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aBstract

objectives
The study was performed to determine whether (dynamic) contrast-enhanced magnetic 
resonance imaging (MRI) parameters of a previously affected target joint in patients with 
clinically inactive juvenile idiopathic arthritis (JIA) has prognostic meaning for a flare of 
joint inflammation during follow-up. 

methods
Thirty-two JIA patients with clinically inactive disease at the time of MRI of the knee were 
prospectively included. Dynamic contrast-enhanced (DCE) MRI provided both descriptive 
measures and time-intensity-curve shapes, representing functional properties of the 
synovium. Conventional MRI outcome measures included validated scores for synovial 
hypertrophy, bone marrow edema, cartilage lesions and bone erosions. During a 2-year 
period they were examined at regular time points and clinical flares were registered. 

results
MRI analysis revealed synovial hypertrophy in 13 (39.4%) of the clinically inactive patients. 
Twelve patients (37.5%) had at least one flare during 2-year clinical follow-up. Persistently 
inactive and flaring patients differed significantly in the maximum enhancement of the 
DCE-MRI (p < 0.05), whereas no difference was found between these two groups in any of 
the baseline scores of conventional MRI. 

conclusions
Our prospective clinical follow-up study indicates that the assessment of ‘maximum 
enhancement’ upon DCE-MRI may be able to predict a clinical flare within 2 years in 
inactive JIA patients. 

 



77

Predicting flare in juvenile idiopathic arthritis and the role of DCE-MRI

5

IntroductIon

Juvenile idiopathic arthritis (JIA) is a pediatric inflammatory disease of the joints with a 
remitting and relapsing disease course. Due to the introduction of early and aggressive 
treatment regimens, inactive disease is achieved in the majority of JIA patients [1]. There-
fore, the primary goal in optimal patient care for JIA might be changing from achieving 
clinical remission to predicting flare by means of immunologic or imaging biomarkers. 
The ability of immunologic biomarkers such as MRP8/14 concentrations to predict flare 
in JIA patients has already been established [2,3]. The role of imaging techniques for flare-
prediction in clinically inactive JIA patients is still to be unraveled. 

It is known that subclinical synovitis is frequently present on imaging studies (both 
ultrasound and magnetic resonance imaging (MRI)) of clinically inactive JIA patients [4,5]. 
Recently, subclinical ultrasound-detected synovitis proved to have no additional value in 
the prediction of flare in 39 JIA patient [6]. On the other hand, the value of MRI-detected 
subclinical synovitis in JIA patients has not yet been evaluated. 

Functional assessment of the synovium by means of dynamic contrast-enhanced MRI 
(DCE-MRI) is very promising in the unravelling of the meaning of subclinical synovitis on 
MRI. Previous studies have already proved the ability of DCE-MRI to identify characteristics 
associated with aggressive disease, such as hyper-vascularization and quick inflow/
outflow of intravenous contrast through the target tissue [7-9]. Thus, these functional 
characteristics of the synovium could help in the differentiation of ‘normal’ residual 
synovial thickening in inactive patients and synovial thickening with active characteristics, 
identifying inactive patients who are at risk to flare. 

The objective of this study was to determine whether (dynamic) contrast-enhanced MRI 
parameters of a previously affected target joint in patients with clinically inactive JIA can 
predict a flare of joint inflammation during 2-year follow-up. 

methods

patient selection
The patients in this study were prospectively included between April 2011 and March 
2013. The regional ethics board gave approval for conduction of the study and all parents 
and all patients above 11 years old gave written informed consent. All patients were 
diagnosed with JIA according to the ILAR criteria and were scheduled for MRI of the knee 
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[10]. At the time of MRI of the knee, all patients fulfilled the Wallace criteria for inactive 
disease (see below) [11]. 

clinical assessment
In order to confirm the inactivity of the disease at time of MRI in all patients, the following 
features were evaluated: number of joints with active arthritis, systemic symptoms 
attributable to JIA (fever, rash, serositis, splenomegaly or generalized lymphadenopathy), 
active uveitis, acute phase reactants and physician’s global assessment of disease 
activity. If all of these features were absent, the patient fulfilled the Wallace criteria for 
inactive disease [11]. The clinical assessment was performed by experienced pediatric 
rheumatologists (3-25 years of experience with physical examination in JIA patients). The 
following clinical data were assessed at the time of the MRI: basic demographics (age, 
gender, ethnicity, co-morbidity) and JIA-related data (date of onset, date of diagnosis, 
diagnosis, ILAR category, type of medication [DMARDs, biologicals]). 

Follow-up
Following MRI, all patients were monitored for 2 years by pediatric rheumatologists to 
evaluate if and when a flare occurred in these clinically inactive patients. 

A flare was defined as the reoccurrence of clinically active arthritis, being a lack to fulfill the 
Wallace criteria for inactive disease. 

mrI protocol
All patients underwent MRI without sedation at the open-bore 1.0T MRI scanner (Panorama 
HFO, Philips Medical Systems, Best, the Netherlands) [12]. The MRI protocol included 
sequences before (sagittal and coronal T2-weighted sequence with fat saturation, sagittal 
T1-weighted sequence and transversal T2-weighted sequence with fat saturation) and 
after intravenous contrast administration (dynamic gradient-echo sequence, sagittal 
T1-weighted sequence and transversal T1-weighted sequence with fat saturation). The 
contrast agent was administered 45 seconds after the start of the DCE-MRI sequence, 
through a 22-gauge needle, at an injection rate of 3.0 mL per second and with a dose of 
0.1 mmol per kilogram body weight (gadobutrol, Bayer Healthcare, Berlin Germany). The 
intravenous contrast agent bolus was directly followed by a 15 mL saline injection. 

mrI evaluation
The conventional MR images were evaluated by one reader with 6 years of experience in 
reading images of JIA patients according to the Juvenile Arthritis MRI Scoring (JAMRIS) 
system [13]. The following features were evaluated: synovial hypertrophy (max score 
12), bone marrow changes suggestive for bone marrow edema (max score 24), cartilage 
lesions (max score 24) and bone erosions (max score 24) [13].
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Analysis of the DCE-MRI was performed by means of in-house developed software 
(Dynamo) running in the Matlab environment (Mathworks, Natick, Mass USA) [9,14]. 
This program assesses time-dependent characteristics of the synovium, consisting of 
both descriptive DCE measures and time-intensity-curve (TIC) shapes calculated on a 
pixel-by-pixel basis, within a specified region-of-interest (ROI). The delineation of the ROI 
was performed by an independent reader with 6 years of experience in musculoskeletal 
radiology. Enhancing skin, large vessels, muscle tissue and the epiphyseal plate were 
excluded from the ROI. 

The descriptive DCE measures calculated in the ROIs are median maximum enhancement 
(ME, maximum enhancement), median time to peak (TTP, time between start of 
enhancement and maximum signal intensity), median maximum initial slope (MIS, 
maximum slope of increase) and median initial area-under-the-curve (iAUC, calculated for 
the 90s time interval after contrast administration). The TIC-shapes as calculated for every 
voxel represent seven types of enhancement over time and are represented by their own 
color on the color-coded shape map (Figure 1).
 

Figure 1 | Color-coded time-intensity-curve shape map with corresponding spectrum of TIC-shapes. 



80

Chapter 5

statistical analysis
Descriptive statistics are reported in terms of means, medians, standard deviations and 
interquartile ranges (IQR). The Mann-Whitney U test (in case of continuous data) and 
the Fisher’s Exact test (in case of binary data) was used to compare differences between 
patients who did and did not flare. A Kaplan Meier curve was used to depict the proportion 
of patients with flare over time. The statistical analysis was performed using SPSS software 
version 20 (IBM SPSS, Chicago, ILL, USA). 

results

patient characteristics
Thirty-two JIA patients with prior arthritis of the knee as their major target joint upon 
initial presentation were included in the follow-up study. All baseline characteristics 
are summarized in Table 1. Out of these 32 patients, 12 patients (37.5%) had (at least) 
one flare during their 2-years of clinical follow-up. No significant differences in clinical 
characteristics at baseline were observed between the patients who flared and the 
patients who had persistently inactive disease. When comparing the medication use (no 
medication or NSAIDs versus biological use) at baseline between these two groups, no 
significant difference was found at a group level (p=0.438). Median time-to-flare was 0.68 
years (IQR 0.18-1.97) and 50% of the flaring patients did so within the first 6 months, as 
visualized in Figure 2. 

Figure 2 | Kaplan Meier curve depicting the proportion of clinically inactive patients flaring over a 
w-year follow-up period.
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mrI findings at baseline
The frequency of the different JAMRIS features in all clinically inactive patients was as 
follows: 13 (39.4%) patients had a synovial hypertrophy score > 1, 10 (30.3%) patients had 
a score of > 1 for bone marrow changes suggestive for bone marrow edema, 2 (6.1%) 
patients had a score of > 1 for cartilage lesions and 1 (3%) patient had a score of > 1 for 
bone erosions. 

table 1 | Patient characteristics of all patients or when divided in two groups (i.e. patients who flared 
and patients with persistent inactive disease). 

all patients
n=33

Flare
n=12

persistent inactive
n=21

p-value

Female, number (%) 20 (60.6) 5 (41.7) 15 (71.4) 0.095

Age at MRI, mean years (SD) 14.2 (2.1) 13.8 (0.5) 14.4 (2.0) 0.494

Age at disease onset, mean years (SD) 6.8 (3.6) 5.7 (3.1) 7.3 (3.7) 0.238

Disease duration at MRI, years 7.8 (4.9-10.2) 8.9 (5.4-10.3) 6.3 (3.6-10.1) 0.238

Duration of inactive disease at MRI, years 0.8 (0.7-1.3) 0.8 (0.7-1.1) 1.0 (0.7-1.5) 0.494

ILAR category, number (%)

 Oligoarticular persistent 13 (39.4) 7 (58.3) 6 (28.6) –

 Oligoarticular extended 3 (9.1) 1 (8.3) 2 (9.5) –

 Polyarticular arthritis (RF-negative) 9 (27.3) 2 (16.7) 7 (33.3) –

 Enthesitis-related arthritis 4 (12.1) 1 (8.3) 3 (14.3) –

 Psoriatic arthritis 2 (6.1) 0 (0) 2 (9.5) –

 Undifferentiated arthritis 2 (6.1) 1 (8.3) 1 (4.8) –

Treatment at time of MRI, number (%)

 No treatment 8 (24.2) 4 (33.3) 4 (19.0) –

 NSAID’s 2 (6.1) 1 (8.3) 1 (4.8) –

 Synthetical DMARD’s 17 (51.5) 3 (25.0) 14 (66.7) –

 Biological DMARD’s 5 (15.2) 4 (33.3) 1 (4.8) –

 Unknown 1 (3.0) 0 (0) 1 (4.8) –

DMARD = disease modifying antirheumatic drugs; ILAR = International League of Associations for Rheumatology; MRI = 
magnetic resonance imaging; NSAID = non-steroidal anti-inflammatory drugs.

comparison between persistently inactive and flaring disease
None of the features of JAMRIS showed a significant difference between patients who 
were persistently inactive and patients who showed a clinical flare during follow-up 
(p=0.20-0.87). There was one descriptive measure of DCE-MRI that differed significantly 
between the persistent inactive group and the flare group: ME (p=0.05). On the other 
hand, none of the TIC-shapes showed any significant difference (p=0.16-0.99).
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dIscussIon

This study aimed to determine the predictive value of different measures for disease 
activity on MRI for flares in clinically inactive JIA patients. During a 2-year follow-up 
period, approximately 40% of all clinically inactive patients suffered from one or more 
clinical flares for which medication was restarted or intensified. When comparing the two 
groups by the clinical flares during the follow-up period, we were able to identify one 
discriminating MRI feature at baseline: the descriptive DCE-MRI measure ME was able to 
predict flare at a group level. This finding is important and underlines the value of DCE-MRI 
in the management of JIA patients, as pediatric rheumatologists can use the presence of a 
relatively high ME on DCE-MRI to be aware of the indicated risk of flaring. 

The observed presence of synovial hypertrophy in almost 40% of the clinically inactive 
patients is in accordance with previous studies in JIA [4,15]. Because none of the individual 
JAMRIS scores appeared to be different in the persistently inactive patient group compared 
to the flaring patient group, the presence of the features of synovial hypertrophy which 
may represent subclinical synovitis is more likely to represent a relatively innocent residual 
disease activity. However, this hypothesis needs to be tested in a larger prospective trial, 
including patients with different target joints being affected. Furthermore, the influence 
of medication use on this residual disease activity and risk of flaring needs to be assessed 
in larger samples. 

Our study now demonstrated that the dynamic characterization of the functional 
properties and heterogeneity of the synovial tissue is a promising predictor of flare. In 
the future, functional imaging biomarkers, such as DCE-MRI, can be combined with serum 
markers or gene profiling data leading to the construction of a predictive model to more 
precisely decide about treatment strategies in any individual patient [2,16]. Such models 
would help to strengthen how to use or stop certain drugs, including the biologicals, in 
JIA patients. 
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