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4.1 Introduction

Dilated cardiomyopathy (DCM) is a heart-muscle disorder characterized by systolic
dysfunction and dilatation of the left ventricular (LV) cavity, with normal LV wall
thickness. Sometimes, both ventricles are dilated and dysfunctional, but the involve-
ment of the right ventricle (RV) is neither necessary nor sufficient for the diagnosis
of DCM. This disease represents a relevant health problem in adult and pediatric
populations, as it is associated with important morbidity and mortality rates and
with frequent hospital admissions. Moreover, it is the third cause of heart failure
(HF) and the first cause of heart transplant.

The estimated prevalence of DCM is about 1:2,500 of the general population,
whereas the incidence is about 7:100,000 inhabitants per year [1]. However, due to
the fact that many patients remain asymptomatic for a very long period until the
onset of a marked ventricular dysfunction, the real incidence and prevalence of
DCM could be significantly higher than the reported.

Males are more frequently affected than females, with an ~3:1 ratio [1], and
symptoms tend to be age related, as they appear more frequently around the fourth
to fifth decade of life, even though pediatric onset is not so rare. Familial/genetic
forms are usually characterized by incomplete penetrance and variable age-related
expression.
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4.2 Etiology

DCM can be familial or nonfamilial. Familial DCM accounts for only 30-48 % of
cases of DCM, and the main pattern of inheritance is autosomal dominant (56 %).
Autosomal recessive pattern accounts for 16 % of cases with genetic characteriza-
tion, followed by X-linked forms (10 %), autosomal dominant forms associated with
subclinical skeletal muscle disease (7.7 %), and nonclassifiable forms (7.7 %) [2].

The majority of nonfamilial forms have an acquired etiology, such as cardiotoxic
drugs, alcohol abuse, heavy metals, autoimmune disorders, neuromuscular diseases,
or infective agents, such as viral (coxsackievirus, adenovirus, parvovirus, HIV),
bacterial (Borrelia, Rickettsia), mycobacterial, and fungal or parasitic (Trypanosoma
cruzi). However, a genetic cause can be found in some apparently sporadic cases
(new mutation, incomplete penetrance). Finally, a consistent group of DCM has no
apparent cause and must be classified as idiopathic.

4.3  Clinical Phenotype

In DCM, the phenotype is widely heterogeneous: age of onset, clinical characteris-
tics, and severity vary not only among different families, but also among members
of the same family. Affected patients usually present signs and symptoms of HF
associated with other cardiac manifestations, such as conduction disturbances [left
bundle branch block (LBBB) or atrioventricular blocks], arrhythmias, and/or valvu-
lar diseases, such as functional mitral or tricuspid regurgitation. Complications,
such as thromboembolism, and sudden death (SD) are not rare. A typical pattern of
onset is characterized by a long clinically silent period of many years, and then the
disease can become evident after a flu-like syndrome: during a prolonged recovery
period, the patient suffers from dyspnea, extreme fatigue, and signs of HF-like
edema. A study conducted in Trieste [3] reported the clinical/instrumental charac-
teristics of DCM patients at first presentation according to the decade of enrolment
(from 1978 to 2007) (Table 4.1). Progressive earlier diagnosis over time is clear:
patients enrolled in the most recent decades had a progressively shorter history of
HE, were less symptomatic for HF, and had less severe heart disease. Furthermore,
patients with a previous history of HF episodes at enrolment progressively decreased
in number, probably as an effect of systematic familial screening. Familial screen-
ing in DCM facilitates diagnosis in nonprobands at an early stage of disease, which
is characterized by a less compromised LV and lower prevalence of LBBB, thus
favorably impacting on the long-term prognosis [4].

4.4 Diagnostic Criteria

After clinical suspicion or screening, DCM is diagnosed by demonstration at imag-
ing (typically 2D echocardiography) of LV dilatation and systolic dysfunction after
excluding specific causes sufficient to determine the degree of myocardial
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Table 4.1 Baseline clinical-instrumental characteristics of idiopathic dilated cardiomyopathy
(DCM) patients according to decade of enrolment in the Heart Muscle Diseases Registry of Trieste

First decade, Second decade, Third decade,
1978-1987; 1988-1997; 376 1998-2007; 367

110 (12.8 %) (44.1 %) (43.1 %) P value
Age (years) 46+17 44+15 45+14 0.425
Male gender (%) 74 73 71 0.856
Familial IDCM (%) 12 18 15 0.197
Duration of HF (months ) [range] 2 [0-17]¢ 3 [0-13]¢ 0[0-5] <0.001¢
SBP (mmHg) 126+ 14 124 +16° 127+19 0.020
NYHA HII-1V (%) 364 23 25 0.029
Patients with previous episodes 87 79 66 <0.001
of HF (%)
Anemia® (%) 9 12 10 0.456
GFR <60 ml/min (%) 15 8 11 0.336
Sinus rhythm (%) 84 90 89 0.222
LBBB (%) 26 32 30 0.464
LVEF (%) 29+9¢ 31x11¢ 33+11 <0.001
LVEDD-I (mm/m?) 3974 37+6° 34+5 <0.001
LVEDV-I (ml/m?) 114 +60° 107 +41¢ 91+34 <0.001
Restrictive filling pattern (%) 37¢ 17 <0.001*
Moderate—severe MR (%)® 39 34 0.157f
Beta-blockers after first 114 82 86 <0.001
evaluation (%)
ACE inhibitors or ARBs after 34¢d 93 93 <0.001
first evaluation (%)
Digitalis after first evaluation (%) 66¢ 79¢ 38 <0.001
Aldosterone antagonists after first 8 5¢ 18 0.001
evaluation (%)
ICD implantation during ]ed 14 13 0.002
follow-up (%)
Time from diagnosis to 268 129 [99-165] 22 [2-47] <0.0012
implantation (months) [range]
CRT implantation during 0 6 6 0.301f
follow-up (%)
Time from diagnosis to 151 [129-206] 23 [10-82] <0.001"¢
implantation (months) [range]
Bold data p values <0.05

ARBs angiotensin receptor blockers, BMI' body mass index, CRT cardiac resynchronization therapy,
GFR glomerular filtration rate, HF heart failure, /CD implantable cardioverter defibrillator, IDCM
idiopathic dilated cardiomyopathy, LBBB left bundle branch block, LVEDD-I indexed left ven-
tricular end-diastolic diameter, LVEDV-I indexed left ventricular end-diastolic volume, LVEF left
ventricular ejection fraction, MR mitral regurgitation, SBP systolic blood pressure

*Anemia: hemoglobin <13 g/dl for males, <12 g/dl for females

®MR with a jet area >4 cm? at color Doppler was classified as moderate or severe

°P<0.05 between first and third decades

4P <0.05 between first and second decades

°P<0.05 between second and third decades

fP value computed only between second and third decades

¢Kruskal-Wallis p value
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Table 4.2 Major and minor criteria for diagnosing DCM

Major criteria

1 LVEF 45 % (>2 SD) and/or FS <25 % (>2 SD), as ascertained by echocardiography,
radionuclide scanning or angiography

2 LVEDD >117 % of the predicted value corrected for age and body surface area, which
corresponds to 2 SD of the predicted normal limit +5 %

Minor criteria

1 Unexplained supraventricular (atrial fibrillation or sustained arrhythmias) or ventricular
arrhythmias, frequent (>1,000 . 24 h™") or repetitive (three or more beats with >120 beats/
min~') before the age of 50

2 LVEDD >112 % of predicted value

Left ventricular dysfunction: LVEF <50 % or FS <28 %

4 Unexplained conduction disease: 2 or 3 atrioventricular conduction defects, complete
LVBBB, sinus nodal dysfunction

5 Unexplained sudden death or stroke before 50 years of age

6 Segmental wall-motion abnormalities (<1 segment, or 1 if not previously present) in the
absence of intraventricular conduction defect or ischemic heart disease

(98

Adapted from Mestroni et al. [5]

DCM dilated cardiomyopathy, SD standard deviation, LVEF left ventricular ejection fraction,
LVEDD left ventricular end diastolic diameter, FS fractional shortening, LVBBB left ventricular
bundle branch block

dysfunction and dilatation, such as systemic arterial hypertension (>160/100 mmHg),
coronary heart disease (stenosis >50 % of the luminal diameter in a major branch),
chronic excessive alcohol consumption (>100 g/day), rapid and sustained supraven-
tricular arrhythmias, systemic diseases, pericardial diseases, congenital heart dis-
eases, and cor pulmonale. Clinical examination, electrocardiography (ECG) and
chest X-ray radiography are not specific for DCM, whereas on echocardiography, it
is possible to evaluate disease criteria.

In 1999 a collaborative European study proposed a standardization of diagnostic
criteria and methods of enrollment in familial DCM. Inclusion criteria were a LV
ejection fraction (EF) <45 % documented at 2D echocardiography or angiography
and/or a fractional shortening <25 % at M-mode echocardiography and an LV end-
diastolic diameter >117 % of the predicted value corrected for age and body surface
area (BSA). Familial DCM was diagnosed in the presence of two or more affected
individuals in a single family or in the presence of a first-degree relative of a DCM
patient, with well-documented, unexplained SD at <35 years of age. Moreover,
major and minor criteria were formulated to distinguish affected, possibly affected,
and nonaffected family members (Table 4.2) [5].

4.5 Prognostic Stratification and Therapy

Prognosis of patients with DCM has significantly improved compared to the past,
when ~50 % of affected patients died within 2 years of diagnosis [6]. In the last decade,
in particular, an 8-year survival rate of >85 % was estimated in DCM, with an incidence
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Table 4.3 Occurrence of major events in the study population according to decade of enrolment
in the Heart Muscle Diseases Registry of Trieste

P
Second Third P value, value, P value,
First decade, decade, decade, first vs. first vs. second

1978-1987; 1988-1997; 1998-2007; second third  vs. third
110 patients 376 patients 367 patients decade decade decade

Mean follow-up 15129 153+82 93+41 0.389 0.03 <0.001
(months)

All-cause mortality/ 77 (70) 178 (47) 53 (14) <0.001 <0.001 <0.001
heart transplant, n (%)

Incidence (events/100 5.6 3.9 1.9

patients/years)

Heart transplant, n (%) 6 (6) 51 (14) 17 (5) 0.02 0.724  <0.001
Incidence (events/100 0.4 1.1 0.6

patients/years)

Cardiovascular death, n 57 (52) 91 (24) 18 (5) <0.001 <0.001 <0.001
(%)

Incidence (events/100 4.1 2.0 0.6

patients/years)

Pump failure death, n 38 (35) 32 (9) 6(1) <0.001 <0.001 <0.001
(%)

Incidence (events/100 2.8 0.7 0.2

patients/years)

Unexpected sudden 16 (15) 51 (14) 93 0.793 <0.001 <0.001
death, n (%)

Incidence (events/100 1.2 1.1 0.3

patients/years)

Unknown cause death, n 13 (12) 31 (9) 16 (4) 0.338 0.004 0.014
(%)

Incidence (events/100 1.0 0.7 0.6

patients/years)

Appropriate intervention 0 32 38 NC NC 0.499
of ICD (% of implanted

patients)

Incidence (events/100 2.4 4.8 NC 0.499
implanted patients/

years)

Bold data p values <0.05

ICD implantable cardioverter defibrillator, NC p value not calculated, only two patients implanted
with ICD in the first decade

of fewer than two major events per 100 patients per year, significantly higher than in the
previous two decades [3] (Table 4.3). Many factors contributed to the improvement dur-
ing this time. First is earlier diagnosis, especially when the disease is diagnosed while still
in the asymptomatic phase [7]. In this sense, familial screening is an important instrument
for the early diagnosis of DCM in asymptomatic patients and can impact long-term sur-
vival [4]. Therefore, a systematic familial screening with clinical interview, physical
examination, ECG, and echocardiography should be performed on all probands (even in
sporadic cases) and their first-degree relatives from puberty to 50 years of age.
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Another important factor that influences the better prognosis in DCM is evidence-
based optimal medical treatment: many clinical trials demonstrated the beneficial
role of angiotensin-converting enzyme (ACE) inhibitors (Enalapril) and beta-
blockers (metoprolol, carvedilol, and bisoprolol) [8-11]. Also, nonpharmacological
treatments, such as implantable cardioverter defibrillators (ICD) and cardiac resyn-
chronization therapy (CRT) with a biventricular pacemaker impact favorably on
DCM prognosis [12, 13].

Response to medical treatment can vary; it is estimated that cardiac function is
normalized in one third of patients, one third remains stable, and one third worsens
despite optimal medical treatment. Reasons for these differences are unknown, but
probably, there is a genetic predisposition.

However, the role of follow-up over time should be considered essential, espe-
cially when considering LV reverse remodeling, which is associated with an impres-
sively better outcome in terms of survival free from heart transplant and SD [14].
Therefore, an individualized, regular, long-term follow-up represents the corner-
stone of good management of this disease due to the lack of prognostic models
identifying precise subgroups of patients suitable for more aggressive and earlier
therapies.

To date, the principal aims of therapy in DCM are to treat HF and prevent malig-
nant arrhythmias and SD. Due to the fact that DCM is a rare disease, there are no
specific randomized trials oriented specifically to treatment but only to HF in
general.

Many studies demonstrated the efficacy of different drugs in alleviating symp-
toms and improving prognosis in patients with HF. ACE inhibitors [8], angiotensin
receptor antagonists, beta-blockers [10], and antialdosterone agents (spironolactone
and eplerenone) [15, 16] clearly impact survival, whereas diuretics such as furose-
mide relieve symptoms (they could also influence prognosis, but their role in this
context has not yet been demonstrated). Anticoagulants can be used in select cases
at higher risk of thromboembolism, especially in patients with LVEF <30 % and in
those with atrial fibrillation. Not only drug type but also dosage optimization is
fundamental in order to improve symptoms and positively impact on morbidity and
mortality. Indeed, optimal medical therapy, defined as administration of evidence-
based therapy at target dosages or maximum tolerated dosages, improves DCM
prognosis, significantly increasing the survival-free from pump failure death.
Moreover, CRT is useful in preventing HF death in patients with low LVEF (.e.,
<35 %) and prolonged QRS mostly in advanced New York Heart Association
(NYHA) classes, and lower functional classes [13, 17].

Concerning SD prevention, despite the proven effect of medical treatment
with beta-blockers [18], ICD implantation proves to be the most valid therapeu-
tic tool, as it dramatically decreased the incidence of SD in the past decade [3].
The device should be implanted at least 3 months after optimization of medical
treatment [19], even though the related drawback could be loss of a nonnegli-
gible proportion of patients in the meantime. The challenge is to identify which
patients could benefit from an early ICD independent of optimized medical
treatment [20].
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New therapeutic options for HF are taking place. One is percutaneous mitral
leaflet repair (MitraClip) in patients with severe functional mitral regurgitation
(MR) at high risk of surgery. It is safe and effective in reducing MR, improving
symptoms, and promoting reverse remodeling, with a reduction in LV volumes [21].
Another option in end-stage HF is implantation of a ventricular-assist device, which
can support either LV or RV or both. It can be implanted as bridge to recovery or to
heart transplantation or as destination therapy [22]. In case of refractory HF, when
pharmacological and nonpharmacological treatment is no longer efficacious, the
final option is heart transplant.

4.6 Problems in Differential Diagnosis

Ventricular dysfunction at imaging is not sufficient for the diagnosis of DCM as an
exclusion diagnosis and represents a challenge for clinical cardiologists. In fact,
many other conditions display the same abnormal pattern (Chaps. 5, 6 and 7).

Hypertensive heart disease in the dilated-hypokinetic stage [23] and ischemic
heart disease with multivessel involvement are the most common examples encoun-
tered in clinical practice and should be excluded before establishing a diagnosis of
idiopathic DCM. In the first case, LV dilatation and systolic dysfunction — fre-
quently accompanied by overt HF — are present in patients with a long history of
moderate to severe systemic hypertension. Previous documentation of LV hypertro-
phy with preserved LVEF can be present. LV hypertrophy usually remains evident,
even if apparently reduced, in the overt HF hypokinetic phase, showing ECG and
echocardiographic signs (i.e., LV eccentric hypertrophy with increased LV mass).
On the other hand, chronic coronary artery disease may manifest as progressive HF
without history of myocardial infarction or chest pain. This ischemic cardiomyopa-
thy (CMP) is characterized by LV dilatation and systolic dysfunction and usually by
segmental wall motion abnormalities (WMA) corresponding to ischemic ECG
changes and coronary distribution. Also, some valvular diseases should be consid-
ered in the differential diagnosis of DCM. In fact, both severe MR and aortic steno-
sis (and, less frequently, aortic regurgitation or mitral stenosis) can lead to ventricular
dysfunction due to severe volume or pressure overload, respectively. In this case,
clinical and echocardiographic findings are fundamental in the differential diagno-
sis, and in selected cases, prompt surgical treatment could be decisive and can
improve ventricular function.

When we excluded secondary causes of ventricular dysfunction, differential
diagnosis of DCM remains necessary in the field of CMP. In fact, mild LV dilatation
and ventricular WMA can be the result of active myocarditis that could mimic
DCM, presenting frequently with HF or ventricular arrhythmias. Suggestive clinical
history (i.e., new-onset HF in the absence of risk factors, recent flu-like syndrome),
ECG (i.e., in some cases, low QRS voltage), echocardiography (i.e., ventricular
dysfunction in the absence of severe dilatation, possible hypertrophic walls due to
interstitial edema, WMA not corresponding to coronary distribution, intraventricu-
lar thrombi), and cardiac magnetic resonance (CMR) can orient treatment toward
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endomyocardial biopsy, the gold standard for diagnosis of myocarditis, and may
guide correct patient management.

Other CMP could manifest with the dilated pattern and should be considered in
the differential diagnosis [24]. For instance, sometimes it is difficult to distinguish
DCM and arrhythmogenic right ventricular cardiomyopathy (ARVC) with biven-
tricular involvement [25]. However, the presence of RV dysfunction, WMA with
multiple aneurysms in the right or both ventricles at echocardiography, and the pres-
ence of specific diagnostic ARVC criteria [26], can lead to a correct diagnostic clas-
sification. Even hypertrophic cardiomyopathy (HCM) could represent an issue in
the differential diagnosis of DCM, as the echocardiographic pattern could be similar
to DCM if the patient is evaluated for the first time in the advanced hypokinetic
stage. Furthermore, it is noteworthy that amyloidosis and hemochromatosis with
systolic dysfunction, dilatation, and normal wall thickness could be confused with
DCM [27, 28].

A final issue in the differential diagnosis is the effect of alcohol on myocardial
dilatation. The phenotype of alcoholic CMP is variable but usually manifests as
DCM, even though LV hypertrophy is possible in initial stages of the disease [29].
Appropriate focused patient history is fundamental, and alcohol abstinence is fre-
quently associated with marked functional improvement.

Conclusion

In conclusion, once differential diagnosis has been formulated through first-level
exams [clinical, ECG, laboratory findings, echocardiography (see Chap. 5)],
efforts should be directed toward more specific investigations, such as cardiac
computed tomography, CMR, positron emission tomography, coronary angiog-
raphy, right ventricle catheterization, and endomyocardial biopsy, to better and
more precisely define the diagnosis and choose the correct treatment in selected
cases. If DCM remains idiopathic, genetic screening should be performed, even
though genetic DCM accounts for only 30—48 % of cases. It must be noted that,
at present, the role of genetics in clinical management of DCM has not been
clarified and must be considered a research tool.
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