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LV Left ventricle
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4.1 Clinical Presentation

Most patients affected by dilated cardiomyopathy (DCM) present between the ages
of 20 and 60, but the disease can occur also in children and older adults. They are
most commonly Caucasian males. Furthermore, with respect to other heart failure
etiologies, the comorbidity profile of DCM patients is very low. Finally, due to the
frequent long-standing asymptomatic left ventricular dysfunction, these patients are
often scarcely symptomatic for heart failure (HF) at diagnosis in spite of impor-
tantly remodeled left ventricle. Useful patterns in diagnosing DCM are:

1. Heart failure symptoms (progressive dyspnea with exertion, impaired exercise
capacity, orthopnea, paroxysmal nocturnal dyspnea, and peripheral edema)

2. Incidental detection of asymptomatic cardiomegaly

3. Incidental detection of left bundle branch block (e.g., sport screening in coun-
tries with ECG sport screening)

4. Symptoms related to coexisting arrhythmia, conduction disturbance, thrombo-
embolic complications

5. Sudden death

6. Familial screening

4.2  Etiological Classification: A Critical Issue in Clinical
Management of DCM

DCM prognoses have changed dramatically in the last decades [1]. This aspect is
due to an improvement in HF therapy, both pharmacologic and non-pharmacologic
(e.g., devices and MitraClip©), promoting left ventricular reverse remodeling
(LVRR). However, the diagnostic effort facing a newly discovered DCM phenotype
is critical to address a tailored therapy and to improve the LVRR amount and long-
term survival [2]. In fact, DCM is a generic term that encases several different dis-
eases. Timing is also a crucial aspect since delaying an accurate etiological definition
of nonischemic DCM could mean to increase the event rate. In this sense a red flags
approach appears important, and advanced diagnostic tools should be used not in
every patient but in whom red flags suggest utility rather than futility [3].

4.2.1 Need of Reclassification of the Disease During Follow-Up

The overall improvement of prognosis in DCM makes quite frequent to see in clini-
cal practice patients with >10 years of disease. In these patients an eventual worsen-
ing of systolic function or arrhythmias could be explained by a progression of the
disease but also by a developed superimposed coronary artery disease, valvulopa-
thy, or active myocarditis. In this sense repeated etiological classification of disease
is advocated and appears crucial periodically during follow-up [4].
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4.3 Exclusion of Reversible Causes of Left Ventricular
Dysfunction/Dilation

It is pivotal to exclude possible removable causes of left ventricular dysfunction
[4]. First and by far most important is to exclude an ischemic cardiomyopathy
that is conventionally distinguished from DCM by the presence of >50% steno-
sis in the left main stem, proximal left anterior descending artery, or two or
more epicardial coronary arteries on invasive or computed tomography coro-
nary angiography (2). Late gadolinium enhancement (LGE) at cardiovascular
magnetic resonance (CMR) provides an alternative approach and may identify
prior myocardial infarction (subendocardial or transmural LGE) in as many as
13% of patients with suspected DCM and unobstructed coronary arteries [5]. In
addition to ischemic cardiomyopathy, DCM must also be distinguished from
other nonischemic cardiomyopathies and physiological adaptations that may
generate similar patterns of left ventricle (LV) remodeling [6]. One example is
represented by valvular heart disease associated with left ventricular systolic
dysfunction.

Hypertensive dilated cardiomyopathy is a challenging entity from diagnos-
tic standpoint. These patients usually are older and with more comorbidities,
tolerating higher doses of drugs, or with high pressure in spite of LV dysfunc-
tion and a septal thickness of more than 12 mm [7]. However, it is still unknown
why only few hypertensive patients develop LV systolic dysfunction in the
absence of concomitant coronary artery disease. A genetic background favor-
able to develop DCM is likely, but future focused studies are advocated to
elucidate this issue.

The term “idiopathic DCM” is often used in clinical practice and in some series
accounts for 20-30% of nonischemic HF. However, the approach to a patient with
nonischemic DCM rarely seeks reversible factors other than hypertension, valve
disease, and congenital heart disease. Other examples of commonly overlooked or
underappreciated reversible environmental triggers for LV dysfunction include sus-
tained supraventricular arrhythmias or very frequent ventricular ectopic beats,
which can lead to tachycardia-induced cardiomyopathy; substance abuse (e.g., alco-
hol, cocaine); acute emotional stress or chemotherapies that cause catecholamine
(i.e., Takotsubo) or toxin-induced cardiomyopathies; and systemic autoimmune dis-
orders (e.g., Churg—Strauss syndrome and sarcoidosis). New-onset HF with LV dys-
function occurring during pregnancy or the postpartum period could identify a
peripartum cardiomyopathy. Confirmation of active myocarditis as the cause of
recent onset severe HF is particularly important as it may require investigations
(e.g., endomyocardial biopsy) [8].

Accordingly, a comprehensive integrated approach, including third-level diag-
nostic tools, should be systematically implemented in clinical practice to remove
every possible reversible cause through specific therapeutic interventions. This
issue appears essential to promote left ventricular reverse remodeling and subse-
quent outcome improvement [2] (Fig. 4.1).
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Fig. 4.1 Etiological characterization of DCM. DCM dilated cardiomyopathy, /DCM idiopathic
dilated cardiomyopathy. From Merlo et al. Evolving Concepts in Dilated Cardiomyopathy,
EJHE.2018. 20(2):228-239

4.4 Diagnostic Work-Up in New-Onset LV Dysfunction/
Dilation: A “Red Flags” Approach

As previously stated, DCM may present with multiple clinical scenarios. However,
the clinical approach to a suspected DCM requires a step-by-step work-up. It is cru-
cial to start from the family and personal history, to perform a comprehensive physi-
cal examination and to interpret all the available diagnostic tools. Rapezzi and
colleagues first described the so-called red flags approach in cardiomyopathies to
guide the selection of the appropriate diagnostic techniques [3]. The easily missed
boxes (see below) provide some important examples of this approach and of difficul-
ties of differential diagnosis in approaching a newly diagnosed nonischemic DCM.

4.4.1 Personal and Family History

In the adulthood, the onset of the disease is generally observed during the third or
fourth decade of life. This is “unusual” in classic genetic diseases. Since genetic
forms account for 20-50% of DCM cases, the first clinical examination should
include a very careful assessment of the patient’s family history [9]. The recording
of a complete family pedigree is helpful in determining the possible mode of genetic
transmission (autosomal dominant, autosomal recessive, X-linked, matrilinear) and
in detecting other cardiac and non-cardiac traits associated with DCM. The pedigree
is by far the most important genetic tool in the systematic approach to DCM [9].
Importantly, a negative family history does not rule out a genetic form of DCM as
de novo genetic mutations can be responsible for sporadic DCM. Systematic famil-
ial screening is an important way of diagnosis shedding light on early phases of
disease with favorable prognosis [10].
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A distinct clinical entity is the DCM formed in pediatric patients. The prognosis
in this specific population is poorer than in adulthood, carrying more HF and arrhyth-
mic events. This translates in a need of more aggressive treatments and follow-up in
pediatric DCMs [11], implicating difficult clinical choices due to the age of the
patients. The reasons of this particularly aggressive form in children are largely
unknown. Other forms of LV dysfunction, such as active myocarditis, appear to carry
an ominous prognosis in children [12]. It is possible that specific immunologic path-
ways could be involved, but this represents an important field for future research.

4.4.2 Symptoms and Physical Examination

Clinically, signs and symptoms of heart failure often characterize the onset of the
disease, but young individuals can remain asymptomatic for a long time despite hav-
ing LV dysfunction. A history of palpitations and syncope should be carefully inves-
tigated, as they can be the clinical expressions of serious ventricular arrhythmias.
Neurologic examination is of paramount importance. A search for multisystem
involvement should be part of the clinical examination, in particular looking for signs
of skeletal myopathy or neurosensory disorders [3]. For example, cases of DCM
associated with learning difficulties, blindness, and deafness should be recognized.

4.4.3 12 Lead Electrocardiogram

Historically, electrocardiogram in DCM has been considered non-specific. However, in
some cases it can provide clues to specific forms of DCM. For example, posterolateral
pseudonecrosis (that requires exclusion of true necrosis with coronary angiogram) is
typical of dystrophin-related DCM. Atrioventricular blocks (of various degrees) can
suggest a mutation in LMNA and are usually related to an important arrhythmic burden
[13]. Sinus bradycardia and atrial standstill have been associated to myotonic dystro-
phy and Emery—Dreifuss muscular dystrophy [3]. Other important red flags include
low QRS voltages, right bundle branch conduction abnormalities, and anterolateral/
inferior negative T waves which can lead to a diagnosis of biventricular or left-domi-
nant arrhythmogenic cardiomyopathy [14]. Left bundle branch block and left atrial
enlargement are usually markers of long-standing disease, the former also having prog-
nostic and therapeutic implications (i.e., resynchronization therapy) [15]. Finally, in
contrast to other cardiomyopathies, there is a lack of studies on a systematic evaluation
of ECG in a large cohort of DCM. These studies could provide in the future possible
diagnostic and prognostic tools derived by a simple and often neglected tool as ECG.

4.4.4 Laboratory Tests

In HF with reduced ejection fraction, natriuretic peptides have clinical utility for the
diagnosis and prognostic stratification. In fact, guidelines recommend dosage of
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brain natriuretic peptide (BNP) or N-terminal pro-BNP at the time of the first evalu-
ation and systematically during follow-up [16]. However, BNP rises irrespective of
HF etiology. Instead, elevations in serum creatine phosphokinase can suggest spe-
cific genetic disorders such as dystrophinopathy, laminopathy, or desminopathy [3].
Whether clinical evidence of neuromuscular involvement is found or not, in these
patients a complete neurological work-up is generally warranted. Other important
laboratory markers suggesting specific etiologies are high transferrin saturation and
hyperferritinemia in hemochromatosis, or lactic acidosis and leucopoenia in rare
forms of mitochondrial diseases [3].

4.4.4.1 Genetic Testing

While there is a general appreciation that DCM can be caused by many different
disease processes, in everyday clinical practice it is often considered under the
catch-all heading of “nonischemic HF” with reduced ejection fraction. However, the
concept that DCM represents a family of diseases characterized by complex interac-
tions between environment and genetic predispositions is gaining prominence as the
clinical impact of a precise diagnosis is better appreciated [17]. Nowadays, after the
exclusion of possible removable causes of LV dysfunction, in both familial and
sporadic cases, particularly in the presence of “red flags” suggesting possible
genetic forms of DCM, a genetic testing with a next-generation sequencing approach
is indicated. Despite current guidelines recognize a genotype—phenotype correla-
tion only in LMNA carriers, there is a growing amount of data that supports geno-
type—phenotype correlations also for other genes (i.e., desmosomal, FLNC [18],
TTN [19], sarcomere) (see Chap. 5). In this sense, it is emerging a new, widely
unexplored, and important overlap syndrome between DCM and right ventricular
cardiomyopathy called arrhythmogenic cardiomyopathy, often determined by muta-
tions of LMNA, FLNC, or desmosomal genes. Therefore, it exists the next future
perspective of an extensive use of genetic testing in DCM, even if the current knowl-
edge on genotype—phenotype correlation and application of precision medicine in
DCM is still embryonic [20].

4.4.5 Echocardiography

Two-dimensional Doppler echocardiography has an important role in the diagnostic
and prognostic assessment of DCM [21]. Echocardiography has the main advantage
of being very practical and quite affordable making it the perfect tool for first-line
diagnosis and follow-up of DCM patients. In fact, evaluation of LV ejection fraction
and LV dimensions represents the first-line approach to a DCM patient and should
be periodically repeated during the follow-up. Different patterns of DCM have been
described according to the grade of LV dilation. Hypokinetic non-dilated cardiomy-
opathy (or mildly dilated cardiomyopathy) has been recently introduced as a dis-
tinct clinical entity [6, 22]. Specific genetic forms, such as LMNA mutations, can
cause isolated LV systolic dysfunction without dilatation and have a much higher
arrhythmic burden [23]. A reduced LV ejection fraction with preserved LV size can
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be also observed in the early (preclinical) stages of disease and is generally associ-
ated with a good prognosis [22]. The presence of some particular features such as a
restrictive LV filling pattern and non-sustained ventricular arrhythmia carries a
higher risk of an adverse outcome [24, 25]. Similar clues may suggest involvement
of specific genes. Alternatively, active myocarditis can also present with depressed
ejection fraction but not extensive LV remodeling, frequently in association with a
high arrhythmic burden [8, 12].

Myocardial deformation imaging techniques (e.g., speckle tracking) offer greater
sensitivity than LV ejection fraction for identifying subtle abnormalities of systolic
function and may assist in the early detection of disease [26].

In addition to the examination of LV systolic function and size, the presence
and the severity of functional mitral regurgitation [27] have important implica-
tions for therapeutic and prognostic strategies. Left ventricular diastolic function
should be systematically assessed for the estimation of left ventricular filling
pressures and the identification of restrictive filling pattern [24]. The right ven-
tricle along with the estimation of pulmonary arterial pressure is also essential in
the stratification of the disease [28].

Box 4.1 Easily Missed: Cardiac Amyloidosis

Amyloidosis is a disease complex caused by extracellular deposition of insol-
uble abnormal fibrils composed of misfolded proteins, which can alter tissue
structure and impair function of multiple organs including the heart. Types of
amyloidosis which commonly affect the heart include primary systemic amy-
loidosis (amyloid light chain (AL)) and transthyretin amyloidosis (amyloid
transthyretin), the latter of which may be acquired in older individuals (wild
type) or inherited in younger patients (hereditary).

Cardiac amyloidosis usually starts as restrictive cardiomyopathy with nor-
mal or mildly depressed LV systolic dysfunction and significant diastolic HF
and can progress to severe systolic dysfunction in advanced stages. Once
amyloid infiltration involves the heart, prognosis significantly worsens. In
fact, median survival in AL amyloidosis is ~13 months but decreases drasti-
cally to 4 months with the onset of HF symptoms [29].

Reduced QRS voltage amplitude on ECG is noted in the limb leads in
~50% of cases, but the true electrocardiographic hallmark of cardiac amyloi-
dosis is the disproportion between left ventricular wall thickness and QRS
voltages [29]. A pseudoinfarct pattern in the precordial leads is another elec-
trocardiographic feature.

In some cases, echocardiography could suggest the diagnosis and hence
enhance the sensitivity of physical examination. Typical echocardio-
graphic features of amyloidosis include thickened ventricular walls (right
and left) in the setting of normal ventricular size, biatrial dilatation, the
presence of a pericardial effusion, and valvular thickening without
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significant dysfunction [30]. Increased echogenicity of the myocardium,
termed granular sparkling, is not very sensitive or specific when evaluated
in isolation. Even if the global LV function is usually impaired only in
advanced cardiac amyloidosis, longitudinal dysfunction precedes the
onset of heart failure. This is best detected by strain imaging, which typi-
cally shows impairment of longitudinal strain at the base of the left ven-
tricle, with relatively well-preserved apical strain. When strain is color
coded, a “bull’s eye” with an apical sparing pattern is found; it is both
sensitive and specific for the diagnosis of cardiac amyloidosis [31]. In
contrast CMR findings in cardiac amyloidosis are aspecific. In fact late
gadolinium enhancement is simply an expression of interstitial expansion
that can be frequently found in storage diseases (e.g., Anderson—Fabry and
Danon disease) [30].

Scintigraphy with bone-seeking tracers (DPD Tc in Europe and PYP Tc in
the USA) is an important technique in the diagnosis of amyloidosis.
Myocardial uptake is strictly dependent on etiology: absent or mild in AL,
present in ATTR, and variable in other rarer genetic forms [32]. A strong myo-
cardial tracer uptake is highly sensitive for ATTR cardiac amyloidosis (both
hereditary and wild type). Furthermore, specificity in relation to sarcomeric
hypertrophic cardiomyopathy has also been shown to be high [30]. There are
potential pitfalls since a negative scintigraphy does not rule out a diagnosis of
cardiac amyloidosis and mild myocardial tracer uptake does not allow a dif-
ferential diagnosis between ATTR and AL [30].

4.4.6 Cardiovascular Magnetic Resonance

Cardiovascular magnetic resonance (CMR) imaging is considered the gold standard
for assessment of ventricular volumes and ejection fraction, enabling confident
diagnosis of DCM in borderline cases and improving the characterization of disease
severity in patients with known LV dysfunction.

Another crucial aspect of CMR is tissue characterization that can be useful in
diagnosis of specific forms of DCM [5, 33]. The identification of myocardial
edema (in T2-weighted images) suggests active myocarditis and late gadolinium
enhancement (LGE) representing replacement fibrosis and is detectable in
approximately one-third of cases of DCM with a distinctive mid-wall distribu-
tion, more frequently within the septal wall [5]. The presence of LGE in DCM
carries important prognostic implications in terms of low probability of LV
reverse remodeling and increased risk of sudden cardiac death [5, 34]. Moreover,
the distribution of LGE may be suggestive of some DCM phenotypes; for
instance, an inferolateral or posterolateral location is typical of muscular dystro-
phy, whereas subepicardial or transmural patchy distribution of LGE is sugges-
tive of myocarditis or sarcoidosis [35].
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Emerging CMR techniques, specifically T1 mapping, provide assessment of the
interstitial fibrosis and could represent in the future a tool for early diagnosis and
risk stratification of DCM [36].

CMR T2* imaging is the preferred technique for the detection and quantification
of iron deposits within the myocardium in patients with hemochromatosis.

Box 4.2 Easily Missed: Cardiac Sarcoidosis

Sarcoidosis is a multisystemic inflammatory disease of unknown origin char-
acterized by noncaseating granuloma formation in multiple organ systems.
The disease affects more frequently the lung (more than 90% of patients), but
it can also involve the heart, liver, spleen, skin, eyes, parotid gland, and other
organs and tissues. A certain diagnosis requires histopathologic demonstra-
tion of noncaseating granulomas at lung biopsy. Clinically cardiac involve-
ment occurs in about 5% of patients with sarcoidosis, but autopsy findings
and, more recently, data based on CMR studies showed that 25-50% of
patients with sarcoidosis have some degree of cardiac involvement. The prin-
cipal manifestations are conduction abnormalities, ventricular arrhythmias
(including sudden death), and heart failure [37, 38].

Diagnosis of cardiac sarcoidosis is challenging, and diagnostic criteria rely
on the presence of noncaseating granuloma on histological examination of
myocardial tissue. Among patients with extra-cardiac sarcoidosis, diagnosis
of cardiac sarcoidosis is probable in the presence of reduced LVEF, unex-
plained ventricular tachycardia, conduction block (Mobitz type II or 3° heart
blocks), patchy uptake at cardiac FDG—PET or a LGE on CMR, or gallium
uptake in a pattern consistent with cardiac sarcoidosis [39].

Preliminary tests, such as ECG, chest radiography, and echocardiography,
are non-specific for cardiac sarcoidosis (CS).

Abnormal electrocardiographic findings include various degrees of con-
duction block, such as bundle branch block (right bundle branch block more
common than left bundle branch block) and fascicular block, QRS complex
fragmentation, pathological Q waves, and ST-T changes. Notably, only a
small proportion (3-9%) of patient with asymptomatic cardiac sarcoidosis
have an abnormal ECG [38, 39].

Echocardiographic abnormalities are variable and non-specific and are
present in about 77% of patients with systemic sarcoidosis [40]. The most
common features are interventricular thinning, especially basal focal areas of
akinesia or dyskinesia or aneurysm, and other common findings are cardiac
chambers enlargement, left and/or right ventricular systolic dysfunction, and/
or and diastolic dysfunction [40]. Granulomatous inflammation can be rarely
seen as macroscopic areas of bright echoes, with a “speckled” or “snowstorm”
pattern at two-dimensional echocardiography [39].

In the recent years, CMR has emerged as a valuable imaging tool for
early diagnosis of cardiac sarcoidosis [41]. Thanks to its accuracy and
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resolution, it is able to detect both structural and functional abnormalities
and to differentiate them from ischemic lesions. CMR has a specificity of
about 78% for cardiac sarcoidosis making it the diagnostic tool of choice
[41]. CMR abnormalities include not only granulomatous infiltration but
also inflammation, edema, and fibrosis [41]. Different patterns of LGE can
be found in patients with cardiac sarcoidosis. Early enhancement of granu-
lomas in T2-weighted images is suggestive of the presence of inflammation
and edema [41, 42]. The most common patterns of LGE distribution are
subepicardial and mid-myocardial, with preferential involvement of the
basal septum or inferolateral wall [43]. Right ventricular involvement has
been described, too [43].

Another important imaging technique for CS diagnosis is FDG—PET. Focal
or focal-on-diffuse FDG uptake, which represents active inflammation, can
suggest CS. These findings have a low specificity, since these patterns are
seen in other inflammatory myocardial diseases, too.

EMB is still considered an important tool for certain diagnosis of cardiac
sarcoidosis. However, it has low sensitivity (25%) due to the focal localization
of lesions. Moreover, EMB is most commonly performed from the right ven-
tricle, while disease involvement is more common in the basal septum and
inferolateral LV wall, regions that are more difficult to biopsy [39]. Current
consensus guidelines now suggest electrophysiological (electroanatomic
mapping) or image-guided (PET or CMR) biopsy procedures to increase its
sensitivity [39].

The arrhythmic risk in cardiac sarcoidosis patients raises the issue of the
risk stratification of sudden death and when to consider ICD implantation.
Several studies demonstrated that the only consistent association with ICD
intervention in these patients was with reduced LVEF. However, a signifi-
cant rate of ICD intervention occurred also in patients with low to moderate
LVEF reduction, while none of those with normal LV and RV ejection frac-
tion had appropriate ICD therapy [44]. Current consensus guidelines rec-
ommend ICD implantation in patients with known cardiac sarcoidosis and
spontaneous sustained ventricular arrhythmias or prior cardiac arrest and/
or if LVEF <35% (despite optimal medical therapy and trial of immuno-
suppression). ICD implantation can also be useful in patients with unex-
plained syncope and inducible ventricular arrhythmias. ICD implantation
has also been considered at the time of pacemaker implantation (when indi-
cated) and may be considered in patients with LVEF in the range of
36-49%, despite optimal medical therapy for heart failure and a period of
immunosuppression [39].

Interestingly, these guidelines, enhancing the role of CMR, stated that ICD
implantation may be considered if patients have evidence of late gadolinium
enhancement on CMR [40].
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4.4.7 Cardiac Catheterizations and Procedures

4.4.7.1 Coronary Angiogram

In the diagnostic assessment of a depressed LV ejection fraction of unknown origin,
coronary angiography is required to rule out coronary artery disease, particularly in
patients above 35 years, males, and those carrying cardiovascular risk factors.
Computed tomography angiography can be considered as an alternative, particu-
larly if the pretest probability of ischemic disease is low to moderate.

4.4.7.2 Cardiac Catheterization

Right heart catheterization should be limited to selected cases, such as in patients
with advanced disease who are candidates for cardiac transplantation, due to its
limited importance in the diagnostic work-up. However it is pivotal for prognostic
stratification.

4.4.7.3 Endomyocardial Biopsy

The role of endomyocardial biopsy in the diagnosis of DCM remains controversial.
Modern immunohistochemical methods improve sensitivity compared with the tra-
ditional histopathological Dallas criteria [45], but endomyocardial biopsy should
generally be reserved for selected cases such as patients with severe heart failure,
refractory hemodynamic impairment or life-threatening arrhythmias that are poten-
tially caused by myocarditis and might be responsive to immunosuppression or anti-
viral therapy [8, 46, 47]. Endomyocardial biopsy can also be useful when specific
diseases with targeted treatment strategies are suspected (i.e., sarcoidosis and
hemochromatosis).

Box 4.3 Easily Missed: Active Myocarditis

Myocarditis represents an underdiagnosed cause of DCM. Myocarditis is an
inflammatory disease of the myocardium characterized by a great heterogene-
ity of presentation and evolution. Common clinical scenarios associated with
myocarditis may range from subclinical asymptomatic myocarditis to peri-
myocarditis resembling an acute coronary syndrome, to syncope from ven-
tricular arrhythmias or heart block, to heart failure associated with progressive
or chronic DCM, to severe acute heart failure in some cases requiring inten-
sive hemodynamic support [48].

Myocarditis can be caused by a broad range of infectious agents, including
viruses, bacteria, fungi, and protozoa, as well as noninfectious triggers, such
as toxins and hypersensitive reactions. Among these triggers, viral infection
has been documented to constitute the most prevalent cause of myocarditis.

Clinical suspicion of inflammatory heart disease is crucial in the clinical
scenarios presented above, especially in newly diagnosed DCM or in the pres-
ence of life-threatening arrhythmias: history of recent flu-like symptoms
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(present in 35-65% of cases) or viral gastroenteritis may raise this suspicion.
A previous insect bite, suspicious of Borrelia or rickettsiae, should always be
investigated [8].

In patients with clinically suspected acute myocarditis, confirmatory test-
ing usually begins with serum biomarkers. However, Troponin I may be raised
in only 34% of patients with acute myocarditis [49]. Non-specific serum
markers of inflammation, such as C-reactive protein, erythrocyte sedimenta-
tion rate, and leucocyte count, are frequently increased in patients with sus-
pected myocarditis, but low specificity limits their diagnostic value.

Patients with myocarditis might mostly have non-specific changes on
ECG. These include sinus tachycardia, ST wave and T wave abnormalities,
and, sometimes, PR depression and diffuse ST segment elevation (if there is
concomitant peri-epicardial inflammation). Electrocardiographic changes
that are associated with poor prognosis in acute myocarditis include widened
QRS and Q waves [50].

Echocardiography is mandatory in patients with suspected myocarditis.
The entity of left ventricular dysfunction and wall motion abnormalities not
associated with a coronary distribution are useful tool to suggest an acute myo-
carditis. In fulminant cases, there might be wall thickening due to edema [51].

Cardiac MRI sensitivity varies with clinical presentation and extent of cell
necrosis [52]. In high- and intermediate-risk forms (i.e., myocarditis present-
ing with heart failure or arrhythmias associated with LV dysfunctions), car-
diac MRI has modest diagnostic accuracy, in fact the edema may be absent in
T2-weighted images since its presence highly depends by the timing of MRI
performance. In patients with biopsy-proven viral myocarditis, the presence
of myocardial scar, indicated by LGE, is an independent predictor of all-cause
mortality and cardiac mortality, but no data are available about the prognostic
value of additional cardiac MRI-related parameters, such as the pattern of
distribution and the extension of LGE [53].

Endomyocardial biopsy (EMB) is the gold standard for the diagnosis of
myocarditis, although its role is still controversial. Indeed, it is associated
with a non-negligible rate of major complications, even in specialized centers
(around 1% of the cases) [54], and its diagnostic accuracy is still debated,
highly depending on the operator experience, on the number and the location
of tissue samples, and on the timing of the EMB. Therefore, EMB should be
performed only in selected life-threatening scenarios, such as heart failure
with severe ventricular dysfunction and/or life-threatening arrhythmias refrac-
tory to optimized medical therapy in the short term (usually 3 weeks) [8, 55].

Recently, practical and clinically oriented classification of myocarditis and
its clinical management has been proposed based on event risk derived by
clinical and laboratory presentation and short-term evolution, as seen in
Fig. 4.2 [8].
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Fig. 4.2 Characterization of DCM vs. active myocarditis at diagnosis. The role of ECG (panels
(a) vs. (b): note the left bundle branch block vs. low QRS voltages), echocardiography (panels (c)
vs. (d): note the huge vs. mild left ventricular/atrial dilation), cardiac magnetic resonance (panels
(e) vs. (f): note the mid-wall distribution pattern of late gadolinium enhancement vs. myocardial
edema at T2-weighted imaging), endomyocardial biopsy (panels (g) vs. (h): note the cardiomyo-
cyte damage and the myocardial fibrosis [in blue] vs. active lymphocytic inflammation).
Reproduced with permission from Merlo et al. Evolving Concepts in Dilated Cardiomyopathy,
EJHFE.2018. 20(2):228-239
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4.5 Conclusions

New-onset dilated cardiomyopathy is still a diagnostic challenge for clinical cardi-
ologists. It is pivotal to exclude possible removable causes of left ventricular dys-
function because this has prognostic implications. A comprehensive, systematic,
and integrated approach, including third-level diagnostic tools, should be imple-
mented in clinical practice to remove every possible reversible cause through spe-
cific therapeutic interventions. This issue appears essential to promote left ventricular
reverse remodeling and subsequent outcome improvement. Excluding treatable
causes is by far the most important issue. Cardiac sarcoidosis, cardiac amyloidosis,
and acute myocarditis are paradigmatic examples and should be carefully excluded.
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