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Abstract
Autoimmune rheumatic diseases (ARDs) affect 8% of the population, and approximately 78% of them are women. Cardiovascular
disease (CVD) in ARDs encompasses different pathophysiologic processes, such as endothelial dysfunction, myocardial/vascular
inflammation and accelerated atherosclerosis with silent clinical presentation, leading to heart failure (HF), usually with preserved
ejection fraction. Echocardiography and cardiovascular magnetic resonance (CMR) are the two most commonly used noninvasive
imagingmodalities for the evaluation of HF in patients with ARDs. Echocardiography currently represents themain diagnostic tool for
cardiac imaging in clinical practice. However, the demand for more efficient and prompt diagnostic and therapeutic approach in this
specific population necessitates the implementation ofmodalities capable of providing amore detailed and quantified information from
the point of tissue characterization. Furthermore, echocardiography is an operator and acoustic window depended modality, with
relatively low reproducibility and unable to perform tissue characterization. CMR is a noninvasive modality without radiation that can
give reproducible and operator-independent information about both myocardial function and tissue characterization. By providing
quantification of oedema, stress perfusion defects and fibrosis, CMR can diagnose myocardial inflammation, micro–macro-vascular
myocardial ischemia and replacement or diffuse fibrosis, respectively. Tissue characterization allows for moving beyond the cardiac
function to the assessment of intra- and inter-cellular alterations and promotes the development of personalized cardiac and anti-
rheumatic treatment in ARDs with HF. ARDs are mainly female diseases. Cardiac involvement leading in HF is not unusual in ARDs
and remains the main cause of death. Noninvasive, nonradiating imaging modalities such as echocardiography and CMR represent the
main diagnostic tools. Specifically, echocardiography represents the first diagnostic approach; however, it is CMR that gives informa-
tion about the pathophysiologic background behind HF in ARDs.
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Introduction

Definition of heart failure

Heart failure (HF) is a syndrome caused by any structural or
functional impairment of ventricular filling or blood ejection
[1]. The American College of Cardiology Foundation
(ACCF)/American Heart Association (AHA) 2013 guide-
lines have classified HF into two categories: (i) HF with
reduced (≤ 40%) ejection fraction (HFrEF) or systolic HF
and (ii) HF with preserved (≥ 50%) ejection fraction
(HFpEF) or diastolic HF, with the diagnosis established by
exclusion of all potential noncardiac causes of HF [1].
HFpEF should be differentiated from HFrEF, because
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etiology, pathophysiology and especially clinical manage-
ment may be significantly different. Compared to HFrEF,
patients with HFpEF are older, usually female with higher
prevalence of hypertension and atrial fibrillation and lower
prevalence of CAD. During the last two decades, the prev-
alence of HFpEF has risen from 38 to 54% [2].

Although it is believed that HF is primarily a male disease,
due to the higher incidence of CAD in males, most patients
with HF are elderly women with preserved EF. There are
differences in HF presentation between women and men in
epidemio-logy, etiology, pathogenesis, response to treatment
and prognosis [3], and the potential mechanisms can be clas-
sified into three groups [4]: (a) inherent differences between
genders in both disease manifestations and treatment re-
sponse, (b) different frequency between sexes in disease se-
verity and comorbidities and (c) guidelines are applied in a
different way according to sex.

The role of inflammation in HF has been recognized very
early, since Braunwald in 1956 identified for first time an
increase in C-reactive protein (CRP) during HF [5]. Other
investigators have also confirmed that pro-inflammatory cyto-
kines such as interleukin-1 (IL-1), interleukin-6 (IL-6),
interleukin-18 (IL-18), tumour necrosis factor-α (TNF-α)
and their receptors are also increased in HF [6, 7]. In
HFpEF, high CRP is associated with greater comorbidity.
However, CRP was normal in 40% of patients not only
supporting the role of systemic inflammation in HFpEF but
also emphasizing the need for further biomarkers [8].

Systemic inflammation is the main characteristic of auto-
immune rheumatic diseases (ARDs). Great progress has been
recently done in the management of musculoskeletal symp-
toms of ARDs. However, cardiovascular involvement still re-
mains the main cause of death in these patients [9].

Noninvasive imaging modalities are currently the first-
line approach to evaluate subclinical and/or clinically overt
HF (Table 1). In this review, we aim to discuss the role of
various imaging modalities in the assessment of patho-
physiologic background of HF in women with ARDs, em-
phasizing the emerging role of cardiovascular magnetic
resonance (CMR).

Heart failure in women with autoimmune rheumatic
diseases

ARDs affect 8% of the population, and approximately 78% of
patients are women [10]. Gender differences are the result of
various factors including sex hormones, microchimerism,
genes on X or Y chromosomes, X chromosome inactivation
and differing responses to environmental factors [10].
Estrogens may directly increase ARDs in women by elevating
autoantibodies and amplifying autoreactive T and B cell re-
sponses [11]. Although ARDs affect several organs and tis-
sues, their prognosis is mainly linked to cardiovascular dam-
age. However clinical symptoms of heart involvement are not
typical and can be misinterpreted as signs of the underlying
systemic disease rather thanmanifestations of cardiac involve-
ment [11]. Therefore, CVD in ARDs is commonly neglected
as the interest of rheumatologists is predominantly attracted
by the systemic disease [12]. The chronic effect of systemic
inflammation on cardiovascular system results in endothelial
dysfunction, myocardial/vascular inflammation and accelerat-
ed atherosclerosis all of which contribute to the increased
CVD mortality and morbidity, observed in ARDs [13].
Besides the inflammatory burden, the cardiotoxic effects of
several anti-rheumatic drugs also contribute to high incidence
of CVD inARDs [14]. Causes of HF in ARDs are presented in
Fig. 1.

Female preponderance is observed in rheumatoid arthritis
(RA) (9F/1M) [15], systemic lupus erythematosus (SLE) (9F/
1M) [16], systemic sclerosis (SSc) (3F/1M) [17], mixed con-
nective tissue diseases (MCTD) (3.3F/1M) [18] and
dermatomyositis/polymyositis (2F/1M) [19]. In some types
of systemic vasculitides, there is a female preponderance as
in Takayasu vasculitis [20], while in others, a male preponder-
ance as in Kawasaki disease [21].

CVD is increased in rheumatoid arthritis (RA) [22], sys-
temic lupus erythematosus (SLE) [23], systemic sclerosis
(SSc) [24], inflammatory myopathies (IM) [25], mixed con-
nective tissue diseases (MCTD) [26] and systemic vasculiti-
des [27]. HF in ARDs is the result of various pathophysiologic
processes including myopericarditis, atherosclerotic or

Table 1 Pro and contra of various
imaging modalities in the
evaluation of cardiac involvement
in ARDs

Modality Early
disease

Therapy
response

Cost Radiation Availability Perfusion Coronary
arteries

CA – – High High High – Yes

Echo ± ± Low No High ± No

CMR + + High No Low +++ Yes

CT ± ± High High High ± Yes

PET + + High Low Low +++ No

CA X-ray coronary artery angiography, Echo echocardiogram, CMR cardiac magnetic resonance imaging, CT
computed tomography, PET positron emission tomography
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inflammatory coronary artery disease and/or spasm, microvas-
cular disease, valvular heart disease and also the effect of
immunosuppressive medication. HF at early stages is typically
presented as diastolic dysfunction, a precursor of HF with
preserved ejection fraction (HFpEF), which characterizes the
whole spectrum of ARDs, irrespective of the underlying path-
ogenetic mechanisms. HFwith HFpEF has been demonstrated
in RA [28] and SLE [29], while a recent study in 275 SSc
patients documented LV diastolic dysfunction as an indepen-
dent predictor of mortality in SSc [30]. Taking all together,
diastolic dysfunction in ARDs reflects the influence of chronic
cumulative inflammatory leading to myocardial fibrosis and
reduced contractility [31].

More specifically, CVD in RA occurs a decade earlier than
age- and sex-matched controls and RA patients are twice more
likely to develop myocardial infarction and HF irrespective of
age, past CVD or traditional CV risk factors and shares simi-
larities with diabetes mellitus (DM) [32]. Furthermore, RA
increases the risk of nonischemic cardiomyopathy, valvular
heart disease and myopericarditis, all of them leading to HF.
Additionally, silent diffuse myocardial fibrosis may lead to LV
dysfunction and consequent HF [33]. In a recent echocardio-
graphic study, RAwas associated with concentric remodeling
and abnormal LV geometry [34, 35]. Furthermore, diastolic
dysfunction associated with disease duration and IL-6 levels
was identified in RA patients using echocardiography [36].

CVD in SLE leading to HF includes myopericarditis, dilat-
ed cardiomyopathy, macro–microcoronary artery disease, di-
astolic dysfunction, vasculitis or valvular disease and repre-
sents an important contributor to increased mortality [37, 38].

Cardiac involvement is common in SSc and affects all car-
diac structures. SSc has the highest mortality amongst all
ARDs, with an estimated 10 year survival of 66–82%
[39–42]. After the recent improvements in the treatment of
renal crisis and pulmonary hypertension, SSc patients are cur-
rently dying mainly due to non-SSc related causes, which
account for 50% of all SSc deaths [39–43]. Specifically,
CVD accounts for 20–30% of all SSc deaths [43].
Microvascular disease of the myocardium may lead to angina
pectoris, acute myocardial infarction or both. Additionally,
recurrent vasospasm, together with irreversible structural le-
sions, may lead to repeated focal ischemia and consequent
myocardial fibrosis—the cornerstone of SSc-related heart dis-
ease [44]. Furthermore, inflammation presenting either as
myocarditis [45] or as acute, diffuse, subendocardial vascu-
lopathy leading to diffuse subendocardial fibrosis [46] may
also contribute to increased CVD mortality.

Dermatomyositis (DM) and polymyositis (PM) are com-
mon idiopathic inflammatory myopathies that affect mainly
women. Heart involvement in DM/PM represents one of the
major causes of death in these diseases but the early detection
is difficult, as clinically overt cardiac involvement is rare. The
most frequently clinical presentation includes HF (associated
or not with myocarditis) and conduction abnormalities.
Noninvasive approaches using ECG, echocardiography and/
or biochemical markers have a place in the diagnosis; howev-
er, they suffer lack of sensitivity in identifying patients with
subclinical cardiac involvement [47, 48].

Mixed connective tissue disease (MCTD) represents a dis-
tinct systemic autoimmune disease, characterized by an

Fig. 1 Causes of HF in ARDs
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overlap of SEL, SSc, PM/DM and RA, in association with
antibodies against the U1 small nuclear ribonucleoprotein
autoantigen (U1snRNP) [49–56]. According to previous stud-
ies, one third of MCTD patients had an excellent prognosis;
however, continuous treatment with corticosteroids and/or im-
munosuppressive medication was needed in another one third
and a more aggressive disease was observed in the remaining
one third [57–59].

Inflammation and fibrinoid necrosis of blood vessel wall
are the typical characteristics of systemic vasculitides (SVs).
They can be either primary or secondary, due to underlying
SLE or RA. The classification of SVaccording to Chapel Hill
Consensus Conference [60] depends on the predominant type
of vessels affected. They can involve the aorta and its major
branches, as in giant cell arteritis (GCA) and Takayasu arteritis
(TA); medium-sized vessels, as in polyarteritis nodosa (PAN)
and Kawasaki disease (KD); and small-sized vessels (arteri-
oles, capillaries and venules), as in granulomatosis with
polyangiitis (GPA), formerly known as Wegener granuloma-
tosis, microscopic polyangiitis (MPA), eosinophilic granulo-
matosis with polyangiitis (EGPA)—traditionally termed
Churg–Strauss syndrome and in mixed cryoglobulinemic vas-
culitis (MCV), amongst several other syndromes. GPA, MPA
and EGPA share a common pathology with necrotizing gran-
ulomatous lesions without immune deposits, are characterized
by anti-neutrophil cytoplasmic antibodies (ANCA) and
grouped as ANCA-associated SVs [61]. HF in SVs includes
valvular heart disease, myocarditis and microvascular coro-
nary artery disease [61].

Noninvasive imaging modalities for the assessment
of HF

Echocardiography and CMR are the two most commonly
used noninvasive imaging modalities for the evaluation of
HF in ARDs. However, cardiovascular computed tomography
(CCT) and nuclear modalities (SPECT, PET) can also play a
role in the assessment of great/peripheral vessels/coronary ar-
teries and perfusion–viability evaluation, respectively [9].

Echocardiography is the first-line diagnostic tool in clinical
practice (Fig. 1). Being bedside, widely available and cost
effective has significantly contributed to the flexibility and
independency of clinical decision making in cardiology [9]
(Fig. 2). However, it is based on the assumption of ellipsoid
shape of LV and therefore its application in HF may be prob-
lematic [9]. It has roughly classified HF as diastolic with pre-
served left ventricular ejection fraction (LVEF) and systolic
and systolic HF with impaired LVEF. However, the necessity
to be more efficient in the treatment of HF in ARDs demands
information about tissue characterization. In this context,
echocardiography can only give rough information about the
existence of cardiac abnormalities, but it is unable to provide
further assessment of the underlying pathophysiology such as

oedema, perfusion defects and fibrosis, usually occurring in
ARDs. Furthermore, it is operator and acoustic window
depended modality [9]. Specifically in obese women and in
those with increased breast size, or breast implants, the acous-
tic window can be severely distorted [9].

CCTcan assess both stenotic and aneurysmatic lesions and
can assess treatment follow-up in great and peripheral arteries.
Additionally, it can evaluate coronary artery calcifications and
serve as a tool to rule out significant coronary artery disease.
However, it uses radiation and the contrast agents used for
CCT imaging have a nephrotoxic effect [9].

Nuclear modalities include SPECT and PET. SPECT is
widely available, but it uses radioactive tracers and has low
spatial resolution, unable to detect small subendo- or
subepicardial ischemic or fibrotic lesions, commonly found
in ARDs. Compared with SPECT, PET has lower radiation,
fewer artefacts, improved spatial resolution and better diag-
nostic performance. Due to its capacity to provide quantifica-
tion of rest–peak stress left ventricular systolic function and
coronary flow reserve, PET is superior to other modalities for
the detection of multivessel coronary artery disease. Hybrid
PET–CT scanners allow concurrent evaluation of myocardial
perfusion and anatomic assessment of the epicardial coronary
arteries offering great potential for better risk stratification and
treatment. However, further studies are needed to validate the
prognostic value and cost effectiveness of PET [9, 62].

CMR, a noninvasive modality without radiation, can give
detailed, reproducible and operator-independent information
about both myocardial function and tissue characterization. It
is the gold standard for ventricular function evaluation and by
providing quantification of oedema, stress perfusion defects
and fibrosis can noninvasively diagnose myocardial inflam-
mation, micro- and macro-vascular myocardial ischemia and
replacement or diffuse fibrosis, respectively. Various patterns
of replacement fibrosis in ARDs with HF are presented in
Figs. 3, 4, 5 and 6. Finally, stress CMR is of special value in
ARDs with HF, since most of patients are women unable to
perform adequate exercise, due to musculoskeletal disease.
Additionally, it can detect myocardial Raynaud phenomena,
commonly found in ARDs and specifically in mixed connec-
tive tissue diseases and systemic sclerosis [9].

CMR is the ideal technique for tissue characterization, due
to excellent spatial resolution. The signal intensity of CMR
images is based on the magnetic properties of hydrogen nuclei
in the patient’s body. The two most commonly evaluated pa-
rameters are longitudinal relaxation time (T1) and transverse
relaxation time (T2). T2 imaging can offer qualitative or semi-
quantitative information about myocardial oedema using the
ratio of myocardial vs skeletal signal intensity. Recently, a true
quantitative approach of myocardial oedema using T2 and
native (pre-contrast) T1 mapping has been proposed. T1 im-
aging can be also used for perfusion evaluation (first-pass
assessment) or for fibrosis assessment using images taken
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15 min post gadolinium injection (late enhanced imaging:
LGE). The unique additional clinical utility of CMR com-
pared to echocardiography is the use of LGE for the detection
of replacement fibrosis, due to myocardial infarction (MI),
myocarditis or cardiomyopathies. LGE is based on the differ-
ences of signal intensity between scarred and normal myocar-
dium to generate image contrast. This technique, although of
great utility for detecting replacement myocardial fibrosis, is
incapable of visualising diffuse myocardial fibrosis. To over-
come this limitation, another CMR imaging technique called
T1 mapping (native/pre-contrast and post contrast) has been
developed and enables identification of myocardial fibrosis,
also otherwise undetectable by currently used circulating bio-
markers. 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 be-
tween patients and controls in native T1 and T2 mapping
values, which are independent of the presence of LGE [63].
Furthermore, the application of native T1, T2 mapping tech-
niques and extracellular volume fraction (ECV) allowed the
quantification of myocardial oedema and diffuse fibrosis, re-
spectively. Native T1 and T2 mapping are highly sensitive to
myocardial water content and superior to the currently used
T2-weighted short-tau imaging in detecting myocardial oede-
ma [64]. ECV measurements can also be used as a surrogate
measurement of diffuse fibrosis, as they have been shown to
correlate well with histological indices of myocardial fibrosis
in various clinical contexts [65]. There are no specific values
of these indices for each ARD. There are normal values for

Fig. 2 Four chamber 2D
echocardiographic image of a
patient with juvenile rheumatoid
arthritis and mitral stenosis

Fig. 4 Lateral wall subepicardial LGE, due to myocarditis, in a patient
with SScFig. 3 Apical myocardial infarction in a patient with SLE
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each index, proposed by the international literature. However,
every CMR department must create its own normal values and
the diagnosis should be performed based on the clinical back-
ground of each disease [66]. Tissue characterization allows for
moving beyond of functional capacity of the heart to the as-
sessment of intra- and inter-cellular cardiac alterations pro-
moting the development of personalized treatment.
However, CMR is far more expensive than echocardiography,
more time consuming and demands high expertise [9].

Recently, CMR detected subclinical myocardial disease
in RA [67]. Myocarditis, already identified in autopsy se-
ries [63], has been now detected in vivo using CMR in RA
patients [67]. Interestingly, LVEF, cardiac output and stroke
volume are modestly lower in RA compared to controls
[68]. Recent studies, using T1 mapping, documented fre-
quent subclinical CVD in RA, including both focal and

diffuse myocardial fibrosis and inflammation, which are
associated with impaired strain and RA disease activity
[69]. However, other CMR studies supported that cardiac
structure and function were not significantly altered in RA
and the amount of fibrosis was similar or lower in RA
patients with low to moderate disease activity, compared
to matched controls [70].

Cardiac lesions in SLE with HF are independent from dis-
ease duration/activity and may have an atypical presentation
with normal echocardiographic findings [71]. CMR can assess
occult cardiac lesions including vasculitis, myocarditis and
myocardial infarction in SLE with atypical signs and normal
echocardiographic findings and prompt the modification in
both anti-rheumatic and cardiac treatment and/or closer
follow-up for secondary prevention [72].

Other studies using T2 and T1 mapping detected sub-
clinical CVD [68] and response to anti-inflammatory
treatment [73], respectively. Furthermore, T2 mapping
was increased in SLE patients, due to subclinical myocar-
dial oedema, supporting that even in SLE with inactive
disease and normal cardiac function, low-grade myocardi-
al inflammation can be detected using novel quantitative
CMR techniques [74].

CMR is currently considered as the strongest player in the
diagnostic arena of cardiovascular imaging in SSc, due to its
capability to perform excellent biventricular function, tissue
characterization and reliable discrimination between myocar-
dial inflammation and fibrosis. Additionally, it has better re-
producibility, compared to both 2D and 3D echocardiography,
specifically in patients with poor acoustic window, severe
lung disease and dilated ventricles, as it is the majority of
SSc [75].

CMR identified myocardial lesions in cardiac asymptom-
atic MCTD patients such as myocardial infarction, inflamma-
tion, diffuse subendocardial perfusion defects and fibrosis that
need further cardiac investigation and/or treatment [76].
Furthermore, myocardial perfusion rate index (MPRI) was
reduced in MCTD patients with Raynaud phenomenon pro-
moting the development of HF [77].

CMR can reliably detect both cardiac and vascular in-
flammation in SVs. In large vessel vasculitis, CMR can
detect vascular and myocardial inflammation, missed by
echocardiography [78]. Finally, in ANCA-associated vas-
culitides, CMR demonstrated increased ECV, T1 and T2
mapping values, independently of the LGE presence [79].

Extensive comparative analyses between CMR and con-
temporary evaluation of endomyocardial biopsies (EMB) in-
cluding histology, immunohistology as well as morphometry
and quantification by digital image analysis are not present as
in inflammatory cardiomyopathy [80, 81] for autoimmune
rheumatic diseases, yet. Future analyses are warranted to eval-
uate the diagnostic yield and especially the therapeutic impli-
cations of this synergistic approach.

Fig. 6 T1mapping showing subendocardial fibrosis in antero-lateral wall
in a patient with SSc

Fig. 5 Diffuse subendocardial fibrosis in a patient with CSS
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Conclusions

HF, specifically HFpEF, is common in women with ARDs
and should be detected and treated early before clinically overt
symptoms/signs will be developed. Therefore, close noninva-
sive evaluation using echocardiography and CMR is recom-
mended. Echocardiography can give early information about
Bsomething is abnormal in the myocardium^. However, it is
CMR that can precisely assess the etiologic background of HF
in ARDs and guide further risk stratification and both anti-
rheumatic and cardiac treatment [82].

Algorithm for cardiac evaluation of ARD patients
with cardiac involvement

At the moment, there is no internationally accepted algorithm
about how to assess cardiac involvement in ARDs. According
to the experience from our Cardio-Rheumatology Clinic, we
propose the following algorithm.

1. Detailed history and examination including clinical and
laboratory evaluation

2. Echocardiographic evaluation
3. Baseline CMR, because cardiac involvement may be si-

lent and precede the diagnosis of ARD.
4. Arrhythmia evaluation using 24 h Holter recording
5. Coronary intervention if CMR shows evidence of myo-

cardial ischemia and/or start of cardiac medication.
Potential modification of rheumatic treatment if there is
evidence of acute myocardial involvement

Publisher’s note Springer Nature remains neutral with regard to jurisdic-
tional claims in published maps and institutional affiliations.
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