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Cardiovascular disease is the leading cause of morbidity and mortality in patients with autoimmune rheumatic
diseases. Much of this may be attributed to systemic inflammation resulting in coronary atherosclerosis and
myocarditis. Cardiac magnetic resonance imaging is the gold standard for the evaluation of cardiac structure and
function, including tissue characterization, which allows for detection of myocardial edema, inflammation, and
fibrosis. Advances in parametric mapping and coronary flow reserve measurement techniques have the potential
to change the diagnosis, risk stratification, and management of patients with autoimmune rheumatic diseases.

We provide an overview of the current evidence and suggest potential future roles for the use of comprehensive
cardiac magnetic resonance in patients with autoimmune rheumatic diseases in the field of cardio-rheumatology.

1. Introduction

Cardiovascular (CV) disease is a leading cause of morbidity and
mortality in patients with autoimmune rheumatic disease (AIRD) [1,2].
Epidemiological studies have shown that patients with AIRD have a
shorter lifespan compared to the general population [2,3] Forty percent
of all deaths in patients with rheumatoid arthritis (RA) are the result of
cardiovascular disease [4], and patients with systemic lupus

erythematosus (SLE) and systemic sclerosis (SSc) have a higher mor-
tality rate than the general population [5]. It is hypothesized that the
increased incidence of cardiovascular disease and associated mortality
may be largely driven by myocardial inflammation promoting acceler-
ated atherosclerosis [2,6,7].

Peripheral markers of inflammation or cardiac injury such as the
erythrocyte sedimentation rate (ESR), C-reactive protein (CRP),
troponin, and pro-BNP lack sensitivity and specificity for detecting
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cardiac involvement whereas invasive endomyocardial biopsy (EMB),
due to sampling error, can be inaccurate and is associated with a risk of
complications [8-10].

Cardiac magnetic resonance (CMR) is the gold standard for the
assessment of cardiac structure and function and may be an ideal mo-
dality for the earlier detection of indolent AIRD-related cardiac disease
[1,2]. CMR is capable of phenotyping the broad array of potential car-
diac involvement in AIRD, including valvular disease, myocardial and
pericardial disease, epicardial and microvascular coronary artery dis-
ease, and myocardial fibrosis. (Central Illustration: Fig. 1) [2,3].

Vasodilator stress imaging with CFR quantification can aid in the
diagnosis of microvascular dysfunction [11]. Novel parametric mapping
techniques allow for comprehensive tissue characterization. Thus, CMR
has the potential to become a comprehensive diagnostic and prognostic
tool in the management of patients with AIRD [12].

In this review of the current evidence for the role of CMR in various
rheumatologic diseases, including systemic lupus erythematosus (SLE),
systemic sclerosis (SSc), rheumatoid arthritis (RA), ANCA-associated
vasculitis (AAV), Ankylosing Spondylitis (AS), Sjogren’s Disease (SjD),
inflammatory myopathies (IIM), and psoriasis (PsO), we will attempt to
answer four questions: 1) What are the CMR findings in each disease? 2)
Do these findings correlate with disease activity? 3) How do these CMR
findings translate into outcomes? 4) Do these CMR findings change with
therapy? We will postulate how CMR findings could influence treatment
decisions targeting systemic and myocardial inflammation with the goal
of preventing overt clinical manifestations of CV disease in patients with
AIRD (Supplement: Fig. 2).

1.1. Utility of cardiac magnetic resonance imaging (CMR)

Cardiac magnetic resonance (CMR) imaging is the gold standard for
the evaluation of the cardiac structure, function, and tissue character-
ization, including inflammation, perfusion defects, and fibrosis [3]. Both
ischemic and non-ischemic fibrosis may be seen in AIRD, though non-
ischemic patterns are more commonly reported (see Fig. 1) [2,3].

1.2. Parametric mapping

Parametric mapping provides a visual and quantitative measure of
the T1 or T2 properties of a tissue that allows the evaluation of both focal
and diffuse disease processes [12,13]. This also allows for the creation of
spatial maps where the T1, T2, and ECV values can be followed longi-
tudinally over time [12,13].

The native T1 (without contrast) is elevated in the presence of
inflammation, edema, fibrosis, and/or infiltration and reduced in the
presence of fat, lipids (as in Fabry’s disease), and iron overload [13]. T1
values are elevated across a range of chest pain syndromes, including
acute myocardial infarction, myocarditis, and Takotsubo cardiomyop-
athy [12]. T1 mapping may also hold prognostic value in the acute phase
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Fig. 1. Cardiovascular Pathology and CMR Patterns in AIRD (color).
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of myocarditis to determine who is at risk for progression to dilated
cardiomyopathy [12].

The myocardial ECV can be calculated with knowledge of the he-
moglobin concentration and the pre- and post-contrast T1 relaxation
times of the myocardium and blood pool [12,13]. ECV carries important
prognostic information and is a better predictor of mortality compared
to LGE in diabetic patients [14] and has also been shown to identify
myocardial involvement in various AIRDs [15,16].

T2 mapping is sensitive to free water content in tissue and is
considered particularly useful for detecting acute myocardial inflam-
mation/edema [12,13]. T2 mapping has superior diagnostic accuracy to
conventional CMR techniques for the diagnosis of endomyocardial
biopsy-proven myocarditis [12,13].

1.3. Coronary flow reserve

The coronary flow reserve (CFR) is the ratio of the augmented cor-
onary blood flow (CBF) with exercise, stress, or microcirculatory vaso-
dilation compared to the CBF at rest [17]. The CFR provides a
quantitative measure of the overall coronary vasculature because it
provides information on blood flow in the epicardial vessels as well as
the coronary microcirculation, which includes the distal small vessels
and capillaries [11].

A recent meta-analysis of over 59,000 patients demonstrated that
abnormal CFR was associated with a higher incidence of all-cause
mortality [HR 3.78, 95 % confidence interval (CI) 2.39—5.97] and
major adverse cardiovascular events (MACE) [HR 3.42 2.92—3.99)]
across a range of pathology [17]. CFR can be measured with similar
accuracy across a range of imaging modalities — including CMR - and
can be useful to identify ischemia in the absence of visible perfusion
abnormalities [11].

2. Literature review of the role of parametric mapping and CFR
in patients with AIRD

2.1. What are the CMR findings in AIRD?

Autoimmune myocardial inflammation has been observed in many
AIRDs including SLE, RA, spondyloarthropathies (SpA), SSc, and AAV
[1,2]. In fact, many small studies have shown that across a spectrum of
AIRD, patients tend to have higher T1, T2, and ECV values compared to
healthy controls, even in the absence of cardiovascular symptoms or
focal LGE [1-3].

Patients with SLE have an increased incidence of CAD (8x higher risk
than the general population), myocarditis (3-15 %), arrhythmias,
pericarditis, vasculitis, and valvular heart disease (1) (Supplement:
Fig. 3). Likewise, myocardial inflammation and fibrosis can cause car-
diomyopathy and arrhythmias in SSc with cardiovascular disease ac-
counting for 15 % of SSc deaths (1) (Supplement: Fig. 4). Among
asymptomatic SLE patients with normal left ventricular systolic function
by transthoracic echocardiography (TTE), CMR identified various pa-
thologies, including elevated T1 and ECV, myocardial and pericardial
LGE, and abnormal longitudinal strain [18]. Among SLE patients with
atypical cardiac symptoms and a normal TTE, 27.5 % had abnormal
CMR findings, including recent or prior myocarditis (18-22 %), prior
myocardial infarction (40.9 %), and diffuse subendocardial fibrosis
suggestive of vasculitis (18 %) [19]. Similarly, up to half of SSc patients
without overt CV disease and normal ejection fraction by TTE had
identifiable LGE as well as higher T1 and ECV on CMR compared to
controls [16]. Given the degree of abnormal findings in asymptomatic
patients, the European Society of Cardiovascular Imaging (ESC) suggests
obtaining a baseline CMR in all SLE and SSc patients at the time of
diagnosis (Supplement: Table 1) [1].

Identifying cardiac involvement in AAV is important as this typically
portends a poor prognosis [2]. The presence of cardiomyopathy in pa-
tients with eosinophilic granulomatosis with polyangiitis (EGPA) is
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associated with a four-fold increase in mortality [15,20,21] CMR studies
in EGPA patients without known cardiovascular disease have shown
elevated global T1, T2, and ECV values independent of the presence of
LGE [15,21].

RA patients tend to have higher T1, T2, and ECV values than controls
and a modest prevalence of LGE (18 %) [22,23]. In AS, up to 21 % of
patients have LGE in the mid to subepicardial regions of the basal
inferior and inferolateral LV walls, a pattern typically seen in inflam-
matory cardiomyopathies [24]. Similarly, IIM patients tend to have LGE
in the inferior and lateral distributions and demonstrate elevated T1, T2,
and ECV compared to controls [25-29].

Patients with SjD without known cardiovascular disease have lower
longitudinal and circumferential strain measurements suggesting sub-
clinical manifestations of cardiovascular disease in asymptomatic SjD
patients [30]. Patients with PsO with overt cardiovascular symptoms
(including cardiomyopathy and ventricular arrhythmias), tend to have
higher T2 values specifically in the septal wall [31].

In summary, comprehensive CMR with parametric mapping may
detect subclinical cardiac inflammation, fibrosis, and dysfunction in
many patients with AIRD, even when conventional imaging is unre-
markable (Supplement: Fig. 5).

2.2. Do the CMR findings correlate to disease activity and change with
therapy?

Hinojar et al. studied SLE patients with suspected myocarditis,
finding significantly higher parametric mapping values compared to
controls (71 % of SLE patients had T1 values > 5 SD above the mean)
[32]. Those with biomarker evidence of myocardial injury (cardiac
troponin) unsurprisingly had higher T1 and T2 values, and 71 % of SLE
patients met Lake Louise’s criteria for the diagnosis of acute myocar-
ditis. Fourteen patients received intensification of immunosuppression
by Systemic Lupus Erythematosus Disease Activity Index (SLEDAI)
scores, resulting in a greater reduction in native T1 and T2 values; this
suggests that T1 and T2 may have a role in monitoring treatment
response [32].

In SSc patients without overt cardiovascular symptoms and pre-
served ejection fraction by TTE, T1, and ECV values correlated with
overall disease activity as assessed by the modified Rodnan skin score
(mRSS) and Valentini disease activity index (VDAI scoring systems)
[16].

In patients with RA, T1 and ECV values have modestly correlated
with disease activity [33]. CMR has also demonstrated improvement in
cardiac parameters after changing immunosuppression from DMARDs to
tocilizumab [34-36]. Modification of therapy resulted in improvement
of disease activity as evaluated by the ESR and Simple Disease Activity
Index (SDAI), which correlated with improvement of LV strain mea-
surements by CMR at 52 weeks [34-36].

Response to therapy has additionally been shown among patients
with EGPA and cardiomyopathy, RA, AS, and PsA patients without
known CV disease receiving anti-TNF therapy, and IIM patients without
known CV disease [20,37,38]. Patients with EGPA and cardiomyopathy
can experience resolution of LGE on CMR after cyclophosphamide and
azathioprine, portending improved CV outcomes compared to patients
without LGE resolution [20]. Ntusi et al. showed improvement in T1, T2,
ECV, and strain values after the initiation of anti-TNF therapy in a cohort
of RA, AS, or PsA patients [37]. IIM patients without known CV disease
have also demonstrated improved T1, T2, and ECV values after the
initiation of therapy [38].

The evidence suggests that CMR findings of cardiac inflammation
and dysfunction may correspond to cardiac and systemic involvement in
AIRD, and that CMR may be useful in monitoring the response to ther-
apeutic interventions.
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2.3. How do these CMR findings translate into outcomes?

There is increasing evidence for the role of CMR in prognostication
and risk stratification of patients based on elevations in T1, ECV, and
LGE.

The presence of LGE on CMR predicts adverse outcomes across a
wide range of cardiac pathology [39]. In a ten year follow up study
evaluating SLE patients, those with LGE at baseline had significantly
higher rates of CAD, heart failure, pericarditis, myocarditis, and endo-
carditis [40]. In the French Vasculitis cohort, the presence of LGE pre-
dicted the development of cardiomyopathy, and the persistence of LGE
despite therapy predicted more adverse cardiovascular events [20].
Elevated ECV is associated with adverse cardiac events among SSc pa-
tients without overt cardiac pathology [41], and LGE predicted ven-
tricular arrhythmias in a multicenter trial using CMR for patients with
SSc [42]. Table S2 summarizes key CMR studies in AIRD (Supplement:
Table 2).

2.4. Stress CMR in AIRD

Many studies have shown that patients with AIRD may manifest
coronary disease in the form of microvascular dysfunction rather than
obstructive epicardial disease [1,2]. Although many imaging and inva-
sive modalities can provide information on microvascular dysfunction,
stress CMR provides the advantage of evaluating epicardial ischemia
(qualitative perfusion abnormalities) and microvascular coronary dis-
ease (with quantitative measures, such as CFR). Microvascular
dysfunction imparts a poor prognosis across a range of pathology and
therefore early detection may be crucial to improve patient outcomes
[11].

Microvascular dysfunction, rather than epicardial coronary disease,
is the more common manifestation of coronary disease in the SLE pop-
ulation [43]. The range of CFR in SLE has ranged from 1.8 to 3.4 with
normal CFR among healthy adults typically being > 2.2 [44]. Symp-
tomatic SLE patients tend to have more severe reductions in CFR when
compared to symptomatic matched controls without SLE (1.91 + 0.5
versus 2.4 + 0.7, p < 0.0001) [44].

Reduction in CFR occurs in the majority (50-60 %) of patients with
SSc even in the absence of symptoms and may serve as the basis for
initiation of therapy with calcium channel blockers [45]. Montisci et al.
and others have shown that patients with diffuse systemic sclerosis were
more likely to have CFR < 2 and may indicate a subgroup at higher risk
for cardiac events [46].

Impaired CFR may be detected in early RA patients (disease duration
< 12 months) (2.5 + 0.5 vs 3.5 &+ 0.8; P < 0.01), and in those with
longstanding, well-controlled RA when compared to controls (2.4 + 0.5
vs. 2.7 + 0.4, P = 0.002) [3,43]. Up to 30 % of RA patients without CV
disease have reduced CFR [47]. The CFR may correlate with disease
activity as higher IL-6 levels have been associated with impaired CFR,
and modification of therapy with anti-TNF as well as the IL-1 inhibitor
anakinra is associated with an improvement in CFR [47,48].

In Weber et al.’s study of patients with SjD, AS, and other AIRD, those
with impaired CFR had increased mortality, and those with the lowest
value of CFR (<1.65) had the highest rate of all-cause mortality (Hazard
ratio 2.4 (1.05—5.044), p = 0.038) and MACE (HR 3.6 (1.7—7.6), p
= 0.001) [44]. Importantly, this was independent of baseline ischemic
heart disease or LV dysfunction as patients with obstructive CAD or LV
dysfunction were excluded.

Stress CMR has been incorporated into the 2021 chest pain guide-
lines as a valid method of evaluating microvascular dysfunction,
alongside invasive testing and PET imaging [49]. Given the promising
findings noted above, future prospective studies evaluating the role of
CFR via stress CMR in AIRD are necessary.
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3. CMR in AIRD: Perspective and Suggestions

At our institution, a CMR is typically considered in the context of
symptoms or subclinical findings in patients with AIRD (Supplement
Fig. 6). The symptoms that may warrant workup with a stress CMR are
cardiac chest pain, new heart failure symptoms, or arrhythmias. Per the
2021 AHA/ACC chest pain guidelines, a stress CMR can be considered as
the first line diagnostic workup in patients presenting with stable chest
pain with intermediate risk and no known coronary artery disease, chest
pain with known non-obstructive CAD, suspected aortic syndrome,
orsuspected myopericarditis [49]. In addition, stress CMR can be valu-
able in patients with persistent chest pain despite negative ischemic
workup (negative TTE, SPECT or invasive coronary angiography) in
order to evaluate for etiologies of ischemia with non-obstructive coro-
nary arteries (INOCA)[49]. To evaluate for coronary microvascular
dysfunction, we calculate the coronary flow reserve by assessing flow in
the coronary sinus at rest and during vasodilator infusion (regadenoson)
and consider an abnormal CFR when < 2 and with severe abnormalities
defined by CFR < 1.5[50].

The evaluation of myopericarditis in AIRD is guided by parametric
mapping though the clinical significance of borderline abnormalities in
T1, T2, or ECV is unclear. Normative values for the myocardial T1 and
T2 should be established on healthy patients on each cardiac magnet for
ideal accuracy [51]. In our experience, elevated T1/T2 values up to 3 SD
above the mean require interpretation in the clinical context, whereas
values exceeding 3-5 SD above the mean likely represent pathology
[51].

For subclinical findings (no cardiac symptoms) without other evi-
dence of other cardiac dysfunction (abnormal troponin, BNP, EKG ab-
normalities), we recommend a baseline stress CMR for SLE and SSc
patients, which is consistent with the ESC guidelines [1]. However, we
also have a low threshold for a baseline CMR in patients with AAV due to
the poor prognosis associated with cardiac involvement in AAV
[15,20,21]. Otherwise, we reserve a CMR in patients with subclinical
findings in patients with other cardiac abnormalities (elevated troponin
levels, elevated BNP levels, EKG abnormalities such as RBBB, LBBB or
AV block, mild to moderate LV dysfunction on TTE, new pericardial
effusion or pericardial thickening or calcifications as noted by other
imaging modalities, and aortopathies).

4. Future directions

CV manifestations of AIRD have been underdiagnosed and under-
treated [2]. This may be because cardiac involvement in AIRD is usually
silent and once it becomes clinically apparent, patients may have a poor
prognosis. In addition, the relapsing and remitting nature of AIRD and
the lack of availability of reliable diagnostic tools makes the evaluation
of cardiac involvement in AIRD challenging. Larger, multicenter studies
are necessary to study the potential role of parametric mapping and CFR
in the evaluation of cardiac manifestations of AIRD [2,3]. A National
Institutes of Health (NIH) trial evaluating all patients with clinically
suspected myocarditis (either idiopathic or in the context of AIRD) is
underway (NCT04673409). This study will compare the diagnostic ac-
curacy of novel and conventional MRI sequences and may provide
insight into management of patients with AIRD.

The European Association of Cardiovascular Imaging suggests
obtaining a baseline CMR in SSc and SLE patients at the time of diag-
nosis. In other AIRD, the EACI recommends using cardiovascular
symptoms, the presence of abnormalities on physical exam, blood
testing, echocardiography and/or EKG/24-hour Holter monitoring to
determine if a patient would benefit from CMR [1] (Supplement:
Table S1).

Table S3 summarizes key questions regarding the role of CMR for
patients with AIRD (Supplement: Table 3).
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5. Limitations

Several limitations prevent the widespread application of novel CMR
techniques across the AIRD population [12]. The primary impediment is
the limitation of access to technical expertise to perform and interpret
quality CMR. CMR is not ubiquitous; it is primarily performed at tertiary
care centers. The requirement for breath-holding, examination time,
cost of CMR, the potential risk of gadolinium administration in the
setting of renal dysfunction, and the presence of MRI-incompatible de-
vices (such as ICD’s, pacemakers) are frequently cited limitations [2].
However, the 2021 consensus document by the American College of
Radiology and the National Kidney Foundation has argued for the
relaxation of the eGFR cut-off of 30 mL/min based on very low rates of
nephrogenic systemic fibrosis with newer gadolinium agents [52]. In
addition, opportunities exist for serial monitoring of non-contrast
myocardial T1 and T2 values over time to chart disease activity and
response to therapy that would permit longitudinal imaging surveil-
lance, investigation, and an approach to reduce exam time, cost, and
exposure to contrast agents. Finally, the “normal values” for parametric
mapping are scanner-specific, and therefore need to be established for
each scanner. Therefore, following a patient over time with parametric
imaging requires that the patient be scanned with the same equipment
and identical sequences/parameters.

6. Conclusion

In patients with AIRD, cardiac disease is often underdiagnosed and
undertreated. Cardiac involvement in AIRD can be subclinical, and
traditional non-invasive modalities have not been reliable tools in the
evaluation of the myriad cardiac manifestations of AIRD, including
myocardial inflammation and coronary microvascular dysfunction.
Comprehensive CMR with parametric mapping may be a valuable tool in
the management of patients with AIRD.
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