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Objective. Musculoskeletal ultrasonography (US) has the potential to be an important tool in the assessment of disease activ-
ity in childhood arthritides. To assess pathology, clear definitions for synovitis need to be developed first. The aim of this study
was to develop and validate these definitions through an international consensus process.

Methods. The decision on which US techniques to use and the components to be included in the definitions, as well as the
final wording, were developed by 31 US experts in a consensus process. A Likert scale of 1-5 (where 1 = complete disagree-
ment and 5 = complete agreement) was used. A minimum of 80% of the experts scoring 4 or 5 was required for final approval.
The definitions were then validated on 120 standardized US images of the wrist, metacarpophalangeal joints, and tibiotalar
joints, displaying various degrees of synovitis at various ages.

Results. B-mode and Doppler should be used for assessing synovitis in children. A US definition of the various components
(i.e., synovial hypertrophy, effusion, and Doppler signal within the synovium) was developed. The definition was validated on
still images with a median of 89% of participants (range 80-100) scoring it as 4 or 5 on a Likert scale.

Conclusion. US definitions of synovitis and its elementary components covering the entire pediatric age range were success-
fully developed through a Delphi process and validated in a web-based still-images exercise. These results provide the basis
for the standardized US assessment of synovitis in clinical practice and research.

add further information on the presence of subclinical syno-
vitis in a significant percentage of joints (6-9). The exact
determination of the presence of disease activity may also be
important in the determination of remission status and the
decision to taper medication, thereby preventing side effects
from long-term use.

INTRODUCTION

Musculoskeletal ultrasonography (US) has become an
important outcome measurement tool in the assessment of
inflammatory arthritis over the past decade (1-5). Although
classification, treatment decisions, and outcomes are gener-
ally based on the clinical examination only, US can clearly
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Significance & Innovations

e Musculoskeletal ultrasonography is an important
tool for the clinical assessment and research in
childhood arthritides.

e Precise definitions for synovitis on ultrasonography
in children are an essential prerequisite for the reli-
able use of this technology in the pediatric age group.

e Ultrasonographic definitions for synovitis in chil-
dren were developed and validated for the first
time through an international consensus process.

US is a particularly attractive imaging technique in pediat-
ric theumatology, given its unique ability to be used in chil-
dren of any age without sedation, to assess several joints at
the same time, and to differentiate all relevant structures,
including bone, cartilage, and the various connective tissues
(2,10). This ability is especially important in the context of
new treatments, which allow the induction of sustained
remission for an increasing percentage of children but at the
same time rely on precise assessments of disease activity for
their effective use (2,11).

Considering the widespread use of US in the management
of inflammatory arthritis, especially rheumatoid arthritis, the
need of improved standardization has emerged over the past
decade for adult rheumatology. This need has led to the
development of consensus definitions for US synovitis in
adults: “Synovial fluid: abnormal hypoechoic or anechoic
(relative to subdermal fat, but sometimes may be isoechoic or
hyperechoic) intraarticular material that is displaceable and
compressible, but does not exhibit Doppler signal. Synovial
hypertrophy: abnormal hypoechoic (relative to subdermal
fat, but sometimes may be isoechoic or hyperechoic)
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intraarticular tissue that is nondisplaceable and poorly com-
pressible and which may exhibit Doppler signal” (12). The
US detection of synovitis has also been validated with histol-
ogy and magnetic resonance imaging (MRI), and the scan-
ning technique standardized (13—15). These aspects have
nevertheless only been partially addressed for pediatric
patients (2,16). In fact, very few publications have started to
collect information on US in the pediatric population (16).

A systematic review concluded that the evidence basis for
the use of US in pediatric rheumatology has not been
established yet (16). At the same time, a recent survey
emphasizes the great interest of pediatric rheumatologists in
this technique (17). One of the unmet needs addressed by the
review was the lack of US definitions of the components of
the healthy joint, given the unique anatomy of the growing
child. Since then, the Outcomes Measure in Rheumatology
(OMERACT) US group has published definitions for the
sonographic appearance of the normal joint, emphasizing the
variable degree of unossified hyaline cartilage in the epiphy-
sis, in addition to the portion of hyaline cartilage that consti-
tutes the articular cartilage (10). Other aspects described for a
normal pediatric joint include the growth plate, hyperechoic
echoes representing vascular channels, and the precise dif-
ferentiation of the joint capsule from the synovial recess (10).
Finally, recommendations for the standardized assessment
of various joints have also been published (18).

The next step, therefore, was to develop precise defini-
tions for US pathology at the joint level. Such definitions
have been shown in adults to be essential for good interrater
reliability (1,12). Pathologic findings can relate to a multi-
tude of structures, including the synovial recess, the tendon
sheath, the paratenon, and the enthesis, as well as structural
damage (i.e., erosions). All of these structures display spe-
cific pediatric characteristics and cannot be treated indis-
criminately, but need their own specific process of definition
and validation (1). The aim of this study therefore was to
develop definitions for synovitis and of each elementary
component (i.e., synovial thickening, synovial effusion, and
Doppler signal), both in B-mode and Doppler mode, through
a consensus process, and to validate the applicability of
these definitions using still images of synovitis of different
joints and in different age-related groups.

MATERIALS AND METHODS

The definitions as well as their validation were developed in
a 2-step consensus process involving a panel of international
experts on US in children (Figure 1) using a web survey. In
phase 1 of this web-based consensus process a group of 33
experts were invited to develop definitions for synovitis as
seen on US in children. All of these experts have extensive
experience (5—15 years) in US, including in children, with
the majority being pediatric rheumatologists. All of them are
part of the scientific validation of US, including participa-
tion in the work of the OMERACT US group.

To agree on a term, a component, or a complete definition,
=80% of participants would need to reach =80% of agree-
ment on a Likert scale (range 1-5). In practical terms this
agreement would mean that =80% of participants would
score the respective term/definition/component as either 4
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Phase 1 Round 1: 31 experts

Clarification of ultrasound
modes, structures to include,
and terms to characterize

v

Round 2: 30 experts
Scoring several versions of
definitions based on round 1

¥

Round 3: 30 experts
Modifications of parts of the
definitions

v

Round 4: 29 experts
Final agreement on specific
terms

v

Round 5: 29 experts
Scoring on complete version of
definitions

v

Round 6: 29 experts
Scoring on final version of
definitions

19 experts
Validation of definitions
on 120 still images

Phase 2

Figure 1. Workflow outlining the consensus process (phase 1)
to develop the definitions as well as the validation on still
images (phase 2).

or 5 on the Likert scale (where 1= strongly disagree,
2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree).

The goal of phase 2 was to validate the definitions by test-
ing their applicability on US images representing various
degrees of synovitis in various age groups. The same experts
who had participated in the entire process of phase 1 were
invited to submit images of variable degrees of synovitis at
various ages, and each of them was then asked to assess the
applicability of the synovitis definitions on each of the
images using the same Likert scale as above.

Phase 1: development of definitions for synovitis. The
phase 1 of the consensus process involved 6 rounds of scoring
until agreement on a definition for synovitis was reached. The
first round of phase 1 was dedicated to scoring the relevance of
various US modalities in the assessment of synovitis. The aim
was to identify the relevant joint structures and the terminol-
ogy used to describe them, with the idea to use the results of
this first round to draft actual definitions. Specifically, the par-
ticipants were asked to agree on whether the detection of syno-
vitis on US should include B-mode and Doppler and whether
it would be essential that abnormalities should be detected
with both modalities to confirm the presence of synovitis. In
addition, the various structures within and around a joint
were scored as per their relevance to be included in a defini-
tion of synovitis. This scoring included the joint capsule as
well as connective tissues like fat, but also the question of
whether synovial fluid detected alone, in case of the inability
to clearly visualize the presence of a synovial thickening (for
example, for the lack of an acoustic window), should be
endorsed. With regard to a thickened synovial membrane, the
participants were asked to score the term “hypertrophy” ver-
sus “hyperplasia” to be included in the definition. Finally, the
US characteristics of the various structures were scored using
terms describing the echogenicity (anechoic, hypoechoic, and
hyperechoic) as well as the physical properties (displaceable,
compressible). The specific location of Doppler flow was
addressed, as well asking participants to score the presence of
these signals in an intraarticular versus intrasynovial location.

In preparation for the second round, complete definitions
of synovitis were proposed by the conveners of this project
(EN and JR) using various combinations of the modalities,
structures, and characteristics that had been suggested in
round 1. The third round was designed to clarify aspects that
did not reach consensus in the second round, by providing
separate statements instead of a full definition, and their rel-
evance for the final development of the definitions. The
fourth round was needed to further clarify terms for which
the required agreement had not been reached, and the fur-
ther modified definitions were then scored in round 5. In a
sixth and final round, a final version of the definition was
circulated to harmonize the terminology used for synovitis
and the elementary components with other projects within
the OMERACT group.

Phase 2: validation of the definitions on still images.
Following the agreement on definitions, all the participants
were then invited to submit B-mode and Doppler images of
synovitis of the following joints: metacarpophalangeal
(MCP), the wrist, and tibiotalar joints. Separate images were
submitted for the following 4 age groups: toddler and pre-
school (ages 2—4 years), young children (ages 5-8 years), pre-
adolescent (ages 9—12 years), and teenagers (ages 13-16
years) (18). Participants were asked to acquire the scans
using standardized views, including longitudinal midline
scans and a dorsal approach for MCP and wrist, as agreed in
a previous exercise (18). The images also had to fulfill mini-
mum quality criteria, including a thin layer of gel at the top
of the image, clear visibility of bone contours and correct
size of the Doppler box, i.e., the Doppler box had to include
the relevant joint structures and extend to the top of the
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image. In each age group, we ensured representation of vari-
ous degrees of synovitis. These degrees were determined by
the participant submitting the image, according to a recently
published scoring system for the pediatric joint (19). One
image representing each of the degrees of synovitis (0-3) was
submitted and an additional image with an arbitrary grade
was also added. For the knee joint, only a single image each
for B-mode and Doppler was submitted for every age group,
as the scoring system for this joint is slightly different (19).
Only completely anonymized images were used and all par-
ticipating centers did not require ethics approval for this
web-based exercise. Again, participants were asked to score
the applicability of the definitions on each of these images
using the same Likert scale as in phase 1 with the same
agreement threshold.

RESULTS

Phase 1. In the first round of phase 1, 31 of the 33 experts
who had been approached responded. The consensus from
the expert group was to include both B-mode and Doppler as
US modalities that can be used to assess synovitis in chil-
dren, but there was no agreement on whether both methods
would have to be used in combination or could be used sepa-
rately. Instead, the experts commented on the need to clearly
define each elementary component, i.e., synovial thickening,
synovial fluid, and Doppler signal, using both modalities
separately as a first step.

In terms of the specific components, expert consensus
suggested to focus on the synovium and the synovial recess
as well as the intraarticular location. We also included
both “synovial fluid” as well as “synovial hypertrophy/
hyperplasia” (no agreement was reached for choosing one
instead of the other) in the definition and use the terms
“(non)-displaceable” (84% agreement) as well as “an- or
hypoechoic” (93% agreement) to characterize this finding. A
total of 71% agreed that a pathologic Doppler signal should
be detected in an area of synovial hyperplasia/hypertrophy
detected on B-mode. Finally, 77% agreed that a physiologic
Doppler signal might be seen in the intraarticular area, even
in the absence of synovial pathology, but only 48% at that
stage agreed that a physiologic Doppler signal in the intra-
synovial area should also be mentioned in the synovitis defi-
nition. The main concerns related to the question of how to
define these signals.

In the second round, 30 of the 31 participants of the first
round responded. Complete suggestions for definitions that
were developed based on round 1 were proposed, but none
of the various options reached the required consensus. Syno-
vial fluid and synovial hypertrophy were included in a
unique definition of synovitis, emphasizing the need for
Doppler signals to be within an area of synovial hypertrophy.
The definition also acknowledged the possibility of physio-
logic Doppler signals inside the joint as well as within the
synovial recess, and included the terms “an- or hypoechoic”
and “(non)-displaceable” for further characterization,
including the quality of the machine.

In the third round, the definition was divided again into
separate statements, to identify components that would
reach full agreement and others that would require further
modification. Agreement (86% each) was reached for the fol-
lowing statements: “Depending on the joint, synovitis can be
diagnosed on the basis of B-mode abnormalities and in the
absence of Doppler signals” and “For the definition of syno-
vial inflammation detected by Doppler mode, the Doppler
signal should be shown within an area of synovial hyper-
trophy.” No final agreement was reached on the characteriza-
tion of the synovial fluid and hypertrophy/hyperplasia with
regard to its physical properties (displaceable, compressible,
etc.), the echogenicity, and also other terms to characterize it
like “abnormal” versus “increased.”

In the fourth round, various options for these remaining
aspects were therefore given, and 80-97% agreement was
reached, to include the following statements in the defini-
tion: “B-mode findings can include synovial effusion and/or
synovial hypertrophy” and “Synovial effusion should be
defined as abnormal intraarticular fluid, characterized as an-
or hypoechoic and displaceable” and “Synovial hypertrophy
should be defined as nondisplaceable, intraarticular, and
hypoechoic material” and “For pathologic Doppler signals
the term abnormal Doppler signals should be used.” In the
fifth round, a complete version for the definition was pro-
vided for final agreement. In the sixth round, the final ver-
sion of the definitions obtained approval. This final version
is shown in Figure 2 and sample US images illustrating the
various aspects of the definition are provided as Figure 3 and
Figure 4.

Phase 2. The applicability of the final definition was
scored by 19 experts on a total of 120 images, representing
various grades of synovitis within various age groups and

is displaceable.
nondisplaceable.

sign of synovitis.

® Overarching principle: Synovitis detection by US in children includes the assessment of B-mode
and Doppler mode (color or power Doppler) findings.

® Synovitis can be detected on the basis of B-mode findings alone. Synovitis cannot be detected
based on color/power Doppler findings alone.

® B-mode findings include synovial effusion and synovial hypertrophy.

® Synovial effusion is defined as an abnormal, intraarticular, anechoic, or hypoechoic material that

® Synovial hypertrophy is defined as an abnormal, intraarticular, hypoechoic material that is

® Color/power Doppler signals must be detected within synovial hypertrophy to be considered as a

Figure 2. Final version for the definition for synovitis on ultrasonography (US) in

children.
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Figure 3. Longitudinal midline image of the wrist of a child age 11 years with Doppler signals
in an intraarticular but extrasynovial location, including a feeding vessel. The extrasynovial
location does not support a diagnosis of synovitis but represents intraarticular, physiologic

blood flow instead.

representing female and male patients. An 80-100% agree-
ment (median 89%, range 80-100), of grade 4 or 5 on the
Likert scale, was reached in all but 1 image. The 1 image was
a Doppler image of the MCP joint in the 9—12-year age group,
reaching 74%.

DISCUSSION

Definitions for the US appearance of synovitis in children
were successfully developed through a consensus process
and validated on still images. This development represents
another important step for a more reliable use of US in chil-
dren, following the definition of findings of the normal joint
(10) and the publication of standard views to assess various
joints (18). At the same time, these definitions clearly should
be validated further in a patient-based practical exercise. In
addition, the same standardization process should be
applied to other relevant structures, including tendons and
tendon sheaths, entheses, and structural lesions like erosions
(1,2,10,16,20). Previous work done by the OMERACT US
group in adults has shown that even assessments of single
types of joints can be challenging and might need a relatively
lengthy development process of precise definitions to
achieve good intrarater and interrater reliability of this
method (1). A simple adaptation for pediatrics of standardi-
zation and validation that has been done in adults is not pos-
sible, mainly because of the significant changes related to
cartilage maturation, growth, and blood flow in various areas
of the joint (10).

There are several important findings of this study relating
to the use of US. First, as in adults, the definition and the
assessment of synovitis by US require the use of both B-
mode and Doppler mode. Given the complex anatomy of
many joints, it is nevertheless extremely important to clearly
identify the synovial recess on B-mode and differentiate this
recess from other connective tissue, which might be
intraarticular but extrasynovial (10) and can mimic the pres-
ence of an abnormal synovial thickening/effusion. This dis-
tinction is especially important for the correct interpretation
of Doppler signals. Children will show a variable degree of
physiologic blood flow within the joint, and this flow should
not be confused with pathologic Doppler signals as a sign of
synovitis. Only Doppler signals within an area of synovial
hypertrophy will clearly be suggestive of increased blood
flow as part of the inflammatory process. This clear emphasis
on the precise intrasynovial and not just intraarticular loca-
tion of the Doppler signals represents an evolution of and
differentiation from the existing definition in adults (12).
Such differentiation is especially important in the pediatric
context, with the significant presence of intraarticular but
physiologic blood flow that can be depicted with Doppler
US. However, the technical limitations affecting the sensitiv-
ity of Doppler, especially for large joints where the joint
recess is located relatively deep (6), should be taken into
account.

Second, our definition of a US-detected synovitis in chil-
dren reflects the different anatomy of the joints, by allowing
the diagnosis of synovitis based on B-mode only (i.e., pres-
ence of synovial thickening and/or effusion, without a

-..‘\_,__..

hypo--and anechoic

Figure 4. Intrasynovial Doppler signals as well as hypo- and anechoic components of synovitis and physical prop-
erties are shown in a deep infrapatellar bursa in transverse view. + = synovium; * = synovial fluid.
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Doppler signal). Our definition also emphasizes the need to
define the use of this technology in a more detailed way,
with variations of its use according to the different joints. A
one-size-fits-all approach is therefore not possible, and the
limitations of the technique need to be discussed clearly to
ensure its appropriate use and to take into account the differ-
ent quality of the Doppler mode according to the type of the
US equipment (21).

Finally, the possibility of the presence of a physiologic
Doppler signal in any area of the joint, including the synovial
recess (18), requires the sonographer to recognize and distin-
guish it from truly pathologic findings. For instance, feeding
vessels can traverse the synovial recess but can be easily rec-
ognized by their direct trajectory into the bone/cartilage.
Interesting aspects that were discussed during the consensus
process but need to be clarified in future longitudinal studies
are the hyperemia and therefore increased visibility of feed-
ing vessels in states of inflammation, as well as perisynovial
and even periarticular hyperemia that might be an important
sign of inflammatory activity but has not been studied sys-
tematically yet.

Two main Doppler techniques are being used in US at this
point, power Doppler and color Doppler (21). Whereas the
sensitivity of power Doppler was considered superior in the
detection of low-velocity blood flow, as seen in the inflamed
synovium in the past, this superiority is no longer univer-
sally true. Instead the question of which technique should
be used to obtain maximum sensitivity very much depends
on the US machine and the optimization of settings (21). Our
definition therefore includes power and color Doppler.

We have not validated our definition on any possible joint,
but have covered 3 frequently affected joints of the upper
and lower extremity, as well as representing large and small
joints. The 3 joints were also chosen based on the fact that
some preliminary scoring suggestions for the degree of syno-
vitis in the pediatric setting were available (19). This avail-
ability of scoring suggestions was important, as we wanted
to ensure an appropriate range of degrees of synovitis to test
the applicability of our definitions. The number of 120
images was found to be the most appropriate, as it covered
the various degrees of synovitis and allowed an additional
random image each.

Some of the terms used in our definitions led to fairly
extensive discussions. In particular, the characterization of
synovial thickening as “synovial hyperplasia” versus
“synovial hypertrophy” was discussed in detail. While from
a histologic perspective the term “hyperplasia” would be
more appropriate, the reality of the widespread use of the
term “hypertrophy” led to a consensus to use this latter term
in our definitions to ensure universal acceptance.

No validation of our definitions using a comparison
method like MRI was done for 2 reasons. First, the aim of this
study was to define characteristics of synovitis that can be
assessed on US and not to validate the detection of synovitis
itself. Validation has been done in several studies in adults
already (1), but it will also be important to validate at some
stage in children. Second, the use of other imaging technolo-
gies like MRI is currently being standardized and evaluated,
precluding the use of this technology as a gold standard in
pediatrics for comparison purposes at the current time (2,3).
The definitions presented in this study are feasible and

reliable to apply. They will support US in the routine clinical
assessment and be used as an outcome measure in research.
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