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Abstract
Juvenile idiopathic arthritis (JIA) is the commonest rheumatic disease in childhood and presents several subtypes according 
to the ILAR classification. JIA, specifically in its systemic form, may seriously damage various structures of the cardiovas-
cular system. Other JIA phenotypes are also of interest, as cardiovascular disease (CVD) is underestimated and understudied, 
but chronic systemic inflammation and risk factors remained important contributors for CVD development. The currently 
applied non-invasive modalities, although they are important for the initial evaluation of JIA patients, frequently fail to detect 
the silent, subclinical forms of CVD. Cardiovascular magnetic resonance (CMR), due to its multifaceted capability in the 
detection of cardiovascular disease, can offer early, reproducible, non-invasive information about cardiovascular disease in 
JIA, allowing risk stratification and timely initiation /modification of cardiologic and anti-rheumatic treatment. However, 
lack of availability/expertise and high cost still hamper its application in the clinical cardio-rheumatic practice. The aim of 
the current article is to present an overview of CVD in JIA emphasizing the emerging role of CMR in early diagnosis and 
treatment follow-up of CVD in JIA patients.
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Introduction

Juvenile idiopathic arthritis (JIA) is a heterogeneous group 
of chronic inflammatory arthritides with onset in patients 
under the age of 16 years. It is the most common rheumatic 
disease in childhood with a prevalence of 0.1% [1, 2]. JIA 
presents several subtypes with the most recently used clas-
sification by the ILAR [3] including oligo-articular JIA 
(the most common form), poly-articular JIA, poly-articu-
lar JIA with positive rheumatoid factor, enthesitis related 
arthritis, psoriatic arthritis (the latter two compose the 

spondylarthropathies) and systemic JIA [4]. JIA remission 
is usually achieved using new therapeutic approaches, but 
for many patients long-term immunomodulatory treatment is 
needed. According to the literature one-third of adults with 
JIA have persistent active disease, specifically those with 
poly-articular type [5, 6]. Sustained systemic inflammation 
accelerates atherosclerosis and therefore JIA patients are 
at increased risk of cardiovascular disease (CVD) [7]. The 
increased incidence of CVD in adult inflammatory arthritis 
creates a strong interest to further evaluate the CVD risk in 
JIA. However, there are some peculiarities characterizing 
the JIA including the following:

1.	 Juvenile idiopathic arthritis is a disease with signifi-
cant differences in clinical presentation, prognosis and 
degree of systemic inflammation between subtypes and 
therefore atherosclerosis may not be present to the same 
degree in all subtypes
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2.	 The largest cohort studies of JIA include patients in 
childhood when clinical manifestations of CVD are 
unusual

3.	 Published data about CVD in JIA have been collected 
only from children and adolescents and their correla-
tion to CVD presented later in the adult life remains 
unknown. However, there are studies supporting that the 
disease severity was associated with triglycerides level 
and atherogenic index and could be improved using anti 
TNF-α treatment with a beneficial effect on the cardio-
vascular risk in JIA patients [8].

Cardiac disease in systemic onset juvenile 
arthritis

Systemic onset juvenile arthritis (SoJIA) is characterized 
by high-spiking day fever, arthritis and evanescent rashes. 
The diagnosis of SoJIA is often challenging, because vari-
ous infective diseases and/or other autoimmune, inflamma-
tory diseases, specifically Kawasaki disease (KD) may share 
common clinical characteristics. The cardiac manifestations 
in SoJIA include coronary arteritis, myopericarditis, vascu-
litis, congestive heart failure, valvular abnormalities, pul-
monary hypertension and conduction system abnormalities. 
Coronary artery dilatation, wall irregularities or thickening 
with or without myo-pericarditis are not unusual during 
SoJIA and should be differentiated from KD. The differen-
tial diagnosis between SoJIA and KD is based on persistent 
arthritis. Furthermore, in SoJIA biologic treatments are usu-
ally needed to achieve remission [9].

Myocarditis can be found in up to 5% of SoJIA, with 
recurrence in up to 60% of them. The rapid evolution of sys-
temic symptoms combined with elevated cardiac biomark-
ers, electrocardiographic changes, lack of segmental wall-
motion abnormalities on echocardiogram with or without 
pericarditis and elevated inflammatory markers, suggesting 
SoJIA flare-up, leads to the diagnosis of myocarditis [10]. 
The conventional therapy for acute myocarditis in SoJIA 
is to support the LV function using a standard therapeu-
tic regimen including an angiotensin-converting enzyme 
inhibitor or angiotensin receptor blocker, a β-blocker, and a 
diuretic, if needed. In deteriorated patients despite optimal 
medical treatment, mechanical circulatory support should 
be considered as a bridge to transplantation or recovery. In 
patients with biopsy-proven, virus-negative inflammatory 
cardiomyopathy, immunosuppressive therapy is effective 
and safe in combination with supportive treatment for car-
diac function [11, 12]. Children with SoJIA may develop 
myocarditis with consequent cardiomyopathy and conges-
tive heart failure as a complication of the underlying disease 
process. Congestive heart failure as a presenting manifesta-
tion of SoJIA is rather unusual and can be controlled with 

intensive immunosuppressive therapy. Intravenous gamma 
globulin has been associated with recovery of left ventricu-
lar (LV) function and a trend toward better survival rates in 
children with acute myocarditis, due to SoJIA [13].

Although prominent in the systemic form of SoJIA, CVD 
has been described as less of a problem in the other disease 
subtypes. Few examples limited to case reports, case series 
or small cohorts of patients were presented with abnormal 
LV relaxation [14] or aortic abnormalities in patients with 
Poly-articular JIA [15, 16], ERA and juvenile ankylosing 
spondylitis [17]. The reason for the limited evidence may 
be the lack of clinically overt cardiac involvement in JIA. 
Furthermore, there are no reports or recommendations for 
routine cardiac screening in patients with JIA.

Cardiovascular magnetic resonance can provide accurate, 
reproducible and operator independent information about 
cardiovascular (CV) function and myocardial tissue charac-
terization, including inflammation, stress perfusion defects 
and fibrosis. It has been recently applied as a useful adjunct 
in the diagnosis and treatment evaluation of various types 
of CVD in autoimmune rheumatic diseases (ARDs) [18].

The aim of the current article is to present an overview 
of CVD in JIA emphasizing the emerging role of cardio-
vascular magnetic resonance (CMR) in early diagnosis and 
treatment follow-up of CVD in JIA patients.

Research strategy

A MedLine, Embase and Scopus search was performed 
according to published guidance on narrative reviews [19] 
using the following terms: juvenile rheumatoid arthritis, 
rheumatoid arthritis, cardiovascular involvement, myocar-
ditis, cardiac magnetic resonance. Original research papers 
and review articles focusing on the cardiac disease evaluated 
by CMR in patients with JIA up to December 2017 were 
selected to be included in this review. Publications not in 
English and data from ongoing research were excluded.

Why CVD risk should be considered in JIA?

Cardiovascular disease is an important cause of mortality 
and morbidity in patients with RA and also other forms of 
adult inflammatory arthritis. Therefore, EULAR has pub-
lished guidelines recommending that cardiovascular risk is 
assessed annually in RA patients [20]. In addition to aggres-
sive management of traditional cardiovascular risk factors, 
the guidelines emphasize the importance of controlling 
disease activity in order to reduce the CVD risk in these 
diseases [20].

Although JIA presents similarities with adult onset dis-
ease, there are still not available guidelines. Thus far, it has 
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been documented that abnormal lipid levels and atherogenic 
indices were associated with disease activity in JIA and 
improved significantly following effective anti-rheumatic 
treatment [21]. In addition, traditional risk factors includ-
ing hypertension, dyslipidaemia and lack of physical activity 
are more apparent in JIA, compared to age-matched healthy 
controls. Furthermore, it should be considered that clinically 
overt CVD may not be presented until adulthood. It is also 
unclear, if the risk is the same for all subtypes of JIA or only 
for those with sustained inflammation. Therefore, based on 
the existing data, it seems reasonable to recommend CVD 
risk assessment in JIA, particularly in those with sustained 
inflammation [22].

Why should we consider cardiovascular 
magnetic resonance as a tool in JIA?

Cardiovascular magnetic resonance is a non-invasive imag-
ing modality without ionizing radiation, capable of providing 
accurate and reproducible information about CV function and 
myocardial tissue characterization including assessment of 
inflammation, stress perfusion defects and/or fibrosis. CMR 
can differentiate patients with myocardial ischemia and/or 
subendocardial/transmural fibrosis due to either macro- or 
micro-vascular coronary artery disease [23, 24] from patients 
with epicardial, diffuse and/or segmental myocardial fibrosis 
secondary due to inflammation and/or cardiomyopathies [23, 
24]. Furthermore, CMR can also evaluate pulmonary arterial 
hypertension (PAH), peri-myocardial disease and coronary 
artery disease acuity [25], extent and disease acuity of vascular 
inflammation [25] and the causal pathophysiologic processes 
behind silent or overt heart failure and rhythm disturbances 
[26, 27]. Apart from its use as gold standard for CV structure 
and function, CMR is ideal for tissue characterization. The 
signal intensity of CMR images is based on the magnetic prop-
erties of hydrogen nuclei in the patient’s body. The two most 
commonly used indices are longitudinal relaxation time (T1) 
and transverse relaxation time (T2). T2 imaging offers quali-
tative and/or semiquantitative information about myocardial 
oedema using the ratio of myocardial vs skeletal muscle signal 
intensity. Recently, a true quantitative approach of myocardial 
oedema using T2 mapping has been proposed. T1 imaging 
can be used for perfusion evaluation (first-pass assessment) or 
for fibrosis assessment 15 min post-gadolinium injection (late 
gadolinium enhanced imaging: LGE). The clinical superior-
ity of CMR compared to echocardiography is the use of LGE 
for the detection of replacement myocardial fibrosis, due to 
myocardial infarction (MI), myocarditis or cardiomyopathies 
(Fig. 1). LGE is based on the differences of signal intensity 
between scarred and normal myocardium to generate image 
contrast. This technique, although of great utility for detecting 
replacement myocardial fibrosis, is not capable to visualize 

diffuse myocardial fibrosis. To overcome this limitation, T1 
mapping (native or pre-contrast and post-contrast) and extra-
cellular volume fraction (ECV) measurement has been devel-
oped and enables identification of diffuse myocardial fibrosis, 
undetectable by the currently used circulating biomarkers 
[28]. The use of T1/T2 mapping indices has demonstrated that 
patients with autoimmune rheumatic diseases (ARDs) have 
higher T1 and T2 mapping values (more diffuse fibrosis and 
myocardial oedema) compared to controls, with most signifi-
cant differences between patients and controls in native T1 and 
T2 mapping values, which are independent of the presence of 
LGE [29]. Using all these parameters together, CMR offers an 
excellent tool for assessment of the various aspects of CVD 
in JIA [29].

Compared to echocardiography, the cornerstone of cardiac 
imaging, CMR has some important advantages. It is opera-
tor and acoustic window independent, more accurate and 
reproducible than echocardiography and can perform tissue 
characterization, which is of great value for the early detec-
tion of myocardial inflammation/fibrosis in JIA and can not 
be achieved by echocardiography. A summary of CMR advan-
tages compared to other non-invasive imaging modalities is 
presented in Table 1.

Fig. 1   Subepicardial LGE in the inferolateral wall of LV, due to myo-
cardial inflammation in a JIA patient
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How can CMR indices interpret 
the pathophysiologic phenomena occurring 
in the myocardium of JIA patients?

A protocol for cardiac evaluation of JIA should ideally 
include:

Tissue characterization

1.	 Oedema imaging T2 ratio of cardiac over skeletal mus-
cle and T2 mapping are the most commonly used CMR 
indices for oedema imaging. A T2 ratio > 1.9 and a T2 
mapping > 58 msec are considered as values indicative 
of myocardial oedema [30, 31].

2.	 Lake Louise (LL) criteria LL criteria have been estab-
lished through the Journal of American College Car-
diology (JACC) White Paper as a diagnostic approach 
about how to noninvasively diagnose myocarditis [32]. 
According to LL criteria, for the diagnosis of myocar-
ditis an integrated CMR protocol, including oedema 
(T2 ratio > 1.9), cellular infiltration (early gadolinium 
enhancement—EGE > 4) and myocardial necrosis eval-
uation (positive late gadolinium enhancement—LGE), 
should be applied. The best diagnostic performance 
of CMR was obtained when “any-two” of the three 
sequences were positive in the same patient yielding a 
sensitivity of 76% and a specificity of 95.5% [32]. A 
pericardial effusion, detected by CMR, might serve as a 
new criterion for the non-invasive diagnosis of myocar-
ditis in patients with recent onset of clinical symptoms 
and normal LV function [33].

3.	 Fibrosis assessment Cardiac fibrosis may be presented 
in various forms including:

(a)	 Diffuse interstitial fibrosis

This form represents fibrosis with a diffuse distribution 
within the interstitium [34]. It has been already described 
in hypertension, diabetes mellitus, aging heart, idiopathic 
dilated cardiomyopathy, left ventricular pressure and 

volume-overload states and in the remote non-infarcted 
area in patients with myocardial infarction [34].

(b)	 Replacement fibrosis

The replacement fibrosis is due to the replacement of 
myocytes after cell damage. It appears immediately after 
the loss of myocytes’ integrity and may present either a 
localized distribution (ischemic cardiomyopathy, myocar-
ditis, hypertrophic cardiomyopathy, autoimmune diseases) 
or a diffuse distribution (chronic renal insufficiency, toxic 
cardiomyopathies) [34].

Replacement fibrosis can be detected by CMR using 
late gadolinium enhancement (LGE). LGE is based on the 
combination of an increased distribution of the contrast 
agent and a prolonged washout, due to decreased capillary 
density within the myocardial scar tissue [34]. This causes 
T1 shortening that appears as bright signal in T1 images 
post-gadolinium (bright is dead) [34].

Although LGE is the most accurate index to estimate 
myocardial replacement fibrosis, its sensitivity is limited 
for the assessment of diffuse interstitial fibrosis, because 
image contrast in LGE relies on the difference in signal 
intensity between fibrotic and “normal” myocardium, 
and this does not occur in diffuse fibrosis (33). Recent 
technical innovations allowed to perform myocardial T1 
mapping. Compared to LGE images, T1 mapping enables 
direct myocardial signal quantification and provides a bet-
ter characterization of myocardial tissue composition on 
a global or regional level. The pre-contrast (native) mean 
T1 value of normal myocardium is of 977 ± 63 ms and 
the post-contrast values 10–15 min after gadolinium injec-
tion of normal myocardium is 483 ± 20 ms, measured at 
1.5 T. T1 mapping is the ideal tool to quantify diffuse 
myocardial fibrosis and improve the accuracy of LGE in 
myocardial scar detection [34]. Post-contrast T1 mapping 
is mainly used to calculate the extracellular volume frac-
tion (ECV) in combination with pre-contrast T1 mapping. 
ECV is a marker of myocardial tissue remodelling and pro-
vides a physiologically meaningful measurement. Normal 
ECV values of 25.3 ± 3.5%, measured in 1.5 T, have been 
reported in healthy individuals [35].

Table 1   Summary of CMR 
advantages against other non-
invasive imaging modalities

Echo echocardiography, nuclear nuclear techniques, CT computed tomography, CMR cardiovascular mag-
netic resonance

Radiation Cost Cardiac function Myocardial 
perfusion

Coronary 
arteries

Tissue 
characteri-
zation

Echo − Low ++ + − −
Nuclear + High ++ ++ − −
CT + High + − +++ −
CMR − High +++ +++ ++ +++
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Function and valvular assessment

Cardiovascular magnetic resonance measures ventricular 
volumes and ejection fraction without contrast agent pro-
viding 3-dimensional images of the heart, also feasible with 
3D echocardiography. While CMR ejection fraction and vol-
umes are more accurate and reproducible than other imag-
ing modalities, they present a good correlation with them 
[36]. CMR allows the best follow-up of individual patients 
with respect to changes in ventricular volumes, mass and 
function. In a direct comparison of reproducibility between 
CMR and echocardiography has been shown that for an 80% 
power and a p value of 0.05, the sample size required was 
505 patients using 2D echo, but only 14 patients using CMR 
[37]. Finally, CMR is the best technique to perform valvular 
regurgitation and timely intervention in JIA patients with 
valvular diseases [38].

Coronary artery evaluation

Cardiovascular magnetic resonance allows non-invasive, 
non-radiating assessment of coronary arteries. The major 
comparative advantage of CMR is the possibility of a com-
bined scanning protocol, including coronary artery anatomy, 
cardiac function, inflammation and stress myocardial perfu-
sion/fibrosis in the same study, providing valuable informa-
tion for patients with coronary artery and myocardial dis-
ease, such as those with JIA.

Coronary MRA has been currently used for visualiza-
tion of anomalies of the origin and course of the coronary 
arteries (class I indication), as well as to visualize coronary 
bypass grafts (class II indication) and may potentially be 
used to exclude CAD in selected patients [39].

There is only one study about coronary arteries in RA 
using coronary magnetic resonance angiography, which 
did not include coronary artery wall assessment [40]. How-
ever, the evaluation of right coronary artery wall by CMR 
in asymptomatic older subjects showed increased coronary 
atherosclerosis in subjects with type 2 diabetes as well as 
coronary calcification. Coronary wall CMR may contrib-
ute to the non-invasive assessment of subclinical coronary 
atherosclerosis in older, high-risk patient groups [41, 42].

Stress myocardial perfusion evaluation

Cardiovascular magnetic resonance can also detect myocar-
dial ischemia using either dobutamine or adenosine stress 
test, but the most commonly used technique is the evaluation 
of myocardial perfusion by using the first pass of a bolus of 
a T1-shortening contrast agent (first-pass gadolinium) [43, 
44]. Data acquired during intravenous vasodilator-stress 
(usually adenosine) delineate the underperfused regions, 
associated with myocardial ischemia. The spatial resolution 

of CMR myocardial perfusion imaging of 2–3 mm is supe-
rior to other imaging modalities, such as nuclear tech-
niques, so that subendocardial ischemia can be more reli-
ably identified [45, 46]. Recently, the CE-MARC study has 
documented the high diagnostic accuracy and superiority 
of CMR over SPECT [47]. Finally, stress myocardial perfu-
sion CMR has a high negative predictive value for adverse 
cardiac events [48].

Currently, there are no CMR studies about JIA. However, 
CMR studies in RA showed evidence of myocardial inflam-
mation/fibrosis that were correlated with RA disease activity 
and myocardial changes known to precede the development 
of clinically overt heart failure (HF) [49]. Furthermore, in 
active RA, local myocardial scars visible as LGE and/or pro-
longed myocardial T1 relaxation times suggesting diffuse 
inflammation or fibrosis are common findings [50]. Finally, 
a reduction of the CMR stress perfusion index known as 
myocardial perfusion reserve index (MPRI) was common in 
patients with both primary (PRP) and secondary Raynaud 
phenomenon (SRP) including RA patients, but it was more 
severe in SRP, even if Raynaud phenomenon (RP) patients 
were under treatment with calcium blockers. Occult fibrosis 
was also found in those SRP with the reduced MPRI, but 
not in PRP [51].

CMR disadvantages

Although CMR is an excellent diagnostic modality, it is not 
widely used due to the following reasons:

1.	 Lack of availability/expertise
2.	 Long examination and processing time
3.	 High cost
4.	 Lack of training between referring physicians.

Proposed CMR indications for JIA

1.	 Baseline cardiac evaluation of all SoJIA, even if they do 
not have cardiac symptoms and the echocardiogram is 
normal.

2.	 CMR for all JIA presenting with resting tachycardia 
(evidence of inflammation), atypical/typical chest dis-
comfort/pain, fatigue, shortness of breath, even if the 
echocardiogram is normal and the underlying disease 
seems quiescent.

3.	 CMR for all JIA presenting with evidence of heart fail-
ure and/or arrhythmia for further risk stratification and 
potential treatment modification.

Proposed CMR protocol for JIA

1.	 Bi-ventricular function and wall-motion assessment
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2.	  T2-imaging or native T1-mapping to assess oedema 
(disease acuity)

3.	 LGE to assess replacement myocardial fibrosis that may 
occur even in those JIA patients with normal LV func-
tion

4.	 ECV to assess diffuse myocardial fibrosis, missed by 
LGE

5.	 Coronary artery assessment (stenosis, ectasia and/or 
wall thickening).

The above information provided by CMR may influence 
risk stratification and both cardiologic and anti-rheumatic 
medication. According to ESC guidelines, every morpho-
logic or functional change in myocardium, detected by any 
diagnostic technique, should prompt early treatment with 
ACE-inhibitors and b-blocker, even if LV ejection fraction 
remains normal [52]. Furthermore, the detection of myocar-
dial oedema, indication of active myocardial involvement, 
demands intensive immunosuppressive treatment, even if 
the patient remains oligo-asymptomatic and the underly-
ing disease seems quiescent. However, clear indications for 
CMR in JIA are still missing. Therefore, further research is 
needed, before definitive conclusions about the role of CMR 
in JIA can be drawn (18).

Conclusion

Juvenile idiopathic arthritis, specifically in patients with 
the systemic form of the disease, may seriously damage 
various structures of the cardiovascular system. Other JIA 
phenotypes are a population of interest, as CVD is under-
estimated and understudied, but chronic systemic inflam-
mation and risk factors have important value. CMR, due to 
its multifaceted capability to detect cardiovascular disease, 
can offer early, reproducible, non-invasive information about 
cardiovascular disease in JIA, allowing risk stratification and 
timely initiation /modification of cardiologic and anti-rheu-
matic treatment. However, lack of availability/expertise and 
high cost still hamper its application in the clinical cardio-
rheumatic practice.
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