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A B S T R A C T   

Cardiomyopathies (CMPs) are myocardial diseases in which the heart muscle is structurally and functionally 
abnormal in the absence of coronary artery disease, hypertension, valvular disease and congenital heart disease 
sufficient to cause the observed myocardial abnormality. Thought for a long time to be rare diseases, it is now 
clear that most of the CMPs can be easily observed in clinical practice. However, there is a group of specific heart 
muscle diseases that are rare in nature whose clinical/echocardiographic phenotypes resemble those of the four 
classical morphological subgroups of hypertrophic, dilated, restrictive, arrhythmogenic CMPs. 

These rare CMPs, often but not solely diagnosed in infants and paediatric patients, should be more properly 
labelled as specific CMPs. Emerging consensus exists that these conditions require tailored investigation and 
management. Indeed, an appropriate understanding of these conditions is mandatory for early treatment and 
counselling. At present, however, the multisystemic and heterogeneous presentation of these entities is a chal-
lenge for clinicians, and time delay in diagnosis is a significant concern. The aim of this paper is to define 
practical recommendations for diagnosis and management of the rare CMPs in paediatric or adult age. A 
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modified Delphi method was adopted to grade the recommendations proposed by each member of the writing 
committee.   

1. Introduction 

Cardiomyopathies (CMPs) are myocardial disorders in which the 
heart muscle is structurally and functionally abnormal in the absence of 
a disease sufficient to cause the observed myocardial abnormality [1]. 

According to the more recent classifications, i.e. the 2008 European 
Society of Cardiology (ESC) position statement on classification of CMPs 
and the 2013 MOGE(S) classification proposed by World Heart Feder-
ation, CMPs are defined as “heart muscle disease sufficient to cause struc-
tural and functional myocardial abnormality in the absence of coronary 
artery disease, hypertension, valvular disease, and congenital heart disease 
that are not sufficient to cause the phenotype” [1,2]. 

Thought for a long time to be rare diseases, it is now clear that most 
of the CMPs can be easily seen in clinical practice. However, there is a 
group of specific heart muscle diseases which are rare in nature (i.e., 
affecting fewer than 1 in 2.000 people within the general population) 
whose clinical/echocardiographic phenotypes resemble those of the 
four classical morphological subgroups of hypertrophic, dilated, 
restrictive, arrhythmogenic CMPs. 

These rare heart muscle diseases, often but not solely diagnosed in 
infants and paediatric patients, should be more properly labelled as 
specific CMPs. Alternative terms used (but not universally acknowl-
edged) are phenocopies, genocopies, or CMP mimics. Emerging 
consensus exists that these conditions require tailored investigation and 
management [3]. Indeed, an appropriate understanding of these con-
ditions is mandatory for early treatment and counselling. At present, 
however, multisystemic and heterogeneous presentation of these en-
tities is a challenge for clinicians, and time delay in diagnosis is a sig-
nificant concern. 

1.1. Aim of the paper 

This paper aims to define practical recommendations for diagnosis 
and management of the rare CMPs in paediatric or adult age. 

2. Methods 

As in previous consensus documents [4], we ranked our recom-
mendations using coloured symbols (circles). This categorization must 
not be considered equivalent to that used for official ESC or other 
guidelines/international board documents, which apply a classification 
(Class I–III) and level of evidence (A, B and C) to recommendations. A 
green circle indicates a “need to do this” recommendation, meaning a 
wide degree of consensus on the efficacy and benefits of the indicated 
treatment/procedure, based on at least one randomized trial or strong 
observational studies. A yellow circle indicates general agreement or 
scientific evidence favouring a “should or may do this” statement or the 
usefulness/efficacy of a treatment or procedure. Treatment strategies for 
which there is scientific evidence of no benefit or potential harm and 
should not be used (“do not do this”) are indicated by a red circle. A 
modified Delphi method was adopted to grade the recommendations 
proposed by each member of the writing committee. “Consensus” was 
obtained on a recommendation if ≥70% of the responses fell within the 
same answer. “Disagreement” occurred if 35% or more of responses fell 
in both two extreme ranges of possible options. All other combinations 
of panel answers were considered “Partial Agreement”. Only recom-
mendations for whom “Consensus” was obtained were included in the 
document. 

2.1. The inherited and rare cardiomyopathy team 

As for other fields of Cardiology, the concept of a dedicated, multi-
disciplinary team is emerging as the best strategy to provide state-of-the- 
art, tailored treatment to patients with cardiomyopathies. A multidis-
ciplinary team with specific expertise in inherited and rare CMPs 
(Graphical Abstract) has the potential to improve diagnostic work-up, 
standardize and evolve clinical practice, as well as fully exploit the va-
riety of available treatment options [5]. The variety of aetiologies, 
clinical presentations, and decision-making hubs, characterizing heart 
muscle disease, determines a degree of complexity that overcomes in-
dividual expertise, even in best case scenarios. This is particularly 
evident in the paediatric setting, especially in neonates and infants, 
because of the high prevalence of non-sarcomeric forms and in adult 
metabolic/storage or inflammatory diseases, where multi-organ 
involvement requires the most diverse expertise [6]. But even with 
conditions confined to the heart, such as the most common form of ge-
netic or acquired cardiomyopathies, the range of expertise required in-
volves adult and paediatric cardiologists, genetic counsellors, 
electrophysiologists, geneticists, psychologists, intensive care special-
ists, cardiac surgeons and electrophysiologists, as well as dedicated 
nursing personnel. The interpretation and disclosure of genetic test re-
sults can be particularly challenging unless addressed by adequate 
teamwork [7]. In addition, well-defined management trajectories need 
to be in place for special needs, including pregnancy, individualized 
sport practice in low-risk patients [8] and transplant referral. 

Comprehensive testing under multidisciplinary expert guidance 
plays a crucial role in identifying an underlying myopathic process in 
patients of aborted sudden cardiac arrest (SCA) and/or electrical storm 
[9]. 

Patients with CMPs and severe left ventricular hemodynamic 
derangement require a multi-faceted approach for acute hemodynamic 
stabilization and subsequent decision making [10], allowing the 
appropriate choice from an armamentarium including the trans-venous 
versus subcutaneous implantable cardioverter defibrillator (ICD), cath-
eter ablation of atrial and ventricular arrhythmias, autonomic modula-
tion with thoracic epidural anaesthesia, stellate ganglion block, or 
cardiac sympathetic denervation. Surgical versus catheter-based 
approach to specific scenarios typical of CMPs should also be dis-
cussed in a multidisciplinary environment. As a case in point, the 
Inherited and Rare Cardiomyopathy Team is required to critically 
appraise the need for a septal reduction intervention in case of hyper-
trophic cardiomyopathy (HCM) in order to weigh the benefit-risk ratio 
with either alcohol septal ablation or surgical myectomy [11]. This team 
should be ideally composed by at least one clinical cardiologist, an 
interventional cardiologist and a cardiac surgeon with recognized 
experience in the disease. Also, the Inherited and Rare Cardiomyopathy 
Team should promote the transfer of care from paediatric, child-oriented 
to adult care (“transition”), similarly to what is recommended for 
congenital heart diseases. 

Recently, lifestyle counselling and quality of life issues have become 
increasingly important in chronic cardiac conditions such as most CMP. 
The updated ESC guidelines on sport prescription in patients with car-
diovascular disease and the recent American Heart Association/Amer-
ican College of Cardiology (AHA/ACC) HCM guidelines [12] have 
liberalized restrictions on exercise and sport participation for in-
dividuals with HCM. This remains an extremely delicate issue, however, 
in which a final decision should be taken jointly by a multidisciplinary 
expert team involving open discussion with patients and their families 
[13]. 

Finally, the concept of patient empowerment has come to the fore in 
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the last decade. In a field of cardiology largely comprising rare or 
relatively rare conditions, with subsequent, large areas of uncertainty 
and data –free zones, informing patients and their families, and 
involving them directly in major decisions regarding their lives becomes 
mandatory. This approach, however, is neither easy nor well standard-
ized and requires adequate, accessible and reliable information, a pro-
found understanding of individual needs and expectations, as well as 
specific training. Research in the field, including the assessment of 
shared decision-making on the outcome, is still behind. 

General recommendations on the diagnosis and management of rare 
CMPs are listed below.  

Recommendations for the diagnosis of genetic and rare CMPs Symbol 

A comprehensive evaluation by a specialist team with expertise in 
inherited and rare cardiomyopathies is recommended. 

A complete cardiovascular assessment, including a comprehensive 
family history, a three-generation pedigree, physical examination, 
12‑lead ECG, transthoracic echocardiogram and 24 h Holter 
monitoring is recommended, at diagnosis and with regular, 
personalized, intervals in adults and children with new-onset 
cardiomyopathy 

CMR is recommended in children and adults with genetic CMPs: 
a) when echocardiography is inconclusive; 
b) when the definition of anatomic structures, ventricular function, 
and tissue characterization is crucial to diagnosis and management; 
c) to assess concomitant congenital heart diseases; 
d) for sudden cardiac death stratification. 

CMR with general anaesthesia should be considered in children and 
adults who are unable to undergo CMR without general anaesthesia. 

Risk stratification for SCD, surgical myectomy or heart transplantation 
decision needs to be assessed by a multidisciplinary heart team, 
according to phenotype, aetiology, individual clinical presentation 
and patient (or parents') preferences. 

EMB may be considered in patients with heart involvement and 
inconclusive clinical, biochemical and genetic testing. 

Genetic test, comprehensive of NGS panel testing, is recommended in 
patients with a CMP. 

High-resolution chromosome microarray or exome sequencing may be 
considered if gene testing is negative or inconclusive. 

High-resolution chromosome microarray should be considered as first- 
line genetic investigation when specific genetic syndromes are 
suspected. 

Exome sequencing may be considered in critically ill infants treated in 
intensive care unit who are unlikely to survive longer than a few 
months but where a definitive genetic diagnosis may have 
implication for specific treatment. 

Parental testing and co-segregation studies are recommended if a 
variant of unknown significance is identified in the proband. 

A comprehensive clinical evaluation and cascade genetic screening is 
recommended in first-degree relatives of patients carrying a 
pathogenic or likely pathogenic variant for genetic CMP. 

Diagnosis of rare cardiomyopathy must not be excluded solely based on 
a negative genetic test. 

Genetic counselling is recommended in patients with genetic 
cardiomyopathies. 

A comprehensive cardiological screening (ECG and echocardiography) 
is recommended at the time of CMP diagnosis in first-degree relatives 
of the proband. 

Cardiovascular biomarkers (i.e., NT proBNP, troponins), widely 
measured in adult patients for diagnostic and prognostic purposes, 
should also be considered in paediatric patients with CMPs. 

(continued on next column)  

(continued ) 

Recommendations for the diagnosis of genetic and rare CMPs Symbol 

Metabolic screening is recommended in infants and children with 
CMPs, and in selected cases, repeated sampling should be obtained at 
the time of diagnosis. 

2.2. Hypertrophic cardiomyopathy 

2.2.1. Introduction 
HCM is a disease of the heart muscle characterized by increased left 

ventricular wall thickness, not solely explained by loading conditions 
[12,14]. In adults, up to 60% of the patients harbour a mutation in 
sarcomeric proteins genes [14,15]. According to data from the SHaRe 
Registry, up to 60% of childhood-onset HCM are related to sarcomeric 
protein disease [16]. However, the prevalence of sarcomeric or non- 
syndromic HCM is relatively lower in infants (up to 46%), with higher 
rates of specific aetiologies [16–18,19]. 

2.2.2. Diagnostic work up and management of infant-onset HCM 
According to large observational registries [16,17], infant-onset 

HCM (<1 year) is associated with increased morbidity and mortality 
compared with patients diagnosed during childhood. However, data 
from the SHaRe registry showed that childhood-onset group had a 
higher overall event rate during long-term follow-up than infant-onset 
group. 

The most common aetiologies in infants with HCM are listed in 
Supplemental Table 1. Survival rates varied significantly according to 
the aetiology of infant-onset HCM, with sarcomeric or non-syndromic 
HCM showing a significant better prognosis compared with non- 
sarcomeric causes (especially inborn error of metabolisms) [18]. Thus, 
differential diagnosis is mandatory, and it can be raised by the presence 
of clinical markers (“red flags”) [19,20]. 

Presentation with heart failure associated with hypokinetic HCM is 
typical of lysosomal storage (i.e., Pompe) [21,22], metabolic (i.e., beta 
oxidation) [23], mitochondrial [24–30], whereas in malformation syn-
dromes, LV failure seems related with hemodynamically significant 
LVOT or biventricular obstruction [31–34]. LVNC or either endocardial 
fibroelastosis may be described among carriers of TAZ gene mutation, 
both in form of isolated CMP or in the context of Barth syndrome, in the 
case of concomitant neutropenia or 3-metylglutaconic aciduria [35,36]. 
Non-obstructive, biventricular CMP is the most common phenotype in 
these patients, particularly when a coexistence of respiratory distress 
and/or lactic acidosis is present [37]. Laboratory results can highlight 
increased serum creatine kinase or transaminases levels. 

On the other hand, LVOT or biventricular obstruction (particularly 
when a dysplastic pulmonary valve is present) in the presence of sys-
temic involvement (polyhydramnios, craniofacial dysmorphisms, 
cryptorchidism, endocrine, cutaneous, and skeletal abnormalities) may 
suggest the diagnosis of RASopathy [38–41]. 12‑lead ECG can show a 
pre-excitation pattern, suggesting mitochondrial, glycogen storage dis-
orders and/or beta oxidation deficits [21,42–46], high amplitude QRS 
complexes (Pompe disease) [19,47–49] or an extreme right-axis devia-
tion in RASopathies [19]. 

Diagnostic work-up in infants with HCM should include a three- 
generation pedigree in order to identify the pattern of inheritance and 
baseline biochemical screening, comprehensive of serum creatinine, 
creatin kinase enzyme, transaminases and blood lactates. Clinical clues 
(red flags) for the diagnosis of specific aetiologies should be identified 
and, in selected cases, extended metabolic screening, urine and serum 
organic acid profile or the presence of myoglobinuria could help to 
orient diagnosis (Fig. 1). 

2.2.3. Diagnostic work up in children and adolescents with HCM 
In children and adolescents, mutations in sarcomeric genes represent 

the most common cause of HCM [50,51]. However, up to 30% of 
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patients show a non-sarcomeric cause [16,17,52,53]. The most common 
aetiology in children and adolescents with HCM are listed in Supple-
mental Table 2. While Pompe CMP often appears in the first year of age 
[54], other glycogen storage disorders, such as Danon disease, PRKAG2 
syndrome, and Cori-Forbes disease usually manifest in childhood 
[55–58]. Friedreich ataxia also represents an important cause of HCM in 

children [59]. Considering the unfavourable outcome of these condi-
tions, early diagnosis is required, and the aetiology can be suggested by 
the presence of different clinical markers [19,20] (Supplemental 
Table 2). 

Patients with Danon disease or PRKAG2 syndrome carry an increased 
risk of arrhythmias, as shown by ventricular pre-excitation pattern on 

Fig. 1. Diagnostic work up in unexplained left ventricular hypertrophy in infants (<1 year). 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, Creatine kinase; Glc4, glucose tetrasaccharide; GSD, glycogen storage disorder; 
LDH, lactate dehydrogenase; mtDNA, mitochondrial DNA; nDNA, nuclear DNA; NGS, next generation sequencing. 

Fig. 2. Diagnostic work up in unexplained LVH in children and adolescents (1-16 years). 
Abbreviations: ECG, electrocardiography; EBM, endomyocardial biopsy. 
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ECG, history of supraventricular tachyarrhythmias, AV blocks and even 
sudden cardiac death (SCD) [55,58]. Therefore, in the presence of 
ventricular pre-excitation, the presence of prominent ECG left ventric-
ular voltage, the echocardiographic evidence of massive left ventricular 
hypertrophy (LVH), the elevation of serum creatine kinase (CK), alanine 
transferase (ALT), and aspartate transferase (AST) values, are suggestive 
of Danon disease, while their absence is typical of PRKAG2 syndrome 
[60]. However, it should be remembered that a pre-excitation pattern 
can be found also in other glycogen storage disorders (e.g., Pompe dis-
ease) and in mitochondrial disorders [61]. On the other hand, the 
presence of gait ataxia, scoliosis, foot deformity is suggestive of Frie-
drich ataxia [62]. These manifestations may precede the occurrence of 
HCM, whereas diabetes mellitus is invariably delayed in the course of 
the illness [63]. Moreover, patients with Friedreich Ataxia exhibit a high 
prevalence of supraventricular arrhythmias [64]. 

The diagnostic work-up in children and adolescents with HCM in-
cludes pedigree, physical examination, ECG, echocardiography, and 
baseline laboratory screening. The identification of diagnostic clues 
should orient the suspicion towards a specific condition and is useful to 
guide the subsequent diagnostic evaluation. The most common clinical 
scenario and the relative diagnostic work-up are shown in Fig. 2. Un-
fortunately, there is no etiological treatment for these conditions and the 
current treatment are based on symptomatic management [65]. 

Recommendations for the diagnosis and management of the most 
common aetiologies for infant and paediatric onset HCM are listed 
below.  

Recommendations for the diagnosis and management of infant and 
paediatric onset HCM 

Symbol 

Fluid depletion must be avoided in infants with severe biventricular 
involvement (hypertrophy and/or obstruction) or where 
pathophysiology is preload dependent. 

Recommendations for the management of HCM in RASopathies (R-HCM)  
Non-vasodilating beta blockers and diuretics should be carefully 

administered in patients with R-HCM. 

Disopyramide may be considered in children with obstructive R-HCM, 
who remain symptomatic despite beta blockers. 

Surgical myectomy can be beneficial in patients with R-HCM who 
remain symptomatic for significant LVOTO despite maximal medical 
therapy. 

Orthotopic heart transplantation should be considered in patients with 
severe HF symptoms with: 
a) evidence of refractoriness to medical therapy; 
b) intractable ventricular arrhythmias 
c) cardiogenic shock requiring inotropes; 
d) severe diastolic dysfunction. 

Orthotopic heart transplantation may be considered in infants and 
children with signs of HF and LVOTO, when surgical myectomy is not 
feasible. 

Mechanical circulatory support may be considered as bridge to 
transplant in infants and children with RASopathies. 

In patients with amenable mutations, selective inhibitors of RAS/MAPK 
pathway may be considered for compassionate use. 

Recommendations for the diagnosis of mitochondrial disease (MD)  
Among patients with suspected MD a first level molecular screening for 

the most common mtDNA mutations (e.g., m.3243A > G, or 
m.4300A > G) is recommended to rule out an OXPHOS deficiency if 
biochemical panel is inconclusive. 

Skeletal muscle biopsy, endomyocardial biopsy (in patients with heart 
involvement) or opportunistic assessment of cardiac tissue obtained 
during other cardiac procedures should be considered as fist line 
approach in patients requiring definitive diagnosis. 

Recommendations for the cardiovascular assessment in mitochondrial 
disease  

(continued on next column)  

(continued ) 

Recommendations for the diagnosis and management of infant and 
paediatric onset HCM 

Symbol 

In selected patients with palpitations, personal history of syncope or 
risk factors for sudden AV block, and in individuals affected by KSS, 
7-days Holter monitoring, implantable loop recorder devices or 
electrophysiological study may be considered. 

Cardiopulmonary exercise test with lactate determination may be 
considered in patients with MD, at baseline and during follow-up, to 
help clinical diagnosis and to assess functional capacity. 

Recommendations for the treatment of mitochondrial disease  
Endurance training can improve quality-of-life scores in patients with 

MD and is recommended in absence of contraindications. 

Drugs or situational stressors which could precipitate acute metabolic 
crisis are contraindicated in MD. 

Recommendations for the treatment of bradyarrhythmias in mitochondrial 
disease  

Permanent pacemaker implantation may be considered in patients with 
MD with a PR interval greater than 240 ms, a QRS duration greater 
than 120 ms, or any grade of fascicular block. 

Recommendations for the diagnosis of Pompe disease  
In infants and children with HCM and ≥ 1 red flag for Pompe disease, 

the combination of screening for GAA activity in DBS or leukocytes 
and Glc4 urinary dosing are recommended. To confirm diagnosis, 
acid α-glucosidase (GAA) assay performed on skin fibroblasts 
(preferred method) or muscle biopsy are recommended. 

Acid α-glucosidase (GAA) genetic testing is recommended to confirm 
diagnosis, to identify gene carriers and in suspected late-onset Pompe 
disease with vascular or aortic involvement. 

Recommendations for the management of HCM in Pompe disease  
Careful administration of beta blockers and/or ACE inhibitors may be 

considered in selected patients with Pompe disease and heart failure 
symptoms. 

Recommendations for the management of Pompe disease  
Enzyme replacement therapy (ERT) is recommended in patients with 

infantile-onset Pompe disease. 

Cross-reaction immunologic material (CRIM) status should be assessed 
in patients candidate to ERT. 

Immunotolerance induction may be considered for patients who are 
candidate to ERT in paediatric centres with expertise in glycogen 
storage disorders, if not contraindicated. 

Miglustat may be considered as orphan drug in selected patients with 
infantile onset Pompe disease. 

Recommendations for the diagnosis of Danon disease  
In patients with HCM and ≥ 1 red flag for Danon disease, genetic test 

with identification of disease-causing mutation is recommended for 
the diagnosis. 

In patients carrying a LAMP gene variant of uncertain significance and 
high suspicion of Danon disease, the biopsy of an affected organ (e.g., 
heart, muscle) should be considered to confirm the diagnosis. 

Recommendations for the management of HCM in Danon disease  
ICD implantation should be considered in patients with severe left 

ventricular hypertrophy, non-sustained ventricular tachycardia and/ 
or unexplained syncope. 

Orthotopic heart transplantation should be considered in patients with 
severe HF symptoms with evidence of refractoriness to medical 
therapy, intractable arrhythmias. 

Recommendations for the management of arrhythmias in Danon disease  
In symptomatic patients with recurrent episodes of atrioventricular re- 

entrant tachycardia, catheter ablation may be considered when 
symptoms cannot be relieved by pharmacological therapy alone 
considering the balance between clinical status and recurrence risk. 

Recommendations for the diagnosis of PRKAG2 syndrome  

(continued on next page) 
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(continued ) 

Recommendations for the diagnosis and management of infant and 
paediatric onset HCM 

Symbol 

In patients with HCM and ventricular pre-excitation, genetic test with 
identification of disease-causing mutation is recommended for the 
diagnosis. 

Recommendations for the management of arrhythmias in PRKAG2 
syndrome  

In symptomatic patients with recurrent episodes of atrioventricular re- 
entrant tachycardia, catheter ablation may be considered when 
symptoms cannot be relieved by pharmacological therapy alone 
considering the balance between clinical status and recurrence risk. 

Recommendations for the diagnosis of Cori disease  
In patients with clinical red flags for Cori disease, genetic test with 

identification of disease-causing mutation in the AGL gene on both 
alleles is recommended for the diagnosis. 

Recommendations for the management of Cori disease  
A dietitian with expertise in glycogen storage disorders in 

recommended. 

In infants and children, small frequent feeding including complex 
carbohydrates and proteins (avoiding simple sugars), and 
introduction of corn-starch as early as first year of life, if 
hypoglycaemia is present, should be considered. 

In adolescent and adults, a dietary approach based on high protein 
intake, low complex carbohydrates, avoidance of simple sugar, and 
avoidance of fasting, is recommended. 

Recommendations for the diagnosis of Friedreich ataxia  
In patients with clinical red flags of Friedreich Ataxia, genetic testing 

with the identification of the bi-allelic expansion of the GAA repeats 
in the first intron of the FTX gene or the compound heterozygotes of 
the GAA expansion and a point mutation or a gene/intragenic 
deletion is required for diagnosis. 

2.2.4. Diagnostic work up and management of adult onset HCM 
Differential diagnosis of adult onset HCM should include a complete 

work-up, in order to exclude potentially treatable HCM-mimics as car-
diac amyloidosis (CA) and Fabry disease (FD) [19,66] (Fig. 3). Although 
its prevalence is uncertain, CA is overlooked in many clinical scenarios. 

Recent autopsy data [67] reveal that among patients with heart failure 
with preserved ejection fraction (HFpEF), amyloid deposits can be found 
in almost 32% of patients older than 75 years of age. Non-invasive 
studies [68–70] have reported a prevalence of 13% among patients 
with HFpEF [71], 16% among patients with severe aortic stenosis 
requiring transcatheter aortic valve replacement [70,72] and 5% among 
patients with a diagnosis of HCM [73]. On the other hand, prevalence of 
FD ranges between 1 and 11% among patients with late-onset HCM 
[74–76]. Extracardiac and cardiac red flags, as proteinuria, peripheral 
neuropathy, gastrointestinal symptoms, valve thickening, right ven-
tricular hypertrophy or reduced global longitudinal strain can be 
observed both in FD and CA [6,19,77]. Personal history of stroke/ 
transient ischaemic attacks, hypohidrosis, angiokeratomas or visual 
impairment due to cornea verticillate may suggest FD, whereas bilateral 
carpal tunnel syndrome, lumbar spinal stenosis or autonomic dysfunc-
tion are typical of CA. Recently, a multimodality imaging score has been 
proposed to suspect CA [78]. Red flags for differential diagnosis of late 
onset HCM are listed in Supplemental Table 3. In patients in whom 
cardiac or extracardiac red flags are inconclusive to orient diagnosis, 
cardiac magnetic resonance (CMR) with T1 mapping should be consid-
ered: late gadolinium enhancement in the inferolateral wall and low 
native T1 are typical of FD, in addition, because storage disorder is 
predominantly intracellular in FD, extracellular volume (ECV) is typi-
cally normal in FD, in contrast with CA [79–88]. 

In patients with clinically suspected CA, serum and urine immuno-
fixation, kappa/lambda free light chain ratio and baseline biochemical 
profile should be obtained: in the absence of monoclonal chain, radio-
nuclide bone scintigraphy can lead to a definitive diagnosis [68,77] 
(Supplemental Fig. 1-2). On the other hand, α-galactosidase A activity 
should be the first diagnostic test in male patients with suspected FD 
[89]. In female patients with suspected FD and/or in male patients with 
reduced α-Gal A activity genetic testing with the identification of the 
GLA disease-causing mutation should be performed, in order to confirm 
diagnosis [89,90] (Supplemental Fig. 3). 

Recommendations for the diagnosis and management of the most 

Fig. 3. Diagnostic work up in unexplained left ventricular hypertrophy in adults (>16 years). 
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; CMR, cardiac magnetic resonance; CK, Creatine kinase; ECG, electrocardiography; 
LDH, lactate dehydrogenase; HCM, hypertrophic cardiomyopathy. 
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common aetiologies for adult-onset HCM are listed below.  
Recommendations for the diagnosis and management of adult-onset 
HCM 

Symbol 

Recommendations for non-invasive testing in ATTR-CA  
In patients with HCM and > 1 red flag for the diagnosis of cardiac 

amyloidosis, serum and urine immunofixation and/or serum free 
light chain titration in combination with radionuclide bone 
scintigraphy with technetium-labelled bisphosphonates are 
recommended. 

CMR with non-contrast T1 mapping and extracellular volume 
quantification may be considered to assess amyloid burden and 
define prognosis. 

Endomyocardial biopsy is recommended in patients with inconclusive 
first line tests for ATTR-CA. 

New echocardiographic technologies are useful for diagnosis and 
prognosis of patients with CA and global longitudinal strain should be 
considered in prognostic stratification of AL-CA. 

Regardless of age and familial history of CA, genetic testing is 
recommended in patients with confirmed ATTR-CA. 

Regular monitoring should be considered in carriers of a mutation of 
interest at least 10 years before the predicted age of onset of 
symptoms. 

Serum creatinine, high sensitivity troponin assay and serum natriuretic 
peptides are recommended for the purposes of prognostic 
stratification in patients with ATTR-CA. 

Recommendations for the medical therapy of amyloidosis with HF  
Beta blockers, ACEi and ARBs are not currently recommended in 

patients with ATTR-CA, unless there is an additional indication. 

Non dihydropyridine calcium channel blockers are not recommended 
in ATTR-CA. 

Recommendations for the management of atrial fibrillation in patients with 
cardiac amyloidosis  

In patients with ATTR-CA and AF (clinical and subclinical) 
anticoagulation with VKA or DOAC is recommended, if not 
contraindicated, irrespective of CHA2-DS2-VASc score. 

Transoesophageal echocardiography should be considered before DCV 
in patients with AF and ATTR-CA, irrespective of anticoagulation. 

If a rhythm control strategy is preferred, amiodarone should be 
considered as first choice treatment. 

Recommendations for the management of ATTR-CA  
Tafamidis is recommended in patients with wtATTR or mATTR-CA with 

class I-II NYHA symptoms in order to slow disease progression. 

Tafamidis may be considered in patients with wtATTR or mATTR-CA 
with class III NYHA symptoms in order to slow disease progression. 

Patients with mATTR-CA and evidence of polyneuropathy should be 
considered for treatment with TTR silencers (patisiran or inotersen) 
or tafamidis. 

Treatment with TTR silencer is not recommended in patients without 
neurological involvement. 

Liver transplantation is not recommended in ATTR-CA. 

Recommendations for the diagnosis of Fabry disease  
In patients with adult-onset HCM and > 1 red flag for Fabry disease, the 

evaluation of α-Gal A activity in men and genetic testing in female, is 
recommended as first diagnostic approach. 

Recommendations for cardiovascular assessment in Fabry disease  

(continued on next column)  

(continued ) 

Recommendations for the diagnosis and management of adult-onset 
HCM 

Symbol 

Cardiac magnetic resonance with non-contrast T1 mapping should be 
considered in adult patient to detect early cardiac involvement and 
for the purposes for differential diagnosis. 

The measurement of lyso-Gb3 should be considered for diagnostic 
confirmation. 

The measurement of lyso-Gb3 may be considered to assess therapeutic 
response. 

Recommendations for the management of Fabry disease  
Enzyme replacement therapy is recommended as first line treatment in 

male patients with classical disease, regardless of organ involvement. 

Enzyme replacement therapy should be considered in male patients 
with late-onset mutations or in female patients with classical or late- 
onset mutations, at the first sign of vital organ involvement. 

In patients with amenable GLA disease-causing mutations, migalastat 
should be considered in all symptomatic patients with classical or 
later onset disease, at the earliest sign of organ involvement, as 
alternative treatment to enzyme replacement therapy. 

2.3. Dilated cardiomyopathy 

2.3.1. Introduction 
Dilated cardiomyopathy (DCM) is a heart muscle disease character-

ized by left or bi-ventricular systolic dysfunction, associated with 
chamber dilation, which cannot be explained solely by evidence of 
volume or pressure overload [1]. In absence of chamber dilatation, the 
term hypokinetic-nondilated cardiomyopathy (HNDC) should be 
preferred. DCM is the most common CMP, both in adult and paediatric 
population, with an estimated prevalence of 1:2500 and 1:170000, 
respectively [91,92]. Moreover, with the inclusion of secondary forms of 
DCM, the estimated prevalence increases to 1:250 besides being 
considered a rare disease, DCM emerged to be more common than 
previously estimated, with a wide spectrum of genotype-phenotype in-
teractions [93]. 

DCM predominantly affects the male gender (with a male: female 
ratio of 1:3) and typically manifests in the third-fourth decade of life. 

Although paediatric DCM has a lower annual incidence compared 
with adult-onset DCM, the outcome for DCM in young patients has 
shown to be particularly severe, being the first cause of heart trans-
plantation in children [94,95]. According to the 20th ISHLT Paediatric 
Heart Transplantation Report [96], the annual number of heart trans-
plants in children significantly increased in the last 5 years, and roughly 
300 children are listed annually for heart transplantation due to DCM 
[97]. 

In some paediatric populations, it has been pointed out that even if 
the disease usually appears less severe at baseline compared with adults, 
in part thanks to the familial screening [98], the long-term outcome 
shows significantly reduced 5-year survival rates and freedom from 
heart transplantation. 

The severe prognosis of paediatric DCM may suggest a rapid disease 
progression in young patients, with a more aggressive disease course 
compared with adults, both in terms of heart failure progression and 
need for heart transplant/mechanical circulatory support (MCS) and 
severe, life-threatening arrhythmias [91,94,99]. 

The causes of this severe disease's phenotype in children remain 
insufficiently characterized [100]. One possible explanation is the 
presence of particularly aggressive genetic mutations which lead to an 
early-onset, more arrhythmic and rapidly progressive disease [91]. On 
the other hand, mild DCM forms due to Titin (TTN) gene mutations 
become more prevalent among older people, possibly because they may 
need an environmental trigger (hypertension, tachyarrhythmias, 
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alcohol or chemotherapy exposure) that typically emerges later in life 
[101–103]. 

Accordingly, a family history of DCM among paediatric patients has 
been reported to be twice as common as among the adults and a positive 
family history for DCM resulted a predictor of arrhythmic events [94]. 
This topic highlights also the challenging issue of arrhythmic protection 
with an ICD in this population, existing a low level of evidence in the 
current heart failure paediatric guidelines and some ethical and tech-
nical difficulties [99]. Thus, it is important to assure an individualized 
and holistic approach to these patients, with a close follow-up and a 
more aggressive treatment [91,94,104]. 

General recommendations on the diagnosis and management of DCM 
are listed below.  

Recommendations for the diagnosis and management of DCM Symbol 

In children and adolescents with family history for DCM and carriers of 
a pathogenic/likely pathogenic variant, regular annual follow-up, 
comprehensive of 12 lead ECG, echocardiogram and 24 h Holter 
monitoring may be considered irrespective of LVEF, giving particular 
attention to the arrhythmic risk. 

Coronary-CT and invasive hemodynamic assessment is recommended 
for the differential diagnosis of infantile-onset DCM when coronary 
anatomy is suspicious for ALCAPA and echocardiography is 
uncertain. 

A comprehensive investigation of alcohol or drug abuse, previous 
chemotherapies or cardiotoxins, pregnancy status, recent infectious 
diseases, endocrine or autoimmune disorders, neuromuscular 
involvement and the exclusion of ischemic symptoms are 
recommended in adolescents and adults with unexplained 
LVEF<50%. 

Genetic testing is recommended in familial forms of DCM and needs to 
be performed in a) sporadic forms of DCM and > 1 red flag for specific 
genetic aetiologies b) after exclusion of secondary aetiologies (i.e., 
valvular heart disease) c) in first degree relatives of a proband with 
pathogenic/likely pathogenic mutation. 

In patients with DCM and > 1red flag for autoimmune disease, serology 
for antinuclear antibodies (ANA), anti-neutrophil cytoplasmic 
antibodies (ANCA) and aetiology-specific tests is recommended. 

Endomyocardial biopsy must be performed at experienced centres and 
is recommended in patients with acute heart failure requiring 
inotropes or MCS, ventricular arrhythmias/cardiogenic shock, new 
onset high grade AV block or when CMR or non-invasive evaluation 
suggest a diagnosis of chronic myocarditis/inflammatory DCM, 
unless contraindicated. 

Anti-heart antibodies and molecular tests including polymerase chain 
reaction (PCR) for viral genome on myocardial specimens should be 
considered to guide treatment strategies in patients with chronic 
myocarditis/inflammatory DCM only in high volume centers with 
specific expertise. 

Guideline-derived optimal medical therapy (OMT) at maximum 
tolerated dose is recommended in patients with DCM, irrespective of 
aetiology. 

According to current guidelines, the decision to implant an ICD needs to 
consider the age of the patient, NYHA class, aetiology (ischemic, non- 
ischemic, specific genetic aetiology), LV systolic function and life 
expectancy. 

Left ventricular assist device (LVAD) should be considered for patients 
with severe HF as bridge to decision, destination therapy or bridge to 
transplant. 

2.3.2. Diagnostic work-up and management of neonatal, children and 
young adults DCM 

The age-specific aetiologies and red flags of DCM in infants, children 
and young adults are listed in Supplemental Table 4. A comprehensive 
clinical evaluation by a multidisciplinary cardiomyopathy team 
including paediatricians, geneticists, cardiac surgeons, neurologists and 
metabolic disease experts is recommended. Congenital heart diseases 
with left-to-right shunts, tachycardia-induced cardiomyopathy, coro-
nary artery anomalies including anomalous origin of the left coronary 
artery from the pulmonary artery (ALCAPA) or Kawasaki disease should 
be ruled out in paediatric patients with suspected DCM. In children with 
muscular weakness, delayed motor milestones, elevated serum CK and 

disproportion between the severity of dyspnoea and the magnitude of 
cardiovascular involvement, an underlying neuromuscular disorder 
should be suspected. 

The muscular dystrophies of Duchenne, Becker and Emery-Dreifuss 
are frequently associated with DCM, often with an increased risk of 
progressive atrioventricular block (AVB) and ventricular arrhythmias 
[105]. 

Neuromuscular disorders may be rarely associated with infant-onset 
DCM, in particular specific aetiologies, including nemaline myopathy, 
systemic primary carnitine deficiency and Barth syndrome have been 
reported. 

Although HCM represents the most common cardiovascular pheno-
type in mitochondrial diseases, DCM and left ventricular noncompaction 
(LVNC) have been described [106]. Barth syndrome (BS) is a rare X- 
linked mitochondrial cardiomyopathy caused by mutation in TAZ gene, 
encoding for the mitochondrial transacylase tafazzin. BS was initially 
associated with the triad of DCM, cyclic neutropenia and 3-metylgluta-
conic aciduria. However, these hallmark features may not be present in a 
significant number of patients, being exercise intolerance, abnormal 
heart rate response and higher respiratory exchange ratios during CPET 
the only clinical manifestation. Cardiovascular involvement in BS may 
include DCM, LVNC, supraventricular or ventricular arrhythmias and 
SCD. Left ventricular remodelling follows a typical trajectory, with an 
undulating phenotype with severe hypokinetic evolution during infancy 
followed by an improvement during toddler-years and a late slow 
decline of left ventricular systolic function during childhood and 
adolescence [106]. ALCAPA, a congenital coronary anomaly causing 
unexplained left ventricular systolic dysfunction, should be included in 
differential diagnosis of DCM in infants, particularly because of its poor 
prognosis if untreated, with a mortality rate approaching 90% within 
the 1-year [107]. Early repair with coronary arteries reimplantation 
results in low operative mortality and progressive improvement in left 
ventricular systolic function, even in case of extended cardiac fibrosis. 
Differential diagnosis with DCM could be suggested by the finding of 
broad Q waves in aVL in association with negative T waves (QT pattern), 
enlarged right coronary artery (RCA/aortic anulus ratio > 0.14), 
hyperechogenic papillary muscles or inverted colour Doppler flow in left 
coronary artery (LCA). 

Inflammatory DCM should be suspected among the possible aetiol-
ogies of DCM in children and young adults [91,108], accounting for up 
to 16% of paediatric DCM in the United States. Of note, acute myocar-
ditis in paediatric patients seems to have a more aggressive course than 
in adults, probably because of a predominant immune response; 
nevertheless, inflammatory DCM in this population is likely to be 
particularly severe, requiring aggressive therapeutic strategies and close 
follow-up. 

Finally, children with structural congenital heart disease treated by 
palliative/corrective surgery may present with heart failure due to sys-
tolic dysfunction of systemic or sub-pulmonary ventricle. This phe-
nomenon can occur in a wide spectrum of conditions, such as valvular, 
surgical sequelae, ischemic- and underlying causes should be carefully 
evaluated. Lipshultz et al. [109] suggested that an abnormal cardiac 
function not solely or completely explained by abnormal structural 
disease and hemodynamic overload, an underlying heart muscle disease 
should be excluded [110]. 

2.3.3. Diagnostic work-up and management of adult-onset DCM 
When acquired environmental triggers of left ventricular dysfunction 

have been excluded, genetic DCM should be considered, particularly 
when patients report a positive family history of the disease [111]. In 
familial DCM, cascade screening of first-degree relatives allows to ach-
ieve an early diagnosis and prompt prophylactic therapy in preclinical 
disease's forms. Up to 40% of adult-onset DCM is genetically deter-
mined, with a possible underestimation due to variable clinical pre-
sentation and incomplete penetrance [93,112]. 

Genetic DCM can be caused by a variety of mutations, mainly 
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involving sarcomere genes, ion channels, Z-band and cytoskeletal 
proteins. 

Although evidence is insufficient to define genotype–phenotype 
correlations in patients with genetic DCM, specific genes seem to be 
associated with common phenotypic traits, like the propensity for ven-
tricular arrhythmias in mutated desmosomal genes [113,114], Filamin- 
C gene (FLNC) [115], phospholamban gene (PLN) or lamin (LMNA) 
[116,117,118], leading to different management strategies (Supple-
mental Table 5). 

Natural history studies enrolling patients diagnosed with LMNA 
cardiomyopathy show an increased prevalence of high grade atrioven-
tricular blocks and atrial fibrillation, which can precede the develop-
ment of ventricular arrhythmias and over systolic dysfunction 
[119,120]. Risk factor for sudden cardiac death may include LVEF 
<45%, male sex, more than 500 PVC on ECG Holter monitoring and 
nonmissense variant carrier status [120]. The phenotype of R14del PLN 
variant carriers is characterized by low-amplitude ECG voltages, high 
prevalence of malignant ventricular arrhythmias and severe systolic 
dysfunction. Recently, a validated cohort model has identified LVEF, the 
amount of PVC/24 h, amount of negative waves and the presence of low 
voltage ECG pattern as predictors of the composite outcome of SCD, 
sustained ventricular arrhythmia and/or appropriate ICD discharge with 
high discriminative ability [121]. FLNC truncating mutations have been 
associated to a particular overlapping phenotype of dilated and left 
dominant arrhythmogenic cardiomyopathy with dominant transmission 
pattern [115]. Extended cardiac fibrosis, low amplitude QRS complexes 
and repolarization abnormalities in the infero-lateral leads were 
observed in the study cohort, which experienced high rates of SCD. 
Interestingly, immunohistochemical analysis did not show intracellular 
filamin aggregates, unlike among carriers of missense mutations with 
FLNC-associated myofibrillar myopathy. 

With the development of large familial genetic screening, the mean 
age of DCM onset has changed over the years, resulting in a later onset of 
the disease. The explanation for this phenomenon may reflect the 
increasing penetrance over time of TTN gene mutations, which account 
for the majority of familial DCM [102]. 

However, several non-genetic causes of DCM are common in adults. 
Supplemental Table 6 lists the most common aetiologies and the clinical 
clues (red flags) of adult-onset DCM. 

Inflammatory DCM should be included in the differential diagnosis 
of new-onset DCM in adult patients [122–124,125]. In patients with 
incident DCM or unexplained ventricular arrhythmias, CMR is manda-
tory to exclude a previous myocardial inflammation based on the 
regional distribution of late gadolinium enhancement (LGE), although 
its sensitivity is lower in chronic forms. EMB, due to its invasive nature, 
should be considered only in life-threatening clinical scenarios or when 
a specific, potentially reversible, aetiology is suspected. 

A recent history of drug hypersensitivity, nasal polyposis, glomeru-
lonephritis or severe asthma, and/or the identification of peripheral 
eosinophilia may trigger the suspicion of eosinophilic myocarditis. On 
the other hand, giant cell myocarditis should be always excluded in 
acute, fulminant HF, particularly when associated to cardiogenic shock 
requiring mechanical circulatory support or inotropes. In these clinical 
scenarios EMB is crucial for diagnosis and to set the appropriate treat-
ment strategy [126]. 

Although data from randomized studies are limited, immunosup-
pressive therapy may represent the first option of treatment in autoim-
mune/immune mediated DCM, when the exclusion of viral and infective 
aetiology has been ascertained. 

Peri-partum cardiomyopathy (PPCM) [127,128] and iron overload 
cardiomyopathy [129] represent rare forms of DCM and should be 
included in the initial work-up, in order to direct potential treatment 
strategies. Therefore, blood sampling investigation should always 
include serum iron, ferritin, transferrin and total iron binding capacity, 
permitting a resolutive therapy in case of a positive result. 

In conclusion, due to the complexity and heterogeneity of DCM, with 

several different aetiologies and genetic backgrounds of DCM, each 
patient should be evaluated in an holistic approach [93]. 

In the absence of known responsible environmental factors, which 
have to be investigated even in the absence of clinical evident suspicion, 
a genetic investigation is recommended [93,112,117]. 

This is particularly important for some genotypes involving muta-
tions in desmosomal genes, LMNA, FLNC, PLN, as they seem to be 
associated with arrhythmogenic phenotypes of DCM, in which the im-
plantation of an ICD in primary prevention may be considered even in 
presence of moderate left ventricular systolic dysfunction [3,116,130]. 

In contrast, in paediatric population the implantation of ICD has to 
be always taken into account since the DCM phenotype in young people 
appeared to be especially aggressive, requiring a closer and more careful 
follow-up [91,93]. 

Recommendations for the diagnosis and management of the most 
common aetiologies for paediatric- and adult-onset DCM are listed 
below.  

Recommendations for diagnosis and management of patients with DCM Symbol 

Neuromuscular diseases  
In patients with clinically suspected Duchenne or Becker's dystrophy 

cardiovascular evaluation should be performed at diagnosis and on 
annual basis, starting from the age of 10. Cardiovascular assessment 
is recommended every 2 years in asymptomatic children <10 years. 

Comprehensive genetic test (comprehensive of PLN, SCN5A, LMNA, 
EMD, LGMD1B, MD1 gene testing/sequencing) and neuromuscular 
evaluation is recommended in presence of family history of DCM 
associated with SCD, progressive AVB, or premature atrial 
fibrillation. 

In patients with limb-girdle muscle dystrophy, myofibrillar myopathy 
and myotonic dystrophy, 48 h Holter monitoring, loop recorder ECG 
monitoring should be considered for the assessment of symptomatic 
palpitations. 

In patients with limb-girdle muscle dystrophy, and myofibrillar 
myopathy EPS may be considered for the assessment of symptomatic 
palpitations. 

In patients with myotonic dystrophy and palpitations, syncope, atrial 
flutter/atrial fibrillation, PR interval > 240 msec, QRS duration 
>120 msec, second- or third-degree atrioventricular block, EPS 
should be considered to evaluate infra-Hisian conduction and 
malignant arrhythmias. 

Glucocorticoids (deflazacort) should be considered in patients with 
Duchenne and Becker's dystrophy, unless contraindicated, on top of 
guideline-derived optimal medical therapy (OMT). 

ICD may be considered in patients affected by neuromuscular disorders 
with high-risk features for SCD, particularly in patients with 
Duchenne and Becker's muscular dystrophy, Emery-Dreifuss 
dystrophy, Limb-girdle muscular dystrophy 1B and myotonic 
dystrophy unless a short-term negative outlook is present due to 
systemic involvement, and after careful evaluation of the risk-benefit 
balance. 

ACE inhibitors should be started at 10 years of age, in asymptomatic 
Duchenne and Becker's muscular dystrophy. 

Mitochondrial/beta oxidative disorders  
See HCM  
Myocarditis/inflammatory cardiomyopathy  
In patients with suspected myocarditis, personal history of recent 

infection, immune checkpoint inhibitors administration, recent drug 
exposure, and/or history of systemic autoimmune disorders is 
recommended. 

In patients with inflammatory DCM/chronic myocarditis, negative viral 
PCR, and signs of ongoing myocardial leukocyte infiltration, 
immunosuppression may be considered. 

Empirical immunosuppressive therapy may be harmful when a positive 
PCR testing for viral agents has not been excluded on myocardial 
specimens. 

Sarcoidosis  
See ACM  
Iron Overload  
See RCM  
Peripartum Cardiomyopathy  

(continued on next page) 
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(continued ) 

Recommendations for diagnosis and management of patients with DCM Symbol 

PPMC needs to be excluded in new onset HF which began in the last 
months of pregnancy or months after delivery, when other possible 
aetiologies have been excluded. 

Counselling about the risks of a subsequent pregnancy is recommended 
in women with confirmed PPCM. 

Comprehensive genetic test should be considered in woman with 
confirmed PPCM. 

Urgent delivery should be considered in pregnant patients with 
hemodynamic instability, if the foetus is viable and induction of lung 
maturation (>23 W) has been performed, after careful assessment by 
the Heart team. 

Short term (2.5 mg once daily for a week) or long term (2.5 mg twice 
daily for 2 weeks followed by 2.5 mg once daily for 6 weeks) 
bromocriptine should be considered in women with acute PPCM. 

Anticoagulation (UFH or LWMH) should be considered in women with 
severe systolic dysfunction and PPCM. 

A wearable defibrillator may be considered in pregnant women at high 
risk of ventricular arrhythmias, allowing protected LV function 
recovery. 

Chemotherapy-induced DCM  
In patients treated with chemotherapies, a comprehensive 

cardiovascular assessment is recommended at baseline evaluation 
and repeated at regular intervals or with the development of new 
symptoms. 

Among patients treated with adriamycin, divided continuous infusions, 
encapsulated liposomal formulations and use of cardioprotective 
agents (i.e., dextrazoxane) may be considered in patients at high risk 
of cardiac toxicity. 

Cardiac biomarkers (troponins and B-natriuretic peptide) should be 
measured at regular intervals. 

2.4. Restrictive cardiomyopathy 

2.4.1. Introduction 
Restrictive cardiomyopathy (RCM) is characterized by impaired 

ventricular filling with normal or reduced diastolic volumes in the 
presence of normal ejection fraction and ventricular wall thickness [1]. 
Despite different aetiologies, RCM recognizes a peculiar haemodynamic 

profile, characterized by increased ventricular stiffness, restrictive 
filling pattern and elevated filling pressures with only small increases in 
volume. This result in a prominent “y” descendent on the atrial pressure 
curves and in the square root or dip and plateau sign on ventricular 
pressure curves. 

RCM recognizes several aetiologies, including inherited and acquired 
causes, which are listed in Fig. 4. 

General recommendations for management of RCM are listed below.  
Recommendations for the management of RCMs  

Beta blockers and calcium channel blockers are not currently 
recommended in children and adults with genetic RCMs, unless there 
is an additional indication (e.g., supraventricular arrhythmias, 
hypertension). 

Angiotensin converting enzyme (ACE) inhibitors and angiotensin 
receptor blockers (ARB), may be considered only if other indication is 
present (i.e., arterial hypertension). 

Digoxin, inotropes drugs (such as dopamine, dobutamine and 
epinephrine), pulmonary vasodilators (such as prostaglandins) and 
endothelin receptor antagonists are not recommended, unless other 
indication is present. 

Orthotopic heart transplantation must be considered in patients with 
severe HF symptoms with evidence of refractoriness to medical 
therapy or intractable ventricular arrhythmias. 

Orthotopic heart transplantation may be considered in patients with 
severe HF symptoms with evidence of refractoriness to medical 
therapy and progressive increase in pulmonary vascular resistance. 

Left ventricular assist device (LVAD) should be considered for patients 
with severe HF as bridge to decision, destination therapy or bridge to 
transplant. 

2.4.2. Neonatal, children and young adults 
RCM is rare in children, accounting for 2-5% of all paediatric car-

diomyopathies [131]. The mean age at diagnosis ranges from 6 to 11 
years old, and a higher prevalence in girls has been described. The 
prognosis is poor, whit a 2-year survival <50%, being heart trans-
plantation the only effective treatment [132,133]. 

The term “idiopathic” RCM should not be used, given the frequent 
positive genetic findings. The Paediatric Cardiomyopathy Registry In-
vestigators performed a whole-exome sequencing of 36 genes involved 
in cardiomyopathies and reported a pathogenic or likely pathogenic 
sequence variant in 50% of children with RCM. The most frequent 
mutations are responsible for sarcomeric molecular defects, accounting 
of one third of the cases [131]. Notably, an overlap between HCM and 

Fig. 4. Common aetiologies of restrictive cardiomyopathy.  
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RCM has been described in patients with sarcomeric mutations, with the 
same molecular defect resulting in one or the other phenotype, also in 
the same family members [132,134]. Cytoskeleton/nuclear envelope 
mutations (desmin, lamin and filamin C) are sometimes associated with 
early skeletal muscle involvement and atrio-ventricular conduction 
disturbances [134,135,136,137]. 

Tropical endomyocardial fibrosis (EMF) still represent the most 
common cause of RCM worldwide, affecting more than 12 million 
people, although it is commonly reported in equatorial developing 
countries. The precise aetiology is still unknown, and the natural history 
is characterized by recurrent hot phases of inflammation and eosino-
philia, leading to deposition of fibrous tissue in endomyocardium and 
resulting in a chronic biventricular RCM. Usually both ventricles are 
involved, although an exclusive right ventricle involvement has been 
described, with chronic venous hypertension [138]. 

Given the typically normal or near normal biventricular systolic 
function until end stage of the disease, the clinical scenario of patients 
with RCM is represented by HFpEF, with symptoms as dyspnoea, poor 
appetite, ascites, peripheral oedema, and hepatomegaly. Children with 
RCM may have nonspecific findings, such as history of frequent respi-
ratory infections. Diastolic dysfunction leads to progressive atrial 
enlargement which, in turn, may result in arrhythmias, thromboembolic 
complications, and secondary mitral regurgitation [139]. SCD or syn-
cope resulting from ventricular arrhythmias or conduction abnormal-
ities may represent the first expression of the disease [140,141]. Risk 
factors for SCD may include previous aborted cardiac arrest/sustained 
ventricular arrhythmias, a personal history of syncope and ischemia- 
related manifestations [140]. The decision for ICD implantation in 
paediatric RCM should consider the individual risk for SCD, the 
competitive HF-related morbidity, extracardiac comorbidities and pa-
tient's preferences, and should be assessed after a multidisciplinary heart 
team discussion. 

Other RCMs aetiologies, such as storage diseases (PRKAG2, Danon 
and Fabry disease) are described in detail in HCM section, due to the 
mainly hypertrophic phenotype. For cardiac amyloidosis and cancer 
related cardiomyopathy please refer to specific available documents. 

2.4.3. Adults 
Iron overload cardiomyopathy (IOC) is secondary to increased 

deposition of iron in the heart independent of other concomitant pro-
cesses and is caused by increased gastrointestinal iron absorption (pri-
mary hemochromatosis, which includes hereditary forms) or excess 
administration of iron with diet or red blood cell transfusions (secondary 
hemochromatosis, also called hemosiderosis) [142]. These conditions are 
listed in Supplemental Table 7 [143]. Its prevalence is expected to in-
crease with the improvement in life expectancy of hematologic 
disorders. 

Regardless of its origin, IOC is characterized by a restrictive physi-
ology, with early diastolic dysfunction progressively evolving to an end- 
stage DCM [144]. Additionally, valve disorders, tachyarrhythmias and 
AVB may develop, even in the early stage of the disease [129]. 

Considering the specific underlying pathophysiological mechanisms 
and treatment strategies, red flags such as serum ferritin and multiorgan 
involvement should direct the clinician to suspect IOC and therefore 
prompt specific diagnostic tests. In this scenario, T2 mapping with a cut- 
off value of <20 ms at 1.5 Tesla CMR has been proposed as a predictor of 
adverse events and is currently used in monitoring and management of 
these patients [129] (Supplemental Fig. 4). 

Recommendations for the diagnosis and management of adult aeti-
ologies of RCM are listed below.  

Recommendations for diagnosis and management of genetic RCMs Symbol 

Cardiac catheterization should be considered:   

- to distinguish between restrictive and constrictive physiology 

(continued on next column)  

(continued ) 

Recommendations for diagnosis and management of genetic RCMs Symbol  

- to determine the severity of the diastolic dysfunction by directly 
measuring biventricular filling pressures  

- to test for pulmonary vasoreactivity in children with elevated 
pulmonary vascular resistance. 

Cardiac catheterization with pulmonary vascular resistance study 
should be considered every 6-12 months, even in the absence of 
symptoms or demonstrated pulmonary hypertension, to ensure 
optimal timing for transplantation. 

Plasma levels of natriuretic peptides measurement should be performed 
in all patients, especially in the differential diagnosis with 
constrictive pericarditis. 

Endomyocardial biopsy may be considered only in those cases in which 
non-invasive diagnostic pathway has not reached a definite 
diagnosis. 

Recommendations for the diagnosis of endomyocardial fibrosis (EMF)  
Echocardiography with ultrasound contrast medium is the gold 

standard tool for the diagnosis of EMF in adults. 

Laboratory tests should be considered in patients with suspected EMF 
(absolute eosinophilia), but a negative result should not rule out the 
diagnosis. 

CMR should be considered for further characterization of EMF and for 
the differential diagnosis in patients presenting with apical 
obliterations, mimicking apical HCM. 

Endomyocardial biopsy and cardiac characterization may be 
considered in patients with non-unequivocal findings. 

Support therapies, such as diuretics to prevent fluid overload, are 
recommended in EMF, as bridging approach before surgery or heart 
transplantation. 

Anticoagulation therapy may be considered, if not contraindicated, in 
patients with EMF to prevent cardioembolic events and for 
differential diagnosis with LV apical thrombosis. 

Recommendations for cardiac sarcoidosis  
See ACM  
Recommendation for diagnosis of iron overload cardiomyopathy  
Genetic test for common hereditary hemochromatosis mutations (HFE 

C282Y and H63D) is recommended in patients with one or more of 
the following:   

- individuals with a family history of HH;  
- Individuals with documented iron overload (i.e., liver disease) as a 

means of determining the genetic contribution 
In patients with a suspected iron overload condition based on 

symptoms and altered laboratory exams (complete blood count, liver 
functional tests, serum ferritin and transferrin saturation), screening 
for cardiac involvement with 12‑lead ECG and echocardiogram is 
recommended. 

In patients at risk of iron overload cardiomyopathy (i.e., thalassemia 
with repeated red blood cells transfusions) transthoracic 
echocardiogram with full diastolic function assessment and mitral 
annular tissue velocities is recommended every 1-2 years. 

MRI with T2 and T2* weighted scans (normal value >20 milliseconds) 
is recommended in patients with suspected iron overload condition 
or idiopathic cardiomyopathy for non-invasively assessment of 
cardiac iron deposition, routinely follow-up and therapy monitoring. 

Liver biopsy may be considered in patients who do not have access to 
MRI, or those who require precise estimation of liver burden or 
assessment of liver histology (i.e., thalassemia patients prior to 
hematopoietic stem cell transplant). 

Recommendation for treatment of iron overload cardiomyopathy (IOC)  
The use of disease-specific treatment with appropriate iron chelation 

and/or phlebotomy when indicated are recommended to prevent 
multiorgan failure. 

In patients in NYHA functional class IV stage, despite optimal medical 
therapy including cardiac resynchronization therapy, heart 
transplantation may be considered to extend survival and improve 
quality of life. 
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2.5. Arrhythmogenic cardiomyopathy 

2.5.1. Introduction 
Even if the presence of a cardiomyopathy involving the right 

ventricle (RV) usually identifies a cardiac disease called arrhythmogenic 
cardiomyopathy (ACM), myocardial diseases of different aetiologies 
may involve the RV with structural and functional abnormalities leading 
to the need of a differential diagnosis [145]. 

ACM is an inherited form of heart disease characterized by ventric-
ular morphological and functional abnormalities and presence of ven-
tricular arrhythmias that can even lead to SCD, especially in the young 
[146,147]. 

The ACM prevalence ranges from 1:1000 to 1:5000 [146]. The dis-
ease usually becomes clinically overt in the second-fourth decade of life 
and males result to be more frequently affected respect to females (up to 
3:1) [146,148,149]. 

The ACM pathologic basis consists in myocardial ventricular atrophy 
followed by fibro-fatty tissue replacement; this process is progressive, 
starting from the epicardium and then extending to the endocardium, 
eventually becoming transmural [150]. The presence of fibro-fatty tis-
sue leads both to morphological ventricular abnormalities and circuits 
that constitute the anatomic basis of re-entry ventricular arrhythmias. 

Although in the original description the disease was characterized by 
an exclusive or at least predominant RV involvement, in the last years 
the extensive use of CMR with contrast agent injection demonstrated 
that left ventricle is frequently involved. For this reason, the current 
phenotypic classification of disease considers the presence of three 
variants: “right dominant”, characterized by the predominant RV 
involvement, with no or minor LV abnormalities; “biventricular” with a 
parallel involvement of the RV and LV; and the “left-dominant ACM” 
characterized by a predominant LV involvement, with no or minor RV 
abnormalities [151]. 

Fatty infiltration, that in original descriptions was one of the mile-
stones of the disease histologic feature, is now not considered anymore a 
sufficient morphologic hallmark of the disease, as a replacement-type 
fibrosis and myocyte degenerative changes should always be identified 
[152]. 

The phenotypic aspects of ACM can variate in a considerable 
manner, ranging from asymptomatic family members with mild forms of 
the disease to symptomatic patients who experienced life-threatening 
ventricular arrhythmias or refractory heart failure [147]. 

The most common clinical presentation consists of arrhythmic 
symptoms as palpitations, syncopal episodes or cardiac arrest. Sudden 
death can be the first clinical manifestation of the disease in previously 
asymptomatic individuals, especially in the young and in competitive 
athletes [153,154]. Moreover, patients with ACM can show a myo-
carditic presentation, defined “hot phase”, characterized by chest pain, 
myocardial enzyme release, and ECG abnormalities with normal coro-
nary arteries [155,156], commonly affecting paediatric patients and 
carriers of desmoplakin gene mutations. The prognosis in patients 
affected with ACM is related to the degree of electric instability and the 
disease extent in terms of ventricular morphological abnormalities. 

Since the first description, the presence of an inheritable pattern of 
the disease with familial recurrence has been reported [157]. Genetic 
studies demonstrated that approximately 30–50% of ACM patients carry 
a pathogenic mutation in a desmosome gene. Mutations most often 
affect genes coding for desmosomal proteins: desmoplakin, placophilin- 
2, desmoglein-2, desmocollin-2 and plakoglobin. Moreover, approxi-
mately 10-25% of AC patients carry compound mutations and are het-
erozygous [158,159]. 

Although less frequently found, mutations in non-desmosomal genes 
(desmin, filamin C, transmembrane protein 43, lamin A/C, titin, phos-
pholamban, α-T-catenin, cadherin-2, transforming growth factor β3, 
ryanodine receptor 2, Naᵥ1. 5) also have been linked to the disease. 

The diagnosis of the disease relies on the demonstration of anam-
nestic, clinical, morphological and electrophysiological parameters 

which can be achieved from different instrumental tools as 12 lead ECG, 
24 h ambulatory ECG, 2D echocardiogram and CMR [160–162]. Among 
these tests, CMR with contrast agent gadolinium constitutes the ideal 
technique to address both biventricular and left dominant variants, 
thanks to its tissue characterization capability that allows the detection 
of fibro-fatty infiltration [147,163]. Endomyocardial biopsy is reserved 
for selected ACM patients, in which phenocopies (dilated cardiomyop-
athy, myocarditis, sarcoidosis) should be excluded [161,164]. 

Therapeutic strategies in ACM patients include physical restriction, 
drug therapy (mainly beta-blockers, sotalol and amiodarone), ICD 
implant and catheter ablation [165]. Heart transplantation still repre-
sents the final therapeutic option for ACM patients with advanced stages 
of the disease who suffer refractory congestive heart failure and/or 
uncontrollable arrhythmic storms, despite previous attempts with 
catheter ablation and ICD therapy. 

Recommendations for the diagnosis and management of ACM are 
listed below.  

Recommendations for the diagnosis and management of ACM Symbol 

In children and adolescents with family history for ACM and carriers of 
a pathogenic/likely pathogenic variant, regular annual follow-up, 
comprehensive of 12 lead ECG, echocardiogram and 24 h Holter 
monitoring are recommended. 

Genetic test (comprehensive of desmosomal gene testing/sequencing): 
- should be considered in patients with myocarditis and positive 
family history (ACM); - may be considered in patients with recurrent 
myocarditis. 

Restriction from competitive sports activity may be considered in 
phenotype-negative genotype positive children and adults and/or in 
case of unknown genetic test results. 

Prophylactic administration of beta blockers is not recommended in 
phenotype-negative children and adults carrying a pathogenic/likely 
pathogenic variant for ACM. 

In patients with ACM and premature ventricular complexes/ 
nonsustained VT, beta blockers titrated to the maximum tolerated 
dose are recommended. 

In individuals with phospholamban cardiomyopathy, and LVEF less 
than 45% or evidence of nonsustained VT, an ICD is reasonable. 

In individuals with lamin A/C ACM and two or more risk factors among 
LVEF <45%, NSVT and male sex, an ICD with pacing capabilities 
should be considered. 

In individuals with FLNC ACM and an LVEF <45%, an ICD should be 
considered. 

2.5.2. Paediatric age 
As previously reported, ACM becomes clinically overt in the second- 

fourth decade of life. Nonetheless, the disease can be rarely diagnosed 
before puberty. However, once diagnosed, clinical characteristics and 
outcomes are similar between paediatric and adult patients. Paediatric 
relatives of patients with AC should enter a follow-up program with 
cardiological evaluation including ECG, echocardiogram 24-h Holter 
ECG and possibly CMR in order to highlight morpho-structural abnor-
malities otherwise unrecognized [166,167]. 

2.5.3. Cardio-cutaneous syndromes 
Arrhythmogenic cardiomyopathy can be rarely a part a syndromic 

condition with presence of cutaneous phenotypes of woolly hair and 
palmoplantar. 

Naxos syndrome is characterized by the association of ACM with 
palmoplantar keratoderma and woolly hair [168]. Differently from 
isolated ACM, Naxos syndrome is inherited in an autosomal recessive 
manner with full penetrance and deletion in desmosomal gene plako-
globin has been identified as the underlying genetic cause [157]. 

Carvajal syndrome is a similar medical condition syndrome charac-
terized by keratoderma, woolly hair, and ACM with LV predominance in 
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which genetic studies demonstrated the presence of homozygous mu-
tations in desmoplakin [169]. 

2.5.4. Cardiac sarcoidosis 
Sarcoidosis is a granulomatous disease in which the pathological 

hallmark is represented by noncaseating granulomas. The pathogenesis 
remains largely unknown, it is speculated that the disease may be an 
immunological response to an unidentified antigenic trigger. Even if 
pulmonary involvement is the most common site of the disease, 
sarcoidosis may also involve the heart as well as other organs [170]. Its 
incidence is variable depending on the ethnicity considered, 11/100000 
in white people, while in Afro-Caribbean it increases up to 36/100000. 
The disease typically has an onset between 25 and 45 years. Cardiac 
involvement is rare and estimated to be present in 5% of patients with 
pulmonary/systemic form [171]. When this occurs, clinical manifesta-
tions are varied and related to the extent of the disease and may include 
conduction system defects, ventricular arrhythmias, and heart failure 
[172]. The differential diagnosis between cardiac sarcoidosis and ACM 
is often challenging due to both clinical and imaging features common to 
the two entities. CMR represents a fundamental tool in the diagnosis of 
cardiac sarcoidosis [171,172]. The septum and the LV free wall are the 
most common locations at the LV level, while the RV free wall is 
involved in up to 40% of cases [173]. Nevertheless, some peculiar fea-
tures distinguish sarcoidosis from ACM, and this can help the diagnostic 
assessment. First, differently from ACM, conduction delays are frequent 
because of the granulomatous infiltration of the interventricular septum. 
At post-contrast sequences, LGE shows an intramural or patchy 
appearance, localizes mostly at the basal lateral wall. In unclear cases, 
18F-Fluorodeoxyglucose (FDG) - PET is a helpful examination as it al-
lows to visualize the sites of active inflammation, both in the heart and 
in the other thoracic regions [174]. However, the only examination that 
allows a diagnosis of certainty is the biopsy [175,176]. Typically, this is 
performed at the level of hilar lymph nodes for the favourable risk- 
benefit ratio. In presence of an isolated cardiac involvement, endo-
myocardial biopsy may be required taking into account that sarcoidosis 
is a focal disease, and therefore it may not be properly sampled [171]. 
There are no validated clinical guidelines for the diagnosis of cardiac 
sarcoidosis (CS). The Heart Rhythm Society (HRS) 2014 statement and 
the Japanese Cardiology Society (JCS) updated in 2019 are the two 
currently used diagnostic criteria sets and are summarized in Supple-
mental Table 8. 

CS can mimic other disease, such as ACM, myocarditis, non- 
ischaemic DCM, HCM. Supplemental Fig. 5 and Supplemental Fig. 6 
summarize the diagnostic pathway for detection of CS in patients with 
known systemic sarcoidosis and in patients with unexplained cardiac 
involvement, respectively. 

Being the disease relatively rare, there are only few randomized 
controlled studies (RCTs) about treatment options, which are therefore 
based on individual patient characteristics and Centre experience. A 
multidisciplinary team approach in diagnosis and management of CS is 
mandatory, with the integration of information provided by clinical 
characteristics, laboratory tests, and instrumental diagnostic techniques 
(Supplemental Figs. 7 and Supplemental Fig. 8). The European Respi-
ratory Society (ERS) has recently updated the clinical guidelines on 
treatment of sarcoidosis, with specific recommendations on CS [177]. 

Recommendations for the diagnosis and management of CS are listed 
below.  

Recommendations for the diagnosis of cardiac sarcoidosis  

In patients <60 years with unexplained high-degree AV block, 
sustained VT, or unexplained reduced LVEF (≤ 40%), screening for 
cardiac sarcoidosis should be considered. 

ACE dosing, chest CT and 18-FDG PET scan are recommended in 
patients with clinically suspected cardiac sarcoidosis 

(continued on next column)  

(continued ) 

Recommendations for the diagnosis of cardiac sarcoidosis  

EMB should be considered for diagnostic confirmation in patients with 
clinical suspicion of cardiac sarcoidosis. 

A complete cardiovascular assessment, including a comprehensive 
clinical history, physical examination,12‑lead ECG, transthoracic 
echocardiogram and 24 h Holter monitoring is recommended for 
patients with biopsy proven extracardiac sarcoidosis. 

CMR should be performed in patients with cardiac sarcoidosis and 
systolic disfunction, for the purposes of SCD stratification and tissue 
characterization. 

Electrophysiological study (EPS) may be performed in patients with 
cardiac sarcoidosis, monomorphic ventricular arrhythmias and 
moderate systolic disfunction. 

18FDG-PET scan may be repeated after 3 months of 
immunosuppressive therapy in order to guide further management 
and repeated at regular intervals, until relapse is obtained. 

Recommendations for the management of cardiac sarcoidosis  
Immunosuppression (with steroids or steroid-sparing drugs) should be 

considered in patients with evidence of active cardiac sarcoidosis. 

In patients with cardiac sarcoidosis and permanent or high-degree AV 
block, implantation of a device capable of cardiac pacing is 
recommended. 

In patients with cardiac sarcoidosis and ventricular arrhythmias, 
antiarrhythmic drug therapy should be considered on the top of 
optimal immunosuppressive therapy. 

In patients with cardiac sarcoidosis and monomorphic ventricular 
arrhythmias refractory to immunosuppressive plus antiarrhythmic 
drugs, catheter ablation may be considered. 

ICD implantation is recommended in patients with cardiac sarcoidosis 
and spontaneous sustained ventricular arrhythmias causing 
hemodynamic instability, including prior cardiac arrest. 

ICD implantation should be considered in patients with cardiac 
sarcoidosis and LVEF ≤35% despite optimal medical therapy. 

ICD implantation may be considered in patients with cardiac 
sarcoidosis and one risk factor, irrespective of LVEF, among: 
1. arrhythmic syncope; 
2. positive EPS documenting inducible VA; 
3. Extended cardiac fibrosis at CMR. 

In patients with sarcoidosis and indication for permanent pacing who 
have LVEF <50%, implantation of a CRT-D should be considered. 

In patients with cardiac sarcoidosis and active inflammation after a 
period of immunosuppression therapy, ICD implantation may be 
considered if presence of right ventricular systolic dysfunction. 

In patients undergoing VT ablation, subsequent ICD implantation 
should be considered. 

ICD implantation is not recommended in patients with no history of 
syncope, normal LVEF/RV ejection fraction, no LGE on CMR, a 
negative EP study, and no indication for permanent pacing. 
ICD implantation is not recommended in patients with one or more of 
the following: 
1. Incessant ventricular arrhythmias; 
2. Severe New York Heart Association class IV heart failure. 

3. Conclusions 

Rare cardiomyopathies and specific aetiologies may present in 
complex clinical syndromes, such as heart failure with reduced or pre-
served ejection fraction, LVH, aortic stenosis or arrhythmic events, 
ventricular arrhythmias and atrioventricular blocks, both in adult and 
paediatric patients. A high index of clinical suspicion is required for 
diagnosis. General cardiologists and paediatric cardiologists should be 
aware of cardiac and extracardiac red flags, which may provide clues to 
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reach a definitive diagnosis. Nevertheless, a step-by-step clinical eval-
uation is required to reach etiological diagnosis, not limiting to pheno-
typic definition, in order to direct disease-specific treatment strategies. 
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