
Seminars in Arthritis and Rheumatism 49 (2019) 43�55

Contents lists available at ScienceDirect

Seminars in Arthritis and Rheumatism

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

s
o
u
r
c
e
:
 
h
t
t
p
s
:
/
/
d
o
i
.
o
r
g
/
1
0
.
7
8
9
2
/
b
o
r
i
s
.
1
2
3
3
0
0
 
|
 
d
o
w
n
l
o
a
d
e
d
:
 
4
.
1
2
.
2
0
1
9

CORE Metadata, citation and similar papers at core.ac.uk

Provided by Bern Open Repository and Information System (BORIS)
Update of the evidence based, interdisciplinary guideline for anti-
inflammatory treatment of uveitis associated with juvenile idiopathic arthritis
A. Heiligenhausa,*, K. Mindenb, C. Tappeinera, H. Bausc, B. Bertramd, C. Deutera, I. Foeldvarib,
D. F€ollb, M. Froschb, G. Ganserb, M. Gaubitze, A. G€untherb, C. Heinza, G. Horneffb, C. Huemerb,
I. Koppf, C. Lommatzscha, T. Lutzb, H. Michelsb, T. Neßa, U. Neudorfb, U. Pleyera, M. Schneidere,
H. Schulze-Koopse, S. Thuraua, M. Zierhuta, H.W. Lehmannb

a Department of Ophthalmology, Guideline of the German Ophthalmological Society (DOG), St. Franziskus Hospital, Hohenzollernring 74, 48145 Muenster,
Germany
b The Society for Paediatric Rheumatology (GKJR), Germany
c The Participation of the Following Bodies: Parents’ Group for Children with Uveitis and their Families, Germany
d Professional Association of Ophthalmologists (BVA), Germany
e German Society of Rheumatology (DGRh), Germany
f Association of the Scientific Medical Societies in Germany (AWMF), Germany
A R T I C L E I N F O
* Corresponding author. Department of Ophthalmolo
Ophthalmological Society (DOG), at St. Franziskus H
48145 Muenster, Germany.

E-mail address: arnd.heiligenhaus@uveitis-zentrum.d

https://doi.org/10.1016/j.semarthrit.2018.11.004
0049-0172/© 2018 The Authors. Published by Elsevier In
A B S T R A C T

Background: Uveitis in juvenile idiopathic arthritis (JIAU) is frequently associated with the development of
complications and visual loss. Topical corticosteroids are the first line therapy, and disease modifying anti-
rheumatic drugs (DMARDs) are commonly used. However, treatment has not been standardized.
Methods: Interdisciplinary guideline were developed with representatives from the German Ophthalmologi-
cal Society, Society for Paediatric Rheumatology, Professional Association of Ophthalmologists, German Soci-
ety for Rheumatology, parents’ group, moderated by the Association of the Scientific Medical Societies in
Germany. A systematic literature analysis in MEDLINE was performed, evidence and recommendations were
graded, an algorithm for anti-inflammatory treatment and final statements were discussed in a consensus
meeting (Nominal Group Technique), a preliminary draft was fine-tuned and discussed thereafter by all par-
ticipants (Delphi procedure).
Results: Consensus was reached on recommendations, including a standardized treatment strategy according
to uveitis severity in the individual patient. Thus, methotrexate shall be introduced for uveitis not responding
to low-dose (� 2 applications/day) topical corticosteroids, and a TNFalpha antibody (preferably adalimumab)
used, if uveitis inactivity is not achieved. In very severe active uveitis with uveitis-related deterioration of
vision, systemic corticosteroids should be considered for bridging until DMARDs take effect. If TNFalpha anti-
bodies fail to take effect or lose effect, another biological should be selected (tocilizumab, abatacept or rituxi-
mab). De-escalation of DMARDs should be preceded by a period of � 2 years of uveitis inactivity.
Conclusions: An interdisciplinary, evidence-based treatment guideline for JIAU is presented.
© 2018 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license.

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Juvenile idiopathic arthritis (JIA), as defined by the current version
of the internationally applied ILAR classification [110], is by far the
most common chronic inflammatory rheumatic disease of childhood
and adolescence [118]. In 9�13% of patients, JIA is associated with
anterior uveitis (JIAU) [18,54], particularly in early disease onset,
oligoarthritis subtype, and anti-nuclear antibody (ANA) positive
patients [54,155].

JIAU patients are at high risk of uveitis-related complications and
deterioration of visual acuity [25,27,34,60,68,77], but appropriate
screening and modern treatment approaches have considerably
reduced the rate of visual impairment [77,145,153]. A long period of
chronic inflammation seems to be particularly critical, and even low
anterior chamber (AC) cell grades (� 0.5 + ) may be associated with
an increased risk of structural complications and visual deterioration
[158], and therefore patients must be assessed thoroughly [56].

While patients with JIAU cannot be treated curatively, complete
suppression of inflammation with anti-inflammatory medication is
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anticipated. The primary objectives of treatment are preservation of
sight, treatment of relapses, treatment of complications, treatment of
underlying systemic diseases, prevention of recurrences and complica-
tions, and avoidance of adverse drug reactions. Evidence in the treat-
ment of JIAU is still limited to three randomized controlled trials
[113,117,144], but there is no doubt that in severe disease the long-
term prognosis can be improved by the use of conventional synthetic
(cs) or biological (b) disease-modifying anti-rheumatic drugs
(DMARDs). This guideline was developed to reduce the existing prac-
tice variation in the treatment of JIAU and to promote therapy based
on current evidence that is tailored to disease severity. The existing
JIAU guideline [57] has been revised to take into account recently pub-
lished data, particularly focusing on the increasing use of bDMARDs.
The guideline is intended to aid decision-making in the treatment
of JIAU.
Methods

The methods were designed according to international standards
for high quality guidelines, as layed out in the AWMF Guidance docu-
ment [36]. A comprehensive MEDLINE literature search on therapy
for uveitis in JIA was done by two delegates each from the DOG (AH,
CT) and the GKJR (HL,KM) to include publications with the previous
2 decades, up to January 30, 2017. The classifications of the Interna-
tional League of Associations for Rheumatology (ILAR) [110], and
Standardization of Uveitis Nomenclature (SUN) [62] were taken into
account. Thereby, 543 publications were identified (Supplement
Table 1).

The delegates appraised the identified studies with regard to their
design, quality of execution (risk of bias), and analysis. They took into
account the clinical relevance of the studies’ outcome measures of
effectiveness, the applicability of the study results to the target group
of patients and to the German healthcare system, cost aspects, and
ease of implementation in physicians’ daily routine. Evidence tables
were established for the various treatment measures. Based on the
algorithm for common treatment practice, key recommendations
were drawn up and classified according to level of evidence (Supple-
ment Table 2), and grade of recommendation (Supplement Table 3),
and texts were drafted with adequate answers to clinical questions
on the basis of the guideline synopsis. These texts and key recom-
mendations were conveyed to all members of the guideline group for
perusal before the conference.

The guideline group comprised representatives from the profes-
sional societies involved in diagnosis and treatment of JIAU, and a
patient group. All members of the guideline group declared second-
ary interests using the AWMF standard form. The whole-day consen-
sus conference took place in Muenster on 31 March 2017; 69.2% of
the guideline group members were present. Nominal group process
(NGP) technique was used to collect individual opinion, and to reach
consensus. To accomplish this, the results of the literature review
were presented in brief. The key statements, individual sections of
the draft text, and algorithms were presented by the moderator (IK)
and scrutinized by the participants, opinions and alternative word-
ings were clarified and substantiated, the preliminary draft and alter-
natives were fine-tuned and discussed, and the final consensus was
fixed. In formal voting processes, participants with relevant CoI
abstained.

The guideline and treatment algorithmwere then sent to all mem-
bers of the guideline group with the request for suggestions (Delphi
Process). Their proposals for revision were sent to the coordinators,
collated, and entered. All participants stated their agreement or dis-
sent and provided suggestions for modification. The results of this
first Delphi round were summarized and sent to the members of the
guideline group; for sections where no consensus had been achieved,
the proposed revisions were included in the second Delphi round.
The guideline manuscript was then sent for external review (by
DOG, DGRh, GKJR) and subsequently voted on in writing within the
guideline group (Delphi round 3). The draft of the complete guideline
was then finally approved by all participants.
Results

Anti-inflammatory treatment

Diagnostic procedures for JIA and associated uveitis are outlined in
Supplement Text 1. The treatment of uveitis depends on the degree of
inflammation, the presence of complications, and the presence of risk
factors for deterioration of visual acuity. Four phases of treatment are
recommended (Fig. 1(A)�(D)). Because the uveitis can take a very
similar course in patients with JIA and those with ANA-positivity but
no JIA, these two groups should be treated in the same way, which is
in accordance with the recently published CARRA concensus treat-
ment plans for anterior uveitis [3].

Local treatment of the eye and the management of any ocular
complications shall be the province of the ophthalmologist. Patients
with chronic active and/or severe uveitis should be referred to oph-
thalmologists with extensive experience in the treatment of JIAU. The
indication for systemic anti-inflammatory treatment or administra-
tion of DMARDs to treat the uveitis shall be determined together
with pediatric rheumatologists. Any DMARDs treatment should be
monitored by a suitably experienced pediatric rheumatologist. The
choice of medication must take into account the underlying JIA, often
already requiring DMARD treatment. Mild and moderate adverse
drug effects might occur during treatment with csDMARDs or
bDMARDs [157]. Consequently, joint close monitoring by an ophthal-
mologist and a pediatric rheumatologist shall be put in place [72,86]
and shall be continued under long-term treatment. Regular discus-
sion between the treating physicians and the patient and/or parents
is recommended, covering the disease course and the scope and fre-
quency of follow-up (FU) examinations, so that they can come to a
joint decision on the best further course of treatment.

To facilitate interdisciplinary communication, the ophthalmolo-
gist's or pediatric rheumatologist�s discharge letter to the patient’s
tertiary care physician should document the relevant information.
The ophthalmologist's discharge letter to the patient’s tertiary care
physician should document the relevant information characterizing
the disease course and the patient’s current condition, provided that
this is not already known: age at diagnosis of uveitis, classification of
the uveitis according to the SUN criteria, course of inflammation to
date, disease course under previous treatment, current topical and
systemic treatment, course of visual acuity anterior, chamber cell
grade, intraocular pressure, structural ocular complications, and pre-
vious eye surgery.

The pediatric rheumatologist's discharge letter should document
the following aspects, provided that this is not already known: age,
gender, JIA category (according to ILAR classification), presence of
antinuclear antibodies (ANA), HLA-B27 antigen, rheumatoid factor
(RF), age at onset of arthritis, previous course of arthritis, response of
arthritis to previous treatment, and current treatment, including tol-
erability and adverse drug reactions.
Treatment of active uveitis

Key statement 1
Active uveitis shall be treated.
The treatment of JIAU shall begin as soon as possible after diagno-

sis. Treatment is indicated from a grade of � 0.5 + AC cells [62,158].
The goal of treatment of JIAU should be elimination of all AC cells.
There is currently no consensus on whether endothelial precipitates
alone should be considered in treatment [26,151].
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If risk factors for impending deterioration of vision (see Supple-
ment Text) are identified, the anti-inflammatory treatment shall
be intensified. Presence of these risk factors point to the severity of
the disease and, in the view of the guideline group, represent a crite-
rion for DMARD treatment. On the other hand, anti-inflammatory
therapy should be initiated or intensified without the presence of AC
cells if macular edema, ocular hypotony [12,159], or iris rubeosis are
demonstrated, as these often correlate with chronic inflammation of
the affected tissues.
Algorithm for anti-inflammatory treatment
Treatment phase I
Key statement 2
Topical corticosteroids shall be used as initial treatment for active

uveitis.
Topical corticosteroids
Topical corticosteroids shall be used as initial treatment for active

uveitis. High-potency corticosteroids (e.g., prednisolone 1% or dexa-
methasone 0.1%) have been shown to be more effective than low-
potency corticosteroids (e.g., rimexolone or loteprednol etabonate) in
topical uveitis treatment [32,33,46]; therefore, high-potency cortico-
steroids should be preferred [138] (Table 1). To prevent amblyopia
(particularly in patients < 7 years of age), drops shall be applied
when the child is awake, and ointment at night.
Active uve

Phase I:   Startin

Anti-inflammatory therapy of uveitis assoc

inactivity

Topical cortico
(prednisolone 1%, dexam

Dosage: relapse: first 1-3
then dose reduction according to

to  2 drops daily wit

Anti-inflammatory therapy of uveitis assoc

No inactivity or reactivation or adverse effects from
or new inflammation-rela

Phase II: after 12 weeks in Phas

not 
present

Prognostic factors for 
impending deterioration of vision

(e.g. hypotony, high tyndall, 
massive anterior chamber 

inflammation, dense vitreous 
opacities, macular edema)

present

Systemic corticosteroids
(prednisolone) Dosage: po initially 1-2 mg/kg (max. 60mg),

tapering to  0.15mg/kg within 4 weeks,
drug use should be limited to  3 months.

Or single iv pulse with methylprednisolone 10-30mg/kg 
(max.1g) in particularly severe cases

Fig. 1. (A) Anti-inflammatory therapy of uveitis associated with juvenile idiopathic arthritis:
juvenile idiopathic arthritis: treatment algorithm, phase 2. The dosages are intended to pro
patient. (C) Anti-inflammatory therapy of uveitis associated with juvenile idiopathic arthri
with juvenile idiopathic arthritis: treatment algorithm, phase 4.
In the first 1�3 days of treatment after an uveitis attack is
detected, drops should be given frequently (every 2 h, or hourly
if � 2 + cells) during the waking hours. The dosage should then be
reduced within 6 weeks according to the degree of inflammation;
when stable inactivity (< 0.5 + cells) is attained, the drops can be dis-
continued (Fig. 1(A)).

Even children who are being treated only with topical corticoste-
roids shall be monitored for possible topical (e.g., raised IOP) or sys-
temic adverse effects (e.g., Cushing�s syndrome). This risk increases
with bilateral administration and high dosages of high-potency corti-
costeroids, particularly in children aged < 4 years [80,105].

Key statement 3
Cycloplegics should be given to prevent or treat posterior syne-

chiae in active uveitis
Anti-inflammatory treatment of active anterior uveitis should be

combined with administration of cycloplegics to prevent or release
posterior synechiae. In case of chronic inflammation, tropicamide
may have to be given at night to prevent synechiae. Whenever cyclo-
plegics are used, care shall be taken that no amblyopia is induced in
young children.

Key statement 4
Topical and systemic nonsteroidal anti-inflammatory drugs shall

not be used alone to treat active uveitis.

Nonsteroidal anti-inflammatory drugs (NSAIDs)
Topical NSAIDs (Table 2) play only a minor role in the treatment of

JIAU, as they are less effective than topical corticosteroids [32,127].
itis

g therapy

iated with juvenile idiopathic arthritis

steroids
ethasone 0.1%)

days: 1-2 hourly,
 degree of inflammation
hin 3 months

iated with juvenile idiopathic arthritis

 topical corticosteroids at dosage > 2 drops 
ted complications

e I (or earlier if required)

Methotrexate
Dosage: 10-15 mg/m2 week sc, po

inactivity

Topical corticosteroids
(prednisolone 1%, dexamethasone 0.1%)

Dosage:  2 drops, as low as
possible, according to individual needs

treatment algorithm, phase 1. (B) Anti-inflammatory therapy of uveitis associated with
vide orientation and should always be adapted to the circumstances of the individual
tis: treatment algorithm, phase 3. (D) Anti-inflammatory therapy of uveitis associated



Phase III: after 16 weeks in Phase II (or earlier if required) in addition:

Anti-inflammatory therapy of uveitis associated with juvenile idiopathic arthritis

or

or

Adalimumab
Dosage: <30kg 20mg sc

30kg 40mg sc
every 2 weeks

(preferred TNFalpha inhibitor)

Infliximab
Dosage: 5-10mg/kg iv

every 2-8 weeks

Golimumab
Dosage: 50mg sc

every 4 weeks

No inactivity or reactivation or new inflammation-related complications

not
present

Prognostic factors for 
impending deterioration of vision

(e.g. hypotony, high tyndall, 
massive anterior chamber 

inflammation, dense vitreous 
opacities, macular edema)

present

inactivity

Topical corticosteroids
(prednisolone 1%, dexamethasone 0.1%)

Dosage:  2 drops, as low as
possible, according to individual needs

Systemic corticosteroids
(prednisolone) Dosage: po initially 1-2 mg/kg,

tapering to  0.15mg/kg within 4 weeks,
drug use should be limited to  3 months.

Or single iv pulse with methylprednisolone 10-30mg/kg 
(max.1g) in particularly severe cases

Phase IV: after 16 weeks in Phase III (or earlier if required) alternatively:

Anti-inflammatory therapy of uveitis associated with juvenile idiopathic arthritis

or

or

No inactivity or reactivation or new inflammation-related complications

not
present

Prognostic factors for 
impending deterioration of vision

(e.g. hypotony, high tyndall, 
massive anterior chamber 

inflammation, dense vitreous 
opacities, macular edema)

present

inactivity

Topical corticosteroids
(prednisolone 1%, dexamethasone 0.1%)

Dosage:  2 drops, as low as
possible, according to individual needs

Tocilizumab
Dosage: 8-10mg/kg iv 

every 4 weeks
(here preferred)

Abatacept
Dosage: 10mg/kg iv

every 4 weeks
Systemic corticosteroids

(prednisolone) Dosage: po initially 1-2 mg/kg,
tapering to  0.15mg/kg within 4 weeks,
drug use should be limited to  3 months.

Or single iv pulse with methylprednisolone 10-30mg/kg 
(max.1g) in particularly severe cases

or

Rituximab
Dosage: 375mg/m2 iv
per cycle: weeks 0, 2

(repeated, according to individual needs)

other TNFalpha antibody

Fig. 1. Continued.
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Table 1
Evidence-based, interdisciplinary guidelines for anti-inflammatory treatment of uveitis associated with juvenile idiopathic arthritis. Corticosteroids.

Topical corticosteroids#,*

Daily dosage Comment Level of evidence and
recommendation

References

Prednisolone acetate 1%* 1x to hourly Highly effective, high risk of
glaucoma

IB [42,46]

Dexamethasone phosphate 0.1% 1x to hourly Highly effective; high risk of
glaucoma

IB [46,167]

Fluorometholone 0.1% 1x to 5x Low effect II0 [167]
Rimexolone 1%** 1x to 5x Moderately effective II0 [37,42]
Loteprednol etabonate 0.5% 1x to 5x Moderately effective II0 [138,148]

Systemic corticosteroid administration#

Dosage Comment Level of evidence and
recommendation

References

[46]
Oral high-dose treatment �1�2mg/kg BW/day

prednisolone equivalent
Longer-term use (for several
weeks) can be expected to
result in significant
adverse effects, depending
on the cumulative dose

III0

Oral intermediate-dose
treatment

>0.15 and < 1.0mg/kg BW/
day prednisolone
equivalent

Longer-term use (for several
weeks) can be expected to
result in significant
adverse effects, depending
on the cumulative dose

III0

Oral low-dose treatment � 0.15mg/kg BW/day
prednisolone equivalent,
max. 4�5mg/day

Long-term adverse effects
low; individually variable
adverse effects, growth
disorders possible

III0

Bolus treatment 10�30mg/kg BW/day
methylprednisolone iv
(max. 1 g/dose) for 3 days

Lower risk of long-term
adverse effects than oral
intermediate- or high-
dose treatment

III0 [165]

Corticosteroids for orbital floor-, subtenon- or intravitreal injections.

Drug Dosage Comment Level of evidence and
recommendation

References

Orbital floor or subtenon injections
Dexamethasone phosphate 2�4 mg Effective for 1�3 days; high

risk of glaucoma
III0 [46,69]

Triamcinolone acetonide 20�40 mg Effective for 1�2 months;
high risk of glaucoma

III0 [121,122]

Intravitreal Injections
Triamcinolone acetonide 2�4 mg Effective for 1�2 months;

high risk of glaucoma
II0 [5,121,125]

Dexamethasone acetonide
implanta

700 mg Effective for 2�4 months;
high risk of glaucoma

II0 [58,112]

# Approved for this indication.
* Drops shall be applied when the child is awake, and ointment at night.
** Currently unavailable.
a Approved in adults
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Systemic NSAIDs (Table 2) have also been reported to be less effica-
cious than high-potency topical corticosteroids [25,50,104]. In sum-
mary, NSAIDs can be considered only as adjuvant medication in
children with low AC cell numbers (� 1 + ).

Treatment of chronic uveitis
Key statement 5
Chronic uveitis shall be treated with topical corticosteroids at the

lowest dosage depending on the individual course. If inactivity on a
maintenance dosage of � 2 drops daily is achieved within 3 months,
systemic DMARD therapy shall not be introduced.

For chronic uveitis course, treatment with high-potency cortico-
steroid eye drops shall be initiated (Table 1, Fig. 1(A)). After 4�6
weeks, the patient can often be switched to lower-potency drugs (i.e.,
drugs causing fewer adverse effects) [37,42,46]; their lesser efficacy
needs to be weighed against the more frequent administration and
the problems associated with compliance.

In about 40% of all JIAU patients, chronic intraocular inflammation
cannot be stabilized with topical corticosteroids alone, therefore
requiring DMARDs [153]. Even with simultaneous DMARD therapy,
commonly topical corticosteroids at low dosages are still required
[16,21,53,55,68,152,154].

If high-dose treatment with eye drops is given for several
months, the risk of adverse effects increases. Current knowledge is
that administration of three or more doses of drug daily is associ-
ated with an increased risk of cataract and glaucoma [79,159].
Therefore, the dosage of corticosteroid eye drops should be kept as
low as possible, and within 3 months of a flare, the number of daily
doses should not exceed two. Occasionally, it may be sufficient to
give the drops once daily on alternating days. Corticosteroid



Table 2
Evidence-based, interdisciplinary guidelines for anti-inflammatory treatment of uveitis associated with juvenile idiopathic arthritis.

Nonsteroidal anti-inflammatory drugs

Drug Daily dosage Comment Level of evidence and
recommendation

References

Topical
Indomethacin 2�3x Low efficacy compared with corticosteroids IIB [127]
Diclofenac 2�3x Low efficacy compared with corticosteroids III0 [50]
Ketorolac
trometamol

2�3x Low efficacy compared with corticosteroids III0

Tolmetin 2�3x Low efficacy compared with corticosteroids II0 [32,170]
Bromfenac 2�3x Moderate efficacy compared with corticosteroids IIB [167]

Systemic##

Diclofenac 2�3mg/kg BW divided into 3 doses; one single
dose possible with delayed-release
preparations

Long half-life time of new delayed-release
preparations is beneficial; low efficacy
compared with corticosteroids; approved
from� 14 years

III0 [104]

Ibuprofen 20�40mg/kg BW divided into 3�4 doses Availability in suspension is beneficial; low
efficacy compared with corticosteroids;
approved from� 6 months

III0

Indomethacin 1�3mg/kg BW divided into 2�3 doses Availability in suspension is beneficial; low
efficacy compared with corticosteroids;
approved from� 2 years

III0

Naproxen 10�15mg/kg BW divided into 2 doses Availability in suspension is beneficial; low
efficacy compared with corticosteroids;
approved from� 1 year

III0

## None of these drugs approved for uveitis. BW = body weight.
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treatment should not be stopped abruptly in order to avoid a
rebound effect.

In cases of aphakia or pseudophakia, it may be possible to admin-
ister higher dosages of topical corticosteroids (e.g., to decrease the
number of giant cells on intraocular lenses). Lower-potency drugs
may be beneficial in cases of steroid-induced ocular hypertension
[37,46]. The course of the inflammation determines whether low-
dose maintenance treatment is needed.

Treatment phase II
Key statement 6
If uveitis inactivity is not achieved by 12 weeks of topical cortico-

steroid treatment of � 2 drops daily, or if the topical corticosteroids
result in adverse effects, or if new, inflammation-related complica-
tions of uveitis occur, treatment with a csDMARD shall ensue. In very
severe uveitis, the interval can be shortened accordingly. In very
severe active uveitis with prognostic risk factors for impending uve-
itis-related deterioration of vision (e.g., hypotony, high Tyndall effect,
massive anterior chamber inflammation, dense vitreous opacities, or
macular edema) that potentially cause further worsening of vision in
the short term, administration of systemic corticosteroids should be
considered for bridging until DMARDs take effect.

A basic precondition for using DMARDs is the presence of uveitis
activity with threatened or actual deterioration of vision, provided
improvement or preservation of visual acuity is still feasible.

Short-term systemic administration of corticosteroids until
csDMARDs take effect

Systemic corticosteroids alone are often less effective in reducing the
AC cell count compared to topical therapy when used alone. For severe
active uveitis with risk factors for impending uveitis-associated deterio-
ration of vision (e.g., affecting the posterior eye segments) that can
potentially lead to further deterioration in visual acuity, bridging with
additional systemic corticosteroids for a short period until the antici-
pated onset of the csDMARDs effect should occur (Fig. 1(B), Table 1).

Systemic corticosteroids (Table 1) are generally given orally. A sin-
gle intravenous methylprednisolone bolus therapy (for 3 days) can be
considered in particularly severe cases [165]. Along with the numer-
ous well-known complications of systemic corticosteroid treatment
(e.g., increased IOP, cataract, weight gain, diabetic metabolism), in
children the risk of growth retardation must be taken into account.
Therefore, the oral dose should be tapered within 4 weeks to less
than 0.15mg/kg, and should be restricted to 3 months.

Treatment with conventional synthetic or biological disease-mod-
ifying anti-rheumatic drugs (DMARDs)

It has been shown that csDMARDs can clear uveitis and have a cor-
ticosteroid-sparing effect. These drugs are associated with a low rate
of adverse effects if used properly and monitored [7,49,59,70,74]. The
visual prognosis and the rate of complications in JIAU could be
improved by using csDMARDs [103,109,153]. Low-dose maintenance
treatment with corticosteroid drops (� 2 /day) often needs to be con-
tinued to ensure lasting inactivity [52,53].

Contraindications to the administration of csDMARDs or
bDMARDs shall be ruled out first, compliance and monitoring for
infections or malignancy [72,74] should be ensured. The vaccinations
generally recommended for children should be completed before ini-
tiation of treatment. Having an up-to-date vaccination record is
important before starting treatment. Whenever possible, vaccination
should be completed 4 weeks prior to the first DMARD therapy.

Only a small number of randomized controlled trials or compara-
tive studies of DMARD treatment in children with JIAU are available;
most of the relevant publications are noncontrolled studies or case
reports. Therefore, this guideline's recommendations regarding
csDMARD treatment are based predominantly on consensus among
the members of the guideline group.

Conventional synthetic DMARDs

Methotrexate
Methotrexate has been shown to be efficacious in treating JIA in

randomized controlled studies [49]. The positive effect of methotrex-
ate on JIAU has been reported in several case series and a few pro-
spective studies [19,40,53,83,91,126,139,153,168] (Table 3). Although
prospective controlled studies are lacking, methotrexate is currently
the first-choice csDMARD for treating JIAU [9,14,57]. Methotrexate
can be administered orally or, particularly for higher dosages, subcu-
taneously. The preferred dosage is 10�15mg/m2/week
[9,14,40,53,57,123] (Table 3). Retrospective case series have shown
that methotrexate can reduce the incidence of uveitis in JIA
patients [75,107]. Methotrexate should be administered to children
according to the existing recommendations [102].



Table 3
Evidence-based, interdisciplinary guidelines for anti-inflammatory treatment of uveitis associated with juvenile idiopathic arthritis.

Conventional synthetic disease-modifying anti-rheumatic drugs (csDMARDs)##

Drug Dosage Comment Level of evidence and
recommendation

References

Methotrexate 10�15mg/m2/week Orally or subcutaneously, currently
preferred csDMARD

IIB [19,40,49,53,75,83,91,123,126,139,153,168]

Cyclosporine A �5mg/kg BW/day in two doses Gel capsule or juice, cannot be
recommended as monotherapy

III0 [38,47,73,76,132,150,166]

Azathioprine 2�3mg/kg BW/day Determination of thiopurine
methyltransferase advisable to avoid
severe hemato-toxicity

III0 [52,59]

Mycofenolate mofetil 1.200mg/m2/day in two doses,
max. 2000mg/day

III0 [7,20,31,88,146]

Sulfasalazine 500�2000mg/day in two doses In HLA-B27-positive patients IIB for HLA-B27-positive
patients

[8,50,61]

Cyclophosphamide,
Chlorambucil

Cannot be recommended due to high
rate of severe adverse effects

IIIB [51,95,106]

Leflunomide 10�20mg/day in one dose Cannot be recommended III0 [10]
## None of these drugs approved for this indication.
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Other conventional synthetic DMARDs
Azathioprine has been used for the treatment of JIA [81,131], and

occasionally achieved JIAU inactivity and spared corticosteroids
[52,59] (Table 3). It can be recommended for treating JIAU only when
bDMARDs (e.g., TNFalpha inhibitors) are contraindicated or ineffec-
tive or the patient does not tolerate other DMARDs.

According to previous publications [38,47,73,76,132,150,166]
(Table 3), cyclosporine A is only mildly effective for JIAU, and thus
should not be employed as primary csDMARD. Cyclosporine A com-
bined with methotrexate can be used as a reserve drug if other treat-
ment has failed or bDMARDs are not tolerated [150].

In a few individual case reports, uveitis improved under treat-
ment with cyclophosphamide or chlorambucil [51,95,106] (Table 3).
However, as some patients suffered extremely severe side effects
(e.g., infertility, leukopenia), they should no longer be used to treat
JIAU.

Although mycophenolate mofetil is well tolerated and is associ-
ated with only a low rate of adverse effects [7,20,31,88,146] (Table 3),
its role in the treatment of JIAU remains unclear.

Sulfasalazine significantly reduced the number of attacks of HLA-
B27-associated acute anterior uveitis in adults [8,50,101], and the
observations in children with HLA-B27-positive anterior uveitis were
in part similarly positive [61] (Table 3).

As retrospective data concluded that leflunomide is less effective
than methotrexate for JIAU [10] (Table 3), it cannot be recommended
for the treatment of JIAU.

Drugs should be chosen according to the current guidelines, the
individual factors of the patient being treated, and at the discretion of
the treating physician [70,102,103].

Treatment phase III

Biological DMARDs
Key statement 7
If uveitis inactivity is not achieved by 16 weeks of methotrexate

monotherapy and � 2 drops of topical corticosteroids daily, or if new,
inflammation-related complications of uveitis occur, a TNFalpha anti-
body therapy shall be used in combination with methotrexate. In
very severe uveitis, this escalated treatment can be administered at
shorter intervals. In very severe active uveitis with prognostic risk
factors for impending uveitis-related deterioration of vision (e.g.,
hypotony, high Tyndall effect, massive anterior chamber inflamma-
tion, dense vitreous opacities, or macular edema) that potentially
cause further worsening of vision in the short term, administration of
systemic corticosteroids should be considered for bridging until
bDMARDs take effect.
If stable uveitis inactivity cannot be achieved, the anti-inflammatory
treatment shall be intensified, and csDMARD previously given alone
should be complemented by a monoclonal anti-TNFalpha antibody
(Table 4, Fig. 1(C)). The addition of a second csDMARD does not improve
uveitis control and is associated with significant adverse effects [88].

The use of methotrexate in combination with TNFalpha inhibitors
reduces the risk of drug-neutralizing antibodies, and the dose of
methotrexate can often be lowered when used in combination with
anti-TNFs. The guideline group is of the opinion that monotherapy
with TNFalpha inhibitors can be considered in patients who do not
tolerate methotrexate.

If the efficacy of monoclonal anti-TNFalpha antibodies dwindles,
the serum concentration of neutralizing antibodies should be deter-
mined [14]. At low serum drug levels with negative neutralizing anti-
bodies, the dose should be increased. In the presence of high drug
concentrations and detectable neutralizing antibodies, the drug
should be changed [14].

The introduction of bDMARDs led to a fundamental improvement
in the treatability of JIA and associated uveitis. The drugs that have
already been used to treat JIAU are directed against cytokines or cyto-
kine receptors (TNFalpha, IL-6 receptor), lymphocyte-costimulating
molecules (CD80/CD86), and lymphocyte antigens (CD20).

TNFalpha inhibitors

Etanercept
Etanercept is a fusion protein, formed of a human Fc molecule and

two p75 TNF receptors, that binds free TNFalpha. A prospective study
in JIAU showed that the efficacy of etanercept was initially good but
then often decreased [119], while another prospective study found
no difference in efficacy between the etanercept and the placebo con-
trol group [144]. Several studies have reported the risk of a first mani-
festation [48,64,65,74,129,133,135] or recurrence [43,48,133] of
uveitis in JIA patients during treatment with etanercept. In several
studies etanercept was less effective than infliximab against JIAU
[39,44,86,130,163]. In comparison with infliximab or adalimumab,
etanercept was associated with a significantly higher risk of uveitis
occurrence in JIA patients [87]. The first manifestation or reoccur-
rence of uveitis may be a reason for discontinuation of etanercept
treatment [147] and should prompt a switch to adalimumab or inflix-
imab. Etanercept should not be used for the treatment of patients
with JIAU (Table 4).

Adalimumab
Adalimumab is a human antibody to TNFalpha. The published

studies show good efficacy of adalimumab against JIAU, therefore, it



Table 4
Evidence-based, interdisciplinary guidelines for anti-inflammatory treatment of uveitis associated with juvenile idiopathic arthritis. Biological disease-modifying anti-rheumatic
drugs (bDMARDs).

TNFalpha inhibitors
Drug Dosage Comment Level of evidence and

recommendation
References

Adalimumab# <30 kg BW 20mg, � 30 kg BW
40mg; then week 1, and every
2 weeks; if required, double
initial dosage

Subcutaneous injection;
currently, preferred TNFalpha
inhibitor

IIA [4,9,11,14,15,16,30,41,45,74,78,82,84,
85,86,90,100,117,134,141,142,143,
157,160,162,164,171]

Infliximab 5�10mg/kg BW every 2�8
weeks

Intravenous administration;
second-choice TNFalpha
inhibitor due to infusion
reaction

IIB [6,9,14,39,43,44,63,84,85,86,92,115,
120,130,136,137,140,141,143,157,
162,163,171]

Etanercept 0.4mg/kg BW 2x/week or
0.8mg/kg BW 1x/week, max.
50mg/week

Subcutaneous injection;
occasionally initial
manifestation or worsening of
uveitis, therefore not
recommended

II0 [29,39,44,48,64,65,87,119,129,130,
133,144,147,163]

Golimumab 50mg at � 40 kg BW, 30mg/m2

at < 40 kg BW, every 4 weeks
Subcutaneous injection;
approved from 40 kg BW

III0 [22,24,97,98,169]

Other biological DMARDsa

Drug Dosage Comment Level of evidence and
recommendation

References

Tocilizumab (Anti IL-6) 8mg/kg from 30 kg BW;
10mg/kg< 30 kg BW every
4 weeks

Intravenous b administration IIIB [1,17,94,114,128,152,156,161]

Abatacept (Inhibition of
lymphocyte co-
stimulation (CTLA)¡4)

10mg/kg BW at 0, 2, 4 weeks,
then every 4 weeks

Intravenous administration;
occasional infusion reactions

III0 [2,13,35,71,93,154,172]

Rituximab (Anti-CD20) 375mg/m2 (max. 1 g) at
weeks 0, 2

Intravenous administration IIIB [55,96,99]

# Approved for this indication since September 2017.
a None of these drugs is approved for this indication.
b announced, subcutaneous.

50 A. Heiligenhaus et al. / Seminars in Arthritis and Rheumatism 49 (2019) 43�55
is preferred for use in these patients [4,9,41,116]. A meta-analysis of
publications from the period 2000 to 2012 compared the efficacy of
various TNFalpha inhibitors against chronic uveitis in childhood;
inactivity was achieved more frequently with infliximab and adali-
mumab than with etanercept [143].

Numerous prospective (one randomized, the others nonrandom-
ized) and retrospective studies describe the attainment of uveitis
inactivity in � 75% of JIA patients after 4�12 weeks’ treatment with
adalimumab [11,15,16,30,39,43,45,82,84,90,100,116,117,155,164].
The treatment success is greater when adalimumab is used as first
biologic [45,134,142,162] and when it is given early in the course of
the disease [90,162]. Adalimumab has the potential to improve the
further course of uveitis and prevent relapses [133,134,160].

Adalimumab can spare corticosteroids and csDMARDs
[28,45,142]. Regression of macular edema has repeatedly been
observed [28,30,45]. Adalimumab can help to reduce both the rate
of complications of uveitis and the rate of subsequent ocular sur-
gery [155]. The effect of adalimumab on achieving inactivity and
decreasing the complication rate was greater than that of inflixi-
mab [141,143,171].

Several studies have demonstrated a long-term effect of adalimu-
mab against JIAU over a period of years [15,171]. During long-term
therapy the risk of secondary treatment failure was 20�60% after
2�4 years [15,16,30,78,141]. Treatment failure or the occurrence of
adverse drug reactions [16,30,84,117,143] may then necessitate
switching to another drug. DMARD treatment can significantly reduce
the incidence of uveitis in patients with JIA [155]. In this regard, treat-
ment with adalimumab has been found to be more effective than
methotrexate monotherapy [41,153].

In summary, adalimumab shall be considered for use in patients
with JIAU who have not responded to treatment with methotrexate
(Table 4, Fig. 1(C)), which is in accordance with the recent CARRA
consensus treatment plans for anterior uveitis [3].
Infliximab
Infliximab is a chimeric monoclonal antibody that binds to both

circulating and membrane-bound TNF molecules. Combination with
methotrexate reduces the risk of the development of antichimeric
antibodies and subsequent loss of efficacy. Infliximab is not approved
for the treatment of JIA.

A number of retrospective studies have described good efficacy of
infliximab in JIAU [39,44,130]. Inactivity can be attained in 43�94% of
cases [6,39,43,137,141,163], in as little as 2�3 months [43,63,130] or
as long as 12 months [44]. When using infliximab, the dosages of top-
ical corticosteroids [39,44,63,115,137] and systemic csDMARDs [120]
can often be reduced. An enduring good effect on JIAU can be
achieved with infliximab [92,115], but secondary loss of effect may
occur [140,141]. High-dose infliximab treatment has shown rapid
efficacy and good tolerability in the treatment of patients with uveitis
refractory to corticosteroids and csDMARDs [6,63]. The rate of
adverse drug reactions was no greater with high dosages of inflixi-
mab (10�20mg/kg) than with standard dosages [149].

In summary, infliximab (preferably 6mg/kg as a starting dose)
should be considered in patients with JIAU that has proved refractory
to csDMARDs combined with another monoclonal TNFalpha antibody
and in cases of questionable compliance (Table 4, Fig. 1(C)).

Golimumab
Golimumab is a human antibody to TNFalpha and is approved for

the treatment of polyarticular JIA in children weighing � 40 kg. Case
reports [22,169] and retrospective case series have shown a positive
effect of golimumab in patients with JIAU refractory to treatment
with csDMARDs and TNFalpha inhibitors. With golimumab treat-
ment, disease inactivity, visual improvement, and amelioration of
macular edema [24], steroid sparing [97], and a long lasting effect
were achieved [98]. Therefore, golimumab may represent an effective
treatment option in JIAU patients whose disease has not responded
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to combined administration of a csDMARD and another TNFalpha
inhibitor (Table 4, Fig. 1(C)).

Overall assessment of the use of TNFalpha inhibitors

Treatment with monoclonal TNFalpha antibodies can have a good
and lasting effect in many children and adolescents with JIAU. Adali-
mumab is effective against polyarticular JIA and is approved for this
indication in children from the age of 2 years upwards. It is also indi-
cated for the treatment of children with enthesitis-related arthritis
from the age of 6 years. Adalimumab is currently the preferred TNFal-
pha inhibitor in this phase of the treatment of JIAU owing to the good
response rate, tolerability, and the published randomized controlled
therapy trials (Table 4, Fig. 1(C)). Most recently, adalimumab has
received approval for the treatment of chronic non-infectious ante-
rior uveitis in children aged � 2 years who have had inadequate
response to or are intolerant to conventional therapy. However, dis-
continuation of treatment may be followed by recurrence of uveitis
in a high proportion of patients [85,136]. Adalimumab reduces the
risk of uveitis and should be the preferred drug considered for use in
JIA children with a high risk of uveitis in whom treatment with a bio-
logic is indicated. In the event of treatment failure and loss of adali-
mumab efficacy, a switch to golimumab or infliximab should be
considered.

Treatment phase IV
Key statement 8
If treatment with TNFalpha antibodies fails to take effect or loses

effect, another biological should be selected.

Other biological DMARDs
If treatment with TNFalpha antibodies fails to take effect or loses

effect, another biological should be selected. Here, tocilizumab is pre-
ferred by the guideline group, and abatacept, rituximab, or another
TNFalpha inhibitor are other treatment options (Fig. 1(D)).

Interleukin-6 blockers
Tocilizumab is a humanized monoclonal antibody to the interleu-

kin-6 receptor (IL-6R). Case reports and retrospective case series have
described efficacy of anti-IL-6R treatment with tocilizumab in
patients with JIAU [17,152,156,161] in whom no uveitis inactivity
could be achieved with a csDMARD (mostly methotrexate) combined
with one or more TNFalpha inhibitors. In retrospective studies tocili-
zumab achieved amelioration of the uveitis and sparing of corticoste-
roids [17,156]. According to previous observations, improvement of
uveitic macular edema can be attained with tocilizumab
[1,17,94,114,156] (Table 4).

Inhibition of lymphocyte costimulation
Cytotoxic T-lymphocyte-associated antigen 4 (CTLA-4) prevents

costimulation of T lymphocytes by preventing the binding of CD28 to
CD80/CD86. Abatacept is a recombinant fusion protein formed of the
Fc component of an IgG1 immunoglobulin and the extracellular por-
tion of CTLA-4.

Several case reports indicate a positive effect of abatacept on
uveitis refractory to treatment with various csDMARDs and
bDMARDs [2,35,71,93]. While in one study amelioration of uveitis
was described in > 80% of patients given abatacept [172], it was
mostly ineffective or had only a short-term effect [154], or was
only moderately effective [13] in other studies. In summary, the
data on the efficacy of abatacept for the treatment of JIAU are
inconsistent (Table 4).

Anti-CD20 treatment
Histopathological and immunohistochemical studies have demon-

strated dominance of B-cells and plasma cells in the
nongranulomatous inflammatory infiltrate found in the iris of
patients with JIAU [67,108], suggesting that B-cell blockade might
represent a promising treatment option. Rituximab is a chimeric
mouse�human monoclonal antibody that is directed against the
CD20 surface molecule of B-cells and can induce apoptosis.

Inactivity was achieved in seven of 11 patients treated with rituxi-
mab in a case series [55] and in 7 of 8 patients in another study [96].
A study with a longer follow-up period indicates good long-term effi-
cacy of rituximab in JIAU [99] (Table 4). Because rituximab has not
been approved for the therapy of JIA, however, it should currently be
used secondarily.

Duration of treatment with methotrexate and biologicals
Key statement 9
De-escalation of treatment with DMARDs should be preceded by

period of at least 2 years of uveitis inactivity.
In the event of long lasting uveitis inactivity under treatment with

methotrexate, discontinuation of therapy can be considered. Retro-
spective data show that uveitis flares up again in a large proportion of
patients (69%) after methotrexate is stopped (46% � 12 months) [66].
According to this study, long-term treatment (� 3 years) and a long
period of disease inactivity before discontinuation of methotrexate
(� 2 years), all at the age of � 8 years at the time of withdrawal, may
reduce the risk of recurrence after treatment is stopped. There are cur-
rently no published data to show whether gradual dose reduction
should be preferred to abrupt discontinuation.

Retrospective studies have documented frequent recurrence of
uveitis (50�65%) even after conclusion of treatment with TNFalpha
inhibitors [85,136] in patients with lasting inactivity of both arthritis
and uveitis. In the opinion of the guideline group, de-escalation of
DMARDs should be considered in patients whose eyes are stable and
show no sign of active disease. De-escalation should be preceded by
an activity-free period of at least 2 years. Because recurrence cannot
be ruled out, the patients should be examined by an ophthalmologist
at regular intervals during the de-escalation period.

Better long-term prognosis with earlier initiation of immunomodulating
treatment

Prospective studies have demonstrated that early immunomodu-
lating therapy can improve the long-term outcome of JIAU, and that
initiation of csDMARD treatment soon after the onset of arthritis may
even prevent the occurrence of uveitis. Commencement of metho-
trexate therapy within 1 year of the onset of JIA was associated with
a low risk of uveitis [153,155], and reduced the risk of uveitis flaring
up again after a 1-year remission [124]. Early use of methotrexate can
therefore be considered in JIA patients judged to be at high risk of
uveitis.

Intra- and periocular corticosteroid injections
Key statement 10
In unilateral or bilateral severe active uveitis with prognostic risk

factors for impending uveitis-related deterioration of vision (e.g.,
hypotony, macular edema, or dense vitreous opacities), ocular injec-
tion of corticosteroids can be considered as rescue therapy in individ-
ual cases after exhaustion of all other treatment options.

If severe uveitis with dense vitreous infiltration, hypotony, or
macular edema is insufficiently controlled by topical corticosteroids,
adjuvant subconjunctival, orbital floor or intraocular injections of tri-
amcinolone or dexamethasone can be considered (Table 1). Dexa-
methasone injections have a rapid effect of short duration. The
principal advantage of injections over oral administration is a lower
rate of systemic adverse effects. If a high intraocular concentration of
the active agent over a period of weeks is required, intraocular injec-
tions of triamcinolone acetonide [5,121,122,125] or surgical intravi-
treal placement of a sustained release dexamethasone implant can be
considered [23,89,111,112] (Table 1). However, they may be
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associated with greater cataract development and a higher rate of
increased IOP possibly leading to glaucoma, and in many youngsters
a short anesthesia is required.

The guideline group believes that intravitreal dexamethasone or
triamcinolone injection is appropriate only as rescue therapy in
selected JIAU cases of particularly severe disease with impending
deterioration of visual acuity, and in patients in whom inactivity can-
not be achieved with topical and systemic corticosteroids, csDMARDs
and bDMARDs.

Acknowledgment

We are thankful to the external reviewers H.I. Huppertz (Bremen,
Germany, GKJR), M. Aringer (Dresden, Germany, DGRh) and J. Garweg
(Bern, Switzerland, DOG, uveitis section).

Funding and conflict of interest

All participants had no conflict of interest that could have a sys-
tematic influence on the outcome of the guideline�s group work and
thus on the guideline. The guideline process was supported by the
DOG and the GKJR.

Supplementary materials

Supplementary material associated with this article can be found
in the online version at doi:10.1016/j.semarthrit.2018.11.004.

Appendix; guideline group

Hanspeter Baus, G€unter-Vogt-Ring 24, 60437 Frankfurt / Main,
Germany

Prof. Dr. med. Bernd Bertram, L€ohergraben 30, 52064 Aachen,
Germany

Prof. Dr. med. Christoph M. E. Deuter, University, Department of
Ophthalmology, Elfriede-Aulhorn-Strasse 7, 72076 T€ubingen,
Germany

Dr. med. Ivan Foeldvari, Hamburg Centre for Pediatric and Adoles-
cence Rheumatology, An der Sch€on Klinik Eilbeck, Dehnhaide 120,
22081 Hamburg

Prof. Dr. med. Dirk F€oll, Department of Pediatric Rheumatology
and Immunology, University of Muenster, Albert-Schweitzer-Campus
1, 48149 M€unster, Germany

Prof. Dr. med. Michael Frosch, German Pediatric Pain Centre,
Children's and Adolescents’ Hospital, Datteln: Department of Child-
ren's Pain Therapy and Paediatric Palliative Care, Faculty of Health �
School of Medicine, Witten/Herdecke University, Dr. Friedrich-Steiner
Strasse 5, 45711 Datteln, Germany

Dr. med. Gerd Ganser, Department of Pediatric Rheumatology,
St-Josef-Stift, Westtor 7, 48324 Sendenhorst, Germany

Prof. Dr. med. Markus Gaubitz, Rheumatology, Von-
Esmarch-Strasse 50, 48149 M€unster, Germany

Dr. med. Annette G€unther, Helios Clinic Emil von Behring, Depart-
ment of Pediatrics and Pediatric Rheumatology, Walterh€oferstrasse
11, 14165 Berlin, Germany

Prof. Dr. med. Arnd Heiligenhaus, FEBO, Department of Ophthal-
mology at St. Franziskus Hospital, Hohenzollernring 74, 48145
M€unster, Germany

Prof. Dr. med. Carsten Heinz, FEBO, Department of Ophthalmology
at St. Franziskus Hospital, Hohenzollernring 74, 48145 M€unster,
Germany

Prof. Dr. med. Gerd Horneff, Asklepios Department of Pediatrics,
St. Augustin, Arnold-Janssen-Strasse 29, 53757 Sankt Augustin,
Germany

Prof. Dr. med. Christian Huemer, Department of Pediatrics,
Carl-Pedenz-Strasse 2, 6900 Bregenz, Austria
Prof. Dr. med. Ina Kopp, AWMF-IMWi (Institute for Medical
Knowledge Management of the Association of Scientific Medical Soci-
eties in Germany), Baldinger Strasse, 35043 Marburg, Germany

Prof. Dr. med. Hartwig Lehmann, Department of Pediatrics and
Rheumatology University of Giessen, Feulgenstrasse 12, 35392
Giessen, Germany

Dr. med. Claudia Lommatzsch, Department of Ophthalmology at
St. Franziskus Hospital, Hohenzollernring 74, 48145 M€unster,
Germany

Dr. med. Thomas Lutz, Center for Pediatric and Adolescent Medi-
cine / Clinic 1, Pediatric Rheumatology, University Hospital, Im
Neuenheimer Feld 430, 69120 Heidelberg, Germany

Dr. med. Hartmut Michels, Am K€onigreich 1a, 82467 Garmisch-
Partenkirchen, Germany

Prof. Dr. med. Kirsten Minden, Charit�e University Medicine,
Department of Rheumatology and Clinical Immunology, German
Rheumatism Research Center (DRFZ), a Leibniz Institute, Charit�eplatz
1, 10117 Berlin, Germany

Priv. Doz. Dr. med. Thomas Neß, University, Department of Oph-
thalmology, Killianstrasse 5, 79106 Freiburg, Germany

Dr. med. Ulrich Neudorf, University, Department of Pediatrics,
Hufelandstrasse 55, 45147 Essen, Germany

Prof. Dr. med. Uwe Pleyer FEBO, Charit�e University Medicine,
Department of Ophthalmology, Campus Virchow-Klinikum, Augus-
tenburger Platz 1, 13353 Berlin, Germany

Prof. Dr. med. Matthias Schneider, Heinrich Heine University,
Department of Rheumatology, Moorenstrasse 5, 40225 D€usseldorf,
Germany

Prof. Dr. med. Hendrik Schulze-Koops, Ludwig-Maximilians-
University, Department of Rheumatology, Pettenkoferstrasse 8a,
80336 M€unchen, Germany

Priv. Doz. Dr. med. Christoph Tappeiner, FEBO, Department of
Ophthalmology, Inselspital, University of Bern, 3010 Bern,
Switzerland

Prof. Dr. med. Stephan Thurau, Ludwig-Maximilians-University,
Department of Ophthalmology, Mathildenstrasse 8, 80336 M€unchen,
Germany

Prof. Dr. med. Manfred Zierhut, University, Department of Oph-
thalmology, Elfriede-Aulhorn-Strasse 7, 72076 T€ubingen, Germany

References

[1] Adan A, Mesquida M, Llorenc V, et al. Tocilizumab treatment for refractory uve-
itis-related cystoid macular edema. Graefes Arch Clin Exp Ophthalmol
2013;251:2627–32.

[2] Angeles-Han S, Flynn T, Lehman T. Abatacept for refractory juvenile idiopathic
arthritis-associated uveitis- a case report. J Rheumatol 2008;35:1897–8.

[3] Angeles-Han ST, Lo MS, Henderson LA, et al. Childhood arthritis and rheumatol-
ogy research alliance consensus treatment plans for juvenile idiopathic arthri-
tis-associated and idiopathic chronic anterior uveitis. Arthritis Care Res 2018.
https://doi.org/10.1002/acr.23610. (Hoboken) May 28 [Epub ahead of print].

[4] Anink J, Otten MH, Gorter SL, et al. Treatment choices of paediatric rheumatolo-
gists for juvenile idiopathic arthritis: etanercept or adalimumab. Rheumatology
2013;52:1674–9.

[5] Antcliff RJ, Spalton DJ, Stanford MR, et al. Intravitreal triamcinolone for uveitic
cystoid macular edema: an optical coherence tomography study. Ophthalmol-
ogy 2001;108:765–72.

[6] Ardoin SP, Kredich D, Rabinovich E, et al. Infliximab to treat chronic noninfec-
tious uveitis in children: retrospective case series with long-term follow-up. Am
J Ophthalmol 2007;144:844–9.

[7] Baltatzis S, Tufail F, Yu EN, et al. Mycophenolate mofetil as an immunomodula-
tory agent in the treatment of chronic ocular inflammatory disorders. Ophthal-
mology 2003;110:1061–5.

[8] Beritez-Del-Castillo JM, Iradier T, Banares A. Sulfasalazine in the prevention of
anterior uveitis associated with ankylosing spondylitis. Eye 2000;14:340–3.

[9] Beukelman T, Ringold S, Davis TE, et al. Disease-modifying antirheumatic drug
use in the treatment of juvenile idiopathic arthritis: a cross-sectional analysis of
the CARRA registry. J Rheumatol 2012;39:1867–74.

[10] Bichler J, Benseler SM, Krumrey-Langkammerer M, et al. Leflunomide is associ-
ated with higher flare compared to methotrexate in treatment of chronic uveitis
in juvenile idiopathic arthritis. Scand J Rheumatol 2015;44:280–3.

[11] Biester S, Deuter C, Michels H, et al. Adalimumab in the therapy of uveitis in
childhood. Br J Ophthalmol 2007;91:319–24.

https://doi.org/10.1016/j.semarthrit.2018.11.004
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0001
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0001
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0001
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0002
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0002
https://doi.org/10.1002/acr.23610
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0004
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0004
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0004
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0005
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0005
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0005
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0006
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0006
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0006
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0007
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0007
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0007
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0008
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0008
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0009
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0009
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0009
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0010
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0010
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0010
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0011
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0011


A. Heiligenhaus et al. / Seminars in Arthritis and Rheumatism 49 (2019) 43�55 53
[12] B€ohmMR, Tappeiner C, Breitbach M, et al. Ocular hypotony in patients with juve-
nile idiopahic arthritis-associated uveitis. Am J Ophthalmol 2017;173:45–55.

[13] Birolo C, Zannin MA, Arsenyeva S, et al. Comparable efficacy of abatacept used as
first-line or second-line biological agent for severe juvenile idiopathic arthritis-
related uveitis. J Rheumatol 2016;43:2068–73.

[14] Bou R, Adan A, Borras F, et al. Clinical management algorithm of uveitis associ-
ated with juvenile idiopathic arthritis: interdisciplinary panel consensus. Rheu-
matol Int 2015;35:777–85.

[15] Bravo-Ljubetic L, Peralta-Calvo J, Noval S, et al. Adalimumab therapy for refrac-
tory childhood uveitis. J AAPOS 2013;17:456–9.

[16] Breitbach M, Tappeiner C, B€ohm M, et al. Discontinuation of long-term adalimu-
mab treatment in patients with juvenile idiopathic arthritis-associated uveitis.
Graefes Arch Clin Exp Ophthalmol 2017;255:171–7.

[17] Calvo-Rio V, Santos-Gomez M, Calvo I, et al. Anti-IL-6R tocilizumab for severe
juvenile idiopathic arthritis-associated uveitis refractory to anti-TNF therapy. A
multicenter study of 25 patients. Arthritis Rheumatol 2016;69:668–75.

[18] Carvounis PE, Herman DC, Cha S, et al. Incidence and outcomes of uveitis in juve-
nile rheumatoid arthritis, a synthesis of the literature. Graefe�s Arch Clin Exp
Ophthalmol 2006;244:281–90.

[19] Chan AY, Liu DT. Methotrexate and chronic uveitis associated with juvenile idio-
pathic arthritis. J Rheumatol 2006;33:198. author reply 198.

[20] Choudhary A, Harding SP, Bucknall RC, Pearce IA. Mycophenolate mofetil as an
immunosuppressive agent in refractory inflammatory eye disease. J Ocul Phar-
macol Ther 2006;22:168–75.

[21] Chylack LT Jr., Bienfang DC, Bellows AR, et al. Ocular manifestations of juvenile
rheumatoid arthritis. Am J Ophthalmol 1975;79:1026–33.

[22] Cordero-Coma M, Salom D, Diaz-Llopis M, et al. Golimumab for uveitis. Ophthal-
moogy 2011;118:1892.

[23] Cordero-Coma M, Garzo I, Calleja S, et al. Preoperative cataract surgery use of an
intravitreal dexamethasone implant (Ozurdex) in a patients with juvenile idio-
pathic arthritis and chronic anterior uveitis. J AAPOS 2013;17:632–4.

[24] Cordero-Coma M, Calvo-Rio V, Adan A, et al. Golimumab as rescue therapy for
refractory immune-mediated uveitis: a three-center experience. Mediat
Inflamm 2014;2014:717598.

[25] Dana MR, Merayo-Lloves J, Schaumberg DA, et al. Visual outcomes prognostica-
tors in juvenile rheumatoid arthritis-associated uveitis. Ophthalmology
1997;104:236–44.

[26] Davis JL, Davis JL, Dacanay LM, et al. Laser flare photometry and complications of
chronic uveitis in children. Am J Ophthalmol 2003;135:763–71.

[27] De Boer J, Wulffraat N, Rothova A. Visual loss in uveitis of childhood. Br J Oph-
thalmol 2003;87:879–84.

[28] Diaz-Llopis M, Salom D, Garcia-de-Vicuna C, et al. Treatment of refractory uveitis
with adalimumab: a prospective multicenter study of 131 patients. Ophthalmol-
ogy 2012;119:1575–81.

[29] Di Gangi M, Foti R, Leonardi R, et al. Recurrent new-onset uveitis in a patient
with rheumatoid arthritis during anti-TNFalpha treatment. Reumatismo
2007;59:169–72.

[30] Dobner BC, Max R, Becker MD, et al. A three-centre experience with adalimumab
for the treatment of non-infectious uveitis. Br J Ophthalmol 2013;97:134–8.

[31] Doycheva D, Deuter C, Stuebiger N, et al. Mycophenolate mofetil in the treat-
ment of uveitis in children. Br J Ophthalmol 2007;91:180–4.

[32] Dunne JA, Jacobs N, Morrison A, et al. Efficacy in anterior uveitis of two known
steroids and topical tolmetin. Br J Ophthalmol 1985;69:120–5.

[33] Dunne JA, Travers JP. Double-blind clinical trial of topical steroids in anterior
uveitis. Br J Ophthalmol 1979;63:762–7.

[34] Edelsten C, Reddy A, Stanford MR, et al. Visual loss associated with paediatric uve-
itis in english primary and referral centers. Am J Ophthalmol 2003;135:676–80.

[35] Elhai M, Deslandre CJ, Kahan A. Abatacept for refractory juvenile idiopathic
arthritis-associated uveitis: two new cases. Arthritis Care Res 2011;63:307–10.

[36] German Association of the Scientific Medical Societies (AWMF). AWMF guidance
-manual and rules for guideline development. 1st Edition English version; 2012.
Available at: http://www.awmf.org/leitlinien/awmf-regelwerk.html Accessed
10.07.2018.

[37] Fan DS, Yu CB, Chiu TY, et al. Ocular-hypertensive and anti-inflammatory response
to rimexolone therapy in children. Arch Ophthalmol 2003;121:1716–21.

[38] Foeldvari I, Nielson S, Tzaribachev N, et al. Results of a multinational survey
regarding the use of cyclosporine A in the treatment of juvenile idiopathic
arthritis associated uveitis. EULAR, American College of Rheumatology (ACR)
Meeting 2006. abstract 1709.

[39] Foeldvari I, Nielsen S, Kummerle-Deschner J, et al. Tumor necrosis factor-alpha
blocker in treatment of juvenile idiopathic arthritis-associated uveitis refractory
to second-line agents: results of a multinational survey. J Rheumatol 2007;34:
1146–50.

[40] Foeldvari I, Wierk A. Methotrexate is an effective treatment for chronic uveitis
associated with juvenile idiopathic arthritis. J Rheumatol 2005;32:362–5.

[41] Foeldvari I, Becker I, Horneff G. Uveitis events during adalimumab, etanercept,
and methotrexate therapy in juvenile idiopathic arthritis: data from the biolog-
ics in pediatric rheumatology registry. Arthritis Care Res 2015;67:1529–35.

[42] Foster CS, Alter G, DeBarge LR, et al. Efficacy and safety of rimexolone 1% oph-
thalmic suspension vs 1% prednisolone acetate in the treatment of uveitis. Am J
Ophthalmol 1996;122:171–82.

[43] Gallagher M, Quinones K, Cervantes-Castaneda RA, et al. Biological response modi-
fier therapy for refractory childhood uveitis. Br J Ophthalmol 2007;91:1341–4.

[44] Galor A, Perez VL, Hammel JP, et al. Differential effectiveness of etanercept and inflix-
imab in the treatment of ocular inflammation. Ophthalmology 2006;113:2317–23.
[45] Garcia-De-Vicuna, Diaz-Llopis M, Salom D, et al. Usefulness of adalimumab in
the treatment of refractory uveitis associated with juvenile idiopathic arthritis.
Mediat Inflamm 2013;2013:560632.

[46] Gaudio PA. A review of evidence guiding the use of corticosteroids in the treat-
ment of intraocular inflammation. Ocul Immunol Inflamm 2004;12:169–92.

[47] Gerloni V, Cimaz R, Gattinara M, et al. Efficacy and safety profile of cyclosporin A
in the treatment of juvenile chronic (idiopathic) arthritis. Results of a 10-year
prospective study. Rheumatology 2001;40:907–13.

[48] Gerloni V, Pontikaki I, Gattinara M, Fantini F. Focus on adverse events of tumour
necrosis factor alpha blockade in juvenile idiopathic arthritis in an open mono-
centric long-term prospective study in 163 patients. Ann Rheum Dis 2008;67:
1145–52.

[49] Giannini EH, Brewer EJ, Kuzmina N, et al. Methotrexate in resistant juvenile
rheumatoid arthritis. Results of the U.S.A.-U.S.S.R. double-blind, placebo-con-
trolled trial. The pediatric rheumatology collaborative study group and the
cooperative children's study group. N Engl J Med 1992;326:1043–9.

[50] Giordano M. Dauerprophylaxe der rezidivierenden spondylitischen Iridozyklitis
durch Antimalarika und nichtsteroidale Antiphogistika. Z Rheumatol 1983;4:
105–6.

[51] Godfrey WA, Epstein WV, O'Connor GR, et al. The use of chlorambucil in intrac-
table idiopathic uveitis. Am J Ophthalmol 1974;78:415–28.

[52] Goebel J, Rosel M, Heinz C, et al. Azathioprine as a treatment option for uveitis in
patients with juvenile idiopathic arthritis. Br J Ophthalmol 2011;95:209–13.

[53] Heiligenhaus A, Mingels A, Heinz C, et al. Methotrexate for uveitis associated
with juvenile idiopathic arthritis: value and requirement for additional anti-
inflammatory medication. Eur J Ophthalmol 2007;17:743–8.

[54] Heiligenhaus A, Niewerth M, Ganser G, et al. Prevalence and complications of
uveitis in juvenile idiopathic arthritis in a population-based nation-wide study
in Germany: suggested modification of the current screening guidelines. Rheu-
matology 2007;46:1015–9.

[55] Heiligenhaus A, Miserocchi E, Heinz C, et al. Treatment of severe uveitis associ-
ated with juvenile idiopathic arthritis with anti-CD20 monoclonal antibody
(rituximab). Rheumatology 2011;50:1390–4.

[56] Heiligenhaus A, Foeldvari I, Edelsten C, et al. Proposed outcome measures for
prospective clinical trials in juvenile idiopathic arthritis-associated uveitis: a
consensus effort from the multinational interdisciplinary working group for
uveitis in childhood. Arthritis Care Res 2012;64:1365–72.

[57] Heiligenhaus A, Michels H, Schumacher C, et al. Evidence-based guidelines for
anti-inflammatory treatment of uveitis associated with juvenile idiopathic
arthritis. Rheumatol Int 2012;32:1121–33.

[58] Heiligenhaus A, Bertram B, Heinz C, et al. Statement of the German ophthalmo-
logical society, the retina society and the professional association of German
ophthalmologists for intravitreal treatment of macular edema in uveitis. Oph-
thalmologe 2014;111:740–8.

[59] Hemady R, Tauber J, Foster CS. Immunosuppressive drugs in immune and
inflammatory ocular disease. Surv Ophthalmol 1991;35:369–85.

[60] Hofley P, Roarty J, McGinnity G. Asymptomatic uveitis in children with chronic
inflammatory bowel diseases. J Pediatr Gastroenterol Nutr 1993;17:397–400.

[61] Huang JL, Hung IJ, Hsieh KH. Sulphasalazine therapy in chronic uveitis of chil-
dren with chronic arthritis. Asian Pac J Allergy Immunol 1997;15:71–5.

[62] Jabs DA, Nussenblatt RB, Rosenbaum JT. Standardization of uveitis nomenclature
for reporting clinical data. Results of the first international workshop. Am J Oph-
thalmol 2005;140:509–16.

[63] Kahn P, Weiss M, Imundo LF, et al. Favorable response to high-dose infliximab
for refractory childhood uveitis. Ophthalmology 2006;113:860–4.

[64] Kaipiainen-Sepp€anen O, Leino M. Recurrent uveitis in a patient with juvenile
spondyloarthropathy associated with tumour necrosis factor alpha inhibitors.
Ann Rheum Dis 2003;62:88–9.

[65] Kakkassery V, Mergler S, Pleyer U. Anti-TNF-alpha treatment: a possible pro-
moter in endogenous uveitis? Observational report on six patients: occurrence
of uveitis following etanercept treatment. Curr Eye Res 2010;35:751–6.

[66] Kalinina Ayuso VK, van de Winkel EL, Rothova A, et al. Relapse rate of uveitis
post-methotrexate treatment in juvenile idiopathic arthritis. Am J Ophthalmol
2011;151:217–22.

[67] Kalinina Ayuso V, van Dijk MR, de Boer JH. Infiltration of plasma cells in the iris of
children with ANA-positive uveitis. Invest Ophthalmol Vis Sci 2015;56:6770–8.

[68] Kanski JJ. Anterior uveitis in juvenile rheumatoid arthritis. Arch Ophthalmol
1977;95:1794–7.

[69] Kanski JJ. Juvenile arthritis and uveitis. Surv Ophthalmol 1990;34:253–67.
[70] Kempen JH, Gangaputra S, Daniel E, et al. Long-term risk of malignancy among

patients treated with immunosuppressive agents for ocular inflammation: a
critical assessment of the evidence. Am J Ophthalmol 2008;146:802–12.

[71] Kenawy N, Cleary G, Mewar D, et al. Abatacept: a potential therapy in refractory
cases of juvenile idiopathic arthritis-associated uveitis. Graefes Arch Clin Exp
Ophthalmol 2011;249:297–300.

[72] Kilic O, Kasapcopur O, Camcioglu Y, et al. Is it safe to use anti-TNF-a agents for
tuberculosis in children suffering with chronic rheumatic disease? Rheumatol
Int 2012;32:2675–9.

[73] Kilmartin DJ, Forrester JV, Dick AD. Cyclosporin A therapy in refractory non-
infectious childhood uveitis. Br J Ophthalmol 1998;82:737–42.

[74] Klotsche J, Niewerth M, Haas JP, et al. Long-term safety of etanercept and adali-
mumab compared to methotrexate in patients with juvenile idiopathic arthritis.
Ann Rheum Dis 2016;75:855–61.

[75] Kostik MM, Gaidar EV, Hynnes AY, et al. Methotrexate treatment may prevent
uveitis onset in patients with juvenile idiopathic arthritis: experiences and

http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0012
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0012
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0012
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0013
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0013
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0013
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0014
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0014
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0014
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0015
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0015
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0016
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0016
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0016
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0016
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0017
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0017
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0017
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0018
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0018
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0018
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0018
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0019
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0019
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0020
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0020
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0020
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0021
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0021
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0022
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0022
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0023
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0023
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0023
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0024
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0024
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0024
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0025
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0025
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0025
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0026
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0026
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0027
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0027
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0028
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0028
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0028
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0029
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0029
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0029
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0030
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0030
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0031
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0031
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0032
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0032
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0033
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0033
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0034
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0034
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0035
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0035
http://www.awmf.org/leitlinien/awmf-regelwerk.html
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0037
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0037
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0038
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0038
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0038
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0038
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0039
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0039
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0039
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0039
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0040
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0040
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0041
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0041
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0041
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0042
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0042
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0042
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0042
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0042
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0043
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0043
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0044
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0044
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0045
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0045
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0045
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0046
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0046
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0047
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0047
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0047
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0048
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0048
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0048
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0048
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0049
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0049
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0049
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0049
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0050
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0050
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0050
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0051
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0051
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0052
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0052
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0053
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0053
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0053
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0054
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0054
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0054
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0054
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0055
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0055
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0055
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0056
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0056
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0056
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0056
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0057
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0057
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0057
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0058
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0058
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0058
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0058
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0059
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0059
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0060
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0060
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0061
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0061
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0062
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0062
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0062
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0063
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0063
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0064
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0064
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0064
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0064
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0065
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0065
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0065
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0066
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0066
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0066
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0067
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0067
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0068
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0068
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0069
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0070
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0070
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0070
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0071
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0071
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0071
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0072
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0072
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0072
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0073
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0073
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0074
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0074
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0074
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0075
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0075


54 A. Heiligenhaus et al. / Seminars in Arthritis and Rheumatism 49 (2019) 43�55
subgroup analysis in a cohort with frequent methotrexate use. Clin Exp Rheu-
matol 2016;34:714–8.

[76] Kotaniemi K. Late onset uveitis in juvenile-type chronic polyarthritis controlled
with prednisolone, cyclosporin A and methotrexate. Clin Exp Rheumatol
1998;16:469–71.

[77] Kotaniemi K, Aho K, Kotaniemi A. Uveitis as a cause of visual loss in arthritides
and comparable conditions. J Rheumatol 2001;28:309–12.

[78] Kotaniemi K, S€aila H, Kautiainen H. Long-term efficacy of adalimumab in the
treatment of uveitis associated with juvenile idiopathic arthritis. Clin Ophthal-
mol 2011;5:1425–9.

[79] Kothari S, Foster CS, Pistilli M, et al. The risk of intraocular pressure elevation in
pediatric non-infectious uveitis. Ophthalmology 2015;122:1987–2001.

[80] Kroger L, Kotaniemi K, Jaaskelainen J. Topical treatment of uveitis resulting in
adrenal insufficiency. Acta Paediatr 2009;98:584–5.

[81] Kvien TK, Hoyeraal HM, Sandstad B. Azathioprine versus placebo in patients
with juvenile rheumatoid arthritis: a single center double blind comparative
study. J Rheumatol 1986;13:118–23.

[82] La Torre F, Cattalini M, Teruzzi B, et al. Efficacy of adalimumab in young children
with juvenile idiopathic arthritis and chronic uveitis: a case series. BMC Res
Notes 2014;7:316.

[83] Lazar M, Weiner MJ, Leopold IH. Treatment of uveitis with methotrexate. Am
J Ophthalmol 1969;67:383–7.

[84] Lerman MA, Burnham JM, Chang PY, et al. Response of pediatric uveitis to tumor
necrosis factor-a inhibitors. J Rheumatol 2013;40:1394–403.

[85] Lerman MA, Lewen MD, Kempen JH, Mills MD. Uveitis reactivation in children
treated with tumor necrosis factor alpha inhibitors. Am J Ophthalmol
2015;160:193–200.

[86] Levy-Clarke G, Jabs DA, Read RW, et al. Expert panel recommendations for the
use of anti-tumor necrosis factor biologic agents in patients with ocular inflam-
matory disorders. Ophthalmology 2014;121:785–96.

[87] Lim LL, Fraunfelder FW, Rosenbaum JT. Do tumor necrosis factor inhibitors cause
uveitis? A registry-based study. Arthritis Rheum 2007;56:3248–52.

[88] Little JA, Sen ES, Strike H, et al. The safety and efficacy of noncorticosteroid triple
immunosuppressive therapy in the treatment of refractory chronic noninfec-
tious uveitis in childhood. J Rheumatol 2014;41:136–9.

[89] Lowder C, Belfort R Jr, Lightman S, et al. Dexamethasone intravitreal implant for non-
infectious intermediate or posterior uveitis. Arch Ophthalmol 2011;129:545–53.

[90] Magli A, Forte R, Navarro P, et al. Adalimumab for juvenile idiopathic arthritis-
associated uveitis. Graefe Arch Clin Exp Ophthalmol 2013;251:1601–6.

[91] Malik AR, Pavesio C. The use of low dose methotrexate in children with chronic
anterior and intermediate uveitis. Br J Ophthalmol 2005;89:806–8.

[92] Mangge H, Heinzl B, Grubbauer HM, et al. Therapeutic experience with inflixi-
mab in a patient with polyarticular juvenile idiopathic arthritis and uveitis.
Rheumatol Int 2003;23:258–61.

[93] Marrani E, Paganelli V, de Libero C, et al. Long-term efficacy of abatacept in pedi-
atric patients with idiopathic uveitis: a case series. Graefes Arch Clin Exp Oph-
thalmol 2015;253:1813–6.

[94] Mesquida M, Molins B, Llorenc, et al., et al. Long-term effects of tocilizumab
therapy for refractory uveitis-related macular edema. Ophthalmology
2014;121:2380–6.

[95] Miserocchi E, Baltatzis S, Ekong A, et al. Efficacy and safety of chlorambucil in
intractable noninfectious uveitis: the Massachusetts eye and ear infirmary expe-
rience. Ophthalmology 2002;109:137–42.

[96] Miserocchi E, Pontikaki I, Modorati G, et al. Rituximab for uveitis. Ophthalmol-
ogy 2011;118:223–4.

[97] Miserocchi E, Modorati G, Pontikaki J, et al. Golimumab treatment for compli-
cated uveitis. Clin Exp Rheumatol 2013;31:320–1.

[98] Miserocchi E, Modorati G, Pontikaki I, et al. Long-term treatment with golimu-
mab for severe uveitis. Ocul Immunol Inflamm 2014;22:90–5.

[99] Miserocchi E, Modorati G, Berchicci L, et al. Long-term treatment with rituximab
in severe juvenile idiopathic arthritis-associated uveitis. Br J Ophthalmol
2016;100:782–6.

[100] Moretti D, Cianchi I, Vannucci G, et al. Psoriatic juvenile idiopathic arthritis asso-
ciated with uveitis: a case report. Case Rep Rheumatol 2013;2013:595890.

[101] Munoz-Fernandez S, Hidalgo V, Fernandez-Melon J, et al. Sulfasalazine reduces
the number of flares of acute anterior uveitis over one year period. J Rheumatol
2003;30:1277–9.

[102] Niehues T, Horneff G, Michels H, et al. Evidence-based use of methotrexate in
children with rheumatic diseases: a consensus statement of the working groups
pediatric rheumatology Germany (AGKJR) and pediatric rheumatology Austria.
Rheumatol Int 2005;25:169–78.

[103] Niehues T, Winterhalter S, Zierhut M, et al. EBM analysis: classic DMARDs (dis-
ease-modifying antirheumatic drugs) and immunosuppressants in arthritis and
uveitis. Klin Monatsbl Augenheilkd 2007;224:520–5.

[104] Olson NY, Lindsley CB, Godfrey WA. Nonsteroidal anti-inflammatory drug ther-
apy in chronic childhood iridocyclitis. Am J Dis Child 1988;142:1289–92.

[105] Ozerdem U, Levi L, Cheng L, et al. Systemic toxicity of topical and periocular cor-
ticosteroid therapy in an 11-year-old male with posterior uveitis. Am J Ophthal-
mol 2000;130:240–1.

[106] Palmer RG, Kanski JJ, Ansell BM. Chlorambucil in the treatment of intractable
uveitis associated with juvenile chronic arthritis. J Rheumatol 1985;12:967–70.

[107] Papadopoulou C, Kostik M, B€ohm M, et al. Methotrexate therapy may prevent
the onset of uveitis in juvenile idiopathic arthritis. J Pediatr 2013;163:879–84.

[108] Parikh JG, Tawansy KA, Rao NA. Immunohistochemical study of chronic nongra-
nulomatous anterior uveitis in juvenile idiopathic arthritis. Ophthalmology
2008;115:1833–6.
[109] Petty RE, Smith JR, Rosenbaum JT. Arthritis and uveitis in children. A pediatric
rheumatology perspective. Am J Ophthalmol 2003;135:879–84.

[110] Petty RE, Southwood TR, Manners P, et al. International league of associations for
rheumatology classification of juvenile idiopathic arthritis: second revision,
Edmonton 2001. J Rheumatol 2004;31:390–2.

[111] Pichi F, Nucci P, Baynes K, et al. Sustained release dexamethasone intravitreal implant
in juvenile idiopathic arthritis-related uveitis. Int Ophthalmol 2017;37:221–8.

[112] Pleyer U, Klamann M, Laurent TJ, et al. Fast and successful management of intra-
ocular inflammation with a single intravitreal dexamethasone implant. Ophthal-
mologica 2014. Nov 21. [Epub ahead of print].

[113] Quartier P, Baptiste A, Despert V, et al. ADJUVITE: a double-blind, randomised, pla-
cebo-controlled trial of adalimumab in early onset, chronic, juvenile idiopathic
arthritis associated anterior uveitis. Ann Rheum Dis 2018;77:1003–11.

[114] Quesada-Masachs E, Modesto Caballero C. Subcutaneous tocilizumab may be
less effective than intravenous tocilizumab in the treatment of juvenile idio-
pathic arthritis-associated uveitis. J Rheumatol 2017;44:2.

[115] Rajaraman RT, Kimura Y, Li S, et al. Retrospective case review of pediatric
patients with uveitis treated with infliximab. Ophthalmology 2006;113:308–14.

[116] Ramanan AV, Dick AD, Benton D, et al. A randomised controlled trial of the clini-
cal effectiveness, safety and cost-effectiveness of adalimumab in combination
with methotrexate for the treatment of juvenile idopathic arthritis associated
uveitis (SYCAMORE trial). Trials 2014;15:14.

[117] Ramanan AV, Dick AD, Jones AP, et al. Adalimumab plus methotrexate for uveitis
in juvenile idiopahic arthritis. N Engl J Med 2017;376:1637–46.

[118] Ravelli A, Martini A. Juvenile idiopathic arthritis. Lancet 2007;369:767–78.
[119] Reiff A, Takei S, Sadeghi S, et al. Etanercept therapy in children with treatment-

resistant uveitis. Arthritis Rheum 2001;44:1411–5.
[120] Richards JC, Tay-Kearney ML, Murray K, et al. Infliximab for juvenile idiopathic

arthritis-associated uveitis. Clin Exp Ophthalmol 2005;33:461–8.
[121] Roesel M, Gutfleisch M, Heinz C, et al. Intravitreal and orbital floor triamcinolone

acetonide injections in noninfectious uveitis: a comparative study. Ophthalmic
Res 2009;42:81–6.

[122] Roesel M, Gutfleisch M, Heinz C, et al. Orbital floor triamcinolone acetonide injec-
tions for the management of active non-infectious uveitis. Eye 2009;23:910–4.

[123] Ruperto N, Murray KJ, Gerloni V, et al. A randomized trial of parenteral metho-
trexate comparing an intermediate dose with a higher dose in children with
juvenile idiopathic arthritis who failed to respond to standard doses of metho-
trexate. Arthritis Rheum 2004;50:2191–201.

[124] Saboo US, Metzinger JL, Radwan A, et al. Risk factors associated with the relapse
of uveitis in patients with juvenile idiopathic arthritis: a preliminary report.
J AAPOS 2013;17:460–4.

[125] Sallam A, Comer RM, Chang JH, et al. Short-term safety and efficacy of intravi-
treal triamcinolone acetonide for uveitic macular edema in children. Arch Oph-
thalmol 2008;126:200–5.

[126] Samson CM, Waheed N, Baltatzis S, et al. Methotrexate therapy for chronic non-
infectious uveitis: analysis of a case series of 160 patients. Ophthalmology
2001;108:1134–9.

[127] Sand BB, Krogh E. Topical indometacin, a prostaglandin inhibitor, in acute ante-
rior uveitis. A controlled clinical trial of non-steroid versus steroid anti-
inflammatory treatment. Acta Ophthalmol 1991;69:145–8.

[128] Sato T, Minakuchi S, Mochizuki M, Takeuchi M. Acute anterior uveitis after dis-
continuation of tocilizumab in a patient with rheumatoid arthritis. Clin Ophthal-
mol 2014;8:187–90.

[129] Saurenmann RK, Levin AV, Feldman BM, et al. Risk of new-onset uveitis in
patients with juvenile idiopathic arthritis treated with anti-TNFalpha agents.
J Pediatr 2006;149:833–6.

[130] Saurenmann RK, Levin AV, Rose JB, et al. Tumour necrosis factor alpha inhibitors
in the treatment of childhood uveitis. Rheumatology 2006;45:982–9.

[131] Savolainen HA, Kautiainen H, Isomaki H, et al. Azathioprine in patients with
juvenile chronic arthritis: a longterm followup study. J Rheumatol
1997;24:2444–50.

[132] Schlote T, Dannecker G, Thiel HJ, et al. Cyclosporin A in therapy of chronic uveitis
in childhood. Ophthalmologe 1996;93:745–8.

[133] Schmeling H, Horneff G. Etanercept and uveitis in patients with juvenile idio-
pathic arthritis. Rheumatology 2005;44:1008–11.

[134] Schmeling H, Minden K, Foeldvari I, et al. Efficacy and safety of adalimumab as
the first and second biologic agent in juvenile idiopathic arthritis_ the German
biologics JIA registry. Arthritis Rheumatol 2014;66:2580–9.

[135] Scrivo R, Spadaro A, Spinelli FR, et al. Uveitis following the use of tumor necrosis
factor alpha inhibitors: comment on the article by Lim et al. Arthritis Rheum
2008;58:1555–6.

[136] Shakoor A, Esterberg E, Acharya NR. Recurrence of uveitis after discontinuation
of infliximab. Ocul Immunol Inflamm 2014;22:96–101.

[137] Sharma SM, Ramanan AV, Riley P, Dick AD. Use of infliximab in juvenile onset
rheumatological disease-associated refractory uveitis: efficacy in joint and ocu-
lar disease. Ann Rheum Dis 2007;66:840–1.

[138] Sheppard JD, Comstock TL, Cavet ME. Impact of the topical ophthalmic corticoste-
roid loteprednol etabonate on intraocular pressure. Adv Ther 2016;33:532–52.

[139] Shetty AK, Zganjar BE, Ellis GS, et al. Low-dose methotrexate in the treatment of
severe juvenile rheumatoid arthritis and sarcoid iritis. J Pediatr Ophthalmol
Strabismus 1999;36:125–8.

[140] Simonini G, Zannin ME, Caputo R, et al. Loss of efficacy during long-term infliximab
therapy for sight-threatening childhood uveitis. Rheumatology 2008;47:1510–4.

[141] Simonini G, Taddio A, Cattalini M, et al. Prevention of flare recurrences in child-
hood-refractory chronic uveitis: an open-label comparative study of adalimu-
mab versus infliximab. Arthritis Care Res 2011;63:612–8.

http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0075
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0075
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0076
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0076
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0076
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0077
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0077
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0078
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0078
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0078
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0078
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0079
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0079
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0080
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0080
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0081
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0081
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0081
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0082
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0082
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0082
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0083
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0083
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0084
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0084
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0084
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0085
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0085
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0085
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0086
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0086
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0086
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0087
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0087
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0088
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0088
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0088
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0089
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0089
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0090
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0090
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0091
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0091
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0092
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0092
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0092
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0093
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0093
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0093
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0094
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0094
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0094
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0095
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0095
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0095
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0096
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0096
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0097
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0097
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0098
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0098
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0099
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0099
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0099
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0100
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0100
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0101
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0101
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0101
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0102
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0102
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0102
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0102
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0103
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0103
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0103
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0104
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0104
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0105
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0105
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0105
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0106
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0106
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0107
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0107
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0107
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0108
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0108
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0108
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0109
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0109
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0110
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0110
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0110
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0111
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0111
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0112
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0112
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0112
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0113
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0113
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0113
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0114
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0114
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0114
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0115
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0115
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0116
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0116
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0116
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0116
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0117
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0117
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0118
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0119
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0119
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0120
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0120
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0121
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0121
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0121
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0122
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0122
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0123
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0123
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0123
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0123
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0124
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0124
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0124
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0125
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0125
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0125
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0126
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0126
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0126
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0127
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0127
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0127
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0128
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0128
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0128
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0129
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0129
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0129
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0130
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0130
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0131
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0131
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0131
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0132
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0132
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0133
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0133
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0134
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0134
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0134
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0135
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0135
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0135
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0136
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0136
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0137
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0137
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0137
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0138
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0138
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0139
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0139
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0139
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0140
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0140
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0141
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0141
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0141


A. Heiligenhaus et al. / Seminars in Arthritis and Rheumatism 49 (2019) 43�55 55
[142] Simonini G, Taddio A, Cattalini M, et al. Superior efficacy of adalimumab in treat-
ing childhood refractory chronic uveitis when used as first biologic modifier
drug: adalimumab as starting anti-TNF-a therapy in childhood chronic uveitis.
Pediatr Rheumatol 2013;11:16.

[143] Simonini G, Druce K, Cimaz R, et al. Current evidence of anti-tumor necrosis factor a
treatment efficacy in childhood chronic uveitis: a systemic review andmeta-analy-
sis approach of individual drugs. Arthritis Care Res 2014;66:1073–84.

[144] Smith JA, Thompson DJ, Whitcup SM, et al. A randomized, placebo-controlled,
double-masked clinical trial of etanercept for the treatment of uveitis associated
with juvenile idiopathic arthritis. Arthritis Rheum 2005;53:18–23.

[145] Smith JA, Mackensen F, Sen HN, et al. Epidemiology and course of disease in
childhood uveitis. Ophthalmology 2009;116:1544–51.

[146] Sobrin L, Christen W, Foster CS. Mycophenolate mofetil after methotrexate fail-
ure or intolerance in the treatment of scleritis and uveitis. Ophthalmology
2008;115:1416–21.

[147] Southwood TR, Foster HE, Davidson JE, et al. Duration of etanercept treatment
and reasons for discontinuation in a cohort of juvenile idiopathic arthritis
patients. Rheumatology 2011;50:189–95.

[148] Stewart R, Horwitz B, Howes J, et al. Double-masked, placebo-controlled evalua-
tion of loteprednol etabonate 0.5% for postoperative inflammation. Loteprednol
etabonate post-operative inflammation study group 1. J Cataract Refract Surg
1998;24:1480–9.

[149] Tambralli A, Beukelman T, Weiser P, et al. High doses of infliximab in the man-
agement of juvenile idiopathic arthritis. J Rheumatol 2013;40:1749–55.

[150] Tappeiner C, Roesel M, Heinz C, et al. Limited value of cyclosporine A for the
treatment of patients with uveitis associated with juvenile idiopathic arthritis.
Eye 2009;23:1192–8.

[151] Tappeiner C, Heinz C, Roesel M, Heiligenhaus A. Elevated laser flare values corre-
late with complicated course of anterior uveitis in patients with juvenile idio-
pathic arthritis. Acta Ophthalmol 2011;89:e521–7.

[152] Tappeiner C, Heinz C, Ganser G, et al. Is tocilizumab an effective option for treat-
ment of refractory uveitis associated with juvenile idiopathic arthritis? J Rheu-
matol 2012;39:1294–5.

[153] Tappeiner C, Klotsche J, Schenck S, et al. Temporal change in prevalence and
complications of uveitis associated with juvenile idiopathic arthritis: data from
a cross-sectional analysis of a prospective nationwide study. Clin Exp Rheumatol
2015;33:936–44.

[154] Tappeiner C, Miserocchi E, Bodaghi B, et al. Abatacept in the treatment of severe,
longstanding and refractory uveitis associated with juvenile idiopathic arthritis.
J Rheumatol 2015;42:706–11.

[155] Tappeiner C, Schenck S, NiewerthM, et al. Impact of antiinflammatory treatment on
the onset of uveitis in juvenile idiopathic arthritis: longitudinal analysis from a
nationwide pediatric rheumatology database. Arthritis Care Res 2016;68:46–54.

[156] Tappeiner C, Mesquida M, Adan A, et al. Evidence for tocilizumab as a treatment
option in refractory uveitis associated with juvenile idiopathic arthritis. J Rheu-
matol 2016;43:2183–8.
[157] Tarkiainen M, Tynj€al€a P, V€ah€asalo P, et al. Occurrence of adverse events in
patients with JIA receiving biologic agents: long-term follow-up in a real-life
setting. Rheumatology 2015;54:1170–6.

[158] Thorne JE, Woreta F, Kedhar SR, et al. Juvenile idiopathic arthritis-associated
uveitis: incidence of ocular complications and visual acuity loss. Am J Ophthal-
mol 2007;143:840–6.

[159] Thorne JE, Woreta FA, Dunn JP, et al. Risk of cataract development among chil-
dren with juvenile idiopathic arthritis-related uveitis treated with topical corti-
costeroids. Ophthalmology 2010;117:1436–41.

[160] Trachana M, Pratsidou-Gertsi P, Pardalos G, et al. Safety and efficacy of adalimu-
mab treatment in Greek children with juvenile idiopathic arthritis. Scand
J Rheumatol 2011;40:101–7.

[161] Tsang AC, Roth J, Gottlieb C. Tocilizumab for severe chronic anterior uveitis asso-
ciated with juvenile idiopathic arthritis in a pediatric patient. Ocul Immunol
Inflamm 2014;22:155–7.

[162] Tynj€al€a P, Kotaniemi K, Lindahl P, et al. Adalimumab in juvenile idiopathic arthritis-
associated chronic anterior uveitis. Rheumatology 2008;47:339–44. (Oxford).

[163] Tynj€al€a P, Lindahl P, Honkanen V, et al. Infliximab and etanercept in the treat-
ment of chronic uveitis associated with refractory juvenile idiopathic arthritis.
Ann Rheum Dis 2007;66:548–50.

[164] Vazquez-Cobian LB, Flynn T, Lehman TJ. Adalimumab therapy for childhood uve-
itis. J Pediatr 2006;149:572–5.

[165] Wakefield D, McCluskey P, Penny R. Intravenous pulse methylprednisolone
therapy in severe inflammatory eye disease. Arch Ophthalmol 1986;104:
847–51.

[166] Walton RC, Nussenblatt RB, Whitcup SM. Cyclosporine therapy for severe sight-
threatening uveitis in children and adolescents. Ophthalmology 1998;105:
2028–34.

[167] Wang QW, Yao K, Xu W, et al. Bromfenac sodium 0.1%, fluorometholone 0.1%
and dexamethasone 0.1% for control of ocular inflammation and prevention of
cystoid macular edema after phacoemulsification. Ophthalmologica 2013;229:
187–94.

[168] Weiss AH, Wallace CA, Sherry DD. Methotrexate for resistant chronic uveitis in
children with juvenile rheumatoid arthritis. J Pediatr 1998;133:266–8.

[169] William M, Faez S, Papaliodis N, Lobo AM. Golimumab for the treatment of
refractory juvenile idiopathic arthritis-associated uveitis. J Ophthal Inflamm
Infect 2012;2:231–3.

[170] Young BJ, CunninghamWF, Akingbehin T. Double-masked controlled clinical trial of
5% tolmetin versus 0.5% prednisolone versus 0.9% saline in acute endogenous non-
granulomatous anterior uveitis. Br J Ophthalmol 1982;66:389–91.

[171] Zannin ME, Birolo C, Gerloni VM, et al. Safety and efficacy of infliximab and ada-
limumab for refractory uveitis in juvenile idiopathic arthritis: 1-year followup
data from the Italian Registry. J Rheumatol 2013;40:74–9.

[172] Zulian F, Balzarin M, Falcini F, et al. Abatacept for severe anti-tumor necrosis fac-
tor a refractory juvenile idiopathic arthritis-related uveitis. Arthritis Care Res
2010;62:821–5.

http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0142
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0142
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0142
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0142
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0143
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0143
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0143
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0144
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0144
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0144
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0145
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0145
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0146
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0146
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0146
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0147
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0147
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0147
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0148
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0148
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0148
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0148
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0148
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0149
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0149
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0150
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0150
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0150
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0151
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0151
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0151
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0152
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0152
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0152
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0153
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0153
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0153
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0153
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0154
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0154
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0154
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0155
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0155
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0155
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0156
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0156
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0156
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0157
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0157
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0157
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0157
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0157
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0157
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0157
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0158
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0158
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0158
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0159
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0159
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0159
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0160
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0160
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0160
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0161
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0161
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0161
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0162
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0162
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0162
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0162
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0163
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0163
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0163
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0163
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0163
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0164
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0164
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0165
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0165
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0165
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0165
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0166
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0166
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0166
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0167
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0167
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0167
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0167
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0167
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0167
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0168
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0168
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0169
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0169
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0169
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0170
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0170
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0170
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0170
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0170
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0170
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0171
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0171
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0171
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0172
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0172
http://refhub.elsevier.com/S0049-0172(18)30462-1/sbref0172

