Chapter 8
Immune-Mediated Heart Disease

Elena Generali, Marco Folci, Carlo Selmi, and Piersandro Riboldi

8.1 Introduction

Autoimmune diseases represent a broad range of related disorders affecting nearly
5% of the European population [1]. These conditions are cumulatively character-
ized by more or less defined clinical pictures sometimes overlapping within the
same patient. These include connective tissue diseases such as systemic lupus ery-
thematosus (SLE), systemic sclerosis (SSc), mixed connective tissue disease
(MCTD), Sjogren’s syndrome (SS), rheumatoid arthritis (RA), myositis, and
antiphospholipid syndrome (APS). The common pathogenic mark is the breakdown
of tolerance against self-peptide antigens which derives from a failure of peripheral
tolerance under genetic predisposing factors and environmental triggering agents
[2, 3]. One of the most threatening complications is the cardiovascular (CV) involve-
ment, which represents a significant cause of morbidity and mortality [4—10].
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8.1.1 Mechanisms of CV Damage

The hypothesized pathogenesis encompasses different mechanisms, but only
some of these have been clarified, especially in their cellular and biochemical
pathways, but ultimately remaining elusive. The heart can be primarily involved
by the localization of an autoimmune process or can be indirectly damaged by
chronic inflammation, by other injured organs, and by drugs used to manage the
primary disease. In the case of a primary involvement, the impairment of differ-
ent cardiac structures derives from the inflammatory infiltrate, the deposition of
immune complexes, leading to the activation of the complement cascade
(Fig. 8.1). Alternatively, the cardiac function is threatened by the general inflam-
matory status, strictly dependent on disease activity, or the heart can be severely
damaged in end stages of a systemic autoimmune process. This last condition is
principally determined by the impaired function of other organs, such as the
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Fig. 8.1 Pathogenic mechanisms of heart damages in autoimmune diseases. LDL light-density
lipoprotein, oxLDLs oxidized light-density lipoproteins
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kidneys or the lungs, which compromise hemodynamic. It is now well estab-
lished that atherosclerosis appears to be significantly accelerated in systemic
autoimmune diseases compared to general population. This condition is one of
the most powerful causes of CV diseases due to thromboembolic phenomena fol-
lowing plaque rupture; moreover, chronic inflammation activates the endothelial
cells which express different surface molecule patterns acquiring a prothrom-
botic phenotype.

The mechanisms of the accelerated atherosclerosis are not well defined, but
chronic inflammation has been suggested as a contributing factor with pro-
inflammatory cytokines (i.e., TNFa and IL-6) leading to endothelial dysfunction
and activation and subsequent rise of low-density lipoprotein (LDL) uptake and
deposition under endothelial surface. Specifically, TNFa can alter the endothelial
structure mediating the inflammatory vascular injury in both acute and chronic
conditions, ranging from the remodeling by smooth muscle cells to a direct role
in rupture of atherosclerotic plaques [11]. Similarly, IL-6 induces an overall
change of surface molecules of the endothelium that develops a pro-inflamma-
tory status. This enhances the migration of lipoproteins, especially LDLs, from
bloodstream to subendothelial space at higher concentrations than the cellular
metabolic needs and when in contact with high amount of free oxygen radicals
produced by activated inflammatory cells undergoing oxidation (oxLDLs). High
oxLDL levels stimulate macrophages through the interaction with scavenger
receptors and lead to massive phagocytosis which, after a gradual engulfment of
cytoplasm, generates the so-called foam cells. The reaction of the immune sys-
tem against oxLDLs is of paramount importance because it represents the first
pathological mechanism leading to the atheromatous plaque. OxLDLs stimulate
not only innate immunity but also the adaptive compartment. Studies have dem-
onstrated the production of antibodies against oxXLDLs which seem to be related
to cardiovascular events [12, 13], even though some authors have reported, con-
versely, a protective role [14].

Chronic inflammation stimulates the expression of adhesion molecules, such as
VCAM-1, by the endothelium and smooth muscle cells. This pathological activa-
tion promotes the recruitment of leukocytes into the subendothelial space which
ultimately lead to the perpetuation of inflammation [15]. T cell activation can also
be involved, and activated T cells are present in atherosclerotic plaques, especially
in unstable plaques accounting for the increased CV risk and higher mortality. The
clinical manifestations of heart involvement can be strikingly diverse because all the
anatomical heart structures can be affected simultaneously or not, with damages of
various seriousness [16] (Fig. 8.2). Recognized since the beginning of the twentieth
century, cardiac involvement related to autoimmunity conditions has been carefully
investigated in the last decades. The following findings led to recognize new clinical
entities but also to introduce different available treatments. We will focus on cardiac
manifestations operating in systemic autoimmune diseases, with particular interest
on pathogenic mechanisms.



148 E. Generali et al.

Valve disease
¢ Libman-Sacks disease: SLE,

Conduction tissue
abnormalities

APS * Congenital heart block:
e Valvular abnormalities: SLE, SS

IIM, MCTD, RA « Arthythmias: SSc, IIM, MCTD
Pericardiun
¢ Acute and chronic Myocardium

pericarditis: SLE, ¢ Myocarditis: SLE,

SSc, IIM, MCTD, SS, RA 1IM, SSc, MCTD

Effusion: SLE, SSc, ¢ |schemic damage:

IIM SLE, IIM, APS, RA

* Fibrosis: SSc * Fibrosis: SSc

e Tamponade: SLE, ¢ Dyastolic and
SSc, MCTD systolic

* Constrictive dysfunction: SSc,
pericarditis: SLE, 1IM, MCTD, APS,
SSc SS, RA

Fig. 8.2 Pathological involvement of the heart by different systemic autoimmune diseases. SLE
systemic lupus erythematosus, APS antiphospholipid syndrome, /IM idiopathic inflammatory
myositis, MCTD mixed connective tissue diseases, RA rheumatoid arthritis, SSc systemic sclerosis,
SS Sjogren’s syndrome

8.1.2 The Impact of Medical Treatments

Medications used to treat the autoimmune diseases can have, sometimes, a negative
impact on cardiac function by a direct toxicity (antimalarials, nonsteroidal anti-
inflammatory drugs (NSAIDs)) or worsening a pre-existing cardiac disease
(Fig. 8.1). On the other hand, several drugs used in chronic inflammatory diseases
represent paradigms of potential treatments for CV comorbidities, but effects are
poorly defined.

First, antimalarials, such as chloroquine and hydroxychloroquine, in chronic use
rarely cause conduction abnormalities, arrhythmias, and infiltrative cardiomyopathy
with heart failure (HF) due to impairment of diastolic, systolic, or both cardiac func-
tions [17, 18]. Second, biologics were ideal candidates as anti-TNNFa biologics are
used for RA treatment, but data from clinical trials reported no beneficial effects and
a possible worsening of heart function leading to a contraindication of anti-TNFo
use in patients with HF New York Heart Association (NYHA) classes III-IV (mod-
erate and severe) [19]. To further investigate the HF risk with anti-TNFa, longer
observational studies were conducted on almost all TNFa inhibitors, including etan-
ercept, which, due to its peculiar structure, has lower avidity for TNFa compared to
monoclonal antibodies, but results were inconsistent [20, 21]. Other biologics, with
different mechanisms of action, have also been investigated: rituximab (anti-CD20),
tocilizumab (anti-IL-6), and abatacept (anti-CTLA4) showed no overall increased
CV risk in the RA population; however, no reduction of the risk of developing HF
and other CV events was found in comparison with the RA population treated on



8 Immune-Mediated Heart Disease 149

standard therapy or anti-TNFa biologic agents [22]. Third, NSAIDs are frequently
used in rheumatic conditions and are associated with an increased CV risk, and a
recent meta-analysis of various clinical, preclinical, meta-analysis and observational
studies showed that coxibs and NSAIDs increase the risk of cardiotoxicity in a dose-
dependent manner. The cardiotoxicity associated with the use of NSAIDs might be
due to inhibition of prostacyclin synthesis, oxidative stress, increase in blood pres-
sure, and impaired endothelial function [23].

8.2 Systemic Lupus Erythematosus

SLE is frequently associated with CV manifestations, and all three layers of the
heart (i.e., pericardium, myocardium, and endocardium) can be affected with the
parietal sheet of cardiac serous being the most frequently involved, as suggested by
its inclusion in the American College of Rheumatology (ACR) classification criteria
[24]. The valvular apparatus, the conducting system, and the coronary vessels may
be other noteworthy sites of pathological involvement in SLE.

8.2.1 Pericardium

Clinically, pericarditis manifests with variable symptoms ranging from precordial or
substernal positional chest pain to dyspnea. At physical examination, patients may
have fever, tachycardia, decreased heart sounds, and pericardial rubs, a specific sign
which, however, is rarely hearable. The diagnosis may be sustained by an electrocar-
diogram (ECG) showing elevated ST segments and peaked T waves (although slight
T-wave changes and transient elevation of ST segments are most characteristic) [25].
Transthoracic echocardiography and chest X-ray are the standard methods to investi-
gate pericarditis [26, 27]. One of the most fearsome complications is cardiac tampon-
ade, although constrictive and purulent processes are equally challenging. Pericarditis
may be either characterized by an acute or chronic process which leads to the appear-
ance of clinical symptoms in only 25% of the SLE population; however it is reported
in as many as >50% of patients undergoing echocardiography or up to 62% during
autoptic examination [28-39]. Pericardial involvement appears more frequently at
SLE onset or during disease relapses, although it can occur at any time [40]. Common
pathological findings include fibrinous or fibrous reactions, which, in chronic condi-
tions, can lead to adhesive processes both focal and diffuse. Microscopically, the
pericardium appears infiltrated by plasma cells and lymphocytes with fibroblastic
proliferation, findings that are not unique for SLE and which resemble tubercular
pericarditis [35]. The identification of hematoxylin bodies is a more specific finding,
but particles of denatured nuclei are rarely seen [41]. Immunofluorescence may be
helpful in characterizing SLE pericarditis; indeed it is possible to demonstrate a gran-
ular deposition of immunoglobulin, Clq, and C3, in the pericardial vessels, which
ultimately suggests a pathogenic role of immune complexes [42].
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8.2.2 Myocardium

Clinically, patients manifest with symptoms resembling ischemic heart disease such
as chest pain dyspnea, tachycardia, and arrhythmias [40]. Diagnosis may be chal-
lenging, with ECG not showing any typical findings and cardiac enzymes within
limits. Echocardiographic imaging cannot definitely diagnose myocarditis, but the
finding of global hypokinesis or pericardial effusion, in the absence of other known
causes, is strongly suggestive [43]. More recently, cardiac magnetic resonance
imaging (MRI), the gold standard for measuring ventricular volumes and ejection
fraction, can be used to detect acute myocarditis, myocardial fibrosis, and even sub-
tle tissue changes [43]. Endomyocardial biopsy is the gold standard for diagnosis;
however this challenging procedure can be aggravated by complications both during
and after execution, and for these reasons, it should be reserved only for selected
situations [6, 44]. One of the most threatening consequences of chronic myocarditis
is represented by dilated cardiomyopathy, which ultimately can evolve toward
HE. Myocarditis represents one of the most important manifestations of heart
involvement in SLE, even if myocardial disease may be determined or worsened by
other mechanisms, such as drug toxicity (i.e., antimalarials). The inflammation of
the myocardium, largely ignited by immune complex deposition and complement
activation, is the pathological condition determining tissue injuries. Myocarditis
prevalence is reported to be as high as 80% in SLE autoptic series [30]; however,
recent findings suggest a rate of 6%, probably due to the introduction of effective
treatments. From a clinical standpoint, this process can be detected only in 3—15%
of patients with SLE due to the paucity of symptoms [45]. Pathologically, the find-
ings are nonspecific, with a perivascular and interstitial infiltrate of mononuclear
cells, constituted by lymphocytes, plasma cells, macrophages, and myocardial
fibrosis. Immunohistochemistry is helpful to identify aggregates of lymphocytes
and macrophages. The presence of myocyte vacuolization at optical microscopy,
defined as a dilatation of sarcoplasmic reticulum that contains laminar amorphous
material, is a characteristic of antimalarial-induced cardiomyopathy, even if the
detection of myeloid bodies by electron microscope is the only pathognomonic sign
[35, 46].

8.2.3 Valvular Disease

From a clinical standpoint, most of the valvular findings are asymptomatic, but
extended lesions which cause hemodynamic dysfunctions become clinically evi-
dent and require, in about 3—-4% of cases, valve replacement [6]. Valvular involve-
ment in SLE is one of the most important and prevalent forms of carditis, and nearly
60% of patients who undergo echocardiography manifest abnormalities, with post-
mortem studies showing a prevalence between 11 and 74% [47]. The most common
pathological findings derive from regurgitation and stenosis even if milder defects
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such as thickening and vegetations can be found. Among valve alterations, the
Libman-Sacks endocarditis is a histopathological picture significantly associated
with SLE and APS, albeit currently is rare thanks to the better treatment of the
underlying disease. The persistent inflammation of endocardium generates sterile
verrucous lesions affecting all structures with a remarkable prevalence for the mitral
valve [48]. Histologically, Libman-Sacks vegetations consist of platelets, fibrin,
degenerating blood products, chronic fibrosis, active fibroblasts, and neovascular-
ization. These lesions may be active or healed [35].

8.2.4 Arrhythmias

Congenital heart block (CHB) is one the most representative cardiac rhythm dis-
turbances associated with autoimmune diseases. This condition, among endocar-
dial fibroelastosis and dilated cardiomyopathy, is a threatening manifestation of
neonatal lupus, characterized by cardiac and skin involvement in newborns from
mothers with SLE or Sjogren’s syndrome positive for anti-Ro/SSA and/or anti-
La/SSB antibodies [49]. CHB arises by definition during uterine life or in the
neonatal period (<28 days of life) [50, 51], but the entity of the problem remains
elusive. Two studies, performed, respectively, in Finland and the USA on large
case series, have estimated an incidence of ~1 case on 20,000 live births; but it
was impossible to evaluate what is the real impact of maternal autoimmunity,
given that no autoantibody status was reported [50, 51]. Nonetheless, CHB preva-
lence was recently determined to be less than 1% in anti-SSA-positive women
[52, 53], and recurrence rate is defined at 19% [53]. The pathogenic pathway is
represented by the transfer of maternal autoantibodies through the placenta into
fetal bloodstream, even though the mechanism by which anti-SSA/Ro and anti-
SSB/La act on the heart conduction system is not yet understood. Evidence of
complete atrioventricular (AV) block in mice pups passively injected with anti-
SSA/Ro 52 antibodies supports data from earlier reports [54]. Furthermore, stud-
ies in vitro demonstrate how anti-SSA/Ro IgG inhibits L-type CA2p channel in
rat and rabbit heart [55, 56]. Researches on humans have confirmed the potential
role of what previously described. The presence of maternal autoantibodies in
fetal circulation and the elution of anti-SSA/Ro antibodies from cardiac tissues of
affected fetuses support animal models, even if the rarity of CHB and discordance
rate in twins remain unsolved problems [57]. National database analyses reveal a
CHB-associated mortality rate of 20% with nearly 80% of deaths occurring in the
uterus [58]. The great majority of pregnancies results in live births (81%), with a
prematurity rate (birth <37 weeks) of 38% [58]. CHB can present with various
grades of rhythm alterations in live births, and challenge refers to therapeutic
strategies because most of the babies require pacing for the first 10 days of life
and about two thirds have to maintain this support for 1 year; in fact, a quarter of
total deaths related to autoimmune CHB are reported during this span of life [50].
Other rare rhythm disturbances have been described in association with anti-SSA/
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Ro antibodies, and the most significant include bradycardia, AV blocks of various
degrees, and prolongation of the QT interval that usually resolve within the first
year of life when maternal autoantibodies disappear [57].

Limited prevention strategies are available for women who are anti-SSA/SSB
positive and are considered at high risk for offspring CHB as those with a previous
history of neonatal lupus syndrome. Fetal monitoring with echocardiography is a
safe and noninvasive method for screening CHB that offers an accurate assessment
of the fetal heart rate, rhythm, and ventricular function. This procedure should be
performed weekly between 16th and 24th week of gestation. At birth neonates
should be observed during the first month of life [50]. If rhythm alterations are
detected prenatally, therapeutic options to reduce the risk of CHB are represented
by fluorinated steroids, which should diminish the inflammatory component in the
fetal heart reducing tissue injury. Other strategies to treat intrauterine heart blocks
include plasma exchange and/or intravenous immunoglobulin used in various com-
binations [59].

8.3 Systemic Sclerosis

SSc is a connective tissue disorder of unknown etiology characterized by the
damage and fibrosis of multiple organs. The main pathogenic treats are repre-
sented by microvascular damages but also dysregulation of innate and adaptive
immunity which lead to fibrosis in multiple organs. The prevalence ranges from
7 to 700 cases per million depending on geographic regions, ethnic differences,
and gender; in fact women are more frequently affected than men [60, 61]. SSc
can be classified into limited and diffuse variant, according to the extension of
skin fibrosis [62]. Patients can develop heterogeneous clinical manifestations on
the basis of variable involvement of different organs. Heart damage can derive
from indirect chronic injuries which are principally dependent on lung and kid-
ney pathology. Pulmonary arterial hypertension (PAH) and interstitial lung dis-
ease (ILD) are the main causes of right ventricular dysfunction. These conditions
determine a persistent increased outflow resistance which causes right ventricu-
lar remodeling. The myocardial response to this chronic excessive work brings
the heart to adopt counterproductive mechanisms, such as hypertrophy, generat-
ing various grades of HF. The kidney involvement is represented by scleroderma
renal crisis, a rare (4—6%) but life-threatening manifestation, defined by malig-
nant hypertension and acute renal failure which can be sometimes associated
with congestive HF [63].

Primary cardiac involvement represents a frequent cause of morbidity and
mortality in limited and diffuse SSc, as demonstrated by several studies [64, 65].
All heart structures can be affected, resulting in different impairments, which are
often subclinical [66]. The overall hazard of early disease is higher in diffuse pat-
tern, especially during the first year after the onset of the disease [67], and in
patients with anti-RNA polymerases (I-III) and anti-fibrillarin antibodies [68]
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Table 8.1 Systemic sclerosis clinical phenotype and specific autoantibodies

Autoantibody Frequency (1cSSc/dcSSc, %) Clinical association

ANA 95 (both) -

ACA 60-80/2-5 Pulmonary arterial hypertension,
digital ulceration

Anti-SCL70 10-15/20-40 Progressive skin thickening,
scleroderma renal crisis, pulmonary
fibrosis

Anti-U1-RNP 5-10/n.a. Severe GI involvement

Anti-U3-RNP n.a./5-15 Severe lung disease, severe GI

(anti-fibrillarin) involvement

Anti-PM/Scl 4/n.a. Severe GI involvement, pulmonary
fibrosis, inflammatory myopathy

Anti-RNA n.a./5-40 Rapidly progressive skin thickening,

polymerase scleroderma renal crisis, decreased
frequency of severe lung disease

[cSSc limited cutaneous systemic sclerosis, deSSc diffuse cutaneous systemic sclerosis, ANA anti-
nuclear antibodies, ACA anti-centromere antibodies, n.a. not available

(Table 8.1). The etiology of cardiac damages is likely dependent from microvas-
cular ischemic lesions and from fibrous tissue deposition. These events could
impair regional microcirculation causing areas of localized myocardial hypokine-
sis which could evolve toward global heart dysfunction in later stages of disease
[69, 70]. Interestingly, nailfold capillaroscopy could help in identifying patients
more prone to develop cardiac involvement through the identification of periph-
eral microangiopathy, which has been shown to correlate with internal organ
involvement [71].

8.3.1 Pericardium

The clinical picture of pericardial SSc manifestations may cover a wide range of
conditions, including acute or constrictive pericardial effusion and the most
threatening cardiac tamponade. The pericardial involvement is relatively common
in SSc, even though it is frequently asymptomatic. Autoptic studies reported path-
ological findings in about 78% of specimens, but only 5-16% of patients present
symptoms [72]. The cause of pericardial pathology in SSc is not well understood,
even if studies performed on pericardial biopsies have often found diffuse fibrosis
as in other tissues [73]. Clinically, the inflammation of pericardium is associated
with chest and substernal pain, dyspnea, pericardial effusion, and symptoms of
HF if tamponade is present. Echocardiography with Doppler imaging is demon-
strated to be a precious instrument in diagnostic process of pericardial disease;
indeed, it can precociously detect effusion. Treatment is usually unnecessary,
even if pericardiocentesis should be considered to discern diagnostic doubts and
for patients who develop hemodynamic impairment. Constrictive pericarditis may
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be difficult to identify; moreover its differentiation from restrictive cardiomyopa-
thy can be a hard challenge for the clinician, especially when both processes coex-
ist. Two echocardiographic signs favor a diagnosis of pericardium pathology; in
fact, abnormal interventricular motion and preserved mitral parameters focus the
attention on the serous sack. Cardiac MRI and computed tomography (CT) may
be of additional help [72]. Intrinsic myocardial disease in SSc manifests as myo-
cardial fibrosis due to microvascular ischemia and ultimately determines left ven-
tricular dysfunction.

8.3.2 Myocardium

Myocardial fibrosis has been reported to be an important manifestation of SSc,
being found in as many as 80% of autoptic cases, because symptomatic conditions
are less frequent. The pathogenic mechanisms are still matter of discussion even if
several factors have been identified as possible actors in myocardial injuries which
lead to fibrotic process. Some of these are strikingly dependent on recurrent vaso-
spasms and poor vasodilator reserve which determine, respectively, recurrent
ischemia-reperfusion damages and areas of focal ischemia. Histology of SSc myo-
cardium demonstrates focal myocardial fibrosis and necrosis of the contraction
bands, findings that are extremely similar to non-SSc-related ischemia-reperfusion
injury. From a clinical standpoint, myocardial fibrosis becomes manifest only in late
stages, when the heart stiffness is so important to produce a function deficit. The
tissue alterations can impair the systolic (reduced ejection fraction) or diastolic
(preserved ejection fraction) function, leading to various degrees of heart chamber
dysfunction. Right ventricular dysfunction has been frequently described in SSc,
independently of PAH. The main clinical sign is a reduced right ventricle ejection
fraction due to myocardial fibrosis as proved by a recent study which demonstrates
altered ejection fractions in about one fifth of SSc patients using cardiac MRI [74].
A clinical suspect of heart fibrosis can be solved performing cardiac MRI, even if
echocardiography and natriuretic peptide levels are a useful instrument to monitor
cardiac function [75].

8.3.3 Arrhythmias

Arrhythmias are common in SSc and may be considered a complication of the
fibrotic process of the conduction system and myocardium. Patients will develop
different symptoms such as palpitations, vertigo, dizziness, syncope, and even sud-
den death; for these reasons, a precocious recognition and an accurate identification
are essential. Atrial and ventricular tachyarrhythmias derive from myocardial fibro-
sis, whereas the conduction system involvement could give rise to brady-arrhythmias
[66, 76]. Supraventricular rhythm disturbances are more common and manifest in



8 Immune-Mediated Heart Disease 155

about two thirds of SSc patients, compared to other conditions which have a lower
prevalence [77]. ECG represents the first diagnostic tool even if up to 50% of
patients have not any alterations at rest [78]. Some studies demonstrate that ECG
abnormalities are predictive of survival, although it is unclear whether these changes
contribute directly to morbidity and mortality or reflect the overall disease burden
[77]. Symptomatic patients, who have a normal ECG, should undergo ECG Holter
monitoring to better characterize cardiac rhythm changes; moreover, treadmill exer-
cise can be performed to identify exertional arrhythmias. Echocardiography should
be performed as second-line test. Treatment of arrhythmias should be according to
general guidelines [76].

Early assessment of the overall CV involvement represents a mandatory step in
a proper management of SSc patients, since its development increases morbidity
and mortality. A good organ involvement screening should be sought in every
patient, with special attention to those who have complaints which refer to cardiac
involvement.

8.4 Inflammatory Muscle Disease

Idiopathic inflammatory myositis (IIM) includes a group of diseases character-
ized by proximal muscle weakness due to chronic inflammation of striated mus-
cles mirrored by elevation of serum muscle enzymes, particularly creatine kinase
[79]. Heart involvement is uncommon in IIM, especially in polymyositis (PM)
and dermatomyositis (DM), but represents a poor prognostic factor responsible
approximately of 10-20% of deaths [80]. Cardiac abnormality prevalence ranges
from 6 to 72% in PM/DM. These results are strongly dependent on selection
criteria; in fact, the broad interval suggests an underestimation of the problem, as
demonstrated by autoptic studies which report alterations in about 30% of cases
[81]. There is no clear relationship between IIM clinical patterns and specific
heart diseases [81], and most studies reveal the occurrence of several cardiac
pathologies during the course of both active and under remission myositis [2],
even if a recent study shows significant correlations with disease onset [82].
Clinically, about 3—6% of patients with PM/DM present with symptoms such as
dyspnea, chest pain, palpitations, or less common peripheral edema and syncope
[83]. All these manifestations are mainly due to end-stage heart disease which
ultimately evolves toward pump failure.

8.4.1 Pericardium

Pericardial disease is generally asymptomatic and sporadic, being reported in less
than 10% of patients. The most frequent finding is pericardial effusion which is
often revealed by investigations made for other clinical needs [81].
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8.4.2 Myocardium

Myocarditis has been linked to IIM and is found in approximately 8% of patients.
Cardiac MRI is a helpful tool to detect inflammatory infiltrates in the tissue [84—87],
making endomyocardial biopsy less necessary. The histopathology resembles the
picture found in skeletal muscles, with focal fibrosis, vasculitis, intimal prolifera-
tion, and medial sclerosis of blood vessels [88]. Clinically, it manifests with chest
pain and dyspnea [83], but it can produce advanced signs of heart failure in wide-
spread involvement of myocardial muscle. This group of patient is related with a
worse prognosis, and for this reason, it could benefit from immunosuppressant
therapies, but available data are lacking [83] in spite of some case reports which
show a benefit of steroid [89].

8.4.3 Conduction System

Arrhythmias are a common feature observed in IIM. The incidence of EKG alter-
ations is reported between 25 and 85% of patients with PM/DM. Branch block
and supraventricular arrhythmias are the most frequent findings which range
from 13.6% to 2.4%, in prospective and retrospective cohorts, respectively [83].
Other disturbances include atrial or ventricular premature beats, tachycardia,
atrial fibrillation, conduction blocks, and abnormal Q-waves as nonspecific ST-T
wave changes. Histopathologically, abnormalities in the conducting system
include lymphocytic infiltration, sinoatrial node fibrosis, and contraction band
necrosis [81].

8.4.4 Valves, Coronary, and Heart Function

Valvular abnormalities are relatively uncommon, as clinically significant valve dis-
eases may be observed in 7-23% of patients [90].

Coronary heart disease is reported with uncertain incidence; in fact a recent
study investigating CV risk factors in IIM suggests a prevalence of 26%.
Sporadic reports of inflammatory arteritis of coronaries without obstruction
have been described. Vasospastic angina (Prinzmetal’s angina) is occasionally
reported in DM with Raynaud’s phenomenon [91]. HF develops as a conse-
quence of left ventricular diastolic dysfunction that is observed in 12-42% of
cases. Traditional echocardiography associated with tissue Doppler imaging can
detect this pump defect in about 14-62% of circumstances [81] and should be
carefully performed in high-risk patients, such as female sex and late onset and
long course of disease [92].
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8.5 Mixed Connective Tissue Disease

Overlap autoimmune features of SLE, PM, SSc, and RA associated with antibodies
directed toward Ul nuclear ribonucleoprotein (RNP) configure MCTD [93]. CV
involvement is rather frequent in MCTD. It has been reported from 13 to 65%
depending on patient selection criteria and to diagnostic procedures performed; in
fact, in symptomatic patients, cardiac disease ranges from 24 to 63% [94].

8.5.1 Pericardium

Pericarditis is the most common cardiac manifestation with a prevalence of 10-40%
[95], when echocardiography is used. This condition can be related to the rheuma-
toid arthritis-like and/or the lupus-like spectra of MCTD [94]. The treatment is
based on NSAIDs or steroids (0.25-1.0 mg/kg). Rare cases of large effusion [96]
which evolve toward cardiac tamponade [97] may need percutaneous and surgical
drainage.

8.5.2 Myocardium

Myocarditis has been rarely reported, although it could be underestimated as dem-
onstrated in postmortem studies. This pathological entity might be responsible for
conduction abnormalities and diastolic dysfunction [94]. Symptoms include dys-
pnea, chest pain, arrhythmias, and elevated cardiac enzymes. When an endomyocar-
dial biopsy is performed, the most common findings include interstitial lymphocytic
infiltrate, myocardial fiber, and interstitial necrosis [98, 99].

8.5.3 Valve, Conduction System, and Heart Function

Valvular abnormalities are reported with high frequency, especially verrucous thick-
ening alterations or mitral valve prolapse (MVP), which is detectable by echocar-
diography in about 12-32% of patients [100, 101]. MVP might be due to focal
degeneration of the valve leaflets resulting in reduced capacity to support systolic
stress, as seen in SLE [8]. Conduction disorder prevalence rates are reported as high
as 20%, and the most common condition observed is a deviation of QRS axis, which
is related to anterior hemiblock [102]. The presence of ST-T abnormalities is
detected with prevalence around 29% on ECG [103, 104]. Diastolic dysfunction is
a common defect in MCTD, and echocardiography demonstrates abnormalities of
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the diastolic filling indexes due to atrial contraction, such as prolongation of iso-
volumetric relaxation time, reduction of peak early diastolic flow velocity, and an
increase of peak late diastolic flow velocity [105, 106]. Systolic function is usually
conserved. Histologically sections reveal inflammatory cell infiltrate and/or prolif-
erative vasculopathy of the epicardial and intramural arteries. Autoptic studies have
proven the presence of lymphocytic and polymorphonuclear infiltrates in the peri-
vascular space but also intimal proliferation with an increased number of acellular
elements [103].

8.6 Antiphospholipid Syndrome

APS is a rare autoimmune disease characterized by a high tendency of developing
thrombotic events. It is diagnosed on the basis of defined clinical criteria and spe-
cific laboratory findings [107]. The former are represented by vascular thrombosis
and/or pregnancy morbidity, while the latter are elevated levels of serum antiphos-
pholipid antibodies (aPL). These include lupus anticoagulant (LA), anticardiolipin
(aCL), and/or anti-beta2-glycoprotein I (anti-p2GPI) antibodies. The syndrome can
be a primary disorder or it can be secondary to an underlying condition, most com-
monly SLE. The heart involvement is a frequent finding that is supposed to be medi-
ated by direct aPL actions on cardiac structures or through vessel thrombosis which
lead to myocardial ischemia.

8.6.1 Valve Involvement

Valvular damage is the most frequent cardiac manifestation of APS, being detected
in one third of patients. The major alterations include vegetations or thickening of
valve leaflets as Libman-Sacks endocarditis which was first described in SLE [108—
110]. The pathogenic role of aPL seems to have a close link with the valvular dam-
age, as supported by the evidence of deformed heart valves in patients with aPL
positivity and no clinical signs or symptoms of disease [108, 111]. The prevalence of
valvular defects in primary APS is reported to be between 32 and 38%, based on
echocardiographic studies [112]. The most frequent altered valve is the mitral, fol-
lowed by aortic; on the contrary, Libman-Sacks endocarditis involves often the tri-
cuspid valve. These abnormalities are usually asymptomatic from a clinical
standpoint; in fact, only 4-6% of APS patients develop severe disease that requires
surgical treatment [40, 113]. The diagnosis can be made with traditional echocar-
diography, even if transesophageal approach is more sensitive [114, 115]. The
importance of this pathological consequence of the syndrome goes beyond heart
damage; indeed, some studies prove how it may be considered as a major risk factor
for cerebrovascular accidents, particularly in primary APS [116, 117]. The pathogen-
esis of the valvular damage is referred to micro-injuries of some hemodynamically
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vulnerable sites which undergo repetitive mechanical stress [118]. These conditions
should induce the exposition of negative phospholipids on both valve surface and
endothelial cells of intra-valve capillaries leading to the interaction with aPL [118].
Histologically, some studies prove the coexistence of new and old lesions character-
ized by the presence of superficial or intravalvular fibrin deposits. This pathological
feature triggers subsequent vascular proliferation, fibrosis, and calcification which
lead to valve thickening, fusion of commissures, and rigidity of valvular apparatus
[119]. Inflammation seems to be not a prominent feature, even in the presence of a
linear subendothelial deposition of immunoglobulins and complement components
[119]. The same pattern and location of staining were observed with anti-idiotypic
antibody to aCL; moreover, a significant amount of IgG immunoglobulins that bound
to cardiolipin was eluted from valves of patient with secondary APS [119]. Such
deposits may be probably involved in the pathogenesis of valvular lesions [119].

8.6.2 Atherosclerosis

Atherosclerosis is significantly accelerated and more prevalent in patients with APS
than in the general population, despite similar CV risk factors [120]. From a clinical
standpoint, this process manifests with syndromes of different severity, from angina
to sudden death, passing through myocardial infarction. Increasingly data demon-
strate how this process is driven by direct immunological effects of aPL, especially
anti-p2GPI [121], but also through autoantibodies cross-reactions and increased
oxidative stress [122]. Histological studies on atherosclerotic plaques prove the
contiguity of beta-2 glycoprotein I to T-CD* lymphocytes areas in the subendothe-
lial regions [123]; moreover, in vitro experiments demonstrate how aPL accelerate
plaque formation, enhance macrophage transformation in foam cells, and reduce the
activity of paraoxonase which increases oxLDLs [124]. The binding of beta-2 gly-
coprotein I to oxXLDLs generates a molecular complex that interacts with aPL lead-
ing to an increased uptake by macrophages via Fcy receptors [125]. The proof of an
increased rate of CV events in APS patients is represented by the prevalence of
myocardial infarction which is 5.5% [108], 2.8% as first manifestation of the dis-
ease, compared to 1.4-3.2% of general population [126]; moreover, some studies
correlate the levels of aPL with the incidence of severe CV events [127].

8.6.3 Myocardium

Chronic damages to heart tissue can manifest also with a less acute myocardial
dysfunction. The pathogenesis is hypothesized to be derived from both direct anti-
body effects and repeated micro-embolism phenomena which ultimately impair
pump function. Histologically, there is evidence of inflammation, immune deposits,
and thrombosis in intramyocardial arteriolar with microinfarction of surrounding
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areas [122]. Cardiac MRI is the most sensible test to detect microvascular damages;
in fact, a study shed on light that APS patients with low pretest probability of coro-
nary heart diseases (CHD) have ischemic lesions in 11% of cases, while only 3.7%
of the controls show the same alterations [128]. For all these reasons, the assess-
ment of patient atherosclerotic status is crucial to estimate the overall CV risk of
thromboembolic complications. Carotid intima-media thickness is considered an
early marker of generalized atherosclerosis [122] and can be easily explored with
echocardiography, allowing a noninvasive but accurate evaluation of the situation.

8.7 Sjogren’s Syndrome

Sjogren’s syndrome is an autoimmune condition characterized by a chronic inflam-
mation of exocrine glands which leads to their functional impairment and manifests
with sicca syndrome.

The extraglandular signs are represented mainly by arthritis, even though it is
described a wide range of organ involvement such as pulmonary and renal abnor-
malities but also vascular and gastrointestinal alterations. Heart injuries are rarely
reported, even though echocardiographic studies suggest that subclinical abnormal-
ities are relatively common [8].

8.7.1 Pericardium

Data demonstrate that approximately 33% of patients affected by SS present ultra-
sound signs of pericarditis, but only half of them complaint some symptoms [129].
Pericardium wall thickening or echodense signals may be consequences of subclini-
cal conditions which can be derived from either the underlying disease or other
causes. Some studies suggest that pericardial inflammation may be more frequent in
older patients or in those that present a shorter disease duration and ANA positivity
but also high levels of orosomucoid and haptoglobin [130].

8.7.2 Heart Function

Left ventricle diastolic dysfunction is an important cause of morbidity and may be
an early sign of myocardial damage in various diseases. It has been shown that it is
detectable in a significant number of patients. The pathogenesis underlying this
heart abnormality remains still unclear, even if it has been suggested that myocar-
dial Raynaud’s phenomenon may mediate the damage. Other mechanisms refer to
stable microcircle alterations such as small intramyocardial vessel vasculitis or vasa
vasorum impairment, but these conditions can be confirmed only by myocardial
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biopsy [130]. Only a limited number of HF cases have been reported and no histo-
logical diagnosis was made. The suspicion of autoimmune etiology was derived
from the exclusion of other possible causes and from the rapid response to immuno-
suppressive therapy [131, 132].

8.8 Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a systemic disease characterized by a chronic inflam-
matory condition affecting primarily the joints. Extra-articular manifestations
include frequently and can directly involve several organs such as the lungs, skin,
and eyes. Heart involvement is frequently found and substantially increases the risk
of mortality, accounting for about a 50% excess compared to the general population
[133, 134]. The pathogenesis is mainly related to the pro-inflammatory status of the
patients which drive augmented oxidative stress of lipoprotein leading to acceler-
ated atherosclerosis. For this reason, RA should be considered as a major CV risk
factor. European League Against Rheumatism (EULAR) guidelines for CV risk rec-
ommend an annual assessment [135]; however it is important to note that traditional
scores may underestimate the real hazard in RA patients [136].

8.8.1 Pericardium

Pericarditis is believed to be the most common cardiac manifestation of RA [137],
and clinical symptoms are present in less than 5% of patients, while asymptomatic
finding is seen in 20-50% by echocardiography. Pericarditis is more frequent in
men, especially if autoantibodies are positive and in case of severe or active disease
[138]. It can include both exudative and constrictive manifestations. Studies on peri-
cardial fluid have demonstrated the presence of high level of proteins and lactate
dehydrogenase but low levels of glucose [139]. Symptomatic patients usually mani-
fest chest pain and dyspnea, but some of these develop nonspecific clinical pictures;
therefore, echocardiography is being revealed an essential procedure to clarify unde-
fined clinical situations detecting pericardial effusion. It is important to point out that
sometimes pericarditis may develop after biologic initiation; in this case infections
and tumors should be excluded, as well as SLE after anti-TNFa treatment [140].

8.8.2 Valvular Disease

Valvular heart disease is not considered a major extra-articular manifestation of RA,
even if echocardiographic studies demonstrate the presence of different valve
defects which affect from 24 to 39% of patients. Mitral valve, the most frequent site
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of pathological involvement, can be aggravated by both stenosis and regurgitation
of various grades. This is the result of structure thickening generated by localized
fibrosis or nodules [138].

8.8.3 Atherosclerosis

Atherosclerosis is considered as a collateral but not secondary process related to
RA; in fact, chronic systemic inflammation is known to increase the CV burden
inducing endothelial dysfunction that leads to accelerated atherogenesis [141, 142].
Several studies prove how inflammatory molecules, such as CRP or cytokines, are
common key players in the pathogenesis of both diseases [11]. TNFa can alter the
endothelial metabolism, and similarly, IL-6 induce an overall change of surface
molecules of the endothelium that develops a pro-inflammatory status; moreover a
study demonstrates how IL-6 overproduction reduces lipid concentrations in RA
patient and enhances the expression of very low-density lipoprotein receptors in
mice [143]. The link between inflammation and atherosclerosis in RA patients is
further underlined by the evidence that the association between carotid plaques and
inflammatory markers is independent of classical CV risk factors [144]. The major
complex of histocompatibility DRBI1 is significantly associated with RA suscepti-
bility and also can potentially confer an increased risk of coronary heart disease
[145]. This finding adds evidence to the not completely clarified role of adaptive
immunity in the pathogenesis in atherosclerosis [145]. Nonetheless, additional fac-
tors (i.e., smoke habit, obesity, hypertension, dyslipidemia) alter the fibrinolytic
pathway and coagulation status, raising the rate of plaque rupture. For these rea-
sons, EULAR recommends using a modified Systematic Coronary Risk Evaluation
(SCORE) to determine the 10-year risk of fatal CVD in RA patients [146].

8.8.4 Heart Function

Ischemic heart disease is a frequent complication in RA. The risk of acute myocar-
dial infarction is about double compared to the general population, and the presence
of unrecognized coronary heart disease is not rare in RA. Sudden death prevalence
in RA patients is almost twofold than the general population [10]. HF has been
reported in about 4-11% of RA cases; however, some studies demonstrate how
prevalence can rise to 24% in selected RA populations which are characterized by
high disease activity, glucocorticoid treatments, and positivity of rheumatoid factor
[147]. HF derives from a progressively reduced organ reserve that ultimately leads
to HF resulting from a detrimental remodeling of myocardial tissue driven by acute
or chronic insults. The pathological injury can be the result of ischemic heart events
as well as valvular disease, cardiomyopathies, and rhythm abnormalities [138].
Echocardiography and MRI are helpful to recognize potential etiologies and also to
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establish cardiac function, which, in RA patient, is usually depressed in its diastolic
function. Studies on myocardial damage demonstrate how innate immunity cells are
critical players in HF remodeling. The production of pro-inflammatory cytokines by
injured tissue is the first step in the activation of acute inflammation [138] which
aggravates the damage. The amplification of inflammatory pathways determines
harmful effects on healthy cell metabolism by increased oxidative stress; moreover,
these redundant molecular circuits recall additional immune cells in situ which
worsen the process. The strong relation between inflammation and heart disease is
nowadays widely proved by several data; some of these demonstrate the active roles
played by TNFa and other pro-inflammatory cytokines (i.e., /L-6 and IL-1f) on the
progression of obstructive coronary artery disease [138] and left ventricle remodel-
ing [148-150]. Interestingly, Giles et al. have observed a robust association among
myocardial dysfunction and disease activity and age but also interstitial fibrosis in
RA compared to non-RA groups [151]; these findings are strengthened by histologi-
cal analysis of myocardial samples which manifest higher levels of interstitial
citrullination and fibrosis [151].

8.9 Conclusions

Cardiac involvement is a very common comorbidity of systemic autoimmune dis-
eases which greatly contributes to a general deterioration of patient health status and
to a higher mortality rate in comparison to general population. Traditional risk fac-
tors do not explain entirely a so significant CV risk, as reported in different case
series and national databases; in fact, increasingly evidences link the mediators
involved in chronic inflammation and in other immune mechanisms to the harmful
action on heart tissue, as previously described. The cornerstone for a comprehensive
management of autoimmune diseases lies thus in an aggressive control of disease
activity associated with an accurate modification of traditional CV risk factors.
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