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ECG-SA Signal-averaged electrocardiography
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HF Heart failure
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LV Left ventricular
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TTNtv Truncation variants in the gene encoding titin
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Table 15.1 Clinical “red flags” and potential related DCM subgroup

Abnormalities

Potential specific 
DCM subgroup or 
systemic disease

Laboratory tests 
suggested

Medical history/
physical 
examination

Mental retardation Dystrophinopathies,
Mitochondrial 
diseases,
Myotonic dystrophy

Creatine kinase

Visual impairment Myotonic dystrophy Creatine kinase
Muscle weakness Desminopathy,

Dystrophinopathies,
Sarcoglycanopathies,
Laminopathies,
Myotonic dystrophy

Creatine kinase

Myotonia Myotonic dystrophy Creatine kinase
Pigmentation of the 
skin

Hemochromatosis Serum iron, ferritin, 
transferrin saturation

Uveitis; nodular 
erythema; arthralgias

Sarcoidosis Serum angiotensin- 
converting enzyme

Malar rash, discoid 
rash, oral ulcers, 
arthritis, serositis; 
fibrosis and thickening 
of the skin

Connective tissue 
disorder (Systemic 
lupus erythematosus, 
scleroderma)

Autoantibody screen,
erythrocyte 
sedimentation rate,
proteinuria research

Chemotherapy exposure 
(anthracyclines, 
trastuzumab, etc.)

DCM related to 
chemotherapeutic 
agents

Troponin

History of 
amphetamines, cocaine 
intake

DCM related to toxic 
agents

Urine toxicology 
screen for cocaine/
amphetamine abuse

Alcohol abuse Alcoholic DCM Liver function
Mean corpuscular 
volume

Pregnancy Peripartum-DCM
Electrocardiography Atrioventricular block Myocarditis (Lyme 

disease, Chagas 
disease)
Sarcoidosis
Laminopathy
Desminopathy
Myotonic dystrophy
Emery-Dreifuss 1

Specific serum 
autoantibodies for 
suspected infection: 
Lyme disease, Chagas 
disease, etc.
Serum angiotensin- 
converting enzyme 
(sarcoidosis)
Creatine kinase

“Posterolateral 
infarction” pattern

Dystrophin-related 
cardiomyopathy,
Limb-girdle 
muscular dystrophy,
Sarcoidosis

Creatine kinase,
Serum angiotensin- 
converting enzyme 
(sarcoidosis)

Echocardiography Posterolateral akinesia/
dyskinesia

Dystrophin-related 
cardiomyopathy

Creatine kinase

Mild dilatation/segment 
kinetic alterations with 
non-coronary 
distribution

Myocarditis,
Sarcoidosis

Troponin (myocarditis)
Serum angiotensin- 
converting enzyme 
(sarcoidosis)

G. Sinagra et al.



231

Dilated cardiomyopathy (DCM) constitutes a broad cardiac phenotype that can 
arise from a multitude of myocardial insults. Rigorous etiological evaluation may 
allow to identify specific treatments, targeted to the underlying cause [1]. This 
approach requires clinical acumen (Table 15.1) and a multidisciplinary approach, 
with close collaboration with other specialists, as represented in Fig. 15.1.

Indeed, evaluation of patients with DCM requires a thorough understanding of 
potential complex pathophysiology that may be different in each patient [2]. In cer-
tain cases, with the elimination of the cause and the appropriate treatment, reversal 
of myocardial damage and recovery of cardiac dysfunction can occur, and therefore 
treatment should be individualized and should target the underlying cause, when 
added to the standard systolic heart failure (HF) therapies.

15.1  Sarcoidosis: Co-working with Pneumologists

Sarcoidosis is a systemic disease, characterized by noncaseating granuloma forma-
tion in multiple organ systems. The lung is the most frequently involved organ, and 
symptomatic patients have usually dry cough and dyspnea. Red flag of the disease 
is a bilateral lymphadenopathy at chest X-ray that is abnormal in about 90% of 
patients with pulmonary sarcoidosis [3]. In acute forms the multi-organ involve-
ment suggests the diagnosis (uveitis, nodular erythema, arthralgia, etc.). Clinically 
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Fig. 15.1 Complex interactions between multiple specialties in the clinical management of DCM
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manifest cardiac involvement occurs in about 5% of patients with sarcoidosis [4]. 
The diagnosis of cardiac sarcoidosis (CS) requires appropriate clinical suspicion 
and the integration of clinical and pathologic data together with the results of 
advanced cardiac imaging techniques.

See Chap. 4 for diagnosis of sarcoidosis.

15.1.1  Treatment

The management of CS often requires multidisciplinary care teams. Indeed, electro-
physiologists, heart failure specialists, imaging experts, pneumologists, and rheu-
matologists (especially when other organ involvement is present and when “biologic 
therapy” is required) have to work together to provide optimal patient management. 
Systemic corticosteroids remain the first-line treatment for sarcoidosis followed, if 
ineffective, by methotrexate. In patients with ventricular tachycardia (VT), refrac-
tory to immunosuppressive therapy, a first-line treatment is with antiarrhythmic 
drugs; then, if VT still persists, a catheter ablation is indicated (class IIa) [5]. 
Implantable cardioverter-defibrillator is indicated, over the conventional indication, 
if a patient with CS (independently of ventricular function) has an indication for 
permanent pacemaker implantation and presents unexplained syncope or near- 
syncope and/or inducible sustained ventricular arrhythmias (class IIa) [5]. Many 
aspects of CS management, however, are not still fully understood, and further stud-
ies are needed for a better comprehension of the pathology, adequate risk stratifica-
tion, treatment, and targeted follow-up.

15.2  Autoimmune Cardiomyopathy: Co-working 
with Rheumatologists

15.2.1  Systemic Lupus Erythematosus

Autoimmune diseases may be rare causes of cardiomyopathy and heart failure, 
mediated by several potential mechanisms, including immune-mediated myocardi-
tis, progressive fibrosis, and apoptosis with resultant dilated phenotype.

The association between autoimmune disorders and DCM includes various auto-
immune diseases, as the systemic lupus erythematosus (SLE) but also dermatomyo-
sitis, scleroderma, rheumatoid arthritis, and polyarteritis nodosa [2].

DCM is not a prominent manifestation of SLE; however myocardial involvement 
is not uncommon in the disease. At echocardiographic studies about 6% of SLE 
patients showed global hypokinesia [6], and evidence of myocarditis can be found 
at postmortem examination in approximately 40% of cases [7]. According to guide-
lines [8], the diagnosis of SLE can be made by a combination of clinical features 
and laboratory tests. Immunological tests should be investigated by cardiologists 
especially in a young woman with unexplained left ventricular dysfunction associ-
ated with clinical symptoms suggestive of autoimmune disorder (fatigue, fever, 
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associated with skin, musculoskeletal, and mild hematologic disorders). Among 
immunological tests, antinuclear antibodies are present in 95% of SLE patients. 
This test however has a high sensitivity but a low specificity [9].

Cardiovascular manifestations of SLE are heterogeneous and, in addition to peri-
carditis and less often myocarditis, may include also coronary artery disease, con-
duction system disease, valvular disease, and pulmonary hypertension in various 
associations [9]. Particularly, 12-lead ECG abnormalities include non-specific ST-T 
changes, left ventricular (LV) hypertrophy, and supraventricular/ventricular arrhyth-
mias [10]. Signal-averaged electrocardiography (ECG-SA) is currently used for 
recording ventricular late potentials which are the expression of slowed and disor-
ganized conduction through zones of myocardial scarring. Left ventricular diastolic 
dysfunction has been documented both in active and quiescent SLE patients. Active 
chronic myocarditis can be detected using cardiac magnetic resonance (CMR).

15.2.2  Treatment

Main drugs for disease treatment are corticosteroids and hydroxychloroquine in 
mild disease; in moderate and severe disease, other immunosuppressive drugs (e.g., 
methotrexate, cyclosporine, azathioprine, etc.) have to be added [8].

15.3  Infectious Disease and Cardiomyopathy: Co-working 
with Infectious Disease Specialist

15.3.1  Chagas Cardiomyopathy

Chagas disease is caused by the protozoan parasite Trypanosoma cruzi, which is 
transmitted by large, blood-sucking reduviid bugs of the subfamily Triatominae. This 
illness was originally confined to poor, rural areas of South and Central America; 
however in recent years, the disease is also spreading in the USA, Canada, and Europe 
due to the influx of immigrants from endemic countries [11]. The chronic cardiac 
involvement manifests as Chagas cardiomyopathy, characterized by a chronic myo-
carditis that involves all cardiac chambers and damage to the conduction system [12].

The myocardium damage is generally a progressive process that can be classified 
into stages: those with a normal ECG are considered to have the indeterminate 
phase of the disease (stage A). The appearance of ECG abnormalities implies dis-
ease progression (stage B) and precedes the appearance of symptoms of heart fail-
ure (stages C and D) [13]. The most common initial signs are left anterior fascicular 
block, right bundle branch block, and segmental left ventricular wall motion abnor-
malities (the segments frequently involved are the infero-lateral wall and the apex). 
Late manifestations include sinus node dysfunction leading to severe bradycardia, 
high-degree atrioventricular blocks, non-sustained or sustained ventricular tachy-
cardia, progressive dilated cardiomyopathy with congestive heart failure, apical 
aneurysms (usually of the left ventricle), and emboli [11].
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The diagnosis of chronic infection relies on serological testing, through detection 
of IgG antibodies against T. cruzi. Cardiac involvement should be evaluated through 
ECG and echocardiography. A direct relationship exists between the number of alter-
ations identified in a single ECG and the severity of myocardial damage. Holter 
monitoring, exercise stress testing, and cardiac MRI (CMR) should be considered in 
symptomatic patients [11]. New York Heart Association (NYHA) functional class, 
left ventricular systolic function, cardiomegaly, and non-sustained ventricular tachy-
cardia have been consistently identified as important prognostic markers [14].

15.3.2  Treatment

The treatment of Chagas cardiomyopathy involves both parasite-specific therapy 
and adjunctive therapy for the management of heart failure. Treatment with antitry-
panosomal drugs, benznidazole or nifurtimox, is generally offered to patients with 
chronic disease in the indeterminate phase and patients with mild to moderate dis-
ease. Sudden death is the main cause of death, followed by refractory heart failure 
and thromboembolism [11]. Although both amiodarone and implantable 
cardioverter- defibrillator have been used, data for these patients are scarce.

15.3.3  Lyme Disease

Lyme disease is a spirochetal infection, which is transmitted by the bite of infected 
Ixodes spp. ticks. In most cases, it is caused by Borrelia burgdorferi. The disease is 
diffused especially in wooded areas. Cardiac involvement occurs during the early 
disseminated phase of the disease. B. burgdorferi can affect all layers of the heart, 
causing a transmural inflammation, with a predominance of macrophage and lym-
phocytes. Moreover, vasculitis of the small and large intramyocardial vessel can 
occur [15].

The cardiac manifestations are usually coincident with other symptoms of the 
disease (erythema, arthritis, or neurologic disease); however, in rare cases, there is 
an exclusive cardiac involvement. The principal manifestation of Lyme carditis is 
self-limited alteration of the conduction system and commonly varying degrees of 
atrioventricular block. Less frequently pericarditis, endocarditis, myocarditis, peri-
cardial effusion, myocardial infarction, coronary artery aneurysm, QT interval pro-
longation, tachyarrhythmias, and congestive heart failure have been reported [15]. 
Lyme myopericarditis is often self-limiting and mild. However, occasionally 
patients can develop symptomatic myocarditis with cardiac dysfunction [15]. 
Lardieri et al. reported two cases of patients affected by DCM in which B. burgdor-
feri was grown in the culture of myocardial biopsies. Cardiac function returned to 
normal following treatment with penicillin, in addition to standard heart failure 
therapy [16].

The diagnosis of Lyme carditis is challenging and requires the confirmation of the 
association between historical, clinical, and laboratory data. The disease is diagnosed 
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most easily when the cardiac involvement presents in association with a history of 
thick bite and classical Lyme manifestations (erythema migrans, arthritis), in the set-
ting of positive serologic testing for B. burgdorferi antibodies [15]. Echocardiography 
may provide evidence of myocardial dysfunction. Cardiac MRI plays a supportive 
role, typically displaying non-specific epicardial contrast enhancement [17].

15.3.4  Treatment

Antibiotic therapy in the early stages of the disease prevents or attenuates later com-
plications. Patients who have minor cardiac involvement (PR interval less than 
300 ms) and no other symptoms should receive oral antibiotics, amoxicillin or dox-
ycycline. Patients who have more severe cardiac involvement, such as second- or 
third-degree atrioventricular block or congestive heart failure, should be hospital-
ized and treated with intravenous ceftriaxone or high-dose penicillin G. Complete 
atrioventricular block usually resolves within 1 week, while minor conduction dis-
turbances regress in 6 weeks [15].

15.4  Dilated Cardiomyopathy Associated 
with Neuromuscular Diseases: Co-working 
with Neurologists

Neuromuscular diseases encompass a broad spectrum of diagnoses with overlap-
ping but distinct phenotypes [18], and most forms of cardiac involvement are 
detected from childhood to the second decade of life, but others can remain asymp-
tomatic until later in life [18].

DCM occurs in a variety of inherited neuromuscular disorders and represents the 
interface between the cardiology and neurology specialties. Patients with DCM 
should undergo a comprehensive examination which includes a neuromuscular 
examination in order to detect potential neuromuscular disorders. Moreover, serum 
creatine kinase (CK) dosage is useful during the diagnostic work-up of DCM with 
potential skeletal muscle involvement (see Table 15.1).

 – X-linked recessive muscular dystrophies include Duchenne muscular dystrophy 
(DMD) with a more severe phenotype and Becker muscular dystrophy (BMD) 
with milder and more variable phenotype. These are caused by mutations within 
the dystrophin gene, located on the X chromosome. Physical exam can reveal calf 
pseudohypertrophy, shortening of the Achilles tendons and hyporeflexia or are-
flexia in weak muscles, lumbar lordosis which compensates for gluteal weakness, 
and the classic Gower’s sign (the use of the hands and arms to “walk” up the own 
body from a squatting position due to lack of hip and thigh muscle strength). The 
incidence of cardiomyopathy in DMD increases with age. Although it is estimated 
that 25% of boys have cardiomyopathy at 6 years of age and 59% by 10 years of 
age, cardiac involvement is nearly ubiquitous in older patients with DMD, as 
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more than 80% of young men over 18 years of age demonstrate evidence of car-
diac dysfunction [19, 20]. Cardiac involvement leads to a progressive decline in 
cardiac function with age, resulting in ventricular dysfunction that contributes to 
early death for heart failure. DMD causes a primary cardiomyopathy character-
ized by extensive fibrosis of postero-basal left ventricular wall, resulting in the 
characteristic electrocardiographic change of tall right precordial R waves and 
deep Q waves in leads I, aVL, and V5–6. Clinical cardiologist should be aware of 
this “red flag” which may orient to a dystrophin- related cardiomyopathy. 
Currently, clinical guidelines recommend the initial cardiac screening at the time 
of diagnosis of DMD, every 2 years until 10 years of age and then yearly thereaf-
ter. It seems that angiotensin converting enzyme inhibitors (ACEi) and beta-
blockers may delay the onset and the progression of cardiac dysfunction and have 
to be recommended earlier in this disease and should become the mainstay of 
treatment of dystrophinopathic cardiomyopathy [21, 22].

 – Emery-Dreifuss muscular dystrophy (EDMD) is a genetically heterogeneous 
disorder that can be inherited as an X-linked recessive, autosomal dominant or 
autosomal recessive disorder. The disease is generally characterized by progres-
sive muscle wasting and weakness with typically early contractures of the 
elbows, Achilles tendons, and spine. DCM is seen in most patients with EDMD 
with common association of atrioventricular defects; however there is no correla-
tion between the degree of neuromuscular involvement and the severity of car-
diac abnormalities. Arrhythmogenic dilated cardiomyopathy and ventricular 
tachyarrhythmias are more common in autosomal dominant form (due to lamin 
A/C mutations).

 – Limb-girdle muscular dystrophy (LGMD) is still used as a generic term to 
describe those patients with muscular dystrophy of girdle distribution. Indeed, it 
is characterized by proximal weakness affecting the pelvic and shoulder girdles. 
There is broad clinical heterogeneity among the various LGMDs, and cardiac 
involvement is very common in lamin A/C mutation, which presents arrhythmias 
and conduction abnormalities and sarcoglycan disease which frequently presents 
a DCM phenotype.

 – Myotonic muscular dystrophies, type 1 and type 2, are characterized by myoto-
nia, seen as an impaired relaxation after muscle contraction. Myotonic dystrophy 
is a multisystemic disease and can be associated with DCM [23–26]. Cardiac 
manifestations include also atrioventricular block with occasional progression to 
complete heat block, atrial fibrillation, ventricular tachyarrhythmias, and reduced 
left ventricular ejection fraction.

15.5  Primary Iron-Overload Cardiomyopathy: Co-working 
with the Hematologists

Iron-overload cardiomyopathy can result from a primary disorder of iron metabo-
lism or from secondary causes of iron overload, such as hematologic disorders. 
Hereditary hemochromatosis is commonly due to mutations in the HFE gene, an 
autosomal recessive disorder in which there is increased intestinal iron absorption. 
Cardiac hemochromatosis is an important and potentially preventable cause of heart 
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failure [27]. This is initially characterized by diastolic dysfunction and conduction 
disturbances and in later stages by DCM. When evaluating a new cardiomyopathy, 
screening for iron overload should include serum ferritin and transferrin saturation. 
Cardiac involvement in hemochromatosis can often be diagnosed on the basis of 
history, clinical examination, laboratory testing, and noninvasive imaging. 
Myocardial iron overload can be detected also by CMR.

Current treatment modalities to remove excess iron stores include therapeutic 
phlebotomy and iron-chelating agents; congestive heart failure should be treated 
with standard heart failure treatment regimens. Timely diagnosis and treatment can 
prevent and in some cases reverse left ventricular dysfunction.

15.6  Cardiomyopathy Related to Chemotherapeutic Agents: 
Co-working with Oncologists

Cancer patients receiving chemotherapy have an increased risk of developing car-
diovascular complications. Cardiotoxicity is one of the most concerning of these 
complications and is defined as a left ventricular ejection fraction (LVEF) decline of 
≥5 to <55% with heart failure symptoms or an asymptomatic decrease of LVEF 
≥10 to <55% during cancer therapy [2, 28].

Two different patterns of cytotoxicity have been recognized:

 – Type I refers to the effects of the drugs that determine acute myocyte injury, 
causing irreversible damage and depressed cardiac function on a dose-dependent 
basis. The most commonly accepted pathophysiological mechanism of cardio-
toxicity is oxidative damage: these molecules form complexes with iron causing 
free radicals production [29]. Anthracyclines are the prototype for this category. 
The cardiac damage is dose-dependent; for this reason, in an attempt to reduce 
this injury, the initial dose, which is recommended not to be exceeded, is usually 
the one that has shown to cause less than 5% of heart failure cases. In comparison 
with other cardiomyopathies, anthracycline cardiotoxicity appears to have a sub-
stantially worse prognosis, with mortality rates up to 60% at 2 years. The hazard 
ratio for mortality has been reported as being over threefold that of idiopathic 
dilated cardiomyopathy [30]. For this reason, cardiac-sparing and cardioprotec-
tive strategies have been developed to reduce cardiac damage.

 – Type II refers to a pattern of often reversible cardiomyopathy with no evidence 
of acute myocyte injury. This type of cytotoxicity is not dose-dependent. Cardiac 
damage does not appear to occur in all patients, is expressed in a broad range of 
severity, and is not associated with identifiable ultrastructural abnormalities. 
Trastuzumab, a monoclonal antibody, is an example of these agents and may 
cause a reversible myocyte dysfunction.

Patients undergoing chemotherapy should have careful clinical evaluation and 
assessment of cardiovascular risk factors and comorbidities before initiating the 
treatment.

After the treatment beginning, the most frequently used modality for detecting 
cardiotoxicity is the periodic measurement of left ventricular ejection fraction by 
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using echocardiography. Global systolic longitudinal strain assessed by speckle 
tracking technology has been reported to accurately predict a subsequent decrease in 
ejection fraction [31]. The use of cardiac biomarkers, in particular troponins, during 
cardiotoxic chemotherapy, has emerged in the last decade and has proven to be a 
sensitive and specific tool for early identification and monitoring of anticancer drug-
induced cardiac injury. Brain natriuretic peptide (BNP) may be useful, but its role in 
routine surveillance to define high-risk patients is not well established [28, 31].

The timing of cardiotoxicity surveillance, using echocardiography and bio-
markers, needs to be personalized to the patients, considering their baseline cardio-
vascular risk and the specific cancer treatment protocol. Baseline echocardiography 
is recommended in all patients. Lifelong surveillance should be offered to patients 
treated with high doses of anthracycline and to survivors of childhood cancer [31].

15.6.1  Treatment

If left ventricular ejection fraction decreases >10% to a value below the lower limit 
of normal, ACEi and beta-blockers are recommended [31]. Moreover, when heart 
failure develops during chemotherapy, it is important to refer the patients to a car-
dio-oncology specialist and to have a close liaison with the oncology team to deter-
mine the necessity and duration of any interruption of cancer treatment [28, 31]. 
The time from the detection of cardiotoxicity, at the surveillance echocardiography, 
to the start of heart failure therapy is a crucial variable for recovery of cardiac dys-
function [32]. The historical dogma that anthracycline toxicity is irreversible is 
mainly due to the fact that the cardiac damage was identified late, while it has been 
shown that the large majority of patients with left ventricular dysfunction can 
improve with early therapy [2].

15.7  Alcoholic Cardiomyopathy

Alcoholic cardiomyopathy is a form of acquired dilated cardiomyopathy associated 
with a long history of heavy alcohol abuse (commonly defined as the consumption 
of over 80–90 g per day over a period of at least 5 years). The disease has a similar 
prevalence in men and women, although women seem to require a lower total life-
time dose of ethanol to develop symptoms.

Several mechanisms are implicated in mediating the adverse effects of ethanol: 
oxidative stress, apoptotic cell death, impaired mitochondrial bioenergetics/stress, 
derangements in fatty acid metabolism and transport, and accelerated protein catab-
olism [33]. Moreover, genetic factors may predispose to the disease. In a recent 
study, Ware et  al. have shown that truncation variants in the gene encoding titin 
(TTNtv) represent an important genetic predisposition to alcoholic cardiomyopathy 
and that the combination of these variants and excess alcohol consumption is asso-
ciated with worse left ventricular ejection fraction in patients affected by dilated 
cardiomyopathy [34].
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Alcoholic cardiomyopathy is characterized by depressed cardiac output, reduced 
myocardial contractility, and dilatation of all the chambers of the heart. The effect 
of alcohol on left ventricular function is dose-dependent and progressive, causing, 
initially, a subclinical diastolic and/or systolic dysfunction, up to the development 
of low-output dilated cardiomyopathy, leading to episodes of congestive heart fail-
ure and even to sudden death [35]. Echocardiography is able to detect subclinical 
changes in cardiac function, which occur in the early stages of the disease, as abnor-
mal Doppler transmitral flow pattern, indicating impaired left ventricle relaxation; 
changes in left ventricle volume before the changes in cardiac mass and impairment 
of diastolic filling may be a sensitive marker of the detrimental effect of alcohol on 
the heart [36].

Other clinical manifestations of alcoholic cardiomyopathy are arrhythmias. 
Indeed, chronic alcohol abuse produces multiple physiologic aberrancies in the 
heart, including ultrastructural changes, effects on the QT interval and heart rate 
variability, and proarrhythmic electrolyte abnormalities, creating a substrate for 
triggering nonfatal and fatal arrhythmias [35, 37].

The natural history of alcoholic cardiomyopathy compared with idiopathic 
dilated cardiomyopathy has been a highly controversial issue [38, 39]. The largest 
series of patients with alcoholic cardiomyopathy and the earliest to include signifi-
cant numbers of patients receiving beta-blocker therapy, as well as angiotensin- 
converting enzyme inhibitor therapy, reported a better prognosis with alcoholic 
cardiomyopathy than with idiopathic dilated cardiomyopathy [40].

15.7.1  Treatment

Complete alcohol withdrawal is usually recommended to all patients with alcoholic 
cardiomyopathy [41]. Medical therapy is no different from that for other etiologies 
of heart failure. Moreover, any nutritional deficiencies should be corrected. The use 
of vitamin supplements is recommended in case of a deficiency, in particular B 
complex vitamins. Furthermore, it is necessary to correct the electrolyte distur-
bances, in order to avoid dangerous arrhythmias.
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