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ORIGINAL ARTICLES

This thesis is based on the following articles, which will be referred to by their
Roman numerals:

e Ultrasonography and color Doppler in juvenile idiopathic arthritis:
diagnosis and follow-up of ultrasound-guided steroid injection in the ankle
region. A descriptive interventional study.

Louise Laurell, Michel Court-Payen, Susan Nielsen, Marek Zak, Mikael
Boesen, Anders Fasth.
Pediatric Rheumatology 2011, 9(4): 1-11.

e Ultrasonography and color Doppler of proximal gluteal enthesitis in
juvenile idiopathic arthritis: a descriptive study.
Louise Laurell, Michel Court-Payen, Susan Nielsen, Marek Zak, Carsten
Thomsen, Maribel Miguel-Pérez, Anders Fasth.
Pediatric Rheumatology 2011, 9(22): 1-13.

e Ultrasonography and color Doppler in juvenile idiopathic arthritis:
diagnosis and follow-up of ultrasound-guided steroid injection in the wrist
region. A descriptive interventional study.

Louise Laurell, Michel Court-Payen, Susan Nielsen, Marek Zak, Anders
Fasth.
Submitted for publication.

e Comparison of ultrasonography with Doppler and MRI for assessment of
disease activity in juvenile idiopathic arthritis: a pilot study.
Louise Laurell, Michel Court-Payen, Susan Nielsen, Marek Zak, Mikael
Boesen, Anders Fasth.
Submitted for publication.

The published articles are reproduced with permission of BioMed Central. The
photograph on the cover is presented by the author with the kind consent of
Sigrid’s parents.






ABBREVIATIONS

ACR American College of Rheumatology
ANA antinuclear antibodies

CD color Doppler

CR conventional radiography

DMARD disease-modifying drug

ERA enthesitis-related arthritis

EULAR European League Against Rheumatism
FS fat suppression

HLA human leukocyte antigen

Hz hertz

IBD inflammatory bowel disease

IL interleukin

ILAR International League of Associations for Rheumatology
JAS juvenile ankylosing spondylitis

JCA juvenile chronic arthritis

JIA juvenile idiopathic arthritis

JPsA juvenile psoriatic arthritis

JRA juvenile rheumatoid arthritis

MCP metacarpo-phalangeal

MRI magnetic resonance imaging

MSUS musculoskeletal ultrasound

NSAID nonsteroidal anti-inflammatory drug
OMERACT Outcome Measures in Rheumatology Clinical Trials
RA rheumatoid arthritis

RAMRIS Rheumatoid Arthritis Magnetic Resonance Imaging Scoring
RF rheumatoid factor

SpA spondyloarthropathy

STIR short tau inversion recovery
Tlw T1-weighted

T2w T2-weighted

T™MJ temporomandibular joint
us ultrasonography, ultrasound



10



INTRODUCTION

The term juvenile idiopathic arthritis (JIA) does not refer to a single disease, but
rather encompasses all forms of arthritis that begin before the age of 16 years,
persist for more than six weeks, and are of unknown etiology [1, 2]. JIA is the
most common form of chronic rheumatic disease in childhood, and it causes
extensive disability. In high-income countries, the annual incidence is about two
to 20 children and the prevalence 16 to 150 cases per 100 000 children [2], and
corresponding figures for the Nordic countries are 11 to 15 children and 86
children, respectively [3, 4]. Early therapeutic intervention and the use of new
highly effective treatments have improved the outcome in many JIA patients,
but have also increased the need for more precise methods for evaluating
disease activity.

In adult rheumatology, numerous studies have established the important role of
magnetic resonance imaging (MRI) and ultrasonography (US) in this context,
and MRI is considered the reference standard for advanced imaging [119, 120].
Nevertheless, due to differences in disease characteristics and the unique
features of the growing skeleton, the findings of studies in adults are not directly
applicable to children and adolescents [17].

Imaging techniques such as US and MRI have not yet been fully evaluated and
validated in pediatric rheumatology, and studies are still rare [5, 6].

This thesis is focused on application of Doppler-US for diagnosis, interventions,
and follow-up in JIA.
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BACKGROUND

Childhood arthritis: definition and evolution of
classification

Chronic arthritis in children was first distinguished from adult arthritis by
Mayer S. Diamantberger in his doctoral thesis in 1891 [7]. In 1897, the British
physician George F. Still published a paper entitled “On a form of chronic joint
disease in children”, in which he stated the following:

The purpose of the present paper is to show that although the disease known as
rheumatoid arthritis does undoubtedly occur in children, the disease which
most commonly has been called rheumatoid arthritis in children differs both in
its clinical aspect and in its morbid anatomy from the rheumatoid arthritis in
adults; it presents, in fact, such marked differences as to suggest that it has a
distinct pathology (Still, 1897, p. 47).

Since the time those observations were made, several publications have
addressed the striking differences between chronic arthritis in childhood and
rheumatoid arthritis (RA) in adults, and it is currently accepted that the former
condition is distinct from the latter. It is also acknowledged that chronic
childhood arthritis is a group of several distinct diseases that share a phenotype
to varying degrees. Diagnosis of such pediatric arthritis is currently based on
clinical assessment, without pathognomonic findings or objective confirmatory
laboratory tests, and by exclusion of other diseases. Emerging clinical and
laboratory findings have gradually improved our understanding of chronic
childhood arthritis [8-10], which is now defined as a heterogeneous group of
diseases characterized by chronic joint inflammation with the cardinal signs of
inflammation: swelling, tenderness, warmth and concomitant limitation of
motion, and with frequent extra-articular manifestations.

After Still published his article, and especially during the second half of the
20th century, various classifications of childhood chronic arthritis were
proposed, revised, and dismissed. Over the last decades, primarily three
different classifications have been suggested. Table 1 summarizes the evolution
of classification in childhood arthritis.

13



Table 1. Evolution of classification in childhood arthritis

Cumulated Criteri
number of riena
Subtype a}:{)‘?ﬁid JRAY  JCAZ  JIA®
(2977)  (2977) (1995)
Number of subtypes n.a. 3 6+JRA® 7
Systemic n.a. yes yes yes
Oligoarticular®: persistent <4 na na es
extended >4 o o y
Pauciarticular® <4 yes yes n.a.
Polyarticular: RF-negative yes
RF-positive >4 S 1 gras | Y8
Psoriatic n.a. n.a. yes yes
Enthesitis-related n.a. n.a. n.a. yes
Juvenile Anchylosing na na es na
Spondylitis & & y &
IBD-associated arthritis n.a. n.a. yes n.a.
Undifferentiated arthritis n.a. n.a. n.a. yes

n.a. Non applicable

YACR (American College of Rheumatology)

2 EULAR (European League Against Rheumatism)
®ILAR (International League of Associations for Rheumatology)
4Oligo- and Pauci- are synonymous, meaning ‘few’
° Polyarticular RF-positive patients are not included in the JCA classification, but
regarded as a separate disease entity termed ‘JRA’

In one, a definition of juvenile rheumatoid arthritis (JRA) was presented and
revised in 1977 by the American College of Rheumatology (ACR). This
describes JRA as an idiopathic arthritis with a minimum of six weeks duration
in an individual under the age of 16 years. After six months duration, a certain
type of onset can be established: systemic, pauciarticular (one to four joints
affected), or polyarticular (more than four joints affected). The ACR criteria
exclude juvenile ankylosing spondylitis (JAS), juvenile psoriatic arthritis
(JPsA), and arthropathy associated with inflammatory bowel disease (IBD)

[11].
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In the second classification, which was also presented in 1977, the European
League Against Rheumatism (EULAR) used the term juvenile chronic arthritis
(JCA) to define an idiopathic condition lasting at least three months in an
individual less than 16 years of age. The criteria for onset were listed as
systemic, pauciarticular, and polyarticular. In order to encompass all forms of
chronic inflammatory arthritides it also includes JAS, JPsA, and IBD, with
substantial heterogeneity as a consequence. The EULAR designation JRA is
used particularly for patients who are positive for polyarticular rheumatoid
factor (RF), hence causing some confusion in relation to the definition of JRA
given by the ACR [12]. Unlike the ACR criteria, the EULAR classification has
not been validated.

The third and present classification was devised by the Pediatric Standing
Committee of the International League of Associations for Rheumatology
(ILAR) in 1995 [13, 14]. On the basis of clinical and laboratory features, and in
an attempt to identify homogeneous and mutually exclusives categories, the
ILAR grouped the different arthritides under the umbrella term juvenile
idiopathic arthritis (JIA), and the criteria used were revised in 1997 and again in
2001 [13, 15]. JIA comprises idiopathic arthritides that last more than six weeks
and appear before the age of 16 years [16]. Since only six weeks’ duration of
illness is required for diagnosis, the ILAR criteria bridge the gap between the
JRA and JCA criteria [14]. The ILAR criteria cover both the onset and the
course of the disease, and divide clinically distinguishable disease groups into
seven subtypes. Importantly, the ILAR classification represents the first attempt
to reach an international consensus in this area, aiming to facilitate comparison
of scientific studies and collaboration. Table 2 summarizes the ILAR inclusion
and  exclusion criteria  for the seven subtypes of JIA.

15
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Some of the defined subtypes seem to identify homogenous disease entities,
whereas others still include heterogeneous disorders [17, 18]. Furthermore, use
of exclusion criteria that are strict but not always practical leads to a high
proportion of unclassifiable cases that end up in a group called “undifferentiated
arthritis”, and questions have been raised concerning the biological significance
of the arbitrary cutoff points for age, the number of affected joints defining
polyarticular versus oligoarticular disease, and duration of disease. Other
problems found to be associated with the classification include the effects of
heredity and enthesitis [14, 19, 20].

Considering the subtypes of JIA, those that are well characterized include
systemic JIA, RF-positive polyarthritis, enthesitis-related arthritis (ERA), and
oligoarthritis; those that are less well characterized are RF-negative polyarthritis
and psoriatic arthritis.

Systemic JIA, like adult-onset Still’s disease, is characterized by prominent
systemic features such as fever, rash, and serositis [2]. Pronounced activation of
a patient’s innate immune system and the absence of any consistent association
with autoantibodies or human leukocyte antigen (HLA) have led to the
hypothesis that this type of disease is a polygenic autoinflammatory syndrome
[21]. Findings of previous studies suggesting that interleukin-6 (IL-6) plays a
major pathogenic role in systemic JIA have been substantiated by evidence of
the effectiveness of treatment with tocilizumab, an anti-IL-6 receptor antibody
[22, 23]. Moreover, the observation that treatment with anti-interleukin-1 can
also be efficacious has led to the delineation of two subpopulations of systemic
JIA: one that shows a pronounced, complete response to interleukin-1 (IL-1)
blockade, and another that is resistant to IL-1 blockade or exhibits an
intermediate response [24, 25]. The two populations also differ with respect to
the number of joints that are affected and the neutrophil response: it is more
likely that patients with fewer joints affected or with a higher neutrophil count
will respond to anti-IL-1 treatment [17].

Patients with RF-positive polyarthritis represent 5% of all cases of JIA and are
believed to be very similar to those suffering from adult RF-positive RA. There
is also evidence that RF-positive polyarthritis is the only form of JIA that
displays positive antibodies to cyclic citrullinated peptides [26]. The major
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difference compared to the disease in adults is the impact on a growing
skeleton, which generally leads to general growth retardation or to accelerated
growth of affected joints.

Enthesitis-related  arthritis (ERA) is a form of undifferentiated
spondyloarthropathy (SpA) [27]. Most patients with ERA are HLA-B27
positive, and, within 10 years of onset, the disease progresses to include
sacroiliac and spinal involvement in up to two-thirds of the affected children
[28-30].

Although the subtype oligoarthritis as a whole is probably heterogeneous, in
most cases it is a well-defined disease that is seen only in children [31].
Oligoarthritis occurs more often in girls, it has an early onset (before 6 years of
age), and it shows consistent associations with HLA and characteristic
asymmetric arthritis that affects mainly large joints. The patients have high
concentrations of positive antinuclear antibodies (ANAS) and are at substantial
risk of developing chronic iridocyclitis. According to the classification criteria
for JIA, there are two categories of oligoarthritis: a persistent form in which the
disease affects four joints or fewer, and an extended form in which more than
four joints are affected after the first 6 months of disease [13]. However,
patients who have either persistent or extended oligoarthritis and are positive for
ANA have similar clinical characteristics (e.g., age at onset, sex ratio,
asymmetry of articular involvement, and frequency of iridocyclitis), which
suggests that these two categories of oligoarthritis actually represent different
severities of the same disease [32, 33].

RF-negative polyarthritis comprises a heterogeneous group of JIA patients that
can be divided into at least two subsets: one with disease that is similar to adult-
onset RF-negative RA, characterized by symmetric synovitis of large and small
joints, onset at school age, and the absence of ANA; and another that resembles
oligoarthritis, apart from the number of joints affected during the first 6 months
of disease.

If psoriatic arthritis is defined as involving the presence of arthritis and psoriasis

or some psoriatic features, two disease entities exist: one of these belongs to the
ERA category and is therefore, like adult psoriatic arthritis, a form of

18



spondyloarthropathy; the other is very similar to ANA-positive oligoarthritis,
showing only small differences such as affecting small joints more often than
large joints, a feature that might be attributable to psoriatic diathesis in the
ANA-positive oligoarthritis phenotype [31, 34, 35]. Indeed, features of ANA-
positive oligoarthritis are seen in most patients who meet the present
classification criteria for psoriatic arthritis, which by definition exclude patients
with enthesitis.

Thus the discussion that George Still initiated in 1896 concerning the definition
of a disease entity in children is ongoing even today.

Clinical manifestations of JIA

The different subtypes of JIA are determined by the presence of articular and
extra-articular manifestations, and, inasmuch as these signs evolve at different
rates, it may take months before a definite diagnosis can be made. Not knowing
the subtype does not preclude treatment, but it is necessary to be prepared to
change the diagnosis as the illness progresses [36].

A striking symptom in children with JIA is pain, which the patients often
describe as aching. A child may not complain of pain at rest, whereas pain can
be elicited by both active and passive motion of a joint or palpation of muscle
and tendon insertions. The way a child communicates such discomfort varies
according to individual factors and to age. In the young child, it can be observed
as increased irritability, tenderness or pain during motion or on palpation,
holding a joint in a particular position, or refusing entirely to use a limb [37].
Disease damage to joints, muscles, and tendons may progress to severe
disability and cause chronic pain, and thereby have a marked impact on the
patients’ psychosocial function [38, 39].

The majority of children with JIA have arthritis. The definition of “active
arthritis™ proposed by the ILAR is based on clinical findings of joint swelling or
a limited range of joint mobility with pain or tenderness. The arthritic child is
troubled by stiffness in the morning and after inactivity. Any joint may be
affected, but more frequently the larger joints. The smaller joints in the hands
and feet may be affected as well, especially in polyarticular-onset disease, and
there can also be involvement of the temporomandibular joint (TMJ) and the
cervical, thoracic, and lumbosacral joints [37].
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Enthesitis is inflammation of the sites where tendons, ligaments, capsules, or
fascia are attached to bone, and it is more common than usually assumed and
may be difficult to differentiate clinically from arthritis [Paper Il, 40, 41].
Enthesitis occurs in both the axial and peripheral skeleton, and is seen primarily
in the JIA subtype ERA [13]. It arises more frequently in the weight-bearing
lower limbs, as the calcaneal insertions of the Achilles tendon, the plantar
fascia, different regions of the foot, the patella, and the greater trochanter, but
also at other locations such as the ischial tuberosity and the iliac crest [42-47].
Clinical diagnosis of enthesitis is difficult, because it is based solely on palpable
tenderness at insertion sites [48]. It should be noted that entheses that arise at
superficial sites, such as the insertion of the Achilles tendon, can show soft
tissue swelling, in contrast to those occurring at insertions of the plantar fascia
and deep-seated sites such as the iliac crest [49-51]. The number of active
entheses and affected joints at the onset of disease can predict future sacroiliitis
[52]. Sacroiliitis may remain clinically unrecognized for quite some time, but
once it has developed, treatment cannot always prevent disease progression [53-
56]. These observations suggest that it is important to diagnose enthesitis at an
early stage in order to be able to alter the course of this condition. Enthesitis
represents the main impediment in JIA classification, because presence of this
symptom assigns patients to more than one JIA subtype [19].

Other extra-articular manifestations that are common in JIA include uveitis,
tenosynovitis, dactylitis, and occasionally also systemic involvement such as
generalized lymph node enlargement, hepato- and splenomegaly, serositis, and
fever. Additional important disease-associated manifestations are anemia,
generalized and localized growth disturbances, osteopenia, osteoporosis, failure
to thrive, facial and dental problems secondary to TMJ involvement, and renal
amyloidosis. Moreover, in some cases pharmacological treatment induces
systemic complications that can contribute to morbidity [36].

Treatment of JIA

Management of JIA is based on a combination of pharmacological
interventions, physical and occupational therapy, and psychosocial support.
Until a decade ago, very few randomized controlled trials focused on children
with JIA, but this situation changed completely when the Food and Drug

20



Administration and the European Medicines Agency implemented what is
called the “pediatric rule” [17]. According to this regulation, companies seeking
to gain approval for any new treatment of a given disease in adults must also
test the product in children, if there is a pediatric equivalent of the illness in
question. The pediatric rule has opened the way for more targeted studies that
are essential for the safety of pediatric patients, including those with JIA [57-
59].

Pharmacological treatment of JIA is a challenge, because no single drug can
cure the many variants of the disease. The aim of treatment is to control the
inflammation that causes joint damage, impaired growth and development,
long-term disability, and a secondary decrease in quality of life [2, 60]. In the
past decade, great advances have been made in treatment regimens, which
seems to have improved the long-term prognosis of the disease and alleviated
some of the heavy burden it imposes on children, their parents, and society [61].
Table 3 presents a summary of the anti-inflammatory and immunomodulatory
drugs that are currently used in treatment of JIA. In a majority of patients,
nonsteroidal anti-inflammatory drugs (NSAIDs) are the mainstay of treatment,
because they suppress mediators of inflammation, reduce pain, and improve
mobility. Intra-articular corticosteroid injections play an important part in the
prevention of deformities [62, 63]. Systemic corticosteroids are administered
orally or as intravenous pulse therapy, and are often used in systemic JIA.
Among disease-modifying drugs (DMARDs), methotrexate has been chosen
more frequently since the first reports of its use in JIA in 1986, and the most
effective dose was proposed in a randomized trial [64, 65]. Research on the use
of biological agents directed towards specific disease modulators has led to
important improvements in the management of JIA in recent years [2]. These
agents are used alone or in combination with methotrexate, and their
effectiveness has had an impact on physicians’ expectations. The need for firm
criteria for defining disease states has been raised [66-68]. In the future, it is
likely that treatment strategies, including withdrawal of treatment when patients
are in remission, will be guided not only by clinical data, but also by more
objective measures such as imaging and normalization of biomarkers [69].
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Table 3. Anti-inflammatory and immunomodulatory drugs used to treat

children with JIA

Drug type

Mode of action

NSAID

Inhibit cyclo-oxygenase 1 and 2

Corticosteroid

Suppress inflammatory cytokine
production

Methotrexate

Suppress inflammatory cytokine
production, inhibits dihydrofolate
reductase, inhibits lymphocyte
proliferation at high doses

Anti-TNF alpha
(etanercept, adalimumab,
infliximab, certolizumab pegol,

Blocks the action of TNF alpha
(inflammation), T- and B-cell signaling
and T-cell proliferation), both fusion

golimumab) protein and monoclonal antibodies
IL-1ra A recombinant form of the natural
(anakinra) receptor antagonist that blocks cellular
signaling by IL-1 alpha and beta
Anti-I1L-1 A humanized monoclonal antibody that

(canakinumab)

blocks cell signaling of IL-1

Anti-sIL-6R
(tocilizumab)

A humanized monoclonal antibody that
blocks cell signaling by the complex of
IL-6/IL-6R

T-cell costimulation modulator

A soluble human fusion protein that

(abatecept) binds competitively to antigen CD80 or
CDES86 and inhibits T-cell activation
and downstream cytokines

Anti-CD20 Chimeric monoclonal antibody against

(rituximab) antigen CD20 receptors that lyses B-

cells but not plasma cells

Based on: Pediatric Rheumatology in Clinical Practice, P. Woo, R.M. Laxer, D.D. Sherry;

Springer-Verlag, London; 2007, p.17.
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Follow-up of treatment efficacy and evolution of the
criteria for disease remission

It is essential that the criteria for defining disease states are validated, clinically
useful, and reliable when they are to be applied in monitoring of disease status
in individual patients or as potential end points in clinical trials. New and
effective therapies are now available that have the potential to eliminate JIA
disease activity for extended periods, and this stresses the need for definitions of
inactive as well as active disease. Clinical remission, with or without ongoing
medication, is an important goal of all interventions [60, 70-73]. In the absence
of a biological marker for active or inactive JIA, the aggregated judgments of
experts are necessary to determine criteria for clinically inactive JIA [74]. At
present, the validated criteria for defining clinically inactive disease in select
categories of JIA are provisional and do not identify biologically inactive
disease [66]. Furthermore, clinical examination cannot detect low levels of
inflammation that can be demonstrated by US imaging [75-80]. Therefore, true
remission in JIA, implying the absence of disease, cannot rely on clinical
examination alone, but requires additional clinical laboratory data and imaging
assessment.

The role of imaging in JIA

Conventional radiography

Conventional radiography (CR) has been, and still is, the central component of
imaging in JIA, and it has also served as the basis for developing various
systems used to score joint damage [81-86]. Assessment of structural damage
by CR is a key outcome in studies of treatment efficacy in adult arthritis patients
[6]. The imaging used to evaluate articular disorders in children differs from
that applied in adults in several important aspects. The growing skeleton in
young patients makes CR assessment of structural damage in JIA a challenge.
The scoring systems designed for adults are not directly applicable, although
certain other pediatric-targeted scoring systems have proven to be reliable and
valid [87]. A limitation of CR, in addition to the radiation dose, is that it does
not allow direct evaluation of inflammatory changes in soft tissues.
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Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) provides detailed cross-sectional
tomographic images of all aspects of rheumatic disease: synovial proliferation,
joint and extra-articular fluid, cartilage damage, bone erosions and bone marrow
edema [88-94]. Clinical musculoskeletal imaging uses chiefly three types of
MRI sequences called spin echo, inversion recovery, and gradient echo. In
general, T1-weighted (T1w) spin echo images best depict the anatomy, and use
of paramagnetic intravenous MRI contrast agents can enhance visualization of
inflamed structures. The thickened inflamed synovial membrane in synovitis
appears hypointense on T1lw images and is enhanced on T1lw post-contrast
images. Both enhanced synovitis and surrounding fat are hyperintense and thus
can be difficult to differentiate. Nevertheless, good visualization of the synovial
tissue can be achieved by using a technique called “fat suppression” (FS), which
makes fat appear hypointense. Most tissues involved in an inflammatory
process have a higher water content compared to normal tissues. Accordingly,
T2-weighted (T2w) spin echo or short tau inversion recovery (STIR) sequences
provide the best detection of disease, because the high hydrogen content causes
the affected areas to appear bright [95, 96].

MRI, but not US, can visualize bone marrow edema, which is a key predictor of
erosive joint damage in RA [97-100]. The edema is visualized by an increased
signal in fat-suppressed T2w/STIR images due to the increased water content
within trabecular bone [100, 101]. Bone marrow edema is either rare or absent
in healthy adults, whereas MRI findings in healthy children have been reported
to show physiological bone marrow edema at the iliac crest, in the wrist, and in
the ankle region [Paper IV, 80, 102-105]. Consequently, it may be difficult to
use MRI to detect pathological bone marrow edema in children and adolescents.

On MRI, an erosion is seen as a break in the cortical bone. Use of gradient echo
sequences makes it possible to obtain high-quality 3D volume images in which
the slice thickness can be reduced to sub-millimeter resolution, an advantage
when investigating small structures such as minor bony erosions [96, 106].
Studies of adults with RA have demonstrated the significant prognostic value of
MRI-detected bone erosions [107, 108]. Predicting prognosis in children with
newly diagnosed JIA is of key importance, but thus far only a few MRI studies
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of JIA have been conducted, all of which have used different methodologies [6,
90, 109-111].

The MRI-RA group of the Outcome Measures in Rheumatology Clinical Trials
(OMERACT) has devised a semi-quantitative scoring system for the assessment
of inflammatory and joint damage abnormalities in RA, and has also suggested
a core set of basic MRI sequences [112]. This system is called Rheumatoid
Arthritis MRI Scoring (RAMRIS), and it may provide a standard also for
forthcoming JIA studies [113].

The lack of validated MRI scales and standardized MRI protocols targeting
children makes it difficult to draw firm conclusions regarding the value of MRI
assessment in JIA [114, 115]. Furthermore, there are no long-term MRI studies
of JIA, and the significance of MRI abnormalities over time is still unclear.
Despite these limitations, the advances in MRI assessment of findings in JIA
have strongly influenced current views on this disease [6]. MRI imaging has
contributed greatly to strengthening the perceptions that synovitis is the primary
inflammatory focus of JIA, that synovitis is associated with damage, and that
patients in apparent clinical remission may still have persistent synovitis [6].

Current treatment strategies in JIA aim to achieve early suppression of
inflammation in order to prevent erosive disease. CR mainly detects structural
damage, and thus, in this context, other more subtle imaging methods are
needed that can discern the slightest traces of early joint changes. Alternative
imaging techniques that will play an important role in this evolution include US
and MRI.

Musculoskeletal ultrasound (MSUS) has emerged as an indispensible tool for
physicians involved in musculoskeletal medicine, and lately it has become more
attractive to pediatric rheumatologists as well. In this regard, recent reports have
described parity and even superiority of US in comparison with physical
examination and other imaging modalities. US is suitable for examining
children of all ages, and, compared with other imaging modalities, it offers the
benefits of being mobile, immediately accessible at bedside, easy to combine
with clinical assessment (interactivity), non-invasive, and cheaper. With proper
training, any clinician can perform US examinations, making the technique
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readily available at point of care [116, 117]. Moreover, multiple locations can
be assessed during the same session, and repetitive follow-up examinations are
easily performed.

Numerous studies have established the important role of MRI and US in
investigation of disease activity in adult rheumatology, and MRI is considered
the reference standard for advanced imaging in that context [118-120].
However, in pediatric rheumatology, MRI and US have not been fully
evaluated, and studies are still rare [5, 6, 93, 121-124]. Due to differences in
disease characteristics between adult and pediatric rheumatology, and the
unique features of the growing skeleton, the results of studies of adults are not
directly applicable to children or adolescents [17].

Ultrasonography (US)

Basic physics in US

Ultrasound is defined as soundwaves with a frequency above that which
humans can hear, or more than 20 kHz. When ultrasound meets interfaces
between different tissues, it is partly reflected and partly transmitted. Two
factors influence the reflectivity: the acoustic impedance of the medium and the
angle of incidence of the sound beam. Reflection is maximal when the beam is
perpendicular to the interface. If the angle of incidence is different from 90°,
there is also a refraction (change of direction) of the sound beam. US
transducers generate US pulses and also receive the returning echoes. High-
frequency transducers (12—20 MHz) ensure good image resolution, albeit at the
expense of tissue penetration, and hence they are suitable for examining
superficial structures such as most musculoskeletal components. By
comparison, low-frequency transducers provide better penetration, but at the
expense of image resolution, and thus they are used to examine deeper
structures. In short, the choice of transducer represents a compromise between
resolution and penetration.

Gray-scale US

US images are displayed by “brightness-modulation” (B-mode) using a gray-
scale. The pixels (picture elements) forming the image are created by the
reflected US waves of the investigated tissues. As the US pulse travels through
the tissues, echoes are generated at interfaces between tissues with different
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acoustic properties. The intensity of the echoes defines the gray-scale of the US
images and is described as being anechoic, hypoechoic, isoechoic, or
hyperechoic (Figure 1):

e anechoic: no internal echoes

¢ hypoechoic: brightness of echoes decreased relative to an adjacent structure

e isoechoic: echogenicity the same as that of an adjacent structure

e hyperechoic: increased brightness of its echoes, relative to an adjacent
structure

A structure that is anechoic will appear black; this applies to most fluid
collections, although fluids containing varying degrees of reflective material
may be echogenic (hypoechoic, isoechoic, or hyperechoic). Connective tissue,
tendons, synovial tissue, debris, and other structures are seen in varying shades
of gray. Interfaces with a very high degree of reflection appear bright (white and
hyperechoic), and this is characteristic of bone surfaces and air-filled areas.
Gray-scale US gives valuable information about the morphology of an
investigated area, and it allows dynamic investigation of joints and tendons in
real-time.

Figure 1. The gray-scale of US images is described as anechoic, hypoechoic, isoechoic,
and hyperechoic, relative to an adjacent structure.

Doppler-US

The Doppler effect is a change in wavelength resulting from motion of a sound
source, receiver, or reflector. Since the transducer is a stationary source and
receiver, the Doppler effect in US arises when an emitted signal is backscattered
by moving blood cells. The Doppler signal is displayed as colored pixels
superimposed on the US images, encoding either for shifts of frequency (color
Doppler, CD) or amplitudes of the Doppler signals (power Doppler). The power
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Doppler mode is more sensitive than the CD mode, but it does not provide
information on direction or velocity of flow. The main limitations of Doppler-
US techniques are determined by the choice of equipment, the lack of
standardization of the examination technique, the reproducibility and the
experience of the examiner [125-127].

Contrast agents in US

Contrast agents in the form of microbubbles are used in US to enhance
scattering properties of blood. The use of contrast agents in MSUS is still
experimental, and no intravenous contrast media are registered for use in
children.

Musculoskeletal US in pediatrics

Examination technique

US of the musculoskeletal system has no contraindications, and it does not
require any preparation of the patient. A high-frequency linear array transducer
must be used. The structures of interest (e.g., tendons, ligaments, muscles, and
menisci) should always be examined perpendicularly to provide strong
reflections and good visualization of the anatomical details, which also makes it
possible to differentiate true hypoechoic pathology from anisotropic artifacts
[128, 130]. The contralateral limb should always be assessed as a reference,
keeping in mind that pathological findings may be bilateral. Of course, US
allows direct interaction with the patient and immediate comparison of imaging
and clinical assessments. Compression with the transducer, referred to as
sonopalpation, may provide information about the correct nature of a structure,
for example, differentiation between fluid and soft tissue. It can be essential to
apply as little pressure as possible in order to visualize certain pathological
findings in superficial soft tissues, such as effusion in bursitis and tenosynovitis,
or tissue vascularization on Doppler examination. Dynamic examination during
active or passive mobilization of the soft tissues may facilitate recognition of
anatomical structures and localization of pathological changes [129-131].

US is easy to perform on children of all ages, because agitation of the patient is

rarely a problem. The time factor is also important in dealing with young
children. Only a relatively short amount of time is required to examine each
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anatomical structure, and thus it is a simple matter to assess multiple locations
during a single session. US images are analyzed in real time, and therefore the
information that is acquired can be used directly to adjust the clinical
assessment, an aspect that may be particularly useful if there are few verbal
complaints (e.g., in infants) [116]. The advantages and disadvantages of MSUS
imaging in children are summarized in Table 4.
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Table 4. Advantages and disadvantages of musculoskeletal US
imaging in children

Advantages

Non-invasive: no ionizing radiation, no need for sedation or general
anesthesia, no intra-venous contrast

No complications, no contraindications

Ability to visualize both soft tissues (inflammatory changes) and bone
surfaces (destructive disease manifestations)

Multiregional: possible to examine several joint regions in one session

Potential for guiding interventions (i.e. intra-articular steroid injections)

Unsurpassed resolution of superficial musculoskeletal structures

Interactivity with clinical assessment, dynamic tests

Well tolerated by children of all ages, agitation rarely a problem

Results available in real-time

Relatively short examination time

Repeatability (follow-up)

Bedside availability

Widely available (all hospitals)

Relatively low cost

Disadvantages

Long learning curve

Operator dependence (acquisition and interpretation of images)
- like MRI

Incomplete examination: acoustic shadowing from overlying bones,
unable to image bone; air, fat and fibrosis may alter images

Lack of overview (but with possibility to obtain ‘panoramic view images’)

Limited normative data on children

Doppler-US not validated for use in children, difficult to standardize and
make objective measurements

Difficult to standardize for clinical trials

Machine dependence - like MRI

Less objective documentation
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Investigation of healthy children

The cartilaginous ends of long bones are responsible for the enchondral
ossification that occurs during growth in childhood [132]. Therefore, children
have a large amount of cartilage tissue, whereas adults have only a thin layer of
avascular articular cartilage, and this has implications for interpretation of
MSUS images [128]. The ends of the bones comprise three zones called the
epiphysis, the metaphysis, and the physis [133, 134]. At birth, the epiphysis is
completely cartilaginous, except at the distal end of the femur. Over time, one
or several epiphyseal ossification centers appear and enlarge until the entire
epiphysis has been ossified, with the exception of the thin layer of articular
cartilage. Thus, during childhood, there are three vascular systems in the long
bones: the epiphyseal, the metaphyseal/intramedullary, and the periosteal blood
supply [132, 135, 136]. When a growing child is examined by Doppler-US, any
juxta-articular flow must be thoroughly analyzed, because the Doppler signal
can represent either normal cartilaginous vascularization or synovial hyperemia
indicating inflammation [128]. In adulthood, the articular cartilage of the
epiphysis is avascular, and any juxta-articular Doppler flow suggests
inflammation. Consequently, it is important to have knowledge of the normal
appearance of each joint at different developmental stages in order to avoid
diagnostic errors when performing US examinations in growing subjects [128,
137, 138].

Sonographic reference values have not been established for most pediatric
joints, and there is no consensus regarding what constitutes “normal” gray-scale
and Doppler findings at the single-joint level in children or adults [125]. In
children, the infant hip is the best described, because US is an established
method for evaluating hip dysplasia and other hip disorders [139-146]. US
assessment of cartilage thickness in some large and small joints of healthy
children was recently validated by comparison with MRI findings, which has
led to proposal of age- and sex-related reference intervals [147-149].

31



The role of US in pediatric rheumatology

Two major factors have resulted in increased interest in using MSUS in JIA: (1)
the evolution of high-frequency linear transducers that depict superficial
musculoskeletal structures with unsurpassed resolution [128]; (2) the need for
imaging techniques that can detect the slightest traces of soft tissue
inflammation. Only a few studies so far have investigated both gray-scale and
Doppler assessments of children with JIA [Papers I, II, Il and 1V, 77, 150-153,
177, 178, 182, 220].

In daily clinical practice, the diagnosis of “active arthritis” in JIA is based
primarily on clinical evaluation. However, it is often difficult to clinically
determine whether a perceived joint swelling is secondary to synovitis with
joint effusion or is due to soft tissue edema and/or tenosynovitis [Papers | and
I11, 41, 91, 154]. Similarly, pain and limitation of mobility in a joint are not
always the result of active arthritis. In JIA, it is a particularly complex task to
clinically assess disease activity in the small joints of the hand [155].

US assessment of disease activity has been proven to be more informative than
clinical examination in JIA. Subclinical synovitis is frequently detected by US,
particularly in the hands and feet [40, 153, 154, 156]. A recent study of JIA
patients with a clinical history of unilateral wrist involvement showed that 50%
of previously unaffected wrists had abnormal gray-scale findings but no
Doppler signals, which indicates that the primary clinical assessment falsely
described the disease involvement as unilateral [77]. Gray-scale abnormalities
of this kind are not present in healthy children [Paper 1V, 77, 157]. US can also
detect subclinical enthesitis in JIA, as demonstrated in another recent
investigation, in which Doppler-US revealed enthesitis in 50% of clinically
normal entheses [151].

The issue of subclinical disease may be particularly relevant in JIA. In the
current ILAR classification, oligoarthritis versus polyarthritis is defined by the
number of affected joints in children with JIA. Active disease in at least five
joints is a prerequisite for the diagnosis of polyarticular JIA, which in turn is a
requirement for inclusion in clinical trials of second-line or biological agents [6,
65, 73, 123, 158]. Thus, when disease activity is based solely on clinical
findings, a substantial number of children may be wrongly classified as having
extended oligoarticular or polyarticular disease on the basis of joint
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involvement, when they in fact have oligoarticular disease with tenosynovitis
[41]. It can be concluded that, in the future, US identification of subclinical
disease in JIA will have a marked impact on diagnosis and choice of therapy,
and potentially also on classification of the subtypes of this disease [5, 19].

Detection of disease activity by US

Synovial hypertrophy with hyperemia, joint effusion, tenosynovitis, enthesitis,
and bone erosions are MRI findings that reflect the pathology of JIA. The
corresponding US signs include the following: non-compressible hypoechoic
synovial hypertrophy; compressible hypoechoic/anechoic joint effusion;
hypoechoic/anechoic tissue within the tendon sheath; hypoechoic and/or
thickened tendons, ligaments, capsules or fasciae on bony insertions; erosions
seen as localized cortical defects. In addition, the Doppler technique is used to
detect hyperemia. Definitions of JIA pathology vary in different US studies. In
our investigations, we defined US synovitis/tenosynovitis as synovial
hypertrophy with or without synovial vascularization, and with or without
effusion [159, 234]. Table 5, summarizes the pathology of JIA and the
corresponding OMERACT 7 definitions of US signs of the disease [159].
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Table 5. Definitions of musculoskeletal US findings in JIA pathology

JIA pathology

Definitions for US pathology (OMERACT 7)

Synovial
hypertrophy

Abnormal hypoechoic (relative to subdermal fat, but
may be isoechoic or hyperechoic) intra-articular
tissue that is non- displaceable and poorly
compressible, and may exhibit a Doppler signal

Joint effusion

Abnormal hypoechoic or anechoic (relative to
subdermal fat, but sometimes may be isoechoic or
hyperechoic) intra-articular material that is
displaceable and compressible, but does not exhibit
Doppler signal

Tenosynovitis

Hypoechoic or anechoic thickened tissue with or
without fluid in the tendon sheath that is seen in two
perpendicular planes and may exhibit a Doppler
signal

Enthesitis

Abnormally hypoechoic (loss of normal fibrillar
architecture) and/or thickened tendon or ligament at
its bony attachment (may occasionally contain
hyperechoic foci consistent with calcification), seen
in two perpendicular planes that may exhibit
Doppler signal and/or bony changes such as
enthesophytes, erosions, or irregularity

Bone erosion

Discontinuity of the bone surface visible in two
perpendicular planes

Based on: Musculoskeletal ultrasound including definitions for ultrasonographic
pathology, R. J. Wakefield, et al.; 3 Rheumatol; 2005, 32, 12, p. 2485-7.

Synovial thickening

The synovial membrane is a thin layer of soft tissue that lines joint cavities,
tendon sheaths, and bursae, and it is the location of the primary inflammation
that occurs in arthritis. Such inflammation is characterized by hypertrophy and
edema that are caused by proliferation of the capillaries and postcapillary
venules and by an increase in perfusion [160]. US is a sensitive method for
detecting synovial thickening and synovial cysts [161], and it shows synovial
hypertrophy as a solid, non-compressible, abnormally thickened hypoechoic
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tissue associated with joint lines or surrounding tendons [159, 162]. It is more
challenging to assess synovial hypertrophy in younger children than in
adolescents and adults, despite a better image quality in children due to less fat
and fibrosis and more cartilaginous joints. In children, the synovial tissue is
difficult to distinguish from the hypoechoic cartilage of the epiphyses. Doppler
examination is generally not a solution to this problem, since vascularization
can be present in both hypertrophic synovial membranes and in cartilaginous
epiphyses during growth. Therefore, to avoid diagnostic errors, it is important to
have good knowledge of the normal US appearance of each joint at different
stages of development, and it is also imperative to use a meticulous scanning
technique that allows clear interpretation of possible anisotropic artifacts [128,
130]. For the most part, it is easier to differentiate synovial tissue from effusion.
Effusion is often anechoic or more hypoechoic than synovial tissue, and it can
be mobilized by compression with the transducer; by comparison, synovial
tissue is solid and non-compressible [163].

A semi-quantitative system for grading pathological gray-scale findings is used
most frequently in adult rheumatology, but no such system has been validated in
JIA [164].

Effusion

Physiological joint effusion is common in children. Notably, in a recent MRI
study, the wrists of healthy children were found to contain fluid in relatively
large amounts that have previously been considered to be pathological in adults
[104, 165]. Even in a large and easily palpable joint such as the knee,
sonography is more sensitive than CR or clinical examination for detecting
effusion [161, 166]. US can detect volumes as small as one milliliter, and
interobserver agreement of 79% was found in an analysis of effusion in joints of
the hands and feet [167]. As mentioned above, sonopalpation entails
compression with the transducer, and it is useful for distinguishing effusion
from synovial proliferation. In a prospective study, it was found that US
detection of a knee effusion in JIA was highly correlated with clinical disease
activity, although the correlation was lower for the hip, probably because that
joint is less accessible to clinical investigation [168]. In our research [Paper 1V],
the only finding of potential pathological significance in healthy controls was
effusion demonstrated by both US and MRI.
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Synovial perfusion

When using gray-scale US, it can be difficult to differentiate between active
synovitis and inactive synovial thickening, because both may appear as non-
specific hypoechoic synovial hypertrophy. Doppler-US techniques depict the
increased vascularity of the hypertrophied synovium, and they are considered to
be superior in distinguishing between active and inactive synovial thickening
[169-175]. It has been shown that the Doppler signal is correlated with clinical
and laboratory data, MRI results, and histology, and it also reflects disease
activity in adult RA [173, 175, 176]. Furthermore, investigations of JIA have
demonstrated that the Doppler signal is correlated with clinical activity and with
serum levels of 1L-6 [150, 152, 177-179]. Various systems using quantitative or
semi-quantitative methods have been proposed to evaluate synovial Doppler
flow in adults, but none of those techniques have been validated in JIA [125,
164, 173]. Our group did not detect any Doppler flow in healthy children [Paper
IV], which agrees with a recent US study in which the Doppler signal was
found to be absent in healthy controls, and any presence of Doppler flow was
significantly associated with clinical synovitis in JIA [150]. In a growing child,
juxta-articular Doppler flow can represent either the well-vascularized cartilage
of the epiphysis or synovial hyperemia reflecting disease activity, which
underlines that it is necessary for the investigator to have good anatomical
knowledge of the area that is examined. In two of our studies [Papers | and 11],
Doppler flow was detected in 88—-91% of clinically affected joints that exhibited
synovial hypertrophy on gray-scale US. That observation concurs with other
investigations in which hyperemia was found in 93% of symptomatic MCP
joints and 77% of symptomatic knees in JIA patients [177, 178].

The use of ultrasound intravenous contrast media in Doppler-US to diagnose
inflammatory joint disease has not yet been validated in either adults or children
[180-182].

Enthesitis and tenosynovitis

Enthesitis is defined as inflammation of the sites where tendons, ligaments,
capsules, or fascia are attached to bone. Conventional radiography visualizes
mainly the bony parts of an enthesis (i.e., calcifications, enthesophytes, and
bony erosions) and thus reveals only the late stages of disease [183]. MRI or US
can demonstrate the early soft tissue signs of inflammatory enthesitis in adult
SpA and in JIA [Paper Il, 151, 184-187].
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The OMERACT 7 definition of US signs of enthesitis stipulates an abnormally
hypoechoic and/or thickened tendon or ligament at its bony attachment seen in
two perpendicular planes that may exhibit Doppler signal and/or bony changes
(Table 4) [159]. Other recognized US signs of enthesitis include focal or diffuse
loss of normal tendon or ligament fibrillar structure, effusion, intratendinous or
intraligamentous calcifications, bone erosions, enthesophytes, and associated
abnormalities of adjacent bursae [188, 189].

US is more sensitive than clinical assessment for diagnosing enthesitis in adult
SpA patients and in JIA, and Doppler-US has been shown to be a sensitive
method for detecting abnormal blood flow in and around peripheral entheses
[151, 188-196].

The US appearance of tenosynovitis is the same in patients of all ages, showing
effusion and/or synovial hypertrophy in a tendon sheath. Recent JIA studies
have demonstrated that tenosynovitis in swollen ankles is detected by US more
often than previously assumed [Paper I, 40, 41].

Cartilage thinning and erosions

On US, the articular cartilage is normally seen as a hypoechoic structure
creating a smooth outline of the bone surfaces. Age- and sex-related reference
intervals for US measurements of cartilage thickness in children have been
proposed and validated by comparison with MRI results [147-149]. Some early
US studies of JIA patients have reported cartilaginous changes involving early
thickening or late thinning with blurred surfaces [161, 197, 198].

Bony erosions

A relevant proportion of any JIA patients who do not receive treatment will
develop progressive joint destruction and serious physical disability [121]. The
occurrence of erosions early in the course of this disease is associated with a
higher risk of progressive JIA, and is an indicator of poor long-term outcome
[199, 200]. In both RA and JIA, US is equal or superior to CR in detecting
cortical erosions in areas that are accessible to the soundwaves. Notably, US has
been found to be comparable to MRI in some studies but not in others, and this
discrepancy might also be related to whether the investigated sites were
accessible to US examination [121, 201-204].
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US-guided steroid injections

Steroid injections constitute an important form of treatment in JIA [62, 63], and
the clinical effect that is achieved depends on accurate placement of the steroid
in the diseased compartment. In adult rheumatology, it has been shown that up
to 50-70% of palpation-guided joint injections are placed incorrectly [205-207].
Imaging guidance can significantly improve the accuracy, and US is the best
available technique for this purpose [128, 206, 208-212, 223-225]. US guidance
may be static or dynamic. With static guidance, the structure of interest is
identified, and the angle required by the needle is noted, with the point of entry
marked on the skin. In dynamic procedures, US visualizes the needle in real
time, which provides more accurate guidance and is generally preferred by
experienced users [116]. A number of studies have shown that imaging-guided
injections provide results superior to those obtained with palpation-guided
injections, and these observations were made in adults with
arthritis/osteoarthritis in large and small joints, and in children with arthritis in
the ankle region (Figure 2) [206, 213-215, 227].

Figure 2. US-guided steroid injection of the talo-crural joint. The needle is
inserted obliquely into the antero-medial recess of the joint (longitudinal US

plane).

In JIA patients with wrist swelling, it is common clinical practice to perform
palpation-guided injections in the radio-carpal joint, whereas injection of the
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midcarpal joints or tendon sheaths is done less frequently. When clinical ankle
swelling is present, a palpation-guided injection is usually given in the talo-
crural joint, and less often in the subtalar joints or tendon sheaths; which might
explain the poor outcome of steroid injections in ankle disease in JIA [153, 215,
216, 227].

Subcutaneous atrophy due to extravasation of steroid is a well-recognized
adverse effect of intra-articular steroid injections, and it occurs most likely in
small or complex joints such as the wrist or ankle in children under 4 years of
age, or when a larger volume is injected [217, 218]. Employing US guidance
makes it easier to ensure that the needle tip is correctly positioned before
injecting the drug, which potentially minimizes the risk of extravasation of
steroid into the subcutaneous tissue.

US follow-up of treatment efficacy and disease
remission

Follow-up of treatment in arthritis patients is based on clinical examination
and/or imaging. Repetitive follow-up examinations with US is attractive
because it is non-invasive and lacks ionizing radiation [116].

US follow-up of treatment efficacy in JIA have reported that gray-scale US was
sensitive enough to detect decreases in joint effusion and synovial hypertrophy
in knees treated with NSAIDs, DMARDs, or oral or intra-muscular steroids, and
in knees and hips after intra-articular steroid injection [142, 197, 198, 219]. The
rate of decrease was faster for effusion than for synovial hypertrophy [197,
198].

US with Doppler is widely used for follow-up in adult rheumatology, whereas
there are only four corresponding studies of JIA, in which the technique was
used to evaluate treatment efficacy after steroid injections in the ankle region,
wrist region or in knee synovitis after systemic corticosteroids and NSAIDs
[Papers I and 111, 178, 220].

Several investigations have established that MRI and US can improve the

accuracy of remission measurement in RA [75, 78, 221]. Irrespective of the
clinical or laboratory criteria applied to determine remission, the majority of the
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RA patients in those studies continued to exhibit signs of active inflammation.
Even in RA patients with clinically asymptomatic joints, MRI showed that 96%
had synovitis and 46% had bone marrow edema, and US indicated that 73% had
synovial hypertrophy and 43% an increased Doppler signal [80]. In DMARD-
treated RA patients, it has been observed that such low-grade inflammation
predicts subsequent radiographic deterioration [75, 76].

In JIA, it is possible today to induce permanent remission in an increasing
proportion of affected children, but this cannot be reliably demonstrated by
clinical examination alone [2, 5, 77]. In that context, Doppler-US has been
found to reveal ongoing inflammation in the wrist and ankle joints of some JIA
patients who meet the current clinical criteria for remission; there was complete
concordance of the clinical and US assessments of the knee joint in that study,
whereas it was judged that US assessment was particularly beneficial for the
wrist and ankle regions [77]. Thus, inasmuch as clinical criteria cannot exclude
disease activity, it seems that the current remission criteria are more appropriate
for defining low disease activity. In short, it appears that determination of true
remission cannot rely solely on clinical examination, but requires repetitive
imaging to confirm the absence of subclinical inflammation [77].
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AIMS OF THE PRESENT
STUDIES

The objective of the present project was to evaluate Doppler-US in the clinical
setting of pediatric rheumatology, with the goal of contributing information to a
growing knowledge base for the benefit of children with juvenile idiopathic
arthritis.

The specific aims were as follows:

e To assess the ability of gray-scale US and Doppler to determine the
exact anatomical location of inflamed structures in clinically affected
ankle and wrist regions in JIA [Papers | and I11]

e To evaluate US guidance of steroid injections in JIA [Papers | and
1

e To investigate the use of Doppler-US for follow-up of steroid
injections in JIA [Papers | and I11]

e To assess use of Doppler-US and MRI for diagnosis of gluteal
enthesitis in JIA [Paper 1]

e To compare Doppler-US and MRI applied to evaluate symptomatic
joints in JIA patients, and to compare the results with those obtained
in healthy age- and sex-matched controls [Paper IV]
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SUMMARY OF THE RESULTS

Paper |

Ultrasonography and color Doppler in juvenile idiopathic arthritis: diagnosis
and follow-up of ultrasound-guided steroid injection in the ankle region. A
descriptive interventional study.

The purpose of the study reported in Paper | was to investigate US imaging of
the ankle region in children with JIA, considering the usefulness of this
technique for detection of synovial hypertrophy and hyperemia, guidance of
steroid injections, and assessment of treatment efficacy. Forty ankle regions in
30 JIA patients with clinically active arthritis were investigated by Doppler-US.
All patients underwent Doppler-US assessment before (week 0) and 4 weeks
after US-guided steroid injection. Gray-scale US was performed to detect
structural abnormalities, and CD was conducted to identify hyperemia. For each
of the compartments, the presence/absence of the following US signs of disease
were registered: (1) non-compressible hypoechoic synovial hypertrophy; (2)
compressible anechoic/hypoechoic joint effusion; (3) bone erosion defined as a
localized hyperechoic cortical defect seen in both the longitudinal and
transverse planes. Synovial hyperemia was assessed by giving CD flow a
semiquantitative grade of 0, 1, 2, or 3, where grades 1-3 were considered
pathological signs of hyperemia. US synovitis/tenosynovitis was defined as
synovial hypertrophy with or without synovial vascularization, and with or
without effusion.

At week 0, Doppler-US detected synovial hypertrophy, effusion, and/or
hyperemia in 121 compartments (70 joints, 50 tendon sheaths, and one ganglion
cyst). Synovial hypertrophy was found in 78% of the talo-crural joints. An
isolated talo-crural synovial hypertrophy was found in only three ankles. The
compartments most frequently involved in association with the talo-crural joint
were the posterior subtalar joints and tendon sheaths. Synovial hypertrophy was
detected in 65% of the posterior subtalar joints, 30% of the midfoot joints, and
18% of the tendon sheaths examined. Involvement of multiple tendons was
noted in twelve ankles and isolated tenosynovitis, without any joint
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involvement, in four ankles. Effusion was detected in 40% and CD flow in 89%
of the involved compartments. Bone erosions were found in three ankles.
US-guided steroid injection was performed in 85 of the 121 diseased
compartments. Twelve ankles received one injection and 28 multiple injections
(two to three compartments in 25 ankles and four to five compartments in three
ankles).

At 4-week follow-up, synovial hypertrophy in talo-crural joints was normalized
or decreased in 87%, and the mean synovial thickness of the talo-crural joint
(measurements on four separate locations) showed a significant decrease (p <
0.001, paired t-test). Normalization of synovial hypertrophy was noted in 93%
of the other injected compartments. Doppler flow had disappeared completely
in 89% of all injected compartments, had decreased in eight, and it was
unaffected in one compartment (a talo-crural joint). Results were equally good
for non-injected diseased compartments at most anatomical sites, except for the
posterior subtalar joints.

In conclusion, US enabled exact anatomical localization of synovial
inflammation in the ankle region of JIA patients. The talo-crural joint was not
always involved, and disease was frequently found in compartments that are
generally difficult to evaluate clinically. US enabled precise guidance of steroid
injections, and it proved to be valuable in follow-up examinations.
Normalization or a decrease in synovial hypertrophy and hyperemia was
achieved in most cases, which supports the notion that US is an important tool
for management of ankle involvement in JIA.
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Paper 11

Ultrasonography and color Doppler of proximal gluteal enthesitis in
juvenile idiopathic arthritis: a descriptive study.

In this investigation [Paper I1], we evaluated the usefulness of US for diagnosis
of enthesitis in JIA. Thirty-eight consecutive patients with focal, palpable
tenderness of the gluteus medius insertion on the posterior iliac crest (n = 76)
were included, and Doppler-US examination and contrast-enhanced MRI were
performed on all these children. Thirty-eight healthy age- and sex-matched
controls were also assessed clinically for tenderness on palpation of the
posterior iliac crest and by Doppler-US. In each patient, an US scan was
obtained to search for possible hypoechoic thickening of the fascia, hypoechoic
areas in the gluteus medius muscle insertion, or irregularities of the bony
surface. The thickness of the muscle insertion was measured, and hypoechoic
changes were graded from 0 to 3, where grades 1-3 were considered
pathological signs of enthesopathy. CD examinations were done on all subjects
to determine the presence or absence of hyperemia. MRI examinations of the
patients were performed to search for sacroiliitis, subchondral edema and
synovial, or subchondral contrast enhancement in the sacroiliac joints, and for
bone edema in the iliac crest. The insertion of the gluteal fascia and muscle
were also examined for contrast enhancement.

US examination of the healthy controls revealed normal posterior iliac crests
bilaterally (n = 76), and CD showed no vascularization in any of the gluteus
medius insertions.

US examinations of the 76 proximal gluteus medius insertions of the patients
revealed various pathological hypoechoic changes in 53%. The changes were of
grades 1, 2, and 3 in 13%, 20%, and 67% of the crests, respectively. The
entheses in JIA patients were significantly thicker compared to those in healthy
controls (p < 0.003 left side, p < 0.001 right side). There was no significant
difference in thickness between the left and right sides in individual subjects.
CD detected signs of hyperemia in 37% of iliac crests. Furthermore, there were
no apparent irregularities of the bony surfaces in any of the subjects. There was
a considerable time span between the MRI and US examinations (median 4
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weeks, range 29 weeks), and only four patients had US and MRI scans in the
same week.

MRI detected signs of enthesitis in 16% of the iliac crests and pathological iliac
crest bone edema in 8%. In the 25 patients examined by contrast-enhanced
MRI, 6/50 (12%) of their iliac crests showed enhancement in the fascial and/or
muscular insertion. In one of the six crests that exhibited contrast enhancement
on MRI, hyperemia was also detected on CD. Bone edema and contrast
enhancement never occurred in the same iliac crest. MRI indicated sacroiliitis in
16 of the patients (28 sacroiliac joints), and, in 10 of those subjects (14
sacroiliac joints), US detected enthesitis at the iliac crest.

In conclusion, US examination of 38 patients with JIA showed that the 76
symptomatic gluteus medius insertions were thicker than the corresponding
asymptomatic insertions in the healthy controls, and they were hypoechoic
(indicating enthesitis) in about half of the patients. The US findings in some of
the patients may have indicated chronic, inactive disease, because there was
limited Doppler flow and MRI contrast enhancement. The observations made in
this study suggest that using US as an adjunct to clinical examination can
improve assessment of enthesitis in JIA.
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Paper 111

Ultrasonography and color Doppler in juvenile idiopathic arthritis:
diagnosis and follow-up of ultrasound-guided steroid injection in the wrist
region. A descriptive interventional study.

In the study described in this paper [Paper 111] we evaluated US examination of
the wrist region in JIA patients, considering the usefulness of this method for
detection of synovial hypertrophy and hyperemia, guidance of steroid injection,
and assessment of treatment efficacy. In 11 patients, 15 wrists with clinically
active arthritis were examined by US and CD before and 1 and 4 weeks after
US-guided steroid injection. Gray-scale US was performed to detect structural
abnormalities, and CD was done to identify hyperemia. The presence/absence of
the following US signs of disease were registered for each of the compartments:
(1) non-compressible hypoechoic synovial hypertrophy, (2) compressible
anechoic/hypoechoic joint effusion, and (3) bone erosion defined as a localized
hyperechoic cortical defect seen in both the longitudinal and transverse planes.
Hyperemia was defined as any presence of synovial vascularization as revealed
by CD examination. US synovitis/tenosynovitis was defined as synovial
hypertrophy with or without synovial vascularization, and with or without
effusion. The dorsal synovial recesses of the radio-carpal and midcarpal joints
visualized by US were defined as normal if they were thin or impossible to
visualize, and as hypertrophic if they were thick or rounded.

Before injection (week 0), synovitis was found in 13 (87%) of the radio-carpal
joints and eight (53%) of the midcarpal joints. The compartments involved in
association with the radio-carpal joint included the midcarpal joint (five wrists),
tendon sheaths (two wrists), and both the midcarpal joint and tendon sheaths
(one wrist). In two wrists, synovial hypertrophy was detected only in the
midcarpal joint and tendon sheaths. Tenosynovitis was found in five of the 15
wrists (33%). Doppler-US examination of all 135 tendon sheaths revealed
synovial hypertrophy in 18 (13%) and hyperemia in 16 (12%). No patients had
tenosynovitis without radio-carpal or midcarpal involvement. CD examination
showed synovial hyperemia in 23 of the 26 diseased compartments (88%).
Effusion was detected in two of the 21 inflamed joint compartments and in five
of the 20 diseased tendon sheaths. Involvement of multiple compartments was
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observed in 10 of the 15 wrists, and only five wrists showed isolated radio-
carpal involvement. Bone erosions were found in only one wrist.

US-guided steroid injection was performed in 21 of the 26 diseased
compartments.

After 1 week, normalization of synovial hypertrophy was noted in 57% of the
injected compartments, and normalization of hyperemia was seen in 86%;
corresponding rates after 4 weeks were 86% and 90%, respectively.

After 4 weeks, Doppler-US demonstrated persistent synovitis in injected
compartments in two wrists: one of these involved synovial hypertrophy
without hyperemia in the radio-carpal joint, and the other entailed synovial
hypertrophy with hyperemia in the radio-carpal and midcarpal joints of the
same wrist. At the 4-week US follow-up of non-injected compartments, only
one joint (midcarpal) exhibited residual synovial hypertrophy and hyperemia.

In conclusion, US enabled exact anatomical location of synovial inflammation
in compartments that are known to be difficult to evaluate clinically; it allowed
exact guidance of injections; and it proved to be valuable for follow-up
examinations. Normalization of synovitis was achieved in most cases, which
indicates that US is an important tool for management of wrist involvement in
JIA.
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Paper IV

Comparison of ultrasonography with Doppler and MRI for assessment of
disease activity in juvenile idiopathic arthritis: a pilot study.

The aim of the study reported in Paper IV was to compare MRI with Doppler-
US for assessment of disease activity in JIA, and to compare the results with
those obtained in healthy controls. In 10 patients, 11 arthritic joints (Six wrists,
three knees, two ankles) were assessed by Doppler-US and by MRI. Four
different anatomical areas were assessed in the knee, ankle, and wrist,
respectively. The same imaging modalities were used to evaluate eight joints
(three wrists, three knees, two ankles) in six healthy age- and sex-matched
controls, except that MRI contrast media was administered only to patients. In
both patients and controls, the US results were compared with the MRI findings.
For each of the compartments, the presence/absence of the following US signs
of disease were registered: (1) non-compressible hypoechoic synovial
hypertrophy, (2) compressible anechoic/hypoechoic joint effusion, and (3) bone
erosion defined as a localized hyperechoic cortical defect seen in both the
longitudinal and transverse planes. Hyperemia was defined as any presence of
synovial  vascularization as revealed by CD examination. US
synovitis/tenosynovitis was defined as synovial hypertrophy with or without
synovial vascularization, and with or without effusion.

All MRI examinations of wrists were scored using the OMERACT RAMRIS
including the stipulated definitions of pathology, and knee and ankle MRIs were
scored by applying an adjusted RAMRIS system. Synovitis was determined as
above-normal post-gadolinium enhancement with a thickness greater than the
width of the normal synovium (compared with T1w images) in scans obtained
after intravenous administration of gadolinium contrast. Bone marrow edema
was described as a lesion located within the trabecular bone and displaying ill-
defined margins and signal characteristics consistent with increased water
content on the STIR or FS T2w images. Bone erosion was designated as a
sharply marginated bone lesion showing correct juxta-articular localization and
typical signal characteristics, and visible in two planes with a cortical break in at
least one plane.
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The median time span between the US and MRI examinations was 1 week
(range 0-7 weeks). US detected synovial hypertrophy in 22 areas of 11 joints,
86% of which had synovial hyperemia, and MRI revealed synovitis in 36 areas
of the same 11 joints. Erosions were identified by US in two areas of two joints
and by MRI in six areas of four joints. Effusion was shown by US in nine areas
of six joints and by MRI in 17 areas of five joints. MRI detected juxta-articular
bone marrow edema in 16 areas of eight joints.

All US and MRI examinations of healthy controls were performed on the same
day. A slight effusion was detected in eight areas of five joints by US and in 14
areas of six joints by MRI. Furthermore, MRI revealed multiple and patchy,
non-specific heterogeneous marrow signal changes on STIR images in five
joints of four control subjects.

In conclusion, this study yielded results indicating that both MRI and US can
provide valuable imaging data on disease activity in various joints of children
with JIA. The two imaging modalities seem to complement each other, and they
give partly different information on the patients who are assessed. However, it
should be pointed out that this research represents a pilot study, and thus our
results need to be confirmed in a larger prospective clinical investigation.
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ETHICAL CONSIDERATIONS

The studies presented in this thesis were conducted in accordance with the
international principles of research ethics outlined in the World Medical
Association’s Declaration of Helsinki (2004), and they were approved by the
Regional Ethics Committees of Lund University, Sweden, and Copenhagen,
Denmark. All parents gave informed consent for their children to participate,
and oral consent was obtained from the children themselves. The US modality
is patient-friendly in that diagnostic use is not associated with any known risks,
and there are no contraindications. US examinations are easy and fast for the
patient, and thus repeated follow-up assessments are experienced as convenient
and agreeable.

MRI does not involve ionizing radiation. In our studies, MRI contrast agent was
administered to patients but not controls, and dermal anesthetic cream was
applied in all patients to prevent local procedural pain. General MRI safety
precautions were taken as stipulated by the MRI departments, including the use
of standardized checklists.

With the exception of the US and MRI examinations, the patients enrolled in the
studies were not subjected to any interventions other than those that would have
been indicated by local clinical practice, and they were prescribed the same
treatment as they would have received if they had not participated in the studies.
According to local practice, triamcinolone acetonide was used for all US-guided
injections, and to prevent procedural pain all injections were performed under
general anesthesia in patients of pre-school age and with nitrous oxide-oxygen
analgesia in patients of school age.

As a consequence of the knowledge gained in this research project, Doppler-US

has been implemented in daily clinical practice at the local pediatric
rheumatology unit in order to benefit the patients.
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GENERAL DISCUSSION

Detection of the exact anatomical location of inflamed
structures in JIA (Papers I, I, I11)

According to recent investigations in children, clinical examination alone is
inadequate to identify structures involved in JIA, and US is more sensitive for
detection of active arthritis and enthesitis [40, 151, 153, 154, 156]. Our studies
were descriptive in nature and thus were not designed to compare the results of
clinical and US assessments. Two of our investigations [Papers | and I1]
focused on the ankle and the wrist, joints that are often involved in JIA and
which are anatomically complex and difficult to evaluate clinically [40, 41, 77,
155]. Our results show the intricate distribution of synovial involvement in
multiple joints and tendon sheaths, and also demonstrate the frequent
involvement of multiple compartments.

In JIA, the pain caused by inflammatory enthesitis can be severe, disabling, and
persistent but due to diagnostic uncertainty, this is not always recognized and
hence not treated appropriately [28, 151, 184]. The study described in Paper Il
is the first to assess US and MRI examinations of JIA patients performed to
detect enthesitis in a small and deep-seated insertion, a situation in which it is
very difficult to make a clinical diagnosis and hence imaging would be highly
valuable. Our findings of a significantly thicker gluteus medius insertion in
patients than in controls, and insertions that were hypoechoic (enthesitis) in
about half of the patients, indicate that US is a useful adjunct to clinical
examination in the assessment of enthesitis [159].

US guidance of steroid injections in JIA (Papers I, 1)

Steroid injections constitute a major form of treatment in JIA, and this method
can be significantly improved by use of guided injection, particularly with US
[62, 63, 206, 222-225]. To treat ankle swelling in JIA, it is common clinical
practice to perform a palpation-guided injection in the talo-crural joint, whereas
injection in the subtalar joint or tendon sheaths is done less often, which might
explain the poor outcome of steroid injections in ankle disease in JIA [41, 153,
215, 216, 226]. In the study reported in Paper I, US showed no involvement of
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the talo-crural joint in 22% of cases, and it revealed involvement of other
compartments in association with the talo-crural joint in 70%. Accordingly, for
a great majority of the ankles, giving a palpation-guided injection only in the
talo-crural joint would probably not have provided optimal results. In the same
study, the posterior subtalar joint was the second most frequently involved
compartment (65% of cases), and in children it is very difficult to inject that
joint without imaging guidance [215, 218, 227]. Our follow-up of non-injected
compartments showed that the overall results were good at most anatomical
sites, with the exception of the five posterior subtalar joints. In these joints
normalization or regression was achieved at only 60% of the locations,
indicating the importance of local steroid injections of inflamed posterior
subtalar joints. In the investigation presented in Paper 111, Doppler-US depicted
frequent involvement of the radio-carpal and midcarpal joints (in 87% and 53%
of joints, respectively), and diseased tendon sheaths were found in one third of
the symptomatic wrists. In JIA patients with wrist swelling, it is common
practice to perform a palpation-guided injection in the radio-carpal joint,
whereas injection of the midcarpal joints or tendon sheaths is performed less
often [216, 228]. In two of our studies [Papers | and IIl], US guidance of
injections in the ankle and wrist regions enabled real-time visualization of the
entire procedure and exact placement of the steroid in the diseased
compartments. In most of the patients treated in that manner, normalization or
regression of synovial hypertrophy and hyperemia was achieved, and there was
a low rate of subcutaneous atrophy.

The role of imaging in follow-up of treatment effects
in JIA (Papers 1, 111)

Repetitive follow-up examinations with US is attractive because it is non-
invasive and lacks ionizing radiation [116].

US with Doppler is widely used for follow-up in adult rheumatology, but no
previous investigations have scrutinized Doppler-US for follow-up of treatment
efficacy after steroid injections in JIA [229-231]. In short, it appears that
determination of true remission cannot rely solely on clinical examination, but
requires repetitive imaging to confirm the absence of subclinical inflammation
[77].
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Here, Doppler-US follow-up was performed in the ankle region 4 weeks after
US-guided injection [Paper 1] and in the wrist region 1 and 4 weeks after
injection [Paper I11]. Treatment effects were more rapid in tendon sheaths than
in joints. Normalization of synovial hyperemia and synovial hypertrophy were
often coincidental in the tendons, whereas the joints exhibited more rapid
normalization of hyperemia than of synovial hypertrophy [231, 232]. At follow-
up, in two of our studies [Papers I and I11], we found that results were equally
good for non-injected diseased compartments at most anatomical sites, with the
exception of the posterior subtalar joints in the ankles, and one midcarpal joint
in the wrist. Of the 50 involved tendon sheaths in ankles, 29 were not injected,
but there was a total normalization of synovitis in all but one, indicating that it
might suffice to use selective steroid injections of affected tendon sheaths in this
region.

Repeated US assessments were well tolerated by the children and easy to
incorporate into clinical assessments, and Doppler-US proved to be valuable for
evaluation of treatment effects [116].

The role of MRI and Doppler-US in JIA (Paper V)

The study reported in paper IV showed that, like MRI, US was valuable for
assessment of disease activity and damage, and these two modalities appeared
to be complementary and gave partly different information on the patients who
were examined [118-120].

In Paper IV, the only finding of potential pathological significance in healthy
controls was effusion demonstrated by both US and MRI. The positioning of
joints differed slightly between the MRI and US examinations, which might
have influenced the distribution of effusion within the joints we analyzed.
Physiological joint effusion is common in children. Indeed, a recent MRI study
detected fluid in the wrists of children at a relatively large volume that has
previously been considered to be pathological in adults [104, 165].

Importantly, MRI, but not US, can visualize bone marrow edema, a key
predictor of erosive disease in RA [97-100]. In our pilot study [Paper IV], MRI
revealed signs of juxta-articular bone marrow edema in six of the 10 JIA
patients, but also in five joints of four control subjects (wrists and ankles). Our
observation concurs with other investigations in which MRI in healthy children
have been reported to show physiological bone marrow edema at the iliac crest,
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in the wrist, and in the ankle region [102-105]. Consequently, it may be difficult
to use MRI to detect pathological bone marrow edema in children and
adolescents [104].

In our study [Paper 1V] MRI proved to be the best method for identifying
erosions in JIA patients, which agrees with the results of previous studies of
patients suffering from rheumatoid arthritis (RA) or JIA [121, 203]. Three of the
four joints in which MRI detected erosions were wrists, and in two of those the
erosions were located mainly on the capitate and lunate bones, in areas that are
not accessible to US. However, these areas are also difficult to evaluate with
MRI and, due to their anatomic peculiarities, they are associated with an
intrinsically higher risk of being scored as false positive [233].

In pediatric patients, US offers these advantages over MRI: it does not require
sedation or general anesthesia (which facilitates repeated examinations for
follow-up); it is quickly accessible bedside; it is easy to combine with clinical
evaluation [6, 164]. US images are analyzed in real time at the point of care, and
the information obtained can be used directly to focus and improve the accuracy
of the clinical assessment [116, 234]. Agitation of the patient is rarely a
problem, and young children can be seated on a parent’s lap or play while being
examined [128]. The time required for examination is relatively short, and
multiple locations can be assessed during a single session [162, 235].
Furthermore, in the hands of an experienced US examiner, a high-frequency US
transducer can provide unsurpassed resolution of the superficial musculoskeletal
structures [6].

By comparison, MRI offers the advantages of providing an overview and
detecting pathology in deeper locations that are not accessible to US, such as the
intercarpal spaces and the bone marrow [109]. The main disadvantages of MRI
are the often poor availability, the lack of mobility, that it cannot be integrated
with the clinical assessment, and that it requires sedation when used on young
children, an age group with a high prevalence of JIA [236]. The investment,
maintenance, and operating costs of the required equipment are also
considerably higher for MRI than for US.

In conclusion, US seems to provide useful imaging information that can make it

a suitable option in many, in both daily clinical practice and research studies in
the field of pediatric rheumatology.
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CONCLUSIONS

Based on the results presented in this doctoral thesis, the following can be
concluded about the use of US in pediatric rheumatology:

e |t enables identification of the exact anatomical location of
inflammation in accessible joints and compartments

e It improves assessment of synovitis and enthesitis
o It allows exact guidance of steroid injections
e Itis valuable for repeated monitoring of treatment efficacy

e Itisreadily available at point of care and complementary to MRI for
assessment of disease activity and damage
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FUTURE PERSPECTIVES

At point of care, it is likely that US will play a significant role in the assessment
of disease activity in children with JIA, as it already does in adult
rheumatology. Clinical examination, clinical laboratory criteria, and imaging
investigation will be used together to confirm, or reject, the presence of
inflammation and damage in JIA, and US will be of increasing importance in
that context. Other imaging modalities that may be of interest are fusion of US,
or of positron emission tomography (PET), together with MRI or computed
tomography (CT), and fluorescence optical imaging.

We believe that US guidance of steroid injections, especially in anatomically
complex areas, will soon be performed routinely, and that MRI and US will be
common practice in disease evaluation, and that the two imaging modalities will
complement each other.

Even if a large part of the knowledge obtained in US studies in adult
rheumatology might be applied to children as well, this imaging technique must
be further validated in all fields of pediatric rheumatology. Radiologists and
pediatric rheumatologists need to work in close collaboration to establish
reference values for all US aspects of various joints and tendons in children at
different stages of development.

Multicenter studies are desirable to validate the US-Doppler technique for short-
and long-term follow-up of children with JIA, in order to substantiate true
regression of disease activity and arrest of erosion. Specific training in US
should be introduced for pediatric rheumatologists and should also be integrated
in the educational programs for new specialists in pediatric rheumatology.

Table 6 summarizes the major future, important role of US in JIA.
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Table 6. Major future role of US in JIA

e Toimprove evaluation and classification: number of joints involved,
tenosynovitis versus arthritis, presence of enthesitis (together with
MRI)

e To guide steroid injections, especially in anatomically complex areas

e To follow disease course, monitor the efficacy of treatment and assess
disease remission (together with MRI)

e To identify predictors of damage (together with MRI)

e To assess the disease-modifying potential of new drugs in randomized
controlled trials (together with MRI)
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SVENSK SAMMANFATTNING
(SUMMARY IN SWEDISH)

Tidigt insatt behandling och nya effektiva lakemedel har det senaste decenniet
forbattrat prognosen for manga barn med juvenil idiopatisk artrit (JIA). Som en
foljd av detta har behovet 6kat av precisa och objektiva metoder for bedémning
av sjukdomsaktivitet, och for att utvardera effekten av insatt behandling.

Det finns inga kdnda biologiska sjukdomsmarkérer for JIA, och diagnoserna
synovit (inflammerad ledvdvnad), tenosynovit (inflammation av sena och
senskida) och entesit (inflammation i fastet av sena, ligament, ledkapsel och
benhinna) baseras darfor huvudsakligen pa kliniska fynd. Utifran enbart klinisk
undersékning &r det svart att avgora den exakta orsaken till lednara svullnad
eller smarta. Kunskap om antalet sjuka strukturer, och vilka strukturer som &r
drabbade, &r viktigt eftersom det paverkar sjukdomsklassifikation och
behandling vid JIA. Studier, pa bade vuxna och barn, har visat att ultraljud (UL)
ar battre an klinisk undersdkning for att avgora vilka strukturer som ar drabbade
av sjukdom.

Steroidinjektion &r en etablerad behandling inom reumatologin. Effekten av
behandlingen &r beroende av att kortisonpreparatet hamnar pa avsedd plats.
Undersokningar har visat sig att mer &n hélften av alla steroidinjektioner
hamnar fel, pa grund av svarigheten att veta injektionsnalens lage. Genom att
anvanda bilddiagnostiska metoder, framférallt UL, foér végledning Okar
precisionen i injektionerna.

Utvardering av behandling vid JIA baseras pa klinisk undersokning och
bilddiagnostik. Utvéardering med UL, en icke-invasiv och snabb teknik, &r
patientvanlig, val lampad for upprepad undersdkning, och utsatter inte barnet
for joniserande stralning.

Ultraljud och magnetkamera (MR), &r etablerade bilddiagnostiska metoder inom

vuxenreumatologin, men som inte har utvarderats pa barn och ungdomar med
artrit.
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Denna avhandling handlar om att utvardera UL med Doppler inom klinisk
barnreumatologi, i syfte att bidra till en 6kad kunskap och erfarenhet.

Specifika mal for projektet har varit att utvardera:

e UL med Doppler for att exakt pavisa inflammerade strukturer i fotleds-
och handledsomradet hos barn med symtom

e UL som vagledning vid steroidinjektioner pa barn med JIA

e UL med Doppler for upprepad utvardering av behandling med
steroidinjektion

e UL med Doppler for diagnos av entesit vid infastningen av gluteus
medius muskeln hos barn med JIA

e UL med Doppler, respektive MR, for diagnostik av inflammation i
mjukdelar och erosion av skelett, hos barn med JIA - och att jamféra
med resultat fran friska barn

Baserat pa resultaten i avhandlingen, &r vara slutsatser att:

e UL med Doppler mgjliggor exakt lokalisation av inflammerade
strukturer i omraden som ér tillgangliga for ultraljud

e UL med Doppler forbattrar diagnostik av synovit och entesit

e UL mojliggor exakt vagledning av steroidinjektioner

e UL med Doppler ar av stort varde for utvardering av behandlingseffekt
efter steroidinjektion

e UL kan anvéndas patientnéra, har god tillganglighet och ar ett
anvéandbart komplement till MR for utvérdering av sjukdomsaktivitet
vid JIA
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Vi tror att i en nara framtid kommer:

e UL att bli en viktig metod for patientnara bilddiagnostik hos barn och
ungdomar med JIA

e Bilddiagnostik (UL och MRI), klinisk undersdkning och
laboratoriedata att anvéndas tillsammans for att bekrafta, eller avfarda,
nérvaro av inflammation och destruktion vid JIA

e UL végledning av steroidinjektioner, speciellt i anatomiskt komplexa
omraden, att genomforas rutinmassigt vid JIA

Aven om mycket kunskap fran UL studier pa vuxna sannolikt kan tillimpas pa
barn, sa skiljer sig de barnreumatologiska sjukdomarna fran de vuxnas. Brosk
och skelett hos védxande barn och ungdomar ser annorlunda ut vid
bilddiagnostik, och har andra egenskaper an hos vuxna. Det &r darfor viktigt att
UL tekniken utvarderas och valideras pa barn. Radiologer och barnreumatologer
bor i nara samarbete sla fast normala referensvarden for leder och mjukdelar hos
barn i olika utvecklingsstadier. Multicenterstudier behdver genomféras for att
validera anvandning av Doppler UL for diagnostik, for uppfoljning pa kort och
lang sikt, och for att faststalla kriterier for regression av inflammation och
erosion.

Ultraljudsutbildning behoéver introduceras for barnreumatologer, och bér bli
obligatoriskt i specialistutbildningen.
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