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1.1 Dilated Cardiomyopathies: The Classification Pathway

Cardiomyopathies (CMPs) are myocardial disorders in which the heart muscle has
structural and functional abnormalities in the absence of other causes sufficient to
cause the disease. Until a few decades ago in medical literature, there was uncer-
tainty and confusion about this entity. In the last years, advances in pathophysiol-
ogy, pathology, biomarkers, genetics and molecular medicine, echocardiography,
and cardiac magnetic resonance have brought light in the darkness.

Since 1956 several definitions of CMPs have been adopted using terms as
“inflammatory,” “non-coronary,” “myocardial disorders of unknown etiology” [1].
Classifications tried to make order in the complexity and, historically, were mainly
based on phenotype [2, 3] missing multiple other aspects. In 2006 the American
Heart Association proposed the definition of CMPs as follows: “cardiomyopathies
are a heterogeneous group of diseases of the myocardium associated with mechani-
cal and/or electrical dysfunction that usually (but not invariably) exhibit inappropri-
ate ventricular hypertrophy or dilatation and are due to a variety of causes that
frequently are genetic. Cardiomyopathies either are confined to the heart or are part
of generalized systemic disorders, often leading to cardiovascular death or progres-
sive heart failure (HF) related disability” [4]. This classification is based on etiol-
ogy, distinguishing CMP in genetic, acquired, and mixed, and splits CMPs into two
groups, primary or secondary, as they involve predominately the heart or as a part of
systemic disease. Brugada syndrome, long QT syndromes, short QT syndromes,
catecholaminergic ventricular polymorphic tachycardia, and Asian sudden unex-
plained nocturnal deaths are put separately, but for the first time, channelopathies
were mentioned in the classification of genetic cardiomyopathies.

Two years later the European Society of Cardiology (ESC) chose a clinical and
morphological classification (Fig. 1.1), reporting CMPs as “myocardial disorders in
which structure and function of the myocardium are abnormal, in the absence of coro-
nary artery disease, hypertension, valvular heart disease and congenital heart disease
sufficient to cause the observed abnormality”. Dilated CMP, hypertrophic CMP,
restrictive CMP, and arrhythmogenic right ventricular CMP are the four main specific
phenotypes that have to be subsequently subclassified in familial and nonfamilial.
Actually the picture is not so simple, with heterogeneity and overlapping forms [5].

UNIDENTIFIED GENE
DEFECT
FAMILIAL / GENETIC

HCM

DCM DISEASE SUBTYPE
CARDIOMYOPATHIES | < ARVC

RCM IDIOPATHIC

iog \NON FAMILIAL /
lassif
Unelassified N ON GENETIC <
DISEASE SUBTYPE

Fig. 1.1 The 2008 ESC classification of cardiomyopathies. From Elliott P. et al. European Heart
Journal 2008
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The need to integrate the above multiple aspects of CMPs prompts last classifica-
tion available, proposed by Arbustini et al. in 2013 and endorsed by the World Heart
Federation, the MOGE(S), a morphofunctional classification, enriched with extra-
cardiac involvement, mode of inheritance with effect of mutation on gene function,
and functional status. In details MOGE(S) acronym stands for morphofunctional
characteristics (M), organ involvement (O), genetic or familial inheritance pattern
(G), etiological information (E), and functional status (S). This system resembles
the TNM classification of tumors and provides a genotype-phenotype correlation
[6]. It seems to be a challenging way to describe CMPs in everyday life; however, it
pushes clinicians to clarify etiology and familiar history and to have a comprehen-
sive approach to the patients, not focusing only on the heart. Actually, even if it
represents a translation link between basic science and clinical medicine, However,
its use in clinical practice is rare [7].

Although major advances in knowledge as reported above, DCM is the cardio-
myopathy that, between all others, still lacks of complete characterization and
understanding. The term DCM encloses multiple entities, and, so far, no classifica-
tion has been able to portrait it adequately.

Anyway, continuous efforts are made by researchers, and in 2016, a new state-
ment has been published. Pinto et al. proposed a revised definition of DCM
(Fig. 1.2), which tries to encompass the broad clinical features of the disease and its
changes during time. They emphasize the progression of the disease from a preclini-
cal state with no cardiac dilation through isolated ventricular dilation or arrhythmic
cardiomyopathy, characterized by arrhythmogenic features as supraventricular/ven-
tricular arrhythmias and/or conduction defects observed in myocarditis, genetic
defects, and neuromuscular diseases. Furthermore, they introduce a new entity
called “the hypokinetic non-dilated cardiomyopathy (HNDC)” which is the overt
phase of systolic dysfunction not associated with ventricular dilation, as it happens
in DCM caused by Lamin A/C defects. The final landing remains DCM [8].

Another new concept comes from the recent awareness that DCM overlaps with
arrhythmogenic right ventricular cardiomyopathy (ARVC). They may share disease-
causing mutations; desmosomal gene defects are known to be mutated in DCM and
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Fig. 1.2 The DCM clinical spectrum. From Pinto Y.M. et al., European Heart Journal 2016
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ARVC. Moreover, patients with ARVC can show a left ventricular involvement, and
the other way around a DCM relative may demonstrate ventricular ectopy coming
from the right ventricle [8].

Maybe in the next classification there will be room for this overlap form with
specific gene defects.

Despite major scientific progresses in the last decades, DCM still remains the
third cause of HF and the first cause of cardiac transplant worldwide, with high
clinical relevance given its mortality-morbidity risk in such a young population with
long life expectancy (mean age at diagnosis is 45 years) (Fig. 1.3).

Major advances have been made in DCM since the 1980s when it was considered
an end-stage condition, as a cancer, with 50% of mortality at 2 years. Nowadays, the
estimated free survival from death and heart transplant is approximately of 85% at
10 years [9]. This is the result of earlier diagnosis with consequent earlier beginning
of evidence-based therapy, which has dramatically improved in the last 30 years
with introduction of neurohormonal agent (most recent sacubitril-valsartan) and
non-pharmacological therapy (implantable cardioverter defibrillator (ICD) and
resynchronization therapy). Unfortunately, we are not always able to adequately

Fig. 1.3 Gross anatomy and histological specimen representative of DCM. (a, b) Gross anatomy
of an explanted heart from a 26-year-old patient with DCM. (¢) Azan-Mallory staining of a female
patient with DCM and severe LV dysfunction; (d) histology from a patient with Duchenne’s dys-
trophy; (e) Azan-Mallory staining from an explanted heart from a patient affected by genetically
determined DCM (double mutation in desmin and potassium channels). Courtesy of Prof. Bussani,
University of Trieste
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stratify the risk in this population, especially at the beginning of the disease when
the adverse left ventricular remodeling is not the only adverse predictor and major
arrhythmic events can happen in patients not satisfying criteria for ICD implanta-
tion. Anyway, severe mitral regurgitation, right ventricular dysfunction, and restric-
tive filling pattern have been recognized as predictors of adverse events as expression
of advanced disease [10-12]. On the other hand, caution has to be taken to avoid
early useless ICD implantation motivated only by low ejection fraction: studies
have demonstrated that left ventricular reverse remodeling is a process that lasts
3-9 months after the diagnosis (to be completed in 24 months) [13]. A global evalu-
ation comprehensive of late gadolinium enhancement and peak circumferential
strain assessed by cardiac magnetic resonance (CMR) performs better than clinical-
echocardiographic evaluation alone in the prediction of left ventricular reverse
remodeling (LVRR) in patient recently diagnosed with DCM receiving evidence-
based therapy [14].

DCM carries important ethical issues as the identification of asymptomatic car-
riers of gene mutations in a family, potential risk of pregnancy, and sport participa-
tion. These are common situations that the clinical cardiologist has to face with,
often without specific guidelines.

Some help in the management of DCM comes from registries enrolling clinical,
instrumental, and prognostic data of large cohorts of patients affected and strictly fol-
lowed in the long term. In our Institution this is a common behavior, since we can extrap-
olate thousands of data from the Heart Muscle Disease Registry, active from 1978 [15].

1.2  Genetic Dilated Cardiomyopathy and Etiological
Classification

Familial forms account for the at least 40% of cases, and thanks to the recent dis-
coveries in the genetic field, clinicians have the opportunity, but also the responsi-
bility, to provide an etiological diagnosis, stratify the risk and treat patients with the
best strategy available. So, when acquired causes (e.g. hypertension, coronary artery
disease, valvular heart disease, arrhythmias, etc.) have been excluded, there is a
family history of DCM and there are clinical clues suggesting the diagnosis (what
we used to call “red flags”: deafness, blindness, muscular disorders, etc.), we rec-
ommend to perform the genetic screening [13]. Anyway, it has to be stressed that de
novo mutations exist, so a negative family history doesn’t rule out a genetic DCM,
and that is mandatory for an appropriate patient selection in order to avoid noise, as
will be explained below.

Guidelines and position papers recommend, with level C of evidence, genetic
testing in the proband (the first or the most affected in the family, as this gives a high
positive predictive value) in order to provide diagnostic/prognostic information, aid
therapeutic choices, and prompt cascade screening in relatives [16]. Family screen-
ing allows an early diagnosis in a consistent number of patients, facilitating the
diagnosis in non-proband DCM patients at an early stage of the disease, giving the
chance to start optimal medical therapy earlier [17].
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Genetic background of DCM is a wide and complex issue. So far, more than 50
genes encoding for cytoskeleton, sarcomeric proteins, sarcolemma, nuclear enve-
lope ion channels, and intercellular junctions have been found to be implicated in
DCM, and several other genes remain to be discovered. There is variable clinical
presentation (also in the same family), incomplete penetrance, age-related pene-
trance, and lack of specific phenotype (meaning that the same gene mutation can
cause different cardiomyopathies) [13].

However, unlike few decades ago, when cardiomyopathies were a confused mat-
ter, now we are living an historical breakthrough: from a pure phenotype classifica-
tion, we are moving toward a best understanding of DCM and a more “personal”
characterization of the disease, thanks to genetics [18]. In particular, there is grow-
ing evidence in the field of genotype-phenotype correlation with remarkable impli-
cations in the management of patients.

Although a strong genotype-phenotype relationship is currently accepted only
for LMNA/C, recently a body of data is emerging in this field. Some rare sarcomeric
variants carry poor prognosis after the age of 50, supporting the role of genetic test-
ing in further risk stratification [19]. Furthermore, cytoskeleton Z-disk mutations
are demonstrated as inversely related with LVRR. Moreover, since these proteins
are not involved in beta-adrenergic activity, they are not targeted by antineurohor-
monal drugs limiting the therapeutic effect of the widespread molecules used in
HFp management [20].

Thus, the updated approach to DCM is now comprehensive of genetic evaluation
with identification of genes and their corresponding phenotypic expression, accepting
that most genotype-phenotype correlation remains unknown and, to date, globally, the
genetic background is not able to predict disease evolution and response to therapy.

1.3 Future Perspectives

As frequently happens in medicine, there are unresolved issues, which are outlined
below and which will be further explained in the focused chapters of the book.

Our efforts must focus on identifying the underlying DCM cause, in order to further
reduce the number of “idiopathic DCM.” Progresses have been made in this field; we
know that in the 1980s, almost 50% of DCM didn’t have a specific cause. Nowadays
the etiologic characterization has dramatically improved so that it is possible to under-
stand the etiologic basis of many so-called idiopathic heart muscle disease [3].

Thanks to etiology-directed management, the DCM prognosis has considerably
improved and clinicians must persist in this task [21].

In patient with clinically suspected myocarditis as a possible explanation for
ventricular dysfunction, there is the need to proceed with endomyocardial biopsy
(EMB), with histopathology, immunohistochemistry, and molecular analysis. It has
a fundamental role in identifying the underlying etiology (e.g., giant cell, eosino-
philic myocarditis, sarcoidosis) which imply different treatments and prognosis. It
is also the basis for safe immunosuppressive therapy, after the exclusion of viral
infection [22].
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Valuable aids in the etiologic characterization of DCM come from the recent
advances in echocardiography.

An interesting tool is speckle-tracking strain analysis for assessing cardiac
mechanics and segmental and global LV function. This technique allows the
evaluation of myocardial deformation in all its components (i.e., longitudinal
and circumferential shortening and radial thickening). All parameters may be
reduced in DCM, beginning in the preclinical phase and allowing an early iden-
tification of disease [23].

Another essential tool is cardiovascular magnetic resonance (CMR). It provides
additional prognostic information as it is the gold standard technique for biventricu-
lar morphological and functional evaluation and tissue characterization [24].

It is frequently adopted in the setting of myocarditis in stable patients or after
EMB in life-threatening presentations, according to Lake Louise criteria [22].

A step toward a comprehensive DCM classification and an attempt to reconcile
clinic with genetic in the complexity of the disease is genotype-phenotype correla-
tion, with its prognostic implication in clinical practice. A clear example of this
relation is the LMNA/C, but other gene defects are emerging, such as Filamin C
[25]. It is possible that in the future genetic cluster classification will be completed
studying every gene mutation, thanks to whole-genome sequencing, taking care of
the patient instead of the disease.

Our efforts are focused on a personalized medicine approach including technolo-
gies at the services of each patient maybe with genic therapy or specific anti-
inflammatory therapy targeted to the specific etiology.
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