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1. Topic 15. Practical lesson № 18: "Cardiomyopathy" - 2 h.
2. Background:
Cardiomyopathy (CMP)  - a disease of the myocardium associated with cardiac dysfunction. There are 5 forms СMP: dilated, hypertrophic, restrictive, arrhythmogenic right ventricular and unclassified. The disease can occur in any age with equal frequency in boys and girls.

Cardiomyopathy is a chronic and sometimes progressive disease in which the heart muscle (myocardium), is abnormally enlarged, thickened and/or stiffened. The condition typically begins in the walls of the heart's lower chambers (ventricles), and in more severe cases also affects the walls of the upper chambers (atria). The actual muscle cells as well as the surrounding tissues of the heart become damaged. Eventually, the weakened heart loses the ability to pump blood effectively and heart failure or irregular heartbeats (arrhythmias or dysrhythmia) may occur.

Cardiomyopathy is nondiscriminatory in that it can affect any adult or child at any stage of their life. It is not gender, geographic, race or age specific. It is a particularly rare disease when diagnosed in infants and young children. Cardiomyopathy continues to be the leading reason for heart transplants in children. Currently there are no published reports specifying the total number of children affected but it is roughly estimated to be in the hundreds of thousands when all forms of cardiomyopathy are taken into account. According to the national pediatric cardiomyopathy registry, 1 in every 100,000 children in the U.S. under the age of 18 is diagnosed with primary cardiomyopathy. This annual incidence rate, however, is extremely conservative. This number excludes the increasing number of children with secondary cardiomyopathy and the large pool of undiagnosed, asymptomatic cases.

 3. Purpose of the lesson

 
3.1. General purpose

- Familiarize students with the urgency of the problem of the spread of the CMP, occurrence of reasons, especially the flow of diagnosis and treatment

- The student must learn ethiology of CMP, pathogenetic mechanism of the disease in children, common diagnostic and therapeutic principles

 - Students have the opportunity to learn theoretical material, communication skills with the patient

 - Students have the opportunity to explore the theoretical origin and development of atopic dermatitis in children, almost to evaluate patients with CMP: history taking, physical examination, assessment of the existing laboratory and instrumental investigations

 
3.2. Educational goals

- Familiarize students with the urgency of the problem of proliferation of cardiomyopathy, occurrence reasons, especially current, diagnostics and treatment

- The student must learn the etiology of cardiomyopathy, the pathogenetic mechanism of the disease in children, common diagnostic and therapeutic principles

 - Students have the opportunity to learn theoretical material, communication skills with the patient

 - Students have the opportunity to explore the theoretical origin and development of atopic dermatitis in children, almost to evaluate patients with cardiomyopathy: history taking, physical examination, assessment of the existing laboratory and instrumental investigations

3.3. Specific objective to know
 1. Etiology and pathogenesis of cardiomyopathy - a) causes cardiomyopathy, b) the pathogenesis of cardiomyopathy. 
 2. Сardiomyopathy clinic: a) classification of cardiomyopathy; 
  b) clinical manifestations,  severity of the process; 
  c) The clinical manifestations of acute, subacute disease; 
  d) clinical features of cardiomyopathy in the initial period, during the height, recovery and residual effects. 
  3. Methods of diagnosis of cardiomyopathy:
 A)  Additional methods (biochemical blood - calcium, phosphorus, alkaline phosphatase); 
  B) X-ray diagnostics changes skeleton; 
  B) Differential diagnosis. 
  4. Treatments include: 
  a) specific therapy; 
  b) non-specific therapy. 
  5. Methods of prevention of cardiomyopathy: 


3.4. On the basis of theoretical knowledge on the topic: 
  - Master the techniques / know /: 
  1. Distinguish clinical signs of cardiomyopathy on the basis of the interpretation of the collected complaints, medical history and disease. 
  2. Perform a visual inspection of the patient with cardiomyopathy. 
  3. On the basis of complaints, anamnesis, objective and laboratory studies to formulate a clinical diagnosis. 
  4. Prescribe treatment according to the severity and course of the disease. 
  5. Develop preventive measures.

4. Materials extracurricular self-study (interdisciplinary integration).
	№ 
	Discipline
	Know
	To be able

	1.
	Previous discipline

	
	1. Anatomy
	The anatomical structure of the cardiovascular system
	Features of the cardiovascular system in children

	
	2. Normal physiology
	Physiology of the cardiovascular system in children
	Mark especially the physiological regulation of the cardiovascular system, mark the pathology of metabolic processes

	
	4. Biochemistry
	Features of the hemostatic system.
	Correctly assess the pathology of metabolic processes at various levels

	
	5. Propedeutics Pediatrics
	Basic concepts about myocarditis, pericarditis

Own survey methodology of the cardiovascular system in children. Rate additional methods of research. Highlight the main pathological symptoms (syndromes), heart disease.

	
	 Hospital Pediatrics
	methods of diagnosis 
  and differential 
  diagnosis of cardiomyopathy
 in children.
	Conduct differential diagnosis with other diseases.

	2.
	Intra integration

	
	1. Dilated

2. Hypertrophic

3. Restrictive

4. Аrrhythmogenic

5. Right Ventricular

6. Unclassified cardiomyopathy

7. Myocarditis

8. Pericarditis

9. Endocarditis
	Etiopatogenez, diagnostic criteria, the basic principles of the treatment of heart diseases in children.

Clinical forms of the cardiomyopathy. Diff. diagnosis of different forms.

Criteria for diagnosis of the basic principles of the Commission's long-term basic treatment in children.
	Conduct the clinical examination of the patient.
Assign treatment for varying degrees of heart failure.

Identify treatment

to lay down a plan of rehabilitation measures.

Perform differential. diagnosis, to lay down a plan of follow-up.


5. Contents of theme

Cardiomyopathy is a chronic and sometimes progressive disease in which the heart muscle (myocardium), is abnormally enlarged, thickened and/or stiffened. The condition typically begins in the walls of the heart's lower chambers (ventricles), and in more severe cases also affects the walls of the upper chambers (atria). The actual muscle cells as well as the surrounding tissues of the heart become damaged. Eventually, the weakened heart loses the ability to pump blood effectively and heart failure or irregular heartbeats (arrhythmias or dysrhythmia) may occur.

Cardiomyopathy is classified as either "ischemic" or "nonischemic". All cases related to children and teenagers are considered "nonischemic" cardiomyopathy. Non-ischemic cardiomyopathy predominately involves the heart's abnormal structure and function. It does not involve the hardening of arteries on the heart surface typically associated with ischemic cardiomyopathy. Nonischemic cardiomyopathy can then be broken down into: 1) "primary cardiomyopathy" where the heart is predominately affected and the cause may be due to infectious agents or genetic disorders and 2) "secondary cardiomyopathy" where the heart is affected due to complications from another disease affecting the body (i.e. HIV, cancer, muscular dystrophy or cystic fibrosis).

There are numerous causes for a complex disease such as cardiomyopathy. For the majority of diagnosed children, the exact cause remains unknown (termed "idiopathic"). In some cases, it may be related to an inherited condition such as a family history of cardiomyopathy or a genetic disorder such as fatty acid oxidation, Barth syndrome, or Noonan syndrome. Cardiomyopathy can also be a consequence of another disease or toxin where other organs are affected. Possible causes include viral infections (Coxsackie B - CVB), auto-immune diseases during pregnancy, the build-up of proteins in the heart muscle (amyloidosis), and an excess of iron in the heart (hemochromatosis). Excessive use of alcohol, contact with certain toxins, complications from AIDS, and the use of some therapeutic drugs (i.e. doxorubicin) to treat cancer can also contribute to the development of the disease.

Forms of Cardiomyopathy

There are four main types of nonischemic cardiomyopathy that are recognized by the World Health Organization: dilated (DCM), hypertrophic (HCM), restrictive (RCM) and arrhythmogenic right ventricular (ARVC). Each form is determined by the nature of muscle damage. With some patients, cardiomyopathy may be classified as more than one type or may change from one type to another over time. According to the pediatric cardiomyopathy survey, dilated cardiomyopathy is the most common (58%), followed by hypertrophic cardiomyopathy (30%) and a few cases of restrictive cardiomyopathy (5%) and arrhythmogenic right ventricular cardiomyopathy (5%). Although not formally categorized by the World Health Organization, left ventricular non-compaction cardiomyopathy (LVNC) is increasingly being recognized. With each type of cardiomyopathy, symptoms and reactions to pharmaceutical or surgical therapies may vary widely among patients.

Dilated Cardiomyopathy (DCM)

Also known as congestive cardiomyopathy
This is the most common form of cardiomyopathy and it affects about 6 per million children each year. Dilated cardiomyopathy (DCM) occurs when disease affected muscle fibers are enlarged or stretched (dilated) in one or more chambers of the heart. Usually, the enlargement begins in one of the two lower pumping chambers (left ventricle) and then proceeds to the heart's upper chambers (atria) as the condition progresses. Eventually over time, all four of the heart's chambers are affected as the heart tries to "compensate" its weakened condition and poor contraction by further stretching. A possible complication is when the valves (mitral or tricuspid) between the upper chambers (atrium) and lower chambers (ventricles) also enlarge. As the heart enlarges, it decreases its efficiency in pumping blood through the body. When the disease progresses to congestive heart failure, fluid can build up in the lungs, liver, abdomen and lower legs.

DCM is usually an acquired condition in adults but with children most cases are idiopathic (unknown cause). Of those acquired cases, the disease can be caused by acute myocarditis an inflammation of the heart muscle from a viral infection. Commonly caused by a group of viruses called Coxsackie B viruses, the body's normal defense system (immune system) malfunctions, damaging heart tissues while attacking the invading virus. Other known causes are frequent use of certain drugs, excessive alcohol use, sensitivity to chemicals and toxins, infection due to HIV, build up of proteins in the heart muscle (amyloidosis), severe anemia or nutritional deficiencies and rare complications from pregnancy. Roughly 30% of cases are familial and genetic in nature.

Hypertrophic Cardiomyopathy (HCM)

Also known as hypertrophic obstructive cardiomyopathy (HOCM), idiopathic hypertrophic subaortic stenosis (IHSS) and asymmetrical septal hypertrophy (ASH), non-obstructive hypertrophic cardiomyopathy (HCM)
The second most common form of heart muscle disease is hypertrophic cardiomyopathy. This disease is characterized by the abnormal growth and arrangement of muscle fibers in the heart (myocardial disarray), leading to excessive thickening of the heart walls. Typically, the portion of muscle mass that is thickest is in the heart's main pumping chamber (left ventricle) with the muscle wall that separates the heart's chambers (septum) affected most often. This condition is referred to as asymmetric septal hypertrophy. Although this is the more common form, the distribution of muscle thickness (hypertrophy), location, and degree of wall thickness may vary greatly among patients. Other forms of hypertrophy are symmetric ventricular hypertrophy (thickening is evenly distributed throughout the ventricle including the septum and wall) and apical hypertrophy (thickening is localized at the bottom portion of the heart).

In all three cases, the thickening of the muscle walls cause the heart chamber to be stiffer and smaller, making it difficult for blood to flow into and out of the heart effectively. This hypertrophy or thickening can progress to severe problems with obstruction of blood flow and relaxation of the left ventricle. Children with HCM are also at an increased risk of arrhythmias and sudden cardiac arrest. In advanced HCM (seen in less than 10% of patients), the disease may progress to a "dilated" form of cardiomyopathy where the heart muscle stretches to compensate for the enlarged muscle wall and poor pumping action.

HCM affects up to 500,000 people in the U.S. with children under 12 accounting for less than 10% of all cases. According to the Pediatric Cardiomyopathy Registry, HCM occurs at a rate of 5 per million children. The cause of HCM is largely unknown but most cases appear to be genetic in origin.

Restrictive Cardiomyopathy (RCM)

Restrictive cardiomyopathy (RCM) is the least common type of cardiomyopathy accounting for only 5% of patients with cardiomyopathy. It is especially rare in children. With this condition, the walls of the lower chambers of the heart (ventricles) have normal pumping function but abnormal relaxation. The ventricles become rigid and lose their flexibility to expand. As a result the upper chambers of the heart (atria) become enlarged while the lower pumping chambers (ventricles) remain normal in size. Eventually, the blood flow to the heart is restricted.

This condition in children is usually idiopathic, but with adults it typically results from another disease occurring elsewhere in the body. Known causes of RCM are build-up of proteins in the heart muscle (amyloidosis), excess iron in the heart (hemochromatosis), scarring of the heart from illness or open-heart surgery, chest exposure to radiation, and connective tissue diseases.

Arrhythmogenic Right Ventricular Cardiomyopathy (ARVC)

Also known as arrhythmogenic right ventricular dysplasia, right ventricular dysplasia, right ventricular cardiomyopathy
Arrhythmogenic right ventricular cardiomyopathy (ARVC) is a very rare condition, and almost unheard of in children. With ARVD, heart muscle cells become disorganized and are replaced by fatty tissue. In the early stages of the disease, the right side of the heart may appear to be thickened in certain patches but later becomes dilated with a thinner wall. As the disease progresses, the muscles in the left portion of the heart are also reduced and thin layers of fat and fibrous tissue appear.

Tissue damage appears to be caused by a problem in the body's natural process to remove damaged cells. The body ends up killing its own healthy heart tissues and replacing it with fat. The disorganized structure of the heart leads to abnormal electrical activity (arrhythmias) and problems with the heart's contraction.

This condition usually presents in teens or early adults and is the most common cause of sudden death in athletes. It is believed to be an inherited disease with various forms of presentation.

Left Ventricular Non-Compaction Cardiomyopathy (LVNC)

Also known as isolated non-compaction of the left ventricular myocardium or spongiform cardiomyopathy
Left ventricular non-compaction (LVNC) is a rare form of cardiomyopathy that is diagnosed by the presence of excessive deep grooves (trabecular recesses) in the muscle wall of the lower chambers (ventricles) of the heart. Both ventricles may be affected by the disease, but in most cases only the left ventricle is involved. It is thought that LVCM is caused by the abnormal embryonic development of the heart muscle. Early in gestational life, the heart starts as a "spongy" network of muscle fibers that gradually becomes compacted or compressed to develop normal coronary circulation.

With LVNC, the heart muscle appears to be a loose weave of fibers instead of a tight layer with all spaces removed. This appearance is described as "non-compaction" or "spongiform," and it can occur in the presence of normal heart function or in association with ventricular dysfunction where the heart muscle does not squeeze normally. When the ventricular function is below normal, it is called non-compaction cardiomyopathy, which can be associated with poor contraction and/or poor filling of the heart. When the heart function is found to be normal, the presence of non-compaction does not appear to be harmful. At this point, it is not known if non-compaction is an abnormality or if it is just a variation of "normal." Although there are concerns that the non-compaction pattern may evolve over time into non-compaction cardiomyopathy, it is not known how often this transition occurs and how often the ventricular function simply remains normal.

LVNC is estimated to affect about 1.2 per million children between 0-10 years of age. Similar to other forms of cardiomyopathy, it can be familial (genetic) or sporadic. There have been reports of specific gene mutations associated with LVNC, and the condition has been detected in patients who have generalized skeletal muscle weakness and other signs of neuromuscular or metabolic disorders.

General Complications From Cardiomyopathy

Several complications can occur with cardiomyopathies such as arrhythmias, heart block, blood clots, endocarditis, congestive heart failure and premature or sudden death. The most likely complications to occur in diagnosed children arrhythmias and congestive heart failure.

Arrhythmias

Many cardiomyopathies affect the heart's normal electrical impulses generating irregular heartbeats. With prolonged arrhythmias, the heartbeat may become either too fast (tachycardia) or too slow (bradycardia) and can occur in either the heart ventricles or atrial. If tachycardias are not treated they can become fibrillations which can be life threatening. Ventricular fibrillation is the most common arrhythmia associated with cardiomyopathy in children. With fibrillations, the regular rhythm of the heartbeat is lost and replaced by a chaotic, rapid heartbeat. This abrupt loss of organized heart function leads to insufficient blood being pumped to the body.

A very slow heart rate (bradycardia) can also occur when there is a problem in transmitting the electrical signal to contract the heart. If the heart's pumping ability is severely reduced, an artificial pacemaker may be needed.

About 10% of patients with hypertrophic cardiomyopathy develop arrhythmias. Patients with arrhythmogenic right ventricular and dilated cardiomyopathy are also susceptible but to a lesser degree. Early identification of high-risk patients allows for early treatment with anti-arrhymic medications or an implantable pacemaker/defibrillator to prevent sudden cardiac arrest.

Heart Block

If the normal electrical system within the heart fails to function properly, the heart's conduction is disrupted and the heartbeat may become too slow. If this occurs, a pacemaker needs to be implanted.

Blood Clots

With dilated cardiomyopathy, the blood flow through the heart is abnormal which may cause blood clots to form within the heart (thromboembolism). Blood clots can damage other organs including the lungs and brain.

Endocarditis

Children with cardiomyopathies or who have had heart surgery are more susceptible to endocarditis. This is an infection of the heart walls, valves or blood vessels caused by bacteria entering the blood stream. It typically occurs after a dental procedure or surgical procedures involving the gastrointestinal or urinary tract. Infection can lead to serious illness, additional heart damage and even death in rare instances. Taking prophylactic antibiotics (amoxicillin, erythromycin) before any dental or surgical procedures can help prevent endocarditis.

Congestive Heart Failure

This is a common feature of all late stage cardiomyopathies when the muscles of the heart become too weak to pump enough blood to the body for normal function. When this happens, fluid can build up in the lungs or in the rest of the body, causing difficulties in breathing, swelling, poor appetite, exercise intolerance and gastro-intestinal distress.

Premature Or Sudden Death

Sudden death is not as common in children with dilated cardiomyopathy. On the other hand, children with hypertrophic or restrictive cardiomyopathy are at a great risk of cardiac arrest occurring with little or no warning. Sudden death can be caused by several factors related to arrhythmia (i.e. ventricular tachycardia), myocardial ischemia, outflow obstruction, and intense physical activity.

Pediatric Dilated Cardiomyopathy
Dilated cardiomyopathy (DCM) refers to congestive cardiac failure due to dilation and systolic dysfunction of the ventricles (predominantly the left ventricle). It is the most common form of heart muscle disease in children. 
 Signs and symptoms

Onset of DCM is usually insidious but may be acute in as many at 25% of patients. Approximately 50% of patients with DCM have a history of preceding viral illness.

Initial presenting symptoms typically include the following:

· Cough

· Poor feeding

· Irritability

· Shortness of breath

· Pallor

· Sweating

· Fatigability

· Failure to gain weight

· Decreased urine output

Wheezing may be an important clinical sign, suggesting congestive heart failure in infants.

Other symptoms at presentation, found in approximately 20% of patients, are as follows:

· Chest pain

· Palpitations

· Orthopnea

· Hemoptysis

· Frothy sputum

· Abdominal pain

· Syncope

· Neurologic deficit

Physical Examination

In a patient with established disease, features of congestive heart failure are dominant.

The infant or young child with the disease is often tachypneic, tachycardic with weak peripheral pulses, and has cool extremities and hepatomegaly. Blood pressure is low, with a decreased pulse pressure. In extreme cases, patients may present in shock.

Older children may show dependent edema, elevated jugular venous pulses, and fine basal crepitations in the lungs.

Major cardiac findings include the following:

· Cardiomegaly

· Quiet precordium

· Tachycardia

· Gallop rhythm (S 3 and/or S 4)

· Accentuated P-2

· Murmurs of mitral and tricuspid regurgitation

Murmurs may be inconspicuous initially if the patient presents with acute heart failure.

Infants often present with predominantly respiratory signs and, in the absence of a precordial heave or prominent murmur, the underlying cardiac disease may remain undiagnosed until cardiomegaly is detected on a chest radiograph.

Background

Idiopathic dilated cardiomyopathy (DCM) refers to congestive cardiac failure secondary to dilatation and systolic dysfunction (with or without diastolic dysfunction) of the ventricles (predominantly the left ventricle) in the absence of congenital, valvular, or coronary artery disease or any systemic disease known to cause myocardial dysfunction. DCM is the most common type of heart muscle disease in children.

All 4 cardiac chambers are dilated and are sometimes hypertrophied. Dilation is more pronounced than hypertrophy, and the left ventricle is affected more often than the right ventricle. The cardiac valves are intrinsically normal, although the mitral and tricuspid valve rings are dilated, and the valve leaflets do not appose each other in systole, giving rise to varying degrees of mitral regurgitation, tricuspid regurgitation, or both.

Persistent mitral regurgitation leads to thickening of the mitral valve leaflets, and, at times, distinguishing this thickening from other causes of mitral regurgitation is difficult. Thrombus formation (secondary to the low-flow cardiac output state) is often seen in the left ventricular apex and, at times, is seen in the atria. Occasionally, the right ventricle is preferentially involved in the cardiomyopathic process; this often indicates a familial basis.

Onset is usually insidious but may be acute in as many as 25% of patients with DCM, especially if exacerbated by a complicating lower respiratory infection. Cough, poor feeding, irritability, and shortness of breath are usually the initial presenting symptoms. In a patient with established disease, features of congestive heart failure are dominant. (See Clinical.)

Echocardiography and Doppler studies form the basis for the diagnosis of dilated cardiomyopathy (DCM) in most patients (see Workup). Cardiac transplantation is currently the optimal treatment for DCM-induced resistant chronic heart failure in children (see Treatment).

Patient education is a continuous process from the time of diagnosis. Explain the disease process, management, and prognosis to parents and older patients. In cases of familial DCM, patients and their families should be told about the genetic implications. For patient education information, see the Heart Center, as well as Heart and Lung Transplant.

Pathophysiology

Injury to the myocardial cell is the initiating factor that leads to cell death. If considerable cell loss occurs, the myocardium fails to generate enough contractile force to produce adequate cardiac output. This results in the activation of the following compensatory mechanisms:

· The renin-angiotensin-aldosterone system

· Sympathetic stimulation

· Antidiuretic hormone production

· Release of atrial natriuretic peptide

These compensatory mechanisms help to maintain cardiac output in the initial phase; however, as myocardial damage progresses, persistent and excessive activation can be detrimental to cardiac function, leading to overt congestive heart failure.

The theory that left ventricular noncompaction is an underlying factor in the development of DCM in young infants has received much attention.[1, 2, 3]
Over-stretching of the ventricles causes myocardial thinning, cavity dilation, secondary valvular regurgitation, and compromised myocardial perfusion. The resulting subendocardial ischemia perpetuates myocyte damage.

Myocardial remodeling is an important contributor to worsening heart failure.[4] Lost myocyte cells are replaced with fibrous tissue, thereby decreasing the compliance of one or more ventricles and adversely affecting performance. Aldosterone, angiotensin II, catecholamines, endothelins, and mechanical factors, such as excessive myocardial stretch and ischemia, have been identified as mediators of remodeling. The degree of left ventricular dilatation has been reported to influence short-term outcome in children listed for transplant.[5]
Apoptosis (ie, programmed cell death) is now believed to play a role in the continuing loss of myocardial cells in chronic heart failure. Overloading of myocytes possibly triggers apoptosis without fibrosis.

Heightened peripheral vasoconstriction, abnormal and excessive remodeling of the peripheral vasculature, and abnormalities in endothelium-dependent vasodilation contribute to the progression of heart failure. Abnormal responses to muscarinic stimulation along with a defect in the endothelial nitric oxide pathway have been suggested as the potential underlying mechanisms.

Altered gene expressions resulting in calcium-handling abnormalities, downregulation of myosin or conversion to the less-active beta isoform, and abnormal beta-receptor signal transduction have all been identified at the molecular level in the chronically failing heart.

Etiology

Various factors have been identified as causes of myocardial damage. These are presented in Table 1, below. However, in the vast majority of patients, no specific etiology is demonstrable (ie, idiopathic DCM). Systemic carnitine deficiency and anthracycline-induced cardiomyopathy are notable exceptions. Three major factors have been implicated in the pathogenesis of myocardial damage in DCM: preceding viral myocarditis, autoimmunity, and u

	Category Of Factors
	Specific Factors

	Viral infections (myocarditis)
	Coxsackievirus B, human immunodeficiency virus, echovirus, rubella, varicella, mumps, Epstein-Barr virus, cytomegalovirus, measles, polio

	Bacterial infections
	Diphtheria, Mycoplasma, tuberculosis, Lyme disease, septicemia

	Rickettsia
	Psittacosis, Rocky Mountain spotted fever

	Parasites
	Toxoplasma, Toxocara, Cysticercus

	Fungi
	Histoplasma, coccidioidomycoses, Actinomyces

	Neuromuscular disorders
	Duchenne or Becker muscular dystrophies, Friedreich ataxia, Kearns-Sayre syndrome, other muscular dystrophies

	Nutritional factors
	Kwashiorkor, pellagra, thiamine deficiency, selenium deficiency

	Collagen vascular diseases
	Rheumatic fever, rheumatoid arthritis, systemic lupus erythematosus, dermatomyositis, Kawasaki disease

	Hematological diseases
	Thalassemia, sickle cell disease, iron deficiency anemia

	Coronary artery diseases
	Anomalous left coronary artery from pulmonary artery, infarction

	Drugs
	Anthracycline, cyclophosphamide, chloroquine, iron overload

	Endocrine diseases
	Hypothyroidism, hyperthyroidism, hypoparathyroidism, pheochromocytoma, hypoglycemia

	Metabolic disorders
	Glycogen-storage diseases, carnitine deficiency, fatty acid oxidation defects, mucopolysaccharidoses

	Malformation syndromes
	Cri-du-chat (cat-cry) syndrome


Viral myocarditis

Epidemiologic, serologic, and molecular studies have detected evidence of enteroviral infection, in particular coxsackievirus B, in 20-25% of patients. Evidence also implicates various other viruses. In fact, the most common associated viruses appear to vary over time.[6, 7] Currently, coxsackievirus B is likely a less common cause of DCM than in the past.

Currently, no methods can be used to distinguish cardiovirulent strains of enteroviruses from those that are not virulent. Furthermore, the presence of a virus in a patient with DCM does not necessarily establish a causal relationship. Demonstration of viral DNA or RNA by polymerase chain reaction (PCR) is a more reliable method for revealing viral myocarditis. Unfortunately, obtaining myocardial tissue is invasive.

The exact mechanism of myocardial damage (rapid destruction or a long-term slowing of cardiomyocyte function) also remains unclear.[8]
Autoimmunity

Animal studies have shown that DCM is an autoimmune disease in genetically predisposed strains of mice. In humans, approximately 30-40% of adult patients with DCM have organ-specific and disease-specific autoantibodies. The absence of these antibodies in the remaining patients may be related to the stage of disease progression.

It has been postulated that an insult such as viral myocarditis initiates an autoimmune process with superantigen-triggered immune responses, resulting in massive T-lymphocyte activation and myocardial damage.

Genetic predisposition

Genetic causes account for 25-50% of DCM cases.[9] The role of genetic factors is exemplified by the studies on familial DCM.[10, 11] Patients with familial DCM have an increased frequency of human leukocyte antigen (HLA)-DR4. The frequency of HLA-DQA1 0501 alleles has been reported to be significantly higher in patients with idiopathic DCM.[12]
Autosomal dominant and recessive inheritance, X-linked transmission, and polygenic and mitochondrial inheritance have all been documented. 

Mutation screening of the exons that code for actin, β myosin heavy chain (MYH7gene), cardiac troponin T (TNNT2 gene), phospholamban (PLN gene), titin, αβ-crystallin, and the cardio-specific exon of metavinculin (VCL gene) could be helpful in detecting some forms of familial DCM.

Anthracycline cardiotoxicity

Anthracyclines, which are widely used in the management of childhood malignancies, account for as many as 30% of cases of DCM in the United States and a lesser percentage in other countries.

Besides DCM, the other manifestations of anthracycline cardiotoxicity include restrictive cardiomyopathy (symptomatic and asymptomatic), cardiac arrhythmias[13], asymptomatic left ventricular enlargement, and more subtle changes of cardiac function.

Cardiotoxicity has 2 types: early onset and late onset. The early-onset type may be acute nonprogressive or chronically progressive.

Acute-onset type is defined as left ventricular dysfunction during or immediately following infusion of anthracycline and is attenuated by discontinuation of therapy. With use of low-dose regimens, this type is becoming rare.

Electrocardiographic (ECG) changes include nonspecific ST segment and T wave changes, decreased QRS voltage, prolonged QT interval, and sinus tachycardia. Less commonly, ventricular, junctional, or supraventricular tachycardia or atrioventricular and bundle branch blocks. Blood levels of cardiac troponin T (cTnT) are a specific marker of this type of injury.

Early-onset chronically progressive toxicity presents within 1 year of completion of therapy and persists or progresses even after discontinuation of therapy. Clinical features are similar to any other type of cardiomyopathy and include ECG changes, left ventricular dysfunction, arrhythmias, reduced exercise-stress capacity, and even overt signs of heart failure. Blood levels of cTnT are elevated. Presence of early-onset cardiotoxicity is believed to be a harbinger of poor patient outcome.

Late-onset toxicity clinically manifests after a latent period of 1 or more years following completion of therapy. This type of manifestation is presumably due to diminished left ventricular contractility and an inappropriately thin left ventricular wall, resulting in elevated wall stress and progressive left ventricular dysfunction.

Myocyte loss underlies all these sequelae, and alteration of myocellular protein transcription by anthracyclines may contribute. Thus, the latent period is not latent at all, and more sensitive markers may be able to detect the changes earlier. Late-onset asymptomatic toxicity has also been reported, but more detailed questioning often reveals easy fatigability or dyspnea in many of these patients.

Risk factors contributing to the development of anthracycline cardiotoxicity include the following:

· Total cumulative dose (20% mortality with cumulative dose >550 mg/m 2, 65% frequency of subtle echocardiographic changes with dose >400 mg/m 2, and histologic evidence of toxicity with >240 mg/m 2)

· Female sex (higher cellular concentrations because of higher body fat percentage)

· Young age

· Rate of drug administration (maximum risk with doses >50 mg/m 2/dose)

· Concomitant cardiac radiation exposure or use of amsacrine

· Black race

· Trisomy 21

Epidemiology

In the United States, the reported incidence rate of DCM is 0.57 cases per 100,000 children.[14] The incidence rate in Finland is 2.6 cases per 100,000 children.[15] In the United Kingdom, the incidence rate is 0.87 cases per 100,000 individuals older than 16 years.[16] No reliable figures are available for the rest of the world. Genetic causes account for more than 30% of DCM cases.

DCM is reportedly more common in boys than in girls, and some forms are clearly X-linked.[14] All age groups are affected. However, studies suggest that DCM is more common in infants (age < 1 y) than in children.[14] Fetal presentation is uncommon.

Diagnosis

Echocardiography and Doppler studies form the basis for the diagnosis of DCM. They are the most informative noninvasive tests for diagnosing the type of cardiomyopathy and the degree of dysfunction in the heart muscle.

Chest radiography can reveal cardiomegaly and pulmonary edema. Cardiomegaly that is incidentally detected on a chest radiograph or an arrhythmia that is incidentally detected on an electrocardiogram (ECG) may be the basis for initial cardiac referral. ECG can evaluate the amount of cardiomegaly and reveal any abnormal heart rhythm.

The complete blood count, erythrocyte sedimentation rate, and C-reactive protein level may show evidence of acute inflammation in patients with DCM in the presence of active myocarditis.

First-pass test and multiple gated acquisition (MUGA) scans help to measure the left and right ventricular stroke volumes and cardiac outputs. They are also helpful in documenting dyskinetic segments in the ventricular wall.

Invasive procedures
Invasive procedures such as cardiac catheterization should be performed by experienced pediatric cardiologists and only when absolutely essential. Children with DCM are at a particular risk for complications during cardiac catheterization studies and angiography. At present, preparation for cardiac transplantation and need for myocardial biopsy are the main indications for performing the procedure.

Myocardial biopsy is usually performed in preparation for cardiac transplant and post-transplant follow-up monitoring.

Approach Considerations

Echocardiography and Doppler studies form the basis for the diagnosis of dilated cardiomyopathy (DCM) in most patients. Cardiomegaly that is incidentally detected on a chest radiograph or an arrhythmia that is incidentally detected on an electrocardiogram (ECG) may be the basis for initial cardiac referral.

ECG changes are usually nonspecific. The main role of ECG is to detect evidence of myocardial ischemia that might point to an anomalous coronary artery as the etiology of the cardiomyopathy.

Cardiac catheterization studies, angiography, and myocardial biopsy are preformed principally as preparation for cardiac transplantation.

Blood Studies

The complete blood count, erythrocyte sedimentation rate, and C-reactive protein level may show evidence of acute inflammation in patients with dilated cardiomyopathy (DCM) in the presence of active myocarditis. Similarly, creatine kinase–myocardial fraction may be elevated.

Rising titers of specific viral-neutralizing antibodies in the serum and positive viral cultures from nasopharyngeal or stool swabs may suggest a viral etiology; however, this does not necessarily mean a cause-and-effect relationship.

Serum carnitine levels (total and free) are low when the disease is due to systemic carnitine deficiency.

Arterial blood gas (ABG) analysis reveals early stages of mild respiratory alkalosis and, later, mild hypoxemia secondary to pulmonary edema. In advanced disease, mixed acid-base disturbances with metabolic acidosis indicate the need for intravenous inotropes and ventilatory assistance.
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Chest Radiography

Chest radiography reveals cardiomegaly with a prominent left ventricular apex and prominent pulmonary artery segment.

Elevation of left main bronchus reflects dilation of the left atrium. This can result in compression of the left lower lobe bronchus when combined with a dilated pulmonary artery, leading to collapse of the left lower lobe of the lung.

Pulmonary venous congestion and frank pulmonary edema are often evident. When present, pleural effusion is better appreciated in the erect and lateral decubitus films.

Massive cardiomegaly resembling pericardial effusion is the hallmark of established disease.

Rarely, in fulminant cases, cardiomegaly may not be prominent because the ventricle has not had time to dilate despite the presence of features of pulmonary edema.

Echocardiography and Doppler Studies

These form the basis for the diagnosis of DCM in most patients. Marked dilation of the left ventricle with global hypokinesia is the hallmark of the disease. Left ventricular fractional shortening is usually less than 25% (ejection fraction < 50%). Left ventricular walls are thin and areas of dyskinesis may be observed.

The left atrium is also dilated, and mitral valve leaflets show sluggish movement; the anterior leaflet does not appose to the interventricular septum, giving an increased E point septal separation on the M-mode pictures. (See the images below.) The M-mode also clearly reveals the limited excursions of the anterior and posterior leaflets during diastole.

Doppler studies show varying degrees of mitral regurgitation secondary to left ventricular dilation and possible papillary muscle dysfunction. See image below. Mitral regurgitation is more prominent in follow-up studies after commencing therapy when the cardiac output has improved. Left ventricular ejection parameters show decrease in peak velocity and peak acceleration, prolongation of the pre-ejection period, and decrease in ejection time. These flow measurements are dependent on loading conditions.

The dilatation of the mitral valve ring and the altered shape of the left ventricle cavity, which lead to change in the direction of the papillary muscles, are used to explain the secondary mitral regurgitation seen in a large proportion of children with DCM. Tissue Doppler studies have recently been reported in children with DCM.

Parameters of diastolic dysfunction are not reliable in the presence of established systolic dysfunction and mitral regurgitation; however, they may be useful in the early stages of the disease. Diastolic dysfunction is not as typical or as pronounced as it is in hypertrophic cardiomyopathy.

More detailed evaluation of mechanical dyssynchrony and its association with clinical status in children with DCM is increasingly used in specialized centers in an attempt to predict outcome.[25] The standard deviation of QRS to peak systolic velocity interval using tissue Doppler can be measured in 12 left ventricular segments as a dyssynchrony index (DI). DI reference ranges for children have not been established; the current adult-defined DI reference ranges are used to define dyssynchrony.

Longitudinal function can be assessed by serial measurements of the mitral and tricuspid valve displacements in systole. Speckle tracking strain can complement tissue Doppler imaging in identification of dyssynchrony.[26] Real time 3-dimensional echocardiography also helps to assess for dyssynchrony.[27]
Long-standing cases show evidence of pulmonary hypertension in the form of right ventricular dilation and hypertrophy and tricuspid regurgitation. Tricuspid regurgitation and pulmonary regurgitation velocities give an estimate of the pulmonary artery systolic and diastolic pressures respectively.

In severe cases, swirling echodensity (smoke or spontaneous echocardiographic contrast) can be observed along the outer ventricular wall, moving from the mitral valve towards the aortic valve. Occasionally, thrombi can be visualized in the left ventricular apex and in the left atrium. Pericardial effusion also may be present.

Echocardiography can exclude other heart diseases, both congenital and acquired. Cardiomyopathy secondary to severe aortic stenosis, coarctation of aorta or congenital mitral valve dysplasia, and anomalous left coronary artery arising from pulmonary artery (ALCAPA) are the major differential diagnoses.

At times, identifying cardiomyopathy secondary to congenital mitral regurgitation (dysplastic mitral valve without stenosis) is difficult, but the abnormal anatomy of the mitral valve leaflets should help. The echo-dense papillary muscles and the dilated proximal right coronary artery and continuous retrograde flow of blood into the origin of pulmonary artery all direct the attention of the cardiologist to ALCAPA, a potentially treatable condition that mimics DCM.

Early diagnosis of DCM from anthracycline toxicity requires periodic Doppler echocardiography studies during therapy and for several years after cessation of treatment. It also requires more widespread use of load-independent measurements of cardiac contractility (eg, stress velocity index), which incorporate measurements of contractility, afterload, and preload.

First-pass test and multiple gated acquisition (MUGA) scans help to measure the left and right ventricular stroke volumes and cardiac outputs. They are also helpful in documenting dyskinetic segments in the ventricular walls. Although theoretically superior to echocardiographic measurements, their practical application is limited because of a lack of standardization and because of nonreproducibility, especially in children.

Thallium studies can identify areas of decreased myocardial perfusion, although this is seldom required.

Gallium-67 citrate (Ga-67) scintigraphy and indium-111 (In-111) altumomab pentetate antimyosin antibody cardiac imaging have been suggested to help identify ongoing inflammation noninvasively. They may be used to identify patients who might benefit from myocardial biopsy.

Electrocardiography

ECG changes are usually nonspecific. Some patients have the following findings:

· Sinus tachycardia

· Downward frontal plane QRS axis

· Left atrial enlargement

· Left ventricular hypertrophy

· Deep Q waves with ST segment depression

· Tall T waves in leads I, aVL, V 5, V 6 (these reflect left ventricular volume overload)

In more advanced disease, right-axis deviation, right atrial enlargement, and right ventricular hypertrophy are seen. These result from pulmonary hypertension.

The main role of ECG is to detect evidence of myocardial ischemia (pathologic Q waves with ST elevation and T-wave inversion in leads I, aVL, V5, V6) that might point to anomalous coronary artery as the etiology of the cardiomyopathy. A segmental myocarditis may result in ECG features of myocardial infarction.

Cardiac arrhythmias, such as supraventricular/ventricular ectopy or tachycardia, may be revealed. These might indicate an underlying myocarditis or cardiomyopathy. On the other hand, if the arrhythmia is sustained, it may be the cause of the cardiomyopathy rather than the result (ie, tachycardia-mediated cardiomyopathy).

Cardiac Catheterization and Angiography

Children with DCM are at a particular risk for complications during cardiac catheterization studies and angiography. Procedures should be performed by experienced pediatric cardiologists and only when absolutely essential.

At present, preparation for cardiac transplantation and need for myocardial biopsy are the main indications for performing the procedure. Patients should be under optimum medical therapy and kept hemodynamically stable before and after catheterization. Careful observation is required during the procedure for ventricular arrhythmias and hemodynamic deterioration.

Echocardiography should be considered after catheterization to identify any pericardial effusion secondary to subclinical perforation of the myocardium, especially if a biopsy has also been performed. Aortography may be performed to identify coronary artery anatomy, and left ventricular angiography may be performed to assess mitral valve function. The number of biopsy specimens collected should be limited to the minimum required (usually 4-8).

Usual findings include elevated filling pressures in all the cardiac chambers (especially the left ventricle), elevated pulmonary wedge pressure, and reduced cardiac output and stroke volume. Mixed venous oxygen saturation and reduced arterial saturation reflect low cardiac output and pulmonary edema. Pulmonary and systemic vascular resistances are elevated. With end-stage disease, the peak systolic left ventricular and aortic pressures drop.

Myocardial Biopsy

At present, preparation for cardiac transplant and post-transplant follow-up monitoring for rejection are the main indications for biopsy. If facilities are available, molecular or metabolic studies can be additional indications for academic and research purposes. Rarely, suspected metabolic diseases (eg, isolated myocardial carnitine deficiency, rare forms of glycogen storage disease, fatty acid oxidation defects) or persistent myocarditis might require biopsy for confirmation. The most important aspect is the availability of a sufficient level of expertise for interpretation of the findings.

Specimens should be subjected to both light and electron microscopy. Polymerase chain reaction (PCR) and metabolic studies should be performed when indicated. Histologic features are nonspecific in most patients and include myocardial cell loss with varying degree of necrosis and fibrosis. In the presence of myocarditis, lymphocytic infiltration of varying degree is also present (Dallas criteria).

PCR has been used to aid the detection of viral antigens in myocardial tissue in patients with DCM.[6, 7] Studies have revealed an association between viral antigens and DCM. However, a proportion of the studies gave negative results. A meta-analysis of the studies on DCM gave an odds ratio of 3.8 to the association between presence of viral antigens in DCM.

The results of PCR studies are influenced by such factors as contamination from the reference strain used in the laboratory and choice of the controls. It also is not clear whether these positive cases among DCM actually represented acute myocarditis rather than DCM.

The Two Steps to Diagnosis

Step-by-step charts (see Tables 3 and 4, below) guide the evaluation of children with suspected DCM to help clinicians arrive at a firm diagnosis.

Making the diagnosis

Table 3. Diagnosis of Dilated Cardiomyopathy in Children - Step I: Diagnosis

Table 1. Factors Identified as Causes of Myocardial Damage

	Category Of Factors
	Specific Factors

	Viral infections (myocarditis)
	Coxsackievirus B, human immunodeficiency virus, echovirus, rubella, varicella, mumps, Epstein-Barr virus, cytomegalovirus, measles, polio

	Bacterial infections
	Diphtheria, Mycoplasma, tuberculosis, Lyme disease, septicemia

	Rickettsia
	Psittacosis, Rocky Mountain spotted fever

	Parasites
	Toxoplasma, Toxocara, Cysticercus

	Fungi
	Histoplasma, coccidioidomycoses, Actinomyces

	Neuromuscular disorders
	Duchenne or Becker muscular dystrophies, Friedreich ataxia, Kearns-Sayre syndrome, other muscular dystrophies

	Nutritional factors
	Kwashiorkor, pellagra, thiamine deficiency, selenium deficiency

	Collagen vascular diseases
	Rheumatic fever, rheumatoid arthritis, systemic lupus erythematosus, dermatomyositis, Kawasaki disease

	Hematological diseases
	Thalassemia, sickle cell disease, iron deficiency anemia

	Coronary artery diseases
	Anomalous left coronary artery from pulmonary artery, infarction

	Drugs
	Anthracycline, cyclophosphamide, chloroquine, iron overload

	Endocrine diseases
	Hypothyroidism, hyperthyroidism, hypoparathyroidism, pheochromocytoma, hypoglycemia

	Metabolic disorders
	Glycogen-storage diseases, carnitine deficiency, fatty acid oxidation defects, mucopolysaccharidoses

	Malformation syndromes
	Cri-du-chat (cat-cry) syndrome


Identifying the etiology

Table 4. Diagnosis of Dilated Cardiomyopathy in Children - Step II: Identification of Any Underlying Etiology

	Approach
	Findings
	Conclusion

	Clinical features
	Positive family history
	Genetic cause for dilated cardiomyopathy

	Acute or chronic encephalopathy, muscle weakness, hypotonia, growth retardation, recurrent vomiting, lethargy
	Inborn error of metabolism involving energy production
	

	Coarse or dysmorphic features, organomegaly, skeletal abnormalities, short stature, chronic encephalopathy, cherry-red spot in eyes
	Storage diseases
	

	Skeletal muscle weakness without encephalopathy
	Neuromuscular disorders
	

	Blood investigations
	High blood urea nitrogen and creatinine levels, low calcium and magnesium levels, electrolyte disturbances
	Help in the initial management; occasionally point to a cause of dilated cardiomyopathy, especially in neonates

	Elevated acute-phase reactants and cardiac enzyme levels
	Myocarditis
	

	Positive viral titers
	Viral myocarditis
	

	Low serum carnitine levels
	Systemic carnitine deficiency
	

	Hypoglycemia with low or no acidosis (ketosis)



1. High insulin levels, low free fatty acid



2. Low insulin levels, high free fatty acid


	1. Infant of diabetic mother, nesidioblastosis



2. Defect in fatty acid oxidation or carnitine metabolism


	

	Hypoglycemia with moderate or high acidosis (ketosis)



1. Low or normal lactate and abnormal urine and serum organic acid levels



1. High lactate
	1. Organic (propionic, methylmalonic) acidemias, or ß-ketothiolase deficiency


2. Glycogen storage disease, Bath and Sengers syndromes, pyruvate dehydrogenase deficiency, mitochondrial enzyme deficiency
	

	Hyperammonemia with acidosis
	Organic acidemias (as above)
	

	Specific enzyme assay
	Confirms enzymatic defect
	

	Absence of above physical and biochemical abnormalities
	Post myocarditis or idiopathic dilated cardiomyopathy
	

	Cardiac catheterization
	Evaluate hemodynamics
	Useful to predict prognosis and evaluate for transplant

	Coronary angiography
	Abnormal origin of left coronary artery from pulmonary artery
	Anomalous left coronary artery from pulmonary artery

	Myocardial biopsy
	Myocyte hypertrophy and fibrosis without lymphocytic infiltrate
	Dilated cardiomyopathy

	Inflammatory cell infiltration, cell necrosis
	Myocarditis
	

	Special stains
	Mitochondrial or infiltrative diseases
	

	Molecular studies (on blood, fibroblasts, or myocardial cells)
	Nucleic acid hybridization studies



Polymerase chain reaction studies


	Myocarditis

	DNA mutation analysis
	Identifies specific genetic defect
	


 

Management

Approach Considerations

Initial therapy in dilated cardiomyopathy (DCM) is largely directed at the symptoms of the underlying heart failure. Diuretics, angiotensin-converting enzyme (ACE) inhibitors, and beta-blockers are used.

Perform general supportive measures in patients with DCM during acute-stage management, including endotracheal intubation and mechanical ventilation, vasoactive infusions, and fluid/acid-base management. Treat chest infections appropriately. Treat anemia appropriately.

Supplemental oxygen is of benefit only in patients with hypoxia (as with pneumonia or pulmonary edema).

Cardiac transplantation is currently the optimal treatment for DCM-induced resistant chronic heart failure in children. Limiting factors include availability of a suitable donor, complications of rejection, and lifelong immunosuppression. Survival rates of as much as 92% at 5 years[28] and 53% at 15 years have been reported.[29] A variety of other surgical procedures have been studied.

Pharmacologic Therapy

Diuretics, ACE inhibitors, and beta-blockers form the pharmacologic regimen for heart failure in DCM. Diuretics may provide an improvement in symptoms, whereas ACE inhibitors appear to prolong survival.

Beta-blocker therapy in children with chronic heart failure due to DCM has been shown to improve symptoms and left ventricular ejection fraction. Carvedilol is a beta-adrenergic blocker with additional vasodilating action. Carvedilol, in addition to standard therapy for dilated cardiomyopathy in children, is believed to improve cardiac function and symptoms; it is well tolerated, with minimal adverse effects, but close monitoring is necessary because it might worsen congestive heart failure and precipitate asthma. Furthermore, randomized control studies have not yet documented the beneficial effects of carvedilol, although it is not clear whether these studies were large enough to bring out the differences.[30]
Anticoagulants and antiarrhythmic agents, particularly amiodarone, are often used in patients with low myocardial contractility and symptomatic arrhythmias, respectively. Results are encouraging. Presence of intracardiac thrombi, symptomatic or not, is another indication for anticoagulant therapy.[31]
Carnitine supplements (100 mg/kg IV infusion over 30 min, followed by 100 mg/kg/day as continuous infusion for 24-72 hours; 25-50 mg/kg/dose PO bid or tid, not to exceed 200 mg/kg/day) reverse the myocardial dysfunction in most patients affected by systemic carnitine deficiency.

Investigational drug therapy

Coenzyme Q10 has also been used in children with DCM, with variable results.[32]
Decreased serum levels of growth hormone (GH), which acts on cardiac myocytes primarily through insulinlike growth factor (IGF)-1, are associated with impaired myocardial growth and function, which can be improved with the restoration of GH/IGF-1 homeostasis. Based on this hypothesis and on observation of benefits in animal models, GH therapy has been used in children with DCM, but the results have not been conclusive.

Palliative, Bridge, and Experimental Surgery

Palliative surgical measures are associated with significant mortality and morbidity rates despite advances. Resection of a large segment of the hypertrophied ventricular muscle (Batista procedure) and repair or replacement of mitral valve to minimize volume overload of left ventricle have been used as palliative measures. Cardiomyoplasty is the transposition of electrically transformed skeletal muscle to provide systolic and diastolic augmentation to the native heart.

Mitral valve repair and partial left ventriculectomy have been found to be feasible in selected patients and help reduce symptoms in most patients and help[33] reduce left ventricular dimensions in some patients; however, whether it can modify the natural history, especially the need for cardiac transplantation, is unclear.[34]
Implantable mechanical support devices, modified for use in infants and children, have been introduced to support the failing heart until a suitable donor is available for transplantation (bridge to transplant). The Berlin Heart EXOR pediatric has also been successfully used in several centers.[35] Major limitations include infection, thromboembolism, disturbance from noise, and the need to frequently recharge batteries.

Cardiac resynchronization therapy using a biventricular pacemaker has been shown to be effective in adults with DCM. In addition, these devices are available with defibrillator backup for patients at risk for ventricular arrhythmias. They are used in children with DCM with early favorable results.[36]
In adult studies, some patients receiving prolonged support of left ventricular function with these devices have shown restoration of native cardiac function. In a few cases, myocardial recovery has been sufficient to permit successful removal of the left ventricular assist system, even after a year of use. This suggests a possible role for mechanical intervention at an earlier stage in viral myocarditis and DCM. A lesser degree of fibrotic changes in the left ventricle could improve the chances of recovery.

Stem cells, particularly cardiac stem cells, and cardiac progenitor cells may represent promising types of cellular therapy to replace dead myocardial cells, but the technology is presently a research topic rather than a clinical option.

Hospital Admission

Admission is necessitated for patients with DCM who have exacerbations of heart failure; often these are precipitated by chest infection. Admission may also be necessary for reevaluation if first-line medications fail to provide significant relief of symptoms (ie, resistant heart failure). During terminal illness, patients and parents might opt to stay in the hospital.

In addition to taking aggressive steps to treat the precipitating factor (infection, anemia), compliance with therapy has to be evaluated when symptoms persist.

Diminished absorption and waning action of diuretics can be partially overcome by parenteral administration of furosemide or by sequential segmental nephron blockade achieved by combining metolazone, a thiazide diuretic, with furosemide.

Intravenous infusions of beta agonists, such as dopamine and dobutamine, temporarily improve myocardial function and partly reverse the abnormal neuro-endocrine profile of chronic congestive heart failure. However, in the long-term, they increase myocardial irritability, leading to arrhythmia.

Intra-aortic balloon pump support may be successfully and safely used in patients with acute decompensated DCM as an urgent measure of cardiac support to stabilize the patient and maintain organ perfusion until transplantation is possible, until a ventricular assist device is placed, or until the patient recovers sufficiently to be weaned from intra-aortic balloon pump.[39]
Cardiac resynchronization therapy with AV synchronous biventricular pacing has been successful in some children with DCM and left bundle branch block (LBBB). Optimization of resynchronization for children with DCM is still in the early stages.

Automatic implantable cardioverter-defibrillators (ICDs) reduce sudden death, and their efficacy has been clearly demonstrated in adults with chronic congestive heart failure. However, their use in children has been limited. Studies have reported on the efficacy of ICDs in children with DCM and other cardiomyopathies.[40]
Studies in adults who died of heart failure report significant fatigue, dyspnea, and pain in the days before death. Concluding that a similar pattern would occur in children is logical.

Diet

Dietary requirements are high in children with DCM because of their catabolic state, recurrent infections, increased muscle activity, and need for rapid growth. Dietary intake may be inadequate consequent to the anorexia, dietary restrictions, malabsorption, diarrhea, and frequent exacerbations of heart failure.

Ensuring an appropriate and palatable diet is a challenge. Temporary nasogastric tube feedings may be required for sick and severely anorectic children. Infants might need intravenous alimentation for relief from feeding activity.

Powerful diuretics have largely obviated stringent restrictions on salt and fluid intake.

Activity

Enforced bed rest is impractical and probably unnecessary. Often, restriction of physical activity is self-enforced.

In patients with chronic illness, regular graded exercise has been shown to improve effort tolerance and quality of life. Activity to the limit of tolerance should be encouraged. Patients should avoid competitive sports.

All feasible support should be provided for peer interaction and participation in normal life activities. Restricted life activities, frequent diagnostic and therapeutic interventions, and an uncertain prognosis make these children prone to psychological problems that may significantly influence prognosis and outcome. Among the described abnormalities are inhibition of emotions, marked anxiety, depressive reaction with loneliness, low self-esteem, feelings of inadequacy, emotional lability, impulsiveness, and weakness of self-identity.

Medication Summary

Medical therapy in dilated cardiomyopathy (DCM) includes diuretics, angiotensin-converting enzyme (ACE) inhibitors, and beta-blockers. Antibiotics for endocarditis prophylaxis are administered to patients with certain cardiac conditions, such as DCM, before performing procedures that may cause bacteremia.

Diuretics

Class Summary

These agents are used to eliminate retained fluid and preload reduction.

Furosemide (Lasix)
Furosemide is the drug of choice for diuresis in acute heart failure and in exacerbations of chronic heart failure. It is also used for long-term management of chronic heart failure.

Furosemide inhibits reabsorption of fluid from the ascending loop of Henle in the renal tubule. When administered intravenously, it produces venodilation and lowers preload even before diuresis sets in.

Spironolactone (Aldactone)
Spironolactone is a potassium-sparing diuretic that acts on the distal convoluted tubule of the kidney as an aldosterone antagonist. It exhibits synergistic action with furosemide.

Angiotensin-Converting Enzyme Inhibitors

Class Summary

These drugs reduce afterload and decrease myocardial remodeling that worsens chronic heart failure.

Captopril
Captopril is accepted as an essential part of any therapy against heart failure, providing symptomatic improvement and prolonged survival. Captopril prevents conversion of angiotensin I to angiotensin II, a potent vasoconstrictor, resulting in lower aldosterone secretion.

Enalapril (Vasotec)
This agent is an ACE inhibitor with prolonged duration of action with oral administration. A competitive inhibitor of ACE, it reduces angiotensin II levels, decreasing aldosterone secretion.

Cardiac Glycosides

Class Summary

These drugs provide improvement of symptoms with chronic administration. The role of cardiac glycosides is less clear than in the past.

Digoxin (Lanoxin)
Digoxin improves myocardial contractility, reduces heart rate, and lowers sympathetic stimulation in chronic heart failure. It inhibits the Na+-K+ ATPase pump. Sodium preferentially exchanges with calcium, increasing the intracellular calcium and resulting in an increase in contractility.

Anticoagulants

Class Summary

These agents are administered to prevent recurrence of thromboembolic episodes of cardiac origin.

Warfarin (Coumadin, Jantoven)
Warfarin interferes with hepatic synthesis of vitamin K–dependent coagulation factors. It prevents thrombus formation within cardiac chambers and the venous circulation. Tailor the dose to maintain an International Normalized Ratio (INR) of 2-3.

Beta-Adrenergic Blocking Agents

Class Summary

These agents block the beta-adrenergic receptor and are modulators of the autonomic system.

Propranolol (Inderal LA, Inderal XL)
Propranolol is a nonselective beta-adrenergic antagonist (ie, it inhibits both beta1- and beta2-adrenergic receptors).

Carvedilol (Coreg)
Carvedilol is a nonselective beta-blocker with additional direct vasodilator action.

Metoprolol (Lopressor, Toprol XL)
Metoprolol is a selective beta-1 adrenergic receptor blocker that decreases automaticity of contractions.

Adrenergic Agonist Agents

Class Summary

These agents are used in resistant cases as intravenous infusions and stimulate beta1-adrenergic receptors in the myocardium. They are also useful for periodic home inotropic therapy in end-stage disease, in which cardiac transplant is not feasible, to improve the quality of life. However, studies have shown increased mortality related to arrhythmogenic potential.

Dobutamine
Dobutamine is a synthetic catecholamine with potent cardiac-stimulating properties; in addition, it has direct vasodilating action on peripheral blood vessels. Infusion with or without additional dopamine in renal dose would be appropriate therapy for cardiogenic shock secondary to dilated cardiomyopathy.

Phosphodiesterase Enzyme Inhibitors

Class Summary

These agents elicit positive inotropic and vasodilatory effects.

Milrinone
Milrinone is a bipyridine with positive inotrope and vasodilator activity. Little chronotropic activity is observed. This agent differs in its mode of action from both digitalis glycosides and catecholamines. It selectively inhibits phosphodiesterase type III (PDE III) in cardiac and smooth vascular muscle, resulting in reduced afterload, reduced preload, and increased inotropy.

Milrinone is not approved by the US Food and Drug Administration (FDA) for use in pediatric patients. Nevertheless, it is often considered the drug of choice in pediatric patients in the intensive care unit setting.

Device implantation
Automatic implantable cardioverter-defibrillators (ICDs) reduce sudden death, and their efficacy has been clearly demonstrated in adults with chronic congestive heart failure. However, their use in children has been limited.

Cardiac resynchronization therapy with AV synchronous biventricular pacing has been successful in some children with DCM and left bundle branch block (LBBB).

Cardiac transplantation is currently the optimal treatment for DCM-induced resistant chronic heart failure in children.

Prognosis

Approximately one third of patients with DCM die of the disease, one third continue to have chronic heart failure requiring therapy, and one third of patients experience improvement in their condition. Causes of death include heart failure, ventricular arrhythmias, and transplantation-related complications (less common).

Children with underlying muscle disorders with progressive dilatation of the heart and worsening heart failure have a worse prognosis compared with patients with idiopathic DCM.[17] If a treatable cause is discovered, prognosis is better. A history of viral illness in the 3 months before onset may suggest a better prognosis. Prognosis is worst for cardiomyopathy secondary to storage diseases that do not have effective therapy.

In DCM with no obvious detectable etiology, outcome depends on severity of myocardial dysfunction, improvement during the first year after onset, compliance with therapy, and availability of timely transplant.

The degree of depression of fractional shortening or ejection fraction on initial echocardiography, elevation of left ventricular end diastolic pressure, and cardiothoracic ratio have all been applied as predictors of outcome, although they are not often predictive. Other possible prognostic factors include age at onset (better for infants), presence of symptomatic arrhythmias, and thromboembolic episodes. A recent review of outcomes from the Pediatric Cardiomyopathy Registry places the incidence of sudden cardiac deaths at 3% and suggests age at diagnosis younger than 14.3 years, left ventricular dilation, and left ventricular posterior wall thinning as predictors of risk 

Arrhythmic death can occur even after the left ventricular ejection fraction has returned to normal.

Following cardiac transplant, survival rates of as much as 77% at 1 year and as much as 65% at 5 years have been reported in children.

Mortality and morbidity have greatly decreased because of advances in medical management. Studies from 1975-1990 reported 70% survival at 2 years and 52% survival at 11.5 years of follow-up. Studies from 1992-1997 document more than 85% survival at 5 years. However, a study from Texas that included patients diagnosed from 1990-2004 found reported a survival of only 40% at a mean followup of 6.2 years.
6. Materials of methodological support classes

6.1. Methodological support of classes

1.  Physical development of the children of early age.

2.  Anatomical and physiological features of the bone system.

3.  Anatomical and physiological features of the muscular system.

4.  Physiological and pathophysiological peculiarities of heart metabolism.

5.  Function of heart in the organism

 6.2. Information necessary for the formation of knowledge - skills can be found in the literature

· Basic educational  literature
1. Kliegman, R.M., St Geme, J.W., Blum, N.J., Shah, S.S., Tasker, R.C., Willson, K.M., & Behrman, R.E. (Eds.). (2019). Nelson Textbook of Pediatrics (21st ed.). 4264 p.
2. Ghai ”Essential pediatrics ” 9th Edition. 2019. 814  p.
3. Puggia I., Merlo M., Barbati G., Rowland T.J., Stolfo D., Gigli M.,et al. Natural history of dilated cardiomyopathy in children.J Am Heart Assoc. 2016; 5 (pii:e003450)
· Additional  educational  literature

1. Centers for Disease Control and Prevention. Other related conditions e cardiomyopathy. Available at http://www.cdc.gov/heartdisease/cardiomyopathy.htm. Accessed December 2, 2016.
2. Pediatric cardiomyopathy. Available at http://www.webmd.com/heart-disease/pediatric-cardiomyopathy. Accessed December 2, 2016.
6.3. The estimated card for independent work with literature

	N
	Main Task
	Recommendation
	Answers

	1
	2
	3
	4

	1
	Acquaint with literature and educational goals
	Give information about epidemiology of the disease

Give the definition of the disease studied.
	

	2
	Etiology
	Fill the scheme of etiological factors

…%

…%

…%

…%


	

	3
	Pathogenesis
	Fill the scheme of pathogenetic factors

Pathogenesis



	

	4
	Clinical data
	Make differential diagnosis of this disease and similar to its condition
	

	5
	Diagnosis
	Make and explain diagnosis according to the results of clinical, laboratory and instrumental data.
	

	6
	Treatment
	Make program of treatment. Write prescription of preparations which is used for the treatment of this disease

Rp…

Rp…

Rp…

Rp…


	

	7
	Prophylaxis and rehabilitation 
	Fill the scheme of dispensary control

N

Specialist

Time


	


7. Materials  for self-control on the quality of training
 А. Questions for self-control: 
          -Is known etiology CMP at present there?
          -what trend in medical treatment of CMP is a major?
          -what mode of exercise should be recommended to patients with CMP?
          -what is radical treatment of CMP?
          -prognosis in pr and secondary CMP.
-definition, CMP Classification;
          - clinical symptoms, diagnostic criteria for hypertrophic CMP;
          - clinical symptoms, diagnostic criteria for dilated CMP;
          - clinical symptoms, diagnostic criteria for restrictive CMP ;
          -arythmogenic dysplasia of the right ventricle in children;
          -noncompact left ventricular myocardium in children;
          - laboratory data and instrumental studies at various CMP children;
          - management of patients with idiopathic children CMP, weather;
          -secondary CMP (functional cardiodystrophy) in children - clinical and instrumental diagnostics;
           -tactics for children with CMP, prognosis. 
B. Tests with the standards of answers – included.

1. A girl of 12 years in entered the cardiology department of the manifestations of carditis. Two weeks ago she suffered lacunar tonsillitis. What is the ethiology in this case ?

* A . Streptococcus

B. Staphylococcus
S. Klebsіella

D. Pneumococcus
E. Proteus
  
2. A child 5 years discharged after treatment for rheumatism with І st activitu . Antirelapse treatment require bicilin injectins . What is a dose?

* A. 750,000 units 2 times a month
V.   1500000 units 1 per month
S.  750000 units 1 per month
D.   600,000 units 2 times a month
E. 600,000 units 1 per month
 
 
3. Nine Boy Move IP scarlet fever 38 ° C , pain in the area of the heart , shortness of breath . tone. ECG: prolongation of the interval QT, PQ (0,22

* A. Rheumatoid myocarditis 
B. cardiomyopathy
S. neurocirculatory disfunktsіyu
D. pneumonia 
E. Congenital heart defect 
 
  
5. Ten year boy is in hospital treatmrnt in cardiology department due to active rheumatism for 10 days . Bed regiment . What  exertion is needed for Shalkov functional test ?

* A.   The transition from a horizontal position to a sitting 5 times 

V.   10 deep squats for 20 seconds. 

S.   20 deep squats in 30 seconds

D.   Rise for 20 steps 

E.   Rise for 30 steps
 

 

6. В The main etiology of reumatism :

  A. viruses
  B. Mycoplasma
  C. staphylococci
* D. Streptococci group A

  E. bacterial and viral Association
 
 

7. The ESR in second stage of reumatism :

  A 20 mm / year

  V. within age norms
*FROM. 20-30 mm / yr

  D. more than 30 mm / h

  E. more than 50 mm / h

 
 

8. The main diagnostic criterion of reumatism:

  A. Poliserositis

  B. Myofibrosis

  C. low-grade fever
* D. chorea
  5. artralgіya
 
 
9. PCG child's doctor discovered '13 diastolic murmur. Which?
  A. protosystilic

  B. mezosystolic

  S. telesystolic

* D. presystolic

  E. holosystolic
 
10. child 7 years with rheumatic heart disease significantly deteriorated. Effusion pericarditis diagnosed. How has the nature of the pulse in this child changes ?

  A. Thready pulse

  B. arrhythmic
  C. slow
  D. busy
* E. Paradoxically
 

11 . Antibiotics for rheumatism prophylaxis:

  A. Tetracyclin
  B. lincomycin
  S. cephalosporins
* D. Penicillins
  E. Aminoglycosides
 

12 . A doctor tactic  when finding the primary active rheumatism:

  A. Ambulatory examination
  B.outpatient treatment
C. Hospitalization
  D. processing of dispensation

  E. Sanatorium treatment
 

13. Specify a  dose of bicillin-5 at the secondary prophylaxis ofrheumatism in schoolchildren :

  A. 500,000

  B. 750.000

  S. 1000.000

* D. 1500.000

  E. 2000.000

 14. Dose of prednisolone for complex therapy of 2 stage reumatism
  A. 0.1 mg / kg

  B. 0.5 mg / kg

*C.1.0 mg / kg

  D. 1.5 mg / kg

  E. 2.0 mg / kg

 

15.  Specify a  maximum daily dose of aspirin :

  A. 1.0 g

  B. 1.5 g

  C. 2.0 g

  D. 2.5 g

* E. 3.0 g

 
16 . At which defect a quail rhythm appear and :

  A. Mitral insufficiency

B. mitral stenosis

  S. aortic insufficiency
  D.mitral prolapse

  E. aortic stenosis

 

17.In which defect descending diastolic murmur heard:

  A. Mitral insufficiency

  B. Mitral stenosis

* C. Aortic insufficiency
  D. mitral prolapse 

  E. aortic stenosis

 

18. In which defect pansystolic murmur heard:

A. Mitral insufficiency

  B. Mitral stenosis

* C. Aortic insufficiency
  D. mitral prolapse 

  E. aortic stenosis

 

19. Reducing the amplitude of I tone for PCG celebrated at :

A. Mitral insufficiency

  B. Mitral stenosis

* C. Aortic insufficiency
  D. mitral prolapse 

  E. aortic stenosis

 

20. Mitral insufficiency is characterized by:

  A. displacement of left heart border
  B. left shift ECG

  C. systolic murmur arising simultaneously with I tone

  D. Maximum Volume systolic murmur on top sheep heart
* E. All above

 
21. The boy 6 years complained of constant pain in the heart. Percussion - a heart borders intact, cardiac tones are normal, along the left edge of the sternum listen limited, intermittent sound, reminiscent of the crunch of snow. The ECG - biphasic T wave interval S - T conhordant removed.
A. Rheumatic carditis
B. Rheumatism
C. Pericarditis
D. Dry pleuritis.
E. Myocardial infarction.
 
22. The girl 9 years after tonsilitis two weeks ago suddenly had body temperature rose to 38˚C, there were pain in the knee and elbow joints that have volatile character, weakness, drowsiness, appetite loss was recorded. Auscultation of the heart noted some muffled tones. What disease can be suspected in a child ?

A. Juvenile rheumatoid arthritis
B. Rheumatoid myocarditis
C. Tonsilogenic cardiomyopathy
D. Rheumatoid Arthritis
E. infectious-allergic myocarditis
 
 
23. Girl 12 years, complains of weakness, fatigue, pain in the joints and the heart. In history - frequent sore throats. The examination – limits of hearts extended, sonorous tones, functional systolic murmur.The ECG - single right-ventricular beats, reduced T, positive changes in potassium sample. What is the most likely diagnosis?
A. Nonrheumatic carditis
B. Tonsilogenic cardiomyopathy
C. Rheumatic heart disease
D. NCDs
E. Infective endocarditis
 
 
24. Child '12 was in the hospital on rheumatism 1, active phase, activity 3., Carditis, chorea, arthritis, acute course, H0. After 2 Months. complaints of pain in the heart and joints, erythrocyte sedimentation rate 30 mm / h What kind of course you can think of rheumatism ?

A. Acute

B. Subacute

C. atent
C. Continuously-recurrent
E. Protracted
 
 
25. In therapeutic feeding of a child 9 years were introduced cabbage, oatmeal and buckwheat porridge, cottage cheese, butter, baked potato,  prunes.  what disease it is appropriate in ?

A. Stomach ulcer
B. Acute pneumonia
C. Dismetabilic nephropathy with oksaluria

* D. Rheumatic heart disease
E. Asthma
 
Tasks
Task 1. Patient 12 years. He complains of fever within 37,5- 38.5 0 C, pain in the knee joints and their swelling. In the history of frequent disease with angina. Objectively revealed swelling and sharp pain, skin flushing of knee and ankle joints. The skin of the abdomen revealed annular pale pink rash. Left in the heart limit 1.5 cm. outside of the left mid-clavicular line, muted tones, rough systolic murmur over the apex, tachycardia, blood pressure - 90 / 50mm.rt.st., heart rate - 110 in 1 min.
Task:
· Formulate nosological diagnosis
· Here are the main criteria for this disease
· What heart tissue lesions are in this patient?
· Describe the clinical diagnosis
· Assign a causal treatment. 
The standard answer.
1.Rheumatic disease.
2.-carditis.              
-poliartitis.                                                                                                                              
-chorea.                                                                                                                                 
-round erythema.
-rheumatic nodules.                                                                                                                              
3. Affected preferably 2 lining of the heart 
- Miocard- (offset boundaries of the heart) 
- endocard- (rough systolic murmur). 
4. Rheumatism 1, active phase, activity level II, endomiokarditis, arthritis, round erythema, acute course, I.
5. IV administered penicillin 600 thousand. IU-2000 thousand. Units per day (4 receptions) for 2 weeks (100 thousand units per1 kg body weight), then / m bicillin-5. When penicillin drugs are contradicted prescribe macrolides.                                                                                                                                 
 
 Task 2. The patient 13 years. Asked a neurologist with complaints of irritability, fatigue, involuntary contraction of ' muscles of the face, changing handwriting. A month earlier had been ill with angina.Objectively found muscle hypotonia, hyperreflexia, expanding the boundaries of the heart, muffled heart tones, soft systolic murmur at the apex, tachycardia.
Task:
· Enter a reason for neurological disorders
· What symptoms can be found in the patient?
· Describe the clinical diagnosis
· What variants of the disease course you know?
· Assign prevention bicillin.
The standard answer.
1. In the child developed subcortical encephalitis - "small" chorea.
2.Symptom of Czerny, "tounge- eyes," Gordon. Increased tendon reflexes.  3.Rheumatism active phase, activity II degree, myocarditis, chorea, acute course, H I .
4.Acute, subacute, long course, constant, relapsing, latent.                                      
5.Bicillin prophylaxis:   Children who have had rheumatic fever without carditis - 18, with carditis - up to 25 years, with  the current defect - life.
 
 Task 3. After treatment in hospital and health centers 10 year girl ,who underwent primary rheumatic attack that fell from arthritis, erythema of the skin against the backdrop of chorea, was discharged. In blood there was an increase acute phase protein content and high titer anti-streptococcal antibodies. Currently, there are no signs of activity of rheumatic process.
Task:
· Describe the clinical diagnosis
· Assign small chorea therapy
· What action have the number of the quinoline drugs?
· List the main elements of the treatment of patients with rheumatic fever
· What is the optimal mode of bicillin therapy should appoint this patient?
The standard answer.
1. Rheumatism I inactive phase, H 0 .
 2. non-steroidal anti-inflammatory drugs (diclofenac    3.0-3.5 mg / kg / day, indomethacin 2.5-3 mg / kg / day)
- bromide (1% solution of sodium bromide)
-seduksen 
- Vit. B1, B6 course of 15-20 injections
-physiotherapy- electric, bromine electrophoresis on collar area.
–balneotherapy (Coniferous baths). 
3.Delahil, plakvenyl - number of the quinoline drugs   have anti-inflammatory and anti-proliferative effect.
4. - Etiotropic, pathogenetic, symptomatic,
     -the regime, balanced diet.
5. Bicillin - 5 once every 2 weeks to reach patients 18 years of age.
 
 Task 4. Patient 13 years, is under medical supervision with rheumatism, active phase, activity II st., Endocarditis,   arthritis,   subacute, H 0.
Task:
· How to organize the daily routine for patients with rheumatism in the hospital?
· Alternative antibiotic therapy in case of intolerance to penicillin series
· Make the differential diagnosis between rheumatoid arthritis and reactive arthritis
· List the peculiarities of rheumatic fever in children
· Indicate how long  you should appoint bicillinoprophylaxis in this patient?
The standard answer.
1.-strict bed regiment

-Bedding regiment

-halfbedding mode                                                                                                                            
- training regiment                                                                                                                   
2.    Appointment of antibiotics - macrolide such erythromicin      
3.          When rheumatism   affects mainly medium and large joints, articular pain syndrome unstable nature of migratory pain, deformity of the joints is absent, muscle atrophy absent, changes in the heart and relationship with streptococcal infection, symmetrical lesions.                                                            
Reactive arthritis   associated with intestinal infection, arising diarrhea, heart disease is not typical.                                                                                              
4.     Reducing the severity of carditis
 - moderate and minimal inflammatory activity                                                 
 - Minimum diagnostic value erythema and rheumatoid nodules. -valued Improve prognosis                                                                                                                                            
-   Reducing frequency of  forming heart defects                                                                                  
5. Bicillin therapy should be done year round to achieve a patient 25 years of age. 
 
  Task 5. Child   10 years admitted to hospital complaining of shortness of breath, acrocyanosis. Retarded in physical development, reduced supply. BR - 30 / min. Push of apex of the heart shifted.The dimensions of the heart in the normal range. Auscultated  loud tone. ECG advanced two-humped RI, RII, V 5, V 6. In R ö-gram signs of venous and arterial pulmonary hypertension, an increase in the left atrium.
Task:
· Formulate nosological diagnosis
· What heart defect formed in this patient?
· What type of heart failure develops in this defect?
· Specify the type and  volume of surgical intervention for this disease
· At what version of flow rheumatism formed asymptomatic heart defect?  
            Key answer:  
1.Rheumatism                                                                                                              
2. mitral stenosis. 
3.Right ventricular type. 
4. mitral valve thomy. 5.Latent course.                                                                                                                                                                                                                                                                                                                                            
 
   Task 6. Boy '13 complains of frequent fainting and dizziness, palpitations, shortness of breath on exertion, cardialgia. Objectively : pulse 68, heart borders spreaded- 0.5 cm left . At palpation in the second left intercostal space - systolic tremor. Auscultated rough systolic murmur of weakening II tone in the second intercostal space at right, held at carotid artery. The ECG - left ventricular hypertrophy. PCG - high rhomboid systolic murmur at the aorta associated with and tone, the second tone - reduced.
Task:
· Form nosological diagnosis
· What heart defect formed in this patient?
· What type of heart failure develops in this defect?
· What is the degree of failure in this patient?
· What group of drugs used for pathogenic treatment of rheumatism?
         Key answer: 
1.Rheumatism. 
2. Stenosis of the aortic orifice.
3.Left ventricular type.
4.1 degree 
5.   a.) Non-steroidal anti-inflammatory drugs (aspirin, indomethacin, diclofenac).
B.)   Steroid anti-inflammatory drugs (prednisone, tryamtinolon, dexamethasone). 
C.)   Preparations quinolone series (delagil, helakvynil).
 
     Problem 7 . '14 Patient complains of pain in the heart, shortness of breath, fever to 38,5˚S. 15 days later suffered angina. Objectively: patient's condition was serious. Leather pale but clean. Breathing is 28 / min. To the left of the lungs, behind the lower third of the blade - relaxed breathing, then turns reduction percussion. Margin heart expanded in diameter, relaxed tone. Pulse - paradoxical. Over the entire area of the heart murmur is heard pericardium. The ECG - reducing voltage complex QRS , rise above the contour segment ST , T wave deformation liver is increased by3 cm, tender. ESR - 42 mm / h, SLA-O-ML 1260, CRP ++++.
Task:
· Set nosological diagnosis
· What indicates the presence of a paradoxical pulse in this patient?
· Identify the extent of failure in this patient
· Describe the clinical diagnosis
· Assign treatment
            Key answer: 
1.Rheumatism. 

2.Pancarditis.
 3.2 degree. 
4.Rheumatism 1, active phase, activity 3., Pancarditis, acute, H II. 
5. a.) strict bed regiment. 
b.) Table №10 (by Pevzner) - limit salt and fluids. Assign products to run on potassium.
c.) Penicillin 10 thousand. IU / kg / day in 4 receptions / m.
g) Prednisolone 1 mg / kg / day   / m 2 admission. d.) Panangin.                                                                                                                                            
e.) Cardiac glycosides (digoxin).
 
     Task 8. Patient 13 years on admission to the hospital complained about the severe weakness, pain in extremity, knee and ankle joints, heart, ring-shaped rash on the trunk. Ill 3 weeks later when after hypothermia wekness appeared, runny nose, sore throat, subfebrile t. No medication taken. Objectively: Radial wrist and knee joints are swollen, painful. Pulse is 96 / min.Heart: left shifted to the limit 0.5 cm outside from mid clavicular line, muffled tones, systolic murmur - over the entire surface. White blood cells -  15 X 10³ / l,  ESR - 55 mm / hr., CRP +++.
Task:
· Set nosological diagnosis
· Specify rules cardiac dullness in this age
· Make the differential diagnosis of infectious and allergic polyarthritis
· Form a clinical diagnosis
· Assign drugs, normalizing metabolism of the heart muscle and other tissues.
 Key answer:
1.Rheumatism.
2. Apical push- on mid clavicular line at 0,51cm  to the middle of her fifth intercostal space.
Absolute cardiac dullness.                                                                                                   
The upper limit-4 edge Left edge - between the left and mid clavicular lines. Right kray- closer to parasternal line. 
Relative cardiac dullness 
3 Upper - edge. The left - on the midclavicular line.
Right   - right in the middle between parasternal and the right edge of the sternum.                     
3. No carditis, chorea and other major features of rheumatic fever.
4.Rheumatism 1, active phase, activity 3., Carditis, polyarthritis, erythema Ring, sharp motion,HII. 
5.For normalization of metabolic disturbances in heart muscle and other tissues used: Panangin, asparcam, riboksin, vitamins B.
    
Task 9 . Patient 12 years in history there are frequent tonsillitis, scarlet fever . After another lacunar tonsillitis has intensified pain in the joints, which also recorded earlier appeared choking on rising stairs. Objectively: pale skin, enlarged and painful lymph nodes, tonsils hypertrophied, and loosened scar changed. Push of apex of the heart is exhausted, the left boundary shifted more heart than on1cmleft of the left   mid clavicular line. The upper limit - in the second intercostal   gap. At the apex of the heart and at Botkin   listen strict blowing systolic murmur of shade, much descending in a vertical position. Pulse - 96 / min., Leukocytes -    6.6 x 10³ / l, f 1, n-2, C-43, L-52, M-2, ESR -32 mm.god., ASL-O - OD 1000, SRB ++.
Task:
· Set nosological diagnosis
· What relative criteria of the disease detected in a patient?
· Form a clinical diagnosis
· Assign non-drug therapy
· Check the main areas of primary prevention of the disease.
Key answer: 
. 1.Rheumatism

2.SHOE - 32 mm / g, ASO -   1000 U, CRP++. 
3.Rheumatism 1, active phase, cardio.   Acute course H I
4 diet №10, laser, magnetic therapy,Pelotherapy
5.After streptococcal infection in a child should be for 1 month under the supervision of a GP. -systematic Hardening - physical activity
- sleep                       
 - stay outdoors 
 -complex food 
- multivitamins                                                                                                                               
- chronic streptococcal infection treatment .
      
Task 10 . 10 year girl admitted to hospital with complaints of inattention, irritability, muscle weakness, capricious    movements of the torso, limbs and facial muscles, change in handwriting and gait.During sleep hyperkinesis disappear, and against the background of emotional arousal - amplified. Identified minor changes in the cardiovascular system (systolic murmur at the apex of the heart, heart landmark - without change). Increased sedimentation rate of 18 mm / hr., Neutrophilic leukocytosis - 9.5 X 10³ / L.

Task:
· Set nosological diagnosis
· List the diagnostic criteria for confirming the presence of streptococcal infection in the body
· What level of activity inflammations charged with this disease? 
· Form a clinical diagnosis
· Assign antiseizures treatment of the child. 
      Key answer:
 1.Rheumatism

2.-   increased antistrep antibodies (   ASLO, etc.).
-seeding of group A streptococcus 
-recent scarlet fever                                                                                                              
 3. Stage III activity.                                                                                                             
4.Rheumatism 1, active phase, activity 1., Chorea, subacute.   
5.Seducsen   
 

Task 11. Girl  10 year for 1.5 months was in the hospital with a diagnosis of rheumatic fever and the active phase, activity degree, endomiocarditis, arthritis, acute course. Later she continued treatment in a local sanatorium. Not Considering to treatment,   the child formed a heart defect - failure of the mitral valve.
Task:
· What is the pathological process of rheumatoid phase is most likely the girl now?
· Define the term of bicillinoprophylaxis in this case
· List the auscultative signs and place the maximum volume of the Defect murmur
· At what valvular heart disease P mitrale is observed on ECG?
· Appoint capacity of help in cardiac mitral insufficiency
Key answer: 
1.   4 stage sclerosis (hyalinosis). 
2.lifelong

3.Na apex of the heart – p.max systolic murmur, weakening 1 ton.                                           
4.mitral stenosis.
5. valve replacement.                               
 
Task 12. The child 12 years, six weeks after undergoing tonsilitis diagnosed with rheumatic heart disease. Key process meets the second degree. Designed antirheumatic therapy helped arrest laboratory signs of activity by the end of the third month of treatment, but then diagnosed aortic valve insufficiency.
Task:
· Define the nature of the rheumatism in this case
· List the auscultative signs and place the maximum volume of the defect murmur

· What auscultative signs of aortic valve insufficiency
· Decide capacity of help in cardiac aortic valve insufficiency.
· What are the principles of treatment of children suffering from rheumatism.
Key answer:
1.Subacute course rheumatism. 
2. Diastolic murmur along the left edge of the sternum 3-4 intercostal space, easing 2 tone right at 2 intercostal space.
3.Pulsation in the head, limbs, carotid pulse, capillary pulse, symptom Musset, Landolfi sign - narrowing and mydriasis.
4.Valve replacement

5.Treating children with rheumatism consider the principle of the complex staged therapy.
 
6.2 Literature for students:
- basic:
1. Kliegman, R.M., St Geme, J.W., Blum, N.J., Shah, S.S., Tasker, R.C., Willson, K.M., & Behrman, R.E. (Eds.). (2019). Nelson Textbook of Pediatrics (21st ed.). 4264 p.
2. Ghai ”Essential pediatrics ” 9th Edition. 2019. 814  p.
3. Lipshultz SE, Law YM, Asante-Korang A, Austin ED, Dipchand AI, Everitt MD, et al. Cardiomyopathy in children: classification and diagnosis: a scientific statement from the american heart association. Circulation. (2019) 140:9–68.
- additional:
1. Marston NA, Han L, Olivotto I, Day SM, Ashley EA, Michels M, et al. Clinical characteristics and outcomes in childhood-onset hypertrophic cardiomyopathy. Eur Heart J. (2021)
2. Norrish G, Ding T, Field E, Ziółkowska L, Olivotto I, Limongelli G, et al. Development of a novel risk prediction model for sudden cardiac death in childhood hypertrophic cardiomyopathy (HCM risk-kids). JAMA Cardiol. (2019) 4:918–27. 
6.3. The estimated card for independent work with literature

	N
	Main Task
	Recommendation
	Answers

	1
	2
	3
	4

	1
	Acquaint with literature and educational goals
	Give information about epidemiology of the disease

Give the definition of the disease studied.
	

	2
	Etiology
	Fill the scheme of etiological factors

…%

…%

…%

…%


	

	3
	Pathogenesis
	Fill the scheme of pathogenetic factors

Pathogenesis



	

	4
	Clinical data
	Make differential diagnosis of this disease and similar to its condition
	

	5
	Diagnosis
	Make and explain diagnosis according to the results of clinical, laboratory and instrumental data.
	

	6
	Treatment
	Make program of treatment. Write prescription of preparations which is used for the treatment of this disease

Rp…

Rp…

Rp…

Rp…


	

	7
	Prophylaxis and rehabilitation 
	Fill the scheme of dispensary control

N

Specialist

Time


	


7. Materials for self-control on the quality of training.
A. Questions for self-control.
1. What factors contribute to the development of myo-, pericarditis and the CM? 
2. Give clinical characteristics of myocarditis. 
3. Give clinical characteristics of pericarditis. 
4. Treatment of CM. 
5. How is the prevention of inflammatory diseases of the heart?

B. Tests for self-control:
1. A girl of 12 years in entered the cardiology department of the manifestations of carditis. Two weeks ago she suffered lacunar tonsillitis. What is the ethiology in this case ?

* A . Streptococcus

B. Staphylococcus
S. Klebsіella

D. Pneumococcus
E. Proteus
  
2. A child 5 years discharged after treatment for rheumatism with І st activitu . Antirelapse treatment require bicilin injectins . What is a dose?

* A. 750,000 units 2 times a month
V.   1500000 units 1 per month
S.  750000 units 1 per month
D.   600,000 units 2 times a month
E. 600,000 units 1 per month
 
 
3. Nine Boy Move IP scarlet fever 38 ° C , pain in the area of the heart , shortness of breath . tone. ECG: prolongation of the interval QT, PQ (0,22

* A. Rheumatoid myocarditis 
B. cardiomyopathy
S. neurocirculatory disfunktsіyu
D. pneumonia 
E. Congenital heart defect 
 
  
5. Ten year boy is in hospital treatmrnt in cardiology department due to active rheumatism for 10 days . Bed regiment . What  exertion is needed for Shalkov functional test ?

* A.   The transition from a horizontal position to a sitting 5 times 

V.   10 deep squats for 20 seconds. 

S.   20 deep squats in 30 seconds

D.   Rise for 20 steps 

E.   Rise for 30 steps
 

 

6. В The main etiology of reumatism :

  A. viruses
  B. Mycoplasma
  C. staphylococci
* D. Streptococci group A

  E. bacterial and viral Association
 
 

 

7. The main diagnostic criterion of reumatism:

  A. Poliserositis

  B. Myofibrosis

  C. low-grade fever
* D. chorea
  5. artralgіya
 
 
8. PCG child's doctor discovered '13 diastolic murmur. Which?
  A. protosystilic

  B. mezosystolic

  S. telesystolic

* D. presystolic

  E. holosystolic
 
9. child 7 years with rheumatic heart disease significantly deteriorated. Effusion pericarditis diagnosed. How has the nature of the pulse in this child changes ?

  A. Thready pulse

  B. arrhythmic
  C. slow
  D. busy
* E. Paradoxically
 

 10. Dose of prednisolone for complex therapy of 2 stage reumatism
  A. 0.1 mg / kg

  B. 0.5 mg / kg

*C.1.0 mg / kg

  D. 1.5 mg / kg

  E. 2.0 mg / kg

 

 
11 . At which defect a quail rhythm appear and :

  A. Mitral insufficiency

B. mitral stenosis

  S. aortic insufficiency
  D.mitral prolapse

  E. aortic stenosis

 

12. In which defect descending diastolic murmur heard:

  A. Mitral insufficiency

  B. Mitral stenosis

* C. Aortic insufficiency
  D. mitral prolapse 

  E. aortic stenosis

 

13. In which defect pansystolic murmur heard:

A. Mitral insufficiency

  B. Mitral stenosis

* C. Aortic insufficiency
  D. mitral prolapse 

  E. aortic stenosis

 

14. Reducing the amplitude of I tone for PCG celebrated at :

A. Mitral insufficiency

  B. Mitral stenosis

* C. Aortic insufficiency
  D. mitral prolapse 

  E. aortic stenosis

 

15. Mitral insufficiency is characterized by:

  A. displacement of left heart border
  B. left shift ECG

  C. systolic murmur arising simultaneously with I tone

  D. Maximum Volume systolic murmur on top sheep heart
* E. All above

8.  Classroom materials for self-study.

 8.1. List of educational practical tasks that must be completed during the practical exercises:

1. Work near the bedside. 

2. Put a clinical diagnosis. 

3. Prescribe treatment. 

4. Identify preventive measures

9. Instructional materials for learning professional skills.

 9.1. Methods of work Stages of the possible

1. Collect complaints, life and illness.

2. Evaluate data history of life and disease risk factors that contribute to the development of the disease.

3. conduct a clinical examination in patients with myocarditis from the congenital heart disorders, pericarditis and the Commission.

4. Make a plan of additional methods.

5. Evaluate the results of laboratory and instrumental data.

6. Make a clinical diagnosis.

7. To provide, if necessary, emergency assistance and define these therapeutic interventions.

10. Materials for self-control of mastering knowledge, skills, abilities
Tests
1. A girl of 12 years in entered the cardiology department of the manifestations of carditis. Two weeks ago she suffered lacunar tonsillitis. What is the ethiology in this case ?

A . Streptococcus

B. Staphylococcus
S. Klebsіella

D. Pneumococcus
E. Proteus
  
2. A child 5 years discharged after treatment for rheumatism with І st activitu . Antirelapse treatment require bicilin injectins . What is a dose?

A. 750,000 units 2 times a month

V.   1500000 units 1 per month

S.  750000 units 1 per month

D.   600,000 units 2 times a month
E. 600,000 units 1 per month

 
 
3. Nine Boy Move IP scarlet fever 38 ° C , pain in the area of the heart , shortness of breath . tone. ECG: prolongation of the interval QT, PQ (0,22

A. Rheumatoid myocarditis 
B. cardiomyopathy
S. neurocirculatory disfunktsіyu
D. pneumonia 
E. Congenital heart defect 
 
  
5. Ten year boy is in hospital treatmrnt in cardiology department due to active rheumatism for 10 days . Bed regiment . What  exertion is needed for Shalkov functional test ?

A.   The transition from a horizontal position to a sitting 5 times 

V.   10 deep squats for 20 seconds. 

S.   20 deep squats in 30 seconds

D.   Rise for 20 steps 

E.   Rise for 30 steps

 

6. В The main etiology of reumatism :

  A. viruses

  B. Mycoplasma

  C. staphylococci

  D. Streptococci group A

  E. bacterial and viral Association

 
7. The ESR in second stage of reumatism :

  A 20 mm / year

  V. within age norms
  С. FROM. 20-30 mm / yr

  D. more than 30 mm / h

  E. more than 50 mm / h

 
 

8. The main diagnostic criterion of reumatism:

  A. Poliserositis

  B. Myofibrosis

  C. low-grade fever
  D. chorea
  Е. artralgіya
 
 
 
9. child 7 years with rheumatic heart disease significantly deteriorated. Effusion pericarditis diagnosed. How has the nature of the pulse in this child changes ?

  A. Thready pulse

  B. arrhythmic
  C. slow
  D. busy
  E. Paradoxically
 

 
10. Dose of prednisolone for complex therapy of 2 stage reumatism

  A. 0.1 mg / kg

  B. 0.5 mg / kg

  C.1.0 mg / kg

  D. 1.5 mg / kg

  E. 2.0 mg / kg

 

