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Abstract
Life expectancy in autoimmune rheumatic diseases (ARDs) remains lower compared to the general population, due to various 
comoborbidities. Cardiovascular disease (CVD) represents the main contributor to premature mortality. Conventional and 
biologic disease-modifying antirheumatic drugs (DMARDs) have considerably improved long-term outcomes in ARDs not 
only by suppressing systemic inflammation but also by lowering CVD burden. Regarding atherosclerotic disease prevention, 
EULAR has recommended tight disease control accompanied by regular assessment of traditional CVD risk factors and 
lifestyle changes. However, this approach, although rational and evidence-based, does not account for important issues such 
as myocardial inflammation and the long asymptomatic period that usually proceeds clinical manifestations of CVD disease 
in ARDs before or after the diagnosis of systemic disease. Cardiovascular magnetic resonance (CMR) can offer reliable, 
reproducible and operator independent information regarding myocardial inflammation, ischemia and fibrosis. Some studies 
suggest a role for CMR in the risk stratification of ARDs and demonstrate that oedema/fibrosis visualisation with CMR may 
have the potential to inform cardiac and rheumatic treatment modification in ARDs with or without abnormal routine cardiac 
evaluation. In this review, we discuss how CMR findings could influence anti-rheumatic treatment decisions targeting optimal 
control of both systemic and myocardial inflammation irrespective of clinical manifestations of cardiac disease. CMR can 
provide a different approach that is very promising for risk stratification and treatment modification; however, further studies 
are needed before the inclusion of CMR in the routine evaluation and treatment of patients with ARDs.
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Introduction

Systemic lupus erythematosus (SLE), rheumatoid arthri-
tis (RA), the spondyloarthritides [psoriatic arthritis (PsA) 
and ankylosing spondylitis (AS)], systemic sclerosis (SSc), 
Sjögren’s syndrome (SS), mixed connective tissue disease 
(MCTD), inflammatory myopathies [dermatomyositis (DM), 
polymyositis (PM) and inclusion body myositis (IBM)], vas-
culitis of large, medium and small vessels are included in 
autoimmune rheumatic diseases (ARDs) with great potential 

of cardiovascular disease (CVD), due to both traditional and 
novel risk factors namely systemic inflammation and autoim-
mune dysregulation [1, 2].

The introduction of targeted treatment has led to signifi-
cant reductions in disease-associated mortality; however, the 
life expectancy of ARD patients still remains lower com-
pared to that of the general population [1–3], mainly due to 
increased incidence of CVD [4–8]. Any structure of cardiac 
tissue can be affected and patients may present with valvu-
lar, myocardial and/or pericardial inflammation, macro- and 
micro-coronary artery disease (CAD), vasculitis, systolic/
diastolic heart failure, myocardial fibrosis, as well as pul-
monary arterial hypertension (PAH) [9–11]. Irrespective of 
aetiology, CVD symptoms in ARDs are subtle and usually 
are attributed to the underlying systemic disease. Clinically 
overt cardiac signs indicate advanced myocardial involve-
ment and carry a poor prognosis [11].
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CMR, a non-invasive CV imaging modality that does not 
utilize ionizing radiation can provide reliable, reproducible 
and operator independent information regarding CV func-
tion and myocardial tissue characteristics (inflammation, 
perfusion defects, fibrosis). It came recently in the diagnostic 
arena as a valuable tool for the differential diagnosis of vari-
ous types of CVD in ARDs. CMR is the only noninvasive 
imaging modality that can reliably differentiate myocardial 
inflammation (positive oedema imaging with concurrent 
subepicardial or intramyocardial fibrosis) from myocardial 
ischemia-fibrosis (positive or negative oedema imaging 
depending on disease acuity with concurrent subendocar-
dial or transmural fibrosis in the territory of the involved 
coronary artery), both commonly found in ARDs [12].

The aim of the current article is to provide an overview of 
the recommendations for prevention and treatment of CVD 
in ARDs and suggest how CMR findings can affect anti-
rheumatic treatment decisions targeting to optimal control 
of both systemic and myocardial inflammation.

Research strategy

A MedLine, Embase and Scopus search was performed 
according to published guidance on narrative reviews [13] 
using the following terms: systemic autoimmune diseases, 
autoimmune rheumatic diseases, cardiovascular involve-
ment, myocarditis, cardiac magnetic resonance, immunosup-
pressive treatment, systemic lupus erythematosus, systemic 
sclerosis, vasculitis, rheumatoid arthritis, ankylosing spon-
dylitis. Original research papers and review articles focusing 
on the effect of immunosuppressive treatment on myocar-
dial and cardiac disease evaluated by CMR in patients with 
ARDs up to December 2017 were selected to be included in 
this review. Publications not in English and data from ongo-
ing research were excluded.

Current treatment practices for patients 
with ARDs and CVD

Primary prevention of CVD

Given the increased risk of premature atherosclerosis 
observed even in patients without traditional risk factors, 
primary prevention is crucial [14]. Several medications with 
anti-inflammatory properties have also been considered 
appropriate for the management of CVD in ARDs. Disease-
modifying antirheumatic drugs (DMARDs) were shown 
to associate with reduced progression of atherosclerosis in 
RA [15–17]. Improvement in inflammatory joint disease 
using anti-TNF-α therapies has also been associated with 

a reduction in cardiac events, further supporting the use of 
these disease-modifying agents [18, 19].

Recently, an update for clinicians was issued by the Euro-
pean League against Rheumatism (EULAR) with the aim of 
introducing CVD risk management recommendations and 
primary prevention strategies for patients with inflammatory 
joint disease [20].

Management of cardiac rhythm disturbances 
in ARDs

Cardiac rhythm disturbances are common in almost all 
ARDs with CV involvement. In RA, a major cause of sud-
den cardiac death (SCD) is coronary artery disease (CAD). 
In SLE, sinus tachycardia, atrial fibrillation and SCD dur-
ing acute coronary syndromes are the commonest cardiac 
arrhythmias. In SSc, non-sustained ventricular tachycardia 
was described in 7–13%, while SCD is reported in 5–21% of 
unselected patients with SSc [21]. Their treatment is based 
on the underlying pathogenesis and is similar to their man-
agement in non-ARD patients [22, 23].

Management of PAH

ARD-related-PAH is not uncommon, especially within SSc 
patients who must be under diligent surveillance with annual 
screening including echocardiography [24]. Prevalence of 
asymptomatic PAH in SLE was reported to be 10.8%, with 
a female-to-male ratio of 10:1 [25] Immune-mediated vas-
culopathy is observed in a small subset of patients with 
SLE–PAH and cyclophosphamide with low dose of ster-
oids are of important value [26, 27]. Although ARD-related 
PAH confers higher mortality rates compared to idiopathic 
or other types of PAH, recent studies with novel targeted 
therapies have demonstrated a trend towards improvement 
of outcomes in this population [28–30].

How can CMR prompt early CV treatment 
of ARDs?

Current practice and future perspectives

Guidelines proposed by EULAR are based on the fact that 
CV involvement in ARDs is influenced by the classic CV 
risk factors, mimics the ebb and flow of systemic inflam-
mation and can be positively affected by their tight control. 
This approach, although rational and evidence-based, does 
not account for some important issues such as the following:
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1. Cardiac disease may exist for a prolonged period before 
the diagnosis of an ARD is established [31].

2. The increased incidence of HF in patients with ARDs 
cannot be completely explained solely by CAD [32].

3. The potential adverse effects of some DMARDs on the 
CV system have not been adequately evaluated to safely 
recommend them in this context [33].

4. The role of myocardial inflammation independent of 
systemic inflammation has not been definitively estab-
lished [34], as the majority of ARD patients with sus-
pected CVD are assessed with echocardiography, which 
is incapable of characterizing pathological processes in 
CV tissues (e.g. inflammatory and/or fibrotic processes) 
[33–35].

5. CVD has been detected in numerous studies with ARDs, 
even if the patients were asymptomatic, the disease is 
quiescent [36] or in treatment naïve patients with ARDs 
[37]. Notably, there is some preliminary evidence from 
individual case reports to suggest that CVD can be the 
first and only indication of the presence of an ARD [37–
39].

CMR can answer to these queries, because it can reliably 
assess:

(a) myocardial ischemia and/or subendocardial/transmural 
fibrosis due to either CAD or coronary microvascular 
disease [36–40],

(b) epicardial, diffuse and/or focal myocardial fibrosis due 
to inflammation and/or cardiomyopathies [36–40],

(c) disease acuity either due to CAD or to myo-pericardial 
inflammation [36–41],

(d) extent and disease acuity of vascular inflammation [42] 
and

(e) causal pathologic processes behind silent/overt HF or 
rhythm disturbances [43, 44].

Apart from its use as the reference standard for the 
assessment of CV structure and function, CMR is the ideal 
technique for CV tissue characterization, due to its excel-
lent spatial resolution. The two most commonly evaluated 
parameters are longitudinal relaxation time (T1) and trans-
verse relaxation time (T2). T2 imaging can offer qualitative 
or semiquantitative information about myocardial oedema 
using the ratio of myocardial vs skeletal 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 
enhanced imaging: LGE). The unique additional clinical 
utility of CMR compared to echocardiography is the use 
of LGE for the detection of focal 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 con-
trast. This technique, although of great utility for detecting 
replacement myocardial fibrosis, is incapable of visualising 
diffuse myocardial fibrosis. To overcome this limitation, 
another CMR imaging technique called T1 mapping (native/
pre-contrast and post contrast) and extracellular volume 
(ECV) measurement has been developed and enables iden-
tification of myocardial fibrosis, also otherwise undetectable 
by currently used circulating biomarkers [45]. The use of 
T1/T2 mapping indices has demonstrated that patients with 
ARDs have higher T1 and T2 mapping values (more diffuse 
fibrosis and myocardial oedema) compared to controls, with 
most significant differences between patients and controls in 
native T1 and T2 mapping values, which are independent of 
the presence of LGE [46] (Fig. 2). Taking all together, CMR 
represents an excellent tool for assessment of the various 
guises of CVD disease in ARDs [46].

There are only a few studies supporting a role for CMR in 
the risk stratification of CVD in patients with ARDs. A pre-
vious study by our group documented that CMR can detect 
early silent CV lesions, assess disease acuity and reliably 
evaluate the effect of both cardiac and rheumatic medication 
on the CV system, due to its capability of performing tissue 
characterization [46]. In another study, the CMR findings of 
246 ARD patients with typical cardiac symptoms (n = 146) 
or atypical cardiac symptoms (n = 100) were retrospectively 
evaluated. CMR in symptomatic ARD patients with nor-
mal echocardiographic findings assessed disease acuity and 
identified vasculitis, myocarditis, and myocardial infarction 

Fig. 1  Late gadolinium enhanced images showing patchy fibrosis in 
the interventricular septum, apex and lateral wall of LV in a patient 
with SLE myocarditis
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that influenced the CV risk stratification of ARD patients 
[36]. Furthermore, occult CMR lesions, including myocar-
dial oedema, myocarditis, diffuse subendocardial fibrosis 
and myocardial infarction were not unusual in treatment 
naïve ARDs and may be reversed with appropriate treatment 
[37]. Additionally, stress CMR can detect silent myocardial 
Raynaud phenomena in patients with ARDs and known 
peripheral Raynaud phenomena and can motivate the early 
initiation of treatment with calcium channel blockers [47].

Management of specific ARDs and potential 
role of CMR in treatment decision making

Systemic lupus erythematosus

In SLE, the treatment of heart involvement depends on the 
severity of its clinical presentation [48]. CMR can be of 
additional value in SLE patients with atypical cardiac symp-
toms/signs and normal echocardiographic findings, because 
it can assess occult cardiac lesions including myocarditis, 
myocardial infarction and vasculitis, while prompting both 
rheumatic and cardiac treatment modifications in the process 
[49]. Recently, the use of native T1 and T2 mapping allowed 
not only the recognition of lupus myocarditis, but also the 
evaluation of cardiac response to anti-inflammatory treat-
ment [50]. Furthermore, even in SLE patients with quiescent 
disease and normal cardiac function, low grade myocardial 
inflammation may be detected, which requires initiation of 
immunosuppressive treatment [51], although the benefits of 
such a strategy need to be evaluated in properly designed, 
long-term studies.

Rheumatoid arthritis

Traditional DMARDs either as monotherapy or in com-
bination with anti-TNF-α agents are extremely effective 
in RA [52]. The capability of CMR to capture early tis-
sue changes allow the early detection of pathophysiologic 
processes leading to HF in RA, such as myocardial inflam-
mation and myocardial perfusion defects, due to either 
macrovascular (coronary artery disease) or microvascular 
(vasculitis) disease and facilitate the timely treatment [53].

In RA patients, CMR has already documented that myo-
cardial inflammation/fibrosis correlated with RA disease 
activity and alterations in myocardial structure known 
to precede clinical HF [54]. Myopericarditis with atypi-
cal presentation, diagnosed with CMR in RA patients in 
clinical remission, may precede relapses of RA. At 1 year 
follow-up, RA patients with a history of myocarditis have 
a higher frequency of disease relapse and may develop 
HF [39].

The administration of tocilizumab (TCZ) was associ-
ated with LV improvement in RA patients, as assessed 
by CMR, which correlated with reduction in RA disease 
activity [44]. Additionally, TCZ significantly increased 
LVEF and decreased LVMI associated with disease activ-
ity [55]. Finally, the chronic use of hydroxyl-chloroquine 
may result in acquired lysosomal storage disorder, leading 
to a drug-induced cardiomyopathy; this is characterized by 
concentric hypertrophy and rhythm disturbances, is associ-
ated with increased incidence of adverse clinical outcomes 
and increased mortality and can be diagnosed by CMR 
[56]. However, we should mention that this complication 
is extremely rare in clinical practice.

Fig. 2  Abnormal native (pre) 
(left) and post contrast (right) 
T1 mapping in a patient 
with SSc without evidence 
of positive LGE. Native T1 
mapping = 1200 ms (nor-
mal < 1050). PC T1 map-
ping = 246 ms (normal > 350)



953Rheumatology International (2018) 38:949–958 

1 3

Ankylosing spondylitis

CMR using the classic protocols including function, 
oedema and fibrosis can offer additional information 
about myocardium in AS [57]. However, it may miss dif-
fuse intramyocardial fibrosis, undetectable by LGE, due 
to technical limitations. Myocardial extracellular volume 
fraction (ECV), quantified by CMR T1 mapping, was asso-
ciated with the degree of disease activity and can poten-
tially be used as a marker for disease monitoring and per-
sonalised treatment [58].

Systemic sclerosis/scleroderma

Myocardial fibrosis is the hallmark of CVD in SSc, leading 
to heart failure, rhythm disturbances, PAH [59] and treat-
ment is mainly symptomatic [60–62]. CMR may reveal 
severe CVD in early, asymptomatic diffuse SSc with normal 
routine cardiac evaluation, presenting either as myocardial 
inflammation or as severe reduction of myocardial perfusion 
rate index (MPRI) and diffuse fibrosis with further deteriora-
tion in the long-term follow-up [63]. Furthermore, myocar-
dial abnormalities detected by CMR were associated with 
impaired strain parameters, disease activity and severity in 
SSc patients and therefore, CMR is useful in the treatment 
evaluation of SSc patients [64]. In this context, Pieroni et al. 
documented that myocarditis is a common finding in SSc 
with recent-onset cardiac involvement and its early diagno-
sis allows the timely start an immunosuppressive treatment 
leading to cardiac damage prevention in most cases [65].

Vasculitides

Takayasu arteritis (TA)

Almost all TA patients improve after treatment. However, 
various studies have shown inconsistent results [66–70]. 
An integrated CMR evaluation of TA not only provides 
good delineation of vessel wall thickening, but can also 
offer information about ventricular function, myocardial 
scarring, and has the potential to identify those TA at high-
est risk, allowing early start of treatment [71].

CMR in TA provides good delineation of vessel wall 
thickening and can assess ventricular function, myocar-
dial scarring, and silent myocardial infarction. In addition, 
it can potentially identify patients most at risk for com-
plications, prompting the initiation of early preventative 
therapy [71, 72].

Giant cell arteritis (GCA)

Half of GCA patients have cardiac disease; however, myo-
cardial infarction is a rare or underdiagnosed complication 
[70, 73]. CMR may also reveal myocarditis, a rare but seri-
ous complication in GCA that needs aggressive immunosup-
pressive therapy to avoid LV dysfunction [74].

Kawasaki disease (KD)

KD may present with myopericarditis and concurrent 
coronary artery aneurysms (CAA) developing in approxi-
mately 15–25% of untreated cases leading to both short- and 
long-term morbidity and mortality. The early application 
of immunoglobulin has modified the phenotype of KD. 
However, CAAs, myocardial inflammation and myocardial 
infarction are still life-threatening complications [75].

CMR offers important clinical information during both 
the acute and chronic phase of KD. In the acute phase, it 
can identify myocardial inflammation, microvascular dis-
ease, myocardial infarction, deterioration of left ventricular 
function, changes of the coronary artery lumen and vessel 
wall, which may in turn lead to cardiac and/or autoimmune 
treatment modifications. During the chronic phase, CMR 
might be of value for risk stratification and also treatment 
guidance [75].

Eosinophilic granulomatosis with polyangiitis 
(eGPA)

In eGPA the prevalence of cardiac disease varies between 
15 and 55% of cases and represents the most frequent 
cause of death, accounting for 50% of all deaths [76, 77]. 
A CMR study targeting to detect cardiac lesions and moni-
tor treatment efficacy in EGPA with cardiac involvement 
revealed myocardial edema in 87.8%, perfusion defects in 
54.5% and late gadolinium enhancement (LGE) indicative 
of replacement fibrosis in all. Improvement after treatment 
was observed in 81% of them (in 11% completely remission 
and in 35% evolution to global fibrosis) [78].

CMR has also documented that the lack of or inadequate 
duration of noncorticosteroid immunosuppressive treatment 
was an independent factor of cardiac involvement in EGPA 
and the extent of myocardial damage was associated with 
shorter duration of noncorticosteroid immunosuppressive 
treatment [79].

Furthermore, patients with eGPA in clinical remission 
showed increased incidence of CV involvement, demon-
strated by lower LVEF, signs of active inflammation, pres-
ence of interstitial and replacement fibrosis and intraven-
tricular thrombosis [80]. Additionally, in patients with active 
eGPA, CMR enabled the detection of cardiac involvement 
when cardiac symptoms were not present [81]. Another 
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study recommended that CMR evaluation should be per-
formed in all antineutrophil cytoplasmic antibody (ANCA)-
associated vasculitides with sustained remission, even if 
symptoms are absent and ECG is normal, for treatment risk 
stratification [82].

CMR in PAH

PAH may complicate various ARDs such as SSc, SLE, 
MCTD and RA. While selected patients with ARD–PAH 
may be candidates for lung transplantation, outcomes are 
less favourable than for idiopathic PAH, due to comorbidi-
ties and complications associated with ARDs [83]. The cur-
rently used diagnostic approach include transthoracic echo-
cardiography and cardiac catheterisation.

There are no studies investigating the role of CMR in 
the assessment of PAH in ARDs. However, there is a sys-
tematic review evaluating the clinical yield of CMR find-
ings in the prognostication of PAH. Among eight studies 
(539 patients) that investigated 21 different CMR findings, 
RV ejection fraction was found to be the strongest and most 
well-established predictor of mortality in PAH. In addition, 
increased RV volumes and decreased LV end-diastolic vol-
ume at baseline were found to be associated with a higher 
mortality risk in PAH patients [84]. Furthermore, because of 
lower measurement variability, CMR is more cost saving in 
PAH medication trials than echocardiography [85].

The effect of sildenafil in addition to conventional treat-
ment of PAH in patients with SLE and SSc has been previ-
ously evaluated with CMR and found that the combination 
reduced the RV mass and improved cardiac function and 
exercise capacity in patients with PAH, WHO functional 
class III [86]. Additionally, combination therapy with 
ambrisentan and tadalafil was evaluated with CMR and was 
found to significantly improve hemodynamics, RV func-
tion, and functional status in treatment-naive patients with 
SSc–PAH; as such, it may represent a very effective therapy 
for this patient population [87].

How can CMR prompt early diagnosis and initiation 
of cardiac treatment in ARDs?

It has been already well documented through the ESC guide-
lines that every morphologic or functional change in myo-
cardium, detected by any diagnostic technique, should moti-
vate early start of ACE-inhibitors and b-blocker. This means 
that early information provided by CMR, even in patients 
with normal systolic function, can be used to change risk 
stratification and motivate early start of cardiac medication 
[88].

How can CMR prompt early initiation 
or modification of antirheumatic treatment 
in ARDs?

Currently, in patients with virus-negative chronic myocar-
ditis or inflammatory cardiomyopathy, the beneficial effect 
of immunosuppressive treatment leading to LVEF improve-
ment was documented [89]. Furthermore, another prospec-
tive study of immunosuppression for giant cell myocarditis 
(GCM) confirmed previous retrospective case reports sup-
porting that such therapy improves long-term survival [90]. 
These publications offer a good reason to organize studies 
regarding the early treatment of myocardial inflammation 
in ARDs, irrespective of the systolic function and the status 
of systemic disease, if the CMR indices are indicative of 
myocardial inflammation.

The early detection of myocardial inflammation, even if 
the underlying disease seems quiescent, gives to rheuma-
tology a powerful weapon to directly intervene on myocar-
dial inflammation using new powerful immunosuppressive 
anti-inflammatory strategies and follow-up their direct effect 
on myocardium. However, at the moment, evidence-based 
results, established through short and long-term multi-center 
studies are still missing. Therefore, we need at least three 
levels of evidence to document the necessity of additive anti-
rheumatic treatment in ARD patients with CMR evidence of 
myocardial inflammation:

1. Association studies from registries with adequate phe-
notype, treatment and outcome data.

2. Longitudinal long-term observational studies monitor-
ing ARD patients who have been/have not been treated 
with additive antirheumatic medication, based on CMR 
findings.

3. Randomized controlled trials of antirheumatic treatment/
not treatment, based on CMR findings alone, with long-
term outcomes.

Conclusion

CMR allows for the early detection of various CV patho-
physiologic phenomena occurring in ARDs. Numerous pre-
liminary studies indirectly suggest a promising role for CMR 
in prompting modifications of treatment in patients with 
ARDs and CV involvement. Although the role of cardiac 
treatment is established for early morphologic or functional 
cardiac changes, clear guidelines for rheumatic treatment are 
at the moment supported only by sporadic reports. There-
fore, further research is required before definitive indications 
for rheumatic treatment modification based on CMR find-
ings can be confidently issued for this patient population.
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