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ABSTRACT

Dilated cardiomyopathies are cardiac muscles disorder that
causes mechanical or electrical dysfunction of the heart. It is a
non-ischemic cardiac muscle disease with structural and
functional myocardial abnormalities. These disorders are
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INTRODUCTION:

Dilated cardiomyopathy is defined as an abnormal heart condition or syndrome or disorder
that is mainly associated with abnormalities in the heart muscles. Dilated cardiomyopathy is
characterized by enlargement of the cardiac chamber and reduction in myocardial
contractility [1]. It is a non-ischemic heart muscle disease that is associated with structural
and functional abnormalities in the myocardium. Dilated cardiomyopathy is clinically
described or defined by left or biventricular dilation of the heart chamber and dysfunction in
the contraction of heart muscles in the absence of coronary heart disease, hypertension,
valvular disease, or congenital heart disease [2]. The American heart association classifies
dilated cardiomyopathy as a genetic, mixed, or acquired disorder, whereas the European
society of cardiology classifies cardiomyopathy into familial (genetics), and non-familial
(non-genetics) forms [3]. The World Health Organization defines dilated cardiomyopathy as
a serious cardiac disorder in which structural and functional dysfunction of heart muscles
leads to substantial morbidity and mortality owing to complications such as heart failure and
arrhythmia [4]. Many factors like coronary heart disease, hypertensive vascular disease,
diabetes, viral illness, valvular heart disease, congenital abnormalities, amyloidosis, and
pregnancy are considered the primary cause of this disorder, but no underlying disease can be
identified. So, due to this reason, dilated cardiomyopathy is now classified as idiopathic. But
with the development of new techniques and growing knowledge in this area, genetic factors
are increasingly recognized in the development of dilated cardiomyopathy. Various
complications may include decreased cardiac output and decreased systemic blood pressure,
while a decreased ability of the ventricles to empty during systole can result in increased
filling pressure, pulmonary oedema, and pulmonary arterial hypertension [5]. Idiopathic and
familial diseases are the most commonly reported causes of dilated cardiomyopathy. For the
accurate identification of the etiology of dilated cardiomyopathy, a wide array of invasive and

non-invasive methods is needed [6].
Epidemiology:

Dilated cardiomyopathy is considered one of the major causes of heart failure [1]. It is
characterized by continuous development and dilatation and ventricular dysfunction. Due to a
lack of diagnostic criteria and techniques, its epidemiology has long been ignored. Recently
in a few years, with the development of a new imaging/diagnostic method, further
information on the epidemiology of this disease has been identified [7]. Familial screening of
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relatives of dilated cardiomyopathy patients highlighted the complex familial inheritance of
this disease. A better diagnostic tool/technique provides more accurate data on the prevalence
rate and incidence rate of this disease. The data on the prevalence rate for dilated
cardiomyopathy came from a population-based study, which is conducted in Olmsted country
(Minnesota, United State of America) between 1975 and 1984. According to this study data
the estimated age-adjusted and sex-adjusted incidence was 6 per 100,000 person/ year. The
age and sex-adjusted prevalence rates were about 36.5 per 100,000people. Younger people
(<50) were more susceptible to the development of this disease. The incidence rate was about
18 per 100,000 patients [8].

Cyclic Adenosine triphosphatase Mediated Myocardial Contraction

Cyclic Adenosine triphosphatase Mediated means cyclic Adenosine monophosphate is
derived from Adenosine triphosphate with the help of adenyl cyclase by stimulation of Gs
protein from the G protein-coupled receptors. CAMP activates cCAMP-dependent protein
kinase A. many other protein molecules in cardiac myocytes are phosphorylated by protein
kinase A. Inotropic effect of myocytes increased due to the phosphorylation of several
membrane-bound Protein Kinase A-dependent Substrate that is mainly involved in Ca?*
cycling. Phosphorylation of L-type Ca?*channel increase Ca?*influx [9]. Phosphorylation of
ryanodine-sensitive Ca?* channel increase Ca?" release by the sarcoplasmic reticulum,
sarcoplasmic reticulum is the storage house of calcium in smooth muscle, and
phosphorylation of ryanodine-sensitive Ca?* channel increase Ca®'release [10].
Phospholamban protein is present in the sarcoplasmic reticulum, it is a calcium- Adenosine
triphosphate inhibitor that inhibits here uptake of calcium into the sarcoplasmic reticulum.
Phosphorylation of phospholamban results in blocking the inhibitory interaction with Sarco-
(endo) plasmic reticulum calcium-ATPase 2, The Ca?' transporting ATPase of the
sarcoplasmic reticulum results in increasing Ca?*accumulation during diastole [11]. These
changes increase the amplitude of intracellular Ca®* transient, in dilated cardiomyopathy
these changes are attenuated [12]. A report of studies which is conducted on animal models
suggests that the phosphorylation of phospholamban may be the most therapeutically relevant
of this mechanism. Depletion of phospholamban protein and expression of non-functional
mutant protein increase the contraction of myocytes. A non-functional mutant form of protein
mimics the function of phosphorylated phospholamban which can result in increased calcium

concentration [13].
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Figure 1: lllustrate the activation of various intracellular protein molecules like L-type
calcium channels, ryanodine receptors, Protein kinase, and activation through

secondary messenger CAMP.
cAMP Production in Myocyte

3’-5" Cyclic Adenosine monophosphate is considered a small molecule that works as an
intracellular secondary messenger. This secondary messenger is generated when a no. of an
excitatory molecule like hormone and neurotransmitter is bound with G-protein coupled
receptor [14]. Adenylyl cyclase is the most important enzyme, which is responsible for the
conversion of adenosine triphosphate into cAMP and pyrophosphate. The structure of
adenylyl cyclase enzymes comprises 12 transmembrane domains divided into 2 hydrophobic
domains and 2 main intracellular loops. This intracellular loop called C1 and C2 naturally
forms a dimer and after the formation of the dimer, they became a catalytic domain [15].
After the formation of CAMP, many intracellular proteins which act as a substrate for cCAMP
are phosphorylated and after phosphorylation, they convert into the active form. One of the
protein enzymes called protein kinase A is phosphorylated by cAMP. Many channels of the
cell are activated by protein kinase A. e.g.: it activates and opens the L-type calcium channel,
after activation, it releases the calcium from the sarcoplasmic reticulum, and this calcium
cause contraction of the cell. Activation of intracellular protein by Protein kinase A performs
many functions like cell growth, cell differentiation, cell control, cell migration, and
metabolism and control [14]. In cardiac myocytes, the [-adrenoreceptor is present in
abundant form. cAMP generation occurs in myocytes due to catecholamine-mediated f-
adrenoreceptor stimulation modulating excitation-contraction coupling by activating PKA
and the phosphorylation of L-type ca?* channel and the ryanodine receptor, thus increasing

the amount of ca®* in the cell for contraction (positive inotropic effect). Stimulation of p-
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adrenoreceptor leads to stimulation of PKA-mediated phosphorylation of troponin I,
accelerating troponin C- ca®* off rate and allowing faster contraction during systole and faster
relaxation during diastole [16]. Activation of PKA leads to phosphorylation of another
protein named phospholamban, which is an inhibitory regulator of sarcoplasmic reticulum
ca’*ATPase (Sarco-(endo) plasmic reticulum calcium-ATPase 2+), and phosphorylation of
phospholamban results in an improvement in the ca®* reuptake into the sarcoplasmic
reticulum [17]. In mammals, the enzyme adenylyl cyclase is encoded by a different gene that
has been identified and has a different regulatory mechanism [18]. Mn?* or Mg* are
responsible for the activation of mammalian adenylyl [19] it is inhibited by ca®" at a

millimolar concentration [20].
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Figure 2: Schematic representation shows the following pathway activated by cCAMP to

improve muscle contraction.
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Figure 5: Illustrate the structure of the adenylyl cyclase enzyme
Phosphodiesterase Activity in the Inhibition of CAMP:

Phosphodiesterase (PDEs) has an important role in cell signaling. Phosphodiesterase enzyme
hydrolyzes or breakdown the cAMP into AMP and GMP by breaking the intramolecular
phosphodiester bond, which leads to preventing the activation of cAMP and cGMP-
dependent protein kinase (PKA & PKG) respectively. Till now, there are 11 families of PDEs
have been described [21]. Among these Phosphodiesterase type-3 family show a high affinity
for both cAMP & cGMP and hydrolyzes both substrates in a mutually competitive manner
[21]. Both cAMP & cGMP bind to the single catalytic site in PDE3 or two overlapping
catalytic sites is unclear [23, 24] but in either case binding to these substrates is mutually
exclusive. PDE3 isoforms are generally regarded principally as cGMP-inhibited cAMP-
phosphodiesterase, because of their much higher catalytic rates for cAMP than cGMP [25].
Most of the cytoplasmic cAMP hydrolytic activity in humans is attributable to PDE1C1, a
Ca?*/calmodulin-activated enzyme that hydrolyzes both cAMP and cGMP with km values in
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the micromolar range [26]. The phosphodiesterase activity in humans differs from the activity
in the animal model. The enzyme of the PDE4 family constitutes a large fraction of cCAMP
hydrolytic activity in mouse myocardium but has a small fraction of activity in human
myocardium [27] similarly enzyme PDES5 has a large fraction of cGMP activity in mouse
myocardium and a low fraction of this activity human myocardium [28] and level of CAMP
hydrolytic activity in human myocardium are several folds higher than in mouse myocardium
[29].

B-adrenergic receptor @
PDE3

ATP cAMP

AMP

Figure 6: Schematic representation shows that phosphodiesterase enzyme reduces the
level of CAMP

Generation of PDE3 in Human Cardiac Myocyte:

There are two genes PDE3A & PDE3B are known to be responsible for the expression of the
PDE3 isoform family. Both genes are expressed in the cardiac muscles, but in the
experiments for knockout of both genes, it is found that the inotropic effect in mice is seen
due to inhibition of PDE3A [30]. PDE3A genes are responsible for the generation of 3-types
of isoforms of the enzyme through a combination of transcription and translation from an
alternative initiation site [31]. The sequence of amino acids is identical in all these three
isoforms, they are differing in length of the N-terminal sequence. In the N-terminal
membrane localizing domain and phosphorylation site are found. PDE3A1 isoform contains
NHR1, which consists of a hydrophobic loop that inserts into the intracellular membrane
[32], it also contains three sites named S293, S312, and S428 these are phosphorylated by
PKA, PKB &PKC [33]. The PDE3A2 isoform lack NHR1 and S293, while the PDE3A3
isoform lack NHR1 and all three-phosphorylation site. These all isoforms have identical C-
terminal catalytic activity regions and are also identical with catalytic activity and inhibition
sensitivity [26], but their N-terminal difference leads to differences in their intracellular
distribution. These three isoforms have differed in intracellular localization, due to this they
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are likely to have a distinct role in modulating cAMP-mediated signaling in the cardiac

myocyte.
S293 83128428
NHR1 C-Terminal
catalytic region
PDE3A1
S312 S428
C-Terminal
catalytic region
PDE3A2
C-Terminal
PDE3A3 catalytic region

Figure 7: Show different Isoforms of the PDE3A enzyme family.
Causes of Dilated Cardiomyopathies

Genetic factors have a role in dilated cardiomyopathies which affects individuals of all ages.
In 20-35 per cent of cases, echocardiographic and clinical examinations in families of
afflicted people find evidence of familial transmission, according to the American Heart
Association [34]. Cardiomyopathy is caused by a variety of acquired factors, including
infection, medications and toxins, and endocrine disorders [35]. Infancy-onset dilated
cardiomyopathy is caused mostly by genetic mutations, myocarditis, and metabolic

abnormalities that are not present at birth[36].

Peripartum cardiomyopathy is a condition in which a woman develops a dilated
cardiomyopathy during the final month of her pregnancy or the first five months after
childbirth. The condition worsens up to half the time, but the patient recovers in less than a
quarter of the time [37]. The cause of the problem is unknown. It is unlikely that it will recur

once the heart returns to normal.
Drugs and Toxins:

Anthracycline-induced cardiotoxicity may develop at any time during or after therapy.
Anthracycline-induced cardiotoxicity is caused by changes in mitochondrial membrane

permeability, respiratory chain suppression function, and oxidative stress. Anthracycline
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overdoses of more than 250 mg/m? in childhood cancer survivors increase their risk of having
congestive heart failure by 8% up to 30 years later [38]. Drugs such as cocaine and
methamphetamine have inotropic and chronotropic effects. Toxic effects on the heart include
myocardial ischemia, increased oxygen demand, and prothrombotic effects. Diagnosis of
dilated cardiomyopathy in young adults is often associated with methamphetamine addiction
[39]. More than a third of dilated cardiomyopathy instances are caused by alcohol intake in
high-income nations. The association between clinical heart failure and alcohol use is
influenced by a variety of ethnic, behavioural, and genetic, variables. Unexplained
cardiomyopathy in the patient's medical history and a history of significant alcohol use (more

than 80 to 100 g/day for more than ten years) lead to the diagnosis [40].
Myocarditis:

Myocarditis is the primary cause of sudden mortality in adults under the age of 35, and
around 20% of patients acquire permanent DCM as a result of their illness. Myocarditis
symptoms are the same as of DCM, but they may vary from preclinical problems to cardiac
arrhythmias, sudden death, and heart block and they can be mistaken for MI [41]. About 10%
of new occurrences of DCM in adults are caused by lymphatic myocarditis, according to the

AHA. Among youngsters, it is more prevalent than among adults [42].

Left ventricular non-compaction: Ventricular trabeculations, deep intertrabecular recesses,
and a thin layer of normal myocardium significantly characterized left ventricular non-
compaction. Previously it is regarded as uncommon, 5-9% of childhood cardiomyopathies are
characterized by this type of cardiomyopathies [43]. Left ventricular non-compaction has
been noted in the trained athlete, sickle cell disease, and pregnancy [44-46]. Left ventricular

non-compaction can be acquired or become more prominent in adult life.
Clinical Features

The symptom of heart failure is present in 80% of patients with dilated cardiomyopathy [47].
These symptoms include excessive sweating, ankle oedema, fatigue, after mild exertion, and
orthopnoea. Abdominal discomfort, nausea, anorexia, and cachexia can be prominent in
advanced cases. Circulatory collapse may be considered the first severe manifestation of
heart failure. Many individuals experience palpitation and syncope. In an infant's rare or
sudden death, the thromboembolic event might be considered an initial symptom [48].

Peripheral and sacral oedema, tachycardia, elevated jugular venous pressure, pulmonary
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crepitation, a gallop rhythm, and a mitral regurgitant murmur can be considered physical

symptoms.
Diagnostic approach

Dilated cardiomyopathy is typically diagnosed between 20- 50 years of age [49]. The
electrocardiogram can be used to show only non-specific repolarisation abnormalities. Left
ventricular hypertrophy, pathological Q waves, or poor R wave progression in the lateral
chest was also observed. Abnormalities in the conduction which include atrioventricular
block left bundle branch block and left anterior hemiblock can lead to prolongation in the PR
interval, which might be the first manifestation of cardiomyopathy [50]. Cardiomegaly and
pulmonary venous redistribution are usually shown by chest radiographs. Global left
ventricular hypokinesis is shown by echocardiography, and regional wall motion
abnormalities might also exist [51]. Cardiac MRI provides accurate information about
ventricular volumes, wall thickness, and contractile function as well as tissue
characterization. Late gadolinium enhancement is used for the detection of the presence of
myocardial fibrosis. Late gadolinium enhancement distribution may indicate muscular
dystrophy and it may be assisted in determining the risk of malignant ventricular arrhythmias
[52]. The presence of pericardial effusion supports the diagnosis of myocarditis [53].
Sarcoidosis (an inflammatory disease in which granulomas form in the different organs) and
myocardial oedema can be detected by MRI. f-fluor deoxy glucose-PET has emerged as a

valuable tool for diagnosing cardiac sarcoidosis [52].
Management approach
Pharmacological treatment:

Angiotensin-converting enzyme inhibitors and [-blockers are now considered the standard
drug for the therapy of chronic heart failure. Angiotensin receptor antagonist is used instead
of Angiotensin-converting enzyme inhibitors due to patients who are intolerant to ACE
inhibitors. Mineralocorticoid antagonists and channel inhibitors when combined with ACE
inhibitors and B-blocker, they provide benefits in survival and hospital administration [54,
55].

Combined angiotensin receptor-neurolysin inhibitors reduce total mortality and hospital
admission compared with ACE inhibitors and could replace ACE inhibitors as one of the

cornerstones of drug therapy in chronic heart failure [56]. Loop diuretics have not been
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proven to affect survival; it is used to control symptoms only. For patients with sustained

atrial fibrillation or refractory heart failure symptoms, digoxin is recommended [57].

The patient who has familial dilated cardiomyopathy and is identified by genetic diagnosis
might indicate additional or alternative drug therapies. E.g., Patients with specific genetic
diagnoses include mutation in the Sodium voltage-gated channel alpha subunit 5 gene, which
is responsible for the encoding a-subunit of the cardiac sodium channel [58]. The mutated
patient does not respond to conventional drug therapy. Their clinical manifestation can be

reversed by drugs that inhibit the sodium channel, such as amiodarone or flecainide [59].
Non-Pharmacological treatment

Exercise: Much of the evidence suggests that exercise is very beneficial in the treatment and
prevention of heart failure. Elderly people were not enrolled in most studies and the optimum
level and intensity of exercise prescribed are uncertain [60]. In the active phase of
inflammatory cardiomyopathy, exercise is contraindicated in both athletes and non-athletes
and DCM due to Lamin A/C mutation [61].

Device Therapy

Patients with left ventricular systolic dysfunction and desynchronized ventricle activation
may benefit from cardiac resynchronization treatment, which electrically stimulates the left
and right ventricles at the same time or nearly simultaneously by stimulating both or just the
left ventricle. Heart stimulation in this case is what makes it possible. It is possible to treat
patients with an ICD and Cardiac Resynchronization Therapy pacemaker (Cardiac
resynchronization therapy pacemaker) or with a combination of ICD and Cardiac
Resynchronization Therapy pacemaker (CRTP) (in the case of cardiac arrhythmias, an
electric shock can be given in addition to the pacemaker function to reset sinus rhythm).

Cardiac resynchronization treatment is appropriate for patients with heart failure who have a
left ventricular ejection fraction of 35 per cent and a life expectancy of more than one year
and who have sinus rhythm, a considerably prolonged QRS complex (130 ms), and an EKG
shows left bundle branch block. There is still debate on the benefits of Cardiac
Resynchronization Therapy in patients with right bundle branch block or interventricular
septal conduction delay [62]. A study comparing medical therapy, stimulation, and
defibrillation in heart failure (COMPANION) and a study on (CAREHF) were conducted in
2,333 patients with moderate to severe symptomatic heart failure (New York Heart
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Association class 111 or 1V), respectively. Randomized patients. Optimal medical therapy or
optimal drug therapy and Cardiac resynchronization therapy [63, 64]. In the COMPANION
study, CRT reduced the risk of death and hospitalization due to exacerbating heart failure by
24% for CRTP, 36% for CRTICD (CRTD), and 36% for CRTP in the CAREHF study. The
relative risk of hospitalization for CRTP in the CAREHF study was 52%. CRTs improved
symptoms, quality of life, and ventricular function in these studies. Similarly, the effects of
CRT are mild (85% New York Heart Association class | heart failure in MADITCRT studies)
or moderate symptoms (80% New York Heart Association class Il heart failure in outpatient
heart failure study resynchronization/defibrillation). It was found in 3,618 patients.
Investigated (FLOSS)); Patients received either optimal medication and ICD (without
Cardiac resynchronization therapy) or optimal medication and ICD (without Cardiac
resynchronization therapy) [65].

With a relative risk ratio of 34% for Multicentre Automatic Defibrillator Implantation with
Cardiac Resynchronization Therapy and 25% for RAFT, Cardiac resynchronization therapy
reduced the risk of mortality or a major composite endpoint of heart failure hospitalization in
both studies. Using RAFT instead of MADITCRT significantly reduced overall mortality. In
these patient populations, CRTs improve symptoms, quality of life, and ventricular function.
Both MADITCRT and RAFT showed a significant interaction between treatment and
subgroups, and QRS duration affected therapeutic efficacy (It appeared that CRT was more
successful in patients who had QRS values less than 150 ms). CRT was shown to be more
effective in individuals who had left bundle branch block or interventricular conduction
abnormalities than in the general population. In a meta-analysis, the benefits of CRT
mortality were the same in people with ischemic cardiomyopathy and non-ischemic
cardiomyopathy [66]. In all of these investigations, CRTs lowered the risk of mortality in

ventricular function and improved symptoms and quality of life.
Therapies Based on Etiology

For a pathologically coordinated therapy of DCM, a precise diagnosis of the underlying
pathology is necessary [67]. Treatment recommendations for inflammatory DCM are still
lacking. Inflammatory DCM necessitates a multicentre, prospective, randomized study of
immunosuppression and antiviral treatment. In a retrospective analysis, patients with EMB-
positive cardiomyopathy were shown to be negatively affected by immunosuppressive
medication. In patients with EMI-tested chronic virus-negative  myocarditis,
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immunosuppressive medication (TIMICtrial) substantially improved LVEF, placebo-
controlled, a prospective, randomized, study revealed. In individuals with inflammatory
DCM, immunosuppressive medication may be beneficial, according to this study's findings.
In subsequent research, the same findings were shown to be true. To prevent irreparable
remodelling, immunosuppressive medications should be begun immediately [68]. Many
patients develop inflammatory DCM as a result of infectious myocarditis, which is a
prevalent cause of myocarditis [69]. Patients with myocarditis who had a virus in the
myocardium were shown to have a steady loss in LV function, whereas those who had the

virus cleared out on their own were found to have a considerable recovery[70].

There is one last research showing that the adsorption of autoantibodies improves heart
function and decreases inflammation in patients with coronary artery disorder [71]. Due to
inconclusive results, immunoadsorption remains an experimental therapy option. Patients

with cardiomyopathy are now being studied in placebo-controlled, multicentre research.
CONCLUSION AND FUTURE PERSPECTIVE

On the idea of the underlying aetiology, numerous breakthroughs had been executed to
beautify prognosis and higher describe DCM. Clinical care may be progressed via way of
means of utilizing new imaging modalities for DCM, figuring out and the use of novel serum
biomarkers, enhancing the information on the connection between infection, irritation,
autoimmunity, and cardiac harm and remodelling withinside the aetiology of DCM, and
taking benefit of latest cardiac regeneration healing opportunities. The development of
modern-day diagnostic equipment and imaging modalities can convert our information on
sickness pathophysiology. FDG-PET is a beneficial technique for getting to know greater
approximately the hyperlink between cardiac irritation and the improvement of DCM. The
maximum broadly used technique for figuring out systolic disorder is echocardiography. It is
possible to detect systolic dysfunction leading to DCM with the help of advanced
echocardiography techniques, which include speckle tracking echocardiography, global
longitudinal strain, and tissue Doppler strain. When these results are combined with serum
biomarkers of coronary heart failure, like, soluble interleukin-1 receptor-like, BNP,
interleukin-1 receptor, and pro-NT-BNP it is possible to detect DCM much earlier than with

current methods.

The involvement of parasite and viral infections (consisting of Trypanosoma cruzi infection)

withinside the development of DCM needs to be investigated in addition withinside the
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future. There are nonetheless endemic ailments in lots of nations, which can contribute to the

accelerated public fitness burden.

The capacity to regenerate broken and scarred coronary heart tissue in people with DCM is a
hastily rising and promising new subject of medicine. Mortality has dropped as
cardiovascular remedy has advanced, with higher reperfusion cures, implantable
defibrillators, progressive drugs, and coronary heart transplantation. Advances on this subject
are mainly important for DCM due to the fact the sickness is regularly determined handiest
while it has advanced to the factor while the scar tissue is properly installed and remedy to
opposite the system is ineffective. Promising new approaches include the use of
mesenchymal stem cells, fat-derived extracellular vesicles, distant platelet exosome products,
and other innovative approaches. Healthful human cells like adipocytes and platelets secrete
exosomes, which are purified versions of extracellular vesicles. These exosomes are essential
for mobile-to-mobile communication because they contain numerous regulatory elements,
like, RNAs, lipids, and proteins which prevent the development of profibrotic pathologies
and pro-inflammatory. Even if lots of those cures haven't begun to be examined in medical
settings on sufferers with DCM, they have the promise of being a remedy that could save you
or opposite remodelling and sell coronary heart regeneration.
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