0.21

CE missed inflammation in 25.2%

jt

MRI cervical spine vs. CE
1 study **
Synovitis/SH

(A study) > 4.25-fold
MRI Sl vs. CE
2 studies 2°%*7
Sacroiliitis 0.93-fold

CE was normal in 22.9% pt

H 256,257
(2 studies) with MRI sacroiliitis

CE, clinical examination; CR, conventional radiography; PD, power Doppler; LOM, limitation of movement; MIO, maximal incisional opening;
SlJ, sacroiliac joint

Reproduced from Ann Rheum Dis, Colebatch-Bourn AN, Edwards CJ, Collado P, et al, 74, 1946-57, 2015 with permission from BMJ Publishing
Group Ltd'®.

60



Chapter 4

Thirty-seven studies compared joint damage (erosions, JSN, deformity) detected
by imaging with clinical findings suggestive of underlying damage, such as
tenderness, limitation of movement (LOM) and crepitus. In general, all imaging
modalities appeared to detect less joint damage than suggested by clinical
examination; for example the mean (range) detection rate for cartilage loss at the
knee was 0.32-fold for US, 0.63-fold (0.20-1.0-fold) for MRI, and 0.46-fold (0.23-
0.71-fold) for CR when compared with pain'?2°%259, This reflects the poor

sensitivity of pain as an indicator of underlying damage.

When the imaging modalities are directly compared MRI and US detected more
joint damage than CR, particularly at the hip (MRI vs. CR detection rate, mean
(range) 1.54-fold (1.08-2.0-fold); US vs. CR detection rate, mean 2.29-fold), and at
the wrist (MRI vs. CR detection rate, 1.36-fold (1.0-2.0-fold)!®8215:225.259261,

Imaging specific joints

PTC 4: In JIA imaging may be of particular benefit over routine clinical
evaluation when assessing certain joints, particularly the use of MRl in

detecting inflammation of the TM)J and axial involvement.

Cervical spine MRI performs better at detecting inflammation than clinical
examination; one study showed 20% of patients had pain and/or LOM whereas
85% had MRI inflammatory changes suggesting that cervical spine involvement in
JIA is often clinically silent?2. MRl and CR have shown better detection rates than
clinical examination for structural changes in the cervical spine (4.5-fold and
mean, range 2.29 (1.58-3.0-fold) respectively?**?¢*, Abnormal sacroiliac joint (SlJ)
imaging is also seen despite a high rate of normal examination; for example
normal SlJ examination in 42.9% and 22.9% in patients with CR and MRI sacroiliitis

respectively?65:26,

Muller at al compared temporomandibular joint (TMJ) clinical examination and US
with MRI changes, and found that examination correctly identified 58% patients
with active MRI TM]J arthritis compared with 33% for US, and missed inflammation
in 42% and 67% respectively?®'. They described reduced maximal incisal opening
(MIO) to be the best predictor of active MRI changes?®’. Full data comparing the
various imaging modalities with clinical examination of the TMJ is given in

appendix J.
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Prognosis

PTC 5: Imaging in JIA may be considered for use as a prognostic
indicator. Damage on CR can be used for the prediction of further joint
damage. Persistent inflammation on US or MRl may be predictive of

subsequent joint damage.

Thirteen observational studies examined the relationship between baseline
imaging and subsequent radiographic and clinical outcome; 11 with CR and 2
with MRI at baseline. The statement on US inflammation is therefore based on
expert opinion; the findings are given in full in table 14. In general, CR damage in
the first year has a moderate correlation with functional deterioration according
to Steinbocker class, Childhood Health Assessment Questionnaire (CHAQ) and
physician/parent disability scores at 5 years, as well as with CR progression at 5
years>®827° A baseline CR wrist adapted Sharp van der Heijde score >1 was shown
to be predictive of CR progression at 5 years (OR, 8.2), and patients with erosions
and/or JSN in the first 6 months of the study spent more time with clinically active
disease and were less likely to achieve clinical remission on medication?"?72, Just
one study described the correlation of baseline MRI wrist synovial volume with
MRI erosive progression at 1 year; this found a moderate correlation, and all

patients with high synovial volume at baseline had erosive progression?”.

Monitoring inflammation

PTC 6: In JIA, US and MRI can be useful in monitoring disease activity
given their sensitivity over clinical examination and good responsiveness.

MRI should be considered for monitoring axial disease and TM).

Data comparing imaging with clinical examination in detecting joint inflammation
is discussed in PTC 1, and specific information on imaging the TMJ and for axial
involvement is summarised in PTC 4. This section will consider the comparison of
the ability of imaging to detect inflammation, responsiveness of imaging to

change in inflammation, and which joints should be assessed.
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Table 14. JIA imaging point to consider 5: Summary of included studies describing the prognostic value of the imaging modalities

Baseline CR predictive factors:

No. of Duration of Radiological or clinical Outcome .
Reference : follow-up Correlation
subjects (months) assessment assessed
Wrist involvement Significant correlation
p<0.01
. 74 - Significant correlation
Susic 2011 87 48 Hip involvement CHAQ DI p<0.001
i Significant correlation
JADI-A p<0.0]1
Baseline: low r 0.16
No. jt with LOM 1styr: lowr 0.35
1st 5 yr: moderate r 0.59
Baseline: low r 0.21
CR wrist changes at: JADI-A 1st yr: moderate r 0.53
Ravelli 2007%° . baseline 1st 5 yr: moderate r 0.60
96 min. 60 . ——
in 1st year Steinbocker Baseline: low r 0.21
in Tst 5 years functional class 1st yr: moderate r 0.48
1st 5 yr: moderate r 0.55
CR broaression Baseline: low r 0.38
ali Sgears 1st yr: moderate r 0.61
Y 1st 5 yr: highr 0.89
Pederzoli 2011%" 130 min. 60 CR wrist aSH score > 1 CR progression Significant predictor
at 5 years OR 8.2
Baseline CR progression in 1st
. . Poznanski score yr
Magni-Manzoni 94 54
2003°% Baseline Poznanski score Yearly CR r 0.88 r 0.62, p<0.001
progression p 0.47 OR 14.32, p<0.0001

63




Final Poznanski r 0.58 r 0.59, p<0.0001
CR wrist progression in 1 year score p<0.0001 OR 6.49, p 0.0006
CHAQ r0.20 r 0.39, p 0.003
p0.14 OR 8.42, p 0.002
CHAQ r 0.24, p 0.1
SJC r 0.03, p 0.86
TJC r 0.06, p 0.65
No. jt. with LOM r 0.46, p 0.0005
. Steinbocker
gg’]tg;?'m 148 max. 132 CR hip progression in 1 year functional class r0.50, p 0.005
JADI-A r 0.45, p 0.01
Physician
disability score r0.40,p 0.05
Parenzc‘i'f:b"'ty r0.53, p 0.007
Oen 2003%" 136 min. 60 Early (< 2 years) erosions/JSN CHAQ No correlation
CR erosive OR 7.95, p<0.001
Selvaag 2006*"* 197 36 Baseline swelling/osteopenia rogression Less patients with CR progression had
prog CHAQ of 0, p 0.045
Early (< 6 months) erosions/JSN vs. | Time with active More time '\:/)v<|t0h0a(§:'§|ve disease
Ringold 2009 104 29.9 normal disease Less chance of CRM, RR 0.34, p<0.001
RF +ve vs. -ve CRM More time with active disease
) p 0.07
Early Significant correlation
Oen 2003%” 88 (<2 years) Late vs. early JSN CHA Explains 17.7% of variation in CHAQ
en Late Q
(1-20.8 years) Joint pain Explains 32.4% of variation in CHAQ
Habib 20087 68 ACPA CR erosions Significant correlation

p 0.004
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Arvidsson 66.7% pt with micrognathia had baseline
201027 103 324 Baseline/early TMJ involvement Micrognathia TM]J involvement; 33.3% had CR TMJ
involvement within 2 years

Baseline MRI predictive factors:

Correlation r 0.42

Baseline wrist synovial volume . I ith hi hp<0.02' I vol had
Malattia 201227 58 12 MRI erosive All pt wit igh synovial volume ha
progression erosive progression
. Correlation r 0.40
Baseline CRP p<0.02
Gardner-Medwin 10 12 Baseline synovial hypertrophy in a extealssi?)isefzrom 100% pt developed clinical arthritis in
2006%* clinically normal joint other joints

monoarthritis

CHAQ- DI, Childhood Health Assessment Questionnaire disability index; JADI-A, Juvenile Arthritis Damage Index for articular damage; LOM,
limitation of movement; aSH, adapted Sharp van der Heijde score; OR, odds ratio; SJC, swollen joint count; TJC, tender joint count; JSN, joint
space narrowing; RF, rheumatoid factor; CRM, clinical remission on medication; RR, relative risk; ACPA, anti- cyclic citrullinated peptide
antibody; CRP, C-reactive protein

Reproduced from Ann Rheum Dis, Colebatch-Bourn AN, Edwards CJ, Collado P, et al, 74, 1946-57, 2015 with permission from BMJ Publishing
Group Ltd'®.
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Comparison of the ability of imaging to detect inflammation

Several studies compared US with MRI in the detection of inflammation,
particularly at the knee'*®28281282 These studies have shown MRI to be better at
detecting knee inflammation than US (mean detection rate 1.20-fold, range 0.63-
1.56-fold) and in particular MRI was better than US in differentiating pannus from
effusion. Contrast enhanced knee MRI was more reliable at localising and
differentiating SH from synovial fluid particularly when there was <5mm of SH,
but the addition of contrast did not provide additional information in the
assessment of inflammatory bone marrow lesions?'"?%:2% Comparison of PD with
grey-scale wrist US have produced conflicting results, whereas the use of contrast
significantly increased knee US synovial pixel intensity in those with symptomatic
disease (p 0.004) and asymptomatic disease (p 0.0001), but not in those in

clinical remission?®287,

Studies comparing TMJ US with MRI have shown a poor correlation between these
modalities, with US missing 67-75% of TMJ MRI inflammation®'2%¢, The use of MRI
contrast enhancement improved the detection of MRI TMJ inflammation from
35.7% to 86.7%*°. One study examined CR findings in patients with TMJ MRI
synovitis and found significant correlation with abnormal condyle morphology
and accentuated antegonial notching on CR, and joints with both of these
changes on CR were 7.5 times more likely to have MRI synovitis (OR 7.55, 95% CI
1.66- 34.4, p 0.009)*.

Responsiveness of imaging to change in inflammation

US and MRI have both been shown to have good responsiveness to change in
inflammation, as measured by SRM (=0.20 small change, >0.50 moderate, >0.80
good). The mean (range) SRM for MRI wrist synovitis was good at 1.27 (0.51-1.69)
and demonstrated ability to discriminate between different levels of clinical
responder categories, whereas the SRM for MRI wrist bone marrow oedema was
small at 0.222%2732%_ Similar levels of SRM have been described for MRI knee SH
(0.68-0.70) and BM oedema (0.15)*'2°2, A comparison of MRI wrist synovitis score
with US showed higher MRI responsiveness (1.61) when compared with US grey-
scale (0.87) and US PD (0.71)*%.
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Which joints to assess

Studies describing the frequency of US joint inflammation in JIA have shown these
changes to be most common in the knee (~30%) and wrist (~20%), then ankle,
proximal interphalangeal joint (PIP)) and metatarsophalangeal joint (MTPJ) (~10%
each)®*2%>, US PD activity was most common in the wrist (~35%)%**?°>, One study
examined the frequency of US peripheral synovitis and found changes more
commonly in the MTPJ (61.9%) than in the metacarpophalangeal joint (MCPJ)
(39%), with the first MTP) and second MCPJ most frequently affected (20% and 13%

respectively)?®.

Monitoring damage

PTC 7: The periodic evaluation of joint damage should be considered. The

imaging modality used may be joint dependent.

As for PTC 6, this section will compare the ability of imaging to detect damage,
responsiveness of imaging to change in damage, and which joints should be
assessed. Data comparing imaging with clinical examination in detecting joint
damage and comparing CR with MRI and US in detecting damage is discussed in
part in PTC 3.

Comparison of the ability of imaging to detect damage

El-Miedany et al examined the role of MRI, US and CR in the detection of knee JSN
and described a 3.14-fold detection rate of MRI compared with US, 4.40-fold for
MRI compared with CR, and 1.4-fold for US compared with CR*%. The addition of
contrast to MRI enhanced the appreciation of depth of cartilage involvement by
1.42-fold. Data describing the detection of wrist erosive changes have shown a
detection rate for MRI compared with US of 1.92-fold, MRl compared with CR of
1.36-fold, and US compared with CR of 1.0-fold??5:260261.287,

In terms of detecting TMJ damage, Muller et al showed that MRI condylar damage
was detected in 25% of their cohort, whereas US detected only 17% (1.47-fold)*".
Weiss et al also described a poor correlation between these modalities, with only
50% agreement (detection rate 2.44-fold)>*.

67



Chapter 4

Responsiveness of imaging to change in damage

Several studies examined the responsiveness of imaging to detect change in
damage at the wrist, particularly with CR and MRI. The rate of change in CR score
(Larsen, Sharp, Poznanski) appears to be greatest in the first year, which is mainly
due to progression in JSN2%#7_ This seems to slow after the first year, whereas the
rate of erosive change is steady from baseline to year 3; the rate of progression
overall slows after the third year. In general, the rate of JSN exceeds that of
erosions and total score?°. When compared with CR, Malattia et al described the
relative efficacy of MRl compared with CR erosion score to be <1 at year 1; i.e.
MRI was less responsive than CR in detecting erosive progression; the fact that
cartilage assessment was not included in the MRI scoring systems might explain
this result®*°. A study of TMJ condylar changes showed that MRI identified
significantly more changes than CR (p<0.003), and MRI was superior to CR in
following condylar changes over time: MRI condylar changes at baseline were
found in 58.6% compared with 80% at year 2; CR condylar changes were stable at

baseline and year 2 at 30%2*:.
Which joints to assess

Studies describing the distribution of CR changes in ‘early’ (within 2 years of
disease onset) and ‘late’ (up to 20.8 years of follow-up) disease have shown JSN
to be most common in early disease in the wrist (20%), hips (16%), cervical spine
(5%), ankles (4%) and knees (3%) compared with 34%, 25%, 38%, 15% and 6%
respectively in late disease?7?*°, Rostom et al observed CR hip disease to start
after 4 years of disease, whereas 80% had developed hip disease at 6 years, and
100% after 14 years*®. Other studies describing radiological features of JIA found
most CR changes in the hands (57%), knees (47%), ankles (27%) and feet (36%),
with erosions mainly in hands (18%) and feet (25%)*°'. The hands and feet were
the areas most likely to show CR damage progression at 6 months and 5

years 302,303

Guided treatment

PTC 8: US can be used for accurate placement of intra-articular

injections.
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Studies summarising the role of imaging for guiding intra-articular steroid
injections are given in table 15, along with additional data on the use of imaging
to assess and monitor efficacy of steroid injections. All studies used
triamcinolone injections; doses and preparations varied according to the age of
the patient and the joint being injected. Young et al used US to assess the
accuracy of needle placement for steroid injections at various sites (joints and
tendon sheaths), and described that US allowed accurate visualisation of the
injection point in all 1,444 injections performed*®. A study by Parra et al used CT
to establish if US-guided TMJ injections had been accurately placed; needle
placement was shown to be acceptable in 91% (75% required no needle
adjustment, 16% required minor adjustment) and unacceptable in 9% where the
needle required major readjustment®®. A study of the efficacy of TMJ injections
used MRI to assess needle placement accuracy according to the location (intra- or
extra-articular) of the injected material on MRI acquired after injection; MRI
confirmed that 65% of injections were accurately placed®*®. A similar study using

MRI post SlJ injection described technical success in 100%%.

Remission

PTC 9: US and MRI can detect inflammation when clinically inactive

disease is present; this may have implications for monitoring.

Several studies addressed the discrepancy between clinical remission and
inflammation seen on US and MRI; these are summarised in table 16. Evidence of
ongoing US synovitis has been described in 56.1-94.1% of patients with clinically
inactive joints, and 32% of patients with inactive disease showed US signs of SH,
effusion and PD activity®*®3'°, In clinical remission, US grey-scale synovitis was
seen in up to 84.1% of joints, and PD activity in up to 48.6% of joints, with a non-
significant trend to more US inflammation in clinical remission on medication
compared with clinical remission off medication?®:'"3'¢, MRI knee inflammation
has been demonstrated in up to 50% of patients in clinical remission and BM
oedema in 33.3% patients with clinically inactive joints®'73'°, Recent pilot studies
have demonstrated that patients with subclinical US or MRI inflammation are
more likely to develop active disease and disease progression, even within 6

months of follow-up3%316319:320,

69



Table 15. JIA imaging point to consider 8: Summary of included studies describing the role of imaging for guided IA steroid

injections
Duration
Reference No_. of afifollow: Intervention Imagll?g Outcome assessed Outcome
subjects up modality
(months)
Young Not IA various . Accuracy of needle US allowed visualisation of point for injection for 1444
304 198 o S US-guided ook
2012 specified joints placement injections
Agarwal . o - Clinical response in 71% after 1 injection
20123 23 30 IA hip US-guided Clinical response Mean duration of response (range): 7 (4-15) months
?8322!@ 26 18 IA hip US-guided US remission US remission in 32%
Neidel Clinical remission Clinical remission in 76.1%
200252 48 24 IA hip US-guided
MRI remission MRI remission in 76.1%
Tynjala . Clinical remission Clinical and US remission in 70% at 3 and 6 months, 50%
324 13 12 1A hlp us
2004 . at 12 months
US remission
IA hip and us US inflammation US: Hips - 100% improved; knees - no change
Eich 1994 10 1 Koo
MRI MRI inflammation MRI: Hips - 75% improved; knees - 63.6% improved
I Clinical response in 80%; US response in 91%
Clinical response
Laurell 11 1 IA wrist US-guided
2012%* 9 US response US enabled precise location of inflamed compartment
P which could not be established clinically
Improvement in 87% (resolution in 55%, regression in
Laurell . . . 32%)
20113 30 ] A ankle US-guided US inflammation US enabled precise location of inflamed compartment
which could not be established clinically
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Clinical response

Clinical resolution in 81.6%

23‘{3?2‘3 20 3 IA ankle US-guided
US response US resolution in 92.1%
Acceptable needle placement in 91% (75% required no
205 - Accuracy of needle adjustment, 16% minor adjustment)
Parra 2010 83 None IATM US-guided placement by CT Unacceptable needle placement in 9% (i.e. required major
readjustment)
Habibi . - - . 0
201232 39 2 IATMJ US-guided Clinical response Clinical response in 92.1%
Arabshahi Clinical response Improvement in pain (77%), jaw locking (67%), MIO 43%
2005 14 6-12 IATMJ CT-guided
MRI inflammation Resolution of effusion in 48%
Clinical response Clinical response in 58.3%
Cahill 2007*° 15 15 IATM) CT-guided
MRI inflammation MRI improvement in 73%, stable in 20%, worse in 6.7%
) . . o L o )
Lochl;n:ller 33 6-12 IA vs. extra MRI MRI inflammation MRI improvement in 56_A W|th_ I/_—\ |nJ_ect|on, 17% with extra
2013 articular TMJ articular injection
MRI accuracy of MRI confirmed injection accurately placed IA in 65%
Saurenmann 33 3 IA vs. extra- MRI needle placement
2009 articular TMJ MRI improvement in 73% with IA injection, 15% with extra-
MRI inflammation articular injection
MRI improvement in 38.7% (resolution in 14.5%),
Stoll 20123% 31 5.3 IATMJ MRI MRI response deterioration in 24.2%, stable changes 12.9%, stable
normal 24.2%
Clinical response 100% of injections were accurately located
Fritz 20113 14 22 1A Sl MRI-guided Clinical response in 79%
MRI inflammation MRI improvement in 59%
Clinical response At 7 weeks: clinical resolution in 76.2%, MRl improvement
Huppertz 21 13 IA knee, MRI P in 100%, resolution in 52.4%
199533 ankle, elbow At 13 months: clinical resolution in 50%, MRI

MRI inflammation

improvement in 100%
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Beukelman Fluoroscopy o I . o
2006 38 1.5 IA ankle _guided Clinical response Clinical response in 89%
Cabhill 20073 38 1.5 IA ankle Fllf;)[l?jggpy Clinical response Clinical response in 89%
Sparling 30 42 IA various CR Deterioration in CR deterioration after IA steroid was unusual, but most
19903%° joints damage common at the hip (deterioration in 33% by 2+ grades)

IA, intra-articular; MIO, maximal incisal opening
Reproduced from Ann Rheum Dis, Colebatch-Bourn AN, Edwards CJ, Collado P, et al, 74, 1946-57, 2015 with permission from BMJ Publishing
Group Ltd'®.
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Table 16. JIA imaging point to consider 9: Summary of included studies

describing imaging findings in clinical remission

Clinical
Reference No_. of | assessment Imaglpg Site Outcome
subjects of modality
remission
US GS synovitis: 84.1% jt
Collado 44 CRM iti 44-ioint PD activity: 48.6% jt
20123 CR synovitis JOINTS 1 More in CRM than CR,
(GS, PD)
p NS
- Clinically o .
gg:<3r;lo|9elsen 62 ir_1a_ctive synch)\S/itis Multiple Subcllgg:ilcyjy;r;owtls.
joints
Halbwachs 13 (ﬂ:;gﬁ/l(ley us Multiole Subclinical synovitis:
20123"° e synovitis P 94.1% jt
joints
Synovial hyperplasia:
Magni- us 76.9% pt
Manzoni 39 ID inflammati | Multiple Effusion: 66.7% pt
20132 on PD activity: 15.4% pt
Tenosynovitis: 15.4% pt
D . inflalrJnSmati us l}n;l/a;g(r)noazloog602/)3%
onati - pt, .06%) jt
201250 100 Wallace ID e(zpug;,l 72-joints All 3 US changes:
PD) ’ 17/43 (32%) jt
. CRM us - - .
Silva 2013°'° 35 CR synovitis | 17-joints | Subclinical US: 37.8% jt
(SH, PD)
Pt with Pt with no
prior jt prior jt
Rebollo- I us Wrist dlssease d|sSase
Pollo 28 Cll_nlc_al synovitis (%) (%)
2011%" remission (GS, PD) GS: 57.1 GS: 50.0
’ PD: 21.4 PD: 0
GS: 40 GS:12.5
Ankle PD: 6.7 PD: 0
GS synovitis: 41.7% pt
(3.1% jt)
PD activity: 19.4% pt
Bugni Clinical us Subclinical synovitis
Miotto e 36 remission synovitis Multiple more common with
Silva 20143" (GS, PD) older disease onset (p
0.007), and in
extended oligoarticular
or pJIA (p 0.013)
us .
Parsa . . Inflammation: 35% pt
20117 35 ID, CRM, CR mflacr)l:lmatl Knee in ID, CRM or CR
gn(;)lhlr!i 1 recrlr:li’lsfii)ln synLanS/itis Knee Synovitis: 36% pt
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Doria Clinical Effusion in remission:
200125 22 remission us Knee 20% jt
vs. active effusion Effusion in active
disease disease: 77.8%
Clinically MRI .
Hemke X X . . Synovitis: 35.9% pt
2014°"7 146 inactive inflammati Knee BM changes: 33.3% pt
joints on
Van
Veenendaal 16 CRM MRI. . Knee Synovitis: 50% pt
2012 CR synovitis
Van CRM MRI Synovitis, CRM: 30% pt
\Zlgtlar]\g?daal 30 CR synovitis Knee Synovitis, CR: 25% pt
Any MRI inflammation:
Brown MRI 63% pt
20123 11 CCR&VI inflammati Trri]gt/ Synovitis: 45.5% pt
on BM oedema: 27.3% pt
Tenosynovitis: 54.5%
Active Synovitis, active
Zwir 2010%¢ . MRI disease: 80% pt
93 disease vs. . T™J L o
CRM and CR synovitis Synovitis, CRM: 70% pt
Synovitis, CR: 65.6%

CRM, clinical remission on medication; CR, clinical remission off medication; GS,
grey scale; PD, power Doppler; NS, not significant; ID, inactive disease; SH,
synovial hypertrophy; BM, bone marrow

Reproduced from Ann Rheum Dis, Colebatch-Bourn AN, Edwards CJ, Collado P, et
al, 74, 1946-57, 2015 with permission from BMJ Publishing Group Ltd'*.

4.3.3 Feedback from the Patient and Public Involvement event

There were extensive discussions around differences in the experience of imaging
for children with JIA. Although the patients involved were young adults, they had
personal experience of JIA and of imaging from early childhood (4 years old in
one case). One patient had just experienced CR and the other two had
experienced CR, US and MRI. No specific comments were given on the PTC as they
felt they were directed towards medical staff but ‘thought they all sounded
reasonable’ and had no objections. However, they did make a number of
overarching observations related to imaging in general, and on the individual

imaging modalities (table 17). A lay summary of the PTC is given in appendix K.
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Table 17. Summary of comments from the JIA imaging Patient and Public

Involvement event

General comments:

Really important to be talked to and treated as an adult and as someone with
understanding of their illness

Understanding how a machine works makes it less scary

One stop shop is best to reduce time wasted

Always good to be shown scans

Need scanning to show joint inflammation as when you have pain for a long time you
get used to it and may not notice it anymore

Having contrast (injection and needle) can be frightening

Position for X-ray and MRI can be painful particularly if have to maintain in the same
position for a long time

CR specific comments:

At least this is quick

Parents can be frightened by the risk of X-ray radiation

MRI specific comments:

Need clear information in advance about how long it will take, how noisy it is and what
it looks like

Perceived high value of MRI for some joints (TMJ)

MRI is often in an environment used by adults and children and can look frightening

It can be difficult to get on and off the MRI ‘bed’, and they often don’t have the right
equipment to help you

US specific comments:

Good because they can show you what’s going on at the time of the scan; you get
instant feedback and they can show you the image and inflammation on the screen,
even if that joint feels fine; it’s very visual and instant

US made guided injections less worrying

US is easy to understand

Reproduced from Ann Rheum Dis, Colebatch-Bourn AN, Edwards CJ, Collado P, et
al, 74, 1946-57, 2015 with permission from BMJ Publishing Group Ltd'*.
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43.4 Research agenda

The group formulated a research agenda based on areas identified with a lack of

currently available evidence, shown in table 18.

Table 18. JIA imaging research agenda

Research agenda

What are the age-specific changes in imaging, including age-specific
intervals for imaging, development of an atlas of age-specific normal images

and a registry as mechanism for pooling of data

Development of validated scoring systems including pathology definition (for
example differentiating reversible structural abnormalities from damage),

imaging acquisition protocols and quantification

What are the imaging characteristics of the sub-types of JIA, and which target

sites should be imaged?

What is the clinical significance of imaging-detected subclinical disease in

diagnosis, monitoring and remission?

What is the usefulness of imaging-guided injection over non-imaging guided

injection?

What is the prognostic value of specific imaging features, for example BM

oedema?

Can imaging be used to assess and monitor response to treatment?

What are the feasibility, cost and appropriate training for using US and MRI
in JIA in clinical practice?

JIA, juvenile idiopathic arthritis; BM, bone marrow; US, ultrasound; MRI, magnetic

resonance imaging.
Reproduced from Ann Rheum Dis, Colebatch-Bourn AN, Edwards CJ, Collado P, et
al, 74, 1946-57, 2015 with permission from BMJ Publishing Group Ltd'®.
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4.4 Conclusion

These considerations for imaging provide important and novel advice for JIA in
clinical practice. There is still significant research needed in this field, in
particular consensus on understanding normative data to allow the interpretation
of imaging abnormalities, agreement on appropriate MRI protocols and
definitions of BM oedema, synovitis and erosions, and suitability of the imaging
modalities for detecting changes at specific joints. Our data is limited by the lack
of specific information for each JIA disease subtype; this is reflected in the

research agenda.

The Patient and Public Involvement process provided invaluable insight into
understanding the patient perspective of various aspects of imaging in JIA. It
highlights the importance of involving patients as far as possible in the
development of clinical recommendations. In particular, key concerns related to
the environment in which the imaging takes place, the ease of positioning, the
time taken, the importance of understanding the technology and having rapid
access to a result. There are significant conceptual differences between imaging
in adult and paediatric conditions, and consideration must be given to the
appropriateness and feasibility of different imaging modalities which differs with
age and developmental stage, as well as to economic issues such as the cost-
effectiveness of the intervention. Repeated unnecessary exposure to radiation

from imaging should also be considered.

We appreciate that access to individual imaging modalities may be insufficient to
allow full implementation of these PTC; however most of the points include the
use of US which is generally readily available. An economic evaluation was not
included in the process as the primary aim was to discuss the clinical implications
of imaging; the overall cost of implementing the PTC should be low.

After dissemination of the PTC by means of publication and presentation at
European meetings, we would propose to perform a survey of awareness and

their use, for example:

e Do you have access to musculoskeletal US and MRI routinely?
e Are you aware of and implementing the JIA imaging PTC?

e Have the PTC changed your clinical practice?
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The task force agreed that it was not appropriate to create audit or

implementation tools as the strength of data was only sufficient to develop PTC
rather than recommendations.

In summary, we developed 9 PTC on the role of imaging in various clinical aspects
in JIA which have now been published'®®. We would recommend that a similar

rigorous process is followed to reassess the available data after an interval of 5
years.
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Chapter 5: Ensuring the quality of
rheumatology management

recommendations

5.0 Chapter abstract

Objective:

To increase understanding of how to ensure the quality of rheumatology
guidelines by reviewing EULAR management recommendations using the AGREE Il
instrument, ten years after publication of the EULAR SOP for the production of
recommendations. It was hoped that this work could help inform improvements

in guideline development by other societies and organisations.
Methods:

The SOP were published in 2004 to ensure the quality of EULAR endorsed
recommendations. We reviewed 27 published EULAR recommendations for
management using the AGREE Il tool. This provides a framework to assess the

quality of guidelines across 6 broad domains using 23 specific questions.
Results:

Overall the EULAR recommendations reviewed were performed to a high standard.
There were particular strengths in the methodology and presentation of the
guidelines; however the results show areas for development in future
recommendations, in particular stakeholder involvement and applicability of the
recommendations. Improvements in quality were evident in more recent years
with patient representation in 9 of 15 (60.0%) recommendations published 2010-
2014 compared to 4 of 12 (33.3%) published 2000-2009.

Conclusions:

The overall quality of recommendations was good with standards improving over
the decade following publication of the SOP. However, this review process has
identified potential areas for improvement especially in patient representation

and provision of implementation tools. The lessons from this work can be applied
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to the development of rheumatology guidelines by other societies and

organisations.

5.1 Introduction

Ensuring the quality of rheumatology management guidelines by using robust
and reliable methodology is vital to maintain the confidence of clinicians. The
EULAR executive committee published their SOP for the ‘elaboration, evaluation,
dissemination, and implementation of recommendations’ in 2004 to provide a
formal structure to ensure the quality of EULAR endorsed recommendations®. The
SOP describes in detail methodological aspects to consider when producing
recommendations including a clear statement of the objectives, target population
and appropriate steering group members, use of a vigorous evidence based
approach to review and assess the quality of the literature including a description
of categories of evidence and strength of the recommendations. It also describes
the subsequent presentation of the recommendations, assessment of their
relevance and the process for dissemination, implementation and updating of

such recommendations.

On the back of the last two chapters and a decade after the publication of the SOP
for the production of recommendations, we assessed the quality of existing
EULAR management recommendations according to the AGREE Il tool*’. The
original AGREE instrument was published in 2003 by a group of international
guideline developers and researchers, the AGREE collaboration, to provide a
standardised structure for guidelines in development in order to improve
consistency in quality, and provide a framework to assess the quality of published
guidelines. The AGREE instrument was updated on its 10th anniversary in 2013,
funded by a grant from the Canadian Institute of Health Research, and includes 6
guality domains using 23 specific questions. The domains cover the scope and
purpose; the extent of stakeholder involvement; rigour of the methodology and
development process; clarity of presentation of the guideline; consideration of
applicability, including barriers and facilitators to guideline implementation and
resource implications; and editorial independence (table 19). We were interested
to learn lessons from this review that would be useful in raising standards of
rheumatology guidelines developed by other international societies and

organisations.
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Published EULAR management recommendations were identified through the

EULAR website®*. Supporting publications describing the SLR process were also

accessed where necessary. Each recommendation was assessed according to the

AGREE Il tool using the AGREE guideline online appraisal system®:. The

recommendations were scored on each question using the 7-point response scale

from 7, strongly agree, to 1, strongly disagree, which results in a score for each

domain. The recommendations were given an overall quality score and statement

on whether the use of the recommendation could be supported. A summary of

the areas assessed by each domain is given in table 19 with full details given on

the AGREE enterprise website®:.

Table 19. Summary of the AGREE Il domains

Domain 1. Scope and
Purpose (Q1-3)

Overall aim of guideline, specific health questions,
target population

Domain 2. Stakeholder
Involvement (Q4-6)

Extent guideline developed by appropriate
stakeholders and represents views of intended users

Domain 3. Rigour of
Development (Q7-14)

Process used to gather and synthesize the evidence,
formulate recommendations and update them

Domain 4. Clarity of
Presentation (Q15-17)

Language, structure and format of the guideline

Domain 5.
Applicability (Q18-21)

Consideration of barriers and facilitators to
implementation, improvement strategies and
resource implications

Domain 6. Editorial
Independence (Q22-23)

Potential impact of bias from competing interests

Overall assessment

Overall quality rating and statement of
recommendation for use in practice

Reprinted from Brouwers MC, Kho ME, Browman GP, et al. AGREE II: advancing

guideline development, reporting and evaluation in health care; Structure and
Content of the AGREE Il. Canadian Medical Association Journal, 2010;182(18):
E839-424" © Canadian Medical Association 2010. This work is protected by
copyright and the making of this copy was with the permission of the Canadian

Medical Association Journal (www.cmaj.ca) and Access Copyright. Any alteration

of its content or further copying in any form whatsoever is strictly prohibited

unless otherwise permitted by law.
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5.3 Results

There were 30 documents listed on the ‘EULAR management recommendations’
section of the EULAR website when accessed in May 2014, of which 27 met our
criteria and were included for evaluation. The three documents that were
excluded were a description of perspectives among patients and rheumatologists
rather than management recommendations, a patient version of a
recommendation and a systematic review for a recommendation. The 27 EULAR
recommendations for management that were published between 2000-2014 were
on diverse topics ranging from the inflammatory arthropathies and osteoarthritis
to recommendations on vaccination and the management of fibromyalgia
syndrome and Behcet’s disease®°. A full reference list for the included

recommendations is given in appendix L.

Overall the EULAR recommendations reviewed scored highly using the AGREE I
tool, thereby supporting their ongoing use. The mean and range scores for each
domain and overall scores are given in table 20, and the trend in changes in the
domain scores, as a percentage of the total possible score, is shown in figure 9a,
with a summary of scores for each recommendation in appendix M. This
highlights the improvement in these areas following the publication of the SOP in
2004, and in particular the strengths in the areas of scope and purpose, rigour of
development and clarity of presentation of the guidelines. The scores also show
areas for development in future recommendations, with potential to improve
stakeholder involvement, transparency of editorial independence and applicability
of the recommendations. However, improvements in quality were evident over
latter years with patient representation in 9 of 15 (60.0%) recommendations
published 2010-2014 compared with 4 of 12 (33.3%) published 2000-2009
(figure 9b).
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Table 20. Mean and range for each AGREE domain and overall score

Domain 1. Domain 2. Domain 3. Domain 4. . Domain 6.
Domain 5. Overall
Scope and | Stakeholder Rigour of Clarity of Applicabilit Editorial score
Purpose | Involvement | Development | Presentation PP y Independence
(0-28) (1-7)
(0-21) (0-21) (0-56) (0-21) (0-14)
Mean 16.8 13.9 42.5 20.4 8.4 8.0 4.9
score, . . . . . . .
(range) (11-21) (6-21) (32-54) (15-21) (4-24) (2-12) 4-7)

Reprinted from Colebatch-Bourn AN, Conaghan PG, Arden NK, et al, Raising the quality of rheumatology management recommendations:

lessons from the EULAR process 10 years after provision of standard operating procedures, Rheumatology (Oxford), 2015, 54(8), 1392-6, by

permission of the British Society for Rheumatology>*.
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Figure 9a.

0%

100% -

90% -

80% -

70% -

60% -

50% |

40% -

30% -

20% -

10% -

\_x

- _—
o -

2000-2002 2003-2005 2006-2008 2009-2011 20122014
—+—Domain 1. Scope and Purpose Domain 2. Stakeholder Involvement
—i— Domain 3. Rigour of Development —<—Domain 4. Clarity of Presentation

—+#—Domain 5. Applicability Domain 6. Editorial Independence

Figure 9b.

2000-2002 2003-2005 2006-2008 2009-2011 2012-2014

—+—Q5. Patient representation

Figure 9. Line chart illustrating the trend in changes in AGREE scores.

(@) Changes in domain scores. Scores are given as % of possible scores for

each

domain.

(b) Changes in patient representation. Possible score range, 1-7.

Reprinted from Colebatch-Bourn AN, Conaghan PG, Arden NK, et al, Raising the
quality of rheumatology management recommendations: lessons from the EULAR

process 10 years after provision of standard operating procedures, Rheumatology

(Oxford), 2015, 54(8), 1392-6, by permission of the British Society for

Rheumatology’*°.
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5.4 Conclusion

The publication of the EULAR SOP in 2004 provided a framework for the
production of high quality recommendations, written in a consistent format. This
study has assessed the quality of all EULAR management recommendations
published between 2000 (including recommendations published before the SOP
in 2004) and 2014. It has demonstrated that the overall quality of
recommendations has been good during these 10 years, with standards
improving over the decade. However, the review process has also identified
potential areas for improvement especially in applicability, editorial independence
and stakeholder involvement. The recommendation publications assessed
consistently scored low on all four of the questions addressing applicability which
specifically deals with the description of facilitators and barriers to application of
the recommendation, inclusion of tools to put the recommendation into practice,
consideration of the potential resource implications of the recommendation, and
the inclusion of monitoring or audit criteria. These areas should be given more
attention in future recommendation publications. We also suggest more
transparency in the declaration of editorial independence, which should include a
statement of the source of funding (EULAR in this case) as well as their influence
on the content of the recommendation, and a detailed description of competing
interests of all co-authors, and how these may have influenced the development
of the recommendations. There is also potential for improvement in stakeholder
involvement, although there was a trend towards improvement in this domain
over the latter five years. This has mainly been as a result of an increase in
patient involvement in the recommendation development process, and future
recommendation publications should be encouraged to describe how patients
have been involved and how their input informed the recommendation
development process. Finally, although the recommendation publications tended
to score quite highly in the rigour of development domain, it is important to
ensure that the strengths and limitations of the evidence considered are clearly

described, which should include quality and risk of bias assessments.

Clinical guidelines are used across the world to inform and optimise patient care,
but there have been concerns raised about their quality and structure3*'. Appraisal
systems such as the AGREE tools help to guide the methodological standards

framework and quality assessment. The AGREE instruments are widely accepted
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as validated assessment tools by various organizations; it has been endorsed by
NICE in the United Kingdom?3#? and is now used by the 2017 BSR Creating Clinical
Guideline Protocol®2. There have been a number of publications that have used
the AGREE tools to assess the quality of existing guidelines, but to date none of
the major rheumatology societies have assessed the quality of all of their own
guidelines using this or another tool. They have performed a few appraisals of
condition-specific guidelines, for example Nuki assessed the quality of the 2012
ACR guidelines on the management of gout using AGREE Il, and Zhang et al
performed a critical appraisal of existing guidelines on the management of hip
and knee osteoarthritis using AGREE, in preparation for the production of new
guidelines in these conditions for the Osteoarthritis Research Society
International (OARSI)***3#4, There are also a number of other rheumatological
guidelines that have been quality assessed using an AGREE tool***3>, The tools are
widely used across all specialties; for example Hu et al used AGREE to assess the
quality of all Chinese clinical practice guidelines published between 2006 and
2010%,

The EULAR recommendations are divided into three broad categories, those on
conducting and reporting clinical studies, those on classification and
diagnostic/response criteria and those on management. We have only included
the latter group in this review process as the AGREE Il tool includes questions that
are not applicable to the other categories, for example, ‘the different options for
management of the condition or health issue are clearly described’. There does
not seem to be an alternative tool that could be used for the other categories;
however it is possible that the existing AGREE Il tool could be modified in order to

better accommodate them.

The 2004 SOP provided a robust framework resulting in well-designed
recommendations, but this review has identified that there is potential for further
improvement. Since this review was performed and published, EULAR have
updated the SOP using the AGREE Il tool as a framework*#34, This is an approach
that is already used by other European rheumatology societies, such as the
French Society for Rheumatology?**3°¢, Our work shows how the use of a standard
approach and quality framework can lead to improvements in the production of
guidelines. This knowledge can be widely applied to other organisations tasked

with similar work.
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Chapter 6: Discussion, conclusions & future

research

6.0 Introduction

The preceding chapters have presented data from two SLR used to develop
guidelines on the role of imaging in the management of 1A, and discusses the
existing recommendations against validated assessment tools. This chapter
summarises the key findings of these chapters, including the significance for
clinical practice, limitations of the findings and the implications for future

research are considered.

6.1 Imaging in inflammatory arthritis: Summary of
advancement of knowledge and implications for

clinical practice

This thesis has provided a review of the use of SLR to develop guidelines for the
management of IA, the process of producing guidelines and assessing their
quality. It includes a review of the literature on the role of imaging in the

management of patients with RA and JIA, and evidence based recommendations

to be used in clinical practice. It also considers the quality of EULAR management

recommendations and areas where improvements could be made.
The recommendations produced from the SLR on imaging in RA were:

e When there is diagnostic doubt, conventional radiography, US or MRI can

be used to improve the certainty of a diagnosis of RA above clinical criteria

alone.

e The presence of inflammation seen with US or MRI can be used to predict

the progression to clinical RA from undifferentiated inflammatory arthritis.

e US and MRI are superior to clinical examination in the detection of joint
inflammation; these techniques should be considered for more accurate
assessment of inflammation.

¢ Conventional radiography of the hands and feet should be used as the

initial imaging technique to detect damage. However, US and/or MRI
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should be considered if conventional radiographs do not show damage and
may be used to detect damage at an earlier time point (especially in early
RA).

MRI bone oedema is a strong independent predictor of subsequent
radiographic progression in early RA and should be considered for use as a
prognostic indicator. Joint inflammation (synovitis) detected by MRI or US
as well as joint damage detected by conventional radiographs, MRI or US
can also be considered for the prediction of further joint damage.
Inflammation seen on imaging may be more predictive of a therapeutic
response than clinical features of disease activity; imaging may be used to
predict response to treatment.

Given the improved detection of inflammation by MRI and US than by
clinical examination, they may be useful in monitoring disease activity.

The periodic evaluation of joint damage, usually by radiographs of the
hands and feet, should be considered. MRI (and possibly US) is more
responsive to change in joint damage and can be used to monitor disease
progression.

Monitoring of functional instability of the cervical spine by lateral
radiograph obtained in flexion and neutral should be performed in patients
with clinical suspicion of cervical involvement. When the radiograph is
positive or specific neurological symptoms and signs are present, MRI
should be performed.

MRI and US can detect inflammation that predicts subsequent joint
damage, even when clinical remission is present and can be used to assess

persistent inflammation.

These recommendations have highlighted the importance of particular imaging

modalities in various aspects of the management of RA, for example CR in the

detection and monitoring of damage, and US and MRI in the detection and

monitoring of inflammation, which is of particular importance given the role of

subclinical inflammation in causing ongoing joint damage. It has also

demonstrated where gaps exist in the current knowledge and stressed the need

for further trials. This will be discussed further later in the chapter.

Data was found to be lacking during the SLR process on imaging in JIA. As a

result, PTC were developed as follows:
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US and MRI are superior to clinical examination in the evaluation of joint
inflammation; these techniques should be considered for more accurate
detection of inflammation, both in diagnosis and assessing extent of joint
involvement.

When there is clinical diagnostic doubt, CR, US or MRI can be used to
improve the certainty of a diagnosis of JIA above clinical features alone.

If detection of structural abnormalities or damage is required, CR can be
used. However MRI or US may be used to detect damage at an earlier time
point than CR.

In JIA imaging may be of particular benefit over routine clinical evaluation
when assessing certain joints, particularly the use of MRI in detecting
inflammation of the TMJ and axial involvement.

Imaging in JIA may be considered for use as a prognostic indicator.
Damage on CR can be used for the prediction of further joint damage.
Persistent inflammation on US or MRl may be predictive of subsequent
joint damage.

In JIA, US and MRI can be useful in monitoring disease activity given their
sensitivity over clinical examination and good responsiveness. MRI should
be considered for monitoring axial disease and TMJ.

The periodic evaluation of joint damage should be considered. The
imaging modality used may be joint dependent.

US can be used for accurate placement of intra-articular injections.

US and MRI can detect inflammation when clinically inactive disease is

present; this may have implications for monitoring.

This SLR was an important step in identifying what data already exists on imaging

in JIA and highlights the key role of imaging in JIA, with emphasis on using newer

imaging techniques such as US and MRI to detect early or subclinical disease, or

for imaging specific joints, for example the TMJ or axial spine. This review has

demonstrated the paucity of data related to imaging in JIA, which leads to

important research recommendations.

These recommendations have important strengths including the composition of

the expert committee which involved a wide range of specialists from a number

of European countries. Quality assessment and risk of bias was performed on all

included studies, and an overall level of evidence, grade of recommendation and

level of agreement was scored for each recommendation. The recommendations
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were based on the most recent evidence and on expert opinion; the level of
agreement with each recommendation was generally high (score range 7.80-

9.64), suggesting good validity and relevance of the recommendations.

The process of performing these SLR stimulated a review of the quality of EULAR
recommendations, using the AGREE-II tool as a framework. The key messages

from this review were:

e Publication of standardised operating procedures has raised standards of
recommendations and provided consistency in quality.

e There are potential areas for improvement especially in patient
representation and provision of implementation tools.

e Updated standardised operating procedures with the use of AGREE Il could

raise the quality of guidelines for other organisations.

This review helped to identify potential areas for improvement for producing
clinical guidelines, and established a need to update the existing SOP using
AGREE Il which has since been published*.

6.2 Limitations

The main limitation of these reviews resulted from the lack of relevant studies
specific to each research question. However it does demonstrate where gaps in
the knowledge base exist so that this can be considered in future research, and
will be discussed later. The search strategies used did identify an abundance of
literature so it is unlikely that relevant data was not identified through the search
process. The electronic search was supplemented with hand searching to ensure
confidence that all relevant research was identified and included in the reviews.
Systematic reviews of clinical effectiveness of healthcare interventions often only
consider evidence from RCTs for inclusion, however no RCTs were identified
during the search process. These reviews did not exclude data on the basis of
study design, and quality assessment of the included studies was made using the
appropriate tool.

In both reviews abstracts of all potential articles were screened for inclusion
irrespective of the publication language of the full text article however non-
English language publications were not included thereafter. This resulted in the
exclusion of 44 articles in the RA SLR, and 200 articles in the JIA SLR. This
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decision was made following discussion with the task force involved in both
reviews, with specific consideration made to the articles that would be excluded
on this basis; the quality of the data from the non-English language articles

identified was felt not to be sufficient to warrant inclusion in the reviews.

The main limitation of the data was the heterogeneity of the populations of the
included studies in both reviews, but in particular in the JIA imaging review given
the nature of the condition and lack of specific data for each JIA disease subtype.
As a result of patient heterogeneity and general differences between the trials
including quality of the study reports, study protocols and reported outcomes it
was inappropriate to combine the results of studies in order to perform a meta-

analysis.

Although only one person undertook the data extraction in both of the reviews
presented here, this researcher was very experienced in the SLR process and any

uncertainty was discussed with the task force epidemiologist.

6.3 Implications for future research

These review processes have summarised the available data, resulting in
recommendations and highlighting areas where more research is required. Both

reviews included future research agendas which are summarised here.
Suggested research agenda following the imaging in RA SLR:

e Further evaluation of the specific joints to be assessed, timing of
assessment(s) and the evaluation system to be employed in order to
optimise the role of modern imaging modalities in diagnosis, prognosis
and outcome measurement of RA.

e To assess algorithms using established and modern imaging modalities to
examine their cost-effectiveness in clinical practice diagnosis, prognosis
and outcome measurement of RA.

e To further elucidate the importance of subclinical inflammation, including
synovitis, BM oedema and tenosynovitis, especially in low disease activity
states and to define key thresholds to guide intervention.

e To further assess the importance of imaging, in particular MRl and US, in
the evaluation of damage, including JSN and cartilage loss.
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e To assess the feasibility, costs and appropriate training required to use US

and MRI in clinical practice.
Proposed research agenda following the imaging in JIA SLR:

e What are the age-specific changes in imaging including age-specific
intervals for imaging, and development of an atlas of age-specific
normal images and a registry as mechanism for pooling of data?

e Development of validated scoring systems including pathology
definition (for example differentiating reversible structural
abnormalities from damage), imaging acquisition protocols and
qguantification.

e What are the imaging characteristics of the sub-types of JIA, and which
target sites should be imaged?

e What is the clinical significance of imaging-detected subclinical disease
in diagnosis, monitoring and remission?

e What is the usefulness of imaging-guided injection over non-imaging
guided injection?

e What is the prognostic value of specific imaging features, for example
BM oedema?

e Can imaging be used to assess and monitor response to treatment?

e What are the feasibility, cost and appropriate training for using US and

MRI in JIA in clinical practice?

Before further progress can be made with imaging in JIA, there must be
agreement of the normative imaging findings in children. Once this has been
described more informative studies can be performed to document pathological
changes, with particular need to describe specific changes in each JIA disease

subtype.

The number of guidelines published has risen recently, with an estimate from a
selection of prominent societies suggesting that more than 120 clinical
rheumatology guidelines have been produced in just 15 years, with a significant
increase since 2006-7 (figure 10)*°. This may not be very useful though, as
multiple guidelines on the same topic may provide conflicting advice, and
clinicians may be unsure of the best source to identify relevant guidelines. This

rate of growth in the number of recommendations produced is not sustainable;
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Figure 10. Summary of the number of guidelines produced by a selection of

major rheumatology societies, 2000-2015

EULAR, European League Against Rheumatism; ACR, American College of
Rheumatology; BSR, British Society for Rheumatology; SFR, Société Francaise de
Rhumatologie; OARSI; Osteoarthritis Research Society International; CRA,
Canadian Rheumatology Association; ARA, Australian Rheumatology Association;
NZRA, New Zealand Rheumatology Association; APLAR, Asia Pacific League of

Associations for Rheumatology

Reprinted from Colebatch-Bourn AN, Arden NK, Conaghan PG, et al, Are
guidelines good value for money? Rheumatology (Oxford), 2015, 54(12), 2121-3,

by permission of the British Society for Rheumatology*>.
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ideally societies would work together more to produce joint guidelines in the

future.

The review of EULAR management recommendations identified that these were
generally performed to a high level, but by using the AGREE Il tool areas for
potential improvement were identified. The use of this tool was included in the

updated EULAR SOP which was published following this review.

As well as ensuring guidelines are of a high quality it is essential to consider the
role and worth of guidelines. The main aim of recommendations is to translate
findings from health research into clinical practice, with successful
implementation leading to an improvement in quality of care and improved health
outcomes?®, This can be limited by a lack of high quality data to inform the
recommendations, poor methodology used to create the recommendation, and an
inadequate dissemination process. The Cochrane Musculoskeletal Group has
described 10 different strategies to disseminate Cochrane reviews to the most
relevant groups including patients, clinicians and policy makers; for example
patient decision aids, summary of findings tables, podcasts and other social

media messaging including Twitter®*'.

Clinicians then need to implement the recommendation which relies on it to be
clinically relevant and have external validity. There is some limited evidence that
guidelines lead to improvements in patient care and outcome, for example the
BSR guidelines for the management of early RA published in 2006 appear to have
been associated with an increase in the prescription of methotrexate in the first
year after diagnosis*®>. Adherence to the EULAR treatment guidelines in early
arthritis has been assessed in terms of patient outcome, including radiographic
progression and disability*®*. Adherence rates for the three recommendations
included in the study ranged from 51.8-78.3%, but only 22.8% adhered to all
three recommendations. The study showed that adherence to the
recommendations improved outcomes; patients whose treatment did not follow
the guidelines were at increased risk of radiographic progression at one year (OR
1.98, 95% Cl 1.08-2.62) and of functional impairment at two years (OR 2.36, 95%
Cl 1.17-4.67). This study developed a propensity score to assess adherence to the
guidelines which is an interesting concept to use when considering the impact of

following treatment recommendations.
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May et al developed the Normalization Process Theory (NPT) to provide a
framework for understanding how a new intervention becomes part of normal
practice in order to improve implementation outcomes in healthcare*. This
involves four core constructs including coherence, which refers to the process of
understanding the clinical problem; cognitive participation, which describes
commitment to a process; collective action, which is the operational work to
implement a new intervention; and reflexive monitoring, which is the appraisal
process used to assess the effects of an intervention. This has resulted in a 16-
point interactive toolkit for working through an implementation issue®. The
developers have also proposed a role for NPT in SLR, particularly for reviews

addressing implementation processes*®:

e To support the development of research questions and overall

design of a systematic review.

e To serve as a framework for data analysis within a systematic

review.
e To support the interpretation of a systematic review's results.

In summary, in order for new interventions to successful it must be
disseminated and adopted, but importantly there needs to be continued
investment in it for it to be integrated fully into what is considered to be

normal practice.

6.4 Summary

This thesis has reviewed the process involved in performing SLR and in producing
guidelines. It has produced the first evidence-based recommendations on imaging
in RA and JIA for use in clinical practice. Overall, the process of performing these
SLR and guideline production has been successful. We aimed to produce
guidelines for EULAR, which have been published and disseminated by the
organisation, for use in clinical practice. The RA guidelines have been particularly
successful in this respect, with 42 currently recorded PubMed Central article
citations**”, and discussion of the recommendations included in presentation on
treat-to-target in RA at the EULAR Annual Congress of Rheumatology in Paris in
2014. The JIA SLR has only 7 Pubmed Central article citations at present3,

however this SLR was performed more recently and JIA tends to receive less
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research attention than RA. However, data was lacking for all of the research

qguestions, which has generated extensive research recommendations.

The recommendations were performed with input from experienced committees
who used their expertise to help produce recommendations based on expert
opinion where data was lacking. This has resulted in recommendations that are
clinically relevant that can be practically implemented into clinical practice. The
recommendations have been published in a peer review journal and presented at
European conferences to ensure optimal dissemination of the
recommendations®®'%, No audit or implementation tools were produced due to
the low quality of data identified through the search processes; however, it would
be interesting to assess awareness of the recommendations and to update them
once there has been sufficient time for the proposed research agenda to be

addressed.

The process of developing guidelines in IA presents unique difficulties compared
with other disease entities given the complexity of the condition, the vast
spectrum of tests used for diagnosis and monitoring, and the significant
heterogeneity of 1A, particularly JIA. These factors make it harder to pull
information together in order to produce guidelines. However, in general the
process was relatively straightforward, aided by clear guidelines and pathways for
performing SLR and producing recommendations, as described earlier. It has
resulted in an increased understanding and appreciation of the processes
involved and the effort needed to produce guidelines, as well as experience in

managing groups of people.

It is difficult to measure the value of the recommendations, as high quality
guidelines seem to increase clinical outcomes. RA is a high cost condition as a
result of the chronicity of the condition, high treatment costs, in particular
medication, and high work disability. The total costs of RA in the UK have been
estimated between £3.8 and £4.75 billion per year3**. However, guideline
development consumes large amounts of resource that can be measured in time
given by experts, assembling the required clinical expertise, clinical fellows, task
force meetings, time taken to go through the rigorous process involved and the
necessary financial support by rheumatology organisations. It is likely that

guidelines can reduce the overall cost of RA in the long-term.
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The thesis has also included a review of the quality of existing EULAR
management guidelines, and identified potential areas where these could be
improved?**. The SOP used to advise the EULAR recommendation process has
been updated as a result of this review*, so a future review of the quality of
EULAR guidelines published since the updated SOP would be very interesting.
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Appendix A RA imaging systematic review

protocol

Proposed Title

European League Against Rheumatism (EULAR) points to consider on the use of

imaging in the diagnosis and management of rheumatoid arthritis
Contact author name

Alexandra Colebatch

Christopher Edwards

Description of proposal

Objective

The aim of this review is:

e To propose EULAR points to consider on the use of traditional and modern
imaging modalities in the diagnosis and management of rheumatoid
arthritis (RA) for all health professionals who care for patients with
inflammatory arthritis

e To review the evidence for the value and added value above clinical
evaluation (history, examination, conventional laboratory) for each imaging
modality in the diagnosis, prognostication and monitoring of RA, at the

joint and patient level (activity and damage measures)

There are 13 specific questions, pre-defined by EULAR, to be addressed in this

review:

Q1- What is the evidence for the added value (sensitivity , specificity etc.) of
individual imaging modalities in detecting inflammation (synovitis, tenosynovitis,

osteitis, bursitis, enthesitis) above clinical evaluation?

Q2- What is the evidence of the added value above clinical examination for the
comparative value (sensitivity, specificity etc.) of individual imaging modalities in

detecting tissue damage (bone, cartilage, tendons, ligaments)?
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Q3- What is the evidence for the differential diagnostic value of individual

imaging modalities for RA?

Q4- What is the evidence for the diagnostic value above clinical criteria of
individual imaging modalities for RA?

Q5- What is the evidence for the prognostic (prediction of outcome) value of

individual imaging modalities for RA?

Q6- What is the evidence for the prognostic (prediction of therapeutic response)

value of individual imaging modalities for RA?

Q7- What is the evidence for the prognostic (prediction of outcome) value above

other known prognostic markers of individual imaging modalities for RA?

(Outcome=activity, damage, Qol, HAQ, mortality, surgery, HE,

cumulative/AUC/temporal change)

Q8- What is the evidence for the prognostic (prediction of therapeutic response)
value above other known prognostic markers of individual imaging modalities for
RA?

(Outcome=activity, damage, Qol, HAQ, mortality, surgery, HE,

cumulative/AUC/temporal change)

Q9- When (time and under what clinical circumstances), where (which joints), how
(modality specifics) and how often, and with what imaging modality should we

monitor RA disease inflammation?

Q10- When (time and under what clinical circumstances), where (which joints),
how (modality specifics) and how often, and with what imaging modality should

we monitor RA disease damage?

Q11- What is the relationship between individual imaging modalities and clinical

remission in RA?

Q12- What is the impact with respect to outcome of imaging-detected

inflammation /damage in the patient in clinical remission?

Q13- When (time and under what clinical circumstances), where (which joints),
how (modality specifics) how often, and with what imaging modality do we need
to image the spine in RA?
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Study inclusion criteria
Types of study

We will include papers with English abstracts that report data on individuals. Non-

human studies will therefore be excluded.
Study designs that may be included are:

e Systematic literature reviews

e Randomised control trials or other experimental studies
e Cohort (prospective or retrospective)

e Case-control studies

e Cross-sectional studies
Participants

We will be including studies based on adult participants, aged 18 years and over
with a diagnosis of RA, as defined by the American College of Rheumatologists
(ACR) criteria. The criteria and methods used in studies to define cases of RA will

be considered when assessing study quality.
Interventions

Due to the highly overlapping nature of the questions, we propose to perform

one search that encompasses all of the questions listed above.

Studies that report the relationship between a given diagnostic intervention and

one of the outcomes of the review will be included in the review.
The diagnostic interventions are:

e Conventional radiographs

e Ultrasound

e Magnetic resonance imaging (MRI)

e Computed tomography (CT)

e Dual-emission X-ray absorptiometry (DXA) and digital X-ray
radiogrammetry (DXR)

e Scintigraphy

e Positron emission tomography (PET)

Outcomes and comparisons
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Q1- Detection of inflammation (synovitis, tenosynovitis, osteitis, bursitis,

enthesitis) above clinical evaluation

Q2- Detection of tissue damage (bone, cartilage, tendons, ligaments) above

clinical examination

Q3- Differential diagnostic value of individual imaging modalities
Q4- Diagnostic value above clinical criteria

Q5- Prognostic (prediction of outcome) value

Q6- Prognostic (prediction of therapeutic response) value

Q7- Prognostic (prediction of outcome) value above other known prognostic

markers

(Outcome=activity, damage, Qol, HAQ, mortality, surgery, HE,

cumulative/AUC/temporal change)

Q8- Prognostic (prediction of therapeutic response) value above other known

prognostic markers

(Outcome=activity, damage, Qol, HAQ, mortality, surgery, HE,

cumulative/AUC/temporal change)

Q9- When (time and under what clinical circumstances), where (which joints), how
(modality specifics) and how often, and with what imaging modality should we

monitor RA disease inflammation?

Q10- When (time and under what clinical circumstances), where (which joints),
how (modality specifics) and how often, and with what imaging modality should

we monitor RA disease damage?

Q1 1- Relationship between individual imaging modalities and clinical remission in
RA

Q12- Impact with respect to outcome of imaging-detected inflammation /damage

in the patient in clinical remission

Q13- When (time and under what clinical circumstances), where (which joints),
how (modality specifics) how often, and with what imaging modality do we need

to image the spine in RA?
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Exclusion criteria
The following studies will be excluded:

e Case reports

o Descriptive reviews
Study settings and timing

We plan to include all studies that contribute relevant information, regardless of
the setting. The study setting will be noted as part of the data extraction process
and the degree to which its findings can be applied in normal clinic practise will

be considered when assessing the study quality.
Search strategy for identification of studies
Search strategy

Our search strategy will aim to identify studies that satisfy our stated inclusion
criteria, and describe the use of the imaging techniques listed above in the

diagnosis and management of RA.
The following resources will be searched:

e Electronic databases - Medline, Embase, Cochrane database of systematic
reviews, Cochrane library

e Bibliographies of selected papers
The years of search to be included are 1948 to the present day.
Search terms

Search terms will be developed with the input of an information specialist. We will
use a combination of MeSH terms and free text. Combinations of search terms
will be selected to ensure that studies relating imaging in RA are retrieved. The

combination of search terms used will also include a study design facet.
Methods of the review

Screening of abstracts
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When applying selection criteria, all abstracts will be independently assessed by
one reviewer. Indecision will be resolved by discussion with the principal

investigator.
Data extraction

Data will be extracted by one reviewer, and separate data extraction forms will be
used to mark or correct errors or disagreements and for use in future

methodological work.
Data will be extracted onto an electronic form containing the following items:

General information (date of extraction; reviewer details); study information (type
of study; inclusion/exclusion criteria); study population characteristics; baseline
data (age, sex, ethnicity); methods of assessment of disease activity; diagnostic
criteria adhered to; quality criteria; outcomes (what they were and how they were
obtained); confounding factors (see below); analysis (statistical techniques,
sample size based on power calculation, adjustment for confounding, losses to
follow up); results (direction of relationship, size of effect and measure of

precision of effect estimate such as 95% confidence interval or standard error).
Confounding factors

It will be important to assess whether or not studies have adequately controlled
for important variables that could act as potential modifying or confounding
factors. The following are considered to be important potential confounding
factors in the assessment of a diagnostic intervention in inflammatory arthritis:
sex, smoking status, socio-economic status, family history of RA, presence of the
shared epitope (SE), age, time duration of symptoms prior to seeking medical
attention, rheumatoid factor (RhF) positivity at baseline, anti-cyclic citrullinated
peptide antibody (anti-CCP) positivity at baseline, adverse events occurring as a

consequence of the diagnostic intervention being used in the study.

For each study included in the review, we will record whether important
confounding variables have been assessed and whether or not they have been
adjusted for the in statistical analysis. This information will be then be used in the

quality assessment.
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Appendix B Details of RA imaging search
strategy

Search strategy, MEDLINE

1. exp arthritis, rheumatoid/

2. ((rheumat$ or reumat$) adj3 (arthrit$ or artrit$ or diseas$ or condition$ or
nodule$)).tw.

.lor2
. Diagnostic Imaging/

. Radiography/

3
4
5
6. exp Magnetic Resonance Imaging/
7. magnetic resonance.tw.

8. mri$.tw.

9. exp Ultrasonography/

10. (ultrasonic adj (diagnos$ or tomography or imaging$)).tw.
11. echotomograph$.tw.

12. echograph$.tw.

13. ultrasonography$.tw.

14. ultrasound.tw.

15. sonograph$.tw.

16. exp Tomography, X-Ray Computed/

17. exp Contrast Media/

18. computed adj2 tomography.tw.

19. cat scan$.tw.

20. ct.tw.

21. X-Rays/

22. xray$.tw.

23. (roentgen adj ray$).tw.

24. Absorptiometry, Photon/

25. Absorptiometr$.tw.

26. ((dxa or dexa) adj scan$).tw.
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27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41

42.
43,
44.
45,
46.
47.
48.
49.
50.
51.
52.
53.
54,
55.
56.
57.

Appendix B

radiogram$.tw.
dxr.tw.
Radionuclide Imaging/

(Scintigraph$ or scintiphotograph$).tw.

((gamma camera or radionuclide) adj imag$).tw.

radioisotope scan$.tw.
Positron-Emission Tomography/
Positron emission tomograp$.tw.
pet scan$.tw.

or/4-35

3 and 36

randomized controlled trial.pt.
controlled clinical trial.pt.

randomized.ab.

. placebo.ab.

drug therapy.fs.
randomly.ab.

trial.ab.

groups.ab.

or/38-45

(animals not (humans and animals)).sh.
46 not 47

37 and 48

exp cohort studies/
cohort$.tw.

controlled clinical trial.pt.
epidemiologic methods/
limit 53 to yr=1966-1989
exp case-control studies/
(case$ and control$).tw.

or/50-52,54-56
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59.
60.

61

62.
63.
64.

65.

Appendix B
37 and 57
("review" or "review academic" or "review tutorial").pt.

(medline or medlars or embase or pubmed).tw,sh.

. (scisearch or psychinfo or psycinfo).tw,sh.

(psychlit or psyclit).tw,sh.
cinahl.tw,sh.
((hand adj2 search$) or (manual$ adj2 search$)).tw,sh.

(electronic database$ or bibliographic database$ or computeri?ed

database$ or online database$).tw,sh.

66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.
83.
84.
85.

(pooling or pooled or mantel haenszel).tw,sh.

(retraction of publication or retracted publication).pt.

(peto or dersimonian or der simonian or fixed effect).tw,sh.
or/60-68

59 and 69

meta-analysis.pt.

meta-analysis.sh.

(meta-analys$ or meta analys$ or metaanalys$).tw,sh.
(systematic$ adj5 review$).tw,sh.

(systematic$ adj5 overview$).tw,sh.

(quantitativ$ adj5 review$).tw,sh.

(quantitativ$ adj5 overview$).tw,sh.

(quantitativ$ adj5 synthesis$).tw,sh.

(methodologic$ adj5 review$).tw,sh.

(methodologic$ adj5 overview$).tw,sh.

(integrative research review$ or research integration).tw.
or/71-81

37 and 82

limit 37 to "diagnosis (best balance of sensitivity and specificity)"

or/49,58,83-84

Search strategy, EMBASE

1. exp rheumatoid arthritis/
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2. ((rheumat$ or reumat$) adj3 (arthrit$ or artrit$ or diseas$ or condition$ or
nodule$)).tw.

3.1o0r2

4. diagnostic imaging/

. radiography/

. exp nuclear magnetic resonance imaging/
. magnetic resonance.tw.

. mri$.tw.

O 00 N O wuvn

. exp echography/

10. (ultrasonic adj (diagnos$ or tomography or imaging$)).tw.
11. echotomograph$.tw.

12. echograph$.tw.

13. ultrasonography$.tw.

14. ultrasound.tw.

15. sonograph$.tw.

16. exp computer assisted tomography/
17. exp contrast medium/

18. (computed adj2 tomography).tw.

19. cat scan$.tw.

20. ct.tw.

21. X ray/

22. xray$.tw.

23. (roentgen adj ray$).tw.

24. photon absorptiometry/

25. Absorptiometr$.tw.

26. ((dxa or dexa) adj scan$).tw.

27. radiogram$.tw.

28. dxr.tw.

29. scintiscanning/

30. (Scintigraph$ or scintiphotograph$).tw.

31. ((@amma camera or radionuclide) adj imag$).tw.
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33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.
57.
58.
59.
60.
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radioisotope scan$.tw.

positron emission tomography/
Positron emission tomograp$.tw.
pet scan$.tw.

or/4-35

3 and 36

(random$ or placebo$).ti,ab.
((single$ or double$ or triple$ or treble$) and (blind$ or mask$)).ti,ab.
controlled clinical trial$.ti,ab.
RETRACTED ARTICLE/

or/38-41

(animal$ not human$).sh,hw.
42 not 43

37 and 44

exp cohort analysis/

exp longitudinal study/

exp prospective study/

exp follow up/

cohort$.tw.

exp case control study/

(case$ and control$).tw.
or/46-52

37 and 53

exp review/

(literature adj3 review$).ti,ab.
exp meta analysis/

exp "Systematic Review"/
or/55-58

(medline or medlars or embase or pubmed or cinahl or amed or psychlit or

psyclit or psychinfo or psycinfo or scisearch or cochrane).ti,ab.

61.

RETRACTED ARTICLE/
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62. 60 or 61

63. 59 and 62

64. (systematic$ adj2 (review$ or overview)).ti,ab.

65. (meta?anal$ or meta anal$ or meta-anal$ or metaanal$ or metanal$).ti,ab.
66. or/63-65

67.37 and 66

68. limit 37 to "diagnosis (best balance of sensitivity and specificity)"

69. or/45,54,67-68

Search strategy, The Cochrane Library

#1  MeSH descriptor Arthritis, Rheumatoid explode all trees

#2 ((rheumat* or reumat®) near/3 (arthrit* or artrit* or diseas* or condition* or
nodule®)):ti,ab

#3  (#1 OR #2)

#4 MeSH descriptor Diagnostic Imaging, this term only

#5 MeSH descriptor Radiography, this term only

#6 MeSH descriptor Magnetic Resonance Imaging explode all trees
#7 "magnetic resonance":ti,ab

#8 mri*:iti,ab

#9 MeSH descriptor Ultrasonography explode all trees

#10 (ultrasonic next (diagnos* or tomography or imaging*)):ti,ab
#11 echotomograph*:ti,ab

#12 echograph*:ti,ab

#13 ultrasonography:ti,ab

#14 ultrasound:ti,ab

#15 sonograph*:ti,ab

#16 MeSH descriptor Tomography, X-Ray Computed explode all trees
#17 MeSH descriptor Contrast Media explode all trees

#18 "computed tomography":ti,ab

#19 "Cat scan*":ti,ab

#20 ct:ti,ab

#21 MeSH descriptor X-Rays, this term only
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#23
#24
#25
#26
#27
#28
#29
#30
#31
#32
#33
#34
#35
#36
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xray*:ti,ab
(roentgen next ray*):ti,ab
MeSH descriptor Absorptiometry, Photon, this term only

Absorptiometr*:ti,ab

((dxa or dexa) next scan*):ti,ab

radiogram*:ti,ab

dxr:ti,ab

MeSH descriptor Radionuclide Imaging, this term only

(Scintigraph* or scintiphotograph®):ti,ab

((@amma camera or radionuclide) next imag*):ti,ab
"radioisotope scan*":ti,ab

MeSH descriptor Positron-Emission Tomography, this term only
"Positron emission tomograp*":ti,ab

"pet scan*":ti,ab

(#4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR

#14 OR #15 OR#16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR
#24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33 OR
#34 OR #35)

#37

(#3 AND #36)
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Appendix C Number of included articles per RA

imaging review question

Number of
included
articles

Q1- What is the evidence for the differential diagnostic value of 3
individual imaging modalities for RA?

Q2- What is the evidence for the diagnostic value above clinical 15
criteria of individual imaging modalities for RA?

Q3- What is the evidence for the added value (sensitivity , 51
specificity etc) of individual imaging modalities in detecting
inflammation  (synovitis, tenosynovitis, osteitis, bursitis,
enthesitis) above clinical evaluation?

Q4- What is the evidence of the added value above clinical 3
examination for the comparative value (sensitivity, specificity

etc) of individual imaging modalities in detecting tissue damage

(bone, cartilage, tendons, ligaments)?

Q5- What is the evidence for the prognostic (prediction of 12
outcome) value of individual imaging modalities for RA?

Q6- What is the evidence for the prognostic (prediction of 38
outcome) value above other known prognostic markers of
individual imaging modalities for RA?

Q7- What is the evidence for the prognostic (prediction of 0

therapeutic response) value of individual imaging modalities for
RA?
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Q8- What is the evidence for the prognostic (prediction of 2
therapeutic response) value above other known prognostic

markers of individual imaging modalities for RA?

Q9- When (time and under what clinical circumstances), where 23
(which joints), how (modality specifics) and how often, and with
what imaging modality should we monitor RA disease

inflammation?

Q10- When (time and under what clinical circumstances), where 55
(which joints), how (modality specifics) and how often, and with

what imaging modality should we monitor RA disease damage?

Q11- When (time and under what clinical circumstances), where 13
(which joints), how (modality specifics) how often, and with what

imaging modality do we need to image the spine in RA?

Q12- What is the relationship between individual imaging 7

modalities and clinical remission in RA?

Q13- What is the impact with respect to outcome of imaging- 7
detected inflammation /damage in the patient in clinical

remission?

Reproduced from Ann Rheum Dis, Colebatch AN, Edwards CJ, Ostergaard M et al,
72, 804-14, 2013 with permission from BMJ Publishing Group Ltd.**
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Appendix D Reference list of included articles

per RA imaging recommendation

Recommendation 1. (in patients with at least one joint with definite clinical

synovitis)

When there is diagnostic doubt, conventional radiography, US or MRI can be
used to improve the certainty of a diagnosis of RA above clinical criteria

alone.

1. Agrawal S, Bhagat SS, Dasgupta B. Improvement in diagnosis and
management of musculoskeletal conditions with one-stop clinic-based
ultrasonography. Mod Rheumatol 2009;19:53-56.

2. Matsos MP, Khalidi N, Zia P, et al. Ultrasound of the hands and feet for
rheumatological disorders: influence on clinical diagnostic confidence and patient
management. Skeletal Radiol 2009;38:1049-1054.

3. Narvaez)J, Sirvent E, Narvaez JA, et al. Usefulness of magnetic resonance
imaging of the hand versus anticyclic citrullinated peptide antibody testing to
confirm the diagnosis of clinically suspected early rheumatoid arthritis in the
absence of rheumatoid factor and radiographic erosions. Semin Arthritis Rheum
2008;38:101-109.

4. Sugimoto H, Takeda A, Masuyama J, et al. Early-stage rheumatoid arthritis:

diagnostic accuracy of MR imaging. Radiology 1996;198:185-192.

5. Sugimoto H, Takeda A, Hyodoh K. Early-stage rheumatoid arthritis:
Prospective study of the effectiveness of MR imaging for diagnosis. Radiology
2000;216:569-575.

Recommendation 2. The presence of inflammation seen with US or MRI can
be used to predict the progression to clinical RA from undifferentiated

inflammatory arthritis

1. de Bois MHW, Arndt JW, Speyer I, et al. Technetium-99m labelled human
immunoglobulin scintigraphy predicts rheumatoid arthritis in patients with
arthralgia. Scand ) Rheumatol 1996;25:155-158.
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2. Duer A, @stergaard M, Harslev-Petersen K, et al. Magnetic resonance
imaging and bone scintigraphy in the differential diagnosis of unclassified
arthritis. Ann Rheum Dis 2008;67;48-51.

3. Duer-Jensen A, Horslev-Petersen K, Hetland ML, et al. MRI bone edema is an
independent predictor of development of rheumatoid arthritis in patients with
early undifferentiated arthritis. Arthritis Rheum 2011;63:2192-2202.

4. Eshed |, Feist E, Althoff CE, et al. Tenosynovitis of the flexor tendons of the
hand detected by MRI: an early indicator of rheumatoid arthritis Rheumatology
(Oxford) 2009;48:887-891.

5. Filer A, De Pablo P, Allen G, et al. Utility of ultrasound joint counts in the
prediction of rheumatoid arthritis in patients with very early synovitis. Ann Rheum
Dis 2011;70:500-507.

6. Mori G, Tokunaga D, Takahashi KA, et al. Maximum intensity projection as a
tool to diagnose early rheumatoid arthritis. Mod Rheumatol 2008;18:247-251.

7. Ozgul A, Yasar E, Arslan N, et al. The comparison of ultrasonographic and
scintigraphic findings of early arthritis in revealing rheumatoid arthritis according
to criteria of American College of Rheumatology. Rheumatol Int 2009;29:765-
768.

8. Petre MA, Cheng CK, Boire G, et al. Prognostic value of patient history,
radiography and serology on poor outcomes in undifferentiated inflammatory
arthritis patients (abstract). Arthritis Rheum 2009;60 Suppl 10:1191.

9. Salaffi F, Ciapetti A, Gasparini S, et al. A clinical prediction rule combining
routine assessment and power Doppler ultrasonography for predicting
progression to rheumatoid arthritis from early-onset undifferentiated arthritis.
Clin Exp Rheumatol 2010;28: 686-694.

10. Solou-Gervais E, Legrand J-L, Cortet B, et al. Magnetic resonance imaging of
the hand for the diagnosis of rheumatoid arthritis in the absence of anti-cyclic
citrullinated peptide antibodies: a prospective study. J Rheumatol 2006;33:1760-
1765.

11. Tamai M, Kawakami A, Uetani M, et al. A prediction rule for disease outcome

in patients with undifferentiated arthritis using magnetic resonance imaging of
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the wrists and finger joints and serologic autoantibodies. Arthritis Rheum
2009:61, No. 6;772-778.

12. Zhang L, LiJ, He W, et al. The prediction and evaluation of the progression
to rheumatoid arthritis in 157 patients with undifferentiated arthritis (abstract).
Int J Rheum Dis 2010;13 Suppl 1:0908.

Recommendation 3. US and MRI are superior to clinical examination in the
detection of joint inflammation; these techniques should be considered for

more accurate assessment of inflammation

1. Andonopoulos AP, Yarmenitis S, Sfountouris H, et al. Baker's cyst in
rheumatoid arthritis: an ultrasonographic study with a high resolution technique.
Clin Exp Rheumatol 1995;13:633-636.

2. Bajaj S, Lopez-Ben R, Oster R, Alarcon GS. Ultrasound detects rapid
progression of erosive disease in early rheumatoid arthritis: a prospective
longitudinal study. Skeletal Radiol 2007;36:123-128.

3. Batalov A, Kuzmanova S, Atanasov. Ultrasound follow-up study of
arthroscoped patients with gonitis. Folia Medica 1999;41:63-70.

4. Beckers C, Ribbens C, André B, et al. Assessment of disease activity in
rheumatoid arthritis with '®F-FDG PET. J Nucl Med 2004;45:956-964.

5. Calisir C, Murat Aynaci Al, Korkmaz C. The accuracy of magnetic resonance
imaging of the hands and feet in the diagnosis of early rheumatoid arthritis. Joint
Bone Spine 2007;74:362-7.

6. Carotti M, Salaffi F, Manganelli P, et al. Power Doppler sonography in the
assessment of synovial tissue of the knee joint in rheumatoid arthritis: a

preliminary experience. Ann Rheum Dis 2002;61:877-882.

7. Chavez-Lépez MA, Naredo E, Acebes-Cachafeiro JC, et al. Diagnostic
accuracy of physical examination of the knee in rheumatoid arthritis: Clinical and
ultrasonographic study of joint effusion and Baker's cyst. Reumatol Clin
2007;3:98-100.
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8. Cheung PP, Ruyssen-Witrand A, Gossec L, et al. Reliability of patient self-
evaluation of swollen and tender joints in rheumatoid arthritis: a comparison
study with ultrasonography, physician, and nurse assessments. Arthritis Care Res
2010;62:1112-11109.

9. Cindas A, Gokce-Kutsal Y, Ozgen Kirth P, et al. Scintigraphic evaluation of
synovial inflammation in rheumatoid arthritis with **"technetium-labelled human

polyclonal immunoglobulin G. Rheumatol Int 2001;20:71-77.

10. Damjanov N, Radunovi¢ G, Prodanovi¢ S, et al. Construct validity and
reliability of ultrasound disease activity score in assessing joint inflammation in
RA: comparison with DAS-28. Rheumatology (Oxford) 2012;51:120-128.

11. de Bois MH, Tak PP, Arndt JW, et al. Joint scintigraphy for quantification of
synovitis with *"Tc-labelled human immunoglobulin G compared to histological
examination. Clin Exp Rheumatol 1995;13:155-159.

12. Emery P, van der Heijde D, @stergaard M, et al. Exploratory analyses of the
association of MRI with clinical, laboratory and radiographic findings in patients
with rheumatoid arthritis. Ann Rheum Dis 2011;70:2126-2130.

13. Filippucci E, lagnocco A, Salaffi F, et al. Power Doppler sonography
monitoring of synovial perfusion at the wrist joints in patients with rheumatoid
arthritis treated with adalimumab. Ann Rheum Dis 2006;65:1433-1437.

14. Forslind K, Johanson A, Larsson EM et al. Magnetic resonance imaging of the
fifth metatarsophalangeal joint compared with conventional radiography in
patients with early rheumatoid arthritis. Scand J Rheumatol 2003;32:131-137.

15. Forslind K, Larsson EM, Eberhardt K, et al. Magnetic resonance imaging of
the knee: a tool for prediction of joint damage in early rheumatoid arthritis?
Scand ] Rheumatol 2004;33:154-161.

16. Goerres GW, Forster A, Uebelhart D, et al. F-18 FDG whole-body PET for the
assessment of disease activity in patients with rheumatoid arthritis. Clin Nucl Med
2006;31: 386-390.

17. Goupille P, Roulot B, Akoka S, et al. Magnetic resonance imaging: a valuable
method for the detection of synovial inflammation in rheumatoid arthritis. J
Rheumatol 2001;28:35-40.
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18. Haavardsholm EA, Ostergaard M, Hammer HB, et al. Monitoring anti-TNF
alpha treatment in rheumatoid arthritis: responsiveness of magnetic resonance
imaging and ultrasonography of the dominant wrist joint compared with
conventional measures of disease activity and structural damage. Ann Rheum Dis
2009;68:1572-1579.

19. Hammer HB, Sveinsson M, Kongtorp AK, et al. A 78-joints ultrasonographic
assessment is associated with clinical assessments and is highly responsive to
improvement in a longitudinal study of patients with rheumatoid arthritis starting
adalimumab treatment. Ann Rheum Dis 2010;69:1349-1351.

20. Hmamouchi I, Bahiri R, Srifi N, et al. A comparison of ultrasound and clinical
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Musculoskelet Disord 2011;12:91.

21. Horikoshi M, Suzuki T, Sugihara M, et al. Comparison of low-field dedicated
extremity magnetic resonance imaging with articular ultrasonography in patients
with rheumatoid arthritis. Mod Rheumatol 2010;20:556-560.

22. Jamar F, Manicourt D-H, Leners N, et al. Evaluation of disease activity in
rheumatoid arthritis and other arthritides using *"technetium labelled nonspecific
human immunoglobulin. J Rheumatol 1995;22:850-854.

23. Kane D, Balint PV, Sturrock RD, et al. Ultrasonography is superior to clinical
examination in the detection and localization of knee joint effusion in rheumatoid
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Monit 1998:4:366-369.

26. Luukkainen RK, Saltyshev M, Koski JM, et al. Relationship between clinically
detected joint swelling and effusion diagnosed by ultrasonography in
metatarsophalangeal and talocrural joints in patients with rheumatoid arthritis.
Clin Exp Rheumatol 2003;21:632-634.
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27. Luukainen R, Sanila MT, Saltyshev M, et al. Relationship between clinically
detected joint swelling and effusion diagnosed by ultrasonography in elbow joints
in patients with rheumatoid arthritis. Clin Rheumatol 2005;24:228-231.

28. Luukainen R, Sanila MT, Luukainen P. Poor relationship between joint
swelling detected on physical examination and effusion diagnosed by
ultrasonography in glenohumeral joints in patients with rheumatoid arthritis. Clin
Rheumatol 2007;26:865-867.

29. Martins FPP, Gutfilen B, de Souza SAL, et al. Monitoring rheumatoid arthritis
synovitis with *"Tc-anti-CD3. B J Radiol 2008;81:25-29.

30. Mottonen TT, Hannonen P, Toivanen J, et al. Scintigraphy of rheumatoid
peripheral joints. Reliability of visual assessment vs. computerized methods.
Scand ) Rheumatol 1987:;16:421-427.

31. Naredo E, Bonilla G, Gamero F, et al. Assessment of inflammatory activity in
rheumatoid with grey scale and power Doppler ultrasonography arthritis: a

comparative study of clinical evaluation. Ann Rheum Dis 2005;64;375-381.
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scale and power Doppler US quantifications following anti-tumor necrosis factor-
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36. Riente L, Delle Sedie A, Filippucci E, et al. Ultrasound Imaging for the
rheumatologist XXVII. Sonographic assessment of the knee in patients with
rheumatoid arthritis. Clin Exp Rheumatol 2010;28:300-303.
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rheumatologist. XXXI. Sonographic assessment of the foot in patients with
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40. Sewell KL, Ruthazer R, Parker JA. The correlation of indium-111 joint scans
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47. Terslev L, von der Recke P, Savnik A, et al. Diagnostic sensitivity and
specificity of Doppler ultrasound in rheumatoid arthritis. J Rheumatol
2008;35:49-53.

48. Tonolli-Serabian |, Poet JL, Dufour M, et al. Magnetic resonance imaging of
the wrist in rheumatoid arthritis: comparison with other inflammatory joint
diseases and control subjects. Clin Rheumatol 1996;15:137-142.
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Recommendation 4. Conventional radiography of the hands and feet should
be used as the initial imaging technique to detect damage. However, US
and/or MRI should be considered if conventional radiographs do not show
damage and may be used to detect damage at an earlier time point

(especially in early RA)

1. Bayar N, Altan Kara S, Keles I, et al. Temporomandibular joint involvement in

rheumatoid arthritis: a radiological and clinical study. Cranio 2002;20:105-110.
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the knee: a tool for prediction of joint damage in early rheumatoid arthritis?
Scand ] Rheumatol 2004;33:154-161.

Recommendation 5. MRl bone oedema is a strong independent predictor of
subsequent radiographic progression in early RA and should be considered

for use as a prognostic indicator. Joint inflammation (synovitis) detected by
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MRI or US as well as joint damage detected by conventional radiographs, MRI

or US can also be considered for the prediction of further joint damage
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Appendix E JIA imaging systematic review

protocol according to AGREE Il

Proposed Title

EULAR-PReS Points to Consider for the Use of Imaging in the Diagnosis and

Management of Juvenile Idiopathic Arthritis in Clinical Practice
Contact author name

Alexandra Colebatch

Christopher Edwards

Domain 1. Scope and Purpose

1. Overall objective: to produce validated, evidence and consensus-based
recommendations for the use of conventional radiography (CR), ultrasonography
(US), magnetic resonance imaging (MRI), scintigraphy, computerised tomography
(CT) and positron emission tomography (PET) in the diagnosis, monitoring and

management of patients with JIA.

2. Description of specific health question: which imaging modality should be

used in the diagnosis, monitoring and management of patients with JIA?
Clinical questions:
Agreed by a process of discussion and consensus.

i. What is the evidence for the added value (sensitivity, specificity etc) of
individual modalities in detecting inflammation (synovitis, tenosynovitis, osteitis,

bursitis, enthesitis) above clinical examination according to age?

ii. What is the evidence for the added value above clinical evaluation and
the comparative value (sensitivity, specificity etc) of individual imaging modalities
in detecting age-related structural abnormalities and damage in JIA (bone,

cartilage, tendons, ligaments)?
- ROM, deformity

- “reference standard” vs “gold standard”
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- Use of x-fold detection rate

iii. What is the evidence for the differential diagnostic value of individual

imaging modalities for JIA?
- Consideration of disease subtypes will come after literature review

iv. What is the evidence for the diagnostic value above clinical criteria of

individual imaging modalities for JIA?

V. What is the evidence for the prognostic (prediction of therapeutic

response) value of individual imaging modalities for JIA?
- Definition of outcome:

- clinical (ACR Pedi, JADAS, joint count, CHAQ, JADI, health related QolL,

clinically inactive disease, remission, time to flare)
- Imaging - structural damage

(Outcome = activity, damage, QolL, HAQ, mortality, surgery, HE,

cumulative/AUC/temporal change)

vi. What is the evidence for the prognostic (prediction of outcome) value

of individual imaging modalities for JIA?
- Definition of outcome:

- clinical (CHAQ, JADI, health related QoL, clinically inactive disease,

remission)
- Imaging - structural damage

(Outcome = activity, damage, QolL, HAQ, mortality, surgery, HE,

cumulative/AUC/temporal change)

vii. When (time), where (which joints), how often and with what imaging

modality should we monitor JIA disease inflammation?
- Target joints - TMJ and spine

viii. When (time), where (which joints), how often and with what imaging
modality should we monitor age-related structural abnormalities and damage in
JIA?

144



Appendix E

- Target joints - TMJ and spine

iX. What is the relationship between individual imaging modalities and

clinical remission in JIA?
- Definition of clinical remission:
- Remission on treatment
- Remission off treatment
- Low disease activity

X. What is the impact with respect to outcome of imaging-detected

inflammation/damage in the patient in clinical remission?
- To include patient outcomes and treatment

3. Population: all patients with JIA, diagnosis confirmed aged <16 (no

exclusions)
Domain 2. Stakeholder Involvement

4. Professional groups of the guideline development group: need speciality,

hospital and role in group
i. Prof Alberto Martini, paediatric rheumatologist (Genoa, Italy)

ii. Dr Marion van Rossum, paediatric rheumatologist (Amsterdam, The
Netherlands)

iii. Dr Paz Collado, paediatric rheumatologist (Madrid, Spain)

iv. Dr Esperanza Naredo, rheumatologist (Madrid, Spain)
V. Dr Sandrine Jousse-Joulin, rheumatologist (Brest, France)
vi. Dr Madeleine Rooney, paediatric rheumatologist (Belfast, Northern
Ireland)
vii. Dr Nikolay Tzaribachev, paediatric rheumatologist (Bad Bramstedt,
Germany)
viii. Prof Mikkel @stergaard, rheumatologist (Copenhagen,Denmark)
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iX. Prof Maria Antonietta D’Agostino, rheumatologist (Paris, France)
X. Jelena Vojinovic, paediatric rheumatologist (Nis, Serbia)
Xi. Robert Hemke, radiologist (Amsterdam, The Netherlands)
Xii. Prof Philip Conagham, co-convenor and rheumatologist (Leeds, UK)
Xiii. Dr Clara Malattia, co-convenor and paediatric rheumatologist (Genoa,
Italy)
Xiv. Dr Christopher Edwards, clinical epidemiologist and rheumatologist

(Southampton, UK)

XV. Dr Alexandra Bourn, clinical fellow and rheumatologist (Southampton,
UK)
XVi. Louise Falzon, Information Specialist, Center for Behavioral

Cardiovascular Health, Columbia University Medical Center
5. Views of target population

6. Target users of the guideline: All secondary care professionals involved in
the care of people with JIA including rheumatologists, paediatricians and
radiologists to inform clinical decisions on appropriate imaging in patients with
JIA

Domain 3. Rigour of Development
7.  Search methodology:

i Search resources: Electronic databases - Medline, Embase, Cochrane
database of systematic reviews, Cochrane library; bibliographies of selected

papers
ii. Search period: 1948 to the present day

iii. Search terms: to be written in conjunction with the expert help of an
experienced information specialist, using a combination of specific medical
subject headings (MeSH) and free text. Combinations of search terms will be
selected to ensure that studies relating imaging in JIA are retrieved. The full

search strategy will be included in the appendix.
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8. Selection inclusion criteria:
i. Population: patients with JIA diagnosed aged <16
ii. Intervention: imaging modality (CR, US, MRI, scintigraphy, CT, PET)

iii. Comparison: other imaging modalities (CR, US, MRI, scintigraphy, CT,
PET) and clinical features

iv. Outcome: diagnosis, monitoring, management of JIA - to be agreed

and finalised by the expert panel

V. Study design: systematic literature reviews (SLR), randomised control
trials (RCT) or other experimental studies, cohort (prospective or retrospective)

and case-control studies, case series/reports n>10
Vi. Included languages: English only abstracts with any language full text
vii. Context: not relevant

Selection exclusion criteria: case series/reports n<10, descriptive

reviews

9. Evaluation for bias and quality: all included studies will be assessed for bias
as appropriate to the study technique, e.g. risk of bias for RCT, and for level of
evidence according to BMJ classification schemes in “Developing Guidelines”, BM/J
1999;318:594-6.

10. Recommendation development process: following presentation of the data
from the literature review, the experts will produce recommendations with final
agreement by a process of discussion and consensus, employing the well-
described Delphi techniques as employed by previous EULAR recommendation
task forces. The experts will score the perceived level of agreement for each

proposition using a 0-10 visual analogue scale.

11. Consequences of the recommendations: provision of clinical implication
recommendations for the use of CR, US, MRI, scintigraphy, CT and PET in patients
with JIA as none exists currently. The elaboration of the evidence for all three
imaging modalities in JIA will result in the production of a set of evidence based
recommendations for their use in daily practice. There are no risks involved in the
review process or the production of these recommendations. The
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recommendations will actually ensure that any radiation exposure resulting from

imaging is clinically indicated and appropriate.

12. Link between the supporting evidence and recommendations: each
recommendation will be informed and supported by the evidence obtained by the
systematic literature review. This will be summarised after each recommendation

with the aid of evidence tables and references.

13. External review of the guideline: the guideline will be subject to review by
the EULAR committee. It will then be submitted for comments to a peer reviewed

journal and modified accordingly before publication and dissemination.

14. Updating the guideline: a statement of recommendation to update the
guidelines after a specific interval (5 years), and using a similar vigorous

technique will be included.
Domain 4. Clarity of Presentation

15. Clarity of recommendations: each recommendation will include the overall
statement, the purpose of the recommendation, a description of the relevant

population and any caveats.

16. Consideration of different possible options for screening, diagnosis and
monitoring of JIA: specifically when different imaging modalities should be used

will be considered.

17. Identification of recommendations: these will be included in a separate box,

and highlighted in the main text using italic text.
Domain 5. Applicability

18. Facilitators and barriers to application: there may be insufficient access to
individual imaging modalities restricting application of the recommendations.
This will be considered in the formulation of the recommendations and discussed

in the manuscript.

19. Implementation of the recommendations in practice: the recommendations
will be disseminated by means of presentation at European meetings and

publication in a peer reviewed journal.
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20. Resource implications of the recommendations: some consideration of the
cost implication of the recommendations will be made, but the primary aim is to

discuss clinical implications.

21. Monitoring/audit criteria: it may not be possible to produce clear monitoring
or audit criteria but these will be considered where possible. Possible areas to
audit include the availability of imaging and assessment of adherence to the

recommendations.
Domain 6. Editorial Independence

22. Influence of funding body: We would like to thank EULAR for financial
support for this work. The funding body did not influence the content of these

recommendations.

23. Completing interests: declared by all members of the guideline development

group.
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Appendix F Details of JIA imaging search
strategy

Search Strategy, MEDLINE

1. exp Arthritis, Juvenile Rheumatoid/
. (juvenile$ adj3 arthrit$).tw.
. jia.tw.
.or/1-3
. exp ARTHRITIS/

2
3
4
5
6. arthrit$.tw.
7. (still$ adj disease).tw.

8. Oligoarthrit$.tw.

9. Polyarthrit$.tw.

10. or/5-9

11. exp Child/

12. Adolescent/

13. child$.tw.

14. adolesc$.tw.

15. juvenile$.tw.

16. teenage$.tw.

17. youth$.tw.

18.0r/11-17

19.10and 18

20.40r 19

21. exp Diagnostic Imaging/

22. magnetic resonance.tw.

23. mri$.tw.

24. (ultrasonic adj (diagnos$ or tomography or imaging$)).tw.
25. echotomograph$.tw.

26. echograph$.tw.
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27. ultrasonograph$.tw.

28. ultrasound.tw.

29. sonograph$.tw.

30. exp Contrast Media/

31. (computed adj2 tomography).tw.
32. cat scan$.tw.

33. ct.tw.

34. X-Rays/

35. (xray$ or x-ray$).tw.

36. Arthrograph$.tw.

37. radiograph$.tw.

38. radiolog$.tw.

39. (roentgen adj ray$).tw.

40. (Scintigraph$ or scintiphotograph$).tw.
41. ((gamma camera or radionuclide) adj imag$).tw.
42. radioisotope scan$.tw.

43. Positron emission tomograp$.tw.
44. (pet scan$ or pet-scan$).tw.

45. or/21-44

46. 20 and 45

Search Strategy, EMBASE

1. juvenile rheumatoid arthritis/
. (juvenile$ adj3 arthrit$).tw.
. jia.tw.,

.or/1-3

A W N

. exp arthritis/
. arthrit$.tw.
. (still$ adj disease).tw.

. Oligoarthrit$.tw.

O 00 N O wun

. Polyarthrit$.tw.

152



10.
11.
12.
13.

14
15

16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.

Appendix F
or/5-9
child/
adolescent/

child$.tw.

. adolesc$.tw.

. juvenile$.tw.

teenage$.tw.

youth$.tw.

or/11-17

10 and 18

40r19

exp diagnostic imaging/

exp joint radiography/

exp nuclear magnetic resonance imaging/
magnetic resonance.tw.

mri$.tw.

exp echography/

(ultrasonic adj (diagnos$ or tomography or imaging$)).tw.

echotomograph$.tw.
echograph$.tw.
ultrasonograph$.tw.
ultrasound.tw.

sonograph$.tw.

exp computer assisted tomography/
exp contrast medium/
(computed adj2 tomography).tw.
cat scan$.tw.

ct.tw.

X ray/

(xray$ or x-ray$).tw.

Arthrograph$.tw.
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41. radiograph$.tw.

42. radiolog$.tw.

43. (roentgen adj ray$).tw.

44, scintiscanning/

45. (Scintigraph$ or scintiphotograph$).tw.
46. ((amma camera or radionuclide) adj imag$).tw.
47. radioisotope scan$.tw.

48. positron emission tomography/

49. Positron emission tomograp$.tw.

50. (pet scan$ or pet-scan$).tw.
51.0r/21-50

52.20 and 51

Search Strategy, The Cochrane Library

#1 MeSH descriptor: [Arthritis, Juvenile Rheumatoid] this term only
#2 juvenile* near/3 arthrit*:ti,ab

#3 jia:ti,ab

#4  #1 or #2 or #3

#5 MeSH descriptor: [Arthritis] explode all trees
#6  arthrit*:ti,ab

#7  "still* disease":ti,ab

#8 Oligoarthrit*:ti,ab

#9 Polyarthrit*:ti,ab

#10 #5 or #6 or #7 or #8 or #9

#11 MeSH descriptor: [Child] explode all trees
#12 MeSH descriptor: [Adolescent] this term only
#13 child*:ti,ab

#14 adolesc*:ti,ab

#15 juvenile:ti,ab

#16 teenage*:ti,ab

#17 youth*:ti,ab

154



#18
#19
#20
#21
#22
#23
#24
#25
#26
#27
#28
#29
#30
#31
#32
#33
#34
#35
#36
#37
#38
#39
#40
#41
#42
#43
#44
#45

Appendix F

#11 or#12 or#13 or #14 or #15 or #16 or #17

#10 and #18

#4 or #19

MeSH descriptor: [Diagnostic Imaging] explode all trees
"magnetic resonance":ti,ab

mri*:ti,ab

(ultrasonic next (diagnos* or tomography or imaging*)):ti,ab
echotomograph*:ti,ab

echograph*:ti,ab

ultrasonograph*:ti,ab

ultrasound:ti,ab

sonograph*:ti,ab

MeSH descriptor: [Contrast Media] explode all trees

computed near/2 tomography:ti,ab

"cat scan*":ti,ab or cat-scan*:ti,ab
ct:ti,ab
MeSH descriptor: [X-Rays] this term only

xray*:ti,ab or x-ray*:ti,ab

Arthrograph*:ti,ab

radiograph*:ti,ab

radiolog*:ti,ab

"roentgen ray*":ti,ab

(Scintigraph* or scintiphotograph*):ti,ab

(("gamma camera" or radionuclide) next imag*):ti,ab
"radioisotope scan*":ti,ab

"Positron emission tomograp*":ti,ab

("pet scan*" or pet-scan®):ti,ab

#21 or #22 or #23 or #24 or #25 or #26 or #27 or #28 or #29 or #30 or

#31 or #32 or #33 or #34 or #35 or #36 or #37 or #38 or #39 or #40 or #41 or
#42 or #43 or #44

#46

#20 and #45
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Appendix G Number of included articles per

JIA imaging review question

No. of
included
articles

Q1 - What is the evidence for the differential diagnostic value of 4
individual imaging modalities for JIA?

Q2 - What is the evidence for the diagnostic value above clinical 5
criteria of individual imaging modalities for JIA?

Q3 - What is the evidence for the added value (sensitivity, specificity

etc) of individual imaging modalities in detecting inflammation 65
(synovitis, tenosynovitis, osteitis, bursitis, enthesitis) above clinical

evaluation according to age?

Q4 - What is the evidence for the added value above clinical

examination for the comparative value (sensitivity, specificity etc) of 37
individual imaging modalities in detecting age-related structural

abnormalities and damage in JIA (bone, cartilage, tendons, ligaments)?

Q5 - What is the evidence for the prognostic (prediction of therapeutic :

response) value of individual imaging modalities for JIA?

Q6 - What is the evidence for the prognostic (prediction of outcome) 13
value of individual imaging modalities for JIA?

Q7 - When (time), where (which joints), how often and with what 39
imaging modality should we monitor JIA disease inflammation?

Q8 - When (time), where (which joints), how often and with what

imaging modality should we monitor age-related structural 57

abnormalities and damage in JIA?
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Q9 - What is the role of imaging for the monitoring of systemic
treatment (corticosteroids, synthetic and biological DMARDs) and the 40

targeted delivery of local treatments such as intra-articular injections?

Q10- What is the relationship between individual imaging modalities 16
and clinical remission in JIA?

Q11- What is the impact with respect to outcome of imaging-detected

inflammation /damage in the patient in clinical remission?

Reproduced from Ann Rheum Dis, Colebatch-Bourn AN, Edwards CJ, Collado P, et
al, 74, 1946-57, 2015 with permission from BMJ Publishing Group Ltd'®.
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Appendix H Scores for risk of bias and applicability of the JIA imaging studies
included according to QUADAS-2

RoB Applicability

Point to consider Patient | Index | Reference gﬁ: Patient | Index | Reference

selection | test standard L. selection | test standard
timing

1 | US and MRI are superior to clinical Low (%) 43 41.5 95.4 53.8 97 92.3 92.3
examination in the evaluation of joint High (%) 0 6.2 1.5 0 0 0 4.6
inflammation; these techniques should be
considered for more accurate detection of Unclear
inflammation, both in diagnosis and (%) 56.9 52.3 3.1 46.2 3.1 7.7 3.1
assessing extent of joint involvement.

2 When there is clinical diagnostic doubt, CR, | Low (%) 50 50 50 50 66.7 66.7 66.7
US or MRI can be used to improve the High (%) 0 0 16.7 0 0 0 0
g;:zlrr;tsyac:ise(.ilagnosw of JIA above clinical Un(g/l);aar 50 50 33.3 50 33.3 33.3 33.3

3 If detection of structural abnormalities or Low (%) 46.8 41.5 85.1 43.6 96.8 93.6 93.6
damage is required, CR can be used. High (%) 0 0 1.1 0 0 1.1 2.1
However MRI or US may be used to detect Unclear
damage at an earlier time point than CR. (%) 53.2 56.4 13.8 56.4 3.2 5.3 4.3

4 | In JIA imaging may be of particular benefit | Low (%) 36.8 39.5 89.5 26.3 89.5 89.5 94.7
over routine clinical evaluation when -
assessing certain joints, particularly the High (%) 0 2.6 2.6 0 0 0 0
use of MRI in detecting inflammation of the | ynclear
TMJ and axial involvement %) 63.2 57.9 7.9 73.7 10.5 10.5 5.3
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5 | Imaging in JIA may be considered for use as | Low (%) 46.2 46.2 76.9 61.5 92.3 100 100
a prognostic indicator. Damage on CR can High (%) 0 7.7 0 0 0 0 0
be used for the prediction of further joint
damage. Persistent inflammation on US or Unclear
MRI may be predictive of subsequent joint (%) 53.8 46.2 23.1 3.8 7.7 0 0
damage.

6 | InJIA, US and MRI can be useful in Low (%) 43.6 33.3 89.7 69.2 100 89.7 84.6
monitoring disease activity given their High (%) 0 12.8 0 0 0 0 77
sensitivity over clinical examination and : :
good responsiveness. MRI should be Unclear
considered for monitoring axial disease and (%) 56.4 53.4 10.3 30.8 0 10.3 7.7
TMJ.

7 | The periodic evaluation of joint damage Low (%) 49.1 45.6 78.9 54.4 98.2 93.0 91.2
should be considered. The imaging High (%) 0 3.5 1.8 0 0 1.8 3.5
modality used may be joint dependent. Un(f);/clszar 50.9 50.9 19.3 45 6 1.8 5 3

8 | US can be used for accurate placement of Low (%) 47.6 19.0 23.9 85.7 85.7 90.5 90.5
intra-articular injections. High (%) 0 14.3 14.3 0 0 0 0

U”(f;/');*ar 524 | 66.7 61.9 14.3 14.3 9.5 9.5

9 | US and MRI can detect inflammation when Low (%) 29.4 58.9 100 35.3 100 100 100
clinically inactive disease is present; this High (%) 0 5.9 0 0 0 0 0
may have implications for monitoring. Un(g/l);aar 20.6 353 0 64.7 0 0 0

RoB, risk of bias. Reproduced from Ann Rheum Dis, Colebatch-Bourn AN, Edwards CJ, Collado P, et al, 74, 1946-57, 2015 with permission
from BMJ Publishing Group Ltd'®.
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Appendix | Reference list of included articles

per JIA imaging point to consider

PTC 1. US and MRI are superior to clinical examination in the evaluation of
joint inflammation; these techniques should be considered for more accurate
detection of inflammation, both in diagnosis and assessing extent of joint

involvement.

1.  Abdul-Aziez OA, Saber NZ, El-Bakry SA, et al. Serum S100A12 and
temporomandibular joint magnetic resonance imaging in juvenile idiopathic

arthritis Egyptian patients: a case control study. Pak J Biol Sci 2010;13:101-13.

2. Abramowicz S, Susarla HK, Kim S, et al. Physical findings associated with
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Arthritis Musculoskelet Disord 2011;4:21-7.
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ultrasound assessment of the knee in children with mono-articular or pauci-

articular juvenile rheumatoid arthritis. Pediatr Radiol 1999;29:117-23.
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Appendix J JIA imaging PTC 4: Summary of the included studies comparing

imaging and CE in the detection of TMJ damage and inflammation

TMJ damage:

US TMJ vs. CE
3 studies [21, 24, 30]

MRI TM] vs. CE
10 studies [1,6,9,11, 12, 13, 20, 21,23,30]

CR TMJ vs. CE
11 studies [3, 13-15,17, 19, 23, 26-28, 31]

CT TMJ vs. CE
3 studies [8, 10, 25]

Detection rate,

Detection rate, mean

Detection rate, mean

Detection rate,

mean (range) (range) (range) mean (range)
US vs. CE MRI vs. CE CR vs. CE CT vs. CE
Bony changes vs. © 4]1.-216g8-|(f:|old) Bony changes vs.
abnormal CE ) ) abnormal CE 1.54-fold
(3 studies) [9, 21, . (4 studies) [3, 14, (1.13-1.78-fold)
30] Cor(l)dylar damage_m_ 27, 31]
81.6% asymptomatic jt
Bony vs. 1.0-fold
functional o
changes No 5|gr|1|f|_cant
(1 study) [19] correfation 0.86-fold
1.71-fold Bony (0.72-1.0-fold)
Bo_ny cha!ng_es vs. (1.58-1.83) changes vs.
Bony changes vs. chin deviation S
abnormal CE 0.52-fold 1.20-fold 2 studies) [26, 28] abnormal Increase in % pt
2 studies) [21, 30] (0.35-0.69-fold) Abnormal ) ’ OR 4.9, p 0.002 CE with symptoms
’ translation vs. All pt with Bo_ny changes vs. (2 studies) with ir)creasing
facial asymmetry asymmetry/micrognathia r'?nac;Ce?':ent OR45'829'f0|(;j04 [8, 251 sevce}:élltz %fsCT
(1 study) [6] had abnormal MRI 1 dv) [2 < PO 9
translation (1 study) [28]
Bony changes vs.
absence of 2.0-fold
translation OR 4.9, p 0.002

(1 study) [28]

Bony changes vs.
crepitation
(1 study) [28]

5.5-fold
OR 10.1,p 0.011
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Bony changes vs. i
reduced MIO (]1 '3795_50‘:%)
Bony changes vs. (4 studies) [15, 19, : )
5.63-fold r -0.46, p<0.001
reduced MIO 0.002 23, 271
(2 studies) [11, 23] Py Bony changes vs. 1.07-fold
tenderness No significant Bon
(1 study) [15] correlation char)II es vs
Erosions vs. 'ng ' Correlation:
1.71-fold facial
abnormal CE 0.303
2 studies) [13, 17] (0.67-2.78-fold) asymmetry p<0.05
Erosions vs 0.86-fold , reduced MIO (1 study) -
Erosions vs. . : (0.63-1.0-fold) . ’ [10]
Agreement: 81.9% | abnormal CE . - mandibular
abnormal CE . - Clinical indicators
kappa: 0.57 (5 studies) [1, 12, . . o asymmetry,
(1 study) [24] Erosions in 57.9% of CR TMJ . o
13,20, 21, 30] L . mandibular deviation:
asymptomatic jt arthritis itive discrimi
(1 study) [26] positive discriminator
when all 3 factors
combined in 86%
TMJ inflammation:
US TM]J vs. CE MRI TM]J vs. CE
3 studies [18, 21, 24] 8 studies [1, 2, 12, 13, 20, 21, 30, 32]
Synovitis i
(6 studies) [12, 13, a lzdf‘SGJ?—l?old)
20, 21, 30, 32] ) )
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(Szyr;:)uvcllféssge[:’fsuszlc])? © 3]5]—.273f8!?old) reduced MIO Reduced MIO best
’ ) ) (4 studies) [1, 2, predictor of active MRI
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References in appendix I, PTC 4.
CE, clinical examination; CR, conventional radiography; MIO, maximal incisal opening; r, correlation coefficient. Reproduced from Ann Rheum
Dis, Colebatch-Bourn AN, Edwards CJ, Collado P, et al, 74, 1946-57, 2015 with permission from BMJ Publishing Group Ltd'®.
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Appendix K Lay summary of the JIA imaging

points to consider

Imaging may be more important than clinical examination in JIA

A EULAR task force has developed nine key points to consider around the use of
imaging children with JIA in clinical practice, and a research agenda to help

further the evidence.
Introduction

Juvenile idiopathic arthritis is more commonly referred to as JIA, and includes
most types of arthritis seen in children. JIA is an inflammatory arthritis that
causes pain and swelling in one or more joints. Some children develop long-term
joint damage from JIA, but most get better and are able to live close to normal

lives.

Imaging techniques are a non-invasive way to be able to look inside the joint.
There are several imaging techniques available, including MRI (magnetic
resonance imaging), ultrasound and radiography (X-ray). These give doctors a
picture of the inside of the joint and may be more accurate than clinical
examination. But they involve inconvenience for children and we need to know

how to use imaging in a way that most benefits children’s care.
What did the authors hope to find?

The authors hoped to find evidence about the role of imaging in the diagnosis
and treatment of JIA. This included seeing how well the imaging techniques could
detect both potentially treatable inflammation and permanent damage in joints,
and how imaging could help in monitoring response to treatment. The study also
looked for information on the use of imaging to assess the amount of joint
involvement and show whether children are really in remission despite how well

they might appear.
Who was studied?

The authors looked at studies that had already been published. These all reported

the use of imaging techniques in children with JIA.
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How was the study conducted?

A systematic review aims to identify all the published evidence on a particular

topic and draw it together into one summary.

The authors used major electronic databases and clinical trial registries to search
for trials and studies that reported studies of imaging techniques in children with
JIA. The search gave a long list of 13,277 articles. Of these, 204 had the correct

type of information and were included in the review.
What were the main findings of the study?

The authors developed nine key points to consider for the role of imaging in JIA.
The findings suggest that imaging techniques are better than simple clinical
examinations in evaluating joint inflammation. In particular, the authors highlight

the importance of newer techniques such as ultrasound and MRI.

1. MRI and ultrasound are better than clinical examination in detecting
joint inflammation.

2. When there is doubt, X-ray, MRI or ultrasound can be used to confirm a
diagnosis of JIA.

3. MRI or ultrasound may be able to detect damage to the joints sooner
than can be seen on an X-ray.

4. Imaging may be more useful in certain joints, for example in the lower
back and jaw.

5. Imaging may be used to predict what damage might occur in the future.
6. MRI and ultrasound can be useful to monitor disease activity.

7. Joint damage should be checked for periodically.

8. Ultrasound can be used to guide injections into the joints.

9. MRI and ultrasound can be used for monitoring when the disease shows

no clinical symptoms.

The study also helped the authors to develop a research agenda for further
studies that are needed in this area.
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Are these findings new?

The findings from the individual studies are not new as this is a summary of the
available data and evidence that has already been published elsewhere, but they
provide an up to date summary of the available evidence in this area and this
enabled the expert committee to make new recommendations for everyday care
of JIA.

How reliable are the findings?

There were some limitations in the information available. JIA can be complex and
not all patients have the same pattern of disease, so comparisons of existing data

are not always straightforward.
What do the authors plan on doing with this information?

The authors have produced a research agenda based on the areas where
information is currently lacking, and hope that this will encourage researchers to
increase studies in this area. If more studies become available and the issues
raised in the research agenda are addressed then it is hoped that this systematic

review will be repeated in 5 years.
What does this mean for me?

The last decade has seen a major increase in the use of newer imaging (MRI and
ultrasound) for adult arthritis and it is hoped that the new recommendations will

provide encouragement and a sensible basis for their use in JIA.

There are differences in imaging for children and adults - for example, some
techniques require the patient to lie very still for a long time, and this may not be
practical for small children - but more research should help to develop better
options. With better imaging techniques, children with JIA may receive better care

and treatment that is tailored to their disease.

If you would like to know more about imaging and how it may help you or your

child, you should talk to your doctor.

Date prepared: November 2015
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assessment of EULAR management
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Appendix M Summary of AGREE scores for each EULAR management

recommendation

Domain 1. Domain 2. S ¢ E R Domain 6.

Scope and Stakeholder Domain 3. Rigour of Development Presen.tation Domain 5. Applicability Editorial Overall

Purpose Involvement Independence score Recommend
Reference .

guidelines?
Total Total Total Total Total Total 1-7)

2|3 (/21) 5|6 (/21) 9/ 10 | 11 12 13 14 (/56) 15 16 | 17 (/21) 18 | 19 | 20 | 21 (/28) 22 | 23 (/14)
Management
of RA with
synthetic and
biological 717 21 717 21 70 7 7 7 5 7 54 7 7 7 21 7 7 7 3 24 5 7 12 7 Yes
DMARDs,
2013 update,
2014 [1]
Steroids in
rheumatic 420 1 6|2 15 4l 7| 6| 7| s 1 48 7 le| 7] 20 |21 ]2]1 6 4 | s 9 5 Yes
diseases,
2013 [2]
Non-
pharmacologi
cal
management 717 21 6|7 20 4| 7 6 7 3 2 43 7 7 5 19 2 1 5 3 11 5 3 11 5 Yes
of hip and
knee OA,
2013 [3]
Imaging in RA,
2013 [4] 717 21 111 9 31 5 5 7 5 1 40 7 7 7 21 4 1 3 2 10 5 7 12 5 Yes
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Management
of adult and
paediatric
lupus
nephritis,
2012 [5]

16

11

47

Yes

Management
of PsA, 2012
[6]

17

19

45

20

13

Yes

Role of the
nurse in the
management
of chronic
inflammatory
arthritis, 2012
[7]

17

20

41

Yes

Vaccination in
paediatric
patients with
rheumatic
diseases,
2011 [8]

19

43

21

Yes

2010 update
on the
management
of AS, 2011
[9]

20

18

41

21

Yes

Management
of calcium
pyro-
phosphate
deposition,
2011 [10]

16

35

20

Yes
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Vaccination in
adults with
autoimmune
inflammatory
rheumatic
diseases,
2011 [11]

21

14

46

21

Yes

Management
of SLE with
neuro-
psychiatric
manifestation,
2010 [12]

18

14

41

Yes

Monitoring
adverse
events of low-
dose
glucocorticoid
therapy, 2010
[13]

19

11

40

Yes

Management
of RA with
synthetic and
biological
DMARD:s,
2010 [14]
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20

51

21

22

12

Yes

CV risk
management
in patients
with RA and
other forms of
1A, 2010 [15]
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14

44

21

10
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Treatment of
systemic
sclerosis,
2009 [16]
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52

21

10
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Management
of SLE , 2008
7]
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48
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Management
of Behcet
disease, 2008
[18]
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Yes

Management
of
fibromyalgia
syndrome,
2008 [19]
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of systemic
glucocorticoid
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rheumatic
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2007 [20]
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Management
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14
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Management
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Management
of gout, 2006
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Management
of AS, 2006
[24]
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Yes
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Management
of hip OA, 7125 14 5112 8 6| 6| 6| 6 7 7 1 1 41 7 7 7 21 1 1 7 1 10 5 1 6 4 Yes
2005 [25]

Management
of knee OA, 71215 14 51112 8 51617 5 6 7 1 1 38 7 7 7 21 1 1 1 1 4 5 1 6 4 Yes
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Management
of knee OA, 7125 14 6[ 1[5 12 56|17 5 4 7 1 1 36 7 7 7 21 1 1 1 1 4 5 1 6 4 Yes
2000 [27]

References in Appendix L.

Reprinted from Colebatch-Bourn AN, Conaghan PG, Arden NK, et al, Raising the quality of rheumatology management recommendations:
lessons from the EULAR process 10 years after provision of standard operating procedures, Rheumatology (Oxford), 2015, 54(8), 1392-6, by

permission of the British Society for Rheumatology>*.
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