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Abstract
Dilated cardiomyopathy (DCM) is a common form of cardiomyopathy, 

characterized by ventricular chamber dilatation and systolic dysfunction, 
in the absence of coronary artery disease, arterial hypertension, valvular 
or congenital diseases. DCM is a heterogeneous group of disorders of 
the myocardium caused by genetic factors, environmental factors, or a 
combination of both. DCM affects mainly men aged between 20 and 50 
years, being considered one of the main causes of heart failure (HF) and the 
main indication for heart transplantation. Guideline-based HF treatment 
is the mainstay of management for patients with DCM. In recent years, 
gene therapy and induced pluripotent stem cells have become promising 
strategies. In this review, we summarize the relevant clinical issues, and 
current treatment of DCM patients, including the role of genetic evaluation.
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Introduction
Cardiomyopathies are a heterogeneous group of diseases that affects 

the myocardium, resulting in mechanical and/or electrical dysfunction [1]. 
DCM is a myocardial condition characterized by structural and functional 
abnormalities that lead to left, right, or biventricular dilation, without any 
underlying pressure or volume overload (e.g., systemic hypertension or 
valvular disease) or coronary artery disease (CAD) [2].

Advancements in treatment, familial and preparticipation screening, and 
individualized follow-up have significantly improved the prognosis of DCM 
[1]. Survival free from death and transplantation has risen to more than 80% 
in 8 years [2].

Despite its complex nature, clinical management of DCM remains 
challenging. It is currently one of the most common heart failure (HF) 
phenotypes with an indication for transplantation [3]. DCM is thought to be 
the final presentation of a wide spectrum of pathogenic processes and genetic 
interactions [2]. Therefore, a better understanding of these pathophysiological 
complexities is crucial to optimize targeted therapy and obtain a more accurate 
prognosis.

Epidemiology
The estimated prevalence of DCM varies between 1:250 and 1:2500 

with an incidence of 5 to 7 cases per 100,000 person-years [4]. Variations 
in prevalence can be attributed to underdiagnosis and differences in patient 
selection in clinical trials. DCM predominantly affects younger individuals, 
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with a higher prevalence in men (3:1 ratio). Some cohorts 
have shown a threefold increased risk of DCM in black 
individuals, who also face twice the mortality risk compared 
to other groups [5]. DCM accounts for 12-35% of heart failure 
with reduced ejection fraction (HFrEF) cases in clinical trials, 
with patients typically experiencing symptoms 10 years 
earlier than those with other HF phenotypes, in addition to 
more severe symptoms and lower left ventricular ejection 
fraction (LVEF) [3].

Cardiomyopathies Classification
The classification of cardiomyopathies has been 

challenging over the years. In 1957, Wallace Brigden defined 
cardiomyopathy as an isolated myocardial disease unrelated 
to CAD [6]. In 1961, Goodwin refined this concept, describing 
cardiomyopathy as a myocardial disease of unknown 
etiology, not associated with CAD, and capable of affecting 
the endocardium and pericardium as well [7]. Subsequently, 
in 1980, the World Health Organization (WHO) introduced 
subtypes of cardiomyopathies based on morphological and 
physiological characteristics, such as left ventricular (LV) 
hypertrophy or dilation [8]. In 1995, the WHO added a 
new entity to the classification, known as arrhythmogenic 
right ventricular cardiomyopathy (ARVC) [9]. In 2008, 
the European Society of Cardiology (ESC) emphasized the 
differentiation between genetic and non-genetic types of 
DCM [10].

Attempts to classify cardiomyopathies have presented 
several limitations, since each of them has prioritized a 
specific characteristic of these diseases [11]. In 2014, the 
WHO proposed a new classification called MOGES (Table 
1). Although broader, this classification is less commonly 
used in clinical practice. MOGES encompasses 5 domains: 
(M) refers to the morphofunctional phenotype (e.g., dilated,
hypertrophic, restrictive, non-compaction, etc.); (O) refers to
organic involvement (e.g., LV, right ventricle, biventricular,
muscles, nerves, skin, etc.); (G) refers to the genetic
inheritance pattern, when identified (e.g., autosomal dominant,
autosomal recessive, X-linked, etc.); (E) refers to etiology
(e.g., genetic, myocarditis, autoimmune, amyloidosis, etc.);
(S) refers to functional staging as defined by the New York
Heart Association (NYHA) classification [12].

Etiology
DCM is characterized by a multifaceted phenotype 

influenced by a diverse range of etiological factors, both 
genetic and acquired, which often coexist rather than be 
mutually exclusive [2]. These factors collectively contribute to 
the development of typical morphological changes associated 
with DCM, such as enlarged atria and ventricles, reduced 
ventricular wall thickness, and functional mitral and tricuspid 
regurgitations [3]. Before classifying DCM as "idiopathic", 
it is essential to perform a thorough investigation to rule out 
possible secondary causes, as described in Table 2.

Table 1: MOGES classification. Adapted from Arbustini et al. [12]. Legend: ACC: American College of Cardiology; AHA: American Heart 
Association; ARVC/D: arrhythmogenic right ventricular cardiomyopathy/dysplasia; DCM: dilated cardiomyopathy; HCM: hypertrophic 
cardiomyopathy; LVNC: left ventricular noncompaction; NYHA: New York Heart Association; RCM: restrictive cardiomyopathy.
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Acquired
Infection

Infectious agents trigger an inflammatory response, 
leading to the activation of cytokines and an exacerbated 
immunologic response, culminating in ventricular dilation 
and dysfunction [13]. Approximately 50% of cases of DCM 
show evidence of myocardial inflammation, which can 
be caused by infections, autoimmune diseases, and toxic 
agents [14]. Animal studies have demonstrated a three-phase 
inflammatory response in heart muscle following a viral 
infection. Initially, there is a direct cytotoxic effect, followed 
by immune activation involving both innate and acquired 
immunity. In the subacute phase, the mechanisms of molecular 
mimicry guided by T lymphocytes and autoantibodies 
predominate [3]. The most common viruses associated 
with myocarditis are enteroviruses (such as Coxsackievirus 
B2, accounting for up to 50% of cases), parvovirus B19, 
adenoviruses, herpesviruses, and Epstein-Barr virus [4]. 
Additionally, human immunodeficiency virus (HIV) is 
known to be related to DCM, as this phenotype is frequently 
found in HIV-positive patients [4]. With specific reference 
to the SARS-CoV-2 virus, multiple cardiac manifestations 
have been described, such as elevations in troponin and 
B-type natriuretic peptide (BNP), as well as documented
edema and/or fibrosis in cardiac magnetic resonance (CMR)
imaging [15]. A systematic review showed that the most

common cardiac histopathological changes found in patients 
with COVID-19 are myocardial hypertrophy, myocardial 
fibrosis, coronary small vessel disease, myocardial cell 
infiltrate, cardiac amyloidosis, and myocardial necrosis [16]. 
Myocardial inflammation in COVID-19 may increase the 
risk of heart failure and progression to DCM [17]. In Chagas 
disease, the parasitic infestation leads to diffuse fibrosis, 
microcirculatory damage, and autoimmune mechanisms [3].

Immune-mediated diseases
The core of the myocardial damage in these cases is 

the formation of autoantibodies and immune complexes, 
associated with a genetic background, leading to fibrosis and 
the development of DCM [3].

Drugs and toxins
Agents such as ethanol, chemotherapy drugs, and other 

toxins can lead to myocardial damage and left ventricular 
(LV) dysfunction through several mechanisms, including
neurohormonal activation, altered calcium homeostasis,
oxidative stress, and direct cytotoxicity [1,3]. Some agents
cause acute damage, while others may take years of exposure
to induce myocardial dysfunction (e.g., anthracyclines)
[18]. The potential for recovery is also determined by the
specific agent; for example, alcohol-related damage may
be reversible, while anthracycline toxicity is believed to be
irreversible [18].

Table 2: Causes of dilated cardiomyopathy. Legend: DCM: dilated cardiomyopathy; CMV: Cytomegalovirus; EBV: Epstein-Barr virus; 
HHV6: Human Herpesvirus 6; HfrEF: Heart failure with reduced ejection fraction.
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Peripartum

This is a rare and potentially lethal cause that develops 
from the last trimester of gestation to the first months 
following delivery [19]. It is associated with multiple 
factors, including African descent, older age, multiparity, 
hypertension, preeclampsia, obesity, and genetic factors 
(pathogenic variants in genes such as titin (TTN) and myosin 
binding protein C3 (MYBPC3) [20]. Together, these factors 
result in excessive oxidative stress, activation of cathepsin 
D, and the formation of a prolactin fragment with direct 
cardiotoxic properties [3].

Genetic
The field of precision medicine has been rapidly expanding 

in recent years, shedding light on the etiological evaluation of 
DCM. This progress has rendered the term "idiopathic DCM"
less frequent, while also providing valuable clinical insights
for family screening, management, and prognosis.

DCM is known for its genetic heterogeneity, with many 
described inheritance patterns [21]. Over 50 genes have 

been associated with DCM, although the significance of 
some associations remains uncertain [22]. Moreover, it is 
not uncommon to observe more than one pathogenic variant 
related to the same specific type of DCM, and conversely, 
a single pathogenic variant may be related to multiple 
phenotypes of cardiomyopathy and/or channelopathy [23,24].

Familial DCM is defined when two or more family 
members meet the criteria for DCM, or when the proband 
meets the criteria for DCM and has a first-degree relative 
who experienced sudden cardiac death before the age of 35 
years [25]. DCM is recognized as familial in 20-30% of cases 
[26]. Genetic test yield ranges from 15 to 25% in unselected 
patients with DCM to 20 to 40% in familial DCM [25,27]. The 
yield is higher in syndromic DCM, especially in patients with 
muscular dystrophies, conduction defects, and hearing loss 
[25]. DCM-associated genes are related to several biological 
pathways, including sarcomere components, cytoskeletal 
and desmosomal proteins, mitochondrial proteins, and ion 
channels amongst others. Key genes strongly associated with 
DCM are summarized in Table 3 [28].

Gene Protein Protein location Prevalence in 
DCM Phenotype

TTN Titin Sarcomere 12-25% More subtle DCM phenotype, that begins in fifth to sixth decade of life, 
more common in women

LMNA Lamin A/C Nuclear envelope 4-8%
DCM that begins between 30 to 49 years, with conduction disorders, 

arrhythmias, sudden death and rapidly progressive heart failure
Emery-Dreifuss and limb girdle muscular dystrophies in some cases

MYH7 β-myosin heavy 
chain Sarcomere 4-10%

HCM is the most common, but can also lead to DCM or LVNC 
phenotypes. Onset in adolescence up to 49 years. Prognostic 

variable.

DMD Dystrophin Myofibril 6% Related to Duchenne and Becker muscular dystrophies. Onset in 
childhood/ adolescence.

MYH6 α-myosin heavy 
chain Sarcomere 4% HCM is the most common, but can also lead to DCM phenotypes. 

Onset in adolescence up to 49 years. Prognostic variable.

MYPN Myopalladin Sarcomere 3-4% Isolated DCM that begins in adolescence, but later onset is also 
possible. Prognostic variable.

DSP Desmoplakin Desmosome 3-4%
DCM is associated with arrhythmogenic cardiomyopathy and 

predominant LV involvement. Age of onset between 40 and 49 years, 
but may be earlier in Carvajal syndrome.

FLNC Filamin C Myofibril 3-4%
DCM phenotype, generally sparing skeletal muscle. High incidence of 
ventricular arrhythmias and sudden death. Age of onset between 25 

and 55 years.

Table 3: Main genes related to dilated cardiomyopathy. Legend: ARVC: arrhythmogenic right ventricular cardiomyopathy; DCM: dilated 
cardiomyopathy; HCM: hypertrophic cardiomyopathy; LQTS: long QT syndrome; LVNC: left ventricular noncompaction cardiomyopathy; 
RCM: restrictive cardiomyopathy.
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RBM20 RNA-binding 
protein 20

RNA-binding 
protein, 

spliceosome
3-6%

DCM phenotype, associated with rapidly progressive heart failure, 
arrhythmias, and sudden death. Age of onset between adolescence 

and 39.

TNNT2 Cardiac muscle 
troponin T Sarcomere 2-3% Multiple phenotypes are possible: DCM, HCM, RCM and LVNC. Age 

of onset is between adolescence to 49.

SCN5A
Sodium channel 
protein type 5, α 

subunit
Ion channel 2-3% DCM with conduction disturbance and arrhythmias, Brugada 

syndrome, long QT syndrome. Begins in adolescence.

DES Desmin Desmosome 1-2% DCM, RCM or ARVC phenotypes, with probable skeletal muscle 
involvement. Age of onset between 20 and 50 years.

TPM1 α-tropomyosin Sarcomere 0.5-1% Multiple phenotypes are possible: DCM, HCM, RCM and LVNC. Age 
of onset between adolescence and 49.

Certain red flags in the family history of the proband 
should prompt further genetic investigation, including cases 
of sudden cardiac death, unexplained syncope, seizures, heart 
transplantation, pacemaker, or implantable cardioverter-
defibrillator placement in a relative aged <60 years, myopathy, 
drowning of an experienced swimmer, and unexplained 
motor vehicle accidents [25].

Pathogenic variants implicated in DCM can be grouped 
according to their cellular and molecular involvement in 
genes encoding cytoskeletal, sarcomeric, desmosomal, 
nuclear membrane and RNA binding proteins.

Sarcomeric genes	

These genes code for sarcomeric proteins involved 
in myocardial contractility and cellular anchoring. The 
main representatives are TTN, myosin, actin, troponin, 
and tropomyosin [1]. Pathogenic variants in these genes 
are the most frequent genetic cause of DCM, but they can 
also manifest as hypertrophic and other phenotypes [1,25]. 
TTN, the largest sarcomeric protein in the myocardium, 
modulates contraction and myocardial rigidity [5]. Most TTN 
pathogenic variants are considered truncating, while some 
data suggest that missense variants may be less harmful [29]. 
Variants located in the A band have a higher probability of 
causing disease [30], whereas those in the I band have a lesser 
pathogenic potential [30].

TTN variants are estimated to be responsible for 12-
28% of sporadic DCM and up to 25% of familial DCM 
cases, inherited in an autosomal-dominant pattern [25,31]. 
Patients with TTN cardiomyopathy typically present clinical 
symptoms in the fifth to sixth decade of life and have a similar 
prognosis to idiopathic DCM [25,32]. However, compared to 
other genetic causes of DCM, TTN-associated DCM appears 
to have a more subtle disease presentation [33]. Recent data 

also reveal that TTN variants are associated with DCM 
previously related only to toxins, indicating the integration 
of genetic and environmental factors in this phenotype's 
development [34]. For example, TTN variants are found in 
10% of women with peripartum DCM [35].

Classically linked to hypertrophic cardiomyopathy 
(HCM), MYBPC3, and myosin heavy chain 7 (MYH7) 
variants also contribute to DCM [25]. Other sarcomeric 
variants, such as myosin heavy chain 6 (MYH6), troponin 
T2 cardiac type (TNNT2), troponin I3 cardiac type (TNNI3), 
tropomyosin alpha-1 chain (TPM1), myosin light chain-2 
(MYL2), myosin light chain-3 (MYL3), actin alpha cardiac 
muscle 1 (ACTC1), actinin alpha 2 (ACTN2), ankyrin 
repeat domain containing (ANKRD), cysteine and glycine 
rich protein 3 (CSRP3), LIM domain binding 3 (LDB3), 
myozenin-2 (MYOZ2), titin-Cap (TCAP), vinculin (VCL), 
and myopalladin (MYPN), have been described in DCM [25].

Laminopathies

Lamin A and lamin C isoforms of the gene LMNA are a 
nuclear envelope protein that supports cellular integrity [25]. 
Pathogenic variants in LMNA are found in up to 8% of DCM 
cases and have an autosomal dominant inheritance pattern 
[25,36]. Depending on the variant's location within the LMNA 
gene, it can lead to Emery-Dreifuss and limb-girdle muscular 
dystrophies, characterized by cardiac manifestations and 
progressive skeletal muscle wasting [25]. Patients with DCM 
and LMNA variants often exhibit conduction disorders, atrial 
and ventricular arrhythmias, and rapid progression to end-
stage heart failure requiring advanced therapies [37]. Sudden 
cardiac death is also prevalent in these patients, even before 
ventricular dysfunction develops, with a mortality rate of 
up to 46% compared to controls [38,39]. Therefore, recent 
guidelines have become more permissive in recommending 
implantable cardioverter-defibrillator (ICD) placement in 
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patients with DCM and LMNA variants, with specific risk 
factors for sudden cardiac death [40].

Myofibrillar genes
This group of genes codes for intermediate filaments, 

which are essential for myofibril structural integrity, force 
transmission, and cellular signaling [25]. Key cytoskeleton 
proteins include filamins, dystrophin, and desmin [1]. 
Pathogenic variants in these genes may not only cause DCM 
but also lead to muscle dystrophies [1].

Pathogenic variants in desmin (DES) are inherited in an 
autosomal-dominant manner and may result in both skeletal 
and cardiac myopathies, sometimes overlapping, with 
cardiac involvement manifesting as dilated or restrictive 
cardiomyopathy and/or arrhythmogenic phenotypes [41].

Dystrophin (DMD) pathogenic variants, which have 
X-linked inheritance, are also associated with skeletal
muscle dystrophies (Duchenne and Becker) and have a high
frequency of cardiac involvement [42]. Truncating variants
in the filamin C gene (FLNC) cause a cardiac-specific
phenotype, sparing the skeletal muscle [25]. FLNC variants
are responsible for 3 to 4% of DCM cases and are associated
with a broad spectrum of DCM phenotypes, often with a
high incidence of ventricular arrhythmias, even without
overt ventricular remodeling, increasing the risk of sudden
death [43]. Therefore, ICD should be considered as primary
prophylaxis in patients with FLNC variants, especially if
other risk factors are present (e.g., non-sustained ventricular
tachycardia [NSVT], LVEF <45%) [44].

Variants within the BAG3 gene are also implicated in 
the progression of DCM and severe muscular dystrophy in 
children [45,46].

Desmosomal genes
Desmosomes are proteins that constitute intercalated 

discs, responsible for intercellular signaling and mechanical 
functions [25]. Pathogenic variants in desmosome coding 
genes have been described in both arrhythmogenic 
cardiomyopathies and DCM [47]. Approximately 13% of 
DCM cases are associated with desmosome mutations [47]. 
The most prevalent pathogenic variants causing DCM are in 
desmoplakin (DSP) and plakophilin 2 (PKP2) desmosomal 
genes [25]. The Carvajal syndrome, related to a homozygous 
or compound heterozygous desmoplakin pathogenic variant, 
is associated with a rapidly progressing form of DCM, 
heart failure onset during adolescence, and sudden cardiac 
death [48]. Truncating variants in desmoplakin have strong 
evidence of pathogenicity and represent 15% of inherited 
arrhythmogenic cardiomyopathies, with a predominant LV 
involvement [49,50].

Other genes
Pathogenic variants in the RNA binding motif protein 

20 (RBM20) gene, which regulates splicing of titin and 

other genes, are responsible for 3 to 6% of DCM cases, 
leading to rapidly progressive advanced heart failure, atrial 
and ventricular arrhythmias like LMNA-associated DCM, 
and sudden death [51,52]. However, further data is needed 
to guide prognostic stratification for these patients [5]. 
Tafazzin (TAZ) gene variants are also related to the DCM 
phenotype, ranging from a milder to more severe disease. 
The TAZ gene encodes the Taz1p acyltransferase involved 
in the metabolism of cardiolipin, an important phospholipid 
in the inner membranes of mitochondria. Barth syndrome is a 
disorder that is caused by mutations in TAZ gene, leading to 
disturbance in phospholipid metabolism that results in DCM, 
neutropenia, skeletal myopathy, growth deficiency and lactic 
acidosis. [53]. Additionally, variants in sodium voltage-gated 
channel alpha subunit 5 (SCN5A), a gene associated with 
cardiac sodium channels, may not only cause Brugada and 
long QT syndromes, but also the DCM phenotype, conduction 
disturbances, and arrhythmias [54].

Researchers and clinicians can better understand the 
complex genetic landscape underlying DCM and potentially 
develop targeted therapies or risk stratification strategies 
for affected individuals by grouping pathogenic variants 
according to their cellular and molecular involvement.

Diagnostic Evaluation
The diagnosis of DCM can be established based on 

clinical symptoms or incidentally discovered during routine 
examinations. Additionally, family screening may identify 
affected individuals after diagnosing a proband within the 
family. The clinical presentation of DCM ranges from isolated 
arrhythmic events to fully developed signs and symptoms of 
HF [55,56]. 

Typically, DCM is diagnosed in individuals between 20 
and 50 years of age [56]. Diagnostic evaluation involves a 
complete history and physical examination, and a variety 
of tests, including electrocardiography (ECG), Holter 
monitoring, echocardiography, CMR, genetic testing, and, 
when necessary, endomyocardial biopsy (EMB).

History and Physical Examination

DCM patients often present with symptoms of heart 
failure, such as dyspnea, orthopnea, paroxysmal nocturnal 
dyspnea (PND), bendopnea, and edema. Classical physical 
findings may include a third heart sound, rales, jugular venous 
distension, abdominojugular reflux, and edema [57]. Although 
certain physical examination findings may suggest underlying 
systolic dysfunction and a possible dilated phenotype, they are 
not routinely used in clinical practice because of their limited 
accuracy in targeting treatment. Instead, more accessible tests 
are employed to better understand the disease.

Clinical findings should be used in a probabilistic 
manner, with pretest estimations and proper modification 
of probabilities based on the power and reliability of the 
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clinical findings. The Evaluation Study of Congestive Heart 
Failure and Pulmonary Artery Catheterization Effectiveness 
(ESCAPE) trial showed that orthopnea presents good 
sensitivity (86%), but low specificity (25%), while rales 
greater than 1/3 of the chest had low sensitivity (15%), but 
high specificity (89%) [58]. Similarly, PND had the highest 
positive likelihood ratio (LR) for HF (2.6) in patients 
presenting with dyspnea. Regarding physical findings, third 
heart sound, abdominojugular reflux and jugular venous 
distension had the highest LR (11, 6.4 and 5.1, respectively) 
[59].

The clinical evaluation also plays a role in suspecting an 
underlying genetic cause of DCM. "Red flags" such as mental 
disorders, deafness, visual impairment, ataxia, muscular 
weakness, and certain dermatologic conditions (café-au-lait 
spots, pigmentation, and palmoplantar keratoderma) may 
raise suspicion of genetic involvement [59]. A detailed three-
generation family history, including inquiries about possible 
sudden cardiac deaths and cardiac diseases, can provide 
valuable insights [55,57,60,61].

Electrocardiogram (ECG)
ECG is a powerful diagnostic tool that can show changes 

that precede the clinical manifestations of cardiomyopathy, 
as well as provide information on etiology and prognosis. It is 
often nonspecific, showing typical findings of left ventricular 
hypertrophy and branch blocks [62,63]. Abnormal Q waves 
and T wave inversions may also be found, but are less common 
[63]. Interestingly, a red flag approach can also be useful 
with the help of ECG, searching for typical signs of genetic 
causes. Sinus node dysfunction and AV blocks may raise 
suspicion for LMNA variants [60,63]. A short PR interval 
has been reported to be present in 35% of patients with DMC 
variants. On the other hand, low voltages have been described 
in patients with FLNC and PLN variants [63]. Nongenetic 
causes may also manifest typical ECG abnormalities. Patients 
with Chagas disease often have right bundle branch block 
and left anterior fascicular block [64]. Tachycardia-induced 
DCM may present with atrial flutter or atrial fibrillation on 
the ECG [63]. ECG may also show prognostic factors, and T 
wave alternans and a fragmented QRS seem to be predictors 
of arrhythmic events [65].

Holter Monitoring
Holter monitoring is essential for assessing the presence 

and burden of ventricular and atrial arrhythmias, which 
can be more common in some DCM phenotypes, such as 
FLNC variants [63]. Conduction disturbances, including 
atrioventricular (AV) block and sinus node disease, may 
also be evaluated, and they can correlate with the genetic 
background [60,63]. Moreover, Holter monitoring can help 
detect tachycardia-induced DCM in patients with frequent 
premature ventricular beats [66].

Spezzacatene et al. [67] showed that one-third of DCM 

patients may have an arrhythmogenic phenotype associated 
with increased risk of arrhythmias during follow-up [67]. 
The authors also showed that a family history of SCD or 
ventricular arrhythmias is a predictor of long-term life-
threatening arrhythmic events, suggesting a genetic origin of 
malignant arrhythmias in DCM patients.

Echocardiography

Echocardiography is crucial for detecting and quantifying 
the DCM phenotype and evaluating other structural diseases. 
DCM patients typically have dilated chambers with normal 
wall thickness and reduced LVEF [69]. Biventricular 
dysfunction may also be present in some cases. Although 
regional abnormalities of ventricular wall movement 
may raise the suspicion of CAD, they may also occur in 
other conditions, such as Chagas disease and myocarditis 
[62,64]. Advanced techniques, such as global longitudinal 
strain (GLS) of LV and speckle tracking strain (STS), have 
been increasingly used for early detection of ventricular 
dysfunction, especially in family screening and in patients 
with normal LVEF [68,69].

Verdonschot et al. [69] evaluated the prevalence of 
systolic dysfunction using global longitudinal strain (GLS) 
and its prognostic value in relatives of DCM. Relatives of 
DCM patients had a significantly higher prevalence of systolic 
dysfunction detected by GLS despite normal LVEF compared 
with control subjects. Abnormal GLS was associated with 
LVEF deterioration, cardiac hospitalization, and death [69]. 
Additionally, Raafs et al. also demonstrated that GLS is an 
independent and incremental predictor of adverse outcome, 
which exceeded LVEF in patients with optimally treated 
DCM [70]. 

Cardiac Magnetic Resonance Imaging (CMR)
CMR is increasingly incorporated in the evaluation of 

cardiomyopathies. Useful information from this method 
includes the presence and pattern of fibrosis (late gadolinium 
enhancement - LGE), presence of edema and inflammation 
and extracellular volume quantification [71]. In addition, 
CMR may aid in detecting specific etiologies, such as 
iron deposits [72]. Peterson et al. showed no difference 
in diagnostic yield for specific etiologies in patients with 
nonischemic cardiomyopathy [73]. However, it is important 
to note that the selective group had a relatively high 
incidence of CMR use (24%), as in this group of patients they 
should have CMR performed if infiltrative disease, ARVC, 
pericardial adult congenital heart disease was suspected. or 
pericardial, leaving the final decision at the discretion of the 
attending physician. Although a negative study, in an as-
treated analysis, more specific diagnoses were found in the 
routine CMR group.

Genetic Testing

Knowledge the genetic basis of DCM is crucial for 
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phenotypic manifestation, counseling, and follow-up. 
Genetic testing may involve a broad panel of culprit 
variants, or a targeted search based on clinical suspicion 
[59]. The interpretation of results is complex, as variants 
can be classified as pathogenic, likely pathogenic, variants 
of uncertain significance, likely benign, or benign. Variant 
classification may change over time with new evidence [74].

The European Society of Cardiology (ESC) Working 
Group on Myocardial and Pericardial diseases outlined 
indications for genetic testing that include patients with 
a confirmed diagnosis of DCM with therapeutic, family 
counseling and prognostic implications. Red flags described 
earlier may further prompt genetic testing. Additionally, 
relatives of affected individuals with a known disease-
causing variant may be offered genetic testing for counseling, 
preparticipation evaluation, and individualized follow-up 
[75,76]. However, some factors have limited widespread 
adoption of genetic testing, such as (1) high costs, and (2) 
low yield [77], and proper counseling by an expert team is 
essential [75].

Whole Exome Sequencing
Recent studies have shown that whole exome sequencing 

(WES) has a high diagnostic yield in achieving a molecular 
diagnosis of rare Mendelian disorders [78,79]. Ramchand 
et al. showed that WES is an effective diagnostic tool for 
patients with dilated cardiomyopathy. Using WES with 
stringent criteria for classifying genomic variants, the authors 
identified pathogenic or likely pathogenic variants were in 
12% of the study population [80]. D'Agostino et al. identified 
70 pathogenic or likely pathogenic variants and 1240 variants 
of uncertain clinical significance through WES performed 
on 15 patients affected by DCM [81]. However, WES is not 
effective for all DCM variants. Mak et al. showed that the 
diagnostic yield of WES for DCM was no better than existing 
commercial gene panels [82]. 

Endomyocardial Biopsy (EMB)
EMB is often indicated for the diagnosis of myocarditis, 

as it provides unique diagnostic elements and prognostic 
information that can effectively guide the treatment of 
myocarditis. In DCM patients, EMB is reserved for severe 
or rapidly progressing cases and situations where other 
diagnostic methods have not confirmed a specific diagnosis, 
potentially affecting management decisions [62,83-85]. 
Specific indications for EMB according to guidelines on heart 
failure include suspected conditions with specific treatments, 
such as giant cell or eosinophilic myocarditis, sarcoidosis, 
and certain storage diseases [62]. Proper histologic, 
immunohistochemistry evaluations, and cardiotropic virus 
search should be conducted for accurate diagnosis. However, 
the yield of this procedure among patients with heart failure 
is low, and the risks of cardiac perforation and death limit its 
use.

Prognosis prediction
Data on the long-term mortality and associated prognostic 

factors in patients with DCM are scarce. Xu et al. [86] 
demonstrated that the 15-year survival rate in DCM patients 
is 34% [86]. The independent predictors of 15-year all-cause 
mortality were age ≥70 years, LVEF ≤35%, and systolic 
blood pressure >120 mmHg [86]. 

Clinical prediction models allow estimating the prognosis 
of patients with DCM. The Seattle Heart Failure Model 
(SHFM) [87], the Meta-Analysis Global Group in Chronic 
(MAGGIC) risk score [88], and the Barcelona bio-HF risk 
calculator [89] allow estimating the risk of death in patients 
with DCM. Other scores, such as The Madrid Genotype 
Score, allow predicting the probability for a positive genetic 
test result in DCM patients, with a C-statistic in the external 
validation cohort of 0.74 (95% CI: 0.71-0.78) [90]. In turn, 
the Left Ventricular Reverse remodeling (LVRR) predicting 
score has been used to predict LVRR in patients with DCM 
[91]. Predictors including hypertension, no family history of 
DCM, symptom duration <90 days, LVEF <35%, and QRS 
duration <116 ms and the score of >5 is a reliable predictor 
independently from LGE on CMR or myocardial fibrosis 
(Table 4).

Patients with DCM are at high risk for life-threatening 
ventricular arrhythmias (LTVA). The risk is higher in younger 
patients with hypertension, prior (non-)sustained ventricular 
arrhythmia, decreased left ventricular ejection fraction, left 
ventricular dilatation, late gadolinium enhancement, and 
genetic mutations (PLN, LMNA, and FLNC) [92]. 

The DCM-SVA score allows predicting life-threatening 
arrhythmia in DCM patients. The score can improve decision-
making in primary prevention of sudden cardiac death and 
significantly reduce ICD implantations [93].

However, a critical view of risk scores in patients with 
DCM should be considered, since patients with DCM are 
typically younger than other heart failure etiologies and, 
therefore, are significantly less burdened with comorbidity. 
Furthermore, a substantial number of DCM patients (between 
30 to 50%) undergo LVRR, which critically improves 
prognosis, and DCM patients respond better to CRT than 
ischemic HF patients.

Management
The management of patients with DCM should be aligned 

with current guidelines for heart failure, which includes non-
pharmacological measures, optimized drug therapy and, when 
indicated, implantation of devices, structural interventions, 
and heart transplantation (Figure 1).

Pharmacologic therapy remains the cornerstone of 
disease-modifying treatments. While this review will address 
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established pharmacologic treatments, the focus will be on 
emerging interventions and specific therapies for genetic 
causes of DCM.

Medical Treatment
The current optimal medical therapy for DCM includes 

beta-blockers, angiotensin receptor-neprilysin inhibitors/
angiotensin-converting enzyme inhibitors/angiotensin 
receptor blockers, mineralocorticoid receptor antagonists, 
and sodium-glucose cotransporter-2 inhibitors. Additionally, 
diuretics, ivabradine, digoxin, hydralazine, and nitrates may 
be used. Disease-modifying drugs should be initiated and 
gradually titrated to their maximum tolerated doses [62].

Device Therapy
Implantable cardiac devices play a crucial role in the 

management of different phenotypes of heart failure by 
treating life-threatening arrhythmias and improving morbidity 

and survival. There are different types of devices, each with 
a slightly different function. They fall into three categories: 
implantable cardioverter defibrillator (ICD), pacemakers, 
cardiac resynchronisation therapy (CRT), cardiac contractility 
modulation (CCM), and ventricular assist devices (VADs).

Implantable cardioverter defibrillator
ICDs are generally recommended for patients who have 

experienced an aborted sudden cardiac death or poorly 
tolerated ventricular tachycardia (VT), provided there are 
no reversible causes and a life expectancy of over one year 
[76,94]. They are also indicated as primary prophylaxis in 
high-risk individuals, particularly symptomatic patients (New 
York Heart Association [NYHA] II-III) with an EF ≤35% 
despite three months of optimal medical therapy [62,76,94]. 
Furthermore, ICD should be considered in DCM patients 
with sustained monomorphic VT, even if well tolerated 
[94]. The field of precision medicine has led to specific 

Figure 1: DCM treatment.
* In patients with life expectancy of at least 1 year; 土 despite 3 months of optimal medical therapy.
** Patients not fulfilling all the criteria might still be candidates, with lower grade of recommendation (i.e.: atrial fibrillation, LBBB, QRS
130-150 ms).
Abbreviations: ACEi: angiotensin-converting enzyme inhibitor, ARB: angiotensin receptor blocker, ARNi: angiotensin receptor-neprilysin 
inhibitor, CCM: cardiac contractility modulation, CRT: cardiac resynchronization therapy, DCM: Dilated cardiomyopathy, EF: Ejection 
fraction, LBBB: left bundle branch block, LVESD: Left ventricle end-systolic dimension, MRA: mineralocorticoid receptor antagonist, NYHA: 
New York Heart Association, OMT: Optimal medical therapy, PASP: pulmonary artery systolic pressure, SBP: Systolic blood pressure, 
SGLT2i: sodium-glucose cotransporter-2 inhibitor, TEER: Transcatheter edge-to-edge repair.
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ICD indications for genetic-related DCM. The 2022 ESC 
guidelines for the management of patients with ventricular 
arrhythmias and the prevention of sudden cardiac death have 
recommended ICD for DCM patients with a 5-year estimated 
risk ≥10% and a manifest cardiac phenotype (NSVT, LVEF 
<50%, or atrioventricular [AV] conduction delay) [94]. The 
2017 American Heart Association (AHA) guidelines also 
have suggested ICD for primary prevention in patients with 
specific genetic mutations [40]. Similarly, the 2019 The 
Heart Rhythm Society expert consensus has recommended 
lower and specific thresholds for ICD indication for primary 
prophylaxis in patients with certain genetic mutations [76].

On the other hand, current guidelines lack sensitivity 
and specificity for selecting patients with DCM for primary 
prevention ICD implantation. Therefore, multicenter, 
prospective registries that incorporate CMR imaging, 
genetic, biomarker, and electrophysiological data in cohorts 
of patients with DCM are needed with the aim of creating a 
multivariable risk score that can accurately discriminate the 
risk of sudden death in this profile patients.

Cardiac resynchronization therapy
In patients with heart failure and a low LVEF, 

resynchronization therapy may be indicated to reduce 
mortality and morbidity [62,94]. Traditional candidates for 
CRT are those symptomatic (NYHA II-III or ambulatory 
NYHA IV), in sinus rhythm, with a QRS >150 ms and a left 
bundle branch block pattern. However, patients not fulfilling 
all these criteria might also be candidates, with a lower 
grade of recommendation [62,94]. Patients with ventricular 
dysfunction who require a permanent pacemaker usually 
receive CRT to prevent pacemaker-induced dyssynchrony 
[62]. Typically, CRT is achieved by pacing both the right 
and the left ventricle. However, new stimulation techniques 
have been developed and will possibly become better CRT 
alternatives, the so-called conduction system pacing (CSP). 
CSP consists of a “physiologic” stimulation of either 
the His bundle or the left bundle branch area [95,96]. His 
bundle pacing (HBP) is not as consolidated as biventricular 
pacing for CRT; therefore, guidelines still recommend it as 
an alternative [94,96]. Nevertheless, some data point to a 
promising future for CSP. Although there are no randomized 
controlled clinical trials (RCTs) comparing CSP with 
biventricular pacing, a recent observational study compared 
the results of patients with indication of CRT undergoing 
biventricular pacing or HBP [95]. The study showed that 
patients undergoing HBP had a reduction in the primary 
outcome of death or hospitalization for HF, in addition to 
achieving narrower QRS durations. 

Cardiac contractility modulation
This innovative device employs high-energy delivery to 

the right ventricular septal wall during the absolute refractory 
period, leading to functional improvement through metabolic 

modulation of the heart [97]. The Evaluate Safety and Efficacy 
of the OPTIMIZER System in Subjects with Moderate-
to-Severe Heart Failure (FIX-HF-5C) trial demonstrated 
improved functional measures and reduced cardiovascular 
death or heart failure-related hospitalizations in symptomatic 
patients with an LVEF between 25% and 45% and a QRS 
duration <130 ms [98]. Although CCM is not routinely 
recommended in heart failure guidelines due to insufficient 
evidence, it is a promising device for treating patients with 
DCM [62,94].

Mitral Valve Regurgitation
Mitral regurgitation (MR) is common in DCM patients 

and is related with worse outcomes [99]. Patients with DCM 
and mitral regurgitation do not necessarily have primary 
valve disease. MR in these patients is primarily a function 
of LV geometric changes. In other words, these patients 
usually have normal valve and subvalvular apparatus, but the 
papillary muscle displacement and annular dilation generate 
coaptation failure [100,101].

Treatment decisions in these patients are not 
straightforward, and evidence is conflicting. Patients should 
always receive optimal medical treatment as usual, and 
interventional procedures are reserved for specific patients 
[100,101].

Two RCTs evaluated transcatheter mitral valve repair 
in patients with LV dysfunction and secondary MR. While 
the Cardiovascular Outcomes Assessment of the MitraClip 
Percutaneous Therapy for Heart Failure Patients with 
Functional Mitral Regurgitation (COAPT) trial reported 
significant reductions in hospitalizations for HF and all-cause 
mortality in 24 months [102], the Percutaneous Repair with 
the MitraClip Device for Severe Functional/Secondary Mitral 
Regurgitation (MITRA-FR) trial showed no significant 
difference between groups [103]. The differences may be 
attributed to patient characteristics, including LV volumes 
and severity of MR, highlighting the importance of careful 
patient selection for transcatheter edge-to-edge repair (TEER) 
[100,101].

However, we have to consider that the assessment of 
functional mitral regurgitation is complex and challenging. 
Even centers of excellence still lack adequate training. 
Appropriate patient choice is essential for the adequate 
management of mitral regurgitation, which presents variable 
manifestations and is directly influenced by clinical treatment 
and cardiac resynchronization, when indicated.

Guidelines provide further guidance on how to proceed in 
such challenging situations. The 2020 AHA valvular diseases 
guidelines recommend transcatheter edge-to-edge repair 
(TEER) in patients with an LVEF between 20% and 50%, 
a LV end-systolic dimension ≤70 mm, a pulmonary artery 
systolic pressure ≤70 mmHg and an anatomy suitable for 
the procedure (evaluated with the aid of a transesophageal 
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echocardiogram) [99]. The ESC guidelines also recommend 
TEER in symptomatic patients not eligible for surgery and 
with predictors of good response [101].

Valve replacement surgery is not usually indicated in this 
scenario, but it is an option in patients with a progressive 
increase in LV size or decrease in LVEF, after evaluation by 
the Heart Team [100,101].

Etiology-Driven Treatment
Patients with specific causes of DCM may benefit from 

etiology-guided treatments, such as immunosuppressants or 
antiprotozoals.

Certain inflammatory conditions, including giant cell 
myocarditis, eosinophilic myocarditis, immune checkpoint 
inhibitor-associated myocarditis, cardiac sarcoidosis, and 
rheumatic carditis, may warrant immunosuppressive therapy 
[104,105]. Research indicates that immunosuppressants 
could improve LV function in certain patients with active 
lymphocytic myocarditis [106].

Virus-targeted drugs are not indicated in the usual 
treatment for DCM, but there has been some interest in 
their potential role in virus-associated cardiomyopathy. The 
Betaferon in chronic viral cardiomyopathy (BICC) study 
evaluated the role of interferon-β in patients with heart failure 
and viral presence in the myocardium confirmed by EMB 
[107]. This study randomized 143 patients and compared 
interferon-β to placebo. Patients in the treatment group had 
better NYHA functional class and quality of life measures 
and treatment was well tolerated. However, this treatment 
is not yet addressed in current guidelines, likely due to the 
paucity of evidence.

Infectious causes of DCM, such as Chagas disease, might 
also require tailored treatments. Benznidazole has been 
suggested for specific scenarios, although the evidence from 
a relevant RCT remains inconclusive [64,108].

Patients with tachycardiomyopathy may benefit from 
catheter ablation, which could lead to the recovery of cardiac 
function [62,66].

Lastly, patients with toxic-associated DCM should 
have their exposures controlled. For example, patients with 
alcohol-induced DCM should abstain from alcohol and 
cardiotoxic chemotherapy should be reviewed and discussed 
with the oncologist [62].

Gene therapy
Gene therapy is the insertion of a gene into a human 

cell to treat a disease. The usual delivery system involves 
vectors that are often of viral origin, such as retroviruses, 
adenoviruses, adeno-associated viruses. Several potential 
gene therapy targets in patients with HF have been identified 
from experiments using transgenic mouse models. These 
targets include sarcoplasmic/endoplasmic reticulum Ca2+ 

ATPase 2a (SERCA2a), phospholamban, G protein-coupled 
receptor kinase 2, protein phosphatase 1, adenylate cyclase, 
among others [109]. 

Three different gene therapy strategies are currently 
used: 1) Gene replacement therapy (GRT), in which a wild-
type gene is expressed by a promoter within a viral vector 
to replace gene function in the setting of a gene-loss variant 
function, 2) Gene silencing therapy, commonly used to 
reduce the expression of a mutated gene and applies primarily 
to nonsense variants (i.e., single nucleotide substitutions) 
that alter protein function, 3) Direct genome editing, using 
CRISPR-Cas9 (biotechnological genomic editing tools), a 
targeted DNA cleavage can be directed to a precise location 
in the genome determined by the unique sequence of a guide 
RNA [110]. 

Some challenges of gene therapy include (1) improving 
transduction efficacy, (2) patient selection, (3) long-term 
durability and long-term effects, and (4) affordability, 
regulation, and access to the therapy [110].

Induced pluripotent stem cells
The advent of induced pluripotent stem cells (iPSCs) 

provides the development of disease-specific cellular models 
and, with that, the investigation of underlying mechanisms 
and optimization of therapy. Sun et al. [111] showed that 
cardiomyocytes derived from iPSCs from DCM patients 
exhibited altered regulation of calcium ion (Ca2+), when 
compared to control healthy individuals in the same family 
cohort, decreased contractility, and abnormal distribution of 
sarcomeric α-actinin when stimulated with a β-adrenergic 
agonist [111]. 

Lee et al. [112] demonstrated that the effect of PTC124, 
also known as ataluren (an acid which promotes the 
readthrough of premature but not normal termination codons 
in HEK293 cells), is codon selective [112]. The authors used 
cardiomyocytes derived from human induced pluripotent 
stem cells carrying different LMNA mutations in patients 
with Lamin A/C (LMNA)-related cardiomyopathy to confirm 
your findings. 

However, human iPSC-derived cardiomyocytes have 
some limitations, such as 1) Genomic instability; 2) 
Heterogeneity of iPSC-derived cardiomyocytes; 3) Cellular, 
molecular, and functional differences of adult ventricular 
cardiomyocytes and iPSC-derived cardiomyocytes [113]. 

Mechanical Circulatory Support and Heart 
Transplantation

Patients with advanced heart failure due to DCM should 
be referred to specialized centers capable of providing 
appropriate treatment. Mechanical circulatory support and/or 
heart transplantation can offer improved survival and quality 
of life [114-116].
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Guideline-based thresholds for referral include refractory 
symptoms, poor tolerance for optimal medical therapy, recent 
hospitalizations, need for intravenous inotropes, low systolic 
blood pressure (<90 mmHg), high heart rate, and receipt of 
ICD shocks, among other criteria [62,96].

Conclusions
DCM is a complex and multi-faceted condition. 

Advances in genetic research, optimal medical treatments, 
and the development of innovative device-based techniques 
have significantly expanded our diagnostic and management 
capabilities for patients with DCM. These advancements 
have brought about a wealth of resources to better understand 
and address the challenges posed by this condition. As 
we continue to enhance our understanding and refine our 
approaches, we can look forward to improved outcomes and 
a better quality of life for individuals affected by DCM.

Future Directions
A significant knowledge gap persists regarding 

pathophysiology, diagnosis, and management of DCM 
patients. Therefore, future research should focus on these 
two domains: (1) The development and improvement of 
sequencing technology to define the DCM genome will 
improve the diagnosis, prevention, and therapy of DCM; (2) 
A better understanding of genetic testing could lead to the 
correct treatment of asymptomatic genetic DCM carriers and 
the development of specific gene therapies.
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