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Aims and Scope of the Series

Today, since molecular science on structural causes of oncological pathologies and
their molecular treatments are developing at an unbelievable rate, the primary
medical cause of death in the twenty-first century will be cardiovascular disease.
Neither pandemics that threaten all humanity nor deterioration in the ecosystem
will be able to change this fact. Especially, this century seems poised to witness an
incredible struggle against atherosclerotic disease, which develops in the arterial
walls and results in narrowing and occlusion of the arterial lumen. In addition to
this disease, there has been an increasing prevalence of heart rhythm problems,
deterioration of heart valves due to aging, and heart failure. Serious vascular
pathologies such as stenosis and occlusion, dissection and rupture, and aneurys-
mal enlargement are also major concerns. Medical and invasive treatment meth-
ods may work to save human lives, but they will never provide a real solution. All
kinds of medical, technological, and genetic engineering developments obtained
in these processes have not yet been sufficient to alleviate or eliminate cardiovas-
cular disease. This book series, Cardiology and Cardiovascular Medicine, includes
three topics. The first, Cardiovascular Diseases and Health, reviews important car-
diovascular diseases and the developments in their prognosis. The second topic,
Cardiovascular Electrophysiology, illuminates the abnormal functioning of the
cardiac conduction system, which is caused by all heart pathologies and negatively
affects prognosis. The third topic in this series, Cardiovascular Surgery, details
treatment for cardiovascular pathologies and how to regulate normal physiological
functions with percutaneous or extracorporeal interventions.
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Preface

Myocarditis and pericarditis are inflammatory conditions of the heart that can lead

to significant morbidity and mortality if not detected and managed promptly. These
conditions are often challenging to diagnose due to their nonspecific clinical presenta-
tion and variable disease course. In recent years, the use of cardiac biomarkers has
emerged as a valuable tool for the early detection and risk stratification of patients with
myocarditis and pericarditis, including cardiac troponin, B-type natriuretic peptide
(BNP), and C-reactive protein (CRP). These, along with the clinical presentation and

advanced imaging, aid the clinician in diagnosing these diseases.

Cardiac inflammatory diseases (CID) are a group of conditions that cause inflamma-
tion within the heart’s structure. There are many types of CID’s which are categorised
in Table 1. CID’ include pericarditis, myocarditis, and endocarditis. The prevalence
of CID’s appears to be higher in males than females and affects all age groups. In some

Cause Category Pericarditis Myocarditis Endocarditis
Infectious Viral (e.g., Vial (e.g., Coxsackievirus, Bacterial (e.g.,
Causes Coxsackievirus, HIV) adenovirus) Staphylococcus aureus,

Streptococcus viridans)

- Bacterial (e.g,,
tuberculosis,
pneumococcus)

Bacterial (e.g.,
Corynebacterium
diphtheriae, Borrelia)

Fungal (e.g., Candida,
Aspergillus)

Fungal (e.g., Histoplasma

Parasitic (e.g., Trypanosoma

Rarely viral (in

Autoimmune /
Inflammatory

capsulatum) crugi) immunocompromised
patients)

Systemic lupus Rheumatic fever Rheumatic heart disease

erythematosus (SLE)

Rheumatoid arthritis Sarcoidosis Systemic lupus

erythematosus (SLE)

Post-myocardial
infarction (Dressler’s

Autoimmune myocarditis

syndrome)

Post-surgical / Following cardiac Cardiac trauma Prosthetic valve

Trauma surgery implantation (risk factor)
Chest radiation therapy

Toxic / Drug-induced lupus Chemotherapy (e.g., Intravenous drug use

Drug-induced (e.g., hydralazine, anthracyclines) (as a predisposition to
isoniazid) infection)

Alcohol or cocaine-induced
toxicity

Idiopathic

Most common form
(often presumed viral)

Frequently idiopathic,
presumed viral

Rarely idiopathic; usually
a pathogen is identified

Table 1.

Categorisation of cardiac inflammatory diseases.



cases, the disease is self-limiting, resulting in full recovery, however, in other affected
individuals, a chronic pathophysiology of the disease can occur. Identifying the
primary cause of CID’ is critical for successful intervention and reduction in morbid-
ity and mortality. The aetiology of CID’ is complex and can be initiated by a large
variety of infectious agents such as viruses and bacteria, fungi and parasites and
non-infectious causes such as autoimmune diseases; pharmacological intervention
including traditional chemotherapy and immune checkpoint inhibitors; environmental
toxin exposure; substance abuse such as alcohol or other illicit drugs.

Historical perspective

In the 1750s, the collection and description of findings relating to different organs,
médecine sémiotique [semiotic medicine; relating to signs and symbols] emerged as the
underlying basis of disease classification. The first descriptions of ‘inflammations of the
heart, commonly referred in many historic publications as ‘carditis’; occurred in 1749 by
the French physician Jean-Baptiste de Sénac (1693-1770), living in Versailles, in his work
‘Traité des maladies du Coeur’. In 1761, in his essay ‘De Sedibus et Causis Morborum,
Giovanni Battista Morgagni (1682-1771) described cardiac anatomical findings sug-
gestive of myocardial fibrosis. The father of vaccination, the British physician Edward
Jenner (1749-1823), discovered the relationship between cardiac involvement and
rheumatic fever. This description of rheumatic heart disease was sent to a medical jour-
nal in London but was lost and never published. In Paris, 1806, Jean-Nicolas Corvisart-
Desmarets (1755-1821) produced a monograph entitled ‘Essai sur les maladies et des
lesions organiques du Coeur et des gros vaisseaux’ which documented all pathology,
symptoms and therapies known at the time relating to diseases of the heart. The Scottish
anatomist and surgeon Allan Burns (1781-1813) produced the first descriptive book of
heart diseases in Great Britain in 1809 entitled “The most frequent and important disease
of the heart’. Rudolf Ludwig Carl Virchow (1821-1902), the father of modern pathology,
then discriminated between inflammation of the parenchyma and interstitial tissues
and was the first to use the term chronic myocarditis (Figure 1).

Jean-Baptiste de Sénac Giovanni Baltista Edward Jenner Jean-Nicolas Rudolf Ludwig Carl
(1693-1770) Morgagni (1749-1823) Corvisar-Desmarels Virchow
(1682-1771) (1755-1821) (1821-1902)
Line engraving by Phatograph of an Mezzotint by Qi on canvas by
engraving by
A B Duhamel after Louis John Raphael Smith Gabriel Lemonnier Gemalt von Hanns
Denis Fossier G. Volpato (1752-1812) (1743 - 1824) Fechner (1860-1931)
(1744-1781) (1735-1803)
Welicome Callection, Wallcome Coll 2 Welk Collection, Musée d'Histoire de la University Library
London London Londan Medecine, Paris ‘Wiirzburg
Figure 1.

Notable Anatomists, Physicians and Pathologists first describing ‘inflammations of the heart’ [carditis]. Images in
public domain.
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The 1930s defined disease as ‘cor hypertonicum’ due to electrocardiography, and in
1937, it was differentiated into disease of the heart muscle caused by coronary heart
disease by Paul Dudley White (1886-1973) in ‘Heart Disease’, published by Macmillan,
New York (White 1931). In the 1940’ links to bacterial and viral agents causing
myocarditis were made, including Streptococcus and Coxackie virus. Modern viral
agents such as SARS-CoV-19 are also known as a causative agent of severe myocardial
inflammation.

There are many diagnostic modalities used to diagnose CID’s which assess structural
anatomy of the heart, contractility and function along with biochemical markers of
cardiac pathology (Table 2).

Modality

Clinical utility and/or examples

Biochemical testing

Blood culture

Identification of pathogenic organism

Cardiac markers IL-6, CRP, CK/CK-MB, myoglobin, Cardiac Troponin,
Natriuretic peptides,
Inﬂammatory markers FBC, ESR, IL-6 CRP

Cardiac autoantibodies

b-1 adrenergic receptors (p1-AR), cardiac myosin, cardiac
troponin I, cardiac myosin binding protein-C (cMyBP-C),
Na/K-ATPase.

Imaging techniques

Electrocardiogram (ECG)

Electrical activity and contractility

Echocardiogram (echo)

Ultrasonic imaging to establish blood flow, structural wall
indicators and contractility.

Cardiac computer tomography (cardiac CT)

Visualisation of ASCVD, plaque formation and extent of
coronary calcification.

Cardiac magnetic resonance imaging (c-MRI)

Magnetic fields and radio waves to generate structural
image of cardiac function.

Chest X ray (CXR)

Basic imaging technique to identify cardiac shape and
size.

Invasive procedural diagnostics

Endomyocardial biopsy (EMB)

Surgical resection of myocardial tissue for histological
analysis. Considered the gold standard for myositis.

Cardiac catheterisation

Visualisation of ASCVD

Table 2.
Diagnostic modalities used to detect cardiac inflammatory diseases.

This book provides a comprehensive review of Inflammatory Myocardial Diseases.
It is organized into three sections: (1) Pathobiology of Myocardial Inflammatory
Diseases; (2) Imaging for Inflammatory Myocardial Diseases; and (3) Interventions
for Inflammatory Myocardial Diseases. Chapters address topics including inflamma-
tory diseases in rheumatological patients; acute and recurrent pediatric pericarditis;
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clinical detection methods; imaging methods including cardiac magnetic resonance
in scleroderma; extracorporeal membrane oxygenation for fulminant myocarditis
complicated with cardiogenic shock; and surgical interventions.

XVIII

Dr. David C. Gaze
Biomedical Sciences,
School of Life Sciences,
University of Westminster,
London, United Kingdom
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Chapter1

Inflammatory Heart Disease in

Patients with Rheumatological
Profile

Fidan Natig Gasimova, Gulustan Hamid Babayeva,

Gulnara Sadig Nur-Mammadova, Leman Kamaladdin Babayeva,
Guliyeva Ilkana Makhaddin, Vusala Niyat Atakishiyeva,
Maghrur Yashar Mammadov and Parviz Gunduz Niftiyev

Abstract

Rheumatic diseases are among the most severe immune-inflammatory diseases
and are characterized by a chronic progressive course with damage to many organs
and systems of the body, leading to the loss of professional and social skills, disability
in working age, and a decrease in the life expectancy of patients. Depending on the
leading mechanism of immune activation, they are conventionally divided into two
main categories: autoimmune and autoinflammatory. Rheumatic diseases, as a result
of chronic systemic inflammation, often lead to damage to the cardiovascular system,
which can vary from asymptomatic or mild to severe and life-threatening, being a
significant cause of morbidity and mortality in this category of patients. In this case,
multispectral damage can be observed: from changes in the myocardium, pericar-
dium, valves, and conduction system, to the development of premature atheroscle-
rosis, and as a consequence, to the occurrence of coronary heart disease at a younger
age, and in some cases, the occurrence of vasculitis is possible. In this chapter, the
authors presented a broad overview of the main groups of rheumatological diseases
and the characteristics of cardiovascular damage in this group of patients. It is always
necessary to remember the need for multidisciplinary management of rheumato-
logical patients, given the diversity and high risks of disability and mortality in the
presence of cardiovascular lesions.

Keywords: rheumatological diseases, cardiovascular lesions, myocarditis, pericarditis,
atherosclerosis, vasculitis
1. Introduction

Immunoinflammatory rheumatic diseases (RD) are a group of diseases that are

among the most complex and difficult to diagnose and treat in modern medicine.
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Inflammatory Myocardial Diseases

These diseases have a chronic progressive course, which means that inflammatory
processes in the body do not stop, but, on the contrary, worsen over time, leading to
damage to many organs and systems. This not only significantly worsens the quality
of life of patients, but can also lead to a complete loss of their professional and social
functions. In some cases, the disease ends in disability at working age, which isa
significant social problem [1]. In addition, rheumatic diseases can significantly reduce
the life expectancy of patients, making them more vulnerable to various infections
and cardiovascular complications.

One of the key characteristics of these diseases is their ability to affect not only the
joints, as is often assumed, but also other vital organs and systems, which makes them
systemic in nature. At the same time, depending on which mechanism of activation of
the immune system dominates in the pathogenesis of the disease, RDs are divided into
two main categories: autoimmune and autoinflammatory. Autoimmune diseases occur
when the body’s immune system begins to attack its own tissues, mistaking them
for foreign, while autoinflammatory diseases are associated with hyperactivation of
inflammatory processes, but without the participation of an autoimmune reaction.

Rheumatic diseases, as a result of chronic systemic inflammation, often have
a negative impact on the cardiovascular system (CVS), which is one of the most
significant aspects determining the severity of the disease and its prognosis. Cardiac
lesions in RD can manifest themselves in a variety of forms, ranging from asymp-
tomatic changes and mild disorders that do not cause immediate concern, to severe
cardiovascular catastrophes such as heart failure, myocardial infarction, and other
acute conditions. These complications are one of the main causes of morbidity and
mortality in patients with rheumatic diseases.

As part of cardiovascular lesions in RD, changes can occur in various structures
of the heart, including the myocardium (heart muscle), valves, pericardium (heart
lining), and the cardiac conduction system. For example, chronic inflammation can
lead to myocarditis—inflammation of the heart muscle, which impairs its ability
to effectively contract and pump blood. This, in turn, can cause heart failure and
even cardiogenic shock in severe cases. Damage to the heart valves can lead to their
deformation and insufficiency, which disrupts normal blood circulation and requires
surgical intervention. Inflammation of the pericardium (pericarditis) can also cause
pain and difficulty in the normal functioning of the heart.

In addition, rheumatic diseases often contribute to the development of premature
atherosclerosis, a condition in which fatty and calcium deposits are deposited in the
walls of arteries, narrowing the vessels and reducing their elasticity. Atherosclerosis
causes a chronic lack of oxygen in the tissues, which is especially dangerous for the
heart muscle. This process can lead to the development of coronary heart disease
(CHD)—a condition in which, due to insufficient blood supply, the heart muscle
suffers from a lack of oxygen and nutrients. CHD, in turn, increases the risk of
myocardial infarction, arrhythmia, and chronic heart failure. Importantly, with RD,
atherosclerosis develops much earlier than in the general population and more often
affects younger age groups [2].

A feature of these diseases is that inflammation in the body can spread to the
vessels, which can lead to the development of vasculitis—inflammation of the walls
of blood vessels. This condition disrupts normal blood flow and can lead to throm-
bosis, ischemia, and even tissue necrosis, which significantly worsens the patient’s
condition.

The extended spectrum of cardiovascular lesions in patients with rheumatological
diseases is presented in Table 1.

4



Inflammatory Heart Disease in Patients with Rheumatological Profile
DOI: http://dx.doi.org/10.5772/intechopen.1008794

Myocardial Pericardial Valvular Vascular Electrical
Congestive heart failure Pericardial Libman-Sacks Atherosclerosis Sudden cardiac
effusion vegetation death
Left ventricular hypertrophy Pericarditis Valvular Arterial stiffness Ventricular
regurgitation arrythmia
Diastolic dysfunction Valvular nodule Vasculitis Supraventricular
tachycardia
Myocardial fibrosis Thrombosis Atrioventricular
blocl
Amyloidosis ock
Table 1.

Some of cardiovascular manifestations of vheumatic diseases.

Thus, the interaction between rheumatic diseases and cardiovascular patholo-
gies is an important area for research and clinical practice. Patients with RD require
a comprehensive approach to treatment, since it is necessary not only to control
the inflammatory process in joint and other tissues, but also to actively monitor the
state of the cardiovascular system, preventing the development of life-threatening
complications. It is also important that such patients are under constant supervision
of specialists—cardiologists, rheumatologists, and other doctors, which will allow
timely adjustment of treatment and improve the prognosis of the disease.

2. Damage to the cardiovascular system in rheumatoid arthritis

The most typical and common representative of immunoinflammatory diseases is

rheumatoid arthritis (RA) [1].

Cardiovascular diseases (CVD) are recognized as the leading cause of mortality in
patients with RA, accounting for almost 40% [3]. In recent years, it has been found
that in patients suffering from RA, life expectancy is reduced by 7-10 years, and the
risk of developing CV pathologies increases by 50% [4]. Cardiac symptoms can be
caused both by the direct inflammatory process in the membranes of the heart and
by the early development of atherosclerosis [5, 6]. The risk of CVD increases in the
presence of traditional risk factors, such as high cholesterol, smoking, arterial hyper-
tension (HTN), decreased physical activity, use of non-steroidal anti-inflammatory
drugs (NSAIDs), glucocorticoids (GC), and the influence of inflammatory cytokines

on the vascular endothelium [7].

In RA, CVD risk factors are observed long before the appearance of clinical signs;
subsequently, chronic inflammation, characteristic of RA, contributes to the develop-

ment of atherosclerosis [8].

The key role in this process is played by the severity of RA: high disease activity,
the presence of extra-articular manifestations, severe functional joint insufficiency,
seropositivity for rheumatoid factor (RF) and antibodies to cyclic citrullinated
peptide (ACCP), and the use of GCs [9, 10].

Patients suffering from RA are highly susceptible to the development of all forms
of coronary artery disease, heart failure (HF), pericarditis, myocarditis, atrial fibril-
lation, valvular heart disease, and cardiac amyloidosis [11]. In patients with RA, the
risk of myocardial infarction (MI) and stroke increases by two times, and this risk
is almost three times higher in patients suffering from this disease for 10 years or
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more [3]. Based on the above, RA itself is a risk factor for the development of CVD
and its complications, and cardiac lesions in these patients have pronounced clinical
manifestations [12]. In this disease, all membranes of the heart are involved in the
pathological process: myocardium, pericardium, endocardium, as well as the aorta
and coronary arteries of the heart. In RA, the most common manifestation of cardio-
vascular (CV) pathology is pericarditis, which occurs in 4% of patients and, as a rule,
is asymptomatic [11]. Patients with RA are 10 times more likely to develop pericardial
effusion than patients without RA [13].

Exudative or adhesive pericarditis is much more common, which is detected at
autopsy in 50% of cases. It usually manifests itself as asymptomatic effusions into the
pericardial cavity, determined by echocardiography (Echo-CG), which is detected
in approximately 30% of patients. These effusions are rarely large enough to cause
cardiac tamponade, but if prolonged, they can lead to constrictive pericarditis.
Constrictive pericarditis requires pericardiectomy because this condition involves
fibrosis that does not respond to immunosuppressive therapy [14]. Rheumatoid
pericarditis is determined, as a rule, in patients with high inflammatory activity
and usually in patients with multiple systemic manifestations [5]. In most patients,
pericardial effusion develops after the onset of arthritis, but there are cases where RA
was diagnosed after pericarditis [15]. Pericarditis in RA is prone to recurrence.

Exudative pericarditis is clinically manifested by chest pain, pericardial friction
noise, increased heart size, muffled heart sounds, inversion of the terminal part of
the ventricular complex on electrocardiography (ECG), pericardial separation, and
other symptoms detected by echocardiography.

Rarely, but the development of right ventricular failure is possible. Sometimes
repeated evacuation of fluid from the pericardium is required. Pericardial effusion
exhibits low glucose levels and elevated concentrations of immunoglobulins, total
protein, and lactate dehydrogenase [5]. Immune complexes and RF may also be
present in the pericardial fluid, but their presence does not confirm that pericarditis is
caused specifically by RA [2].

The use of biological agents, widely used in the treatment of severe RA, is cur-
rently considered one of the “cornerstones” of therapy for RA associated with the
development of pericardial effusion. These treatment complications mainly occur
within 4 months of starting biological anti-inflammatory antirheumatic drugs
(bDMADRS) such as infliximab and etanercept [16]. In particular, purulent peri-
cardial effusion has been reported in patients receiving infliximab and etanercept
[17, 18].

Myocarditis in RA, unlike pericarditis, is less common. According to the results

of autopsies, myocarditis was found in 19% of patients with RA, mainly in females
with active arthritis, but in most patients myocarditis is clinically asymptomatic [11].
Myocarditis usually manifests and is diagnosed during periods of maximum activity
of the main rheumatoid process, which corresponds to the next pronounced exacer-
bation of the articular syndrome. Interstitial or granulomatous myocarditis occurs,
ending in the development of small focal cardiosclerosis. Interstitial myocarditis
occurs subclinically and does not lead to pronounced hemodynamic disturbances.
On the contrary, granulomatous myocarditis, caused by the formation of rheumatoid
nodules in the heart muscle, may be accompanied by persistent disturbances in heart
rhythm and conduction, but even in this case, there is no significant increase in heart
size or a significant decrease in cardiac output [5].

Endocarditis in RA is observed much less frequently than pericarditis. Pathological
studies demonstrate frequent involvement of the endocardium, in particular the valve
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apparatus, in the form of nonspecific inflammatory changes in the leaflets and valve
ring, as well as specific granulomas.

With rheumatoid endocarditis, valvulitis is also possible, which leads to defor-
mation of the valves and severe insufficiency of the affected valve, most often the
mitral valve, which requires surgical correction of the defect. Mitral insufficiency is
common and aortic insufficiency is less common. As for mitral stenosis and aortic
stenosis, this is a privilege of rheumatic heart disease and practically does not occur
in RA. Aortitis caused by the development of rheumatoid nodules in the aortic arch
(granulomatous aortitis) is extremely rare. Cardiac conduction abnormalities, cardio-
myopathy, coronary artery occlusion, and aortic regurgitation have been described
but are rare. Chronic inflammation in RA contributes to the accelerated development
of atherosclerosis, increasing the risk of coronary events such as myocardial infarc-
tion (MI) and angina. Traditional CVD risk factors, systemic inflammation, immu-
nological activity, and the influence of antirheumatic drugs play an important role in
the progression of atherosclerosis in RA [19]. In RA, inflammation is considered a key
factor, increasing the risk of CVD by 1.5-2 times compared with the general popula-
tion [20, 21].

Atherosclerosis and RA share many common inflammatory mechanisms:
Inflammatory processes in the synovial membranes of joints are similar to those that
lead to instability of atherosclerotic plaques. Proinflammatory cytokines, such as
a-tumor necrosis factor (a-TNF), interleukin-1 (IL-1), and interleukin-6 (IL-6), play
a central role in both the development of RA and atherosclerosis [22]. Overproduction
of these cytokines in inflamed synovial fluid leads to the activation of macrophages
in atherosclerotic plaques, which partly explains the progression of atherosclerosis
and the development of CV complications [23]. Autoimmune inflammation acts as
a key risk factor for the development of both clinical and subclinical manifestations
of atherosclerosis. This explains why chronic arthritis is often considered a natural
model for studying atherosclerosis. The accelerated development of atherosclerosis
can actually be considered a systemic manifestation of RA [1].

3. Damage to the cardiovascular system in ankylosing spondylitis

Seronegative spondyloarthritis (SSpA) is a group of inflammatory RDs with
common clinical and etiological features, including axial and peripheral inflam-
matory arthritis, enthesitis, extra-articular manifestations, and a close association
with the presence of the human leukocyte antigen HLA-B27 [24]. The SSpA group
includes ankylosing spondylitis (AS), psoriatic arthritis (PsA), reactive arthritis,
as well as arthritis associated with inflammatory bowel disease, undifferentiated
spondylitis, and juvenile AS. A characteristic feature of all SSpA is the absence of RF
in the blood serum of patients. Ankylosing spondylitis is the most common disease
in the SSpA group. It is a chronic inflammatory disease that typically occurs most
often in young men, primarily affecting the spine and sacroiliac joints and, to a lesser
extent, the peripheral joints. CVS lesions are detected in approximately 2-10% of
patients with AS, although this figure can reach 30% [25, 26]. The risk of developing
cardiac complications increases with the patient’s age, duration of AS, the presence
of HLA-B27, and damage to peripheral joints [27]. There are three types of inflam-
matory heart diseases associated with AS, which include aortic regurgitation and
aortitis, conduction abnormalities, and myocardial damage affecting left ventricular
(LV) ejection fraction [28]. CV manifestations usually occur with a long course of AS,
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but can also occur at an earlier time. Some cardiac syndromes in AS, such as aortitis
and aortic insufficiency, conduction disorders, myocarditis, valvulitis, are associated
with disease activity and can occur at any stage [29]. Manifestations of cardiovascular
complications in late, advanced stages of AS often lead to the development of irre-
versible cardiac structural changes [30, 31].

Damage to the cardiovascular system plays a key role in the clinical manifestation
of AS, as this has a decisive influence on the prognosis of the disease and approaches
to its treatment.

The following cardiac syndromes occur with AS:

* damage to the aorta and its structures—aortitis, periaortitis, aortic dissection,
and aortic insufficiency;

* conduction disturbances with the development of atrioventricular (AV) block;

* pericarditis with threat of cardiac tamponade; myocarditis with the possible
development of left ventricular (LV) dysfunction;

* valve defects—aortic insufficiency, mitral insufficiency, and stenosis with pos-
sible subsequent valve replacement.

Aortic damage is one of the most common cardiovascular complications in AS. It is
characterized by inflammatory changes in the adventitia (aortitis), and degenerative
and atherosclerotic changes in the intima-media complex, which leads to fibrosis,
dilation of the ascending aorta and arch, narrowing and obliteration of the vasa
vasorum, and perivascular infiltration [32, 33].

The morphological basis of aortitis is made up of changes occurring in the wall of
both the aorta itself and the vasa vasorum, namely:

* intimal proliferation;
* fibrosis and thickening of the adventitia;
* focal destruction of elastic tissue by inflammatory cells;

* perivascular infiltration by inflammatory cells and obliterating endarteritis vasa
vasorum.

A characteristic feature of the inflammatory process in AS associated with HLA-
B27 is occlusion of the vasa vasorum [34]. Aortitis in AS usually covers a small area
of the aorta, including the root and ascending part. Aortitis is often accompanied by
valvulitis of the aortic valve, which leads to fibrosis, thickening, and retraction of the
leaflets. Developing aortic regurgitation is caused by both aortic dilatation and valve
insufficiency [32].

The development of relative aortic insufficiency in patients with AS is most often
associated with expansion of the aortic root [35]. In this disease, the most commonly
affected structures are the ascending section and root of the aorta, the leaflets of the
aortic and mitral valves, as well as the zone of transition of the posterior wall of the
base of the aorta into the anterior mitral leaflet, where a ridge-like thickening of
the endocardium is formed, represented by post-inflammatory fibrous tissue. This
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phenomenon is called the “subaortic bump”, and is considered specific to AS and
other SpA [36]. In patients with AS, the incidence of conduction disorders is higher
compared to the general population [25, 37]. This is explained by the fact that in AS,
during the period of exacerbation of inflammation, the cardiovascular system is often
involved in the pathological process, which leads to arrhythmias against the back-
ground of myocarditis and endocarditis [38, 39]. With a decrease in inflammation,
disorders that appeared during high AS activity may disappear [40]. However, relief
of inflammation is often accompanied by the development of connective tissue in the
myocardium, including its subendocardial part, which can lead to chronic conduction
and rhythm disturbances. These disorders do not disappear without constant medical
or surgical intervention [39, 41, 42].

One of the most common cardiac manifestations of AS is AV block. According to
various sources, the frequency of AV blockade in AS ranges from 15 to 20%. Various
conduction disorders, including AV and intraventricular blocks, occur in almost 1/3
of patients. About 7% of patients suffer from sinus bradycardia, which may be associ-
ated with dysfunction of the sinus node due to pathological changes in the wall of
the artery supplying the node and the myocardium of the right atrium. Most patients
have a first-degree block or incomplete block of the left bundle branch.

Complete heart block, requiring pacemaker implantation, occurs in 1-9% of male
patients with AS, 20% of whom are HLA-B27 positive. In women, the frequency
of detection of the gene was not noted [2]. According to numerous studies, in AS,
in addition to the main risk factors for CVD, cardiac conduction disturbances are
observed, which are more common in males, mainly with higher disease activity
[43]. Patients with AS also experience frequent occurrence of bradycardia and ECG
changes in the form of prolongation of the QT and PQ intervals, which leads to an
increased risk of developing atrial fibrillation and AV block of the first degree. In
turn, atrial fibrillation increases the risk of developing heart failure and stroke by five
times and, in general, the risk of mortality by two times [44-46].

There are two main hypotheses explaining the etiology of conduction disturbances
in patients with AS: The first theory suggests that inflammation causes damage to the
interventricular septum, while the second associates these disturbances with AV node
dysfunction, which occurs due to impaired conduction of impulses from the sinus
node. These processes contribute to the appearance of supraventricular extrasystoles
and the formation of AV blockades [47, 48].

According to Goulenok et al., routine ECG testing in patients with AS often
does not reveal CV disorders. However, if patients with AS have symptoms such as
shortness of breath, fatigue, and decreased exercise tolerance, an ECG should be per-
formed to assess possible rhythm and conduction disturbances [46]. The proportion
of patients with AS who have coronary artery disease and hypertension is the same
both among those who have cardiac conduction disorders and among those who
do not have such disorders [45]. According to the AS treatment protocol, patients
require long-term, continuous use of NSAIDs, which may contribute more to the
development of IHD in this category of patients than the course of the disease itself.
Since patients with more severe forms of AS are more likely to take relatively high
doses of NSAIDs, their likelihood of developing CHD is significantly higher. This is
explained by the fact that the use of COX-2 inhibitors has a direct correlation with
the occurrence of ischemic heart disease [47, 48]. Pericarditis with AS is rare—less
than 1% of cases. As a rule, it is adhesive and occurs with mild clinical symptoms; it
is diagnosed using Echo-CG or X-ray examination by the presence of pleuropericar-
dial adhesions [5].
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4. Damage to the cardiovascular system in psoriatic arthritis

Psoriatic arthritis is a chronic progressive systemic disease associated with psoria-
sis (Ps), characterized by the development of peripheral arthritis, dactylitis, multiple
enthesitis, and spondyloarthritis with the localization of the pathological process
mainly in musculoskeletal tissues [49]. PsA is a multifactorial disease in which many
organs and systems of the body are involved in the pathological process, and various
metabolic disorders are observed, which allows us to consider this pathology as a
multisystem disease [50].

In PsA, cardiac damage is of primary importance among visceral pathologies,
which occurs in every 3-rd patient.

Currently, large registries and cohort observations have obtained information
about the high prevalence of traditional CV risk factors, such as smoking, dyslipid-
emia, and abdominal obesity, which contribute to the development of fatal MI and
acute cerebrovascular accident in people with PsA, which reduces the life expectancy
of patients compared with general population [51]. In addition, the development of
awide range of CVDs is noted, primarily metabolic syndrome (MS), hypertension,
acute coronary syndrome, and thromboembolism [52]. Thus, in a prospective study
conducted by Bengtsson et al., in an analysis of the Swedish National Register, it was
shown that patients with PsA are at high risk of developing acute coronary syndrome
and strokes [53, 54].

The occurrence of cardiovascular pathology in patients with PsA is associated
both with chronic systemic inflammation and autoimmune disorders, which form
the basis of the pathogenesis of these diseases, and with the side effects of anti-
rheumatic therapy [55].

Systemic inflammation that occurs in PsA is accompanied by an increase in the
level of pro-inflammatory cytokines such as a-TNF, IL-2, IL-6, IL-8, and IL-17,
which affect angiogenesis, adipogenesis, regulation of insulin production, activation
of inflammatory cells, and platelet adhesion [56, 57]. As is known, high levels of
o-TNF lead to reversible endothelial dysfunction, increased expression of adhesion
molecules, and activation of invasion by dendritic cells of vessel walls [58, 59]. An
increase in the level of IL-6 and IL-2 is accompanied by a pronounced disturbance of
microcirculation, increased thrombus formation, and, ultimately, the formation of an
atherosclerotic plaque. Thus, when conducting positron emission computed tomog-
raphy (PECT) in patients with moderate and severe Ps, signs of generalized systemic
inflammation were found in the heart, aortic wall, liver, skin, joints, and ligaments,
including in patients without clinical signs of arthritis [54, 60].

Thus, the combination of traditional CVD risk factors and systemic inflammation
in PS and PsA appears to explain their high prevalence and increased cardiovascular
risk in these diseases compared to the general population [61]. This is due to the fact
that many of the inflammatory mediators and cell adhesion molecules, the concen-
trations of which increase in PsA, can directly contribute to the development of
endothelial dysfunction, which leads to the occurrence of CVD [62, 63]. This fact is
confirmed by the information that in patients with PsA and without CV risk factors
or clinical manifestations of the disease, signs of endothelial dysfunction were found
[64]. Thus, the relative risk of MI increases with increasing severity of PS and PsA,
and in men over 30 years of age, there is a threefold increase in this risk [65]. In addi-
tion, studies have shown a correlation between the risk of developing CVD and the
severity of PsA, as well as an increase in the incidence of peripheral vascular diseases
and cerebrovascular disorders [66, 67].
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Among the cardiovascular pathologies in patients with PsA, the most common
development is myocarditis, which is usually observed against the background of
high laboratory activity and is manifested by a moderate expansion of the borders of
the heart, a weakening of the first sound, the appearance of a third sound, moderate
systolic murmur, tachycardia not consistent with fever, rhythm and conduction dis-
turbances, diffuse changes in the myocardium according to ECG data, prolongation
of the QT interval. To identify myocarditis, it is not so much these changes that are
important, but their close relationship with exacerbations of the disease and positive
dynamics under the influence of the therapy. Pericarditis is usually adhesive, has a
blurred clinical picture, and is identified by the presence of pleuropericardial adhe-
sions. In rare cases, pericardial effusion has been observed [68].

Aortitis often occurs in PsA. A detailed Echo-CG study of two groups of patients,
one of which consisted of patients with PsA without damage to the axial skeleton and
the second with stage III-IV sacroiliitis and/or AS, revealed significant differences in
the condition of the aorta [68].

Aortic dilatation occurred significantly more often in patients with PsAS than
in patients with only peripheral arthritis. When the spine was affected, Echo-CG
signs of thickening of the aortic wall were more often observed. In some cases, foci
of thickening up to 5-9 mm are noted on the posterior wall of the aorta at a distance
of 2-3 cm from its root (subaortic bump), as is observed in AS. In PsA, fibrosis of
the ascending aortic arch is observed, spreading to the aortic valves, the ostia of the
coronary arteries, and the interatrial septum, which is more typical for psoriatic
spondylitis.

Particular attention is drawn to the localization of inflammatory processes in the
endocardium. A comprehensive analysis of clinical and instrumental data, including
ultrasound examination of the heart, revealed organic defects, such as combined
mitral disease, combined mitral-aortic defects, as well as isolated aortic insufficiency.
Determining the etiology of heart defects presents significant difficulties due to the
prevailing opinion that combined mitral-aortic defects, especially mitral stenosis,
are characteristic of rheumatic carditis. In some cases, a combination of PsA and
rheumatic heart disease is possible. In some patients without a history of RDs, heart
defects developed against the background of psoriatic rashes, erosive arthritis and/

or AS, and in these cases, valve damage can be considered a consequence of psoriatic
endocarditis [68].

5. Damage to the cardiovascular system in systemic lupus erythematosus

Systemic lupus erythematosus (SLE) is a chronic autoimmune disease with multi-
system involvement and unknown etiology, characterized by a wide range of clinical
manifestations and an unpredictable course [49]. It should be noted that over the past
decades, due to the increase in the effectiveness of therapy, mortality from all causes
in SLE has decreased significantly, while mortality from CVD remains at a high level
and they remain the leading cause of death in these patients [69, 70]. The prevalence
of CVD in patients with SLE is more than 50%, which is significantly higher than that
in the general population [71, 72].

The heart is one of the most commonly affected organs in patients with SLE,
which can affect all its anatomical structures, including the pericardium, myo-
cardium, endocardium, coronary arteries, valves, and conduction system, which
can ultimately lead to end-stage heart failure CV continuum [73]. In addition to
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pericarditis and myocarditis, coronary heart disease is quite common and is recog-
nized as one of the main causes of mortality, especially in elderly patients and in those
with long-standing SLE [74]. SLE is associated with an increased risk of accelerated
atherosclerosis and CV events such as CAD, stroke, and peripheral artery disease

[75], which occur in both early and late stages of the disease, with younger patients at
significantly greater risk compared with their peers of the same age [76].

The increased incidence of CVD in patients with SLE is explained by a combina-
tion of traditional risk factors, as well as factors directly related to disease activity
and therapy. In addition, antiphospholipid antibodies (aPL), hyperhomocyste-
inemia, and the proatherogenic effects of chronic systemic inflammation play a
significant role [77, 78].

Pericarditis is the most common clinical manifestation of cardiac damage, the
prevalence of which in SLE, according to some autopsy data, is about 62% [79].
Pericarditis in SLE, along with pleurisy, is included in the classification criteria of the
disease. Lupus pericarditis occurs predominantly in women in approximately 92% of
cases, which is mainly due to the predominance of SLE in women [80].

The development of lupus pericarditis is usually accompanied by the appearance
of pain behind the sternum and/or in the precardiac and/or epigastric region, which
intensifies with breathing, bending the body forward, coughing, and swallowing.
The pain is quite variable in nature, intensity, and duration. Cases of asymptomatic
pericardial effusions are not uncommon. Effusions are usually mild, and although
moderate-to-large effusions may occur, serious complications such as cardiac
tamponade are rare in patients without renal failure. In renal failure, it is difficult
to distinguish pericarditis caused by uremia from pericarditis associated with SLE.
Pericardial fluid typically presents as an exudate containing LE cells, antinuclear
antibodies, immune complexes, low complement levels, as well as a predominance of
neutrophils, increased protein content, and normal or decreased glucose concentra-
tions [81]. These characteristics are similar to those of bacterial pericarditis, so it is
important to rule out infection [2]. With long-term SLE and recurrent pericarditis,
massive adhesions develop. Pericardial friction rub is detected in 8-29% of patients
with lupus pericarditis, which is associated with the short duration of this phe-
nomenon. Instrumental methods, in particular ECG, play an important role in the
diagnosis and assessment of the dynamics of lupus pericarditis. ECG changes similar
to those with pericarditis of other origins are recorded in 52-75% of patients. In the
acute phase, ST segment elevation is observed in all standard leads, as well asin aVL,
aVF, and V2-V6. After a few days, the ST segment usually returns to the baseline,
after which T wave flattening and inversion may be observed in those leads where ST
segment elevation was previously detected.

Complications such as constrictive pericarditis or cardiac tamponade are
extremely rare (<1%), tamponade occurs mainly in patients with drug-induced lupus
[82, 83]. Typically, the development of tamponade is observed with high activity
of SLE and more often in children and young adults. With cardiac tamponade, high
pressure in the pericardial cavity prevents diastolic filling of the ventricles, which is
clinically manifested by a condition characterized, on the one hand, by low cardiac
output, and on the other, by increased central venous pressure. Although lupus
myocarditis is uncommon in SLE, it is a serious complication due to its effects on the
conduction system and cardiac function [84]. Subclinical manifestations of cardiac
dysfunction detected by echocardiography are much more common than pronounced
clinical manifestations [82]. In SLE, myocardial dysfunction usually has a multi-
component nature and is associated with a combination of ischemic heart disease,
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hypertension, renal failure, and valvular defects. Systolic dysfunction and wall
damage caused by myocarditis are reversible thanks to immunosuppressive therapy
and control of SLE activity.

Clinical manifestations of myocarditis in SLE are very diverse and nonspecific:
fever, shortness of breath, chest pain, tachycardia, arrhythmia, edema. Clinically
manifested myocarditis associated with dysfunction (systolic and/or diastolic) of the
LV myocardium is called inflammatory cardiomyopathy [85]. Biopsy performed to
diagnose cardiomyopathy in patients with SLE demonstrates small areas of myocar-
dial fibrosis, rare interstitial mononuclear cell infiltrates, and myocyte necrosis with
the deposits of immune complexes and complement [2]. In patients with myocarditis
caused by lupus, ECG changes are varied and do not have specific signs. Among them
are sinus tachycardia, which does not correspond to the degree of fever, nonspecific
changes in the ST segment, various conduction disorders, including AV block up to
complete transverse block. Excitability disorders may also occur, which may manifest
as atrial fibrillation, atrial flutter, and ventricular tachyarrhythmias.

In lupus myocarditis, echocardiography reveals an increase in the size of the
heart chambers, a decrease in the parameters of global LV systolic function,
impaired LV diastolic function, segmental disturbances in the movement of the
ventricular walls, an increase in the thickness of the LV walls, and the formation
of intracardial thrombi [86].

Endocarditis in SLE, although considered a common cardiac manifestation, is
much more commonly detected at autopsy than in clinical practice. Non-bacterial
vegetations (Libman-Sacks) are found in 15-60% of patients during autopsy studies
[2]. Libman-Sacks endocarditis is a non-infectious lesion that occurs concomitantly
with SLE and antiphospholipid syndrome, affecting the heart valves, especially the
mitral valve, causing stenosis or regurgitation [87]. Endocarditis develops due to the
accumulation of sterile fibrin-containing vegetations on the heart valves, which is
considered a manifestation of hypercoagulability associated with antiphospholipid
antibodies [5]. In addition to autoantibodies to aPL, the presence of Libman-Sacks
endocarditis is associated with neutrophil extracellular traps, which contain lupus
autoantigens, such as histones and (ds)deoxyribonucleic acid DNA [88].

Echo-CG studies demonstrated a high prevalence of valvular abnormalities, which
was observed in more than 50% of patients [89]. Valvular abnormalities manifest
as clusters (classic Libman-Sacks vegetations), diffuse leaflet thickening, valvular
regurgitation, and, infrequently, stenosis. Valvular regurgitation is more common
than stenosis and is observed mainly in patients with thickened leaflets. Diffuse or
focal thickening of the cusps of the mitral and aortic valves is observed. Vegetations
are most common on the mitral valve, followed by the aortic valve. They are usually
located on the atrial side of the mitral valve and the arterial side of the aortic valve.
Complications of endocarditis are uncommon; vegetations rarely cause embolic
phenomena. Valvular lesions may develop, resolve, persist, or worsen, regardless of
disease activity. Fibrosis of the valve leaflets can lead to regurgitation associated with
valvular insufficiency [90-93]. Valvular insufficiency and, less commonly, stenosis
can contribute to the development of heart failure and arrhythmias, particularly
atrial fibrillation, which is secondary to structural abnormalities in the atrium due to
changes in pressure and hemodynamic compromise.

High cardiovascular risk in SLE is most often associated with the accelerated
development of atherosclerosis, and less often with thrombosis, embolism, vaso-
spasm, and coronaritis. Patients with SLE have twice as many atherosclerotic plaques
in the coronary and femoral arteries compared with other RDs [94]. The peak

13



Inflammatory Myocardial Diseases

prevalence of CVD associated with atherosclerosis in patients with SLE occurs at the
age of 40-50 years, while in the general population it is at 65-74 years [95].

The progression of atherosclerosis in SLE is due not only to the increased fre-
quency of all traditional risk factors, but also to the influence of specific factors
associated with the disease itself: high activity, the presence of irreversible changes in
the cardiovascular system, nephritis, neuropsychiatric disorders, positivity for aPL
antibodies, a large cumulative dose of GC [96]. In SLE, immune complex deposition
is thought to cause initial intimal damage, followed by accelerated development of
atherosclerosis in patients with traditional risk factors [97].

6. Damage to the cardiovascular system in antiphospholipid syndrome

Antiphospholipid syndrome (APS) is a systemic autoimmune disease character-
ized by arterial, venous, or microvascular thrombosis, pregnancy morbidity, or
nonthrombotic manifestations in patients with persistent antiphospholipid antibodies
(aPL) [98].

Cardiac involvement in APS is multifactorial, with thrombosis as well as
immune-mediated damage playing an important role [99]. The clinical manifesta-
tions of cardiac damage in APS are quite diverse against the background of both
secondary and primary APS, while no significant differences in CVS damage were
found in APS against the background of SLE and primary APS. The most common
cardiac manifestations are valvulopathies, which can range from valvular thicken-
ing and nonbacterial thrombotic endocarditis (Libman-Sacks endocarditis) to
regurgitation and severe valve damage, as well as CAD. Valvulopathies and CAD
are the key cardiac manifestations in APS, while others less common include myo-
cardial dysfunction, pulmonary hypertension (PH), and intracardiac thrombi.
Older age is also a significant risk factor for cardiac manifestations in patients
with primary APS [100].

* Damage to the CVS can be conditionally divided into pathology of the valvular
apparatus of the heart, coronary arteries and myocardium:

o Heart valve pathology:
o Pseudo-infectious endocarditis with vegetations.
o Insufficiency and/or stenosis of the mitral, aortic, and/or tricuspid valves.
o Thickening, fibrosis, and calcification of valve leaflets.
* Damage to the coronary arteries:
o acute MI;
o unstable angina;
o restenosis after covonary artery bypass surgery;

o restenosis after percutaneous transluminal coronary angioplasty.

14



Inflammatory Heart Disease in Patients with Rheumatological Profile
DOI: http://dx.doi.org/10.5772/intechopen.1008794

* Myocardial damage (cardiomyopathy).

Other heart pathologies: intracardiac thrombi;

o cerebrovascular disorders due to cardiogenic embolism;
o arterial hypertension (AH);

o pulmonary hypertension (PH).

According to the study, the frequency of CV pathology in patients with APS
includes the following indicators: thickening or dysfunction of the heart valves—in
11.6% of patients, MI—in 5.5%, angina pectoris—in 2.7%, cardiomyopathy—in
2.9%, retrocoronary shunts—in 1.1%, and intracardiac thrombi—in 0.4% [5]. Heart
valve damage in patients with antibodies to aPL in the blood deserves special atten-
tion. Valvular damage is the earliest and most common cardiac manifestation of APS
[101, 102]. Valvular involvement may manifest as thickening, vegetation formation
(also called Libman-Sacks endocarditis), and thrombotic masses on the valves. This
pathology is often accompanied by arterial thrombosis and can be observed in the
early stages of the disease, sometimes even before the onset of thrombosis or obstetric
complications [103, 104]. Valvular lesions in APS are manifested by thickening of
the valve by more than 3 mm, mainly in the proximal or middle part of the leaflets,
as well as the presence of characteristic nodules on the atrial side of the mitral valve
or the vascular side of the aortic valve. The mitral valve is most commonly affected,
followed by the aortic valve [105-108].

aPL-associated damage to the heart valves is characterized by the presence of aPL
in the blood (laboratory criterion for APS) in combination with detected damage
(according to Echo-CG) and / or valve regurgitation, and / or stenosis of the mitral
and / or aortic valve, and/or combined disorders.

Valve examination can be performed with/without transesophageal
echocardiography.

Indicators of valve damage are:

* their thickening >3 mm;
* local thickening of the valve leaflet in the proximal or middle part;

¢ irregular nodules on the atrial surface of the mitral valve and/or on the ventricu-
lar surface of the aortic valve.

Despite the high incidence of heart valve involvement in APS, there is little infor-
mation about the outcome of this pathology, except for the predominance of throm-
boembolic complications. APS rarely develops severe heart failure requiring surgical
intervention [109, 110]. Information about the outcomes of valve replacement for APS
is reduced mainly to the description of isolated clinical cases. A study by Bercun and
colleagues [109] looked at 10 patients who underwent heart valve replacement over a
13-year period (7 mitral valves, 2 aortic valves, and 1 both mitral and aortic valves).
Histomorphological analysis of these valves revealed uneven tissue thickening, vary-
ing degrees of destruction of the collagen layer and signs of chronic inflammation.

In 9 of 12 cases, neovascularization was detected, and in 5, calcification of varying
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degrees was detected. Vegetations ranging from microscopic to round and warty
were present in almost all cases. Histological examination showed that they consist of
fibrin thrombi with minimal inflammatory infiltrate [111, 112].

Venous thromboembolism is one of the most common manifestations of APS with
a very high risk of recurrence. APS-associated pulmonary embolism (PE) often leads
to chronic thromboembolic PH, which is a common non-valvular cardiac manifesta-
tion of APS [113, 114]. The presence of PH alone in patients worsens the prognosis.
Over time, right ventricular dilatation, isolated tricuspid valve regurgitation, and
right ventricular failure may lead to secondary PH.

Various pathogenetic mechanisms, such as recurrent leg venous embolism, in situ
thrombosis, embolization from the right heart chambers, and immune-mediated
pulmonary vascular injury leading to endothelin-1-associated vascular remodeling,
can lead to the development of chronic thromboembolic PH [115-118].

Diffuse cardiomyopathy in APS is less common. However, several studies
describe a possible histopathological association between dilated cardiomyopa-
thy and the presence of aPL antibodies in the absence of traditional risk factors
[101, 102, 119-121]. In such cases, autopsy reveals widespread microthrombosis of
small myocardial arterioles and microinfarction zones around the affected arterioles,
which leads to significant myocardial necrosis. Histopathological studies did not
reveal evidence of vasculitis, supporting the hypothesis that aPL causes thrombotic
effects directly and not through damage to the vascular walls [122].

Cardiac surgery due to cardiovascular disease in APS is a serious problem.
Unexplained thrombosis in cardiac patients should alert cardiac surgeons to APS for
more aggressive antithrombotic therapy and careful follow-up monitoring.

7. Damage to the cardiovascular system in systemic scleroderma

Systemic scleroderma (SSc) is a progressive disease in which generalized damage
to connective tissue occurs, and thickening and hardening of the skin with fibrosis
and degenerative changes in internal organs happens.

Cardiac manifestations in SSc range from clinically asymptomatic manifestations
to overt signs of CVD, which may be associated with increased morbidity and mortal-
ity. In most cases, cardiac damage in SSc occurs in the late stages of the disease, is
usually asymptomatic, and is mainly detected during instrumental studies [14, 123].
In SSc, all three layers of the heart are affected: the myocardium in 83-90% of
cases, the endocardium in 18-35%, and the pericardium in 13-21%. Multisegmental
disturbances of myocardial perfusion both at rest and during exercise, myocardial
fibrosis, and focal cardiosclerosis leading to progressive chronic heart failure are often
observed [124].

Damage to the heart, especially the myocardium, occupies a leading place among
the visceral signs of SSc both in frequency and significance, which is the main cause
of sudden death in patients.

Cardiac pathology is based on the processes of fibrosis characteristic of the dis-
ease, damage to small vessels, and microcirculation disorders (with the main coronary
arteries intact), leading to the development of ischemic zones and non-coronarogenic
cardiosclerosis [5]. Ventricular myocardial fibrosis is a cause of LV systolic and
diastolic dysfunction [125]. An enlarged heart, rhythm and conduction disturbances,
infarct-like changes on the ECG, and a decrease in myocardial contractile function
are often observed. Conduction abnormalities occur in 1/5 of patients with systemic
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sclerosis [126]. Often, cardiac conduction damage is manifested by prolongation of
the P-Q interval, first-degree AV block, and disruption of intraventricular conduc-
tion, mainly in the form of blockade of the anterior branch of the left bundle branch
[127]. Autopsy data have shown that the conduction system is relatively protected
from the myocardial changes observed in patients with SSc, suggesting that conduc-
tion abnormalities are a consequence of myocardial damage rather than the conduc-
tion tissue itself [126].

Rhythm disturbances in CVD are manifested by polytopic supraventricular
tachycardia and group extrasystoles. There is evidence in the literature that ven-
tricular arrhythmia is an independent predictor of mortality, reflecting the severity
of heart disease in patients with SSc [128]. In patients with SSc, supraventricular
arrhythmias are less common (approximately 30%) than ventricular arrhythmias
(67%) [129]. Atrial fibrillation has been found in approximately 1/3 of patients with
diffuse SSc, particularly in patients with LV diastolic dysfunction associated with left
atrial mechanical overload and elevated brain natriuretic peptide (BNP) levels [130].
Interestingly, the prevalence and severity of ventricular arrhythmias did not correlate
with clinical symptoms and objective signs of the disease [131]. Daily ECG monitor-
ing, Echo-CG, and myocardial scintigraphy contribute to the early diagnosis of heart
damage, identification of perfusion defects, prognostically unfavorable forms of
myocardial instability, and latent HF. Damage to the valve apparatus due to damage
to the endocardium can lead to the formation of scleroderma, most often mitral heart
disease. In some patients, mitral valve prolapse is detected [5].

Damage to the pericardium in the form of adhesive and rarely exudative peri-
carditis occurs in 70-80% of patients, usually asymptomatic [132, 133]. Echo-CG
reveals thickening of the membrane and a small amount of fluid. It is extremely
rare to find significant pericardial effusion, which can lead to cardiac tamponade.
Morphologically, in some cases, a picture of serous-fibrinous pericarditis is revealed
[5]. Clinical symptoms of heart damage can manifest themselves in the form of
discomfort or prolonged dull pain in the pericardium, tachycardia and arrhythmia,
and shortness of breath. Clinically apparent myocarditis is rare, which is in contrast to
autopsy data, which often shows focal or diffuse myocardial fibrosis and linear necro-
sis of cardiomyocytes [124]. It is believed that myocardial damage in SSc is caused by
microvascular abnormalities such as transient spasm of the coronary arteries, leading
to repeated focal ischemia [134, 135].

Endocardial damage in systemic scleroderma is characterized by marginal sclerosis
and shortening of the mitral valve chordae with the development of its prolapse and
mitral regurgitation [124].

The development of pancarditis is possible—damage to the myocardium, pericar-
dium, and endocardium with a characteristic predominance of fibrosis. Heart damage
in this pathology in most cases develops gradually, over 4-6 years, but the process
steadily progresses, leading to chronic heart failure. In 30% of cases, cardiac damage
becomes the direct cause of death in patients with scleroderma [124].

Pulmonary arterial hypertension (PAH) is one of the most common cardiac
complications of systemic sclerosis, with a prevalence of 12% [126, 136]. PAH associ-
ated with systemic sclerosis has a high mortality rate, with a median survival of only
3 years [137]. PAH is a late complication of this pathology, occurring approximately
20 years after the onset of the disease. PAH associated with systemic sclerosis is ini-
tially indolent with few symptoms until right ventricular function deteriorates. In the
early stages of the disease, patients may experience symptoms of fatigue, dizziness,
and shortness of breath on exertion [137]. As the disease progresses, they typically
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experience progressive dyspnea and may experience syncope on exertion, tachycar-
dia, and chest pain. Physical examination reveals increased right ventricular pressure
and right ventricular failure; tricuspid regurgitation murmur; jugular venous dilata-
tion; and lower extremity edema [138].

8. Damage to the cardiovascular system in dermatomyositis/polymyositis

Dermatomyositis (DM) and polymyositis (PM) are rare idiopathic inflammatory
myopathies (IIMs) clinically characterized by symmetrical proximal muscle weak-
ness due to inflammatory cell infiltrates in skeletal muscle and involvement of the
endomysial in PM or perimysial layers of skeletal muscle in DM [49]. An increasing
number of studies show that the risk of CVD in patients with IIM is much higher than
in the general population [139]. In clinical studies, the incidence of cardiac injury in
DM varies widely (from 9 to 72%) [140]. Among patients with IIM, cardiovascular
disease is the leading cause of mortality. Previous studies have found that about
10-20% of patient deaths can be associated with CV events, such as ischemic heart
disease, heart failure, and myocarditis with the development of complete heart block
[139, 141]. It has been found that death due to CVDs most often occurs an average of
5 years after the main course of the disease [142].

According to the EuroMyositis registry, clinically significant cardiac damage in
the form of pericarditis, myocarditis, various arrhythmias, and sinus tachycardia was
detected in 9% of patients with PM/DM [143].

Patients with inflammatory myopathies may experience myocardial damage,
which is an unfavorable prognostic factor and one of the most common causes of
patient mortality [142, 144]. However, its recognition in clinical practice is often
difficult, partly because the process is slow, insidious, and initially asymptomatic
[145]. One of the most commonly reported clinical cardiac manifestations in PM/DM
is congestive HF, which can occur due to myocarditis and is accompanied by serious
complications such as pulmonary edema, tachyarrhythmias, or sudden cardiac death
[146]. Myocarditis can also lead to LV dysfunction and restrictive cardiomyopathy.
Other pathophysiological mechanisms contributing to LV diastolic dysfunction
include increased chamber stiffness due to ongoing fibrotic transformation of the
myocardium, as well as possible disturbances in calcium regulation, which ultimately
leads to clinically significant symptomatic HF [147]. Symptoms of myocarditis in MI
include chest pain, fatigue, shortness of breath, palpitations, and fever [148].

In MD/PM, myocarditis may manifest on the ECG as a variety of rhythm and
conduction abnormalities, including atrial and ventricular arrhythmias, bundle
branch block, AV block, prolonged PR interval, ventricular premature beats, left
atrial abnormalities, abnormal Q waves, and nonspecific ST segment changes. In
some cases, patients have required permanent pacemakers, and there have been cases
where conduction abnormalities were fatal [149, 150]. Cases of dilated cardiomy-
opathy in patients with IIM have also been described. Most often, echocardiography
reveals diastolic dysfunction, decreased LV contractile function, and mitral valve
prolapse [139, 151]. Pericarditis, pericardial effusion, and cardiac tamponade are rare
in patients with IIM. However, with high activity of clinical and laboratory param-
eters, constrictive pericarditis can develop, although it is not typical for patients with
inflammatory myopathies and its frequency is approximately 10% [125, 150].

In addition to inflammatory myocardial diseases, cardiovascular lesions in patients
with DM/PM may be associated with vascular changes in the heart.
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Cases of vasculitis, small vessel smooth muscle cell proliferation, medial sclerosis,
and cardiac microvascular disease with vasospasm resulting in decreased capillary blood
flow have been reported [152, 153]. This so-called small vessel disease is characterized
by narrowing of the lumen due to smooth muscle hyperplasia with minimal or absent
intimal proliferation, which, in turn, can manifest itself with clinical symptoms such as
arrhythmia and angina pectoris [150]. It should be noted that symptoms of heart dam-
age can be associated both with coronary atherosclerosis and with the use of high doses
of GCs (steroid myocardial dystrophy). In patients with inflammatory myopathies, the
risk of developing coronary artery disease was 2.19 times higher compared to individuals
without this pathology [154, 155]. Inflammatory myopathies, like other chronic inflam-
matory diseases, contribute to the development of atherosclerosis. Inflammatory cyto-
kines, oxidative stress, and endothelial cell activation enhance vasculopathy, and chronic
endothelial dysfunction and systemic inflammation may accelerate the development of
atherosclerosis in patients with DM [156-158]. Moreover, systemic inflammation associ-
ated with autoimmune disease may also promote hypercoagulability, which is another
important predisposing risk factor for the development of CAD [141]. In addition, imbal-
ance of autoimmune cells and dysregulation of the immune system in patients with CAD
lead to abnormal proliferation of B lymphocytes and their differentiation into plasma cells
and the production of higher levels of myositis-associated autoantibodies, which have a
direct link to cardiac damage [159]. It is well known that traditional CVD risk factors such
as hypertension, diabetes mellitus, and dyslipidemia were more prevalent in patients with
IIM compared with the general population, and they may influence the progression of
atherosclerosis by inducing an inflammatory response. Numerous studies have demon-
strated that the combination of traditional CV risk factors and the use of GCs increase the
total risk of developing CHD in patients with IIM [160, 161].

9. Damage to the cardiovascular system in systemic vasculitis

Systemic vasculitis (SV) is a heterogeneous group of diseases, the main morpho-
logical feature of which is generalized damage to the vascular wall (arteries, veins,
and capillaries of various sizes) with secondary involvement of the corresponding
organs and tissues in the pathological process [49]. Most types of vasculitis are
systemic in nature and manifest themselves with a varied clinical picture, which
requires a multidisciplinary approach. According to the etiology, the causes of SV may
be different; vasculitis can be either an independent disease or a secondary condition
caused by other autoimmune diseases, and may also be associated with other triggers
such as medications, infections, or malignancies [162]. Most cases of coronary vascu-
litis occur as part of systemic (primary) vasculitides, which are classified according
to the type and size of vessels involved, as well as the cellular component involved
in tissue infiltration. According to the classifications of the American College of
Rheumatology and the International Consensus Conference in Chapel Hill, the fol-
lowing categories of vasculitis are distinguished [163]:

* Vasculitis of large vessels: Giant cell (temporal) arteritis, Takayasu’s arteritis (AT);

* Vasculitis of medium-sized vessels: Polyarteritis nodosa (PAN), Kawasaki
disease (KD);

¢ Small vessel vasculitis:
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Vasculitis associated with antineutrophil cytoplasmic antibodies (ANCA-
associated vasculitis): granulomatosis with polyangiitis (Wegener’), eosinophilic
granulomatosis with polyangiitis (Churgia-Stross), microscopic polyangiitis

* Immune complex vasculitis of small vessels: IgA vasculitis (Schénlein-Henoch),
essential cryoglobulinemic vasculitis, cutaneous leukocytoclastic angiitis

* Variable vasculitis: Behget’s disease, Cogan syndrome.

Clinically significant cardiac lesions are rare in SV but can pose a serious threat
to life [164]. Since many symptoms of cardiovascular disease may not appear in the
initial stages of the disease, it is necessary to regularly monitor such patients.

The relationship between systemic vasculitis and CVD can be twofold:

1. direct damage to the heart, either due to the disease itself or treatment associated
mainly with the use of GCs;

2.caused by inflammation and endothelial dysfunction [165].

Regarding inflammation in the myocardium and small vessels, it can contribute to
cardiac ischemia and myocardial remodeling. This occurs under the influence of vari-
ous inflammatory cytokines, such as IL-6, IL-17, and a-TNF, which influences cardiac
tissue [166]. With vasculitis, all tissues of the heart can be affected—from the myo-
cardium to the epicardium, endocardium, conduction system, and coronary arteries.
However, CV manifestations caused by vasculitis should be distinguished from those
that may occur during GC therapy and immunosuppressants [167].

Myocarditis caused by vasculitis varies widely from 25 to 70% of cases. It is caused
by necrotizing vasculitis, the presence of granulomas, or fibrosis. In eosinophilic
granulomatous polyangiitis (EGPA), eosinophil infiltration is considered a possible
cause, and cardiac magnetic resonance imaging (MRI) is important for early detec-
tion of myocardial inflammation, especially in patients with atypical presentation
[168]. In Kawasaki disease, myocarditis is detected in almost 50% of patients [169].

Pericardial involvement occurs in 22% of patients with EGPA, 8% of patients
with Wegener’s granulomatosis, and 27% of patients with polyarteritis nodosa and, if
untreated, can lead to the development of constrictive pericarditis [164].

Endocardial involvement is quite rare, but in some cases, it can lead to valve
deformation. Arrhythmias (mainly supraventricular), AV block, or bundle branch
block may also result from myocarditis, ischemia, or heart failure [164]. With vasculi-
tis, pulmonary hypertension is one of the rare complications. Damage to the coronary
arteries can be identified in connection with coronary arteritis, which leads to the
formation of thrombosis, dissection and aortic stenosis and often to MI. This compli-
cation is observed in 50% of patients with polyarteritis nodosa. It is also widespread
in Kawasaki disease, occurring in 20% of untreated cases, and can be easily diagnosed
by echocardiography and MRI [169]. MRI also helps to assess the condition of the
coronary arteries and promptly detect MI [170].

9.1 Damage to the cardiovascular system in giant cell arteritis

Giant cell arteritis (GCA), temporal angiitis, and Horton’s disease are rare forms
of systemic vasculitis affecting large vessels. Giant cell arteritis (GCA) mainly affects
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people over 50 years of age and is most common among people aged 70 to 80 years
[171]. Approximately 27-56% of GCA cases have a common association and patho-
genetic roots with polymyalgia rheumatica (PM) [172]. This disease has a number
of similarities with Takayasu’s arteritis. In both GCA and AT, the aorta and its main
branches are involved and are histopathologically indistinguishable from each other.
Although the prevalence of coronary artery disease in GCA is considered relatively
low [173], large cohort studies have shown that patients with GCA are at greater risk
of developing vascular events; in particular, the incidence of acute myocardial infarc-
tion is two times higher than in patients without it, especially in early time period
after diagnosis [174]. GCA, often granulomatous, usually affects the aorta and/or its
major branches, including the branches of the vertebral and carotid arteries.

The risk of death from CVD is higher in patients with GCA than in the general
population [175, 176]. Li et al. found that patients with GCA had a higher risk of
vascular events, which included peripheral vascular disease, stroke, venous thrombo-
embolism, and aortic dissection and aneurysm [177].

GCA is characterized by damage to the aorta and its branches, and in particular
the brachiocephalic trunk, superficial temporal, carotid, subclavian, and femoral
arteries [178]. Cardiac injury in GCA occurs in less than 5% of cases and includes
aortic regurgitation due to aortic aneurysm, epicardial coronary artery disease
(coronaritis), pericarditis, and myocarditis [179-181]. Typical clinical signs of GCA
include headache, predominantly in the temporal region, low-grade fever, weight loss
of more than 2 kg, night sweats, fatigue, blurred vision, symptoms of polymyalgia
rheumatica, and other systemic manifestations. Physical examination reveals pain
sensitivity, thickening of the superficial temporal arteries with or without decreased
pulsation, weakened pulse, and decreased blood pressure (BP) in the upper extremi-
ties [182]. The disease does not affect life expectancy, except in those patients who
have aortic dissection.

9.2 Damage to the cardiovascular system in Takayasu arteritis

Takayasu arteritis (AT), called pulseless disease, is an immunoinflammatory
disease that causes damage to the aorta and its major vessels, particularly the renal,
carotid, and subclavian arteries [183].

AT most often affects young women and affects large vessels, including the aortic
arch, its proximal branches, and the pulmonary arteries. A peculiar lesion of the coro-
nary bed has been established in patients with AT—in almost 90% of cases, damage
to the mouth of the coronary vessels was noted [184]. In AT, the pathological process
involves predominantly the proximal segments of the coronary arteries, while the dis-
tal sections remain undamaged. These complications arise from coronaritis associated
with disease activity. In some cases, the disease may manifest as isolated coronary
artery stenosis, leading to clinical manifestations of acute coronary syndrome. This
onset of the disease is more often observed in men with nonspecific aortoarteritis
[185]. Most patients also suffer from subclavian stenosis, resulting in weakened or
absent radial pulses [186]. Aortic regurgitation associated with the enlargement of the
aortic root is a fairly common complication in patients with AT, occurring in 7-11% of
cases [184, 187].

A study by Ren et al., which included 103 patients with AT, found that 64% had
valvular insufficiency, 62% of patients had aortic regurgitation, 61% had mitral valve
disease, 54.6% had tricuspid valve disease, and 6.1% have pulmonary insufficiency
[188]. Valvular damage in patients with AT can lead to myocardial remodeling,
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impaired LV function, and increased afterload, which can ultimately cause HF, which
becomes the leading cause of death among patients with this disease [189]. In patients
with AT, coronary artery involvement is limited [184]. The underlying mechanism

of this lesion involves inflammatory-induced intimal proliferation and subsequent
fibrous vasoconstriction. Narrowing of the coronary arteries, caused by inflamma-
tion of the aorta or coronary vessels, occurs in 10-45% of patients and can lead to the
development of angina, which has serious consequences. Patients often improve with
immunosuppressive therapy [190]. Inflammation that occurs in the artery wall can
lead to narrowing of the lumen of the vessel and destruction of the elastic lamina,
causing an aortic aneurysm.

Arterial hypertension in AT, according to various studies, occurs in 35-50% of
cases, which is renovascular and is caused by the involvement of the renal arteries and/
or the development of coarctation of the aorta [191]. The central nature of hyperten-
sion associated with ischemia of the vasomotor center due to carotid vasculitis is also
possible. As a result of hypertension, coronaritis, and aortic regurgitation, patients
often develop HF. Coronaritis can lead to myocardial hibernation with a diffuse
decrease in contractility, as well as to MI with local damage to myocardial tissue [185].
Analyzing pathological changes in the heart with vasculitis of large vessels, it should
be noted that the main complications in these patients are lesions of the large coronary
arteries, which lead to clinical manifestations in the form of angina, MI, and HF.

9.3 Damages of the cardiovascular system in polyarteritis nodosa

Polyarteritis nodosa (PAN) is a disease from the group of systemic necrotizing
vasculitis with predominant involvement of medium and small arteries with the
formation of aneurysms and secondary damage to organs and systems [185].

Cardiovascular manifestations of PAN include coronary artery disease, cardio-
myopathy associated with vasculitis, myocarditis, and myocardial ischemia. Ina
study by Schrader et al., 50% of patients with PAN had evidence of coronary arteritis
at autopsy [192]. Most often, coronary artery aneurysms occur in the proximal and
central segments of the right coronary artery, and then the initial segments of the left
anterior descending and left circumflex arteries [193]. The most common coronary
angiographic finding in PAN is the development of multiple aneurysms [194]. One of
the common manifestations of CV complications in vasculitis is hypertension, usually
associated with damage to the renal arteries. Damage to the coronary vessels is more
often complicated by MI, including its painless form, even in the absence of athero-
sclerotic damage. Cases of transmural MI without angiographic signs of coronary
artery damage have also been described, indicating a significant role of vasospasm
against the background of the inflammatory process [195].

Congestive HF may be a complication of hypertension or result from myocardial
infarction caused by vasculitis. In the vast majority of patients, hypertension is charac-
terized by consistently high blood pressure levels, and in approximately 1/3 of cases, the
disease occurs in a malignant form. A characteristic feature of hypertension in PAN is
a sharp increase in blood pressure, which occurs against the background of widespread
damage to the walls of peripheral vessels due to an active inflammatory process or due
to vascular sclerosis with the formation of multiple aneurysms. The rapid development
of high hypertension limits the ability of target organs to adapt to a sharp increase in
pressure. With the progression of vasculitis, hypertension leads to dilatation of the cavi-
ties of the heart, subsequently causing chronic heart failure, and plays an important role
in the development of acute hemorrhagic cerebrovascular accidents [185].
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The prognosis in some cases is determined by the severity and duration of hyper-
tension. Prognostic studies in PAN have found that patients with cardiac lesions have
lower survival rates. Thus, the five-year survival rate among patients with PAN who
have cardiac or renal lesions is 38%, while among patients without such lesions, this
figure reaches 78% [196].

9.4 Damages of the cardiovascular system in Kawasaki disease

Kawasaki disease (KD) is a systemic medium-vessel vasculitis in children, pri-
marily affecting infants and children under 5 years of age [197]. Cardiovascular
complications are a major cause of morbidity and are responsible for virtually
all deaths due to coronary vasculitis associated with hypercoagulability, leading
to MI and sudden death [198]. The following cardiovascular pathologies occur
in patients with KD: coronary artery aneurysms, myocarditis, pericarditis with
pericardial effusion and cardiac tamponade, endocarditis, cardiomyopathy, and
valvular lesions [199].

Myocarditis is the most common non-coronary complication of KD and is
observed in 50-70% of patients in the acute phase [198, 200]. Myocarditis in KD
often results from acute or subacute inflammation of the myocardial interstitial tissue
and is usually concentrated around the coronary vessels. Myocardial inflammation
peaks by the 10th day of illness and gradually subsides by the end of the 3rd week, in
contrast to coronary vasculitis and coronary artery anomalies, which usually develop
after the 10th day of illness. At this stage, inflammation of the small myocardial arter-
ies is observed, including perivasculitis [201, 202].

Clinically, myocarditis in KD may manifest as unexplained tachycardia, congestive
heart failure, hemodynamic instability, and arrhythmias [203, 204].

Pericarditis with pericardial effusion is also common in the acute phase of the
disease, affecting approximately 25% of patients [198]. Valvular lesions occur in
approximately 1% of patients and may occur due to papillary muscle dysfunction,
rupture of chordae tendineae, or valvulitis, leading to the development of mitral
regurgitation [198, 205]. Slight dilatation of the aortic root is also common in the
acute phase and may be associated with aortic regurgitation [206].

Coronary artery aneurysms are one of the main complications of KD, which
can develop in 15-25% of untreated children, usually in the subacute phase, clas-
sified as small (internal diameter < 5 mm), medium (5-8 mm), or giant (>8 mm)
[200, 205, 207]. Aneurysms are often multiple and occur in the proximal parts and
at bifurcations of the coronary arteries [208]. Coronary artery lesions can progress
differently: Aneurysms in the right coronary artery are more prone to massive
thrombosis, while aneurysms in the left coronary artery are more prone to progressive
focal stenosis. Aneurysm size is a prognostic factor: Giant aneurysms (>8 mm) are
associated with a higher risk of rupture, thrombosis, and stenosis, which can lead to
MI and death [209]. Giant aneurysms usually do not regress.

9.5 Damage to the cardiovascular system in ANCA-associated vasculitis

ANCA-associated vasculitis is a systemic necrotizing vasculitis of small vessels
associated with the production of antineutrophil cytoplasmic antibodies (ANCA)
that are represented in most cases by three nosological forms: granulomatosis with
polyangiitis (GPA), eosinophilic granulomatosis with polyangiitis (EGPA), and
microscopic polyangiitis (MPA) [210].
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One of the main complications and causes of mortality in patients with ANCA-
associated vasculitis, especially in the active phase of the disease, are lesions of the
cardiovascular system [211, 212]. The pathogenesis of ANCA-associated vasculitis is
based on systemic inflammation, which leads to platelet activation and endothelial
dysfunction, which, in turn, increases the risk of not only CV events, but also venous
thrombotic complications, including pulmonary embolism and deep venous throm-
boembolism, thrombosis, most of which occur during treatment of active disease,
with an incidence of 8-10% [211, 213]. Involvement of the cardiovascular system in
ANCA-associated vasculitis is quite common and can be the result of various mecha-
nisms, mainly both direct involvement of the heart in the process of vasculitis and
increased susceptibility to coronary artery disease [214]. Cardiac damage is a severe
complication that typically occurs in a significant proportion of patients with EGPA,
but only in a small number of patients with GPA and MPA [215-217]. It is no coinci-
dence that cardiac involvement has been identified as an independent predictor of
all-cause and CV mortality in patients with EGPA and GPA [215, 218, 219]. Moreover,
the presence of cardiac symptoms at initial examination further increases the risk of
death in these patients.

The incidence of cardiac damage in EGPA varies significantly, ranging from
15-55%, being the main cause of death in these patients [2]. Among CV complica-
tions, eosinophilic myocarditis is the most common, but restrictive or dilated
cardiomyopathy, pericarditis, coronaritis, valvular defects, arrhythmias, elevated
troponin-1 levels, LV dysfunction, and intracardiac thrombosis may also occur [220].
Myocardial damage may occur due to extensive tissue infiltration leading to fibrosis
and/or due to coronary or small vessel vasculitis and subsequent myocardial ischemia.
Most often, biopsy reveals eosinophilic infiltrates in tissues, and granulomas can also
be found in the epicardium and myocardium. Patients may rapidly develop myocar-
dial dysfunction with HF, which may be reversible with timely and aggressive treat-
ment. Congestive HF is observed in 15-30% of cases and, as a rule, is quite severe [2].
The clinical phenotype of EGPA is highly variable, but in general, depending on the
presence of ANCA, it can be divided into two main subgroups.

In ANCA-negative patients, eosinophilic manifestations predominate, such as
pulmonary infiltrates, cardiac involvement, and gastrointestinal disease, while
in ANCA-positive patients, vasculitic manifestations such as glomerulonephritis,
purpura, and peripheral neuropathy are more common [221, 222]. Therefore, ANCA
status may serve as an important prognostic factor for the development of cardiac
complications and survival assessment [223]. Over the past decades, the prognosis for
patients with EGPA has improved significantly, with 10-year survival increasing from
81 to 92% [224, 225]. It should be noted that up to 50% of deaths associated with this
disease are due to cardiac damage [215, 226].

Clinically significant cardiac damage is rare in GPA. Thus, among North American
patients with GPA followed for more than 8 years, the incidence of cardiac symptoms
was 3.3% [227]. Cardiac lesions such as pericardial effusion, cardiomyopathy, heart
failure, conduction defects, and valvular disease have been described in patients with
GPA and MPA, with pericarditis and supraventricular arrhythmias being the most
common cardiac manifestations, occurring in 1 to 6% of patients.

Intracardiac thrombosis is a rare event, occurring in less than 1% of patients
[181, 228]. The results of the studies showed that 21% of patients with GPA had valve
lesions (aortic valve—in 57.1%, mitral valve—in 14.3%), which manifested them-
selves in the form of chronic necrotic granulomas, severe lymphoplasmacytic inflam-
mation, fibrous changes with hyalinosis, and microscopic neutrophilic abscesses
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involving the central annulus fibrosus [229]. Arrhythmias associated with GPA,
although rare, include atrial tachycardia, fibrillation, and flutter [230]. Several cases
of atrioventricular block have also been noted [231, 232].

In rare cases, GPA causes coronaritis, which can lead to severe cardiomyopathy.
Coronary vasculitis does not have specific clinical manifestations, but it must be taken
into account that they can lead to myocardial ischemia and acute HF [233]. The preva-
lence of HF in MPA ranges from 6.8 to 17.6%. A study in a Dutch population found a
high prevalence of coronary ectasia and aneurysm among patients with MPA, sug-
gesting that coronaritis with necrotic changes and wall weakening may be an integral
component of MPA, contributing to increased CV risk in these patients [234].

Although overt clinical symptoms are rare, recent studies indicate that subclinical
forms may be much more common and often go undetected.

9.6 Damage to the cardiovascular system in Behget’s disease

Behget’s disease (BD) is a systemic vasculitis characterized by damage to blood
vessels of any type and caliber, manifested by multisystem damage to internal organs
and systems. Cardiac pathology is one of the most severe manifestations of BD,
which is associated with a poor prognosis [235] and is a major cause of morbidity and
approximately 20% of mortality in such patients [236]. The prevalence of CV lesions
in BD ranges from 7 to 46%, with venous lesions (29%) being more common than
arterial lesions (8-18%) [237].

Heart pathology is more often diagnosed in young men (86.5% of cases). Some of
the most common symptoms of heart damage are pericarditis, myocarditis, rhythm
disturbances, including ventricular tachycardia, and cardiac conduction, ischemic,
non-ischemic, or inflammatory cardiomyopathy, manifested by systolic and/or dia-
stolic dysfunction of the LV, endocarditis with the development of valve insufficiency
(aortic valve insufficiency, less commonly mitral regurgitation), endomyocardial
fibrosis, intracardiac thrombosis, coronaritis with or without MI, congestive heart
failure, cardiac aneurysms, stenoses of the coronary arteries, or sinus of Valsalva
[238, 239].

In patients with BD, MI is observed in 17% of cases, despite the absence of visible
changes in the coronary arteries on angiography. This is associated with thickening of
the vascular intima, which contributes to the development of MI.

It is believed that microvascular dysfunction associated with focal fibrinoid
deposition and fibroblast proliferation in small coronary arteries may be respon-
sible for myocardial ischemia and subsequent endomyocardial fibrosis and lead to
coronary events in these patients [240]. In BD, aneurysms, stenoses, and occlusions
of the coronary arteries are the most common causes of CAD, but sometimes intact
coronary aneurysms are observed in patients with MI. Although coronary aneurysms
are rare in patients with BD, they most often present as an acute coronary syndrome,
although in some cases they may be asymptomatic [241]. A retrospective study
by Vural et al. showed an increased prevalence of angina (31%), acute coronary
syndrome (8%), and arrhythmias (8%) in patients with BD [242]. Coronary artery
aneurysms predominantly form in their proximal sections and can be either single
or multiple [243, 244]. In BD, the formation of aneurysms of the interatrial septum
is rarely observed; however, aneurysms of the sinus of Valsalva can develop, which
occur in the active phase of BD and are more often diagnosed after their rupture
[245]. There is information in the literature about a decrease in the size of aneurysms
and their resolution after immunosuppressive therapy [239].
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Coronary artery disease is a rare but potentially dangerous complication of BD
[244], and can manifest as angina (both stable and unstable), arrhythmias, myocar-
dial infarction, and even sudden cardiac death [238, 244]. The anterior interventricu-
lar branches of the left and right coronary arteries are most often affected, followed
by the circumflex branch and trunk of the left coronary artery.

Patients with BD who exhibit CVS lesions generally have a poor prognosis.
However, the situation may improve with the use of oral anticoagulants, immunosup-
pressive drugs, and colchicine. An analysis of survival in BD at 5 years showed that
in patients with cardiac involvement it was 83.6%, while in those without cardiac
involvement it was 95.8% (p = 0.03) [243].

10. Damage to the cardiovascular system due to gout

An equally important pathology predisposing to CVD is gout, the prevalence of
which tends to increase worldwide [246].

Gout is an inflammatory crystal arthropathy characterized by hyperuricemia
and intra-articular deposition of monosodium urate crystals [247]. Both gout and
subclinical hyperuricemia are associated with adverse CV outcomes. Hyperuricemia,
as a cardinal sign of gout, is associated with endothelial dysfunction and increases
the incidence of both coronary artery disease and stroke [248]. According to some
authors, almost half of patients with gout have coronary artery disease, and ECG
signs of damage to the myocardium and coronary vessels are more common in chronic
gout and are more pronounced. Patients have hidden coronary insufficiency and a
decrease in the functional capacity of the myocardium.

Gout is known to be associated with systemic inflammation. The most impor-
tant among the markers of systemic inflammation is C-reactive protein (CRP), an
increased level of which is considered as a predictor of an increased risk of developing
CVD both in the population and in RDs [249, 250]. CRP levels often increase in both
acute gouty arthritis and chronic gout.

According to two large prospective studies, indicators of chronic inflammation,
such as high CRP levels and arthritis severity, were even more significant in predicting
all-cause and CV mortality than traditional risk factors for CAD [251].

Metabolic syndrome (MS) is a combination of various metabolic disorders, each
of which is an independent risk factor for CVD. The frequency of MS in patients with
gout was three times higher than in the general population—62.8% in patients with
gout and 25.4% without this disease [252]. Hyperuricemia has a close relationship
with various components of MS, especially with hypertension, which is detected in
20-50% of patients with gout, while gouty arthritis is detected among 20-40% of
patients with hypertension [253]. With gout, diastolic and mean blood pressure levels
increase to a greater extent. The combination of hypertension aggravates the course
of each of these conditions. On the one hand, the presence of hypertension causes
disruption of microcirculation, and, as a consequence, tissue ischemia, which can
lead to the development of hyperuricemia due to two mechanisms: the breakdown of
ATP into adenine and xanthine and increased production of xanthine oxidase, as well
as excessive formation of lactate, which blocks secretion urate in the renal tubules. On
the other hand, hypertension leads to a decrease in renal blood flow and stimulation
of urate reabsorption [243]. Patients with a combination of gout and hypertension,
compared to patients without it, are characterized by a more severe course of gout
and a relatively high concentration of uric acid in the blood. In patients with gout and
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hypertension, there is a direct correlation between uric acid levels and the stage and
severity of hypertension [244].

There is evidence that hyperuricemia, even in the absence of gout, can cause an
increase in blood pressure, which is associated with the following mechanisms: direct
stimulation of the renin-angiotensin system in the kidneys; inhibition of vascular
synthesis of NO, which is a potential vasodilator; stimulating the proliferation of
smooth muscle cells in the vascular wall, thereby increasing vasoconstriction; and
kidney damage (interstitial nephritis or tubular damage), indirectly leading to the
development of hypertension [245, 246].

Studies have shown that in hyperuricemia and hypertension, an increase in blood
uric acid levels of 1 mg/dL is associated with an increase in the incidence of CVD by
10%, which is equivalent to an increase in systolic blood pressure (SBP) of 10 mmHg.
Art. or an increase in cholesterol levels of 20 mg/dL [247]. For a more detailed analysis
of the relationship between uric acid and CV risk in various populations, numerous
studies have been conducted, which have revealed that hyperuricemia is a risk factor
not only for hypertension and diabetes, but also for heart disease, atrial fibrillation,
MI, HEF, cerebrovascular events, and chronic kidney disease [248-250]. A systematic
review and meta-analysis found a significant positive association between uric acid lev-
els and the risk of CV mortality, with a stronger association found in women compared
to men [251]. In addition, hyperuricemia plays a significant role in the progression of
coronary atherosclerosis, and in men suffering from gout, it is detected two times more
often than in persons without it. In patients with gout, type IV hyperlipoproteinemia
predominates, with an increase in the p-fraction of lipoproteins, triglycerides, and
total cholesterol. Under conditions of hyperuricemia, peroxidation of low-density
lipoproteins (LDL) increases and the production of free radicals increases, which leads
to increased oxidative stress and may contribute to increased atherosclerotic processes.
The influence of uric acid on the processes of platelet adhesion and aggregation, the
damaging effect of xanthine oxide on the endothelium, and increased production of
cytokines (a-TNF, a marker of nonspecific inflammation), which, along with other
factors, can increase the risk of atherothrombosis, including coronary artery thrombo-
sis, are also considered [252]. Research shows that elevated uric acid levels are closely
associated with the development of carotid atherosclerosis, stroke, preeclampsia, and
vascular dementia [249]. In addition, hyperuricemia activates the renin-angiotensin
system, reduces the activity of nitric oxide synthesis, stimulates the proliferation of
smooth muscle cells of blood vessels, and contributes to the development of insulin
resistance [253]. Metabolic disorders that occur in gout due to hyperuricemia, such as
obesity, lipid, and carbohydrate metabolism disorders, are closely related to atheroscle-
rosis and are considered independent risk factors for CVD. In 2000, WHO included
gout in the list of diseases that are closely associated with obesity, such as hyperten-
sion, coronary atherosclerosis, and type 2 diabetes. Gout can be considered a metabolic
disease, which is confirmed by numerous studies that have revealed a high prevalence
of comorbid pathology, in particular CVD, among patients with gouty arthritis. This
fact undoubtedly obliges us to regard gout as a general medical problem, which is
characterized by a high risk of fatal CV events associated with atherosclerosis.

11. Conclusion

Thus, it should be noted that in almost all RDs, lesions of the cardiovascular
system are observed, which are associated primarily with systemic inflammation,
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damaging not only all the membranes of the heart (endocardium, myocardium,
pericardium), but also the coronary vessels. As a result, complications are identified
in the form of multiple valve defects, cardiac rhythm, and conduction disturbances,
as well as various clinical manifestations of coronary artery disease. CVS lesions can
serve as a marker reflecting the severity and mortality rate in this category of patients.
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Chapter?2

Acute and Recurrent Pediatric
Pericarditis

Stasa Krasic and Viadislav Vukomanovic

Abstract

Acute pericarditis belongs to the group of inflammatory pericardial syndromes
with or without pericardial effusion, and the diagnosis is confirmed by the pres-
ence of two of the four criteria defined by the European Society of Cardiology: (i)
chest pain; (ii) pericardial friction; (iii) changes on the electrocardiogram; and (iv)
pericardial effusion on echocardiography. The etiology of pericarditis can be divided
into infectious and non-infectious, but in most cases, the underlying etiology can-
not be identified, and such cases are called “idiopathic.” The clinical presentation is
determined by the volume of fluid, the rate of accumulation, and the compliance of
the myocardium. Anti-inflammatory therapy forms the cornerstone of pericarditis
treatment. In acute pericarditis, it is necessary to use ibuprofen as monotherapy,
and in case of risk factors, it is necessary to introduce colchicine immediately.
Corticosteroids increase the risk of developing recurrent pericarditis. Recurrent
pericarditis is the most common complication of acute pericarditis and is defined by
the appearance of signs of pericarditis 4-6 weeks after a documented episode of acute
pericarditis. It is treated with ibuprofen and colchicine. In the case of corticosteroid-
dependent and colchicine-resistant pericarditis, anakinra can be used, even in

children.

Keywords: pericarditis, children, etiology, diagnostics, treatment, complications

1. Introduction

Chest pain in the pediatric population is a common cause of visits to the emer-
gency department. Acute chest pain in adults raises concerns about diseases such
as myocardial infarction, which require rapid cardiac evaluation to reduce morbid-
ity and mortality. Fortunately, in children and adolescents, fatal heart disease is
extremely rare, and chest pain is generally a benign condition. Noncardiac causes
of chest pain may be idiopathic but may include musculoskeletal, pulmonary, psy-
chogenic, and gastrointestinal etiologies [1]. Heart diseases cause pain with lower
frequency, about 1 to 10% [1-3]. The most common patterns of cardiogenic chest
pain are pericarditis, arrhythmias, myocarditis, pulmonary thromboembolism, and
sinking coronary artery [1-3].
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Pericarditis is clinically classified as non-exudative, exsudative, exsudative-con-
strictive, or constrictive pericarditis (CP). Depending on the duration of symptoms
and symptoms of the disease, pericarditis can be divided into:

1. Acute pericarditis.

2.Incessant pericarditis—pericarditis with persistent symptoms without a symp-
tom-free interval of 4 to 6 weeks, despite therapy.

3.Recurrent pericarditis—symptoms of pericarditis after a symptom-free interval
of 4 to 6 weeks.

4. Chronic pericarditis—inflammation lasts over 3 months [4].

2. Acute pericardities

Acute pericarditis belongs to the group of inflammatory pericardial syndromes
with or without pericardial effusion. The reported incidence in the general popula-
tion of acute pericarditis is 30-150/100,000 per year and accounts for <0.2 to 5% of
all emergency department visits for chest pain in children with no prior heart disease
[5]. According to the European Society of Cardiology (ESC) recommendations (4),
the clinical diagnosis is confirmed by the presence of two of the four criteria: (I)
chest pain (85-90% of cases)—typically sharp and pleuritic, the intensity of which
decreases when sitting and intensifies when leaning; (II) pericardial friction (<33%
of cases) —a creaking sound best heard with the diaphragm of the stethoscope along
the left sternal border; (III) electrocardiogram (ECG) changes (up to 60% of cases)—
new diffuse ST-elevation or PR depression in the acute phase; and (IV) pericardial
effusion (up to 60% of cases) (Table1) [4].

Depending on the etiology, additional signs and symptoms may be present
(fever and leukocytosis or systemic inflammatory disease). Elevated inflammation
parameters, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), and
leukocytosis are common findings in patients with acute pericarditis. They may help
monitor disease activity and therapy efficacy. Along with pericarditis, there may also
be myocarditis, which is indicated by the elevation of the marker of cardiomyocytoly-
sis (troponin) [4, 5]. In case of predominant pericardial inflammation, we talk about
myopericarditis; on the contrary, if the myocardial inflammation is predominant, we
talk about perimyocarditis.

2.1Etiology

The etiology of pericarditis can be divided into infectious and non-infectious,
but in most cases, the underlying etiology cannot be identified, and such cases are
called “idiopathic” [4, 5]. Idiopathic acute pericarditis is of unknown etiology, often
of presumed viral etiology, i.e., a condition after a viral infection, with an incidence
of 37-68% in the pediatric cohort. Some studies investigate the difference between
viral and idiopathic pericarditis by comparing cytokine concentrations in sera and
exudates. This study suggested that the pericardial fluid in viral pericarditis exhibits
high tumor necrosis factor alpha (TNF-a) and low transforming growth factor beta 1
(TGFp1) concentrations, in contrast to autoreactive pericarditis [6].
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Pericarditis Definition and diagnostic criteria

Acute Inflammatory pericardial syndrome, which is confirmed by the existence of two of the four
following criteria:
1. Chest pain.
2. Auscultatory registered pericardial friction.
3.ECG changes.
4.Echocardiographically verified effusion.

Supporting findings:

5.Elevated positive reactants of the acute phase (ESR, CRP, etc.)
6.Pericardial effusion verified by CT or CMR

Incessant pericarditis with persistent symptoms without a symptom-free interval of 4 to 6 weeks, despite
therapy

Chronic inflammation of the heart’s outer layer that lasts over 3 months

Recurrent symptoms of pericarditis after a symptom-free interval of 4 to 6 weeks

Abbreviations: CMR — cardiac magnetic resonance; CT — computed tomography; CRP — C-reactive protein; ECG —
electrocardiogram; ESR — erythrocyte sedimentation vate.

Table 1.
Definition of and diagnostic criteria for pericarditis.

Infectious pericarditis can be caused by viruses (serous pericarditis), bacteria
(purulent pericarditis), tuberculosis bacillus (mainly chronic), fungi, and parasitic.
Cardiotropic viruses like Parvovirus-B19, herpes viruses (cytomegalovirus (CMV);
Ebstein-Barr virus (EBV); and human herpesvirus 6 (HHV6)), influenza, hepatitis-C
virus (HCV), human immunodeficiency virus (HIV), Enterovirus, and Adenovirus
species have been described. The most commonly identifiable etiology is viral in
origin in developed countries (about 80%), whereas in the developing world, tuber-
culosis (TB) is the most frequent etiology. On the other hand, bacterial and parasitic
infections are rare in developed countries [5].

Non-infectious etiologies include autoimmune pericarditis (systemic inflamma-
tory diseases: mainly systemic lupus erythematosus (SLE), rheumatoid arthritis,
Sjogren’s syndrome, scleroderma, vasculitis, and mainly Behget syndrome), auto-
inflammatory (e.g., familial Mediterranean fever), iatrogenic, drug-related peri-
carditis (lupus-like syndrome (e.g., due to procainamide, hydralazine, methyldopa,
isoniazid, and phenytoin); chemotherapy (e.g., due to anthracyclines), postcardiac
injury syndromes (after acute myocardial infarction (MI), percutaneous coronary
intervention (PCI), pacemaker implantation, implantable cardioverter defibrilla-
tor (ICD) implantation, ablation of arrhythmias, and cardiac or thoracic surgery),
metabolic (renal failure, hypothyroidism — myxedema, and as part of anorexia), and
during malignant disease (serofibrinous) [7].

Postpericardiotomy syndrome (PPS) is a known complication of any cardiac
surgery, with a reported incidence varying widely from 1 to 40%. It is a hypersen-
sitivity reaction characterized by pleural, pericardial, or lung tissue inflammation,
followed by cardiac surgery cutdown of pericardial space or myocardial infarction.
Pathophysiology research demonstrated antibodies in patients with PPS, thus
explaining the syndrome with an autoimmune response. Namely, tissue damage
triggers the autoimmune reaction of the pericardium and pleura, mostly occurring
between 1 and 6 weeks after the procedure [8]. Some authors have noted that the
surgical closure of atrial septal defect (ASD) poses a higher risk for the development
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of PPS than other operations. Heching et al. found that 28% of patients developed
PPS after ASD closure [9].

From 2012 to 2024, in our Institute, 90 patients were treated with acute pericardi-
tis, 56.7% boys and 43.3% girls, average age of 11.4 +5.4 years. Idiopathic acute peri-
carditis was the most common (34 patients (pts)), while viral pericarditis was found
in 13 patients (viruses: SARS-CoV-2, Parvo-B19, EBV, Adenovirus, Enterovirus).
Pericardial affection as part of the Multisystem inflammatory syndrome in children
(MIS-C) temporarily associated with SARS-CoV-2 was detected in 15 patients
[10, 11]. Autoimmune pericarditis was detected in 19 patients, while postpericar-
diotomy syndrome was detected in 13 patients (ASD 7/13 pts., ventricular septal
defect (VSD) 3/13 pts., modified Blalock-Taussig shunt (MBTS) 1/13 pts., resection
of subaortic membrane 1/13 pts., and Tetralogy of Fallot 1/13 pts). Five patients had
bacterial pericarditis: Staphylococcus aureus, Haemophilus influenzae, and tuberculosis
(Mycobacterium tuberculosis (TBC)). Myocardial involvement was detected in 31
patients: 27 patients had perimyocarditis, while 4 patients had myopericarditis.

2.2 Pathogenesis

Pericardial injury caused by various etiological factors leads to the release of
damage-associated molecular patterns (DAMPs) and pathogen-associated molecular
patterns (PAMPs). It induces the synthesis of nuclear factor kappa-light-chain-
enhancer of activated B cells (NF-kB), which increases the transcription of precursors
of inflammatory molecules and cytokines (NOD-like receptor (NLR) family pyrin
domain-containing 3 (NLRP3), apoptosis-associated speck-like protein containing a
CARD (ASC), pro-caspase-1) that are required to polymerize the NLRP3 inflamma-
some, ultimately releasing interleukin 1b (IL-1b) and interleukin 18 (IL-18). NF-«xB
stimulates the synthesis of phospholipase-A2 required to activate the arachidonic acid
(AA) pathway and the subsequent synthesis of prostaglandins and thromboxane. The
IL-1 receptor (IL-1R) plays a central role because interleukin 1a (IL-1a) functions as
an alarm or DAMP released during tissue injury, and IL-1b is released during inflam-
mation and increases inflammatory processes [12].

2.3 Clinical manifestations

The fluid volume determines the clinical presentation of pericardial effusion, the
accumulation rate, and the myocardium compliance. In the case of rapid accumula-
tion, even a small amount of effusion can result in cardiac tamponade (CT).

Cardiac tamponade is a life-threatening condition that happens after sudden and/
or excessive accumulation of fluid in the pericardial space. The most common causes of
tamponade are pericarditis (infection and non-infection), iatrogenic (cardiac inva-
sive procedures and postsurgery), and collagen vascular disease (SLE, scleroderma,
dermatomyositis, etc.). The causes of effusion with a high incidence of progression to
tamponade include bacterial (S. aureus, Meningococcus, H. influenzae, Pneumococcus,
Streptococcus, Mycobacterium tuberculosis, etc.), fungal (Aspergillus spp., etc.), human
immunodeficiency virus (HIV)-associated infections, bleeding, and cancer involve-
ment. Hypothyroidism could be the cause of CT in childhood [13]. The pericardium
has some degree of elasticity, and when the elastic limit is reached, the intrapericardial
pressure rises, leading to critical cardiac compression, restriction of ventricular
diastolic filling, and impeding cardiac output. Consequently, the classic signs of CT are
included in Beck’s triad of hypotension, jugular venous distension, and muffled heart
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sounds. Other clinical signs in a patient with CT include tachycardia, pulsus paradoxus,
dyspnea, and orthopnea. Hypotension and bradycardia will appear ultimately before
cardiac arrest. Due to specific signs and symptoms, cardiac tamponade is a clinical
diagnosis, while an echocardiography examination should confirm the suspicion [14].
Purulent pericarditis may lead to cardiac tamponade and septic shock [15].

Conversely, the slow accumulation of fluid contributes to the development of
myocardial tolerance. In certain conditions, such as tuberculous pericarditis, up to 3
liters of fluid can accumulate in the pericardial sac.

The most common symptoms and signs of acute pericarditis are presented in
Table 2 [5].

Patients with acute pericarditis usually have chest pain (>85-90% of cases), which is
a consequence of the friction between the layers of the inflamed pericardium. Pericardial
pain is the cardinal symptom, and it is sharp chest pain, which may also radiate to the
left shoulder, neck, or back and resembles ischemic pain. The pain is typically less severe
when sitting up and more severe when lying down or breathing deeply. In contrast, it
usually subsides in the upright position and when leaning due to reduced pressure on the
parietal pericardium. In the case of increased pericardial effusion, chest pain decreases
or disappears. Commonly associated clinical signs and symptoms include intermittent
fever, dyspnea, cough, malaise, myalgia, and occasional hiccups. Anamnestic data often
indicate a current viral infection, a gastrointestinal or a flu-like syndrome [4].

2.4 Diagnostics
2.4.1 Physical examination

Patients with acute pericarditis often appear uncomfortable or anxious and may
have sinus tachycardia and low-grade fever. Auscultation of patients with pericar-
ditis can detect pericardial rub (a pathognomonic sign of pericarditis), which is
present in one-third of patients. It is a superficial crackling sound, best heard with
the stethoscope’s diaphragm along the left sternal border, with the patient leaning
forward or resting on elbows and knees. It usually consists of three phases that
correspond to the movements of the heart during atrial systole (it is absent in atrial
fibrillation), ventricular systole, and the phase of rapid filling of the ventricles—
early ventricular diastole. Sometimes, pericardial rub has only two or even one
component. A pericardial rub may disappear not only after the resolution of the
disease, but also in the case of accumulation of pericardial fluid, which reflects the
worsening of the disease. The pericardial rub is a specific sign of acute pericarditis
(specificity approximately 100%) [4].

Symptoms Percent (%)

Chest pain 70-90

Temperature 26

Fatigue 18

Dyspnea 12

Signs of cardiac tamponade 16
Table 2.

Frequency of the most common signs and symptoms of acute pericarditis.
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Pulsus paradoxus (PP) is an abnormal drop in systolic blood pressure during inspi-
ration—more than 10 mmHg. Common causes include cardiac tamponade, severe
asthma, and chronic obstructive pulmonary disease (COPD). The most accurate PP
measurement method is using a manual sphygmomanometer and stethoscope. The
initial sounds auscultated are heard only during expiration, and it is important to
take note of this pressure. Next, as the cuff pressure is dropped further, the pressure
should be noted when Korotkoff sounds are heard during inspiration and expiration.
The variation between these two systolic pressures quantifies PP [16]. The sensitivity
of PP higher than 10 and 12 mmHg is 98%, while specificity is 70 and 83%, respec-
tively. “Total paradox,” also known as “pulse obliteration,” is defined as the inspira-
tory disappearance of the brachial and radial pulses, with the total disappearance of
the Korotkoff sounds [17]. Pulsus paradoxus may be absent with tamponade caused
by regional right atrial compression [18].

A Kussmaul sign could be seen in patients with constrictive pericarditis. The
paradoxical rise in jugular venous pressure or failure to fall on inspiration is related to
high right atrial pressure [19].

After carefully taking auto- and hetero-anamnesis data and conducting a physi-
cal examination, whereupon acute pericarditis can already be suspected with a high
probability, the following should be done:

1.ECG (Recommendation class I, level of evidence C),
2.X-ray of the heart and lungs (Recommendation class I, level of evidence C),
3.Laboratory analyses (Recommendation class I, level of evidence C).

4.Echocardiographic examination (Recommendation class I, level of
evidence C) [4].

2.4.2 Electrocardiogram

ECG changes are derived from the epicardium’s and adjacent myocardium’s
inflammation because the parietal pericardium is electrically silent [4]. Sequential
changes are seen in only approximately 60% of patients. Evolution is recorded on
the ECG during the disease course in a patient with acute pericarditis [20]. At the
very beginning of the disease, depression of the PR segment and widespread con-
cave elevation of the ST segment in D1, D2, D3, aVL, aVF, and precordial leads are
registered. PR depression and ST elevation are assessed based on the position of the
TP segment. In addition, sinus tachycardia may be present on the ECG recording
(Figure 1) [4, 20].

In the long stage of the disease (1-3 weeks), the ECG gradually normalizes—the
PR and ST segments return to the isoelectric line, and flattened T waves are reg-
istered. In the third stage, a diffuse inversion of T waves starts from the right and
spreads to the left precordial leads (Figure 2).

In the last, fourth stage of the disease, there is the normalization of the ECG—the
positivity of the T wave, which takes place in the reverse order of the one where it
started.

The ECG in acute pericarditis may resemble ST-elevation myocardial infarc-
tion (STEMI). The changes indicating acute pericarditis are: (a) appearance of
ST elevation less than 5 mm, (b) concavity of the ST segment, (c) diffuseness
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Figure 1.
ECG changes in the first phase of acute pericarditis; PR-segment elevation in aVR (A); ST-segment depression in
V5 (B); 12-channel ECG in a patient with acute pericarditis.

Figure 2.
ECG changes in the third stage of pericarditis—T waves’ inversion.

of changes, (d) less pronounced reciprocal depression of the ST segment, (e)
elevation of the PR segment in aVR, with reciprocal PR-segment depression in
other leads, (f) absence of abnormal Q-waves, and (g) T-wave inversion after
ST-segment elevation [13].

ECG changes in acute pericarditis should be distinguished from early repolariza-
tion. Namely, in acute pericarditis, the ST-segment elevation and T-wave amplitude
ratio in the lead V6 is greater than 0.24 (positive and negative predictive values are
100%). This ECG sign is typical for the differential diagnosis of acute pericarditis and
early repolarization. Also, the ratio of ST-segment amplitude to T-wave amplitude
>0.25 in leads D1, V4, V5, and V6 indicates acute pericarditis [13].

In cardiac tamponade with severe or very severe pericardial effusion, findings
on an ECG indicating a large pericardial effusion include low QRS voltage, electrical
alternans (changes in the amplitude or morphology of the P, QRS, and ST-T waves

from one beat to the next, resulting from cardiac oscillation within the pericardial
fluid) [17].
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2.4.3 X-vay

The chest radiograph (CXR) is typically the first imaging test performed in
patients with potential pericardial disease. Normal pericardial fluid volume in
neonates is usually less than 5 milliliters, while in adults, it contains less than 50 mL of
serous fluid.

In patients with acute pericarditis, the CXR is usually within normal limits, but
if the effusion is larger, the cardiothoracic index is increased. Less than 200 ml of
effusions is typically not visible on a CXR [21]. The most sensitive sign of pericardial
effusion on CXR is the enlargement of the cardiac silhouette (cardiothoracic ratio
(CTR) >50%) (Figure 3). This gives rise to a “globular” configuration known as the
“water bottle sign.”

2.4.4 Biomarkers

Currently, no specific biomarker for pericarditis is available. Elevated concen-
trations of inflammatory parameters are usually present in patients with acute
pericarditis (approximately 80% of patients). Leukocytosis, increased erythrocyte
sedimentation rate, and increased C-reactive protein (CRP) are most often registered.
CRP is important not only to confirm the suspicion of acute pericarditis but also to
monitor the course and activity of the disease and the eventual correction of anti-
inflammatory therapy.

Also, cardiospecific proteins, such as troponin I, must be administered to patients
with pericarditis. Elevated troponin values are found in about 30% of cases of acute
pericarditis. If pericardial inflammation is dominant, patients suffer from myoperi-
carditis; if myocardial involvement is dominant, we are discussing permyocarditis.
Interestingly, patients with pericarditis and elevated biomarkers of cardiomyocytoly-
sis almost always have ST-segment elevation. A significant finding is that simultane-
ous myocardium involvement does not necessarily indicate a worse prognosis. These
patients have recurrent pericarditis (RP) less often [22, 23].

Figure 3.
CXR in a patient with postpericardiotomy syndrome after ASD operation (private collection,).
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2.4.5 Echocardiography

Echocardiography is widely available and provides valuable information about
visualization of the thickened and hyperechoic pericardium, the presence or absence
of pericardial effusion, its volume, and accompanying hemodynamic effects.
Although echocardiography is normal in 40% of cases, it is essential to identify
complications, such as tamponade or constrictive pericarditis. It could also be useful
for monitoring the evolution of pericardial effusion over time and the response to
medical therapy. Pericardial effusion is usually small and is evident in 60% of cases
(Figure 4).

Pericardial effusion, based on size in diastole, is characterized as mild (<10 mm),
moderate (10-20 mm), severe (21-25 mm), or very severe (> 25 mm). Trivial pericar-
dial effusion is only seen in systole [4].

Echocardiographic signs of cardiac tamponade are 1) diastolic collapse of the
right atrium (RA) (sensitivity 50-100%, specificity 33-100%); 2) duration of the
diastolic RA collapse as a ratio of the cardiac cycle length > 0.34 (sensitivity >90%,
specificity 100%); 3) diastolic collapse of the right ventricle (sensitivity 48-100%,
specificity 72-100%); 4) respiratory changes of the mitral E velocity > 25%, and
tricuspid E velocity > 40%; and 5) inferior vena cava (IVC) plethora (dilatation
>20 mm and < 50% reduction in the inspiratory phase) (sensitivity 87%, specificity
40%) [24].

It may also aid in determining concomitant ventricular dysfunction, which may
suggest a component of myocarditis. Patients with myocardial involvement might
have lower ejection fraction and longitudinal and circumferential strain in all three
myocardial layers and at the basal, midventricular, and apical levels [25].

2.4.6 Cardiac magnetic resonance
Cardiac magnetic resonance (CMR) is particularly useful in case of suspicion

of myocardial involvement. CMR provides both morphological and hemodynamic
information. The key CMR findings of pericarditis are the thickening of pericardial

Figure 4.
The echocardiographic finding of a patient with idiopathic acute pericarditis (private collection).
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layers and associated pericardial effusion on T1-weighted spin-echo CMR or cine
CMR. In contrast, T2-weighted short tau inversion recovery (STIR) spin-echo CMR
allows visualization of edema of the inflamed pericardial layers. Intense pericardial
delayed hyperenhancement (DHE) in gadolinium-enhanced CMR studies represents
objective evidence of pericardial inflammation. Additionally, higher quantitative
pericardial DHE was independently associated with the ongoing recurrence of recur-
rent pericarditis [26]. Phase-sensitive inversion recovery (PSIR) sequence is central
in diagnosing pericardial inflammation on magnetic resonance imaging (MRI) and
surveillance, such as evaluating response to anti-inflammatory therapies. Adding a
fat-suppression prepulse may enhance the visualization of pericardial inflammation
[27]. The severity of pericardial late gadolinium enhancement (LGE) on initial MRI
is significantly associated with recurrent pericarditis flares and escalation of therapy,
and quantitative methods of pericardial LGE recently developed in the research set-
ting have potential future clinical applications [28].

3. Therapy of acute pericarditis

Anti-inflammatory therapy is the cornerstone of pericarditis treatment.
Understanding the inflammatory basis of pericarditis and the role of the inflamma-
some provides insight into the mechanisms of action of previously prescribed and
new treatment options.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are among the most com-
monly used agents in children with pericarditis. They act through the inhibition
mechanism of cyclooxygenase inhibitors and decrease pericarditic pain associated
with inflammation by inhibiting prostaglandin production. According to the ESC
guidelines, high-dose NSAIDs should be used in pediatric pericarditis (class I, level C
recommendation). Ibuprofen and indomethacin are the most frequently prescribed
in the pediatric cohort. In contrast, naproxen and ketorolac were used in limited
case reports and cohort studies. Acetylsalicylic acid (ASA) is not recommended in
children <12 years due to the risk of Reye’s syndrome and, therefore, is a class III level
C recommendation for children in the 2015 ESC guidelines [4]. Failure to respond
to an NSAID therapy within 7 days is associated with a relatively poorer prognosis
in patients with pericarditis. On the other hand, we found that a CRP concentra-
tion > 125 mg/L was determined to be an independent risk factor for recurrence in
children with pericarditis [23].

Due to thrombocyte function inhibition, patients on NSAIDs are at risk for sig-
nificant bleeding or bruising associated with the larger dose. Additionally, NSAID-
treated children may be at increased risk of gastrointestinal (GI) bleeding due to
diminished protective prostaglandin formation in the stomach. Consequently, they
are at increased risk of GI bleeding, ulceration, and/or perforation, and the 2015 ESC
guidelines recommend that patients treated should also receive a gastroprotective
agent. Due to prostaglandin synthesis inhibition, NSAIDs could produce a prerenal
injury, potentiating the possibility of an acute kidney injury (AKI), acute interstitial
nephritis, and/or acute renal papillary necrosis, so the blood urea nitrogen (BUN)
and creatinine should be monitored [4]. Indomethacin may be associated with
the highest risk of neurologic manifestations, potentially exacerbating underlying
psychiatric disturbances. At the same time, children with a history of asthma may
develop an increased risk of asthma exacerbation due to an increase in leukotriene
production [29].
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According to the ESC recommendation, colchicine is recommended for treating
acute pericarditis (class Ila, level C recommendation) in adults. The effectiveness of
colchicine is related to the inhibitory effects on the activation of the NLRP3 inflam-
masome, which is involved in releasing the pro-inflammatory cytokine interleukin
1 (IL-1). Interleukin 1 is responsible for recruiting neutrophils and macrophages to
the injury site. Colchicine also inhibits caspase-1 and the consequent release of tumor
necrosis factor (TNF) and reactive oxygen species (ROS) [4]. Additionally, colchi-
cine ameliorates the inflammatory cascade by inhibiting the assembly of the mitotic
spindle, essentially stopping mitosis at metaphase [29].

By analyzing 72 of our patients with pericarditis who were treated from January
2011 to December 2019, we concluded that patients who are at higher risk for develop-
ing recurrent pericarditis (Table 3) should immediately start dual anti-inflammatory
therapy (Table 3) [23, 30].

Relatively mild and common side effects of colchicine are gastrointestinal mani-
festations, such as abdominal pain, nausea, vomiting, and diarrhea, with diarrhea
being the most common. Those symptoms are most frequently experienced within
24 hours of therapy and can be diminished by lowering the drug dose. On the other
hand, patients with renal and liver failure may develop severe side effects such
as blood dyscrasias, including myelosuppression, leukopenia, granulocytopenia,
thrombocytopenia, pancytopenia, and aplastic anemia, which may develop within
24 to 72 hours. Great caution is especially needed in patients taking cytochrome
P450 3A4 (CYP3A4) inhibitors simultaneously (like erythromycin and fluconazole),
while colchicine is metabolized in the liver by this enzyme and eliminated via
p-glycoprotein. So, the patients should avoid grapefruit juice. Neuromuscular toxicity

Drug Dose Treatment duration Dose tapering
Ibuprofen 30-50 mg/kg in 3 divided 1-2 weeks for 1-2 weeks after the
doses normalization of inflammatory
parameters
Colchicine 2015 ESC guideline dosing 3 months Not often used in clinical practice /
recommendations: 0.5 mg on another day
* 0.5 mg/day in patients (BW <70 kg) .
0.5 mg once daily (BW > 70 kg) for
<5yr.
a few weeks

¢ 1.0-1.5mg/day in2 to 3
divided doses in patients
>5yr.

Manufacturer package insert

recommendations:

* 4t06yr:0.3-1.8 mg
daily in 1-2 divided doses

* 6t012yr:0.9-1.8 mg
daily in 1-2 divided doses

* >12 yr.: Refer to adult
dosing:

1 x 0.5mg (BW <70 kg)

2 x 0.5mg (BW > 70 kg)

Abbreviations: BW — body weight; ESC — European Society of Cardiology.

Table 3.
Recommendation for the treatment of acute pericarditis in children modified according to the recommendations of
the European Association of Cardiologists.
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may manifest as sensory neuropathy and/or rhabdomyolysis and occurs with chronic
therapy. Chronic colchicine may also induce cyanocobalamin deficiency by disturbing
intestinal absorption [29].

Historically, corticosteroids (CS) have been used in pericarditis treatment, lead-
ing to rapid resolution of symptoms and pericardial effusion. The mechanism of
action of CS consists of blocking transcription factors, such as nuclear factor-kappa
B (NF-kB) and activator protein-1 (AP-1), which are required for the transcription
of pro-inflammatory mediators and the synthesis of many inflammatory cytokines
[29]. However, CS increase the risk of pericarditis recurrence and prolong the disease
course. At the same time, high doses of CS (1.0 mg/kg/day prednisone) are often
associated with serious side effects and a higher rate of recurrence. Our series of
patients showed that CS increase the recurrence frequency after acute pericarditis,
especially in those treated with higher doses (0.5-1 mg/kg) [23]. The potential
mechanism is that CS may potentiate DNA or RNA replication in pericardial tissue,
leading to increased viral antigens, thus impairing the clearance of viral infections.
Consequently, the 2015 ESC guidelines do not recommend corticosteroids as first-line
therapy for pericarditis in children (class III, level C recommendation). On the other
hand, in patients with recurrent pericarditis refractory to treatment with NSAID plus
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Figure 5.
Echo-guided pericardial puncture (C) in our 4-month-old infant with pericardial effusion (B) induced by huge
left ventricle (LV) rhabdomyoma (45.0 x 38.6 mm) (C) treated with sirolimus within tuberous sclerosis.
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colchicine, small CS doses are recommended (class IIa, level C recommendation) [4].
Patients with pericardial affection as a part of MIS-C were successfully treated with
CS without any complications and episodes of recurrence [10, 11, 31].

Urgent pericardiocentesis or drainage of pericardial effusion is indicated for each
patient with an established diagnosis of cardiac tamponade and hemodynamic
shock. Pericardiocentesis is especially recommended when purulent, tuberculous, or
neoplastic pericarditis is suspected or in patients who remain symptomatic despite
medical treatment, and it could be urgent or elective, despite patients’ signs and
symptoms. According to the ESC’s current opinion, a total score > 6 warrants imme-
diate pericardiocentesis in the absence of contraindications and rapidly deteriorating
patients. The scoring system includes etiology, clinical presentation, and echocar-
diography findings [32].

In the last 12 years, our Institute has performed pericardial puncture in 3 patients
(Figure 5), pericardial drainage in 12 patients, and simultaneous pleural drainage in 4
patients.

An inflammatory pseudotumor was extracted in one patient with bacterial
pericarditis (Figure 6).

When bacterial pericarditis (purulent pericarditis—PP) is suspected, empiric
broad-spectrum parenteral antibiotics should be administered immediately. The
treatment duration varies (range: 2-8 weeks) and routes (oral/intravenous [IV]/
combination). For diagnosis and treatment, all of the reported cases of pediatric
purulent required pericardial drainage (some with temporary pericardial drain left
in place). Open surgical drainage through subxiphoid pericardiotomy is preferable,

Figure 6.

Histological findings in a patient with pericardial inflammatory pseudotumor; A. hematoxylin—eosin x 25; B.
hematoxylin—eosin x 50; C. hematoxylin—eosin x 200; D. hematoxylin—eosin x 400 (private collection). Courtesy
of Dejana Bogic, MD.

59



Inflammatory Myocardial Diseases

but frequent irrigation of the pericardial cavity using large catheters may liquefy the
purulent exudate. One study showed that early intervention for PP with pericardiec-
tomy should be done if the patients have tamponade after initial pericardiocentesis

or if the fever persists on appropriate antibiotics therapy [33]. Intrapericardial
fibrinolysis, a less invasive procedure, has been proposed as an alternative to surgery
for PP treatment (class IIa, level C recommendation). Two main options can be
distinguished: primary fibrinolysis performed immediately after drain insertion and
rescue fibrinolysis applied in cases of recurrence or incomplete evacuation of pus.
Streptokinase, urokinase, and tissue plasminogen activators (tPAs) have all been used
for pericardial fibrinolysis. Report a failure rate of 5% after using intrapericardial
fibrinolysis to manage PP [15]. We treated a 4-month-old patient with S. aureus PP
with intrapericardial tPA (2 mg in 10 ml of saline solution during 3 hours) installation
due to incomplete evacuation of pus after surgical drainage.

4. Complications

The most common complications are recurrent or incessant pericarditis, which
occurs in about 15 to 30% of cases. Recurrent pericarditis is the recurrence of symp-
toms after a minimum symptom-free interval of 4-6 weeks. If symptoms persist
for more than 4-6 weeks after an acute episode, pericarditis is defined as incessant
(Table 1) [4, 34, 35]. The study conducted by Imazio M et al. highlights that an
incessant course of pericarditis is a possible new risk factor for complications and
especially for developing constriction. Patients with incessant pericarditis more com-
monly had echocardiographic evidence of constriction and thickened pericardium on
multimodality imaging [36].

Also, the development of chronic and constrictive pericarditis may occur in a
smaller number of patients.

The incidence of constrictive pericarditis (CP) is very low in children, and it could
be explained as a possible subdiagnosis and the insidious character of this disease
and its complications. CP induces signs of heart failure due to loss of pericardial
compliance (layers’ adhesion) and restricting diastolic filling of both ventricles. It is
a consequence of a chronic inflammatory process involving both pericardial layers,
parietal and visceral, and/or scar. The main etiological factors in developed countries
are idiopathic pericarditis, cardiac surgery, malignancy, and radiotherapy. Incomplete
drainage of PP is a rare entity that should also be considered. However, tuberculosis
remains the most prevalent cause in developing countries [37]. The increasing
number of cardiac surgeries in the modern era leads to postpericardiotomy syndrome
as the main cause of CP [38]. The ESC guidelines recommend using echocardiogra-
phy to diagnose constrictive pericarditis. Two-dimensional (2D) echocardiography
may show increased pericardial thickness with or without calcification, biatrial
enlargement, reduced IVC collapsibility index, and septal bounce (a consequence
of enhanced interventricular dependency). Pulsed-wave echocardiography Doppler
indicates increased mitral E-wave velocity and shortened deceleration time (usually
<160 ms), with a small or absent A-wave resembling a restrictive inflow pattern.
With inspiration, there is a decrease in peak mitral E-wave velocity by >25% during
the first beat of inspiration, while peak tricuspid E-wave velocity increases by >40%.
An annulus reversus phenomenon means the lateral mitral tissue Doppler e’ velocity
is lower than the medial e’ velocity due to the tethering of the adjacent fibrotic and

60



Acute and Recurrent Pediatric Pericarditis
DOI: http://dx.doi.org/10.5772/intechopen.1008398

Figure7.
Cardiac magnetic vesonance in the patient with constrictive pericarditis (private collection,).

scarred pericardium. Additionally, due to the same reasons, the 2D left ventricle (LV)
speckle tracking technique points out the impairment of circumferential shortening
and twist mechanics, while a longitudinal strain is well preserved [19]. CMR and
computed tomography (CT) enable accurate measurements of pericardial thickness,
while computed tomography scans can detect calcifications better. In patients with
active inflammation, anti-inflammatory drugs are the first-line therapy. A pericardi-
ectomy is the only definitive management of chronic refractory CP, with an operative
mortality rate of 10-50%. Due to the possibility of transient constrictive pericarditis,
patients with newly diagnosed CP who are hemodynamically stable and do not have
stigmas of chronic constriction may be treated with anti-inflammatory agents for up
to 3 months with close monitoring [39].

We treated one female patient with CP. She was examined due to hepatomegaly.
Echocardiography and CMR findings pointed out CP (Figure 7). The patient under-
went pericardiectomy at 12 years of age, and the ParvoB-19 virus was isolated from
the pericardial tissue.

In one patient with bacterial pericarditis, partial anterior pericardiectomy was
performed.

In some patients, during the pericardial healing process, after the inflammation,
granulation tissue formation with subsequent fibrosis of the pericardium and oblit-
eration of the pericardial cavity may lead to constrictive-effusive pericarditis [40].

5. Recurrent pericarditis

Recurrent pericarditis (RP) is an autoimmune reaction resulting from the expo-
sure of previously hidden self-antigens and the production of cardiac autoantibodies
after acute pericarditis [35]. On the other hand, in patients with RP, the inflammation
is predominantly mediated by cytokines (mainly interleukin 1 (IL-1)), suggesting
the effects of the innate immune system typical of auto-inflammatory diseases. In
some genetically determined syndromes, such as familial Mediterranean fever and
cryopyrin-associated periodic syndromes, recurrences of pericarditis occur more
often, so genetic tests should be performed in patients with a high frequency of recur-
rences [29].

Risk factors for recurrent pericarditis in the adult patient population are clearly
defined and are divided into factors associated with:
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1. Treatment-related variables with increased risk in multivariable models:
a. Corticosteroids’ use.
b.Lack of colchicine.

3. Patient-related variables with increased risk in multivariable models:

a.Incomplete response to NSAIDs

b.Elevated CRP.
1. Patient-related variables without increased risk in multivariable models:
a. Younger patients.
b.Males.
c. Pericardial effusion [35].

Although the risk factors for RP are clearly defined in adults, we tried to define
them in a group of pediatric patients. Through a detailed retrospective analysis and
based on statistical processing, we defined that the independent risk factors for recur-
rent pericarditis are:

1. Non-idiopathic acute pericarditis.

2. Corticosteroids’ use.
3.ESR > 50 mm/h.
4.CRP > 125 mg/L.

5. Absence of myocardial inflammation [23].

Independent risk factors for recurrent pericarditis in children were classified into
three groups (Table 4).

Patient-related variables with increased risk in multivariable models
¢ ESR > 50 mm/L
* CRP>125mg/L

Disease-related variables with increased risk in multivariable models
* absence of myocardial inflammation

* non-idiopathic acute pericarditis

Treatment-related variables without increased risk in multivariable models

e corticosteroids’ use

Abbreviations: ESR — erythrocyte sedimentation rate; CRP — C-veactive protein.

Table 4.
Risk factors for recurrence of pediatric pericarditis.
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6. Therapy of recurrent pericarditis

The first line of therapy for patients with RP is similar to that for acute pericardi-
tis, except that colchicine use lasts at least 6 months (Table 4), and more significant
physical activity must be avoided.

Kumar et al. presented a stepwise treatment of pericarditis. They proposed further
evaluation of inflammation for patients with >2 recurrences of pericarditis. Namely,
in the case of elevated CRP and positive LGE, the use of IL-1 inhibitors is suggested.
On the other hand, if CRP is normal and LGE is negative, corticosteroids should be
considered. Additional drugs should be used in patients with colchicine-resistant and
corticosteroid-dependent pericarditis [25].

The 2015 ESC guidelines gave a class IIb recommendation for using interleukin-1
(IL-1) inhibitor anakinra to treat recurrent pericarditis. Two recent randomized
controlled trials, The Anakinra-Treatment of Recurrent Idiopathic Pericarditis
(AIRTRIP) and Rilonacept inhibition of interleukin-1 alpha and beta for recurrent
pericarditis: a pivotal symptomatology and outcomes study (RHAPSODY), strongly
support the role of anakinra and Rilonacept in treating corticosteroid-dependent
colchicine-resistant recurrent pericarditis [4].

Anakinra, a short-acting IL-1 receptor (IL-1a and IL-1f) antagonist that plays
a crucial role in the auto-inflammatory pathway in the inflammatory cascade, is
vital in treating refractory pericarditis—corticosteroid-dependent and colchicine-
resistant. It is administered subcutaneously at 1-2 mg/kg (maximum dose 100 mg/
kg) for several months with gradual tapering. The use of anakinra implies a gradual
suspension of corticosteroids and colchicine. In the study of Finetti et al. [41], 10
pediatric patients (10/15) were included, and the average anakinra dose was 1.3 mg/
kg, while the average therapy duration was 17.6 months (13-24 months). The disease
control was established in all patients. Six had a new relapse after the dose decreased
[42]. Caorsi et al. conducted a multicentric study that included 58 pediatric patients
treated with IL-1 receptor blockers; 57 received anakinra and 1 received canakinumab
as the first anti-IL-1 drug [42]. A complete response to treatment was achieved in
54 patients (95%) with complete control of clinical manifestations in a mean time
of 2 + 1.64 days. During daily treatment with anakinra, the cumulative number of
relapses was two. On the other hand, during the tapering or withdrawal period, the
cumulative number of relapses was 65. Consequently, daily treatment with anakinra
was reintroduced in 17 of 21 patients with complete response. The mean treatment
duration to achieve drug-free remission in their cohort was 1.82 years, much longer
than those observed in the adults. They concluded that the early use of IL-1 blockers
in patients resistant to adequate dosage of NSAIDs and colchicine, without a course
of steroids, could lead to more rapid and effective control of the diseases, avoiding
severe side effects [42]. Anakinra has been demonstrated as effective in patients with
colchicine-resistant and steroid-dependent recurrent pericarditis.

Anakinra was used in three of our patients (one boy and two girls aged 14 and
15) who had colchicine-resistant and corticosteroid-dependent pericarditis (two
idiopathic and one postpericardiotomy syndrome). After discontinuing cortico-
steroids and introducing anakinra, the resolution of iatrogenic Cushing syndrome
was registered. No patient had a relapse during the anakinra administration. In two
patients, anakinra was stopped after 6 and 12 months, but both had disease relapses
after the treatment ended (after 5 days and 3 months). Anakira was started again
in both patients, and no new relapses were registered. The second girl is still on the
initial doses of the drug.
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Anakinra’s most common side effects include injection-site skin reactions (38—
44%), myalgias and arthralgias (6%), elevated transaminases (3%), and neutropenia
(1%), anaphylaxis, and soft tissue (3%) and respiratory infections (3%). It can lead to
serious infections, including tuberculosis (TB) [43].

Rilonacept is a dimeric fusion protein that inhibits IL-1a and IL-1p by direct bind-
ing and is administered subcutaneously. The drug loading dose is 320 mg (4.4 mg/
kg up to 320 mg in 12-17-year-olds), while the maintenance dose (weekly injections)
is 160 mg weekly (2.2 mg/kg up to 160 mg in 12-17-year-olds). In adults with RP,
Rilonacept led to a median normalization in symptoms of 5 days and C-reactive pro-
tein in 7 days, and significantly reduced pericarditis recurrence events (overall 6.7%
(control group) versus 74.2% (placebo group), hazard ratio 0.04), along with having
a persistent clinical response. The most frequent adverse events were injection-site
reactions (34%) and upper respiratory tract infections (23%) [44].

Intravenous immunoglobulins (IVIGs) are potential immunomodulators that can
be used in refractory pericarditis. IVIG’s mechanism of action in autoimmune dis-
orders involves blocking fragment crystallizable (Fc) receptors and Fc gamma-RIIB
receptors on macrophages. The IVIG dose is 400-500 mg/kg/daily for 5 days.

Azathioprine, methotrexate, and mycophenolate mofetil (MMP) could also be
used in RP [12].

In case of IL inhibitors’ failure, pericardiectomy may be considered [35].

7. Conclusion

Acute pericarditis is the most common cardiogenic cause of chest pain, and the
diagnosis can be established already in emergency pediatric services by careful auto-
and hetero-anamnesis data, physical examination, ECG recording, and laboratory
analyses. The use of anti-inflammatory therapy should be started immediately, i.e.,
ibuprofen, and in children who are at a higher risk for the development of recurrence
(ESR > 50 mm/h, CRP > 125 mg/L, absence of myocardial inflammation, non-infec-
tious etiology), colchicine should also be given immediately. Corticosteroids should
not be used in the treatment of acute pericarditis because they are an independent
risk factor for the development of recurrent pericarditis. Patients with recurrent
pericarditis should be treated with a combination of ibuprofen and colchicine (for
6 months). In the case of corticosteroid-dependent and colchicine-resistant pericardi-
tis, anakinra can be safely and successfully administered in the pediatric population.
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Abstract

Myocarditis is described as damage to the heart muscle, which causes inflamma-
tion of myocyte. The etiology consists of infectious and non-infectious diseases. The
prevalence of myocarditis is estimated between 10.2 and 105.6 per 100,000 people
worldwide. Although mortality decreased from 1990 to 2019, the incidence rate
has risen. As part of treatment, the use of therapeutic strategies for the treatment
of underlying cardiac presentations such as myocardial ischemia and heart failure
should be considered. However, use of intravenous immunoglobulins and immu-
nosuppressive medications will be discussed in this chapter. COVID-19 has been a
prominent cause of myocarditis in recent years. Additionally, some new concepts like
the effect of microbiota on the incidence of viral myocarditis and the influence of
gut-heart axis will be discussed. Pericarditis is the presence of inflammation in the
pericardial sac. Treatment strategies for pericarditis include the use of nonsteroidal
anti-inflammatory drugs, colchicine, and glucocorticoids.

Keywords: myocarditis, cardiomyopathy, COVID-19, dilated cardiomyopathy,
pericarditis

1. Introduction

Myocarditis is an inflammatory disease of cardiac muscles that can affect different
age ranges [1]. The disease can be potentially life-threatening, although it can be self-
limiting in non-severe forms. It is estimated that 1.8 million cases of myocarditis are
happening annually [2]. The discrepancy in prevalence is high based on geographic
location, age, and sex, and a 10.2-105.6 per 100,000 people has been reported [3].
This difference is related to challenges in diagnosis, clinicians’ experience in each cen-
ter, and epidemiologic considerations for viral disease. The prevalence rate decreased
over time, but the global number of cases of myocarditis has increased by 49.8% [2].
The incidence and mortality rate of the disease seems to be higher in the male sex in
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comparison to females [4]. The disability adjusted life years (DALY) rate revealed a
decreasing pattern, which may be related to advances in the treatment and medical
interventions for myocarditis [4].

The most-known etiology of myocarditis is infectious disease, including viral, bac-
terial, helminthic, and autoimmune diseases, and other causes such as toxins, drugs,
and hypersensitivity [5]. Classic symptoms include chest pain, fever, and dyspnea,
which resemble many cardiac diseases [6]. Hence, additional invasive and non-
invasive diagnostic tools should be applied to confirm the diagnosis. Endomyocardial
biopsy (EBM) has stood as the gold standard for definite diagnosis of myocarditis.
Histological evidence retrieved from the biopsy showed myocyte damage and necro-
sis with the nonischemic origin [7]. Infiltration of mononuclear cells or sometimes
eosinophile or neutrophils results in histopathologic forms predominantly lympho-
cytic myocarditis (LM) and lymphohistiocytic myocarditis [8, 9]. Other forms such
as eosinophilic, neutrophilic, giant cell myocarditis (GCM), cardiac sarcoidosis,
and myocarditis with granulomata exist [8]. This histologic subtype can predict the
patient’s mortality, as GCM worsens prognosis of patients in comparison with LM
[10]. However, non-invasive diagnostic tools such as cardiac magnetic resonance
imaging have been proposed in recent years. The sooner the diagnosis is made, the
better therapeutic strategies can be accomplished according to underlying reasons.

This chapter will review the etiology, diagnosis, prognosis, and treatment of
acute myocarditis. It will also discuss invasive and noninvasive diagnostic tools. The
presentation of findings will be in accordance with recent findings especially in the
area of COVID-19 infection and vaccination.

2. Etiology and pathogenesis of myocarditis

The most common cause of myocarditis is infectious and autoimmune disease.
Viral infections, such as parvovirus B19 (PVB19), influenza, adenovirus, enterovirus
(including coxsackieviruses), human herpesvirus 6 (HHV-6), human immuno-
deficiency virus (HIV), and hepatitis C virus (HCV), are mostly responsible for
virus-induced myocarditis [3]. After pandemic of COVID-19, which began in 2019,
SARS-CoV-2 was inserted into the aforementioned list [11].

In the acute infectious phase (from day 1 to day 7 of viral disease) direct or
indirect injury to myocardial cell may occur depending on the virus. Adenovirus and
enterovirus enter the myocyte and cause a direct cytolytic effect, and PVB19 induces
the release of inflammatory cytokines [12]. The innate immune system is critical in
eradicating viruses, but excessive response causes damage to myocardial cells [13].
Between week 1 and week 4 after initial start of the viral symptoms, the signs of viral
myocarditis will begin by T-cell mediated immune response [14]. In some patients,
all viruses will be eliminated from cardiac cells and recovery will proceed. However,
in genetically susceptible patients, persistent myocardial infection and subsequent
dilated cardiomyopathy will happen [12].

Autoimmune diseases are the second most widespread cause of myocarditis.
Diseases such as sarcoidosis, Behget’s disease, systemic lupus, and Eosinophilic granu-
lomatosis with polyangiitis can induce myocarditis with almost the same mechanism
[15-18]. Autoreactive T-cell that acts against a-MyHC (« isoform of myosin heavy
chain) is the main cellular mechanism known for the induction of myocarditis
[19]. Autoantibodies that are produced by B cells can also trigger myocarditis [20].
Macrophages have a critical role in the pathogenesis of giant cell myocarditis and
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sarcoidosis [21]. Other immune cells, such as dendritic cells and fibroblasts, can help
the triggering and progression of myocarditis [22, 23]. This cascade of immune cells
may lead to persistent inflammation of the myocardium and dilated cardiomyopathy.
The details of infectious and non-infectious conditions that can cause myocarditis are
presented in Figure 1.

Myocarditis induced by drugs is categorized as a direct toxicology effect (i.e.,
anthracyclines) or as a hypersensitivity response (like in case of cephalosporin or
antibiotics). As a whole, five categories of drugs are defined to cause myocarditis:
antipsychotics, salicylates, antineoplastic-immunotherapeutic agents, antineoplastic-
cytotoxic agents, and vaccines [24]. One of the antipsychotics that have drawn
attention as a prominent cause of myocarditis is clozapine. The occurrence of
clozapine-induced myocarditis (CIM) was six times higher in males vs. females [25].
Although most of the investigations were case reports, some additional risk factors
such as obesity, smoking, and inflammatory disease are related to CIM [25].

Immune checkpoint inhibitors (ICI) such as nivolumab and pembrolizumab
also cause cardiomyopathy. The prevalence is 0.04-1.14%, yet the mortality is high
(25-50%) compared to other immune-related adverse events of this pharmacologic
category [26-28]. The exact mechanism is not defined, but the possible similarity
between tumor and myocyte exists. Like other types of myocarditis, the role of T-cells
is momentous [29]. Some studies revealed that the infiltration of CD8+ and CD4+ T
cell in heart tissues was damaged due to ICIs [19, 29, 30].

Immune related disease:

Toxins I
Reactive
immune disease

and
hypersensitivity

Microorganism
and Viruses: M

Etiology of Myocarditis

Amoeba:
Trypanosoma
Y cruzi,
toxoplasma,
chagas disease
Yeast and Mold: C
Candid: lus,

(0

Covid-19
Other causes:

idiopathic

Figure 1.
Etiology of myocarditis with the abbreviation of “MYOCARDIT” Every alphabet is the vepresentative of a
category of etiology of disease.
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3. Diagnosis of myocarditis
3.1 Clinical presentation

The clinical presentation of myocarditis is a wide range from symptomatic patients
to patients with cardiogenic shock and sudden cardiac death [31]. The most common
symptoms include chest pain, fever, and dyspnea, respectively [32]. However, most
patients are asymptomatic. Other symptoms such as fatigue, palpitation, edema, and
syncope may happen. In the case of fulminant myocarditis, severe hemodynamic
compromise, fatal arrhythmia, and cardiogenic shock threaten patient’s life [33].

The initial clinical presentation of myocarditis can be identical to myocardial
infarction, new onset heart failure, chronic heart failure, or even a new onset severe
arrhythmia [34]. As mentioned before, the symptoms are not specific and overlap
with other cardiac crises. That’s why, most of the time, the diagnosis is challenging
and in favor of underdiagnosis of myocarditis.

In the cases when symptoms mimic acute coronary syndrome, electrocardio-
graphic changes, and cardiac enzyme elevation may happen. If the cardiac angiog-
raphy rules out dysfunction of coronary arteries, vasospasm or embolism may be
assumed as the reason for infarction [35]. However, in most of such cases myocarditis
is underdiagnosed [35]. When the symptoms are identical to heart failure, the chance
of accurate diagnosis is enhanced, especially in the absence of ischemic heart disease,
hypertension, or valvular disease. In the case of arrhythmia, ventricular tachycardia
and atrial fibrillation are common [36]. However, atrioventricular (AV) block,
sustained ventricular tachycardia, ventricular fibrillation, and ventricular flutter may
happen [37]. In fact, one of the main reasons for sudden cardiac death in the young
population is myocarditis and secondary fatal arrhythmia [38]. Finally, if the patient
is presenting symptoms in accordance with chronic heart failure and myocarditis
is a possible diagnosis, and if the acute phase has been passed, resulting in dilated
cardiomyopathy (DCM), sustained inflammation is the main cause leading to such
conditions [39]. Otherwise, DCM may results from other conditions, and many dif-
ferentials may exist.

Some patients (18-80% according to different investigations) with suspected viral
myocarditis may present with prodromal symptoms within the past 2-4 weeks, such
as flu-like symptoms or gastrointestinal disturbance, indicative of a viral disease [32].
However, most patients may not report such symptoms. Acute myocarditis is pro-
posed, if the time interval is less than 1 month. However, it may be within 3 months,
so the definition is according to “subacute myocarditis.”

3.2 Laboratory tests

Routine cardiac markers such as the N-terminal of B-type natriuretic peptide
(Nt-Pro BNP), troponin I, and troponin T are the current markers for diagnosis of
acute myocarditis. High-sensitivity cardiac troponin T (hs-cTnT) is both diagnostic
and prognostic markers in acute myocarditis [40, 41]. Some studies suggest elevated
cTnT/cTnl shows cell necrosis [5]. A persistently high level of troponin is associated
with a bad prognosis, and a fast decline indicates a good outcome for the patient, even
if the early levels are high [10].

BNP is elevated in acute and chronic heart failure and also in myocarditis [42].
However, one study disclosed that elevated cardiac troponin and simultaneous
normal levels of BNP are related to the worse prognosis in patients with fulminant
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myocarditis [43]. The hypothesis behind this is the protective role of BNP in main-
taining neurohormonal hemostasis. In other words, high cTnT level and lack of high
production of BNP result from massive myocyte injury and surrendering of hemody-
namic compromise. However, BNP is neither a specific marker nor a sensitive one for
acute myocarditis. Other tests such as C-reactive protein (CRP), erythrocyte sedi-
mentation rate (ESR), and leukocyte count may be used, yet they are not specific [5].

3.3 Echocardiography

Transthoracic echocardiography (TTE) is one of the first diagnostic steps for acute
myocarditis. Common findings in TTE consist of diastolic dysfunction, reduction in
left ventricular ejection fraction (LVEF), segmental or global wall motion abnormali-
ties, disturbance in the echogenicity of the myocardium, change in wall thickness,
and accumulation of fluid in pericardium (in case of concomitant pericarditis) [6].
Such presentation may be observed in other cardiac disease such as heart failure or
different kind of cardiomyopathies.

Although the findings of TTE are non-specific, it is the first widely available diag-
nostic strategy that can illicit the clinical and hemodynamic status of the patient and
has no limitation regarding arrhythmia or cardiac function. Other important points
about TTE are as follows:

* TTE helps diagnose other causes for related clinical presentations such as valvu-
lar disease and the detection of intracardiac thrombi.

* The degree of left ventricular (LV) dysfunction should be determined to specify
the therapeutic strategy for the patient [44].

* In emergency conditions, particularly when fulminant myocarditis is suspected,
and the patient is hemodynamically unstable, other specific modalities such
as cardiac magnetic resonance imaging (C-MRI) and endomyocardial biopsy
(EMB) are not easily accessible. Hence, echocardiography is the best non-inva-
sive informative diagnostic method.

* Some specific findings may raise the possibility of myocarditis like focal wall
motion abnormalities and simultaneous pericardial edema.

* Echocardiography is essential in the assessment of response to the therapy, and it
will be repeated during follow-up course.

3.4 Electrocardiography

Electrocardiographic (ECG) exploration may show ST-segment elevation or
abnormalities in T-wave [45]. Patients with specific form of myocarditis, like sarcoid-
osis, may manifest third-degree AV block [46]. About 51% of patients presented with
premature ventricular contraction (PVC) have some degree of cardiac inflammation
[47]. Hence, PVC records in electrocardiograms should be taken into particular
account. ECG exploration can help in the determination of prognosis. For instance,
wide QRS and Q-wave, QRS-T angle >100°, and QT. interval prolongation are associ-
ated with poor prognosis [5]. Normal ECG is hardly seen in patients with myocarditis
but is associated with better prognosis [48].
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3.5 Cardiovascular magnetic resonance imaging

The most non-invasive diagnostic modality for myocarditis is cardiac/cardio-
vascular magnetic resonance imaging (CMRI). CMRI gives a complete view of the
heart’s function, structure, and tissue, so abundant valuable data can be obtained.
The first official inclusion of CMRI in the diagnosis of myocarditis was in Lake Louise
Criteria (LLC) in 2009 [49]. Suggested criteria were defined according to classic
CMRI. Abnormality in two sequencing out of the following three could establish the
diagnosis of myocarditis: abnormality in T2-weighted imaging that is suggestive of
edema, abnormality in early gadolinium enhancement (EGE); a marker for capillary
leak, disturbance in late gadolinium enhancement (LGE); and indicative of scarring
or necrosis. The data showed acceptable accuracy and good positive predictive value
for such criteria.

Next to the LLC 2009, an assessment of the components of the criteria was per-
formed by different investigations to determine the accuracy and positive predictive
value in practice [50]. Simultaneously, new techniques in CMRI, like parametric map-
ping, were proposed, and the CMRI was evolving in diagnosis of myocarditis [51, 52].
The update of LLC in 2018 confirms the diagnosis of myocarditis if at least one abnor-
mality in each T1-based technique and T2-based technique exists [53]. Segmental or
global left ventricular hypokinesia and pericardial effusion were supportive criteria
for diagnosis of myocarditis in updated LLC [53]. However, one technique may be
used in patients with more evidences in favor of myocarditis.

CMRI has some limitations like any other diagnostic tool. For example, CMRI
cannot be easily used in case of sustained arrhythmia. Recent investigations suggest
'8F-fluorodeoxyglucose positron emission tomography (FDG-PET) scan instead
of CMRI in such conditions [54]. Another issue is that CMRI will not discriminate
chronic cardiomyopathy from acute type. Also, subendocardial lesions may not be
easily recognized by CMRI [55]. It should be noted that CMRI should be performed
within week 1 or 2 of the onset of symptoms. If not, the sensitivity and specificity of
CMRI will decrease substantially [56].

3.6 Endomyocardial biopsy

Endomyocardial biopsy (EMB) is the gold standard for diagnosis of myocarditis.
Although the procedure is invasive, it brings essential data regarding tissue and
immunohistochemistry. However, due to risks and adverse effects, EMB is performed
if only the results of non-invasive strategies are inconclusive or the biopsy findings
will modify the therapeutic plan. The general indication of EMB is unexplained
ventricular tachy- or bradyarrhythmia, unexplained new-onset heart failure, dis-
criminating different kinds of cardiomyopathy (that the diagnosis affects the whole
treatment plan), and in cases like heart mass or heart transplant [57].

The method involves the safe insertion of the bioptome into the cardiac muscle
by the direction of fluoroscopy or ultrasound imaging. The samples can be taken from
the right ventricle (through various veins) or the left ventricle (through the brachial
or femoral artery or direct septal puncture) [58]. Other imaging techniques, such
as echocardiography, can be applied to guide an optimum sampling [59]. Generally,
three or four samples are retrieved and some technical considerations should be taken
into account in accordance with the most probable diagnosis [57].

The samples will be assessed histologically and interpreted according to Dallas cri-
teria [7]. The criteria require evidence of infiltration of immune cells into myocytes,
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showing degeneration of myocardial cells and necrosis due to non-ischemic causes.
Immunohistochemistry assessment should contain at least 14 leukocytes per mm?®
and a minimum of 7 CD**/mm’ [7]. In the case of viral myocarditis, tissue polymerase
chain reaction (PCR) may be considered to guide immunosuppressant therapy.

Like any other procedure, EMB carries a certain risk of complication. However,
the overall risk is less than 1%. The most common complication is hematoma. Other
adverse events, such as arteriovenous fistula, pneumothorax, post-procedural infec-
tion, valvular complication, arrhythmia or block, chamber perforation, and subse-
quent cardiac tamponade, are possible [57].

4. Treatment approach of myocarditis

The initial steps in the treatment of myocarditis are supportive and in accordance
with underlying clinical presentation. Patients with uncomplicated myocarditis may
present with chest pain and non-steroidal anti-inflammatory drugs (NSAIDs) and
aspirin can help to suppress the pain [60, 61]. When fulminant myocarditis with
cardiogenic shock is the diagnosis, inotrope and vasopressor should be used according
to the clinical conditions of the patient [62]. The use of pharmacologic treatment for
heart failure, acute coronary syndrome, or ventricular arrhythmia in the context of
myocarditis corresponds to related guidelines [63-65].

4.1 Mechanical circulatory support

Patients whose initial clinical presentation is cardiogenic shock need hemody-
namic support, including vasopressors and inotropes to maintain perfusion of the
heart and other major organs. Anyway, the use of vasoactive drugs in patients with
marked systolic dysfunction will increase cardiac workload and predispose patients
to succedent ischemic events. That’s why the use of a temporary mechanical circula-
tory support (MCS) device was proposed in the treatment of fulminant myocarditis.
The primary objectives for the use of temporary MCS were maintaining systemic and
coronary perfusion, decreasing the workload on ventricles, and venous decongestion.
The most popular methods for temporary MCS are intra-aortic balloon pump (IABP),
percutaneous LV assist device (i.e., Impella), and venous-arterial extracorporeal
membrane oxygenation (VA-ECMO). Such devices can improve prognosis, postpone
heart transplants, decrease the need for durable devices, and finally decrease the risk
of mortality [66].

4.2 Pharmacologic treatment for myocarditis

Immunosuppressive agents are frequently used for the treatment of myocar-
ditis, both autoimmune disease-related forms and isolated forms of myocarditis.
Corticosteroids have the largest evidence and are prescribed as initial pulse doses and
maintenance therapy. Other immunomodulators such as tocilizumab, tofacitinib,
antithymocyte globulin, interferon-a, and lots of other medications may be used, but
the generally prescribed ones are brought in Table 1, with relevant precautions and
warnings [67, 85]. The great challenge with such therapies is immunosuppression and
increasing risk of various infections. It should be noted that some of these medica-
tions are accused of inducing myocarditis, that is, cyclophosphamide.
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Pharmacologic Dose Type of Precaution and References
intervention myocarditis warnings
First-line treatment
Corticosteroids IV methylprednisolone ~ Almostall types Hyperglycemia, [67]
pulse (500-1000 mg of myocarditis hypertension, increased
for 3 days) and risk of infection,
maintenance of gastrointestinal side
1 mg/kg effect including bleeding,
malaise, insomnia,
irritability, acne, adrenal
insufficiency, osteopenia
and osteoporosis,
glaucoma, cataracts
IVIG 1-2 g/kg for 1 day Mostly viral Anaphylaxis, [68-70]
1g/kg for 2 days myocarditis, hypersensitivity
400 mg/kg for 5 days autoimmune reactions, infusion-
disease-related related reaction,
myocarditis antibody development,
(mostly pulmonary edema,
systemic lupus thromboembolic events,
erythematosus) hemolysis and positive
Coombs test, hematoma,
aseptic meningitis,
nephrotoxicity
Azathioprine 2 mg/kg for 6 months  Virus-negative Bone marrow [71,72]
as maintenance myocarditis suppression,
treatment immunosuppression
and increase in risk
of infection, nausea/
vomiting, hepatotoxicity
Cyclophosphamide 600 mg/m® (BSA) on Autoimmune Bone marrow [72,73]
day 1, 15, 30 disease related suppression, impaired
myocarditis wound healing,
(SLE, vasculitis), immunosuppression
eosinophilic and increasing risk of
myocarditis infection, hemorrhagic
cystitis, cardiotoxicity™
Mycophenolate 2 g/d for 6 months Lymphocytic Bone marrow [74-76]
mofetil as maintenance myocarditis, suppression,
treatment virus-negative immunosuppression
myocarditis and increasing risk of
infection, difference
in pharmacokinetic of
delayed-release and oral
dosage form
Second line or less frequently used pharmacologic interventions
Rituximab 375 mg/m’ weekly for ~ Myocarditis Hypersensitivity [77,78]
4 weeks induced by reactions, infusion-
eosinophilic related reaction,
granulomatosis immunosuppression
with polyangiitis and increase in risk of

infection, late-onset
neutropenia, hepatitis
B virus reactivation,
reactivation of
tuberculosis, PML
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Pharmacologic Dose Type of Precaution and References
intervention myocarditis warnings
Methotrexate 20 mg weekly for Virus-negative Bone marrow [79, 80]
3-12 months myocarditis, suppression,
sarcoidosis gastrointestinal adverse

effects, hepatotoxicity,
errors in dosing schedule
(by patient) and risk of

drug toxicity
Infliximab 5 mg/kg single dose ICI-mediated Increase risk of infection, ~ [81]
myocarditis hypersensitivity

reactions, infusion-
related reaction,
antibody formation,
reactivation of hepatitis
B virus, reactivation of

tuberculosis
Abatacept 500 mg every 2 weeks ICI-mediated Increase risk of infection, [82, 83]
for 5 doses myocarditis hypersensitivity

reactions, infusion-
related reaction

Alemtuzumab 30 mg single dose ICI-mediated Bone marrow [84]
myocarditis suppression,
immunosuppression

and increase in risk of
infection, hypersensitivity
reactions, infusion-
related reaction,
thrombocytopenia, stroke
and cervicocephalic
arterial dissection,

PML, fatal autoimmune
conditions

Abbreviation: ICI: immune checkpoint inhibitor, IV: intravenous, IVIG: intravenous immunoglobulin, PML: progressive
multifocal leukoencephalopathy.

*Please consider that cyclophosphamide is one of the medications that causes cardiomyopathy. Besides, it has
immunomodulating effect for treatment of cardiomyopathy.

Table1.
Summary of pharmacological immunosuppressive interventions for the treatment of myocarditis.

5. Myocarditis and COVID-19

COVID-19 was the first pandemic of the twenty-first century that presented various
immune-related complications [86]. Cardiovascular complications were among the most
common complications, and myocarditis was the one that was detected not only in severe
COVID-19, but also in mild cases [11, 87, 88]. The initial pathogenesis was assumed to
be related to Angiotensin Receptor Enzyme 2 (ACE2) receptor. The spike protein of the
virus binds ACE2 receptor and adherence to the human type 2 TMPRSS2 (transmem-
brane serine protease 2) causes entry of the virus into cell [89]. The expression of ACE2 is
observed in many organs and tissue, like lungs, kidneys, brain, gastrointestinal tract, and
heart [90]. While ACE2 receptor and TMPRSS2 are expressed in myocyte, pericyte, and
other immune cells, penetration of the virus to such cells can happen [91]. The entry of
the SARS-CoV-2 can elucidate a complex of immune reactions, leading to myocarditis.
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The prevalence of COVID-19-related myocarditis is not clear, but is estimated
at 150 COVID-19-related myocarditis per 100,000 people versus 9 non-COVID-19
myocarditis per 100,000 people at the same time [92]. The typical presentation of the
COVID-19-related myocarditis is the same as other phenotypes of myocarditis that
mentioned earlier in this chapter, that is, fever, chest pain, palpitation, and syncope.
Although some studies suggest that some variants of SARS-CoV-2, like Delta, may
cause more damage to cardiomyocytes in comparison with Alpha, it seems that
expression of ACE2 in endothelial cells of coronary arteries is much more prominent
[93, 94]. Increased biomarkers such as troponin and Nt-pro-BNP were the risk factors
for mortality despite of the severity of COVID-19 illness [95-97].

Another important issue is COVID-19 vaccination-related myocarditis. Early after the
start of vaccination, case reports of myocarditis and pericarditis following vaccination
were released, especially after the second dose. Old reports of vaccination-related myo-
carditis indicate the importance of mRNA vaccines [98]. The same was true for COVID-
19 vaccination. The mRNA-base COVID-19 vaccine (Moderna and Pfizer) had the highest
risk of myocarditis [99]. These mRNA vaccines encode the spike glycoprotein of the virus.
The age below 30 was another independent risk factor [99]. Fortunately, most cases of
COVID-19 vaccination-related myocarditis were mild with a good prognosis [100].

6. Pericarditis

Pericarditis is an inflammatory disease involving the pericardium that can range
from a minimal pericardial effusion to infective pericarditis [101]. Most of the time,
pericarditis goes along with myocarditis or endocarditis. In rare cases, it can present
as an isolated form. The disease is frequently mild and self-limiting. In some cases, the
disease has a recurrent identity, causing irritating signs and symptoms and multiple
admissions to the hospital and emergency department. The second recurrence is
observed in 25-50% of patients and the third recurrence is observed in 20-40% [102].
However, it can be complicated in rare cases, in which the disease causes cardiac
tamponade that endangers the patient’s life.

The etiology of the disease is viral infections in more than 80% of cases [102].
Finding the etiology will not change the diagnostic and therapeutic plan. Taking a
complete medical history, heart auscultation, electrocardiography, echocardiography,
and blood tests (especially CRP and troponin) are necessary for diagnostic work-up.
If two of the following criteria exist, the diagnosis can be confirmed: chest pain,
pericardial effusion, pericardial rubbing, and ST elevation or PR depression on
electrocardiogram [103]. Invasive procedures are rarely required.

The first-line treatment of pericarditis consists of aspirin or NSAID, colchicine, and
proton pump inhibitors. Sometimes, exercise restriction is proposed to be performed
by patient [101]. Corticosteroids are not recommended as the first line, due to increas-
ing risk of relapse [104]. But they are prescribed in the second line or third line. Other
immunosuppressive agents may be used in the non-responsive form, and pericardiec-
tomy is that last treatment option for those resistant to pharmacotherapy [105].

7. Future of myocarditis

One of the greatest challenges in myocarditis is the early diagnosis (tools, time,
and differential diagnosis). Some new non-invasive diagnostic tools are required to
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detect patients with myocarditis so the proper treatment can be started. Biomarkers
may help in this field. Such markers can have diagnostic and prognostic value and
should be specific enough to differentiate myocarditis from another cardiac disease
with similar presentations [106].

Genetic biomarkers such as microRNA (miRNA) have drawn attention in recent
years. Animal models have shown that one miRNA named mmu-miR-721 produced
by Th17 cells can be used in diagnosis of myocarditis. Such biomarker is observed
in animal models of autoimmune myocarditis and coxsackievirus and is not present
in ischemic cardiac disease [106]. The humanized analog of this biomarker, Hsa-
miR-Chr8:96/mmumiR-721, was elevated in four distinct human investigations
and could produce a ROC curve with area under curve (AUC) of 0.972, meaning
a good distinguishing ability between myocarditis and ischemic events [107].
Another investigation found high levels of miR-4763-3p in patients with fulminant
myocarditis [108]. In addition, this study revealed that miRNA enrichment can
be associated with the severity of the disease. It seems miRNA will have a more
prominent role in determining the diagnosis and prognosis of myocarditis in the
near future.

Another potential treatment of myocarditis may be the regulation of microbiota.
The human gut microbiome is considered a “distinct organ” that contains beneficial
microorganisms and is a treasure of genomes, a 100 times more than the human
genome and involved in various human related hemostasis especially nutrition and
immunity [109, 110]. Recent investigations have shown the effect of gut-heart axis
on incidence of cardiovascular disease and the underlying mechanism is systemic
inflammation and endothelial dysfunction. Hu et al. performed fecal microbial
transplantation in mouse models and showed that increase in diversity and richness
of microbiota, especially higher firmicutes/bacteroidetes was accompanied by less
myocardial injury [111]. This was a result of less IFN-y gene expression in cardiomyo-
cyte and decreased CD4 + IFN-y + cells in the spleen.

8. Conclusions

Myocarditis is the inflammation of cardiomyocyte that can have symptoms
resembling other cardiovascular disease. Many infectious and non-infectious disease
can cause myocarditis. The early and accurate diagnostic strategy should be reached,
so the therapeutic strategy can be placed in right direction. However, diagnosis is still
challenging. EMB is the gold standard, but is not possible in every cases. That’s why
non-invasive tools, that is, CMRI are recommended as first line. Stabilizing hemo-
dynamic is the first goal in patients presenting with fulminant myocarditis. Use of
temporary MCDs and immunosuppressive agents should be considered in accordance
with probable etiology. New biomarkers and non-invasive diagnostic and prognostic
tools may help in future.
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The Role of Advanced
Multimodality Cardiovascular
Imaging in the Diagnosis and
Management of Myocarditis and
Pericarditis

Nana Osei, Abena Agyekum, Frank Lin and Inna Bukharovich

Abstract

This chapter provides a comprehensive review of the pivotal role advanced
multimodality cardiovascular imaging plays in the diagnosis and management of
myocarditis and pericarditis. It highlights the unique strengths and limitations of key
imaging modalities, including echocardiography, cardiac magnetic resonance imaging
(CMR), cardiac computed tomography (CCT), and nuclear imaging, demonstrating
their contributions to informed clinical decision-making. Additionally, the chapter
explores emerging imaging techniques and highlights future research directions,
offering valuable insights into their potential to enhance the understanding and man-
agement of these inflammatory conditions. By adopting an evidence-based approach,
this chapter seeks to equip clinicians and researchers with the knowledge and tools
necessary to optimize patient outcomes.

Keywords: pericarditis, myocarditis, cardiovascular diseases, cardiac imaging,
inflammation

1. Introduction

Myocarditis and pericarditis are inflammatory diseases of the myocardium and
pericardium, respectively. They present with a broad spectrum of clinical manifesta-
tions that can range from mild, self-limiting symptoms to life-threatening complica-
tions such as heart failure, obstructive shock, arrhythmias, and sudden cardiac death
[1, 2]. Timely and accurate diagnosis is paramount to improving patient outcomes,
particularly given the considerable overlap in clinical presentations with other cardio-
vascular and systemic diseases.

Advancements in cardiovascular imaging have transformed the diagnostic
landscape for myocarditis and pericarditis. Multimodality imaging now facilitates
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noninvasive assessment of the structural, functional, and tissue characteristics of
the myocardium and pericardium. While echocardiography remains the corner-
stone of initial evaluation, advanced imaging techniques such as cardiac magnetic
resonance imaging (CMR), cardiac computed tomography (CCT), and nuclear
cardiac imaging—particularly positron emission tomography (PET)—offer
deeper insights into disease pathophysiology and play a pivotal role in guiding
therapeutic strategies.

This chapter explores the evolving role of advanced multimodality cardiovascular
imaging in the diagnosis and management of myocarditis and pericarditis. It exam-
ines the unique capabilities and limitations of each imaging modality, emphasizing
their integration into clinical practice. Additionally, the chapter highlights emerging
imaging techniques and future directions, underscoring their potential to deepen our
understanding of these complex conditions. Through a comprehensive review, this
chapter aims to equip clinicians and researchers with practical insights to optimize the
care of patients with myocarditis and pericarditis.

2. Phenotypes and genotypes

The study of myocarditis and pericarditis encompasses a wide range of clinical
manifestations (phenotypes) and underlying genetic factors (genotypes). This dual
perspective is crucial for accurate diagnosis, effective management, and potential
future therapies for these inflammatory heart conditions.

2.1 Phenotypes of myocarditis

The clinical manifestations of myocarditis vary widely, influenced by the his-
tological severity, stage at presentation, and etiology of the disease. Myocarditis
can present as acute, subacute, chronic, or fulminant [3]. Mild symptoms include
sharp, angina-like chest pain, fatigue, generalized weakness, and reduced exercise
tolerance, and severe presentations may include heart failure and arrhythmias, with
complications such as dilated cardiomyopathy, cardiogenic shock, and sudden cardiac
death [4, 5].

2.2 Genotypes of myocarditis

Genetic predisposition plays a significant role in the susceptibility and clinical
course of myocarditis.

2.2.1 Genetic varviations

Structural protein mutations: Mutations in structural proteins, such as Titin
(TTN) and Dystrophin, result in a defective myocardium that is more susceptible to
inflammation and damage, especially following insults like viral infections. These
mutations are significant because in one study, 22% of patients with suspected
myocarditis possessed pathogenic variants of cardiac related genes [6].

Immune response gene variants: Specific single nucleotide polymorphisms (SNPs)
in immune-related genes, such as Toll-like receptor 3 (TLR3), have been linked to
increased susceptibility to viral myocarditis [7].
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Pathogenic mutations: Variants in the HLA-DR4 gene have been associated with
heightened inflammatory responses in myocarditis [8].

2.3 Phenotype of pericarditis

Pericarditis, characterized by inflammation of the pericardial sac, displays diverse
phenotypes depending on its etiology, symptom severity, and clinical features. The
most common symptoms include sharp, pleuritic chest pain alleviated by sitting
up or leaning forward, and may be accompanied by a pericardial friction rub on
auscultation [2, 9]. Systemic symptoms such as low-grade fever, general malaise, and
chills may also be present, and further complications include cardiac tamponade and
constrictive pericarditis, which can result in hemodynamic compromise and heart
failure from fibrotic pericardial changes, respectively [2, 10].

2.4 Genotypes of pericarditis

While the genetic underpinnings of pericarditis are less understood than those of
myocarditis, emerging evidence highlights potential genetic contributors.

Genetic variants

Interleukin-1 cytokine variants: Variants within the IL-1 gene locus may modulate
inflammatory responses, with some conferring protection against pericarditis [11].

Mutations in immune response genes: Genetic alterations, such as those affecting
the NLRP12 gene, have been implicated in recurrent pericarditis, pointing to a role for
innate and adaptive immune dysregulation [12].

3. Clinical pathophysiology

The pathophysiology of myocarditis and pericarditis is diverse, with overlapping fea-
tures, and the conditions often co-occur as myopericarditis. While myocarditis primarily
affects the myocardium, pericarditis involves inflammation of the protective pericardial
sac. Both conditions share common triggers and pathophysiologic mechanisms.

Myocarditis is most often caused by viral infections, including coxsackievirus,
human immunodeficiency virus (HIV), Epstein-Barr virus (EBV), and hepatitis C
virus (HCV), which directly injure cardiomyocytes. The progression of viral myo-
carditis typically occurs in three phases: acute, autoimmune, and chronic. The acute
phase begins with an insult to myocardial tissue, activating the innate immune system
and leading to the release of pro-inflammatory cytokines and the recruitment of
immune cells like neutrophils, macrophages, and natural killer cells. It is followed by
the autoimmune phase, which is driven by molecular mimicry between viral antigens
and myocardial proteins, triggering an amplified humoral and cellular immune
response, ultimately resulting in fibrosis [4, 13, 14]. In the setting of a regulated
immune response, the infection resolves, and the inflammation subsides, limit-
ing further myocardial damage. If the immune response is dysregulated, however,
prolonged autoimmune inflammation may lead to fulminant myocarditis [15]. In the
chronic phase, patients achieve either full recovery or progression to chronic dilated
cardiomyopathy from irreversible myocardial remodeling [14].

Pericarditis involves inflammation of the pericardium due to infectious, autoimmune,
or traumatic etiologies. The inflammatory response leads to a cascade of pathological
events, including the release of pro-inflammatory cytokines, particularly IL-1, and
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activation of the innate immune system, which results in increased vascular permeability
and extravasation of inflammatory cells and fluid into the pericardial sac. IL-1 plays a
pivotal role in pathogenesis, supported by the efficacy of IL-1 inhibitors in treatment, and
severe effusion can result in cardiac tamponade or constrictive pericarditis [2, 16].

Both myocarditis and pericarditis highlight the delicate balance between protec-
tive immune responses and pathological tissue injury. While the immune response is
essential for eliminating infectious agents and initiating repair, excessive or dysregu-
lated inflammation can cause significant damage, leading to severe complications.
This underscores the importance of timely diagnosis and targeted interventions to
mitigate immune-mediated injury and optimize patient outcomes.

4. Biomarkers and electrocardiographic (ECG) features in myocarditis
and pericarditis

The diagnostic evaluation of myocarditis and pericarditis relies on a combina-
tion of clinical, biochemical, and ECG findings to identify myocardial or pericardial
involvement and distinguish these conditions from other cardiac etiologies.

In myocarditis, cardiac biomarkers such as troponin T and troponin I are elevated
in at least 50% of patients, reflecting myocardial injury or necrosis. Erythrocyte
sedimentation rate (ESR) and C-reactive protein (CRP) levels are typically elevated
as well, indicating an active inflammatory process. Leukocytosis is often present,
and eosinophilia may also be noted, particularly in eosinophilic myocarditis. While
not essential for diagnosing myocarditis, ECG aids in ruling out other cardiac etiolo-
gies and detecting arrhythmias such as atrioventricular (AV) blocks and ventricular
ectopy. Certain ECG findings, such as ST-segment elevations, can mimic acute
coronary syndromes [3, 17].
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Figure 1.
An ECG showing normal sinus rhythm, diffuse PR-segment depressions, and diffuse ST-segment elevations
consistent with both myocarditis and pericarditis.
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Similarly to that seen in myocarditis, inflammatory markers such as ESR and CRP are
typically elevated in pericarditis, reflecting systemic inflammation. ECG findings often
include diffuse concave ST-segment elevations and PR-segment depressions, and recipro-
cal ST-segment depressions are also commonly observed inlead aVR (Figure 1) [18].

5. Imaging modalities
5.1 Echocardiography

Echocardiography is a cornerstone diagnostic and management tool for myocar-
ditis and pericarditis, offering detailed, real-time insights into cardiac structure and
function in these inflammatory conditions.

In myocarditis, echocardiography is the initial imaging modality of choice as it
provides critical information on cardiac function, wall motion, and the presence of
effusions. A key finding is global or regional left ventricular (LV) dysfunction, as
evidenced by reduced ejection fraction (EF) and wall motion abnormalities such as
hypokinesis, akinesis, or dyskinesis [3, 19]. Echocardiography also helps in identify-
ing complications such as intracardiac thrombi in the setting of regional wall motion
abnormalities and pericardial effusion, as well as excluding alternative causes of pre-
senting symptoms, guiding management decisions [19]. However, while invaluable
for assessing functional and structural changes, echocardiography lacks the sensitiv-
ity and specificity required to characterize myocardial inflammation definitively.

Similarly, in pericarditis, echocardiography is the primary tool for assessing
pericardial thickening, which is indicative of chronic inflammatory changes. It is
widely available, cost-effective, and can be performed urgently. Echocardiography
can also detect the presence and quantify the magnitude of a pericardial effusion and,
therefore, help its hemodynamic effects (Figures 2 and 3) [18, 21].

5.2 Cardiac magnetic resonance imaging

Cardiac MRI (CMR) has emerged as an indispensable tool for diagnosing and
managing myocarditis and pericarditis, offering unmatched tissue characterization
and diagnostic precision through advanced imaging techniques.

Guided by the updated Lake Louise Criteria, which utilizes T1/T2 mapping and
late gadolinium enhancement (LGE), CMR is considered the gold standard non-
invasive modality for diagnosing myocarditis, even in patients with biopsy-proven
pathology [19]. T1 mapping quantifies longitudinal relaxation times, reflecting
myocardial inflammation and fibrosis, and elevated native T1 values are indicative
of acute myocardial injury, whereas post-contrast T1 mapping assesses extracellular
volume (ECV), a marker of diffuse fibrosis.

In pericarditis, T1 mapping can detect concurrent pericardial inflammation,
while T2 mapping quantifies myocardial water content, directly measuring edema.
Elevated T2 values are highly sensitive to myocardial inflammation in myocarditis and
pericardial edema in pericarditis, and excel in detecting diffuse changes, which are
often missed by conventional T2-weighted imaging. Notably, the diagnostic accuracy
of CMR in myocarditis is highest when performed within the first 2-3 weeks of
symptom onset, as myocardial edema diminishes over time.

LGE identifies areas of myocardial damage through gadolinium accumulation in
regions of necrosis, inflammation, or fibrosis. In myocarditis, LGE typically presents

97



Inflammatory Myocardial Diseases

RV collapse

- Mitral valve inflow

respiratory
variation>25%

fi sl u NJI ol Anl“s . Jul‘:i l'
AAAARAAALRALALS

Figure 2.

Trgnsthomcic echocardiography showing the following findings: (a) M-mode with large pericardial effusion
and right ventricular (RV) diastolic collapse. (b) The pavasternal long-axis view is consistent with RV diastolic
collapse. (c) The collapse of the right atrium (d) Mitval valve inflow velocity with respivatory variation greater
than 25% [20].
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Figure 3.
ECG showing normal sinus rhythm and low-voltage QRS in the setting of a pericardial effusion post-myocarditis.
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as a nonischemic, patchy distribution in the sub epicardium or mid-wall layers [14].
In pericarditis, LGE highlights inflamed pericardial tissue and helps differentiate
acute pericarditis from chronic constrictive forms [22].

The combined use of T1/T2 mapping and LGE offers complementary insights,
with T1/T2 mapping excelling in detecting diffuse disease and LGE providing supe-
rior spatial resolution for focal injury. Together, these techniques enhance diagnostic
accuracy, facilitate risk stratification, and guide therapeutic decisions, transforming
the management of myocarditis and pericarditis [1, 18]. Limitations include practical
constraints, including high cost, limited accessibility, contraindications in patients
with renal impairment or implanted devices, and reduced sensitivity in chronic
myocarditis (Figures 4-6) [24, 25].

CMR also is helpful in solidifying the diagnosis of restrictive versus constrictive
pericarditis as a complication after myocarditis and pericarditis (Figure 7).

Mvocarditis

Figure 4.
Diffuse inflammation is seen in myocarditis.

Figure 5.

CMR of a biopsy-proven autoimmune myocarditis in HIV-associated dilated cardiomyopathy showing long-axis
images (panel A = diastole, panel B = systole) with a severely dilated and dysfunctional LV recovering from

an EF of 20% to an EF of 45% after 4 months of steroid therapy (panel G = diastole, panel H = systole), T2
short-tau inversion recovery images (T2-STIR) in the midventricular short-axis showing subepicardial edematous
imbibition of the inferolateral segment of the LV myocardium (panel C, arrows) and thickening of pericardial
layers with a minimal amount of effusion (panel C, arrowheads) that correspond to LGE with the same
distribution (panel D, arrows), and T2w-STIR LGE images (panel I and L) that show complete regression of
tissue edema and late enhancement at a 4-month follow-up [23].
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Figure 6.

CMR showing acute viral inflammatory pericarditis in a 15-year-old girl, with T2-weighted shovt-tau inversion
recovery spin-echo CMR (a), LGE CMR in horigontal long-axis (b), short-axis (c), and vertical long-axis plane
(d). There is diffuse hyperintense appearance of the pericardium on T2-weighted short-tau inversion recovery
spin-echo CMR (panel a, arrows) and strong, homogeneous enhancement of the entire pericardium following
gadolinium administration (panels b, c, d, arrows) [23].

5.3 Computed tomography (CT)

CT is often used in ruling out other conditions and for diagnosing pericarditis
rather than myocarditis. It helps visualize pericardial thickening, calcification, and
effusion and is particularly useful in cases of suspected constrictive pericarditis
(Figure 8) [18, 21].

5.4 Nuclear imaging
18F-Fluorodeoxyglucose Positron Emission Tomography (PET) provides robust
information on myocardial inflammation and pericarditis. Increased glucose uptake,

suggestive of inflammatory activity, helps differentiate active inflammation from
scarring secondary to prior viral infections (Figure 9) [1].
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Figure7.

CMR of constrictive pericarditis. A: Right ventricular vertical long-axis image showing civcumferential
pericardial thickening and an enlarged inferior vena cava; B: short-axis image showing civcumferential
pericardial thickening, encysted pericardial effusion; C: four-chamber image showing focal pericardial thickening
in front of the right ventricle lateral wall, an encysted pericardial effusion, an enlavged right atrium; D: short-
axis image showing focal pericardial thickening in front of the left ventricular inferior and lateral walls; E: short-
axis tagging image showing focal pericardial thickening and adherence in front of the left ventricular lateral wall;
F: four-chamber late gadolinium enhancement image showing enhancing pericardium [23].

Figure 8.
A chest CT revealing dense calcifications (arrow) along the atrioventricular groove, and pleural effusion [26].

5.5 Hybrid techniques

The combination of CT, PET, CMR with traditional echocardiography has
emerged as valuable tools in the diagnosis and management of both pericarditis and
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Figure 9.

M)%ocarditis. A: short-axis delayed enhancement MRI in a patient with acute onset chest pain and elevated
engymes shows mid-myocardial enhancement in the mid-lateral and inferior segments (arvow). B: Fused PET/
MR image obtained after glucose diet shows patchy areas of intense uptake in the lateral and inferior wall,
indicative of active inflammation [27].

myocarditis. They enhance precision in diagnosing active inflammation and assess-
ing the extent of myocardial involvement, enabling improved risk stratification and
therapeutic strategies [28].

6. General considerations and guidelines

For myocarditis, the American College of Radiology (ACR) recommends echocar-
diography as the initial imaging modality for assessing ventricular function, regional
wall abnormalities, and pericardial effusion, and recommends CMR as the next imaging
modality should echocardiography findings remain equivocal, as it is the gold standard
for noninvasive imaging due to its superior ability to characterize tissue and assess cardiac
function [29]. The updated Lake Louise Criteria in CMR is particularly effective for
distinguishing myocarditis from other cardiomyopathies and ischemic heart disease,
while also providing prognostic information [30]. The presence of cardiac biomarkers
such as troponins, along with LV dysfunction, should be incorporated into management
decisions, including the potential need for endomyocardial biopsy. Serial imaging can be
used to monitor disease progression and assess response to treatment.
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For pericarditis, echocardiography and CMR retain the same roles. CMR or cardiac
CT are indicated in complex cases where additional anatomic detail is required,
such as when there is suspicion of constrictive pericarditis or significant pericardial
effusion potentially requiring intervention [18, 31]. Accurate diagnosis of pericarditis
involves combining imaging findings with clinical history, physical examination, and
laboratory results. Imaging findings often guide treatment strategies, such as pericar-
diocentesis or surgical intervention in cases of significant effusion or constriction.

Overall, a multimodality approach to imaging is reccommended for both myocardi-
tis and pericarditis.

7. Conclusion

Echocardiography, along with advanced imaging modalities such as CMR and
cardiac CT, is cornerstones in the diagnosis and management of myocarditis and
pericarditis. These imaging techniques are integral for evaluating cardiac function,
guiding therapeutic decisions, and enabling the early detection of complications. As
advancements in imaging technology progress, their contribution to refining treat-

ment strategies and improving patient outcomes will continue to expand, reinforcing
their pivotal role in modern cardiovascular care.
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Chapter 5
Imaging in Myocarditis and
Pericarditis

Mayuresh Chaudhari, Aiswarya Pillai and Mahi L. Ashwath

Abstract

Myocarditis and pericarditis represent inflammatory conditions of cardiac tissue.
A variety of etiologies can result in myocarditis and pericarditis, including inflam-
matory and infectious causes. This chapter aims to provide a detailed overview of the
various diagnostic methods for these conditions, focusing on the utility of imaging
tests—echocardiography, cardiac CT, 18F FDG-PET, and CMR in the diagnostic
work-up, utility, diagnostic features, and limitations of the various modalities. The
role of imaging in the diagnosis of recurrent pericarditis and chronic constrictive
pericarditis is discussed in this chapter. A brief overview of the management of
myocarditis and pericarditis is also presented.

Keywords: echocardiogram, cardiovascular imaging, cardiac computed tomography
(CT), cardiac magnetic resonance imaging (CMR), T1 and T2 mapping, myocarditis,
pericarditis

1. Introduction

The myocardium and surrounding pericardium are both vulnerable to inflam-
matory pathologies that present along a common spectrum. Pericarditis, or
inflammation of the pericardium, often presents with sharp, pleuritic chest pain
that is typically worsened upon inspiration or when lying down and improved
upon leaning forward. Patients may report a history of viral prodrome, and the
physical exam typically reveals a friction rub. The evolution of acute pericarditis
over time can be tracked using electrocardiogram (EKG) and typically follows
four stages: Stage 1 changes involve diffuse ST elevations with PR depression,
Stage 2 sees the return of EKG- ST and PR segments to baseline with T wave flat-
tening, Stage 3 the inversion of T waves, and Stage 4 the normalization of the EKG
with or without persistent T wave inversion.

Myocarditis, or inflammation of the myocardium, can present with a range of
symptoms, ranging from progressive LV dysfunction to arrhythmias to acute myo-
cardial infarction, except without any coronary involvement (ruled out by coronary
angiography). Milder forms of the disease may, however, present similarly to acute
pericarditis, including a viral prodrome, fatigue, and pleuritic chest pain. Myocardial
injury may be suspected when diagnostic workups reveal elevated troponins and
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creatine kinase (CK-MB) levels. Elevated nonspecific inflammatory markers, such as
elevated white blood cell counts, are, however, nonspecific and may be encountered
in either disease.

Thus, myocardial and pericardial diseases exist upon a spectrum that occasionally
shares overlapping clinical features and even common etiologies (Tables 1 and 2).
The term myopericarditis refers to cases of confirmed acute pericarditis with elevated
troponin but without left ventricular (LV) systolic dysfunction. Perimyocarditis on
the other hand refers to cases presenting as confirmed acute pericarditis with elevated
biomarkers and a depressed LV function.

Pericarditis
* Idiopathic
e Viral: influenza, coxsackievirus

* Less commonly associated: cardiac surgery damaging pericardium, infection (e.g., tuberculosis, histoplasmosis),
pulmonary embolism, malignancy, radiation, rheumatic fever, trauma, connective tissue disease, etc.

Myocarditis
* Viral: coxsackievirus, adenovirus, hepatitis C virus, parvovirus B19, HIV, HHV6, CMV, EBV

* Non-viral infections: bacterial (Corynebacterium diphtheriae), protozoal (Trypanosoma cruzi i.e., Chagas
disease), spirochetal (Borrelia burgdorferi i.e., Lyme disease), fungal, parasitic, etc.

* Inflammatory disease: sarcoidosis, systemic lupus erythematosus, scleroderma, giant cell myocarditis,
hypersensitivity reactions, etc.

* Myocardial toxins: cocaine

*This list is not exhaustive, and theve exist other etiologies causing myocarditis or pericarditis not listed above.

Table 1.
Select etiologies of pericarditis and myocarditis™.

History Upper respiratory tract infection, + fever, chest pain, sudden onset
breathlessness
Physical examination Pericardial friction rub (35-85%) + evidence of pericardial knock,

gallop sounds [1]

EKG findings ST concave elevation, PR depression except for avR Sensitivity 47-77%,
specificity unknown [1]

Lab investigations Raised WBC (neutrophilia in bacterial inf., neutropenia & Lymphocytosis in
viral inf. and TB, monocytosis in parasitic, TB and viral inf.,
Eosinophilia in parasitic, collagen vascular disorders, hypereosinophilic
syndrome.)
ESR, CRP, cardiac Troponin I elevation -(Sensitivity 34%, specificity 89%, PPV
82%, NPV 47%) [1-3]

Coronary angiography Normal

Echocardiography Refer to Table 3

Cardiac MRI

Endomyocardial biopsy

CT/FDG-PET

Table 2.
Summary of presentation, clinical features, and lab findings in myopericarditis.
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Echocardiography

* Useful in detecting LV wall thickness, changes in LV geometry, changes in LV wall contractility and
function, any focal echocardiogram (ECHO) bright spots, as well as any posterior pericardial effusions.

* Acute myocarditis is characterized by normal or increased LV diastolic dimensions, normal or increased
septal thickness, and a spherical chamber on echocardiography.

* Two-dimensional strain echocardiography can additionally be used to map and quantify the regional
contractile function of the myocardium when evaluating for myocarditis.

Cardiac magnetic resonance

Can characterize using parametric mapping any myocardial inflammation, hyperemia, capillary leak,
edema, necrosis, and/or fibrosis.

Enables global or regional myocardial T1 and T2 relaxation times to be estimated and correlated back to
edema, fibrosis, etc.

Unique CMR patterns can also be used to distinguish between cardiac sarcoidosis, viral myocarditis, giant
cell myocarditis, and eosinophilic myocarditis.

Temporally distinguishes acute vs. chronic vs. healed myocarditis based on fibrosis, edema, necrosis, and
hyperemia values.

Temporally distinguishes acute vs. subacute vs. healed vs. burned-out pericarditis based on dark blood
characterization of pericardial thickness, T2 STIR, and late Gadolinium enhancement data.

Useful to evaluate pericardial fluid and/or pericardial layers edema in those with inflammatory
pericarditis.

Computed tomography
* CT is the best imaging modality for morphological observation of the pericardium and pericardial space.

* CT has a higher spatial resolution than CMR (0.4 to 2 mm and is much better at showing pericardial
calcifications and constriction.

* CT however is less adept at tissue characterization and temporal resolution than CMR.
Fluorodeoxyglucose positron emission technology

* Increased standardized uptake of 18F-FDG in the pericardium can be useful in identifying sources of
inflammation, as well as detecting the metabolic activity of the pericardium due to underlying malignancy
or systemic auto-immune disease.

* Tuberculomas have a characteristic pattern on PET, with high max 18F-FDG uptake values greater than
those seen in idiopathic pericarditis.

* PET scans are useful in evaluating the pericardium of patients with contraindications to CMR (advanced
kidney disease, recently placed pacemakers, severe claustrophobia, etc.)

Endomyocardial biopsy
* Gold standard for diagnosis of myocarditis.
* Useful in the diagnosis of cardiac sarcoidosis, eosinophilic, giant cell, and lymphocytic myocarditis.

* May be subject to differences in histologic interpretation between clinicians, random sampling of unaf-
fected areas causing to inability to either rule out nor confirm the disease, as well as procedural risks of
biopsy itself.

Table 3.
Overview of useful modalities in the diagnostic evaluation of myocarditis.

Due to overlap in clinical features and presentation, the diagnostic approach to
both diseases is more or less the same, with various imaging modalities, including the
conventional 2-dimensional echocardiography, Cardiac Magnetic Resonance Imaging
(CMR), and in complex undiagnosed cases, cardiac Fluorine-18 Fluorodeoxyglucose
Positron Emission Tomography/Computed Tomography (PET-CT) with or without
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endomyocardial biopsy (EMB). This chapter aims to provide a brief overview of
commonly used imaging tests in the diagnostic work-up of patients with clinically
suspected myopericarditis.

2. Diagnostic evaluation
2.1 General approach

Any patient with chest discomfort with or without palpitations, dyspnea, or
syncope should undergo a prompt 12-lead EKG within 10 minutes to look for ST-T
changes suggestive of the acute coronary syndrome (ACS)/pericarditis and to rule out
life-threatening AV block or arrhythmias necessitating emergency care. If the initial
laboratory evaluation reveals a troponin level above the upper normal reference limit,
a bedside screening echocardiogram can often be useful to look for regional or global
LV dysfunction, LV chamber dilatation, pericardial effusion, or valvular patholo-
gies. There are many methods for Troponin I (cTnI) and high sensitivity Troponin I
(hs-cTnl) quantification and these all carry their own assay-specific cut-off values.

It is thereby recommended that clinicians refer to the local assay in use and adopt the
appropriate 99th percentile upper limit of normal.

EKG changes (mainly generalized or localized ST-segment elevation) are more
common in patients with myopericarditis than in patients with simple pericardi-
tis. Patients with suspected myopericarditis require hospitalization for evaluation
and treatment. It is mandatory to rule out life-threatening causes of troponin
elevation (e.g., acute coronary syndromes [ACS], acute aortic syndromes, pulmo-
nary embolism) by conventional coronary angiography or noninvasive CT angi-
ography. A prospective observational study by Pasupathy et al. showed that up to
33% of patients initially diagnosed with myocardial infarction without coronary
artery occlusion (MINOCA) had myocarditis [2, 4]. Another study on 107 patients
of MINOCA with CMR at a mean delay of 6.9 days by Leurent et al. showed that
myocarditis was diagnosed in 60%, AMI in 16%, takotsubo cardiomyopathy
in 14%, and normal findings in 10% cases [5]. A high index of suspicion for
myocarditis includes younger age, recent viral prodrome, dynamic EKG changes
involving more than one vascular territory, absence of reciprocal ST changes, and
global LV hypokinesia on echocardiography. Also, ST elevation in myocarditis is
temporary and may subside within 24 (49%) or 48 hours (74%) [2]. Coronary
angiography can be circumvented in young patients with a cardiac history with
no/minimal cardiovascular risk factors and low pre-test probability for coronary
artery disease (CAD), and in whom clinical suspicion for myopericarditis is high,
prompt cardiac MRI should be performed [1].

Transthoracic 2-dimensional echocardiography is a noninvasive, rapidly accessible
bedside imaging tool that helps the clinician during the initial bedside evaluation
of the patient with suspected acute myopericarditis. Certain echocardiographic
parameters which if present, have a high index of suspicion for myopericarditis are
discussed later.

CMR can identify alterations induced by myocardial inflammation, regardless of
the underlying cause, and has consequently changed the clinical decision-making
approach for patients suspected of having myopericarditis once CAD has been
excluded [6]. The multiparametric tissue characterization capability of CMR in
exploiting changes in extracellular volume to visualize myocardial inflammation
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includes tissue edema, hyperemia, capillary leak, necrosis, as well as fibrosis. CMR
has the potential to highlight these changes at varying stages and times of the disease
process as it progresses from an acute to subacute and later a chronic stage. Thus, it is
favorable to perform CMR at any stage of the disease.

In complex, yet undiagnosed cases with nonspecific and diffuse myocardial
involvement on CMR, further evaluation with PET/CT may be useful in diagnosing
conditions like cardiac sarcoidosis.

In suspected cases of immune-mediated myopericarditis, endomyocardial biopsy
(EMB), considered a gold standard in the diagnosis of myocarditis based on estab-
lished histological, immunological, and immunohistochemical criteria can be useful
in the diagnosis of cardiac sarcoidosis, eosinophilic, giant cell, and lymphocytic
myocarditis.

3. Echocardiography findings in myopericarditis

The most important parameters to look for in 2D echocardiography include
assessment of LV wall thickness, changes in LV geometry, LV wall contractility
and function, any focal ECHO bright spot (especially in the posterolateral wall),
and the presence of posterior pericardial effusion (Figure 1). Patients with
increased LV wall thickness and preserved LV diastolic dimensions suggest ful-
minant disease, whereas those with mildly increased LV diastolic dimensions and
normal septal thickness suggest the acute, early stage of myocarditis. A thinned-
out LV wall with massive LV enlargement usually suggests scarred myocardium
or long-standing involvement and helps in considering other etiologies, such as
idiopathic dilated cardiomyopathy [3].

LV dysfunction is usually reversible over several months in patients with fulminant
myocarditis, whereas it is less common in patients with acute myocarditis [3], with
a gradual change in LV chamber geometry to its original elliptical shape. In doubtful
cases, an abnormal tissue Doppler (TDI) signal may be helpful in supplementing
the diagnosis [7]. It is important to note that in the acute myopericarditis group,

Figure 1.
Parasternal long axis view 2D ECHO image in a patient with pericardial effusion.
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segmental wall motion abnormalities do not correspond to electrocardiographic and
echocardiographic segments. For instance, EKG changes of ST-segment elevation in
anterior leads may show as regional wall hypokinesia on echocardiography affecting
postero-lateral walls. However, in a study by Saricam et al. late gadolinium enhance-
ment in the subepicardial region on CMR coincided with echocardiographic focal
echobright spot seen in the LV posterolateral wall showing the correlation between
CMR and ECHO findings [3].

The earliest evidence of focal myopericarditis is usually some edema in the
subepicardial layer of the LV wall on CMR imaging before any evident wall motion
abnormality is visualized on routine 2-dimensional echocardiography.

Global longitudinal strain on speckle imaging was found to be more sensitive than
ejection fraction estimation especially in patients with preserved LV function. This is
due to the ability to differentiate between subtle myocardial movements in the form
of speckles, favorable signal-to-noise ratio and angle independence useful to map and
quantify regional contractile dysfunction despite normal LV function [6].

4. Cardiac magnetic resonance imaging for detection of myopericarditis

The strength of CMR lies in its unique ability for tissue characterization to differ-
entiate myocardial inflammation, hyperemia, capillary leak, edema, necrosis, as well
as fibrosis using parametric mapping.

Initial CMR sequences with blood and fat suppression algorithms are used to
delineate the anatomy of the myocardium and pericardium. Volumetric quantifica-
tion and ventricular function can be assessed by cine MRI which uses a balanced
steady-state free precision (bSSFP) technique. Native T1 mapping utilizing saturation
recovery methods (saturation recovery single-shot acquisition- SASHA) and inver-
sion recovery techniques (like modified Look-Locker inversion recovery - MOLLI)
or abbreviated modified Look-Locker inversion recovery (ShMOLLI), or hybrid
sequences provides a “baseline” T1 value for comparison with post-contrast T1
relaxation time to calculate extracellular volume (ECV) and identify focal fibrosis and
scarring. Myocardial tissue characterization is done using the injection of gadolinium-
based contrast agents and estimating the late gadolinium enhancement (LGE) using
aT1-weighted rapid gradient echo MRI (GRE) sequence combined with an inver-
sion recovery pre-pulse to null the signal of normal myocardium. Focal myocardial
fibrosis and scarring are better visualized with LGE; however, the signal intensity of
the affected myocardium is not vividly enhanced to decipher diffuse and interstitial
fibrosis [8]. Hence, quantification of pre-contrast T1 relaxation time is done prior to
contrast injection. However, native T1 mapping lacks the ability to differentiate acute
from chronic disease. This pitfall can be mitigated by native T2 mapping techniques
using gradient or spin-echo sequences which have the advantages of better signal-to-
noise ratio, fewer motion artifacts, and better image resolution in comparison to clas-
sic T2-weighted imaging, using a black-blood short-tau inversion recovery sequence.
Parametric mapping techniques allow not only spatial visualization but also objective
quantification of T1 and T2 relaxation times of regional or global myocardial tissue.
From pre- and post-contrast T1 imaging, including adjustment for the current hema-
tocrit value, extracellular volume can be calculated, which can be useful for detecting
edema, hyperemia, capillary leakage, and fibrosis. Essentially, T1 is better for visual-
izing structure, while T2 is better for detecting pathology. Fat appears bright on T1
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images, whereas fluid appears bright on T2 images. In assessing myocardial fibrosis,

a T1-weighted image is typically better for visualizing normal anatomy and detecting
potential areas of fibrosis. A normal T1 map of healthy left ventricular myocardium
is between 990 + 31 ms. The prolongation of T1 relaxation times (Figure 2) is mainly
due to two biological factors, namely the increase of interstitial space due to edema
(increased water volume due to acute inflammation) and fibrosis (later stages of
myocardial inflammation or a healed condition). T2 imaging techniques may be more
specific than T1 imaging for detecting fluid accumulation in acute inflammation,

and more sensitive than T1 imaging for detecting edema in chronic fibrotic tissue [9].
Thus, T1 and T2 imaging techniques appear to be of complementary diagnostic value
and hence are recommended as part of a comprehensive CMR examination in patients
with clinically suspected myocarditis [9-11].

In acute stages of myocarditis, there is capillary leakage, hyperemia, and inter-
stitial space expansion, resulting in increased uptake and volume of distribution of
gadolinium-based contrast agents. Increased contrast uptake, described early after the
use of gadolinium-based contrast agents, showed decreased sensitivity, specificity, and
diagnostic accuracy in the detection of myocarditis, as reported by Lagan et al. and later
in a meta-analysis by Kotanidis et al. [12] and thus early gadolinium enhancement was
replaced with parametric mapping (elevated T1, T2 relaxation times or nonischemic LGE
pattern) as one of the criteria in the revised Lake Louise criteria (LLC) in 2018 to diagnose
patients with clinically apparent myocarditis (Figure 3) [13, 14].

The late gadolinium enhancement on inversion recovery gradient echo sequences
depicted improved detection of myocardial necrosis, and later fibrosis and scar
formation showing characteristic nonischemic patterns (a typically patchy appear-
ance with most often subendocardial, mid-wall or subepicardial localization peculiar
to different etiologies) (Tables 4 and 5) [9, 10].
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Figure 2.
Native T1 mapping values and ECV in diffevent cardiac diseases. Figure adopted and modified from Martin
Ugander (SCMR 2014) and Phillip Haff [8].
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PARAMETRIC MAPPING AND LGE PATTERNS IN
MYOCARDITIS
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Figure 3.

Cardiac magnetic resonance (CMR) features in myocarditis according to disease stage and pathologic findings [9].

Viral Basal, mid-infero-lateral walls predominantly subepicardial and/or midmyocardial
Myocarditis segments may be involved.
Cardiac Sarcoidosis Patchy, multifocal pattern, typically located in the mid-wall and subepicardial regions

of the basal septum and inferolateral wall. LGE can be present in the right ventricular
insertion points — “hook sign.”

Giant Cell Widespread late gadolinium enhancement (LGE) across multiple myocardial layers in both
Myocarditis ventricles, mimics sarcoid, however overall LGE mass smaller than in cardiac sarcoidosis.
Eosinophilic Patchy or multifocal subendocardial LGE not confined to a single region.
Myocarditis

Table 4.

Cardiac magnetic resonance imaging patterns in different forms of myocarditis [9].

Midmyocardial Epicardial Subendocardial global  Subendocardial/transmural focal
* Idiopathic dilated * Myocarditis * Amyloidosis ¢ Ischemic cardiomyopathy
cardiomyopathy * Sarcoidosis * Systemic sclerosis
* Myocarditis * Chagas disease * Post cardiac
* Hypertrophic « Anderson- transplant
cardiomyopathy Fabry’s disease * Eosinophilic
* Sarcoidosis, Chagas, myocarditis
Anderson - Fabry’s
disease
Table 5.

Late gadolinium enhancement patterns in cardiomyopathies [15].
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5. Cardiac magnetic resonance in pericardial inflammation

Although computed tomography (CT) is the best imaging method for morpholog-
ical assessment of pericardium and pericardial space, CMR gains an advantage over
CT due to its dynamic and functional assessment properties in clarifying the complex
relationship between pericardial constriction and cardiac filling.

Black blood T1-weighted spin-echo CMR using fast, segmental sequences is
helpful in visualizing the heart, pericardium, and mediastinum [16, 17]. T2-weighted
spin-echo CMR may also be utilized with the short-tau inversion recovery (STIR
sequence, also referred to as “triple” spin-echo), which is highly effective at display-
ing myocardial edema [18] and assessing pericardial fluid and/or pericardial layer
edema in individuals with inflammatory pericarditis (Figure 4). LGE sequences are

Figure 4.
Cardiac cine MRI sequence showing evidence of pericardial effusion.

2D-Echocardiography:

* Thickened pericardium

* Abnormal ventricular septal motion

* Flattening of LV posterior wall in diastole

* Dilated inferior vena cava
Doppler echocardiography:

Dissociation of intracardiac and intrathoracic pressures

Diastolic septal bounce and respiratory phase septal shift

Hepatic diastolic forward-flow velocity increase in inspiration

Hepatic vein diastolic reversal wave upon expiration

Diastolic forward flow greater than systolic forward flow

Normal or increased velocity of early diastolic transmitral flow (color M-mode)

Mitral medial e’ velocity greater than mitral lateral e’ velocity (anulus reversus)

Higher mitral annular e’ velocity

Reduced longitudinal strain in free wall of both ventricles

Table 6.
Echocardiographic findings in constrictive pericarditis [19-21].
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useful in distinguishing between inflammatory and constrictive pericarditis, and to
rule out any pericardial mass and concomitant myocardial involvement (Table 6).
Presence of pericardial effusion in addition to increased pericardial thickness
can be fully demonstrated on T1-weighted spin-echo CMR or cine CMR, but inflam-
matory pericardial layer edema can be seen on T2-weighted STIR spin-echo CMR.
Pericardial enhancement on gadolinium-enhanced CMR studies is an accurate
method for detecting pericardial inflammation (Figures 5 and 6) [22]. Both LGE
CMR and spin-echo CMR are complimentary. Pericardial inflammation can be fur-
ther highlighted using the addition of fat suppression sequences. Another interesting
aspect is the association of the pericardial signal with the adjacent layers, which can
show enhancement of the surrounding fat and irregularity in chronic pericarditis or
enhancement of the adjacent myocardial tissue in myocarditis (Figure 7) [22].

Figures.
Cardiac MRI LGE sequence with no pericardial enhancement.

Figure 6.
Cardiac MRI LGE sequence with pericardial enhancement.
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Suspected Calse of Pericarditis
Black Blood T1 weighted spin-echo CMR

|
Thickened pericardium

\
\ |
Tz -STIR Late Gadolinium Enhancement
+ | ACUTE PERICARDITIS | +
- | SUBACUTE PERICARDITIS | +
= CHRONIC PERICARDITIS =
BURNT OUT PERICARDITIS

+ = Positive, - = Negative, STIR = short-tau inversion recovery sequence

Figure 7.
Pericardial characterization findings in the various stages of pericarditis [16-18, 22].

The disadvantage of CMR is that it is time-consuming and impractical, especially in
critically ill, hemodynamically unstable patients unable to hold their breath for along
time, and contraindicated in those who have metallic implantable electronic devices.

6. Computed tomography in the diagnosis of myopericarditis

In the diagnosis of myopericarditis, CT has a higher spatial resolution than
MR (0.4 to 1 to 2 mm) and is much better at showing pericardial calcification and
constriction. In acute pericarditis, pericardial thickness is minimal and, if present,
pericardial effusion is also minimal.

Various case reports have highlighted the importance of detecting coincidental
myopericarditis, especially in young individuals undergoing TRO (triple rule out)
protocol for chest pain evaluation with a low index of suspicion for CAD. These
reports reiterate the fact that CT imaging has the potential to diagnose and detect
cases of early myopericarditis. Also, due to faster acquisition times in a single breath
hold, it is more practical to acquire the images in critically ill, orthopneic, and hemo-
dynamically unstable patients. However, with the advent of CMR’s additional capabil-
ity of better tissue characterization and better temporal resolution than CT (30-50 vs.
80-160 ms), CMR imaging is preferred over CT scan in the evaluation of suspected
cases of myopericarditis whenever feasible [23].

7. Fluorodeoxyglucose positron emission technology scan in myocarditis
and pericarditis

18F-fluorodeoxyglucose (18F-FDG-PET) works by injecting a radioactive tracer
into a patient’s body, which is taken up by active inflammatory cells. The use of PET/
CT in various etiologies of myocarditis is well documented [24-26]. 18F-FDG-PET
has been shown to be especially useful in establishing diagnosis and monitoring the
response to treatment in patients with cardiac sarcoidosis [27].

117



Inflammatory Myocardial Diseases

A novel PET radiopharmaceutical with an affinity for the somatostatin receptor
at the 68Ga labeled peptides has been shown to be more diagnostically accurate than
18F- FDG for cardiac sarcoidosis [28].

18F-FDG-PET is also useful in suspected cases of malignancy associated with
pericarditis and pericardial effusions. Up to 5% of pericarditis cases are attributed to
an underlying cancer, with the most common malignancies being breast cancer, lung
cancer, and Hodgkin’s lymphoma [29, 30]. In suspected cases of tuberculous pericarditis,
18F-FDG-PET has a definite role in the diagnosis, especially in tuberculomas which have a
characteristic high standardized uptake value (SUVmax) [31]. If the pericardial SUVmax
is very high (>9) and the 18FDG uptake pattern does not suggest a typical malignancy,
the possibility of tuberculous pericarditis should be presumed. Additionally, it can also
be useful in selecting an optimum site for tissue biopsy. Many PET protocols require a
prolonged fast with a preceding high-fat/low-carbohydrate diet, limiting its ability in
rapid diagnosis, albeit useful in situations with contraindications to CMR [32].

In summary, PET may have utility in evaluating myopericarditis due to granulo-
matous conditions, underlying malignancy, or systemic inflammatory conditions.

8. Recurrent pericarditis
8.1 Introduction

Recurrent pericarditis is defined as a new episode of pericarditis detected on
evaluation with chest pain after an asymptomatic period, arbitrarily defined as at
least 4-6 weeks according to the European Society of Cardiology 2015 guidelines,
despite adequate anti-inflammatory therapy [33, 34]. It is often due to inappropriate
treatment of pericarditis (e.g., early discontinuation of anti-inflammatory therapy,
low drug dosage, lack of specific recommendations on exercise restriction) rather
than a true relapse [33]. It is important to distinguish from incessant pericarditis in
which there is no symptom-free period between the two episodes, as it can prog-
ress directly to constriction [34]. The term “chronic pericarditis” instead is used to
describe any pericardial involvement lasting >3 months.

Acute pericarditis can recur in about 20-30% of cases, and the frequency increases
up to 50% in cases receiving inadequate treatment regimens [35]. According to an
Italian study, recurrent episodes were more common in patients with isolated pericar-
ditis (31.8%) than in patients with myopericarditis (10.5%) [36].

8.2 Epidemiology

The etiology of recurrent pericarditis is thought to be immune-related. This is sup-
ported by evidence of non-organ-specific antibodies and a good response to cortico-
steroid therapy. Factors associated with an increased risk of recurrence include female
gender, inadequate dose and duration of corticosteroid and colchicine use.

8.3 Clinical features and diagnosis

Evidence of symptoms of pericarditis after a symptom-free interval of 4-6 weeks,
documented by recurrent chest pain compatible with pericarditis and one or more of
the following: a pericardial friction rub, EKG changes, or echocardiographic evidence
of new or worsening pericardial effusion, elevation in blood-based inflammatory
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markers like white-cell count, erythrocyte sedimentation rate, or C-reactive protein
(CRP) level with confirmation on CMR study, if feasible [37].

8.4 Imaging in recurrent pericarditis

Diagnosis is primarily based on baseline echocardiographic findings of moderate
to large pericardial effusion or worsening pericardial effusion, cardiac tamponade,
and exclusion of other etiologies (e.g., tuberculosis, systemic inflammatory disease,
neoplastic disease) that may have been missed in previous evaluations.

The normal pericardial thickness is less than 2 mm and appears as a thin hypo-
intense (dark) lining surrounded by hyper-intense (bright) lining suggestive of medi-
astinal and epicardial fat on T1-weighted CMR images [16, 17]. Recurrent pericarditis
is suspected when there is increased pericardial thickness with increased signal
intensity (bright) of the pericardium on short-tau inversion recovery (STIR)-T2
weighted sequences with hyper-intense (bright) signals on T1-weighted late gado-
linium enhancement sequences.

The latter may suggest residual fibrosis and a potential therapeutic target with
appropriate anti-inflammatory therapy. Recently, a CMR-guided treatment strategy
has been shown not only to reduce new relapses but also to minimize the duration of
corticosteroid therapy [22].

CT is a complementary imaging modality to detect thickened pericardium,
calcifications, and pericardial effusion based on varying attenuation values of the
pericardial fluid. Low attenuation values of pericardial fluid (e.g. 0-20 HU) suggest
a transudate, intermediate values (e.g., 20-60 HU) are indicative of exudative effu-
sions, while high attenuation values (>60 HU) mostly suggest hemorrhage [23].

In fact, in a recent study in patients with acute pericarditis and pericardial effu-
sion, an increased 18F-FDG- PET uptake of the pericardium suggestive of ongoing
inflammation was considered a risk factor for further recurrences [29].

9. Constrictive pericarditis
9.1 Introduction

Constrictive pericarditis (CP) is a chronic process, a sequela to long-standing
pericardial inflammation involving the fibrous pericardium that impairs normal
diastolic filling of the ventricles. Symptoms are related to decreased cardiac output
and increased pulmonary venous congestion and include fatigue, exercise intolerance,
dyspnea, anorexia, and symptoms of right heart failure, such as abdominal distension
and pedal edema. Clinical examination reveals raised jugular venous pressure with
rapid x- and y-descent waves and paradoxically increased waveform during inspira-
tion (Kussmaul’s sign) [38]. On auscultation, a pericardial knock may be observed in
up to 47% of patients. Pulsus paradoxus (inspiratory drop of >10 mmHg in systolic
blood pressure) has also been reported. There is no pathognomonic EKG pattern [38].

9.2 Epidemiology

CP can occur irrespective of the presence of pericardial effusion. With a slight
male predominance, tuberculosis is the most common etiology in developing coun-
tries in contrast to the developed world where idiopathic or viral etiology is the most
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common, followed by cardiac injury, post-radiotherapy, rheumatic diseases, malig-
nancies, and trauma. The incidence of CP is 20-30% after tuberculous pericarditis.
This risk is lower with other bacteria or viral etiological agents [39].

9.3 Role of imaging in diagnosis

In patients with strong clinical suspicion for CP, chest radiography may show
pericardial calcification in 25-30% of cases, mostly associated with tuberculous
pericarditis. Two-dimensional echocardiography may show a concomitant pericardial
effusion in 30-40% of patients. In addition to a dilated inferior vena cava, diastolic
septal bounce and respiratory phase septal shift due to interventricular dependence
can be seen in four-chamber view. Doppler mitral flow velocities usually show a
restrictive filling pattern (E/A > 1 and deceleration time < 150 ms). Mitral lateral e’
velocity might be lower than medial e’ velocity due to tissue tethering (anulus rever-
sus). Higher mitral annular e’ velocities in patients with symptoms and signs of right
heart failure are highly suggestive of constrictive pericarditis (i.e., >8 cm/s). Normal
or increased propagation velocity of early diastolic transmitral flow on color M-mode
may also be observed, while expiratory hepatic vein diastolic flow reversal is the most
specific echocardiographic sign [19]. On strain imaging, global longitudinal strain
and early diastolic tissue velocities are generally preserved in early stages, whereas
circumferential strain, torsion, and early diastolic untwisting are reduced (Table 6)
[20, 21].

The role of CMR in CP is to look for underlying active inflammation in addition
to constriction, which can predict reversibility with the complete course of anti-
inflammatory therapy. Therefore, assessment of LGE on CMR can be very useful in
identifying the stage of disease and predicting response to treatment [40].

CT is more sensitive than chest X-ray for detecting pericardial thickening, calcifi-
cation, and preoperative planning of pericardiectomy. Failure to visualize the postero-
lateral LV wall on dynamic CT may indicate myocardial fibrosis or atrophy, which is
associated with poor surgical outcomes. Interestingly, positron emission tomography/
CT using 18F-fluorodeoxyglucose can also serve the same diagnostic information as
CMR in detecting active inflammation and predicting response to anti-inflammatory
therapy [41].

Cardiac catheterization is currently reserved in complex cases with effusive-
constrictive overlap where there is a dilemma in treatment plans. The main findings
on invasive hemodynamics are elevation and equalization of cardiac diastolic pres-
sures in both ventricles (<5 mm Hg difference), prominent rapid diastolic LV filling
waveform (>5 mm Hg, referred to as a square root sign), reduced cardiac output and
an exaggerated inspiratory decrease in systolic blood pressure (>10 mm Hg) [42].
These findings may be masked due to aggressive prior diuretic therapy and hence an
intravenous fluid challenge may be reasonable in selected cases for unmasking the
invasive hemodynamic patterns.

10. Treatment/management

Medical therapy in myopericarditis depends on the predominant presentation. In
pericarditis predominant presentation with chest pain, mild pericardial effusion, and
preserved LV function, Nonsteroidal anti-inflammatory drugs (NSAIDs) are the first
line of drugs used. Colchicine is used routinely in patients with recurrent pericarditis,
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but its role in myopericarditis is not well established. However, a combination regime
of aspirin (650-1000 mg three times daily) or ibuprofen (600-800 mg three times
daily) with colchicine (0.5-0.6 mg twice daily for patients weighing >70 kg. and once
daily in <70 kg) [43].

A meta-analysis of five controlled clinical trials in patients with recurrent pericarditis
showed a significant reduction in recurrences with colchicine. Similarly, low-dose corti-
costeroids (0.2-0.5 mg/kg) are commonly used and are associated with high treatment
outcomes [43]. Colchicine is usually continued for 3 months, then stopped without reduc-
ing the dose. Pericardiocentesis or surgical drainage is recommended for hemodynamic
stabilization in patients with massive pericardial effusion often with cardiac tamponade.

In patients with predominant myocarditis with depressed LV function and signs
and symptoms of left heart failure, standard heart failure therapy with diuretics, beta-
blockers, and angiotensin-converting enzyme inhibitors/angiotensin receptor blockers
(ARBs) are recommended. Ventilatory support, inotropes, and extracorporeal membrane
oxygenation (ECMO) may be considered in refractory heart failure patients with cardio-
genic shock. Corticosteroids are usually used in specific conditions like giant cell myocar-
ditis or recurrent pericarditis refractory to first-line therapy [1].

Medical management of CP includes diuretics and salt restriction. Sinus tachycar-
dia being a compensatory response in CP due to poor ventricular filling and reduced
cardiac output, beta blockers and calcium channel antagonists that slow the heart rate
should be avoided. In patients with atrial fibrillation and a rapid ventricular response,
digoxin is the drug of choice for rate control. Surgical pericardiectomy is the defini-
tive treatment in CP provided there are no comorbidities or radiation induced disease.

Exercise restriction — limitation of fitness activity to walking and/or lightweight
training is recommended for at least 3 months or until complete clinical remission.
For competitive sports activities, a longer restriction time of up to 6 months may be
considered on an individual basis and therapeutic response [44, 45].

11. Prognosis

The condition has an overall good prognosis even at a relatively long-term follow-up
of above 2.5 years with no significant long-term sequelae. A meta-analysis showed a
recurrence rate of 13%, 3.5% for residual left-ventricular dysfunction, and 0.9% for
cardiac tamponade and/or constriction [44]. In a study by Imazio et al., 114 patients with
myopericarditis were followed for a mean duration of 36 months. Recurrence was seen
in 10.5%, 0.9% developed constriction and LV dysfunction persisted in 7.9% of patients
[45]. Prognosis is generally poor in symptomatic patients refractory to medical therapy.

Patient education, reassurance, and the importance of salt and fluid optimization
in addition to compliance with medical therapy should be reinforced [46].

Although the prognosis is generally good, patient triage is of utmost importance
and therapy should focus on the severity and stage of the disease to prevent morbidity
and mortality. In the absence of data from randomized trials, treatment recommenda-
tions for myopericarditis are largely based on expert opinion [35].

12. Conclusion

Myopericarditis is not an uncommon problem and is usually viral in etiology. With
the current Covid-19 pandemic leading to cardiac manifestations and case reports of
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Covid m-RNA vaccine-associated myopericarditis, one needs to have a low threshold
in suspecting myopericarditis, especially in individuals with cardiac symptoms fol-
lowing a viral prodrome and febrile illness. There are currently different modalities to
detect myopericarditis, which is best managed with an interdisciplinary approach that
includes an intensivist, cardiologist, radiologist, infectious disease specialist, physical
therapist, and internist. Although the overall prognosis is good, these patients often
need aggressive medical therapies and supportive care in an intensive care setting to
mitigate the long-term sequelae thereby reducing mortality and morbidity. Prompt
treatment before constriction develops is of utmost importance as the prognosis later

is generally dismal.
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Appendix and nomenclature

18F-FDG
ACS
CCTA
CMR
COVID-19
CT

CP
EKG
ECV
EGE
GBCA
LGE
LLC
LVEF
PE
PET
SPECT
STE
STIR
TDI
TTE
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18F-fluorodeoxyglucose

acute coronary syndrome
coronary computed tomography angiography
cardiac magnetic resonance
coronavirus disease 2019
computed tomography
constrictive pericarditis
electrocardiogram

extracellular volume

early gadolinium enhancement
gadolinium-based contrast agent
late gadolinium enhancement

lake Louise criteria

left ventricular ejection fraction
pulmonary embolism

positron emission tomography
single-photon emission computed tomography
speckle tracking echocardiography
short-tau inversion recovery

tissue Doppler imaging
transthoracic echocardiography
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Abstract

The aim of this review is to provide an overview of multimodality imaging in
myocarditis (MC) and pericarditis (PC), which refer to the clinical and histological
manifestation of a broad spectrum of pathological immune processes in the cardio-
myocytes and pericardium. This review highlights and summarizes the diagnostic
tools and their prognostic value. In general, the clinical presentation and the echo-
cardiography are the first diagnostic steps in patients with suspected PC and MC.
In cases of equivocal myocardial disease, various imaging modalities are available.
Cardiac magnetic resonance imaging (CMR) is critical in the diagnosis of myocar-
ditis, whereas cardiac computed tomography (cCT) is of secondary importance.
Positron emission tomography (PET) and PET/CT are useful to detect underlying
myocardial inflammatory activity. The data suggest that simultaneous cardiac PET/
MR may have complementary and incremental value in the assessment of MC
compared to PET/CT or CMR alone. Established guidelines and innovative recent
publications are reviewed to further improve the diagnosis of PC and MC in the light
of current treatment options.

Keywords: myocarditis, pericarditis, advanced imaging, echocardiography, cardiac
magnetic resonance imaging, computed tomography, positron emission tomography

1. Introduction

Pericarditis (PC) is the most common pericardial syndrome, accounting for
approximately 0.2% of all hospital admissions for cardiovascular causes and 5% of
emergency department visits for chest pain [1-6]. Myocarditis (MC) has an overall
incidence of 4-14 people per 100,000 each year and is associated with a mortality rate
of approximately 1-7% [7, 8].

MC and PC are based on the clinical manifestation of a wide spectrum of patho-
logical immune processes in the myocytes and the pericardium. The molecular and
cellular pathophysiology may differ between the different aetiologies, but the con-
secutive cellular infiltration and necrosis results in structural and functional abnor-
malities such as oedema, fibrotic scarring leading to regional contractile impairment,
ventricular stiffening, or conduction system disease [9, 10].
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Both entities can be classified according to their cause, histology, clinicopathologi-
cal (acute, subacute, chronic, recurrent) and clinical criteria [9]. The etiology of
either MC or PC is multifactorial, depending on the epidemiological background,
patient population and clinical setting [3, 11]. The causes can be broadly categorized
as idiopathic, infectious (viral, bacterial, e.g. Mycobacterium tuberculosis is the most
common cause in developing countries and often coexisting with HIV infection, fun-
gal, parasitic) and non-infectious (autoimmune, neoplastic, which is often secondary
due to leukemia, breast cancer, lung cancer, lymphoma and melanoma), metabolic,
cardiovascular (e.g. Dressler’s syndrome) and drug-related (e.g. isoniazid, doxorubi-
cin, clozapine, ICI (immune checkpoints inhibitors)) [5, 7, 9, 10, 12-16].

Acute forms of MC and PC often present with non-specific symptoms of chest
pain, dyspnoea, palpitations, presyncope or syncope, new-onset heart failure due to
systolic or diastolic dysfunction, atrial or ventricular arrhythmias. However, in some
cases acute viral MC causes cardiac damage without symptoms, thereby increases the
risk of chronic inflammatory dilated cardiomyopathy (DCM) [7, 9].

In patients with clinical suspicion of MC or PC, the diagnosis should start with
the analysis of serum biomarkers (cardiac troponin T (cTnT) or I (cTnl) and creatine
kinase (CK)-MB). Non-specific serum markers of inflammation such as C-reactive
protein (CRP) and white blood cell count (WBC) are often elevated in patients
with MC or PC, but low specificity limits their diagnostic value [5, 9]. Most patients
with MC have non-specific ECG findings, such as sinus tachycardia, ST- and T-wave
abnormalities, atrioventricular or bundle branch block [9, 17, 18].

For the definitive diagnosis of MC and PC different imaging techniques are used.
The aim of this review is to summarize recent developments in the available imaging
modalities, highlight their advantages and drawbacks, make a statement about their
diagnostic and prognostic value of MC and PC, and provide an insight into the recent
work of various investigators.

2. Echocardiography

Transthoracic echocardiography (TTE) remains an indispensable and predomi-
nantly utilized initial diagnostic modality in patients with suspected PC and MC
[9, 16, 19, 20]. Moreover, TTE is particularly efficacious in excluding differential
diagnoses such as myocardial infarction, aortic dissection, and valvular heart disease
[8, 9, 20]. The morphological and functional abnormalities observable in patients
with PC and/or MC, along with advances in imaging techniques, are described here
[8, 9, 20].

Regarding the diagnosis of PC, TTE offers critical insights into the presence and
extent of pericardial effusion, including its volume and potential hemodynamic
impacts such as cardiac tamponade and constrictive physiology. Additionally, TTE
can detect pericardial thickening and increased echogenicity of the pericardial
layers. Pericardial effusion is quantitatively classified as mild (<10 mm), moderate
(10-20 mm), or large (>20 mm) based on its diastolic measurement [5, 21]. Figure 1
illustrates a septated and partially fibrinous pericardial effusion in a patient suffering
from constrictive pericarditis.

The echocardiographic characteristics of acute MC are generally non-specific
and primarily involve left ventricular (LV) dysfunction attributable to focal or
global inflammation with cellular necrosis and tissue oedema. This can resultin a
reduced LV ejection fraction (LVEF), LV wall thickness and/or regional dysfunction
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Figure 1.
A septated and partially fibvinous pericardial effusion in a patient suffering from constrictive pericarditis.

characterized by LV wall motion abnormalities. These abnormalities, which are

not confined to a coronary artery distribution, serve as useful confirmatory and
prognostic indicators. The regional wall motion abnormalities typically present as
mild segmental hypokinesia, particularly affecting the inferior or inferolateral walls,
though severe cases may exhibit extensive diffuse hypokinesia [7, 8, 20, 22-27].

LVEF remains preserved in approximately 75% of patients with MC; however,
comprehensive assessment of both LV and right ventricular (RV) function is critical,
as more severe ventricular dysfunction correlates with an increased risk of mortal-
ity or the need for heart transplantation [1, 7, 9, 11, 16, 19, 26, 28]. The LV typically
appears normal or only mildly dilated in patients experiencing acute heart failure
(AHF). Myocardial oedema may lead to increased ventricular wall thickness and
abnormal (often granular) echogenicity, a phenomenon particularly common in
fulminant MC [7, 27]. Furthermore, significant acute active MC may present with
increased ventricular sphericity due to oedema [7, 9, 28]. It is important to note that a
normal echocardiogram does not rule out the diagnosis of PC or MC [26].

Advanced imaging modalities such as strain and strain rate imaging via speckle
tracking have emerged as valuable adjunctive echocardiographic parameters for
assessing myocardial dysfunction. Research has demonstrated that reductions in LV
fractional shortening, longitudinal strain, and strain rate are correlated with the his-
tological degree of lymphocytic infiltration. Longitudinal and circumferential strain
exhibit specificities for inflammation of 93 and 94%, respectively. LV global longitu-
dinal strain (LV-GLS) has been shown to be the most effective measure for differenti-
ating patients with MC from healthy controls, followed by LVEF and LV end-diastolic
dimension (LVEDD). Numerous studies have indicated that impairment of LV-GLS is
associated with adverse cardiovascular outcomes [7, 8, 20, 22-27]. Furthermore, TTE
is a pivotal imaging modality for the precise identification of complications such as
LV thrombus, and transient LV aneurysm [7, 22]. Tissue Doppler and colour M-mode
echocardiography are valuable tools for distinguishing constrictive PC from restric-
tive cardiomyopathy [22].

The advantages of TTE include its widespread accessibility, affordability, and
capability for urgent assessment. However, the limitations, as well as the inter- and
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intraobserver variability of TTE encompass its reliance on operator expertise and the
quality of ultrasound equipment, occasional challenges associated with poor acoustic
windows due to factors like obesity or pulmonary diseases (e.g., COPD), and limited tis-
sue characterization [5, 29-31]. Recognizing these drawbacks, several alternative imaging
modalities are used to aid in the diagnostic evaluation of patients with PC and MC.

Transesophageal echocardiography (TEE) is not routinely employed as a diagnos-
tic tool for MC and PC.

3. Cardiovascular magnetic resonance

Cardiovascular magnetic resonance imaging (CMR) has emerged as the foremost
modality for non-invasive imaging of MC due to its independence from acoustic
window limitations with high reproducibility as well as its facilitation of optimal
plane acquisitions, while also obviating radiation exposure [26, 32-34]. Nonetheless,
the timing of CMR scans is critical; they should neither be too early (within 48 hours)
nor too late after symptom onset to preserve sensitivity. Ideally, CMR should be
conducted within 2-4 weeks of symptom onset and can serve as a valuable tool for
monitoring disease progression and activity [8, 26, 27].

CMR not only aids in diagnosing myocarditis but also provides important prog-
nostic information, helping to predict patient outcomes based on the extent of tissue
damage [35].

Recent advancements in CMR hardware, software, and protocols have signifi-
cantly improved the accurate visualization of tissue changes in patients with acute
myocardial diseases. Consequently, CMR possesses unique features that make it the
preferred imaging modality for in vivo tissue characterization in conditions such as
myocarditis. The pathological cascade of MC, irrespective of its aetiology, entails the
infiltration of immune cells into the myocardium, precipitating myocardial oedema,
hyperaemia, necrosis, and eventual scar formation. All of these processes can be visu-
alized by CMR [20, 32], which employs a protocol designed to evaluate both global
and regional cardiac function and to identify primary imaging markers of inflam-
mation, including oedema, hyperaemia, and necrosis. Additional indicators such as
pericardial effusion, LV systolic function, or transient increase in wall thickness can
further booster the diagnosis of active MC; as a result, CMR provides a comprehen-
sive “all-in-one” imaging examination [5, 8, 23, 32, 36].

Cine short-axis images utilizing steady-state free precession (SSFP) have evolved
into the reference standard for evaluating and quantifying cardiac volumes, myocar-
dial mass, and ventricular function [8, 32, 37]. Figure 2 illustrates cine-segmented
short and long axis image in a patient with a constrictive pericarditis. T2-weighted
sequences exhibit high sensitivity to oedema, stemming from inflammatory cell
injury and the consequent augmented permeability of cellular membranes. The
T2-weighted short tau triple inversion recovery (STIR) sequences have been validated
for identifying epicardial, transmural, and global myocardial oedema, demonstrat-
ing a sensitivity of 84% and specificity of 74% [20, 32, 37]. The onset of myocardial
inflammation prompts the release of inflammatory mediators, inducing regional
dilation of the coronary microvasculature. This heightened blood flow to the affected
segments results in augmented regional uptake of gadolinium contrast. Hyperaemia
and the ensuing global relative enhancement of the myocardium are quantified by
putting the myocardial signal into relation to that of skeletal muscle in both pre-
contrast and post-contrast T1-weighted images [32].
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a)

Figure 2.
Cine-segmented long (a) and short (b) axis image in a patient with constrictive pericarditis.

The Lake Louise Criteria (LLC) for CMR in diagnosing MC includes the presence
of increased regional or global myocardial signal intensity on T2-weighted images,
increased global myocardial early gadolinium enhancement (EGE) and at least one
focal lesion with nonischaemic distribution in late gadolinium enhanced (LGE) T1
weighted images [3]. The LLC demonstrates an overall diagnostic accuracy of 78%,
with a sensitivity ranging from 67-81% and a specificity ranging from 71-91% for
acute MC. However, its diagnostic accuracy is not as reliable for chronic MC [10,

20, 26, 32, 33, 35]. A diagnosis of MC can be established when two out of the three
primary inflammatory markers (see above) are present [20, 26, 32, 33] Bami et al.
indicated that the inclusion of pericardial effusion in the diagnostic criteria did not
significantly enhance diagnostic accuracy [20]. Figure 3 illustrates CMR images
showing typical inferolateral late gadolinium enhancement distribution in a patient
with myocarditis.

A newer technique is the T1 and T2 mapping, which are parametric imaging tools
that quantify tissue-specific magnetization characteristics for robust tissue charac-
terization. Multiple images at fixed points in the cardiac cycle generate a relaxation
curve for T1 or T2 [20, 26, 32]. T1 mapping provides information about longitudinal
relaxation, for example, using a modified Look-Locker inversion recovery (MOLLI)
sequence. Post-contrast T1 maps after gadolinium application can provide extracel-
lular volume fraction maps [26, 32]. T1 mapping effectively assesses myocardial
oedema and hyperaemia based on the hypothesis that T1 prolongation occurs due to
increased water content. T1 values >990 ms indicate myocardial injury. As a result,
T1 mapping is subsequently used to create a topographic map that allows visualiza-
tion of the extent of myocardial involvement [20]. T2 mapping quantifies myocardial
oedema and inflammation by providing information on transverse relaxation. T2
maps are generated using different echo times [26, 32]. In MC, T2 mapping identi-
fies more extensive involvement than LGE, cine imaging, and T2-weighted short tau
inversion recovery (STIR). Native T2 mapping has a higher diagnostic accuracy than
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Figure 3.
CMR images showing typical inferolateral late gadolinium enhancement distribution (arrow) in a patient with
myocarditis. (a) A short-axis view, (b) a four-chamber view, and (c) a two-chamber view.

the LLC for chronic myocarditis [32]. T1 and T2 mapping outperform the LLC in
diagnosing myocardial inflammation, enhancing MRI’s capability. T1 mapping alone
has a diagnostic accuracy of 91%, which improves to 95% with T2-weighted imaging
or LGE, achieving 92% sensitivity and 97% specificity [20, 32]. Figure 4 illustrates
CMR images in T1 mapping pre- (a) and post (b)-contrast agents administration in a
patient with myocarditis.

The sensitivity and specificity of CMR for diagnosing acute MC vary depending
on the sequences utilized. A combination of T2-weighted CMR and post-gadolinium
early and late T1-weighted CMR yields the highest sensitivity (67%) and specificity
(91%) for diagnosis. However, T1-weighted imaging after gadolinium contrast admin-
istration may not effectively differentiate acute MC from chronic scarring [8, 9, 38].
Table 1 illustrates the sensitivity, specificity, and diagnostic accuracy of various
combinations of CMR tissue criteria for MC diagnosis (T2-weighted imaging, EGE
and LGE). This data is extracted from the Lancet Journal 2012 article “Myocarditis”
authored by Sandeep et al. [8, 9].
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a) b)

Figure 4.
CMR images in T1 mapping pre- (a) and post (b)-contrast agents administration in a patient with myocarditis.

Sensitivity (%)  Specificity (%) Accuracy (%) Positive predictive value (%)

T2-weighted MRI 25 95 56 86
(T2) and LGE

T2, LGE or both 60 66 62 79
Any1lof3 88 48 70 68
Any2of3 67 91 78 91

LGE = Late Gadolinium Enhancement.

Table 1.
Diagnostic performance of various combinations of CMR tissue criteria (T2-weighted imaging, T1-weighted
imaging, LGE) for the diagnosis of myocarditis.

A comprehensive CMR protocol for pericardial disease typically includes cine
imaging, black-blood T1-weighted imaging of the heart and pericardium, myocardial
tagging, phase-contrast sequences, and delayed enhancement imaging to assess late
gadolinium enhancement (LGE) [5, 23]. Similar to CT imaging, in CMR, the pericar-
dium appears on T1-weighted images as a thin hypodense (dark) curvilinear struc-
ture, surrounded by hyperintense (bright) mediastinal and epicardial fat. Normal
pericardial thickness typically ranges from 0.7 to 2 mm [37]. CMR can accurately dif-
ferentiate between mixed myopericardial diseases, such as mixed inflammatory forms
(e.g. myopericarditis or perimyocarditis), and pericardial injury following myocardial
infarction. Compared with CT, CMR offers the advantage of providing informa-
tion regarding the hemodynamic consequences of a non-compliant pericardium on
cardiac filling and the potential to visualize fibrotic fusion of pericardial layers [37].

The limitations of CMR include its restricted sensitivity, especially in instances of
equivocal or borderline MC. Additionally, CMR struggles to ascertain the underly-
ing cause and composition of MC accurately, the lack of widely used standardized
scanner protocols, limited availability of CMR-capable MRI systems and shortage
of experienced CMR imagers [20, 36]. While advancements in T1 and T2 mapping
have aimed to mitigate some of these challenges, they have not entirely surmounted
the limitations inherent to CMR [20]. Limiting patient characteristics related to the
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performance of CMR include implanted pacemakers [5, 29], claustrophobia or severe
renal failure, which makes contrast administration difficult. It also requires good
cooperation from the patient, as they have to hold their breath, which can be difficult
if they are in pain or have a relevant pericardial effusion.

4. Computer tomography

Well-founded studies regarding the utilization of cardiac computed tomography
(cCT) in the context of MC and PC are scarce. However, cCT holds potential for
detecting pericardial calcifications and thickening, alongside evaluating comorbidi-
ties [5, 37]. In particular, acute coronary syndrome (ACS) stands as a primary dif-
ferential diagnosis requiring exclusion, especially in patients presenting with chest
pain and ST changes or segmental wall motion abnormalities, particularly those with
increased cardiovascular risk factors [24].

The healthy pericardium typically acts as a barrier to inflammation and infec-
tion from adjacent mediatinal structures and limits the friction from cardiac motion
within the mediastinum. On CT, it appears as a thin, dense line of > or =2 mm
thickness and is best visualized in the systole over the right ventricle. Intravenous
administration of iodinated contrast is recommended to enhance blood density and
visualize pericardial inflammation [37]. Figure 5 illustrates a cCT image showing the
compression of the left ventricle in a patient with constrictive pericarditis. Figure 6
shows a cCT image illustrating the calcification of the pericardium in a patient with
constrictive pericarditis.

Regarding MC, limited studies have indicated delayed myocardial enhance-
ment (DME) with iodinated contrast or regions of low attenuation on cCT corre-
lating with late gadolinium enhancement (LGE) areas observed on CMR imaging.
Hence, non-localized delayed enhancement affecting the epicardial layer of the
LV wall could serve as a cCT criterion for diagnosing MC [20, 39, 40]. Moreover,
spectral/dual-energy CT - which utilizes different X-ray energy levels to acquire
data, allowing differentiation of materials based on their energy-dependent
attenuation characteristics — has demonstrated promising accuracy in evaluat-
ing inflamed myocardium in acute MC patients exhibiting typical subepicardial
DME [26, 41].

Figures.
A ¢CT image showing the compression of the left ventricle in a patient with constrictive pericarditis.
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Figure 6.
A ¢CT image illustrating the calcification of the pericardium in a patient with constrictive pericarditis.

However, owing to inherent limitations of cCT, such as ionizing radiation
exposure and the inability to assess unstable patients or those with arrhythmias,
echocardiography and CMR are preferred modalities for evaluating pericardial and
myocardial diseases in clinical practice [24, 29, 37].

5. Nuclear imaging
5.1 Positron emission tomography

Positron Emission Tomography (PET) employs 18F-fluorodeoxyglucose (18F-
FDG), a fluorine-18-labelled glucose analogue, which accumulates in cells in propor-
tion to their metabolic activity. Consequently, 18F-FDG PET serves as a reflection of
metabolically active processes, including myocardial inflammation [20, 26]. A crucial
prerequisite for optimal PET interpretation is meticulous patient preparation. Prior
to 18F-FDG PET, patients are advised to adhere to a high-fat, low-carbohydrate diet
followed by an extended fasting period (at least >12 hours) to suppress physiological
myocardial glucose uptake. Under normal conditions, myocytes predominantly utilize
fatty acids as their energy source; however, they can also metabolize glucose, leading
to FDG uptake on PET, PET-CT, or PET-MR. The prescribed diet effectively mitigates
physiological myocardial FDG uptake [24, 26, 32].

18F-FDG PET plays a pivotal role in detecting MC, particularly in the context of
systemic autoimmune diseases such as cardiac sarcoidosis [26]. In cardiac sarcoidosis,
focal or multifocal 18F-FDG uptake, distinct from normal myocardial uptake, is typi-
cally observed, often in conjunction with involvement of other affected organs such
as the lungs and lymph nodes [24, 26]. Another field of application is for example
pericardial 18F-FDG tracer uptake in patients with solid cancers and lymphoma,
implying malignant pericardial involvement [37].

The integration of 18F-FDG PET with computed tomography (PET/CT) or
magnetic resonance tomography (PET/MR) confers additional advantages. PET/CT
or PET/MR amalgamates metabolic and functional information from PET with CT or
the high soft tissue contrast and multi-parametric capabilities of MR imaging, facili-
tating a comprehensive evaluation of myocardial and pericardial inflammation. This
synergistic combination enables simultaneous assessment of myocardial metabolism,

137



Inflammatory Myocardial Diseases

perfusion, and tissue characterization, thereby augmenting diagnostic precision and
therapeutic monitoring [32, 42-46].

52 PET/CT

In the realm of MC diagnosis, the utility of 18F-FDG PET/CT remains largely
reliant on case-based observations due to the absence of prospective randomized
trials or meticulously designed retrospective studies. Despite this limitation,
available evidence suggests that 18F-FDG PET/CT exhibits promising capabilities
in detecting and localizing active inflammation indicative of MC. The regional
distribution of 18F-FDG uptake, characterized by patterns such as focal, diffuse,
or focal-on-diffuse, along with the intensity of tracer uptake, can furnish valu-
able insights into the underlying pathophysiology of the disease. Notably, certain
aetiologies, such as tuberculous pericarditis, may manifest with heightened FDG
uptake compared to idiopathic forms, thereby aiding in differential diagnosis
[32, 37]. Moreover, PET-CT holds potential as a tool for monitoring treatment
response in MC cases [32].

5.3PET/MR

18F-FDG PET/MR has emerged as a promising imaging modality for assessing MC
and PC, offering distinct advantages over conventional techniques. Recent evidence
suggests that simultaneous cardiac PET/MR provides complementary and incremen-
tal benefits compared to PET/CT or CMR alone. This integrated approach enhances
the detection and characterization of myocardial inflammation and pericardial
involvement [32].

18F-FDG PET performed on a hybrid 18F-FDG PET/MR platform holds promise
for more effectively detecting MC (oedema, fibrosis, regional wall motion abnormali-
ties) than 18F-FDG PET/CT. Clinical studies have shown that increased myocardial
FDG uptake correlates well with CMR findings, enhancing sensitivity for mild or
borderline myocarditis and enhancing specificity for chronic cases. Moreover, 18F-
FDG PET complements CMR by providing metabolic information, which is particu-
larly valuable in cases of diffuse myocardial damage undetectable by late gadolinium
enhancement (LGE) in CMR [32].

For pericarditis assessment, 18F-FDG PET/MR offers superior soft tissue contrast,
accurately evaluating disease extent and complications like constrictive PC [42-46].

Another advantage of PET/MR is its potential for reducing radiation exposure
compared to PET/CT, making it particularly beneficial for radiation-sensitive popula-
tions like paediatric, pregnant patients and young patients with a higher incidence of
myocarditis. However, PET/MR has a smaller inner bore, and limitations in patients
with metal implants should be considered [32].

6. Coronary angiography and endomyocardial biopsy

Coronary angiography is not routinely used. Depending on the clinical context,
coronary angiography may be used to exclude differential diagnoses, such as in
patients with a high cardiovascular risk profile and ischaemic ECG changes, similar
to CT. In addition, differentiation between constrictive pericarditis and restrictive
cardiomyopathy is sometimes difficult and may require invasive testing [37].

138



Advanced Imaging in Myocarditis and Pericarditis

//dx.doi.org/10.5772/intechopen.1007301

http:

DOI

(ADH) SWN[OA IB[N[[0BIIXS PISLAIdU]
UOTSNJJo [eIPILdLIS]

SuTuSOIY} [[eM TRNOLIIUSA 1§07
sanieuriouqe Surddewr g j, pue 1,

(AysusyurradAy
Gurew paySrom ¢,1,) BUIapao [eIpIesoh

uza1red SruIseYDSI-uoU B Ul (F97T)
JUSUIDDUBYUS Winfurjopesd 21e7 Jo JUsUIadUBY Uy

UOISNJJa 21 JO 2INJRU Y] 01 pIedal yIim uory
-eurzojur ppR1A Sunydrom Jua1aJ31p Yaim saouanbas jo uorreurquio)

aduapuadap renorn
-uaAI2)ul pajeraddexs pue aounoq [eadas se yons uoroLIIsuod jo sudig

UOISNJJo [RIPILILIS]
uoTeNSIUTWPE 1Se1IU0d Juimoro] g7 [erpaestiad uong

s1ahef [erprestiad pauaydIy ],

2oueU0sa1 dnaudeur derpIe)

(STD-AT) urens eurpnyduoy [eqo[s paxreduy
(ersaupyodAy asnyyip

SULIOJ 9I9A3S UI S[[EM [BIS)B[OIdJUI/IOLIDJUT
a3 ur A[feroadss ‘ersaunjodAy eruswidas
priuw A[[erous) sa1[euLIOUqe UOTIOUI [[EAN

(remueid Apsour)
wmnipresofur a1y} jo A3oruadoryds pasearduy

SSOUNDIY) [[EM DBIPIED PISEIOU]
uonounysAp dI[olseIp pue d1[0IsAg

S[OLIIUSA 1J3] PATE[IP A[P[IW IO PIZIS-[EULION]

.

(snrpreorrad
aAnoL1Isu0d ur) aarea Areuowrnd a3 jo Juruado arnjewaig

(snrpreotrad 2AT10L1ISUOD UT) sutaa d1reday] pue JoLajul
BAED ‘A 93 Jo dsde[[0D> PAYSIUTWIIP 10 JUSE PUE UOLIL[IP PAIEIA]

(snrprestad 9ANOLIISUOD UT f90UNOq
[eadas) sporruaa 1391 premoy uonjour [eadss renornuaa Lxojerdsuy

(re1are],2 < [eadas 9) snsioaax snjnuue

<1opddo(q anssn 3e (99s/UId /<) AIDO[9A TB[NUUE [BIIIU PISLIIOUL

10 [BULIOU {S[eSIOAI 9STB] YILM SIIID0[9A UIdA d1jeday d1jolserp
K1o07e11dX0 Pasea1ddp opou-JAl 10[0D J& MO[J [eINWSULI] II[OISLIP
Ajes jo Ayopaa uonededoxd pasearour 1o [eurtou fuoryeridxs Surmp
sadueyp a1soddo cuonyerrdsur 1215e 1eaq 1511y 911 ut 43100794 prdsnorn
U 9SeIIOUT 041 < AIOO[2A MOTJUT [RIIIUL UT [[B] 04G7< ‘SnIpredtrad
SAIIDLIISUOD UT) SAIUD0[AA MO} TB[NA[eASUEI] U UOIjeLIeA A1ojeirdsay

(speuodurey ur) sprruaa 1y3Lr pue wnrie 1y jo asdef[od orjoseIq
spuen)s snouriqiy [erpresrradenuy - /+
s1afef [erprestrad aanospyaradAy pue pauadIy],

(sa1ose ‘prnyg enafd -/+) uorsnyys [erpIedLIag

Aydex3orpresoyoyg

SOIPIed0AIAl

snIpIedLIdg

sSurpury reord4y,

139



Inflammatory Myocardial Diseases

“sa111wpous Surdpunt Jua4dffip ur s1pavaofus pup sipipavariad Jo ssuipurf ordA],

"TqeL,

£3ojoyred oerpresenxs jo uorenyeay

9seasIp 19118 ATBU0I0D JO JUSWISSISSY

axerdn o, [eIprEdOAW paseaIdu]

uoneUIUIR[FUT 2AT}OR Fut
-1eorput ayedn H(J] PaseaIdur pue ‘g5 ‘UOISNYFD ‘SUTUdIY) YILM
Awroyeue [erprestiad pajre1a( ;1A pue YAl Jo sSurpury paurquion

90UBUOSII
snpudeur/Ayderdouwro) uorssture uonISOg

A3ojoyred oerpresenxa jo uoryenyeay

uapang st Jo uone
-N[eAD PUE 35EISIP A19).18 AI12U0I0D JO UOTIDD(

axerdn 9, [erpredOAW paseaIdu]

uoTeUIUIE[JUT 2ATIO® Suryedtpul axeidn 5, pasesrour pue
‘uorsnyye ‘SuruadIy) [BIPIEdLI] [ [Hd Pue 1D Jo sSurpury paurquio)

AydeiSouroy
pamduwos/AyderSouro uorssiure uonIsog

uorjewrire[Jut SerpIeder}xs jo uornd9la(g

uonouny A JO JUSUISSISSY

ayerdn Hgy Jo uonnqLIsIp snosuadorsloy

wnrpresofur ur aeadn 5] pasearou]

wmiprestzad o3 ur aeadn 5] pasearou]

Aydei3ouro] uorssIuia uUoNISOg

uonounysAp AY pue AT e
UOTSNJo [BIPILILID] o

(uonesiyIo[e)) aseasip A1911e A1eU0I0D) o

AEOMHNEENEEC Eﬂ«@umutwﬁm 9(31 JO JjuswadUueyUua }SeI3uU0)

SOSSBUI [IPILILID]

0

(are :unrpreotradownaud fsanjea NH

aanedou :uniprestradodyd {NH Ot < :d13eyriowaey,/snosdeurajord
‘NH 07—0 :uorsnyya opduurs ¢(H) prnyy rerpresrrad jo sanjea
UOTIENUS)]E) UONBZIISIOLILYD UOISNIJd PUE UOISNJJD [IPIEILIS]

S9SBD DIUOIYD UI SUOTIRDIJIO[RD)

(ernye

pue $9400183 Ie[NOLIIUSAOLIYE ‘(AT < AY) SO[OLIIUDA S JO dseq Y3 I8
paounouoid 3sour A[[ensn sani[euLIOUqe [SHTPILdLIad SATIOLIISUOD)
UoRNSIUTWPE ISLIIU0d 191Je Suroueyua s1oAe] [erprestrad pauaydIy ],

Aydeiowoy paynduio)

SOIPIEd0AIAl

snIpIedLIng

sSurpury reord4y,

140




Advanced Imaging in Myocarditis and Pericarditis
DOI: http://dx.doi.org/10.5772/intechopen.1007301

Endomyocardial biopsy (EMB) is a widely accepted method for diagnosing MC based
on the 1987 Dallas criteria. It is employed to obtain histological or immunohistological
evidence of inflammatory cell infiltration, with or without myocyte damage, and to
use molecular techniques for identifying viral genomes [7, 9]. However, the risks and
low sensitivity associated with EMB limit its current diagnostic utility in acute DCM,
confining its use primarily to research purposes or to exclude giant cell myocarditis. In
chronic DCM, EMB remains crucial for confirming the presence of viral genomes and
guiding treatment for persistent viral infections [7-10]. Additionally, EMB is important
in patients with immune checkpoint inhibitor-associated MC [8, 10].

7. Conclusion

In the diagnostic landscape of MC and PC, a multimodal imaging approach is
essential for accurate diagnosis and effective patient management. TTE remains the
primary imaging modality due to its accessibility and utility in initial assessment and
exclusion of differential diagnoses despite its limited specificity. Complementary
imaging modalities, including CMR, PET, PET/CT, PET/MR, and cCT, are frequently
employed to enhance diagnostic accuracy [26, 37]. Coronary angiography and
endomyocardial biopsy are rarely used. The selection of imaging modalities is contin-
gent upon the clinical context and the patient’s condition [37]. CMR has emerged asa
crucial secondary imaging tool, providing high sensitivity and specificity, especially
with advancements in mapping techniques and the adoption of the Lake Louise
Criteria [20, 26]. Nuclear Imaging, including PET, PET/CT, and PET/MR, offers
significant benefits in detecting inflammatory processes with enhanced diagnostic
accuracy when used in conjunction with CMR or CT [26]. cCT, while secondary in the
diagnostic hierarchy, is particularly valuable for identifying calcifications associated
with PC [37]. Table 2 summarizes the typical imaging findings in PC and MC.

These complementary imaging modalities collectively enhance diagnostic accu-
racy, guiding appropriate therapeutic strategies and follow-up for patients with MC
and PC. The integration of these advanced imaging techniques into clinical practice
is supported by robust guidelines and evidence, underscoring their pivotal role in the
comprehensive evaluation of these conditions.
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Chapter7

The Role of Imaging Modalities in
the Evaluation of Myocarditis

Marquis Griffin, Gift Echefu, Derek Geeslin
and Adedayo Adeboye

Abstract

Myocarditis is a clinical condition characterized by inflammation of cardiac
myocytes caused by various factors, which can potentially result in cardiomyopathy,
morbidity, and mortality. The clinical presentations vary from asymptomatic to
fulminant disease and cardiogenic shock. Therefore, it is prudent for physicians to
identify this disease process early, and accurately. Unfortunately, diagnosis and treat-
ment is often challenging. Currently, biopsy is the gold standard for the diagnosis of
myocarditis with direct visualization of inflamed myocardial tissues being necessary.
Endomyocardial biopsy is invasive; therefore, it is imperative to obtain additional
information prior to pursuing this approach. There have been considerable break-
throughs in cardiovascular imaging that can provide valuable insights and improve
diagnostic accuracy.

Keywords: myocarditis, fulminant myocarditis, dilated cardiomyopathy, imaging
modalities in myocarditis, cardiac magnetic resonance imaging, transthoracic
echocardiography, cardiac computed tomography angiography, nuclear scintigraphic
imaging

1. Introduction

Myocarditis is an inflammatory condition of cardiac myocytes caused by a wide
range of infectious agents, systemic disorders, medications, and toxins (Table 1) [1].
The immunohistochemical characterization of infiltrates in relation to LV dysfunc-
tion has resulted in the World Health Organization (WHO) recognizing inflamma-
tory cardiomyopathies (DCMi) as a distinct category of secondary cardiomyopathies.
Genetic susceptibility is thought to play a significant role in the development of
viral and/or autoimmune myocarditis and its progression to dilated cardiomyopathy
(DCM) in humans [2-5]. Patients with histologically verified chronic inflamma-
tion who are unable to eradicate culprit infectious organisms or those who acquire
injurious cardiac autoantibodies against myocardial structural, sarcoplasmic, or
sarcolemmal proteins appear to be at the greatest risk of progression to DCM [6, 7].
Persistent viral infection and intramyocardial inflammation confirmed with endo-
myocardial biopsy (EMB) have been linked to an unfavorable prognosis in DCM, with
a higher risk of cardiac mortality or the requirement for cardiac transplantation [8].
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Etiology of myocarditis

Comments

Infectious myocarditis: Viral, bacterial, spirochetal, fungal,
protozoal, rickettsia

Histological evidence for myocarditis
associated with appropriate positive
serology/antigen testing

Immune mediated: Allergens (tetanus toxoid, serum sickness),
alloantigens (heart transplant rejection), autoantigens
(infective negative lymphocytic, infection-negative giant
cell) autoimmune disorders (systemic lupus erythematosus,
rheumatoid arthritis, inflammatory bowel disease)

Histological evidence of myocarditis with
negative viral PCR, with or without serum
cardiac autoantibodies

Toxic Myocarditis: Drugs (monoclonal antibodies;
trastuzumab, interleukin-2), drugs of abuse
(amphetamines, cocaine), heavy metals (copper and
iron), scorpion sting, snake and spider venoms

Histological myocarditis with negative
viral PCR, with history and laboratory
evidence of specific culprit drugs and
toxin

Table 1.
Etiologies of myocarditis.

The clinical presentations vary widely, presenting as subclinical illness in its mildest
form and in severe cases, acute heart failure, arrhythmias, cardiogenic shock, and
sudden cardiac death [1]. Diagnostic testing for clinically suspected myocarditis
includes history of symptoms, cardiac biomarkers, electrocardiograms (ECGs) and
advanced imaging. Nevertheless, none of these modalities are specific, relative to
endomyocardial biopsy. Endomyocardial biopsy, which combines the application of
the Dallas criteria with the inclusion of histochemical evidence of viral infection, is
the gold-standard approach for diagnosing suspected myocarditis [9]. However, EMB
is invasive and less frequently used especially in patients with highly unstable hemo-
dynamic conditions because of the significant procedural risks. Further, sampling
error is a limitation in cases of focal myocarditis and involvement of areas that are
inaccessible to the bioptome, contributing to false-negative results [10]. It then
becomes appealing that diagnosis of myocarditis, even by biopsy be supplemented
and guided by multimodal and advanced imaging. In this chapter, we will review the
various imaging modalities in the diagnosis of myocarditis, including the indications,
specific findings, prognostic value, and limitations of each modality.

2. Imaging modalities in the assessment of myocarditis
2.1 Echocardiography

All patients with clinically suspected myocarditis should be evaluated with trans-
thoracic echocardiography (TTE) as a safe and readily available test. Guideline state-
ments by several societies including the American College of Cardiology, American
Heart Association, and the European Society of Cardiology provide recommend
performing transthoracic echocardiography for all patients presenting with suspected
myocarditis for early characterization of cardiac structures and function [11-13].
They offer crucial diagnostic and prognostic insights and can help exclude other
conditions, including primary valvular or pericardial diseases. TTE is highly sensitive
for detecting pathologic changes to the cardiac structure associated with myocarditis;
however, the echocardiographic features can often be subtle and occur in a variety of
cardiac pathologies which limits the specificity of echocardiographic findings [11-13].
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Myocarditis can lead to clinically and echocardiographically evident cardiomyopathy
with varying and non-specific features such as diastolic or systolic dysfunction of
either or both ventricles, myocardial thickening, global or regional wall motion
abnormalities, pericardial effusion, and focal interstitial edematous changes to the
myocardium [2, 12, 13]. Myocarditis can mimic ischemic heart disease and appear as
dilated, hypertrophic, and restricted cardiomyopathies on echocardiogram [14].

The role of enhanced echocardiographic technologies including 3D imaging,
speckle tracking, contrast echocardiography, and tissue Doppler imaging remains
investigative and can detect modest ventricular function abnormalities that may aid
in diagnosing myocarditis.

2.2 Two-dimensional transthoracic echocardiography

2-D TTE has been applied in distinguishing myocarditis sub-types, specifically ful-
minant and acute myocarditis [15, 16]. In this instance, patients with acute myocarditis
demonstrate significant left ventricular dilatation, normal LV thickness, and diminished
LV function, while those with fulminant myocarditis present with non-dilated, thick-
ened, and hypocontractile left ventricles. Fulminant phenotype is associated with con-
siderable improvement in left ventricular percentage fractional shortening at 6-month
follow-up, while acute myocarditis portends poor prognosis. To distinguish between
fulminant myocarditis from other forms of acute myocarditis, it is crucial to conduct a
prompt assessment using echocardiography, followed by EMB. Viral myocarditis can be
marked by echocardiographic evidence of elevated left ventricular (LV) wall thickness,

Figure 1.

Th%fse are images taken from an echocardiogram of a 62 year old patient presenting with fever and chest pain,
found to have elevated troponin on work-up. Due to concerns for acute coronary syndrome, he underwent.
Cardiac catheterization which showed no obstructive coronary artery disease. He was subsequently diagnosed with
myocarditis. The top row Labeled A, C, and E show diastolic still images. The bottom row labeled B, D, F shows
systolic still images. A and B depict the apical 3 chamber view showing diffuse apical hypokinesis which is also
appreciated in images E and F which is the short axis view at the apex. Images C and D ave the apical 4 chamber
views showing apical hypokinesis.
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LV mass index, and reduced contractility [8, 15, 16]. These changes are triggered by
interstitial edema stemming from the infiltration of acute inflammatory cells (Figure1).

2.3 Contrast echocardiography

In acute myocarditis, contrast echocardiography can enable the precise evaluation
of regional wall motion abnormalities and left ventricular function [17]. Intravenous
administration of echocardiographic contrast agents results in a significant increase
in opacification of the left cardiac chambers. They are composed of microspheres
containing a perfluorocarbon gas and have a size comparable to that of red blood cells.
The quantities of contrast required for achieving left ventricle opacification are mod-
est (0.1-0.3 ml) in comparison to other imaging techniques, such as X-ray [17, 18].
Myocardial contrast has been applied to conventional 2-D echocardiography in a
multimodal approach to diagnose acute viral myocarditis. In this case, real-time low-
mechanical-index myocardial contrast echocardiography (RTMCE) was conducted
using harmonic imaging and commercially available lipid-encapsulated microbubble
Definity (perflutren lipid microspheres). Time intensity curves were sampled offline
using the EchoPAC workstation, with regions of interest measuring 6.0 x 3.0 mm.
Affected regions had reduced perfusion and delayed contrast replenishment on real-
time myocardial contrast echocardiography [19]. This was indicative of a reduction
in the area of the myocardial capillary bed and compromised microvascular integrity
in the affected segments. The abnormalities identified on echocardiography were
subsequently verified by gadolinium-enhanced CMR. However, the perfusion use of
contrast echocardiography remains experimental.

2.4 Strain/speckle tracking echocardiography

Speckle tracking imaging shows great potential as a noninvasive technique
for detecting intramyocardial inflammation, even in the absence of wall motion
abnormalities. Research has demonstrated that speckle tracking echocardiography
(STE) can effectively diagnose early, subclinical ventricular dysfunction and provide
valuable prognostic information. It is capable of identifying subtle LV dysfunction
in patients with acute or subacute viral myocarditis, even when conventional TTE
demonstrated preserved LV function. Combined with precise evaluations of regional
contractility, STE may be extremely valuable in the diagnosis of myocarditis. Speckle
tracking imaging can correlate with EMB-proven inflammation in patients with acute
myocarditis and inflammatory cardiomyopathies, and is a supplemental tool for a
comprehensive investigation of structural and functional alterations in the left ven-
tricular myocardium [8]. Strain analysis has shown superiority in identifying subtle
myocardial changes associated with myocarditis, specifically interstitial edema in the
acute phase not detectable by conventional echocardiography [20, 21].

Among the parameters derived from myocardial deformation analyses, systolic
strain rate is commonly considered the most significant indicator of left ventricular
contractility [8]. Novel quantitative indicators of intrinsic cardiac deformation in
real time, strain and strain rate measurements, are considered to be uninfluenced by
translational motion and other through-plane motion and provide accurate assess-
ment of regional contractility. The specific methodology for application of speckle
tracking imaging has been suggested [8]. The apical four-chamber and the two-cham-
ber views are used to record three cardiac cycles as three-beat cine-loop segments.
The conventional ECHOPAC application for two-dimensional strain analysis can be
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used to generate a global longitudinal strain (GLS) and strain rate curve in each view,
which encompasses all LV myocardial segments [8].

2.5 Tissue doppler imaging

Tissue doppler imaging (TDI) measures the velocity of myocardial tissue motion
rather than blood flow. Tissue Doppler echocardiographic imaging is highly sensi-
tive to myocardial contractility and appears to be beneficial in the identification of
changes associated with myocardial inflammation and edema [22]. Tissue velocity
(doppler) imaging has been applied in the diagnosis of myocarditis [23]. In this
instance, TDI alone was diagnostic of myocarditis relative to normal findings on
2D, doppler echocardiogram and CMR in diagnosing myocarditis. TDI revealed a
net decrease in systolic regional wall motion velocity which was later confirmed by
EMB [23]. TDI exhibits potential; however, additional investigation is necessary to
ascertain its role in acute myocarditis. Adsett et al. documented a case of eosinophilic
myocarditis confirmed by biopsy [24]. The TD parameters in this study were evalu-
ated and indicated anomalies in both systolic and diastolic functions. Color M-mode
TD of the LV posterior wall demonstrated a decrease in both average myocardial
velocities and myocardial velocity gradient during systole and diastole TD. The
full dimensions and application of TDI in multimodal echocardiographic imaging
remains investigational.

2.6 Three-dimensional transthoracic echocardiography

The application of 3-D transthoracic echocardiography in myocarditis remains
unclear. The existing knowledge on the accuracy of these advanced echocardiographic
techniques in detecting viral myocarditis is limited, therefore additional research is
needed to compare them to cardiac magnetic resonance imaging (CMR) and endo-
myocardial biopsy [25]. Real-time two- and three-dimensional echocardiography
were applied to myocarditis evaluation in a 43-year-old man with a dilated and
hypokinetic left ventricle and bi-ventricular thrombosis which was reportedly better
assessed by real-time, three-dimensional transthoracic echocardiogram [26].

3. Cardiac computed tomography angiography

Coronary computed tomographic angiography (CCTA) has been an emerging
field in the detection of various cardiovascular diseases. Advancements in software
and the introduction of newer multi-detector computed tomography (MDCT) have
allowed for increased diagnostic performance, decreased time, and lower contrast
volume [27]. The clinical manifestation of acute viral myocarditis varies widely, and
MDCT has been shown to aid in differentiating it from imitating conditions like
aortic dissection, acute coronary syndrome (ACS), acute pulmonary embolism (PE),
congestive heart failure, and pneumonia [28, 29]. Increased permeability and myo-
cyte rupture during myocardial inflammation in acute myocarditis lead to increased
accumulation of radiographic contrast agents [30]. The Iodine and Gadolinium based
contrast agents used with MDCT and CMR respectively, share similar pharmacoki-
netics. These similarities play a role in delayed contrast imaging techniques that both
modalities use in the evaluation of acute myocarditis. Evaluating myocarditis using
MDCT provides two phases of results each potentially showing alterations in the
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myocardium. During immediate contrast delivery, first pass features of acute myo-
carditis on MDCT include diffuse hyperenhancement of the myocardium. The first
pass phase of MDCT evaluates blood flow and perfusion to the myocardium, which
explains why hypo-enhancements are seen in the setting of myocardial infarction.
The delayed contrast phase of MDCT as in CMR, is performed a designated amount
of time after contrast has been delivered, and evaluates more for myocyte cell dam-
age. During this second phase of MDCT, acute myocarditis is associated with late
hyperenhancement of the myocardial wall. This finding can vary from subepicardial
to transmural involvement, with a band like or nodular appearance of contrast mate-
rial [30, 31]. While evaluating acute myocarditis, MDCT is able to simultaneously
collect additional information of ventricular wall motion abnormalities, coronary
artery disease/stenosis, pulmonary arteries, and lung tissue [28, 31].

In the evaluation of acute myocarditis and myocardial inflammation, CMR
has been considered the primary imaging modality [32]. MDCT provides several
advantages compared to CMR, which include not only accessibility and availability to
patients, but the time needed for the examination itself. MDCT can also be a consid-
eration in scenarios such as claustrophobic patients, non-MRI compatible devices, or
any fixed indwelling metal. During MDCT evaluation of acute myocarditis, coronary
vessels are also examined which can aid in ruling out ACS [27, 32, 33]. There also
remains some downsides to MDCT evaluation of acute myocarditis, despite advances
in software development, multi detectors, wide detectors, and increased slice count.
Dependent on which generation of MDCT is available, these include variations in
acquisition time, imaging artifacts, heart rate variability, and contrast dose [27].

There have been small studies comparing CMR to CT. One study examined 20
patients who were diagnosed with acute myocarditis using standard CMR protocols,
and when compared, CT reported 95% accuracy [34]. Another small study showed
correlation between the abnormalities detected using each modality [30]. There
remains a paucity of data evaluating the efficacy and utility of CT in the diagnosis of
acute myocarditis. However, the limited studies have shown promising results for its
useful application.

4. Cardiac magnetic resonance imaging

Cardiac magnetic resonance (CMR) imaging has the greatest ability to character-
ize the myocardial tissues, and in the setting of myocarditis, observers are capable
of identifying myocardial edema, hyperemia, necrosis, and fibrosis associated with
inflammatory processes with acceptable interobserver variability and quantitative
accuracy [35-38]. As such criteria has been developed to define acute myocarditis on
MRI. The Lake Louise Criteria (LLC), revised in 2018 (Table 1), combines multiple
criteria, and some supportive signs to diagnose myocarditis [32, 39]. Inherent to this
criteria is a combination of T2 based, T1 based, and gadolinium contrast enhanced
imaging each with ability to detect different tissue abnormalities that serve as signs
of edema, hyperemia, necrosis, and fibrosis Figure 2. Depicts the findings of late
gadolinium enhancement, T1 enhancement suggestive of edema, and an example of
mapping performed to identify abnormal myocardial tissue relaxation.

In comparison to the 2009 criteria, the 2018 criteria now requires 2 out of 2 main
criteria to be satisfied; however, changes to the main criteria are intended to improve
the sensitivity of detection of acute myocardial inflammation without compromising
specificity [39]. A validation study was published since these updates occurred which

152



The Role of Imaging Modalities in the Evaluation of Myocarditis
DOI: http://dx.doi.org/10.5772/intechopen.1009768

Figure 2.

Thgese are MRI images of a patient who met the 2018 Lake Louise Diagnostic criteria for Myocarditis. A. During
early gadolinium infusion, T1 images are showing enhancement of the anterolateral wall and the adjacent
pericardium which is suggestive of hyperemia, edema, and inflammation. B. T2 double inversion recovery
sequences demonstrate focal edema in the anterolateral wall of the mid left ventricle. Edema is also demonstrated
in the adjacent pericardium. C. Delayed gadolinium-enhanced imaging demonstrates corresponding patchy
subepicardial and mid myocardial enhancement, as well as abnormal enhancement of the pevicardium along the
anterior and lateral left ventricular wall. D and E T1 mapping has accurately identified the region of interest,
and additionally, there is an infevo-septal region of interest which was not well seen on the initial T1 and T2
sequences. Images courtesy of Neeraja Yedlapati, MD, FACC, FASE, FSCCT.

included 40 patients with clinical myocarditis, and 26 healthy patients as a control
group, testing each criteria to determine sensitivity and specificity [40]. They found
that the 2018 criteria accomplished its goal with an increased sensitivity in direct
comparison to the 2009 criteria with equivalent specificity. Of the 40 patients with
myocarditis the 2009 criteria identified 29 out of 40 cases (72.5%) with 1 false posi-
tive, and the 2018 criteria identified 35 out of 40 patients (87.5%) with 1 false positive.
Further studies and meta analysis of large pools of data will likely be necessary to
determine the true sensitivity and specificity with more accuracy (Table 2).

4.1T2based imaging

T2 based imaging, typically relying on black-blood spin-echo techniques, pro-
vides the ability to identify myocardial edema. The details and physics are beyond
the scope of this book chapter; however, the goal is to make blood appear black such
that more static tissues adjacent to blood flow, in this case the heart, are more easily
visualized [41]. Edematous myocardium causes prolonged T2 decay times which
appears as hyperintense signals on T2-weighted images [39, 42, 43]. The 2018 LLC
criteria for myocarditis notes one semi-quantitative method to determine the signal
intensity T2 enhancement in comparison to skeletal muscle with a Ratio of >2.0
being a significant finding of edematous changes. No imaging technique is without
limitations, and notably the reference region of interest, skeletal muscle, could also
be inflamed in the setting of systemic inflammatory conditions leading to false nega-
tive results [43-45]. Nonetheless, T2 weighted imaging has a sensitivity of 84%, and
specificity of 74%, with an overall accuracy of 79% for the detection of myocarditis
as seen in multiple studies [43, 46].
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Main criteria
T2 Based Regional* high T2 signal Target: Myocardial edema
Imaging intensity (SI)
Or
Global T2 Sl ratio > 2.0 in
T2-weighted CMR images
Or
Regional or global increase of
myocardial T2 relaxation time
T1 based imaging Regional or global increase of Targets:
n.at1ve myocardial T1 relaxation 1.Increase T1: edema(intra or extracellular),
time or extracellular volume h . dlary leak is. fibrosi
or yperemia/capillary leak, necrosis, fibrosis
Areas with high Sl ina 2.Early Gadolinium enhancement: hyperemia,
nonischemic distribution pattern capillary leak
in Late Gadolinium Enhancement 3.Late Gadolinium Enhancement: necrosis,
(LGE) images. fibrosis (extracellular acute edema)
4.Increased Extracellular volume: edema
(extracellular, hyperemia/capillary leak,
necrosis, fibrosis).
Supportive criteria
Pericardial Pericardial effusion in cine CMR Target: Pericardial inflammation
abnormalities images
Or
High Signal Intensity of the
pericardium in LGE images,
T1-mapping or T2-mapping
Or
T1-mapping or T2- mapping
LV dysfunction Systolic LV wall motion Target: LV dysfunction

abnormality in cine CMR images

*Regional is defined as an area of at least 10 continuous pixels. SI Ratio: Signal intensity vatio is defined as the signal
intensity of the myocardium compared to the signal intensity of skeletal muscle.

Table 2.

2018 Lake Louise criteria for identification of myocardial inflammation.

4.2 T1based imaging

T1 based imaging, using spin-echo techniques, is also capable of detecting myo-
cardial edema and in addition, combination with gadolinium based contrast allows

the detection of hyperemia, necrosis, and tissue fibrosis. T1 weighted images similarly
show hyperintense signals in the setting of tissue edema. Semi-quantitative methods
also exist for the determination of myocardial to skeletal muscle signal intensity
before and after administering gadolinium contrast.

There are a variety of gadolinium based contrast agents which have different tissue
affinity and pharmacokinetics. The role of gadolinium lies in its paramagnetic proper-
ties. It is susceptible to magnetic fields and this property can be exploited during mag-
netic resonance imaging. Like many metals, Atomic gadolinium is toxic to humans.
Fortunately, gadolinium is a chelating metal with several unpaired electrons available
to form covalent bonds with organic compounds. The combination of gadolinium
and a variety of chelating ligands form soluble contrast agents for use in combination
with magnetic resonance. In the case of myocarditis, contrast agents that have affinity
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for extracellular spaces will predominate as they will be tailored towards identifying
inflammation, and hyperemia [47].

4.3 Early gadolinium enhancement

Inflamed tissues experience many changes including hyperemia, expansion of the
extracellular space, increased free water content, and increased vascular permeability
[39]. When gadolinium enhancement in tissue is seen within 1 minute during T1
weighted imaging, hyperemia and leaky capillaries are suspected to be present within
the tissues due to its rapid uptake of gadolinium contrast [39, 42]. Early gadolinium
enhancement is no longer included in the Lake louise criteria for myocarditis, and
data have shown that this does not affect the diagnostic accuracy of the Lake Louise
Criteria in identifying myocarditis [39, 42, 48].

4.4 Late gadolinium enhancement

T1 weighted images, taken 10 minutes after gadolinium based contrast is admin-
istered, is used to evaluate for late gadolinium enhancement. Over time, gadolinium
finds its way into extracellular spaces, and when in the presence of myocardium that
has been extensively damaged, gadolinium based contrast is able to enter the intercel-
lular spaces of myocytes that are injured or necrotic. If fibrosis or scarring is present,
there is an increased amount of extracellular space available for the diffusion and
accumulation of contrast. Under these circumstances, gadolinium contrast enhances
the signal within these tissues [39, 42, 43].

The patterns of late gadolinium enhancement (LGE) seen during CMR are heter-
ogenous. The most common distribution of LGE is seen in the mid and subepicardial
regions. The most common myocardial distribution is in the septal, and basal to mid
inferolateral walls [39, 42, 43, 49]. These patterns occur in a non coronary distribu-
tion, and in addition inflammation related to ischemia tends to have a subendocar-
dial distribution owing to the endocardial to epicardial progression of myocardial
ischemia [39]. While the distribution of LGE differs from ischemia, there are some
exceptions: Severe inflammation may cause subendocardial extension of LGE, and
hypereosinophilic syndromes may cause circumferential LGE [39]. Another limita-
tion is the inability for LGE images alone to distinguish active myocarditis from
chronic changes due to necrosis and fibrosis. T2 weighted images can be compared to
LGE as T2 weighted images which has a tendency to show early signs of inflammation
such as edema as opposed to fibrosis and scarring [42, 50, 51].

4.5T1and T2 mapping and extracellular volume quantification

T1, and T2 mapping as well as extracellular volume quantification are novel tech-
niques used to characterize tissue changes seen in myocarditis. As seen in the 2018 Lake
Louise criteria for myocarditis, T1 and T2 mapping can be used in addition to LGE to
characterize both myocardial tissues and pericardial disease as a supportive feature [39,
52]. Intrinsically T1, and T2 weighted images look for relaxation of tissues exposed to a
strong magnetic field along the transverse (T2), and longitudinal (T1) planes. Each tis-
sue within the body is thought to have a “normal” T1 and T2 relaxation time. Mapping is
the process of calculating these relaxation times for each pixel and displaying the values
as a map which circumvents the limitations of visual assessment, signal intensity ratios,
and early gadolinium enhancement. Thereafter, global or regional relaxation times can
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be established and allows the ability to discern more subtle tissue edema even without
the use of contrast agents. Extracellular volume quantification utilizes T1 mapping
techniques applied pre and post administration of gadolinium based contrast to estimate
the extracellular volume [39, 52]. ECV mapping is also useful for detecting diffuse more
mild and myocardial fibrosis, and complements LGE in this regard which is good at
identifying focal fibrosis. Overall, multiple studies have shown good sensitivity, speci-
ficity, and accuracy of mapping techniques for the identification of myocarditis [39].

5. Nuclear scintigraphic imaging

Myocardial scintigraphy relies on using radioactive isotopes that target the
myocardium to gain information regarding the perfusion or state of the myocardial
tissues. Inflammation-sensitive radioisotopes were developed and used to diag-
nose myocarditis including: gallium-67 (Ga-67), indium-111 (In-111) monoclonal
antimyosin antibody, and technetium-99 m (Tc-99 m)-labeled methoxy-isobutyl
isonitrile (MIBI) single-photon emission computed tomography (SPECT), and
technetium-99 m depreotide [53]. In the era of CMR the use of nuclear scintigraphy
has declined as CMR provides much better spatial resolution, no radiation exposure,
and better correlation with histopathology [22, 54-58].

5.1 Gallium-67

Lymphocyte labeling techniques using gallium-67 scintigraphy allows for the
detection and localization of inflammation in myocarditis. Some studies have also
shown that gallium-67 scintigraphy is capable of differentiating myocarditis from
acute myocardial infarctions as well [59-61]. There has been a study comparing
Gallium-67 scintigraphic imaging against endomyocardial biopsy in a case sarees for
the diagnosis of myocarditis in patients with dilated cardiomyopathy, and determined
that five out of six cases of biopsy proven myocarditis showed a dense uptake of gal-
lium-67. This suggested that screening patients with Gallium-67 scintigraphy could
increase the yield of biopsy by showing the areas of inflamed myocardium [60].

5.2 Antimyosin

Antimyosin is a monoclonal antibody that targets cardiac myosin proteins.
Once radiolabeled with Indium-111, it can be used in nuclear scintigraphy [62-65].
Antimyosin scintigraphy has been studied in pediatric patients with clinical myo-
carditis. Antimyosin uptake in the myocardium correlated well with biopsy and
histological diagnosis of myocarditis. Furthermore, persistence of antimyosin uptake
was associated with increased morbidity which added some prognostic value to this
technique [66]. Another study was performed in 65 patients with clinical myocarditis
using antimyosin labeled with indium-111, and showed that uptake correlated well
with biopsy findings. While uptake of indium-11 was highly specific, this study
reported poor sensitivity for the detection of myocarditis compared to biopsy [67].

5.3 Technetium-99 m-labeled methoxy-isobutyl isonitrile

Technetium-99 m labeled Methoxy-isobutyl Isonitrile is a widely used radiotracer
in nuclear stress testing to determine myocardial perfusion. Tc-99 m is taken up and
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cleared by myocardium at varying rates depending on the viability and integrity

of the tissues. In the setting of myocardial inflammation and necrosis, there will
be reduce uptake of Tc-99 m [68]. Tc-99 m scintigraphy was used to investigate 46
children with coxsackie viral myocarditis, and found that areas of “hypoperfusion”
were present [69].

5.4 Combined positron emission tomography and computed tomography
(PET-CT)

18F-fluorodeoxyglucose (18F-FDG) positron emission tomography (PET) with
computed tomography (CT) is another tool which can be used for cardiac imaging. In
comparison to CMR, PET-CT has the potential to quantify the degree of myocardial
inflammation which could be useful for disease monitoring. PET-CT can be consid-
ered as an alternative to CMR when there are contraindications to MRI [70].

Some investigators have studied simultaneous PET-CT and CMR imaging and
found complementary benefits in the evaluation for myocarditis that could not be
achieved by either alone [71]. There have been several case reports demonstrating the
use of PTE-CT to diagnose cardiac sarcoidosis, viral myocarditis, giant cell myocardi-
tis, and post-infarction myocarditis [72-78].

There has been a prospective feasibility study comparing CMR and PET/CT as well
as investigating feasibility of integrated PET/MRI. 65 patients were included in the
study and they found that the sensitivity and specificity of PET-CT was 74 and 97%,
respectively. Pet findings were in overall agreement with CMR findings [79]. The
ongoing STREAM trial aims to assess patients with clinically suspected myocarditis
using TTE, nuclear SPECT imaging, and 18F-FDG PET-CT. Endomyocardial biopsies
will be performed as the gold standard for diagnosis, and the trial is designed to
determine the sensitivity and specificity of 18F-FDG PET-CT imaging in diagnosing
acute myocarditis [80].

6. The role of imaging in determining prognosis in acute myocarditis

The majority of patients with myocarditis recover, and their disease regresses
with minor damage to the myocardium. The exception being patients with fulminant
myocarditis who have a worse prognosis overall [15, 81]. Rates of major cardiac
adverse events (MACE) have been studied in patients with myocarditis. MACE, all
cause mortality, recurrence of myocarditis, heart failure, and sustained ventricular
tachycardia was examined in a retrospective, single-center, observational study
including 112 patients with myocarditis diagnosed by CMR. MACE was significantly
higher in patients with extensive LGE as defined by LGE more than 17 g (71 vs. 4%,
p-value = 0.005). Additionally, symptoms of chest pain, ST elevation on ECG, and
elevated cardiac troponin were also associated with MACE, recurrence of myocardi-
tis, and sustained ventricular tachycardia. During the subsequent 16 months of follow
up, LGE more than 17 g and New York Heart Association functional classification III
or IV were independent predictors of MACE in this population [82]. However, using
cut-off values of LGE (17 g or 13% of myocardial mass) is not currently a validated
approach to be used in clinical practice routinely [82, 83]. Additionally, another
study showed that different patterns of LGE may have prognostic significance. In 374
patients with myocarditis, patients with LGE in the mid anteroseptum had a worse
prognosis than LGE seen in other locations [84].
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7. Advances in artificial intelligence and multimodality imaging

The use of artificial intelligence and machine learning has rapidly expanded,
including the realm of imaging modalities, and their use for cardiovascular disease
could have significant implications. This technology is being studied and applied
to multiple imaging modalities including cardiac magnetic resonance, cardiac com-
puted tomography, echocardiography, and nuclear imaging. The use of Artificial
Intelligence enhanced imaging has shown promise in terms of accuracy compared to
traditional methods in all modalities. Most of these technologies and their applica-
tions in the clinical setting remain experimental, and there is need for further refine-
ment and clinical trials for validation. Additionally, positive clinical outcomes would
be necessary, analysis of cost effectiveness, and security of data are all barriers that
will need to be overcome for practical use [85].

8. Conclusion

Numerous technologies and diagnostic tools exist that can provide direction for
the accurate identification of myocarditis in both acute and chronic phases. The
optimized acquisition protocol, enhanced by contemporary mapping techniques,
facilitates noninvasive diagnosis with high diagnostic accuracy. Clinical features
and initial investigations may indicate myocarditis; however, many presenting
characteristics overlap with other cardiac conditions. Endomyocardial biopsy has
historically served as the reference standard for diagnosis, while cardiac magnetic
resonance imaging (CMR) continues to be an essential non-invasive diagnostic
technique. Therefore, clinical guidelines and expert consensus statements can be
excellent resources to leverage for information to direct appropriate testing and
management.
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Chapter 8

Cardiac Magnetic Resonance in
Progressive Systemic Sclerosis
(Scleroderma)

Gongzalo J. Prado Bustamante and Alicia M. Maceira

Abstract

Progressive systemic sclerosis, or scleroderma, is a complex autoimmune disorder
that frequently affects the cardiovascular system, which increases morbidity and
mortality. Cardiovascular magnetic resonance (CMR) has emerged as a crucial diag-
nostic tool for detecting myocardial involvement in patients with scleroderma, even
in the initial stages, offering advantages such as superior tissue characterization and
functional evaluation for both diagnosis and prognostic assessment. In this chapter,

a pathophysiologic description of the disease from a CMR perspective, along with

a description of characteristic CMR findings, is presented. Finally, indications for
CMR in scleroderma, CMR protocols and acquisition techniques, as well as the role of
artificial intelligence in improving diagnostic accuracy, are summarized.

Keywords: scleroderma, progressive systemic sclerosis, CMR, late gadolinium
enhancement, autoimmune disease, artificial intelligence

1. Introduction

Progressive systemic sclerosis (PSS), also known as scleroderma, is a chronic
autoimmune disease characterized by progressive fibrosis of the skin and various
organs, along with vascular abnormalities and an altered immune response. This
process begins with the abnormal activation of T lymphocytes and the release of pro-
inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-a), interleukin 6
(IL-6), and interleukin 1 (IL-1). These cytokines activate fibroblasts, key cells in the
production of collagen and other extracellular matrix components. In PSS, fibroblasts
become hyperactive, leading to excessive accumulation of collagen in tissues, includ-
ing the cardiac muscle [1].

This chronic inflammatory process also affects small blood vessels, causing severe
endothelial dysfunction. The endothelium, responsible for regulating vascular tone
and preventing clot formation, among other functions, becomes dysfunctional,
favoring a pro-inflammatory and pro-fibrotic state. The release of molecules such as
transforming growth factor-beta (TGF-p) plays a crucial role in this process, stimu-
lating collagen production and the activation of myofibroblasts, the cells that generate
fibrosis [2].
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Over time, the chronic damage resulting from inflammation and endothelial
dysfunction leads to myocardial fibrosis, in which normal cardiac tissue is replaced
by collagen and extracellular matrix proteins. This decreases the heart’s elasticity,
compromising its ability to contract and eventually leading to cardiac dysfunction.
This process can progress silently, without evident clinical symptoms, until fibrosis
reaches a level that significantly impairs cardiac function.

In addition, the microvascular dysfunction that accompanies systemic sclerosis
contributes to subclinical myocardial ischemia. This means that the small vessels
in the heart cannot supply enough oxygen to the myocardial tissue, exacerbating
cardiac damage. Although ischemia may not manifest with typical symptoms such as
chest pain, its contribution to fibrosis development increases the risk of arrhythmias
and severe events, such as sudden death [1, 2]. Although the skin is the most vis-
ibly affected organ, systemic sclerosis also frequently affects internal organs, which
significantly contributes to its morbidity and mortality.

Systemic sclerosis presents in two main forms: diffuse and limited. The former
is characterized by rapid progression and more extensive involvement of the skin
and internal organs, affecting key organs, such as the lungs, heart, and kidneys. In
contrast, the limited form has a slower progression and is associated with CREST
syndrome, which includes calcinosis, Raynaud’s phenomenon, esophageal dysmotil-
ity, sclerodactyly, and telangiectasias [2]. This classification is essential for prognosis
and disease management, as the diffuse form tends to have worse clinical outcomes
due to more extensive visceral involvement [2, 3].

The prevalence of systemic sclerosis varies geographically, with estimates ranging
between 50 and 300 cases per million inhabitants, being significantly more common
in women, with an approximate ratio of 4:1 compared to men [1]. Although itisa
rare disease, its impact on patients’ quality of life is significant due to multisystemic
complications. The most frequently affected organs are the lungs, kidneys, heart, and
gastrointestinal system, contributing to the morbidity and mortality of the disease. In
particular, lung involvement occurs in about 70% of patients and is the main cause of
scleroderma-related death [3]. Pulmonary fibrosis is the most common manifestation
and significantly contributes to the high mortality rate [4].

Although renal involvement is less common, it can present as the renal crisis in
systemic sclerosis, a severe complication occurring in 5-10% of patients that requires
immediate medical attention to prevent fatal outcomes. Scleroderma renal crisis (SRC)
is characterized by a rapid decline in renal function, typically due to a vasculopathy
affecting the small renal vessels. This condition can lead to malignant hypertension
and acute renal failure, which, if not treated promptly, can result in irreversible renal
insufficiency. Approximately 25% of patients with SRC are diagnosed with systemic
sclerosis at the time of renal presentation. Despite its severity, early detection of renal
crisis can significantly improve prognosis, as appropriate intervention can partially
reverse renal damage and prevent fatal consequences. About two-thirds of SRC cases
require renal replacement therapy, such as dialysis, and of these, half may recover
enough renal function to discontinue dialysis after 24 months. This potential for
delayed renal recovery distinguishes SRC from other causes of end-stage renal failure.
Historically, SRC was the most common cause of death associated with scleroderma,
although advances in treatment, such as the use of angiotensin-converting enzyme
(ACE) inhibitors, have dramatically improved short-term outcomes [5-7].

Cardiac involvement is another critical aspect of systemic sclerosis, as it represents
a key risk factor for adverse outcomes. Cardiac manifestations include cardiomyopathy,
arrhythmias, heart failure, and pulmonary hypertension (Figure 1). In severe cases,
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Figure 1.
Cardiovascular disease in systemic sclevosis.

myocardial fibrosis and microvascular dysfunction can lead to serious events, such as
sudden death [8, 9]. Myocardial fibrosis, a common feature of cardiac involvement in
scleroderma, results from a chronic inflammatory process and associated vasculopathy
that compromises cardiac function. Myocardial fibrosis is detected in 15-50% of
patients, depending on the diagnostic methods used [8]. Moreover, microvascular dys-
function and subclinical myocardial ischemia exacerbate cardiac damage and further
promote myocardial fibrosis, complicating disease management [10].

As many of these cardiac manifestations are subclinical in the early stages, early
detection is crucial to improve long-term outcomes. Cardiac Magnetic Resonance
Imaging (CMR) has emerged as an invaluable diagnostic tool for the detailed charac-
terization of the myocardium. CMR is the gold standard method for quantification of
ventricular volumes, mass, and ejection fraction, particularly for the right ventricle,
given its high accuracy and reproducibility. Also, CMR provides a unique capabil-
ity of tissue characterization, allowing the detection of focal fibrosis through late
gadolinium enhancement (LGE) [11]. This is crucial for a comprehensive view of the
cardiac status in patients with systemic sclerosis, facilitating not only diagnosis but
also monitoring and risk stratification (Figure 2) [12].

Recent studies have shown that myocardial fibrosis detected by CMR is associated
with a higher risk of adverse cardiac events, including heart failure and arrhythmias
in a wide range of cardiac conditions [11, 12]. This underlines the relevance of CMR
not only in diagnosis but also its potential utility in risk stratification and long-term
monitoring of disease progression, enabling a more personalized and targeted
approach to their care [9, 13]. Despite its utility, the implementation of CMR in clini-
cal guidelines is still limited, but its role is likely to expand with the use of advanced
imaging techniques and artificial intelligence in the near future [11-13].

In addition to CMR, advanced imaging techniques such as T1 and T2 mapping
allow for the detection of myocardial edema, interstitial fibrosis, and infiltration
with substances such as amyloid. T1 mapping is particularly useful in cases of dif-
fuse fibrosis that may not be detected by conventional late gadolinium enhancement
techniques [14]. In addition, CMR allows the assessment of valvular function, nonin-
vasive estimation of ventricular pressures and pulmonary vascular resistance, along
with accurate depiction of aortic and pulmonary artery dimensions. Finally, stress
CMR provides an accurate, noninvasive assessment of myocardial perfusion and the
function of the microcirculation. Thus, CMR offers a comprehensive assessment of

169



Inflammatory Myocardial Diseases

Function Myocardial perfusion Morphology Late gadolinium enh v Flow ao i y

Figure 2.

Comprehensive evaluation of the cardiovascular system by cardiovascular magnetic vesonance. The availability of
several sequences (top) allows for a comprehensive evaluation of the cardiovascular system, including assessment
of morphology, function, valve function, stvess and rest myocardial perfusion, myocardial tissue characterization,
and angiography. In recent years new sequences (bottom) have been implemented for further cardiovascular
quantification, including deformation imaging, quantitative perfusion, parametric imaging, 4D Flow assessment,
and diffusion tensor imaging.

the heart and great vessels in PSS for more precise diagnosis and effective monitoring
of disease progression.

In summary, the growing evidence supports the use of CMR as an essential tool
not only for the early diagnosis of cardiac involvement in PSS but also as a guide to
treatment and long-term monitoring. By detecting myocardial fibrosis early, more
effective and personalized interventions can be made, potentially improving clinical
outcomes and reducing mortality [15].

2. Typical findings in cardiac magnetic resonance imaging (CMR) in
scleroderma

Scleroderma is a multisystemic disease that affects numerous organs, including
the heart, which significantly contributes to the morbidity and mortality of patients.
Since cardiac involvement can be subclinical in the early stages, Cardiac Magnetic
Resonance (CMR) has emerged as a cutting-edge tool for the comprehensive assess-
ment of myocardial involvement. CMR provides a detailed, multimodal view of
the myocardium, offering essential information on structure, ventricular function,
fibrosis, edema, and myocardial perfusion, allowing for a noninvasive and precise
evaluation [13]. In particular, CMR is a unique technique for myocardial tissue
characterization (Figures 3 and 4).

2.1 Myocardial fibrosis

The most characteristic and clinically relevant finding on CMR in patients
with scleroderma is myocardial fibrosis, detected through late gadolinium
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C](g/IR for myocardial tissue characterization. T1 and T2-weighted spin-echo sequences provide tissue
characterigation without the administration of gadolinium-based contrast agent (GBCA), mainly the detection
of fat and water within the myocardium. Late gadolinium enhancement sequences allow for the detection of
myocardial focal fibrosis as a white region inside the healthy myocardium, which in turn appears black.

enhancement (LGE). This myocardial fibrosis is one of the main contributors to car-
diac dysfunction in scleroderma. Unlike fibrosis observed in ischemic heart disease,
where LGE distribution follows vascular territories, in scleroderma, fibrosis tends
to be patchy, subendocardial, or even diffuse, without following a clear ischemic
pattern (Figures 2 and 5) [16, 17].

Recent studies have shown that the presence of LGE in scleroderma patients is
associated with a worse prognosis, as it reflects irreversible myocardial damage.
Fibrosis detected by LGE increases the risk of developing ventricular arrhythmias
and sudden death, highlighting the importance of CMR for risk stratification in these
patients [18]. Additionally, the extent and pattern of fibrosis observed on LGE pro-
vide valuable information for predicting long-term outcomes and guiding therapeutic
decisions [17]. Along with the progression of myocardial fibrosis ventricular function
becomes compromised, emphasizing the importance of early detection through CMR.

2.2 Myocardial edema

In addition to fibrosis, identifying myocardial edema through CMR is crucial for
detecting active myocardial inflammation. Myocardial edema is a marker of acute
inflammation and can be visualized on CMR using T2-weighted sequences, which are
sensitive to water content in tissues. Detecting areas of active inflammation is essen-
tial, since myocardial edema may precede the development of irreversible fibrosis,
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Figure 4.

CMR parametric techniques for further tissue characterization. Parametric techniques have been developed
recently for tissue characterization beyond late gadolinium enhancement. T1 mapping allows for a divect measure
of the longitudinal relaxation time, which increases in diffuse fibrosis and edema, and decreases when there is
fat or iron infiltration in the myocardium. T2 mapping measuves the transverse relaxation time and increases

in the presence of myocardial edema. T2* mapping measures the inhomogeneity of the myocardium due to ivon
deposition.
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Figure 5.
Diffuse fibrosis in a patient with scleroderma.

representing a stage of the disease where damage could still be reversible with thera-
peutic intervention [16]. In scleroderma, myocardial edema can present.
subclinically, making CMR a crucial tool for early detection and preventing
progression to permanent myocardial fibrosis.
It is important to note that the presence of myocardial edema without evidence of
LGE suggests an early stage of cardiac involvement, offering a therapeutic window
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Figure 6.
Improvement of the T2 mapping parameter in a patient with subclinical disease. A patient whose treatment was
intensified. The CRMs weve carried out 6 months apart.

where intervention could prevent the progression to irreversible fibrosis (Figure 2).
This information is essential for guiding clinical management, especially in asymp-
tomatic patients or those with mild symptoms (Figure 6) [19, 20].

2.3 Microvascular dysfunction and myocardial perfusion

Another key aspect of cardiac involvement in scleroderma is microvascular dysfunc-
tion, which contributes to subclinical myocardial ischemia and fibrosis progression.
CMR allows for the detailed evaluation of myocardial perfusion using perfusion
sequences, essential for detecting microvascular alterations that may go unnoticed in
other imaging modalities, such as echocardiography or computed tomography. These
perfusion abnormalities often reflect extensive microvascular compromise, contributing
not only to myocardial ischemia but also to the progression of myocardial fibrosis [21].

In scleroderma patients, microvascular dysfunction can be present even in the
absence of overt cardiac symptoms, reinforcing the importance of CMR in compre-
hensive cardiovascular risk assessment. Detecting myocardial perfusion abnormali-
ties through CMR allows for the identification of patients at risk of adverse cardiac
events and could influence the decision to initiate preventive therapies [22, 23].

2.4 Assessment of ventricular function

CMR cine sequences are fundamental for the precise evaluation of ventricular
function. These sequences allow for detailed measurement of ventricular volumes,
ejection fraction, and abnormal ventricular wall motion patterns, all of which are cru-
cial for assessing heart functionality. In scleroderma patients, ventricular dysfunction
is common and often results from a combination of myocardial fibrosis, microvascu-
lar dysfunction, and even secondary pulmonary hypertension (Figure 7).

Early detection of ventricular dysfunction through CMR is paramount, as it can pre-
cede the onset of clinical symptoms. This allows for more timely therapeutic interven-
tion, which could slow down or even prevent the progression of heart failure [24, 25].

2.5 Pericardial effusion and pericardial involvement

Pericardial effusion is another common finding on CMR in scleroderma patients.
Although it is a less specific finding, its presence is often related to systemic inflam-
mation and microvascular dysfunction. CMR not only allows for the precise
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Figure 7.

C](g/IR for quantification of ventricular dimensions and function. CMR is the most accurate and reproducible
technique for the measurement of left and vight ventricular dimensions and function. These pavameters are
obtained by Simpson’s rule as depicted in the figure. A short axis stack of parallel cine sequences is obtained from
the atrioventricular groove to the apex with a fixed interslice gap. Endocardial and epicardial boundaries are
drawn to obtain the surface area of each slice from which volumes are obtained as shown.

evaluation of the amount of fluid in the pericardium but also the identification of
pericardial thickening, which may indicate an underlying chronic inflammatory
process.

Detailed pericardial assessment provided by CMR is crucial, as some patients
may require additional interventions, such as fluid drainage or targeted anti-
inflammatory therapy. The ability of CMR to detect these complications allows for
appropriate monitoring and adjustment of therapies based on clinical evolution
[26] (Figures 3 and 8).

2.6 Right ventricular dysfunction

Many patients with systemic sclerosis present with right ventricular dysfunc-
tion due to associated pulmonary arterial hypertension (PAH). It is crucial to detect
dysfunction in this population, as it may be an even stronger predictor of mortality
than pulmonary hypertension detected by cardiac catheterization [27].

In a multicenter study of 570 systemic sclerosis patients, only 1.4% had left ven-
tricular systolic dysfunction on echocardiography, though 22.6% had left ventricular
hypertrophy and 17.7% had left ventricular diastolic dysfunction. In the European
League Against Rheumatism (EULAR) database, the prevalence of reduced left
ventricular ejection fraction was 5.4% [28, 29].

Though traditional echocardiographic screening suggests the prevalence of right
ventricular dysfunction in systemic sclerosis patients is low, CMR is the most accurate
technique for the evaluation of the right ventricle and may be more sensitive than
echocardiography for detecting subclinical myocardial involvement [30].
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Figure 8.
Patient with light-moderate circumferential pericardial effusion. Recently diagnosed with systemic sclevosis with
lung, kidney, and heart disease.

2.7 Other relevant findings

Another relevant finding is the detection of intracavitary thrombi, especially in
patients with severe ventricular dysfunction. While these thrombi may go unnoticed
in other imaging modalities, CMR has the ability to detect them with greater sensitiv-
ity, which is important for preventing embolic events [31, 32].

In summary, Cardiac Magnetic Resonance offers a comprehensive and detailed
view of cardiac involvement in scleroderma. Its ability to assess fibrosis, edema,
perfusion, and ventricular function makes it an essential tool for risk stratification
and therapeutic planning. CMR not only enables the early detection of subclinical
alterations but also facilitates continuous monitoring of disease progression, helping
to optimize treatment and improve long-term outcomes in patients with scleroderma.

3. Indications for cardiac magnetic resonance imaging (CMR) in
scleroderma

While echocardiography is the gold standard for monitoring patients with systemic
sclerosis, cardiovascular Magnetic Resonance Imaging (CMR) can play a role in iden-
tifying those patients at higher cardiovascular risk. Currently, there is no consensus on
how CMR should be used to guide treatment in systemic sclerosis. However, due to its
ability to detect early changes such as myocardial fibrosis, inflammation, and ventricu-
lar dysfunction, CMR enables early intervention that may alter the course of the disease.
Below, the main clinical indications for CMR in the context of scleroderma are outlined,
addressing both subclinical involvement and more advanced manifestations [33].

3.1 Evaluation of subclinical cardiac involvement

One of the main challenges in managing scleroderma is the early detection of
cardiac involvement, which may be subclinical in the early stages of the disease.
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CMR could be indicated in patients with scleroderma even when they do not have
obvious cardiac symptoms, as structural and functional changes may precede the
appearance of clinical symptoms. This is particularly relevant in patients with
long-standing scleroderma or extensive skin involvement, who are at an increased
risk of developing cardiac complications. Early detection of myocardial fibrosis or
edema by CMR allows timely intervention, which may delay disease progression
and improve long-term prognosis [11, 13, 23].

3.2 Nonspecific cardiac symptoms

In patients with scleroderma presenting with nonspecific cardiac symptoms
such as exertional dyspnea, fatigue, palpitations, or atypical chest pain, CMR
may be indicated to rule out underlying myocardial involvement that cannot be
detected with other diagnostic modalities [3]. These symptoms may be related to
processes such as myocardial fibrosis, microvascular dysfunction, or pulmonary
hypertension, all of which are accurately detectable by CMR [4]. CMR allows dif-
ferentiation between cardiac and noncardiac causes of symptoms, which is crucial
to guide appropriate therapeutic management and avoid unnecessary treatments
(Figure 9) [23, 30].

Figure 9.

C]%R study at 3 T of a 41 y.0. woman with PSS and pericardial effusion saw in follow-up transthoracic
echocardiography. CMR was requested to rule out acute myocardial inflammation. Cine images in (top to bottom)
the 4-chamber, 2-chamber, 3-chamber, and mid-short axis views (A) and corvesponding end-systolic cine (B),
STIR (C) and late gadolinium (D) images. Native T1 (top) and T2 (bottom) maps are shown in (E). Left

and right ventricular volumes were normal as well as left ventricular mass without any regional wall motion
abnormalities. No myocardial edema was detected. No late gadolinium enhancement was seen. The pericardium
of normal thickness and signal intensity but mild pericardial effusion was observed (arrows) with transudate
chavracteristics (native T1 3565ms) and no signs of hemodynamic compromise.
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3.3 Abnormalities in previous diagnostic studies

Another important indication for CMR in scleroderma is the presence of abnormal
findings on previous diagnostic studies, such as echocardiography or electrocardio-
gram, that suggest cardiac involvement but do not provide sufficient information
for a definitive diagnosis. For example, a new conduction disturbance on the elec-
trocardiogram in a patient with scleroderma should be followed by CMR to assess
for the presence of myocardial fibrosis or edema, which is a known risk factor for
arrhythmias and sudden death (Figure 2). Similarly, in patients with scleroderma
and preserved ejection fraction on echocardiography but with clinical signs of heart
failure, CMR can detect subendocardial fibrosis or microvascular dysfunction that
could be contributing to the symptoms (Figure 10) [33].

3.4 Risk stratification in asymptomatic patients
CMR plays an essential role in the risk stratification of asymptomatic patients

with scleroderma, especially in those with additional risk factors such as pulmo-
nary hypertension or renal involvement. CMR can identify patients who, despite

Figure 10.

CIaR study at 3 T of a 47 y.0. woman with PSS of 13 yrs. admitted 15 days previous with acute venal failure and
acute pulmonary edema. CMR was requested after discharge to rule out myocardial involvement. Cine images
in (top to bottom) the 4-chamber, 2-chamber, 3-chamber, and mid-short axis views (A) and corresponding
end-systolic cine (B), STIR (C), and late gadolinium (D) images. Native T1 (top) and T2 (bottom) maps are
shown in (E). The left ventricle appears mildly dilated and with mild systolic dysfunction. The right ventricle
is of normal size and function. Spin-echo sequences show myocardial edema in the anteroapical wall (yellow
arrow) with corresponding late gadolinium enhancement (orange arrow) and T1 and T2maps. Overall high
signal intensity was observed in the pericardium (blue arrow) with severe pericardial effusion (White arrows).
The presence of diastolic vight atrial collapse in veal-time cine sequences (F) along with dilated inferior vena cava
is indicative of hemodynamic compromise. Bilateral pleural effusion was also seen (stars).
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not presenting symptoms, have significant myocardial involvement, which places
them at an increased risk of developing serious cardiac complications such as heart
failure, ventricular arrhythmias, or even sudden death. This proactive approach
allows for early therapeutic interventions, including the use of immunosuppressants
or treatments targeting fibrosis, aiming to prevent disease progression and improve
survival [16, 19].

3.5 Pre-treatment evaluation and monitoring therapeutic response

Before initiating immunosuppressive therapy in patients with scleroderma, CMR
is useful to establish a baseline on the extent of myocardial involvement. This is
critical for selecting the most appropriate therapeutic regimen and for monitoring
response to treatment. CMR allows for accurate assessment of changes in myocardial
fibrosis and ventricular function over time, providing crucial information on the
effectiveness of treatment and the need for treatment adjustments. Furthermore, in
patients undergoing treatment, CMR is valuable for detecting disease progression or
the emergence of new cardiac complications, which may indicate the need to intensify
or change therapy [11].

3.6 Monitoring disease progression

In patients with scleroderma and known cardiac involvement, CMR is the tool of
choice for long-term follow-up. This monitoring is crucial for assessing the progres-
sion of myocardial fibrosis, ventricular dysfunction, or cardiac disease [14].

3.7 Follow-up on pulmonary involvement

CMR monitoring is not only useful for assessing the progression of fibrosis but
also for detecting the progression of pulmonary hypertension, which often affects
the right ventricle. Detailed follow-up of right ventricular function via CMR is
essential for predicting and preventing additional complications. With this tech-
nique, it is possible to measure not only right ventricular volume and systolic func-
tion but also parameters such as flow measurement, pulmonary artery velocities,
and estimates of pulmonary vascular resistance, among other signs of pulmonary
hypertension [34].

4, Conclusion

CMR is a fundamental tool in the evaluation and management of cardiac involve-
ment in scleroderma, offering a detailed and accurate view that surpasses other
imaging modalities. Its ability to detect myocardial fibrosis, assess ventricular
function, and monitor disease progression makes it an indispensable technique in
managing these patients. The implementation of CMR in clinical practice allows for
better risk stratification, early intervention, and effective monitoring of therapeutic
response, contributing to improved long-term outcomes in patients with scleroderma.
With advances in technology, including developments in artificial intelligence and
acquisition protocols, the diagnostic accuracy and clinical utility of CMR are expected
to continue improving, offering an even more personalized and effective approach to
managing cardiac disease in scleroderma [35].
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Abstract

Fulminant myocarditis is a life-threatening condition that can rapidly progress to
cardiogenic shock or cardiac arrest. Because of its rarity and different etiologies, it can
be challenging to diagnose. It should be kept in the differential diagnosis, especially
in patients without known cardiomyopathy. We present two cases with Fulminant
myocarditis (FM) that were challenging for the medical team to diagnose and achieve
successful outcomes. The first patient had systemic lupus erythematosus and had
presented with cardiogenic shock. The second patient had FM after COVID-19 vacci-
nation and presented with out-of-hospital cardiac arrest and required extracorporeal
cardiopulmonary resuscitation (ECPR). Veno-arterial extracorporeal membrane oxy-
genation (VA-ECMO) is a life-saving short-term circulatory and ventilatory support
that gives the medical team sufficient time to reach an accurate diagnosis and deliver
definite management. Moreover, VA-ECMO can be a bridge to a durable ventricular
assist device or heart transplantation in case of failed cardiac recovery.

Keywords: fulminant myocarditis, cardiogenic shock, extracorporeal membrane
oxygenation, VA-ECMO, systemic lupus erythematosus, COVID-19

1. Introduction

Myocarditis refers to myocardial inflammation that can be caused due to infections,
drugs, and autoimmune diseases, and the presentations vary from mild discomfort
to severe conditions including sudden cardiac death [1]. Fulminant myocarditis
(FM) is a severe myocardial injury that can rapidly progress to cardiogenic shock and
ventricular arrhythmias with a high mortality in the absence of timely management
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[2]. The estimated rates of acute myocarditis have been reported as 4.4 cases per
100,000 women and 6.1 cases per 100,000 men, and FM represented 5-10% of them
[3]. There is under-reporting of myocarditis due to difficulty in getting the diagnosis
without cardiac magnetic resonance imaging (MRI) and myocardial biopsy. Fulminant
myocarditis is a rare, highly challenging clinical condition with high mortality rates if
emergency support and definite treatment are not timely delivered. The studies that
reported the outcomes of patients with FM who received mechanical circulatory sup-
port (MCS), mainly veno-arterial extracorporeal membrane oxygenation (VA-ECMO),
were summarized in Table 1 [4-24]. The aim of this chapter is to review the impor-
tance of early diagnosis of FM and potential benefits of early implementation of MCS,
mainly VA-ECMO. We will present two challenging cases of FM of different etiologies
with different presentations that have been successfully managed and survived after
VA-ECMO and intra-aortic balloon pump (IABP) support.

2. VA-ECMO supported patients with FM
2.1 Fulminant myocarditis due to SLE

A 17-year-old female patient with a body surface area (BSA) 1.35 m® and a body
mass index (BMI) 16.4 kg/mz, presented with shortness of breath, arthralgia, and
seizures, and she was diagnosed with Systemic lupus erythematosus (SLE) accord-
ing to the clinical criteria and laboratory evidence: positive antinuclear antibody
(ANA) and anti-Smith antibodies, low levels of serum compliments (C3&C4), and
hemolytic anemia. Transthoracic echocardiography (TTE) revealed normal-sized
left ventricle (LV) with ejection fraction (EF) 45-50%, mild global hypokinesia,
normal right ventricle (RV), normal valves, and pulmonary artery systolic pressure
(PASP) 25 mmHg without pericardial effusion. She received high-dose corticoste-
roid therapy, intravenous immunoglobulins (IVIG), maintenance prednisolone, and
hydroxychloroquine therapy. Brain MRI excluded vascular insult and brain space-
occupying lesions.

Two weeks after hospital discharge, she presented to the emergency department
with shortness of breath and palpitations. She was lethargic without focal neuro-
logical manifestations. The vital signs: blood pressure 88/45 mmHg, sinus tachy-
cardia: 159 bpm, temperature 38.2°C, respiratory rate (RR) 39 bpm, pulse oximetry
saturation (SPO2%) 82% on ambient air. Arterial blood gases (ABG) revealed
lactic acidosis and hypoxemia. Chest X-ray (CXR) revealed bilateral pulmonary
infiltrates, suggesting pulmonary edema and possibility of right-sided infection
(Figure1).

Hemodynamic and respiratory support was done using vasopressors and inva-
sive mechanical ventilation. There was no alveolar hemorrhage. Laboratory work-
up revealed: white blood cell count of 12.9 (10°/L), platelet count of 29 (10°/L),
hemoglobin 87 (g/L), serum Na 137 mmol/L, pro-BNP 47,347 ng/L, procalcitonin
1.7 mcg/L, serum creatinine 57 umol/L, serum bilirubin 6 umol/L, albumin 29
(g/L), alanine transaminase 33 unit/L, INR 1,4, fibrinogen 2 (g/L), haptoglobin
0.25(g/L). Septic and virology screening was done, including influenza, corona,
coxsackie, Epstein-Barr, respiratory syncytial and adenoviruses, and COVID-19
PCR. TTE revealed LV dilatation with EF 20%, global hypokinesia, and moderate-
sized circumferential pericardial effusion. Left ventricular outflow tract (LVOT)
velocity time interval (VTI) 5.4 cm/m?, PASP 30 mmHg, tricuspid annular plane
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Studies Patients’ characteristics Number of patients Study QOutcomes
(MCS) period
Tonna et al. 4792 patients with ECLS for 88 (ECMO) 2020-2021 49% survival to
[4] COVID-19, 88 patients had discharge
myocarditis with a mean age
476 + 137 yrs., 65% were males,
24% had diabetes mellitus, and a
mean SAVE score — 5.2 + 3.5
Ammirati 54 patients with COVID-19 10 patients (6 ECMO, ~ 2020-2021  78.5% survival after
etal. [5] myocarditis, a median age 39 yrs., 5IABP,2 Impella, 1 120 days
39% were females, and 39% had Centrimag LVAD)
cardiogenic shock.
Nunez et al. 850 patients with a mean age 850 (ECMO), 20 2011-2020 65.1% survival to
[6] 40.9 * 14.6 years, 51.6% of them patients upgraded to discharge.
were males, 82% had idiopathic durable LVAD, 16 patients had
myocarditis, 18% had viral HTx.
myocarditis.
Tadokoro 70 patients received VA-ECMO, 70 (ECMO), 48 2006— 76% 5-year survival.
etal. [7] 57% of them were males, 75.7% of patients upgraded to 2020 2 patients had HTx.
them had lymphocytic myocarditis. durable LVAD.
8.6% had eosinophilic myocarditis,
and 71% had giant cell myocarditis.
Chouetal. 273 patients with myocarditis, 88 88 (ECMO), 14 20062018 48.9% survival to
[8] patients required VA-ECMO, with a patients shifted to discharge without
mean age 41.8 years, and 60% were Centrimag LVAD, 1 durable MCS.
females. had durable LVAD 7 patients had HTx
Danial et al. 1254 patients with VA-ECMO, of 47 (ECMO) 2015-2018 37.9% survival
[9] them 47 patients had FM with a to discharge and
mean age 45.8 + 14.4 years, 45% 32.9% 5-year
of them were females, and a mean survival
SOFA score 12.4 + 5.3.
Annamalai 34 patients with FM, with a mean 34 (Impella), 11 2009-2016 61.8% survival to
etal. [10] age 42 + 17 years, and 34% of them patients received discharge, 1 patient
were males. IABP before Impella. had HTx.
Saito et al. 30 patients with FM, 8 patients of 25 (23 ECMO, 2 2009-2015 83.3% survival to
[11] them received immunosuppressive temporary LVAD) discharge.
therapy. 6 patients had
permanent LVAD
Mody et al. 260 patients received MCS, 11 11 (3 ECMO,8 2007-2013 73% survival to
[12] patients had FM required MCS. Centrimag BiVAD) discharge, 2 patients
had durable LVAD.
1 patient had HTx
Lorusso 57 patients with FM, with a mean 57 (ECMO) 2008-2013 72% survival to
etal. [13] age 37.6 + 11.8 years, 65% of them discharge.
were females. 1 patient had HTx.
Ting etal. 134 patients with FM (93 adults 93 (ECMO) 1994-2014 50.1% survival
[14] and 41 pediatrics) required without HTx.
VA-ECMO. 5% successful HTx.
Matsumoto 37 patients with FM received 37 (37 ECMO, 28 1995-2014 59% successful
etal. [15] ECMO, 21 of them were males. IABP) weaning off ECMO
2 patients had
durable LVAD.
2 patients had HTx.
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Studies Patients’ characteristics Number of patients Study QOutcomes
(MCS) period
Chang et al. 1145 patients with myocarditis, 294 (99 IABP,195 1997-2011 81% and 61%
[16] with a mean age 40.2 + 14.8 years, ECMO) survival to
59% of them were males. discharge with
IABP and ECMO,
respectively.
Wuetal. 60 patients received ECMO 16 (ECMO) 2003-2010 87.5% survival to
[17] without cardiac surgery. 16 patients discharge.
with FM mostly viral myocarditis. 1 patient had HTx.
Mirabel 41 patients with a median age of 41 (35 ECMO; 6 2002—- 68.6% survival to
etal. [18] 38 years, had FM and received BiVAD) 2009 discharge.
MCS 4 patients had HTx.
Beurtheret 87 patients with a mean age 14 (ECMO) 2005~ 65% survival to
etal. [19] 46 + 15 years, received VA-ECMO. 2009 discharge
14 patients had FM.
Diddle 147 patients with a median age 147 (ECMO) 1995-2011 61% survival to
etal. [20] of 31 years, had FM and received discharge.
MCS 9 patients had HTx.
Ishida et al. 20 patients with a median age of 20 (ECMO) 1995-2010 65% survival to
[21] 50 years, had FM and received discharge
MCS.
Hsuetal. 75 patients with a mean age of 75 (ECMO) 1994- 61% survival to
[22] 296 + 18.6 years had FM and 5 patients switched 2009 discharge.
received MCS. to LVAD; 1 patient 3 patients had HTx.
switched to BiVAD.
Asaumi 27 patients with myocarditis, 14 14 (ECMO) 1993-2001 71.4% survival to
etal. [23] patients with a median age of discharge
38 years received MCS
Aoyama 52 patients with a median age of 52 (ECMO) 1989- 57.7% survival to
etal. [24] 48 years. 2000 discharge

ECMO, extracorporeal membrane oxygenation; ECLS. extracorporeal life support; FM, fulminant myocarditis; IABP,
intra-aortic balloon pump; HTx, heart transplantation; LVAD, left ventricular assist device.

Table 1.

Studies of FM supported with MCS mainly VA-ECMO.

systolic excursion (TAPSE) 1.8 cm. Progressive deterioration of hemodynam-

ics and increased lactic acidosis happened. Bifemoral VA-ECMO was initiated,

and intra-aortic balloon pump (IABP) was inserted for indirect LV unloading.
Multidisciplinary management was done involving critical care, heart failure, and
rheumatology teams. The patient received five sessions of plasmapheresis and
corticosteroid therapy. Anticoagulation with unfractionated heparin infusion was
done after an increase of platelet count >50(10°/L). Gradual improvement of cardiac
function and weaning of vasopressors were done. The ECMO duration was 7 days,
the IABP was used for 8 days, the ICU stay was 18 days, and invasive ventilation

was used for 11 days. Follow-up TTE revealed cardiac recovery that was evident

by normal-sized LV with EF 50-55%, normal valves, and no pericardial effusion.
The patient received SLE-directed immunosuppressive therapy, including cyclo-
phosphamide, and was discharged with regular follow-up with the rheumatology
department (Figure 2).
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Figure 1.

Initial TTE showing normal-siged ventricles with LV EF 45-50% and no pericardial effusion (A1). A2 is the
CXR during the initial diagnosis of SLE with a normal cardiothovacic vatio. The ECG during presentation with
cardiogenic shock showed low voltage sinus tachycardia without ST segment deviation (B1). The CXR showed
increased cardiac shadow with bilateral pulmonary congestion and right-sided consolidation (B2). B3 shows the
CXR after invasive mechanical ventilation, IABP insertion (ved arrow), and VA-ECMO insertion. The blue
arrow points to the drainage venous cannula of ECMO.

2.2 Fulminant myocarditis after COVID-19 vaccination

A 45-year-old man without a medical history except for dyslipidemia for which he
was receiving a small dose statin therapy. He fell down while attending an online busi-
ness meeting, and his colleagues found him unresponsive without pulsations. They
started cardiopulmonary resuscitation (CPR) for 10 minutes, and then the patient
was transferred to the nearest hospital within 10 minutes. Initial pulse checking at the
emergency department revealed ventricular fibrillation, CPR was continued accord-
ing to the advanced cardiopulmonary life support (ACLS) protocol for 31 minutes,
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Figure 2.

Trgnsthomcic echocardiography performed after admission with cardiogenic shock revealed left ventricle
dilatation with LV EF 20%, LVOT VTI 5.4 cm/m’, and circumferential pericardial effusion (A1,2).
Echocardiography-guided ECMO weaning vevealed LV EF 35%, LVOT VTI 11.4 cm/m?, and minimal pericardial
effusion (A3,4). One week later, TTE showed normal-sized LV with EDV 111 ml, ESV 63 ml, and LV EF 43%
(As). Pre-discharge TTE showed LV EF 50% (A6).

during which five defibrillation shocks were delivered. After achieving return of
spontaneous circulation (ROSC) with a 60-minute CPR duration, ECG showed ST
segment elevation in anterior chest leads. The patient was shifted to the catheteriza-
tion laboratory, where coronary angiography was done and revealed normal coronary
arteries with thrombolysis in myocardial infarction (TIMI) flow III. Toxicological
screening was done and was negative for amphetamines, opiates, and cannabis.
Emergency TTE revealed severely reduced ventricular function with LV EF 10%,
global hypokinesia, and no pericardial effusion (Figures 3 and 4).

Progressive hemodynamic deterioration occurred and lactic acidosis increased;
peripheral VA-ECMO was inserted via bifemoral approach. Therapeutic hypothermia
was applied, and hemodynamic stabilization was gradually achieved. Brain computed
tomography (CT) scan excluded acute cerebrovascular stroke. Multidisciplinary man-
agement was done involving cardiovascular critical care, heart failure, and neurology
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Figure 3.

Post-ROSC ECG (A1) showed ST segment elevation in anterior chest leads. Admission CXR (A2) showed bilateral
white lungs with pulmonary edema. Pre-discharge CXR (B1) showed clear lung fields and a single lead ICD. ECG
(B2) after cardiac recovery showed frequent PVCs despite optimal electrolytes and beta-blocker therapy.

teams. Autoimmune profile and virology screenings were done and were normal.
Suspision of COVID-19-associated myocarditis was raised as the patient received the
second dose of the messenger ribonucleic acid (mRNA) vaccine 3 weeks before the
hospital admission. The patient received high-dose corticosteroid therapy. The patient
developed acute kidney injury without the need for dialysis, acute ischemic hepatitis,
and delayed neurological recovery. Electroencephalogram (EEG) excluded epileptic
activity. Gradual improvement of hemodynamic profile and multi-organ function
occurred, and the follow-up transesophageal echocardiography (TEE) revealed
improved cardiac function with LVEF 40% and VTI 12.4 cm/m” Decannulation of the
ECMO was done after 6 days of support. Brain MRI revealed scattered T2 hyperintense
foci with mild diffusion restriction in the bilateral frontoparietal region and basal gan-
glia related to subacute ischemic changes and likely a sequela of prior hypoxic-ischemic
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Figure 4.

Admission TTE (A1¢52) showed severely reduced LV function with EF 11%, LV ESV 137 ml, global hypokinesia,
and there was no pericardial effusion, pulmonary hypertension, or RV strain. Left coronary angiogram (B1)
showed normal covonaries with TIMI III flow. Right coronary artery was normal with TIMI III flow (B2). Short-
axis MRI images (C1 and 2) show myopericarditis changes with late epicardial gadolinium enhancement.

injury. After 11 days of admission, cardiac MRI was done, and it revealed normal size,
shape, and function of the left and right ventricles with ejection fractions of 54% and
52%, respectively. The MRI showed late epicardial gadolinium enhancement involv-
ing the mid-anterolateral, inferolateral, and inferior walls, as well as apical lateral and
inferior wall segments, and there was a subtle high T2 stair signal intensity involving
the mid-lateral and inferior walls along with pericardial enhancement (Figure 4).

Gradual neurological recovery happened, and the removal of the invasive mechan-
ical ventilation occurred after 16 days of support. Despite the cardiac recovery, there
were frequent premature ventricular contractions (PVCs), so an internal cardioverter
defibrillator (ICD) was implanted for secondary prevention of sudden cardiac death.
The patient was discharged after 37 days of hospitalization.
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3. Discussion

The presented two cases with cardiogenic shock and out-of-hospital cardiac arrest
(OHCA) were challenging to reach the diagnosis. Emergency cardio-respiratory
support with VA-ECMO was life-saving and gave the medical team vital time to reach
the diagnosis and deliver the definite treatment waiting for cardiac recovery or assess-
ment for durable mechanical support with ventricular assist devices (VADs) or heart
transplantation.

The patient with SLE-associated myocarditis presented with hemodynamic instabil-
ity, fever, and bilateral lung infiltrates with recent TTE showing good cardiac function.
She might be easily misdiagnosed as a case of septic shock; however, the low voltage
criteria of ECG and neck vein distension raised the suspicion of cardiac emergency.
Repeating the TTE showed the severely reduced cardiac contractility. Getting a cardiac
MRI was not possible in the life-threatening condition and during ECMO support.

The heart failure team denied the benefit of getting an endomyocardial biopsy due to
the possibility of false negative results, and the patient had already improved after the
SLE-directed treatment. The cardiac involvement of SLE includes pericarditis, conduc-
tion disturbances, Liebman-Sacks endocarditis, vasculitis, and myocarditis [25]. While
clinical myocarditis was reported in 5-10% of patients with SLE, subclinical myo-
carditis was reported in 57% of patients in postmortem studies [26]. The myocardial
biopsy of patients with SLE usually reveals nonspecific inflammation and multifocal
infiltration with lymphocytes and macrophages [27]. There is a lack of optimal therapy
for patients with SLE-associated FM who received VA-ECMO support. High-dose
corticosteroids and plasmapheresis sessions were effective in our case and were fol-
lowed with cyclophosphamide therapy after ECMO decannulation. Raval et al. [28]
reported a challenging case with SLE-associated FM that presented with heart failure
and did not require MCS and achieved cardiac recovery with high-dose corticosteroid
and immune-suppression therapy. Another patient was reported with SLE-associated
FM, who presented with cardiogenic shock with ischemic hepatitis and acute kidney
injury, for whom IABP was initially inserted but failed to achieve stable hemodynamics,
then VA-ECMO was inserted [29]. The patient did not achieve cardiac recovery after
steroids, rituximab, and intravenous immunoglobulins, and LVAD was inserted for

2 years, and then heart transplantation was done [29]. From the two reported cases,
besides our case, we can propose that early diagnosis of myocarditis and delivering SLE-
directed treatment can affect the outcome, and early initiation of VA-ECMO before the
occurrence of multi-organ dysfunction can be associated with improved outcomes.

The patient with COVID-19 vaccine-associated myocarditis had another fatal
presentation of FM that required extracorporeal cardiopulmonary resuscitation
(ECPR). The diagnosis was made by the history of recent intake of the second dose
of mRNA vaccine, severe LV dysfunction, and negative coronary angiography in a
healthy young man without a significant medical history or drug abuse. While the
COVID-19 infection was linked to the risk of myocarditis [30-32], a recent meta-
analysis included seven studies reported that the people who received COVID-19
mRNA vaccines had a two-fold risk of developing myocarditis compared to the
unvaccinated persons during the 30 days after second dose [33]. The molecular mim-
icry and immune-mediated process were hypothesized, and histopathological analysis
revealed T lymphocytes infiltration [34]. There are no proven roles of corticosteroid
and immunosuppressive therapies for vaccine-related myocarditis. Our patient
received high-dose corticosteroid therapy and achieved full recovery, but we did not
know what would happen without corticosteroid therapy.
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The use of short-term MCS including VA-ECMO, Impella, and IABP has been
reported in patients with FM but without clear recommendations. However, it was
recommended that patients with life-threatening cardiac dysfunction should be
transferred to specialized centers with facilities of MCS, advanced monitoring, and
investigations, including cardiac MRI and myocardial biopsy [1, 35]. The guidelines
recommended a team-based approach for managing patients with acute heart failure
not specific to FM, including close hemodynamic monitoring, serial measurements
of blood lactate with use of laboratory markers, and early use of MCS to achieve
improved outcomes [36, 37]. Many studies revealed that early implementation of
MCS before progressive hyperlactatemia in patients with cardiogenic shock, regard-
less of the etiology, was associated with better outcomes [38-43]. Considering the
high recovery potential of myocarditis if the patient received cardiovascular support
and specific therapy to the underlying etiology, temporary MCS should be consid-
ered. There are no randomized controlled trials comparing different MCS devices for
managing patients with myocarditis. The choice of MCS is usually decided by many
factors included need for uni-or-biventricular failure, need for ventilatory support,
need for ventricular venting, the facilities and expertise of each center. VA-ECMO
provided emergency cardio-ventilatory support, giving the medical team enough
time to achieve multi-organ support get the diagnosis, and deliver the proper therapy
to increase the chances of recoveryVA-ECMO allows biventricular and ventilatory
support, while Impella allows univentricular support in patients without oxygenation
problems. A combination of two Impella machines can be used in patients with
biventricular failure without oxygenation issues and this was referred to as Bi-Pella
[44]. The peripheral VA-ECMO increases the left ventricular afterload and wall stress,
which could result in pulmonary edema and impaired myocardial recovery. The
use of Impella helps in cardiovascular support and LV venting without ventilatory
support [45]. The survival rates of FM were similar in patients supported with either
VA-ECMO or Impella [10, 16].

A combination of VA-ECMO and Impella, known as ECPELLA, was reported to
have reduced mortality and improved cardiac recovery in patients with cardiogenic
shock, compared to VA-ECMO alone due to cardiopulmonary support and LV unload-
ing allowing myocardial recovery [45-47]. The use of IABP in cardiogenic shock
helps in ventricular unloading and improving coronary blood flow. There are no data
about IABP in cardiogenic shock except in patients with cardiogenic shock due to
acute coronary syndromes (IABP-SHOCK II trial) that revealed no mortality benefit
compared to medical therapy alone [48].

In case of failed recovery of the cardiac function, the medical team should assess
for eligibility to durable MCS with VADs or heart transplantation. There are no clear
recommendations about the duration of short-term MCS,; however, most of the stud-
ies mentioned a median duration of 7 days was associated with good outcomes, while
a duration of more than 14 days carried unfavorable outcomes [22, 49, 50].

4, Conclusions

Fulminant myocarditis is a serious life-threatening medical condition that requires
timely management to reach the diagnosis and deliver disease-specific therapy.
Early MCS, especially VA-ECMO is a salvage measure to stabilize the patient, prevent-
ing multi-organ failure and giving the medical team a crucial time to give the specific
therapy enhancing the cardiac recovery.
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