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SUBJECT 1. MORPHOFUNCTIONAL PECULIARITIES, METHODS OF EXAMINATION, SEMIOTICS OF THE NERVOUS SYSTEM DISEASES IN CHILDREN.
Concrete aims:
– to know morphofunctional peculiarities of the nervous system in children of different age;

– to get skills to get data from case histories which reflect the affection of the central and peripheral nervous systems in a child;

– to be able to examine and estimate the nervous system state in children of different age;

– to be able to interpret the most informative signs of affection of the nervous system during objective and laboratory examinations of patients.

Control questions:

1. What do you know about organs and functions of the nervous system?

2. What do you know about morphofunctional peculiarities of the nervous system in children?

3. Tell about disorders of embryogenesis as the reasons of congenital anomalies of development of the nervous system.

4. What kind of methods of clinical neurological  examination in children do you know?

5. What laboratory and instrumental methods  are used for the nervous system examination?

6. What do you know about semiotics of the nervous system diseases?

7. What kind of the nervous system diseases in children do you know?

8. What are the peculiarities of the cerebral spinal fluid in children?

9. Tell about semiotics of the cerebral spinal fluid changes in children.

Short answers:
1. The nervous system consists of the brain, the spinal cord, the peripheral nervous system, the  autonomic nervous system, and sense organs (sight, hearing, olfactory, taste, skin sensitivity).The main nervous system’s functions are as follows: psychological activity, emotions, locomotion activity, neural regulation of autonomic functions. The nervous system realizes coordination of physiological and metabolic processes in different tissues, organs and systems and realizes connection between the organism and its environment.

2. The CNS of a newborn is less mature and differentiated than its other systems. The spinal cord, striate body and optic thalamus are the most matured structures of CNS. The cerebral cortex layers are formed, but differentiation of all neural cells occurs in the postnatal period. Myelinization of dendrites is not complete. The macroscopic structure of baby’s brain approaches the macroscopic structure of an adult’s to the end of the first year. The differentiation of the brain is slower than its growth. The nerve tissue, ganglionic cells and nerve fibres are developing slowly. The intensive development of the cerebral cortex takes places during the first three months after birth. Principal differentiation of the neural cells is completed at the age of 3 years, although the final termination of this process occurs only at 8 years. The pyramidal route is myelinized completely at 5 or 6 months. The spinal cord is the most matured organ, it is prepared to function at birth; it approaches the adult structure already in the second year. The spinal cord increases four to five fold at puberty. The intracranial nerves myelinize at 3 months after birth, the peripheral nerves myelinize at 3 years after birth. The function of the autonomic nervous system starts from the birth, the sympathetic nervous system tone is the strongest one before 2 years. The diencephalon, chiefly the thalamopallidal system or the subcortical area, controls all vital functions of the nervous system after birth when the cerebral cortex, pyramidal tract and striate body are immature.

3. The nervous system originates in the ectoderm during the first week of the intrauterine period. The medullary plate is organized in the beginning, then the medullary tube is organized from the plate. The forepart of the medullary tube grows and gives the origin to brain bubbles during 5-6 weeks of the intrauterine period. Five parts of the brain, such as two telencephalon-connected hemispheres, diencephalon, mesencephalon, metencephalon, myencephalon, and the spinal cord are formed from the back part of the medullary tube.The most intensive fission of the neural cells occurs between 6 and 18 weeks of the intrauterine period. We call it the “critical period” due to the possibility of influence of various teratogenic factors on the foetal nervous system development. Such anomaly of development of the nervous system in embryo as spine bifida, spinal hernia, meningomyelocele, microcephaly, hydrocephaly can be formed in this period.

4. Clinical methods of examination of CNS include questioning, physical examination, observation, examination of muscular strength, tonicity, coordination, and examination of physiological and pathological reflexes, diagnosis of pathological symptoms and syndromes, examination of child’s mental development, behaviour disturbances.

5. Paraclinical methods of investigation include CSF examination, skull Ro, CT, MRI, cerebral angiography, cranial ultrasound (CU), EEG.

6. The main clinical symptoms of the nervous system diseases are as follows: headache, dizziness, disorder of motor function (apraxia, ataxia, hyperkinesis-cramp(s), tremor, changes of muscular tone and gait, paralysis, disorders of consciousness, speech, reflex activity, sleep, cranial nerves, sensitivity, and others).

7. The main diseases of the nervous system are congenital diseases: hydrocephaly, anencephaly, spinal bifida and spinal hernia; encephalitis, meningitis,  sequella of hypoxia and birth trauma: intracranial haemorrhage; cerebral palsy.

8. Normal CSF is the colour of water. Cloudy CSF results from an elevated white blood cell (WBC) or red blood cell (RBC) count. The normal CSF contains up to five lymphocytes, and the newborn may have as many as 15 per mm3. Polymorphonuclear (PMN) cells are always abnormal in the child, but 1-2 per mm3 may be present in the normal neonate. There are no RBCs in the normal CSF. The normal CSF protein ranges from 10-40 mg/dl in the child and as high as 120 mg/dl in the neonate. The CSF protein falls to the normal childhood range by 3 months of age. The CSF glucose content is about 60 % of blood glucose in the healthy child.
9. The presence of PMN cells raises suspicion of a pathologic process. An elevated PMN cell count suggests bacterial meningitis or the early phase of aseptic meningitis. CSF lymphocytosis indicates: aseptic, tuberculous, or fungal meningitis; demyelinating diseases; brain or spinal cord tumour; immunologic disorders including collagen vascular diseases; and chemical irritation. A Gram stain of the CSF is essential in the investigation of suspected bacterial meningitis; an acid-fast stain or India ink preparation is used if tuberculous or fungal meningitis is a possibility. The fluid is placed on appropriate culture media based on the clinical findings and on the CSF analysis. The presence of RBCs indicates a traumatic tap or a subarachnoid haemorrhage. Bloody CSF should be centrifuged immediately. The supernatant of a bloody tap will be clear, but it will be xanthochromic in the presence of a subarachnoid haemorrhage. Progressive clearing of bloody CSF is noted during the collection of the fluid in case of a traumatic tap. The presence of crenated RBCs does not differentiate a traumatic tap from a subarachnoid haemorrhage. In addition to a subarachnoid haemorrhage, xanthochromia may result from hyperbilirubinaemia, carotenaemia, and a markedly elevated CSF protein. The CSF protein may be elevated in multiple processes, including infectious, immunologic, vascular, and degenerative diseases as well as tumours of the brain and spinal cord. Hypoglycorrhachia is found in association with diffuse meningeal disease, particularly bacterial and tuberculous meningitis. In addition, widespread neoplastic involvement of the meninges, subarachnoid haemorrhage, fungal meningitis, and, occasionally, aseptic meningitis can produce a low CSF glucose.
SUBJECT 2. MORPHOFUNCTIONAL PECULIARITIES, METHODS OF EXAMINATION AND SEMIOTICS OF DISEASES OF THE SKIN AND SUBCUTANEOUS SYSTEM IN CHILDREN.
Concrete aims:

- to be able to fulfil examinations of the skin and subcutaneous tissue, taking into consideration peculiarities in the methods of examination in children;

- to be able to fill in a case history for performing an objective examination of the osteomuscular system in children;

- to prescribe a complex of methods for laboratory and instrumental examinations of the osteomuscular system;

- to interpret the received data of examination with taking into consideration morphofunctional peculiarities of a child’s    organism;

- to make syndromic diagnosis in children with pathology of their skin and bone system.

Control questions:
1. Describe peculiarities in the morphological structure of the child’s skin.

2. What are the functions of the skin? What is the difference between the skin’s functions in children and adults?

3. Describe the development of the subcutaneous adipose tissue during the antenatal and postnatal periods of childhood.

4. What is the difference between the chemical structure of child’s and adult’s subcutaneous adipose tissue? Explain the significance of this difference in child’s pathology.

5. Describe peculiarities of the skin in different periods of childhood.

6. What do you know about peculiarities in the examination of the skin?

7. What pathological changes of skin colour do you know? How can you interpret these changes?

8. How can you describe skin rashes? What do the words “primary” and “secondary” mean concerning morphological elements of rash? Give their descriptions.

9. Tell about palpation of the skin and subcutaneous tissue.

10. How can you check fragility of blood capillaries?

11. Describe the main paraclinical methods of examination of skin.
Short answers:

1. Peculiarities of the morphological structure of the child’s skin include: thin stratum corneum of the epidermis (it consists of 2-3 layers of keratinized loosely joined cells which are constantly being shed), poor development of granular layer, well development of the basal (germinative) layer (it’s cells has intensive growth for replacing of sloughed-off elements), incomplete formation of melanin, the basal membrane between the epidermis and the derma has weak development (it is reason of the fragil coheston between the epidermis and the derma), the fibroelastic connective tissue in the base of the derma is poorly developed, vascularization of the skin is abundant, the sweat glands do not function. These peculiarities are more marked in a newborn infant.

2. Functions of the skin depend on its anatomic peculiarities.Function of protection is immature.

Permeability of the skin to infections and chemical irritants is higher than in an adult.
Resorption is higher than in an adult.

The respiratory function is higher than in adults.

The excretory function is immature.

The thermoregulation function is not perfect.

The skin produces vitamin D.  

3. The development of the subcutaneous adipose tissue commences in the fifth month of antenatal life, by the end of the tenth lunar month the foetus loses its wrinkled appearance. Premature infants are thinner than full-term ones, since the process of fat deposition in them is incomplete. In full-term babies the adipose layer is well developed on their checks, hips, legs, and arms, and poorly developed on the abdomen. In the period between six months and three years the deposition of adipose tissue is increased (with some fluctuations); this process slows down or even ceases by the time the child is eight years old, after which it recommences. It is more intensive in girls than in boys particularly during their prepubertal and pubertal periods.

4. There are differences in chemical structure of the subcutaneous adipose tissue in children and adults. The prevalence of solid fatty acid is typical for children. The subcutaneous adipose tissue contains 28.97 % of palmitic acid in children and 8.18 % of palmitic acid in adults. As the child becomes older, his subcutaneous tissue becomes more abundant in fluid fatty acids (oleic acid composes 65.75 % in children and 89.8 % in adults). The prevalence of solid fatty acid possessing a higher melting point lends this tissue a greater firmness in early childhood, and makes it solidify more readily when the ambient temperature is low.

5. The above anatomical and physiological qualities clarify many of the clinical features of the skin in newborns and infants. At once after birth the skin is pale, cyanotic and oedematic. The skin is covered with some cheesy deposit (vernix caseosa), which consists of products of the sebaceous glands, fat, cholesterine, shedding epidermis, etc. The vernix provides a greasy coating to the newborn’s skin and may have bacteriological properties. In the scapula region, the skin is covered with lanugo, i.e. gentle thin hair, which disappears in some weeks. If the child is premature, the lanugo may cover all the body and face and exists for a prolonged period of time. In some hours after birth the skin is cleaned from the vernix caseosa and becomes reddish. It is termed physiologic hyperaemia (erythema neonatorum). The constant shedding of keratinized cells creates a condition of physiologic desquamation.The sebaceous gland plugging results in the appearance of miliae, i.e. white or yellowish specks over the nose and face. Miliaria is possibly the most frequent skin eruption in the first weeks of life, and reflects the sweat gland immaturity and the tendency to overheat babies. On the second-third day after birth a newborn’s skin becomes yellowish. It takes place in 2/3 of all newborns and is termed physiological jaundice (jaundice neonatorum). It should disappear till 10 days. This jaundice is caused by an increased blood bilirubin level.During the period of sexual maturation owing to endocrine reconstruction of the entire system, a rapid growth of hair occurs on the face of boys, and in the axillary and pubic regions of both sexes. The other features are: increased vasomotor excitability (a rapid change of colour) and intensive functioning of the sebaceous glands leading to plugging of their ducts with subsequent inflammation (acne vulgaris).

6. The clinical methods of examinations of the skin and adipose tissue are as follows: questioning, observation, palpation, dermatography (vascular reactions to mechanical irritation). In the majority of cases such lesions are only manifestations of general metabolic disturbances or systemic diseases (various infections). 
7. Palloor, redness, yellowness, cyanosis. Dermatography is a response of the skin to a mechanical irritation caused by tracing a fingernail or a blunt instrument over it. It depends on the autonomic nervous system state. You should notice the type of dermographia (red, white or mixed). Dermographia is called “mixed” when a red line alone the line of scratching is flanked by two white lines. The doctor should fix the time interval between the irritation of the skin and appearance of a response and the time interval when the dermographic line disappears. White dermatography is frequently encountered in children with scarlet fever, being observed in 90 % of cases. It is of prognostic significance: when the patient’s condition deteriorates it disappears or is faint, upon improvement it appears again. White dermatography is typical for atopic dermatitis too. Red dermatography occurs in meningitis.
8. Description of the primary skin lesions. Macula: a flat, coloured lesion, not raised above the surface of the surrounding skin. Patch: a large (>2 cm) flat lesion with a colour different from the surrounding skin. This differs from a macula only in size.Papule: a small, solid lesion, <1 cm in diameter, raised above the surface of the surrounding skin and hence palpable.Nodule: a larger (1-5 cm), firm lesion raised above the surface of the surrounding skin. This differs from a papule only in size. Tumour: a solid, raised, growth >5 cm in diameter. Plaque:  a large (>1 cm), flat-topped, raised lesion; its edges may either be distinct (e.g., in psoriasis) or gradually blend with the surrounding skin (e.g., in  eczematous dermatitis). Vesicle: a small, fluid-filled lesion, <1 cm in diameter, raised above the surrounding skin plane. Fluid is often visible, and the lesions are often translucent. Pustule: a vesicle filled with leukocytes. Bulla: a fluid-filled, raised, often translucent lesion >1 cm in diameter. Cyst: a soft, raised, encapsulated lesion filled with semisolid or liquid contents.Wheal: a raised, erythematous papule or plaque, usually representing short-lived dermal oedemata. The secondary morphological elements of rash: atrophy is an acquired loss of substance. In the skin, this may appear as a depression with intact epidermis (i.e., loss of dermal or subcutaneous tissue) or as sites of shiny, delicate, wrinkled lesions (i.e., epidermal atrophy); scar is a change in the skin secondary to some injury or inflammation. Sites may be erythematous, hypopigmented or hypertrophic depending on their age or character. Sites on hair-bearing areas may be characterized by destruction of hair follicles; squama is an accumulation of shedding corneal plates of the epidermis; crust is a scab formed due to drying elements with a cavity;crusts may be serous, bloody, purulent; erosion is a superficial defect of the skin; ulcer is a deep defect of the skin below its basal membrane level; excoriation is a linear skin damage due to an injury (for example, owing to itching urtica); cicatrix is a connective-tissue formation after deep defects of the skin;pigmentation is a brown spot on the skin; lichenification is a dense dry thick skin with an expressed skin pattern. It is typical for atopic   dermatitis.
9. Palpation of the skin gives informations about dryness, elasticity and turgor of the skin, excessive or deficient deposition of subcutaneous tissue, sclerema, oedema.

10. Fragility of the skin blood capillaries is determined by placing a rubber bandage on the patient’s shoulder; when the bandage is removed (after 2-3 minutes), increased capillary fragility will be noted by petechiae appearing in the elbow bend and on the forearm. 

11. Paraclinical methods of examination. Diascopy is designed to assess whether a skin lesion will blanch with pressure as, for example, in determining whether a red lesion is haemorrhagic or simply blood-filled. For instance, a haemangioma will blanch with pressure, whereas a purpuric lesion caused by necrotizing vasculitis will not. Diascopy is performed by pressing a microscope slide or magnifying lens against a specified lesion and noting the amount of blanching that occurs. Wood’s Light. A Wood’s lamp generates 360-nm ultraviolet (or “black”) light that can be used to aid in evaluating certain skin disorders. For example, a Wood’s lamp will cause erythrasma (a superficial, intertriginous infection caused by Corynebacterium minutissimum) to show a characteristic coral red colour, and wounds colonized by Pseudomonas to appear pale blue. Tinea capitis caused by certain dermatophytes such as Microsporum canis or M. audouini exhibits a yellow fluorescence. Patch Tests. Patch testing is designed to document sensitivity to a specific antigen. In this procedure, a battery of suspected allergens is applied to the patient’s back under occlusive dressings and allowed to remain in contact with the skin for 48 hours. The dressings are removed, and the area is examined for evidence of delayed hypersensitivity reactions (e.g., erythema, oedema, or papulovesicles). This test is best performed by physicians with special expertise in patch testing and is often helpful in the evaluation of patients with chronic dermatitis.Skin Biopsy. A skin biopsy is a straightforward minor surgical procedure; however, it is important to biopsy the anatomic site most likely to yield diagnostic findings.KOH Preparation. A potassium hydroxide (KOH) preparation is applied to scaling skin lesions when a fungal etiology is suspected. The edge of such a lesion is scraped gently with a scalpel blade, and the removed scale is collected on a glass microscope slide and treated with 1-2 drops of a solution of 10 to 20 % KOH. The latter dissolves keratin and makes easier visualization of fungal elements possible.
SUBJECT 3. MORPHOFUNCTIONAL PECULIARITIES, METHODS OF EXAMINATIONS AND SEMIOTICS OF DISEASES OF THE OSSEOUS AND MUSCULAR SYSTEMS IN CHILDREN.
The knowledge of age-specific morphofuntional peculiarities of the osseous and muscular systems, methods of their examination, semiotics of their affection are important for diagnosing their diseases.

Control questions:

1. Tell about peculiarities of morphological structure of child osseous tissue.

2. What do you know about osseous system function?

3. Describe peculiarities of separate parts of skeleton – the head spinal column, the pelvis girdle and extremities, the scull, the thorax.

4. What is the role of the osseous system examination in Pediatric practice? What methods of examinations of the osseous system do you know?

5. Describe the semeiology of the osseous system affections.

6. What do you know about morphological structure of the muscle system?

7. What is the dynamic of development of the muscle system?

8. What is the function of the muscle system?

9. State the main clinical and paraclinical methods of examinations of the muscle system.

10. What is the role of examinations of the muscle system in Pediatric practice?

11. Describe the semeiology of the muscle system affections.

Short answers:

1. Peculiarities of the morphological structure on the bone tissue and system level: growth zone, ossification nucleus, bone growth, remodelling, biochemical peculiarities of the child bone tissue. The bones (the osseous tissue) of the newborn contain more water and less solid substances than do the bones of adults. In the foetal period, skeletal ossification is a rather late process, and at birth the infantile skeleton still contains a great deal of cartilaginous tissue (the vertebral column, the wrist). The structure of the harder part of the skeleton, consisting of already ossified tissue, still differs from the bones of adults; in children this structure is fibrous, in adults it is laminated; there are less salts in children’s bones, therefore they are more flexible and resilient than in adults, and not so hard. Baby’s bones are easily deformed under undue pressure (tight clothing, narrow footwear, improper carrying in arms). The main regularity of the morphofunctional development consists in the intensive growth and remodelling of the bone tissue. Stages of the osseous tissue origination include: a) anabolic – creation of protein matrix, b) formation of centres of osteon crystallization and mineralization, c) remodelling and regeneration of the bone tissue.

2. Functions: the osseous system performs support and locomotor functions in combination with the muscular system, as well as it is a depot of calcium and phosphorus.

3. The head in newborns and of infants is large, comprising one-fourth of the length of its body (in adults it is only one-seventh to one-eighth). The edges of skull bones do not converge closely; a divergence of the bones may be felt upon probing with fingers, particularly in premature infants. Fontanelles are soft spots in the newborn’s skull. Two major fontanelles can be felt. At the point of juncture of the frontal and two parietal bones the anterior fontanelle may be felt. In the back of the head, between the two parietal bones and the occipital bone lies a posterior fontanelle. The vertebral (or spinal) column of the newborn is straight and consists of cartilaginous tissue; only subsequently does a gradual ossification of the vertebrae occur. From the moment the child begins holding his head the first physiological deformation appears – a curvature of the neck, or cervical lordosis. When the child sits up, at six or seven months, a second curvature is formed in the thoracic region – kyphosis of the thorax, and when he begins to walk, a curve is formed in the lumbar region – lumbar lordosis. The thorax (chest) of the newborn looks like a truncated cone; the ribs are uplifted at right angles to the vertebral column, so that the chest is in the inhaling position. This limits movement, does not allow the lungs to expand much; therefore, the breathing of children is rapid and shallow. Gradually, as the child begins to walk, the configuration of his chest changes and its respiration capacity increases. The final formation of the chest occurs at 12-13 years, when it takes the shape it will have in adult life. In children, the tubular bones of the extremities grow by gradual ossification of their cartilaginous end, the epiphysis. Points of ossification first appear in the depth of the epiphysis, and subsequently join up with the shaft of the tubular bone, the diaphysis. The growth of the long (tubular) bones continues for a prolonged period, ceasing only at the age of 25. The pelvic girdle is the same in infants of both sexes, and only at the age of 6-7, or even later does the pelvic girdle in girls becomes wider than in boys. Primary and secondary dentition:  The eruption of the milk teeth (primary dentition) begins at approximately six months.Later, between six and twelve years, the primary milk teeth fall out in the order of their appearance, and they are replaced by permanent teeth.

4. The knowledge of age-specific morphofuntional peculiarities of the osseous and muscular systems, methods of their examination, semiotics of their affection are important for diagnosing their diseases. The main clinical-paraclinical methods of examination of the bone system are as follows: questioning, visual examination, palpation, roentgenological investigation, biochemical investigation (Ca, P, alkaline, phosphotase, Ca and P secretion with urine, Sulkovich’s test).

5. Semeiology of the osseous system affections: age-specific bone deviations, age-specific deviations of the teeth, complaints about pain, changes of bones, configuration of joints, mobility disorders, active or passive movements, morning inhibitions in the joints. Deformations of the skull: in size, shape, bones; condition of its sutures and fontanelles (microcephaly, macrocephaly, cranial bone dysplasia), cephalohematoma, craniotabes, etc. The thorax deformation: pigeon breast, cobbler’s (or funnel) breast, “bead” symptom. Vertebral column deformations: kyphosis, scoliosis, lordosis. Cylindrical bones: deformation, length changes. The children may also reveal flat soles, pigeon-toed feet, signs of osteoporosis, inflammatory affections of bones and joints, changes of Ca and P levels in blood and urine.

6. The muscles of newborn infants are poorly developed. They comprise about one-fourth (25 %) of their body weight, while in adults they take up 40-43 % of this weight. The muscle fibres of children are significantly thinner than in adults. The increase in the muscular mass during the child’s growth is due to the growth of the muscular fibres, and not to an increase in their number.

7. The motor faculty of the muscles is manifested in children at first in the muscles of the neck and body, and later in the extremities. Muscular strength and tonicity are low in children. In the first months of life a higher tonicity, so-called “physiological hypertension”, is observed due to a specific function of the CNS. In older children, increased muscular tension is a symptom of some pathological condition in the CNS. Low muscular tension (hypotension) in babies is due to rickets. The development of the child’s static functions depends on the development of his CNS. Proper care and training are important factors in the stimulation of the baby’s movements.

8. Muscles perform such functions as body movement, blood circulation and heat production.

9. The main methods of clinical and paraclinical examination: questioning, examination, investigation of muscle tone and strength, reflexes, motive activity (active, passive movements); electromyographia.

10. The examination of the muscular system is important for diagnosis of muscular system diseases, rickets, congenital and acquired diseases of the nervous system.

11. Semeiology of the muscular system affections: changes in muscle mass, size of some muscles, groups of muscle (asymmetry); change of muscle tone (increased, decreased); change of muscle strength (increased, decreased); motor activity changes (decreased, hyperkinesis, etc.); active and passive movement changes (amount, generation, self-generation).The muscular system affections may spread (generalized, localized); inflammation of muscle (myositis) and infectious diseases (poliomyelitis) are possible.

SUBJECT 4. THE RESPIRATORY SYSTEM IN CHILDREN. MORPHOFUNCTIONAL PECULIARITIES,METHODS OF EXAMINATION OF THE RESPIRATORY SYSTEM ORGANS.
Concrete aims:

– to compile/collect past history data in patients with diseases of the respiratory organs;

– to fulfil the objective examination of organs of the respiratory system, taking into consideration age-specific peculiarities    of a child;

– to interpret the received data of examination;

– to analyse symptoms and main syndromes of affections of the respiratory organs;

- to prescribe complex methods of laboratory and instrumental examination in diseases of the respiratory organs.

Control questions:

1. Indicate main respiratory system organs.

2. What do you know about embryogenesis of the respiratory system?

3. What do you know about anomalies of the respiratory system development?

4. Describe the morphofunctional peculiarities of the certain parts of the respiratory system: 

5. Upper respiratory organs – the nose, the pharynx, the fauces

6. Middle respiratory tract – the larynx, the trachea, the lobe and segmental brounchs

7. Lower respiratory tract – the bronchioles and alveoles.

8. What are the peculiarities of the infant’s thorax?

9. What do you know about the physiology of the respiration in children?

10. Tell about the main clinical methods of the respiratory system examination.

Short answers:
1. The respiratory system consists of the complex structures which have functions to deliver the air to organism for gas exchange, to get oxygen and to excrete carbon dioxide.The nose, pharynx, larynx, trachea, bronchi and lungs provide the way for delivery the air to the child’s organism. The exchange of gases takes place in the alveoli. Oxygen is delivered to millions of cells of the organism by the system of haemocirculation. Nonrespiratory functions of the lungs include production and regulation of hormones (production of prostoglandins E, F2 alpha, angiotensin I and II, regulation of secretion of aldosteron, inactivation of noradrenalin), regulation of blood reology, water metabolism, thermoregulation.

2. The respiratory system originates in the endoderm. The morphogenesis of the respiratory system is divided into 5 periods: the embryonic period starts at 4 weeks of gestation, pseudoglandular at 6, canalicular at 16-26, saccular at 26-28, alveolar at 28-32 weeks.

3. Embryogenesis data help to understand the origin of congenital defects of organs in the respiratory system (stenosis of the trachea, lung agenesia, cysts, oesophagotracheal fistula), which result from developmental disorders of this system during early stages of the embryogenesis.

4. a) The nose of very young children is relatively small and short; the nasopharyngeal space is small, since the visceral cranium is undeveloped. The nasal passages are narrow, in the newborns the lower nasal passage is almost absent, it is formed only at the age of four years. The nasal mucous is very delicate and intensively vascularized. The cavernous portion of the nasal submucosa is underdifferentiated. The paranasal sinuses are underdeveloped in early children. The frontal sinus is absent in babies younger than 1 year, it will appear after 2 years. The maxillary sinuses are present at birth, but they are very small. The ethmoid sinus is also present in newborns, but its cells are very poorly differentiated. The sphenoid sinus is absent at birth. The pharynx of the young child is relatively narrow and small. The lymphatic ring surrounding the pharynx is not clearly defined. 
b) The larynx is funnel-shaped, its passage is narrower than in adults, the larynx cartilages are delicate, and the false vocal folds and mucous membrane are very tender, with intensive vascularization. The trachea is funnel-shaped and its lumen is narrow, the walls and cartilages are soft, the elastic tissue is poorly defined. Vascularization in the tracheal mucous coat is intensive. The trachea bifurcates into bronchial branches at the level of the 3rd thoracic vertebra in the newborn, descending by adolescence to the level of the 5th one. The right bronchus is a direct continuation of the trachea, the left branches off from its side. The bronchial passage is narrower than in adults, the elastic fibres are less defined, the cartilages are soft, while the mucosa is extensively vascularized, hence inflammatory sites are formed sooner and the bronchial lumens become constricted more easily than in adults.
c) The development of the child’s lungs includes differentiation of the separate elements of the lung and its growth. Acini, which consist of a number of groups of alveoli (20-25) and respiratory bronchioles of the 1st, 2nd and 3rd order, are the basic structural units of the lungs. The interstitial pulmonary tissue of the young child is generally better developed and more vascularized than in adults, its capillaries and lymphatic sinuses are wider. As a result, the lungs of the child are less airy and more intensively blood saturated, than the lungs of the adult. The lungs of infants are poor in elastic tissue, particularly in the vicinity of alveoli. The growth of the lungs is continuous with that of the child, and it is associated with an increase of the alveolar volume. The lungs are divided into lobes and segments (10). The pleura of the newborns and infants is very thin and easily displaced by deep respiratory excursions and accumulations of fluid.

5. The thorax in newborns is convex and relatively short lengthwise. The position of the ribs is horizontal. Owing to some anatomic features, the respiratory excursions of the thorax in healthy infants are short and very limited, and the lungs do not expand completely during inspiration.

6. The type of respiration from birth and throughout babyhood is abdominal or diaphragmatic, after two years it becomes mixed, and subsequently by the age of 8-10 years boys develop a prevalently abdominal type of respiration, girls having the costal and abdominal types. The respiratory rhythm is extremely unstable in the first months of an infant’s life: a) pauses between an inspiration and an expiration are not equal; b) deep and shallow inspirations alternate. Respiration is regulated by the respiratory centre, which is located in the myelencephalon. The frequency of respiration is as follows:

	Newborn
	40-60 per minute

	1-2 years
	30-35

	5-6
	Up to 25

	10
	18-20

	Adults
	15-16


7. The main methods of the clinical examination of the respiratory system are interrogation, visual examination, palpation, percussion, auscultation, and estimation of respiratory rate.
SUBJECT 5. PERCUSSION OF LUNGS IN CHILDREN.
The ability to use the method of percussion in children is important for estimating symptoms of affection of the respiratory organs.
Control questions:

1. What do you know about percussion of the lungs as a method of clinical examination of the respiratory system?

2. What types of the lungs percussion do you know?

3. Describe the technique of the lungs percussion.

4. What do you know about boundaries of the lungs?

5. What is necessary to note during percussion of the lungs?

6. In which diseases of lungs the percussion is very useful?

Short answers:

1. Percussion is a method of objective inspection of the internal organ condition by estimation of the sounds arisen at tapping in a certain side of the body with doctor’s finger tips.
2. There are two types of percussion: indirect and direct.There are comparative and topographic percussions depending on the purpose of the inspection and their technique.

3. Percussion is an assessment technique which produces sounds by the examiner tapping on the patient’s chest wall. Just as a light tapping on a container with your hands produces various sounds, so tapping on the chest wall produces sounds based on the amount of air in the lungs. Percussion sets the chest wall and underlying tissues into motion, producing audible sounds and palpable vibrations. Percussion helps to determine whether the underlying tissues are filled with air, fluid or solid material. The anterior chest is most easily percussed with the patient lying supine; when his posterior chest is percussed, the patient should sit. Place the first part of the middle finger of your nondominant hand firmly on the patient’s skin. Then, strike the finger placed on the patient’s skin with the end of the middle finger of your dominant hand. Work from the top part of the chest downward, comparing sounds heard on both the right and left sides of the chest.

4. Boundaries of the lung and its lobes

	Lung

boundaries


	Front
	Right lung: the 9th rib on the axillary line, the 5th rib on the mamillary line.

Left lung: at the level of the 9th rib on the axillary line.

	
	Back
	Both lungs: at the level of the spinous process of the 10th-11th thoracic vertebrae.

	Boundaries

of the

pulmonary lobes
	Front
	Right lung: above the 4th rib the upper lobe, below the 4th rib the middle lobe.

	
	Back
	Both lungs: above the scapular spine the upper lobe, below the scapular spine the lower lobe.


5. Points to note on percussion of the chest are as follows: resonance, dullness, pain and tenderness must be marked.

Percussion notes and their characteristics
	
	Relative intensity
	Relative pitch
	Relative duration
	Example of location

	Flatness
	soft
	high
	short
	thigh

	Dullness
	medium
	medium
	medium
	liver

	Resonance
	loud
	low
	long
	normal lung

	Hyperresonance
	very loud
	lower
	longer
	none normally

	Tympanic
	loud
	high
	short
	gastric air bubble or puffed-out cheek


6. Percussion is a useful technique and is used to diagnose pneumonia, to differentiate between the presents of the pneumothorax and a pleural effusion when the physical signs may be otherwise identical. Topographic and comparative percussion must be done.

SUBJECT 6. AUSCULTATION OF LUNGS IN CHILDREN.
The ability to use the method of auscultation in children is important for estimating symptoms of affection of the respiratory organs and diagnosing diseases of the respiratory system. It is necessary to be able to diagnose respiratory distress syndrome and respiratory insufficiency, to estimate the results of spirography what is important for diagnosing respiratory diseases.

Control questions:

1. What do you know about auscultation of the lungs as a method of clinical examination of the respiratory system?

2. Which points is necessary to note during auscultation of the lungs?

3. What do you know about breath sounds?

4. Tell about semiotics of the respiratory system affection.

5. What do you know about the main diseases of the respiratory system?

6. What do you know about the respiratory distress syndrome?

7. What do you know about the respiratory insufficiency syndrome?

8. What symptoms are typical for respiratory insufficiency syndrome?

9. What kind of paraclinical methods of the respiratory system examination do you know?

10. Tell about the use of spirography in examination of the respiratory system.

Short answers:

1. The ability to use the method of auscultation in children is important for estimating symptoms of affection of the respiratory organs and diagnosing diseases of the respiratory system. Auscultation can give information about the character and intensity of the breast sounds, the presence or absence of any added sounds and the character of vocal resonance.

2. The points to note on auscultation of the chest are as follows: vesicular breath sounds, bronchial breath sounds, puerile breath sounds, vocal fremitus and resonance, bronchophony, added sounds (pleural rub, wheezes, crackles).

3. Breath sounds have intensity and quality. The intensity (or loudness) of breath sounds may be normal, reduced or increased. By their quality, breath sounds are vesicular, bronchial or puerile.

4. Semeiology of the respiratory system affection is very variable and includes cyanosis, foam discharge from the mouth, serous, mucous, purulent, blood discharge from the nose, crusts, voice changes (hoarseness of voice, hypernasal voice), symptoms of croup, including cough, dyspnoea, aphonia, characteristic mien (adenoid face), deformations of the chest (kyphosis, scoliosis, rachitic deformation), constriction of the intercostal spaces, spine deformation, emphysemic deformation, protrusion and puffiness of the soft tissue on one side are signs of presence of pleural effusion; cough (harsh, barking, dry, moist, painful, paroxysmal, bitonal), tachypnoea, bradypnoea, dyspnoea (Cheyne-Stokes, Kussmaul’s, Biot’s types of respiration), inspiratory dyspnoea, inspiratory stridor, expiratory dyspnoea, mixed dyspnoea, tension of the sternocleidomastoid muscle, vocal fremitus, dull sounds, absolutely flat sounds (stony dullness) in percussion of the lungs; bronchophony, decreased vesicular respiration, amphoric respiration, râles (dry, moist), pleural rub; changes in the mucous membranes of the fauces, uvula, arches and tonsils, pathological changes of sputum, results of laryngoscopy, spirometry, X-ray picture, etc.

5. The respiratory system pathology is very various and includes developmental anomalies (atresia of choanae, tracheopulmonary fistula, lung cysts, pulmonary aplasia), inflammatory diseases (rhinitis, pharyngitis, laryngitis, tracheitis, bronchitis, bronchiolitis, pneumonia, pleurisy), allergic diseases (bronchial asthma), etc.

6. Respiratory distress syndrome (RDS), previously referred to as hyaline membrane disease, is the most common cause of respiratory failure in newborns. It occurs in infants with immature lungs who produce or release inadequate amounts of pulmonary surfactant. Diffuse atelectasis and reduced lung compliance are the major pathophysiological features. The incidence of RDS increases with decreasing gestational age. Infants, who are asphyxiated, hypovolemic, or born of diabetic mothers, are at increased risk. Clinical findings:1) Signs of respiratory distress are: tachypnoea, chest wall retractions, nasal flaring, expiratory grunting, and cyanosis.2) Other findings are: systemic hypotension, oliguria, hypotonia, temperature instability, ileus, peripheral oedema.Prematurity on gestational age assessment.

7. Syndrome of respiratory insufficiency. Respiratory insufficiency is a condition, when the organism does not maintain the supply of normal blood gas content or the latter is supported by abnormal activity of external respiration, which leads to reduction in functional abilities of the organism.

8. The main symptoms of respiratory insufficiency include dyspnoea, cyanosis, tachycardia, changes in correlation of pulse/respiratory rate, trend to increased blood pressure, acidosis, decreased pO2 (80-60 mm Hg), increased pCO2 (60-80 mm Hg).

9. The main methods of paraclinical examination of the respiratory system are as follows: chest roentgenograms, computed tomography and magnetic resonance imaging, upper airway films, nasal sinus films, fluoroscopy, contrast studies, bronchograms, pulmonary arteriograms, radionuclide lung scans, laryngoscopy, bronchoscopy, bronchoalveolar lavage, thoracoscopy, thoracocentesis, percutaneous lung tap, lung biopsy, transillumination of the chest wall, microbiological examination of secretions, sweat testing, blood gas analysis, pulmonary function testing, measurement of the ventilatory function, measurement of gas exchange, measurement of perfusion.
10. Spirography is method of graphic registration of the respiratory  movements that reflects the changes of the lung’s volume. Basic parameters of spirography are frequency of respiratory (FR), respiratory volume (RV), minute volume of respiration (MVR), vital capacity of lungs (VCL), the reserve volume of an inhalation (RV of an inhalation) and an exhalation (RV of an exhalation).

SUBJECT 7. MORPHOFUNCTIONAL PECULIARITIES, METHODS OF EXAMINATION OF THE CARDIOVASCULAR SYSTEM.
Concrete aims:

- to study the past history of a patient with some disease of the cardiovascular system;

- to fulfil the objective examination of the cardiovascular system with taking into consideration age-specific peculiarities of a child;

- to interpret the received data of examination;

- to analyse the main syndromes of affection of the cardiovascular system in children;

- to prescribe complex laboratory and instrumental methods of examination in diseases of the cardiovascular system.

Control questions:

1. Describe the organs and functions of the cardiovascular system.

2. What do you know about the embryogenesis of the cardiovascular system?

3. What do you know about anomalies of the development of the heart and vessels?

4. What are the peculiarities of hemocirculation in the intrauterus period?

5. What is the mechanism of transition of the cardiovascular system to the extrauterine functioning?

6. What do you know about morfofunctional peculiarities of  the heart in children?

7. What do you know about morfofunctional peculiarities of vessel in children?

8. What do you know about functional abilities of the cardiovascular system in children?

9. Which methods of clinical examination of the cardiovascular system do you know?

10. Describe the methods of the observation of the cardiovascular system in children.

11. Describe the methods of the palpations in examination of the cardiovascular system.

12. Describe the methods of the examinations of the pulse in children.

13. Describe the methods of the examination of the arterial pressure in children.

Short answers:

1. The cardiovascular system consists of the heart, coronary vessels, basilar vessels (aorta, pulmonary trunk), peripheral blood vessels (arteries and veins) and capillaries. The main functions of the cardiovascular system consist in supporting the constancy of homeostasis, supplying all organs and tissues with oxygen and nutrients and excreting waste products of metabolism.

2. The cardiovascular system is the first system to function in the embryo. Blood circulation starts by the end of the third week of gestation. The cardiovascular system originates in the mesoderm of trophoblast, yolk sac and germ stem. The first indication of cardiac development is seen on days 18 to 19 in the cardiogenic area where cell clusters form the cardiogenic cords. There are two tubes, which fuse and then develop strictures and outpouching that form the primitive heart chambers and vessels. By the end of the fifth week, cells around the heart tubes differentiate into myocardial and pericardial cells. The primitive heart begins beating by day 22, even before the four chambers are well defined. During the 4th to 7th week, the heart becomes divided into a typical four-chambered structure. The completion of heart formation with division into cavities, which have foramina, occurs to 46 days of gestation.

3. Many heart and vascular abnormalities, such as transposition of the major vessels and pulmonary valvular atresia, atrial and ventricular septal defects, valvular stenosis of the pulmonary artery, aortic valvular stenosis, tetralogy of Fallot, persistent arterial trunk, are common congenital cardiac malformations.

4. The lungs do not function prenatally, therefore arterial blood is delivered to the foetus from the placenta through the umbilical cord. This arterial blood contains oxygen and all nutritive substances which it has got from the placenta. The umbilical vessels are one vein, which conducts the arterial blood from the placenta to the foetus, and two arteries, which conduct the venous blood from the foetus to the placenta.Schema of blood circulation of foetus may be represented in such way: the umbilical vein(Arantius duct(inferior vena cava(right atrium(foramen ovale(left atrium(left ventricle(aorta.Right atrium(right ventricle(pulmonary artery(Botallo’s duct(aorta. The two umbilical arteries carry the venous blood to the placenta for reoxygenation.

5. The mechanism of transition of the cardiovascular system to the extrauterine functioning is as follows.

-The infant’s first breath raises pO2 , which causes dilatation of the pulmonary arterial blood vessels and allow blood to flow freely to the lungs. Now the pulmonary blood pressure is decreased.

-The umbilical arteries constrict in response to higher pO2 levels, and the cord is cut. The umbilical arteries turn into the lateral umbilical ligaments.

-Circulation through the umbilical vein ends. Later, the umbilical vein becomes the round ligament.

-As the venous duct closes, the systemic blood pressure rises. Later the venous duct turns into the venous ligament.

-These changes in pressures cause blood flow through the arterial duct to reverse its direction, thus changing one of the “right-to-left” shunts. The arterial duct then constricts. It will later become the arterial ligament.

-Since there is now an increased blood flow to the lungs, there must be an increased flow from the lungs through the pulmonary veins and to the left atrium.

-The increased pressure of this blood against the oval foramen forces it to close against the interatrial septum. This reverses the other “right-to-left” shunt (the site of the old oval foramen will later become the oval fossa).

-The above changes make it possible for blood to flow to the newborn lungs for gas exchange and return to the heart for distribution to the body. All foetal vessels (umbilical arteries and veins, venous and arterial ducts) first functionally and then anatomically adapt to adult circulation by obliteration.

6. The mass of the heart is relatively greater in children than in adults. In the newborn the weight of the heart is 0.9 % of the body weight, while in adults it is only 0.5 %. The initial weight of the heart (17-24 g) doubles to 6-7 months, triples between one and two years, increases fourfold in the fifth year of life, six fold in the tenth year, and eleven fold by 16 years of age. The energy of cardiac growth is higher in the first year of life, between 7 and 14 years it slows down, and again increases at puberty, it means, cardiac growth keeps to the general laws of the bodily growth. The mass of heart is bigger in boys than in girls. The right and left ventricles have approximately the equal size in newborn, thickness of their wall is about 5 mm. The atria and main vessels have a relatively larger size in comparison with the ventricles than those in adults. The growth of the left part of the heart, especially the left ventricle, is more intensive after birth, than the right part. It is caused by an increase of vascular resistance and arterial pressure. The growth of the heart is accompanied with tissue differentiation.

The histological features of the cardiac muscle of children are as follows.

-Slenderness of muscular fibres, their closer congregation.

-Poor development of connective tissue.

-Muscular cells in newborns and infants are shorter and much thinner than those of adults.

-Muscle cell nuclei have an elongated oval configuration.

-The total amount of nuclei is greater than in adults.

-The elastic tissue is poorly developed, abundant.

7. The arteries of the child are relatively wider than in adults. The capillaries are particularly wide in infancy. Contrarily, the veins of young children are relatively narrow. (In adults the diameter of the veins are twice as wide as the diameter of the arteries).

8. A feature of the cardiovascular system in childhood consists in its lesser impairment by use, owing to the absence of a number of chronic infections and intoxications (nicotine, alcohol, etc).The pulse. The rate of pulse in children is relatively high.Pulse rate at different age levels (per minute):

Newborn


120-160

First 2-3 months

140-120

7-12 months


130-120

1-2 years


90-120

3-5 years


72-110

6-7 years


70-80

The respiration is accompanied by 3.5-4 heart beats.Arterial pressure is relatively low in infants owing to the low pumping force of the heart and the greater width of the vessels, and also the greater elasticity of the arterial walls. The maximum blood pressure of infants is 66-76 mm Hg, the minimum one is 34-36 mm Hg, in one-year-olds these values are respectively 90-100 mm Hg and 58 mm Hg. According to V. Molchanov, the maximum arterial pressure in children is 80 plus the doubled number of years of life. The minimum pressure, like in adults, is from two-thirds to one half of the maximum. The neural regulation of the cardiovascular system is complete. Neural regulation acts through sympathetic and parasympathetic neural systems. The tone of the sympathetic neural system in young children is stronger than their vagus tone. The vagus regulation of the heart becomes stronger after 3 years of age.

9.Clinical methods of investigation:
A. Questioning (including complaints, case history, life history).

B. Objective physical examination: visual examination; palpation; percussion; auscultation; examination of the heart rate (pulse rate); examination of blood pressure.

10. It is best to examine the cardiovascular system in the following order: arterial pulses, blood pressure, venous pulses, praecordia, auscultation. However, before proceeding to this examination, certain general points should be noted: paleness of the skin and mucous membranes, cyanosis, enlargement of the abdomen due to enlargement of the liver and ascitis, oedema, finger-clubbing, splinter haemorrhages in the nailbeds of fingers and toes and small petechial haemorrhages in the conjunctivae, breathlessness. Praecordia is the term used to indicate the anterior aspect of the chest wall which overlies the heart. Deformation of the chest wall can be noticed if the heart is enlarged (cardiac hump); visible pulsation can be noticed.

11. The praecordia is examined by visual examination and palpation. Deformities of the chest wall can affect the physical signs found in the examination of the heart. The commonest finding associated with deformities is an ejection systolic murmur, which may be wrongly attributed to some organic heart disease. The presence of kyphosis, scoliosis or sternal depression should therefore be noted. Sternal depression is also associated with a loud tricuspid component to the first heart sound, appearance of cardiac enlargement on the chest X-ray and a slight broadening of the QRS-complex, with a right bundle branch block pattern.  Next identify the apex beat, and assess the cardiac impulse. It should be emphasized that the term “cardiac impulse” not only refers to the character of the apex beat but also includes other pulsation and palpable murmurs (thrills) and heart sounds. It is customary to locate the apex beat, which is the lowest and outermost point of definite cardiac pulsation, and to eliminate its position in terms of the particular intercostal space and distance from the midline, from which it is to the left. The normal position of the apex beat is 1 cm internal to the midclavicular line in the fifth intercostal space. The left ventricle normally produces the apex beat. When it is hypertrophied, the impulse is more forceful and extends towards the axilla. If the right ventricle is extremely dilated it may form the apex of the heart. The area immediately to the left of the sternum should be carefully palpated. Failure to detect an apex beat is usually due to obesity or obstructive airway disease but may be feature in patients with pleural or pericardial effusions. Dextrocardia is a very rare reason for failure to detect the apex beat in the left chest. In addition to arterial and venous pulses, pulsation may be noted at the neck (anxious patients, in diseases which cause hyperdynamic circulation, such as thyrotoxicosis, in aortic regurgitation, hypertension, aneurysm of the aorta), in the chest wall (aneurysm of the aorta) over the scapulae due to aortic pulsation accentuated by nervousness or excitement in a thin patient.

12. The arterial pulses are detected by gently compressing the vessel against some firm underlying structure, usually bones. The main peripheral arterial pulses are as follows: radial, brachial, carotid, femoral, popliteal, posterial tibial. The following examinations should be made with regard for the cardiac function: rate of pulse, rhythm of pulse, character of pulse, volume of pulse, presence or absence of delay of the femoral pulse compared with the radial ones, the peripheral vessels and circulation. To assess the rate and rhythm, the radial pulse is generally used. The rate of the pulse is noted in beats per minute. In newborn infants, in case of tachycardia the count of pulse rate at the wrist will not be comfortable and heart rate in such cases should be counted by auscultation of the apex. The parasympathetic and sympathetic components of the autonomic nervous system have a major effect on heart rate. The pulse rate is increased by exercise, fever and in thyrotoxicosis. It also increases in abnormal tachyarrhythmia. Functional abnormalities of the sinus or atrioventricular nodes may reduce the heart rate to below 50 beats per minute. Next, one should decide whether the rhythm is regular or irregular. If the rhythm has a recurring pattern, or there are occasional irregularities, these are likely to be due to extrasystoles. An extrasystole is a beat which occurs prematurely, is therefore of a reduced volume and is followed by a lengthened diastole, which is clinically appreciated as a “pause”. Study the character or form of the arterial pulse wave by palpation of the carotid pulse. This is best felt with the thumb pressing backwards at the medial border of the sternomastoid at the level of the thyroid cartilage. The most important changes in the character of the arterial pulse are as follows: slow rising pulse, collapsing (water-hammer) pulse, paradoxical pulse, alternating pulse.

13. Blood pressure can be taken by Korotkoff’s method. The Korotkoff sound may be heard with stethoscope at the brachial artery while the pressure in the occlusion cuff around the upper arm is gradually reduced. The first sound that occurs (phase one) indicates the peak systolic pressure. The second and third phases are due to a turbulent flow of blood through a partially occurred vessel. The fourth phase occurs, when the sound becomes muffled, and the fifth phase when the sounds disappear. The fourth phase is 7-10 mm Hg above the true diastolic pressure. The fifth phase corresponds more accurately to true diastolic pressure. Check that the width of the cuff is correct according to the age. For an adult, the standard cuff width is 12 cm, for children it varies from 1.5 to 10 cm. Select the size which covers most of the upper arm but leaves a gap of 1 cm below the axillary and above the antecubital fossa. In suspected coarctation of the aorta it may be useful to compare systolic blood pressure in the arm with that in the leg; the patient lies with his face downwards, an 18 cm cuff is applied above the knee and auscultation is carried out over the popliteal artery. If a narrower cuff is used, the recorded pressure will be falsely high. In nervous patients, the first reading is often too high; the second reading when the patient has become accustomed to the procedure and is more relaxed may be more representative. It is essential to work as quickly as is compatible with accuracy, for compression of a limb per se induces a rise in blood pressure. To reduce this source of error, when successive estimations are made, the air pressure in the armlet should always be allowed to fall to zero as soon as each reading has been taken.Abnormal blood pressure must be considered in relation to the patient’s age. A blood pressure of 140/90 would indicate quite severe hypertension in a child. The venous pulse is examined in neck veins. The importance of studying the level of pressure in the internal jugular veins lies in the fact that these vessels are usually in direct communication with the right atrium. In this way the pressure changes within the heart may be predicted by a simple clinical observation.

SUBJECT 8. PERCUSSION OF THE HEART IN CHILDREN.
The ability to use percussion of the absolute and comparative borders of the heart is important for determining semiotics of affection of the cardiovascular system. The knowledge of semiotics of diseases is necessary for their diagnosis.

Control questions:

1. What is the aim of the percussion of the heart in children?

2. Which two types of dullness can be determined during percussion of the heart?

3. Tell about technic of the percussion of the heart in children.

4. What do you know about borders of cardiac dullness in different age period of childhood?

5. What do you know about resunce of change borders of the heart?

6. What are the borders of the relative heart dullness in children of 0-2 years?

7. What are the borders of the relative heart dullness in children of 2- 7 years?

8. What are the borders of the relative heart dullness in children of 7-13 years?

9. Describe the semiology of the cardiovascular system disorders.

10. What do you know about pathology of the cardiovascular system in children?

Short answers: 

1. Percussion of the heart is used for examining borders of heart dullness.

2. Relative and absolute dullness can be determined during percussion of the heart.

3. The following rules should be observed in percussion of the heart:

-The procedure is conducted from the lung to the heart, i.e. from clear to dull sounds, as it is easier in this manner to detect where the flatness begins;

-Light percussion is employed, as more forceful taps produce sounds in the surrounding pulmonary tissue;

-Percussion over the area of absolute dullness must be still lighter then over the area of relative dullness. The borders of relative dullness show the actual dimensions of the heart.

4. Borders of cardiac dullness. For greater convenience in determining the cardiac boundaries, childhood may be subdivided into three periods: from birth to 2 years, from 2 to 7 years, from 7 to 12 years of age (see tabl.1). One should not forget that the boundaries of the heart do not depend on age alone, but also on the development and shape of the chest. The figures cited in tabl.1 are merely of relative value. When examining adipose children and girls in the puberty period, use the midclavicular line instead of the mammillary one. In addition to delineation of the cardiac boundaries the transverse diameter of the heart must likewise be ascertained. 

Site of cardiac impulse and borders of cardiac dullness

                                                                                  (after V. Molchanov)               Table 1

	
	Age
	0-2 years
	2-7 years
	7-12 years

	Cardiac impulse
	
	1-2 sm lateral of the left mamillary line
	1 sm lateral of the left mamillary line
	On the mamillary line or 0,5-1 sm medial of it

	
	
	The 4th intercostal space
	The 5th intercostal space

	Absolute dullness
	The apper border
	The 3rd rib
	The 3rd intercostal space
	The 4rd rib

	
	The left (outer) border medial of impulse
	Between left mammillary and parasternal lines

	
	
	Closer to the mamillary line
	In the middle
	Closer to the parasternal line

	
	Right (inner) border
	The left margin of the sternum

	
	The transverse diameter of the heart
	2-3 sm
	4 sm
	5-5,5 sm

	Relative dullness
	The apper border
	The 2rd rib


	The 2rd intercostal space
	The 3rd rib

	
	The left border (lateral of impulse)
	1-2 sm lateral of the left mamillary line
	On the mamillary line

	
	The right border
	The right parasternal line
	Slightly medial of the right parasternal line
	Midway between the right parasternal line and right sternal margin, or slightly closer to the sternal margin

	
	The transverse diameter of the heart
	6-9 sm
	8-12 sm
	12-15 сm


5. The area of absolute dullness depends on how much of the heart is screened by the lungs. Increased absolute dullness may be due to enlargement of the heart and to collapse or displacement of the three margin of the lung. A decreased area of absolute dullness is mostly observed in emphysema of the lungs, in cases of so-called vicarious expansion, in pneumonia and also in bronchial asthma and other toxicoallergic conditions (toxic dyspepsia, dysentery). Expansion of the cardiac dullness area is observed in hypertrophy and expansion of the heart, fatty heart, cardiac lesions and exudative pericarditis, pulmonary collapse and thoracic deformation. Left ventricular hypertrophy (expansion of the heart leftward and downward) accompanies cardioaortic diseases. Right ventricular hypertrophy (expansion to the right) is seen in uncompensated cardiac disease, disturbances of pulmonary circulation (tuberculosis, pneumonia, whooping cough), congenital heart lesions, particularly constriction of the pulmonary artery.

6. See tabl. №1

7. See tabl. №1

8. See tabl. №1

9. Semeiology of the cardiovascular system affection: dyspnea, pain in the heart region, heart hump, cyanosis of skin, lips, nails, vessels pulsations, systolic trembling (vibration), heart rhythm disoders (tahiarhithmia, bradiarhithmia; change of rhithm’s leader, extrasystole, blockade of conductivity, paroxysmal tachycardia ciliary arrhythmia).Change of heart borders, enlargement, displacement of heart borders. Change of intensity of heart sounds- weak, slightly , dulled, dulled, accentuated heart sounds, heart murmurs (systolic, diastolic, functional, organic, pericard friction rub) change of  pulse (pulse of poor volume, abrupt pulse, cordy, hard, irregular, running, small, tense, thread, weak, ect.).

10. Pathology of the cardiovascular system in children includes congenital heart defects, inflammatory diseases (endocarditis, myocarditis, pericarditis), cardiomyopathy.

SUBJECT 9. AUSCULTATION OF THE HEART IN CHILDREN. SEMIOTICS OF DISEASES OF THE CARDIOVASCULAR SYSTEM.
The ability to use auscultation of the heart in children is necessary for estimating the condition of the heart. The knowledge of the main clinical symptoms and syndromes is necessary for diagnosing congenital and acquired diseases of the heart and vessels. The knowledge of peculiarities of ECG, PCG and echocardiography are necessary for diagnosis of the cardiovascular system pathology.
Control questions:

1. What are the rules of auscultation of the heart in children?

2. Describe the heart sounds.

3. What do you know about abnormal heart sounds?

4. What do you know about murmur of the heart?

5. Describe the main symptoms of affection of the cardiovascular system in children.

6. What do you know about cardiovascular system pathology?

7. What do you know about semiotics of the congenital heart and vessels diseases?

8. What do you know about the acquired heart diseases?

9. Describe the peculiarities of ECG in children.

10. Describe the peculiarities of PCG in children.

11. What do you know about echocardiography in children.

Short answers:
1. The stethoscope used for auscultation of the heart should combine both a bell-type chest piece and a diaphragm. High-pitched sounds, such as aortic diastolic murmurs, systolic murmurs, the first and second heart sounds and opening snaps, are heard better with the diaphragm, while low-pitched sounds, such as the third or forth heart sounds or mitral diastolic murmurs, with the bell. Auscultatory areas. Certain areas of the praecordia are customarily named according to the valve from which murmurs and sounds arise: the mitral area corresponds to the apex beat; the tricuspidal area lies just to the left of the lower sternum; the aortic area is to the right of the sternum in the second intercostal space; the pulmonary area is to the left of the sternum in the second intercostal space.

2. At the onset of ventricular systole, the mitral and tricuspid valves close consecutively to give the first heart sound, M1, T1. Opening of the pulmonary and aortic valves occurs next and is normally inaudible. The closure of the aortic and pulmonary valves gives rise to two components of the second sound, A2P2.It will be a sign that because of a lower pressure in the right vertical versus the left one, closure of the pulmonary valve follows that of the aortic valve. After a brief period the mitral and tricuspid valves open inaudibly in the normal heart.

3. Abnormal heart sounds.In diseases, the following deviations from the norm may occur: the sounds may have a different intensity, either increased or decreased; the sounds may be abnormally split; low-frequency sounds in diastole, the 3rd or 4th sounds may be heard; additional high-pitched sounds, originating from abnormal valves, may be heard.

4. Murmurs are due to turbulence in the blood flow at or near a valve or an abnormal   communication between chambers of the heart. It follows that a loud murmur may originate from a rather small orifice such as a ventricular septal defect. Equally a soft murmur may originate from a large abnormal orifice as in very severe aortic regurgitation. Not all murmurs are produced by structural disorders of the heart; they may be due to an abnormally rapid flow of blood through a normal valve. Such murmurs are called flow murmurs; it should be remembered that they do not indicate any valvular disease. Murmurs may be systolic, diastolic or continuous throughout systole; diastolic murmurs are either pansystolic, as in mitral or tricuspid regurgitation and ventricular septal defects, or ejection ones, when they arise either from the pulmonary or aortic outflow tracts. Pansystolic murmurs start immediately with the first heart sound and continue through to the second one. Typically they have uniform intensity. By contrast, ejection systolic murmurs have a diamond-shaped configuration building to a peak in mid-systole. Ejection murmurs typically diminish before the second heart sound. Diastolic murmurs are of two types: early diastolic murmurs start at the second heart sound and occur as a result of aortic or pulmonary regurgitation, while mid-diastolic murmurs, in which there is a short gap after the second heart sound before  the beginning of the murmur, arise from the mitral or tricuspid valve. The maximum intensity point and direction of selective propagation must be noted. The character of a murmur is now considered an unreliable guide to its origin. Rough murmurs are associated with obstruction to flow through a harrowed valve; blowing murmurs are more typical of an incompetent valve.

5.The semiology of the cardiovascular system affection includes cyanosis, oedema, change in the configuration of the chest, cardiac hump, retraction of the cardiac area, negative cardiac impulses, visible pulsation, displacement of the cardiac impulse, intensification of the heart beat, expansion and weakening of the impulse, expansion of the heart borders leftward and downward, expansion to the right, diminution of heart sounds, embryocardia, arrhythmia (sinus tachycardia, sinus bradycardia, breathing arrhythmia, extrasystolic arrhythmia, paroxysmal tachycardia, disturbance of conduction, heart block, gallop rhythm, atrial fibrillation, alternating pulse, nodal rhythm), murmurs (functional, systolic, diastolic, pericardial, pleuropericardial), increased pulse rate, a weak and frequent pulse, a high tension pulse, increased arterial pressure, decreased arterial pressure, changes of ECG and PCG data, functional diagnostic tests. Symptoms of cardiac insufficiency are as follows: dyspnoea, pallor, cyanosis, disorder of haemocirculation, collapse of blood pressure.

6. The cardiovascular system pathology includes anomalies of development in the heart (congenital cardiac lesions) and vessels, inflammatory diseases (endocarditis, myocarditis, pericarditis), rheumatic fever, infective endocarditis, etc.

7. Symptoms of congenital pathology of the cardiovascular system are determined in newborn and infant periods. 

8. The acquired heart diseases (endocarditis, myocarditis, pericarditis) occure more often in the school period of childhood. The onset of the disease is acute. The affection of the heart in these diseases can be accompanied by syndrome of the heart insufficiency.

9. Peculiarities of ECG in children. ECG is a record of the electrical activity produced by the biological tissues of the heart. ECG is characterised: six waves (P, Q, R, S, T and U); intervals (PQ, QRS, ST, QT, T-P, R-R); two complexes (atrial-P and PQ, ventricular-QRST=QRS+ST+T), sum of two complexes – cardiac cycle.To read ECG the following parametres of elements should be established: presence, duration, amplitude of waves, direction of waves in relation to isoelectric line. Frequency of cardiac contractions, their rhythm, electric axis of heart are important parametres of ECG. ECG in children has some peculiarities:

Sinus respiratory arrhythmia.

Lability of heart rhythm.

More short duration of intervals and waves.

Lability of intervals and waves duration.

Deviation of waves hight, the importance of correlation R, S and T in different leads.

Age dynamics of R and S amplitudes. The amplitude R increases in I lead and decreases in III lead, the amplitude S decreases in I lead and increases in III lead.

Splintering of QRS complex in III lead and right (V1, V2) leads characterise incomplete block of His' bundle right part.

Deep Q wave.

Right type of ECG (right ECG – RIII > RII> RI).
Duration of ventricular activation time in right chest leads (QR V1V2) decreases with age, in left leads (QR V5V6) – increases.

Symptomatology of ECG disorders: disorders of the rhythm, disorders of the conduction (block), extrasystole.

10. Phonocardiography (PCG) is a graphic registration of heart sounds. PCG is recorded simultaneosly with record of one of the lead ECG. PCG of healthy child will always consist of the S1 and S2, which can be also well auscultated. PCG is one if the most objective methods of cardiac murmur evaluation. Murmurs can be protosystolic, mesosystolic, late systolic, protodiastolic, mesodiastolic, presystolic.

11. Ultrasound examination of heart – ultrasound cardiography, echocardiography – EchoCG. Echocardiography is one of the main methods of the heart visualisation. Prevelence of this method is not invasive character, safety, availability, possability of many time use. It gives information about anatomic and hemodynamics condition of the heart. Ultrasound waves with rate 2-7 MHz get ... of a child, reflect on border’s tissues with different ultrasound resistance and it is registed by US apparatus. There are variants of Echocardiography.

Two-demensional echocardiography-B regime.

M-regime.

Dopplerechocardiography.

Esophageal echocardiography.

Three-demensional and four-demensional model of the heart.

Contrast echocardiography.

Echocardiography gives objective information about:diameter of the left ventricule (LV) in the end of diastole, diameter of the LV in systole, amplitude of movements of LV back wall, thickness of interventricular septum.Taking into consideration results of analysis of EchCG it is possible to determine:

Indices of the central hemodynamics.

Indices of contractive activity of LV.

Correlation of the heart structures between each other.

SUBJECT 10. MORPHOFUNCTIONAL PECULIARITIES OF ORGANS OF THE DIGESTIVE SYSTEM, METHODS OF EXAMINATION.
Concrete aims:

– to study past history of a patient with some disease of his digestive system;

– to fulfil the objective examination of the digestive organs in children;

– to interpret the received data;

– to analyze the main syndromes of affection of the digestive system in children;

– to prescribe laboratory and instrumental methods of examination for the digestive system in children.

Control questions:
1. Tell about organs and functions of the digestive system in children.

2. What do you know about morphofunctional peculiarities of organs of the gastrointestinal system of children?

3. Describe morphofunctional peculiarities of organs of the gastrointestinal system of children.

a) the oral cavity;

b) the esophagus;

c) the stomach;

d) the small and large intestines;

e) the pancreas;

f) the liver.

4. Point out the main clinical methods examination of the digestive system of children.
5. Point out the main paraclinical examination of the digestive system of children.
Short answers:

1. The digestive system consists of organs which perform mechanical and chemical digesting of food, breakdown of nutrients for their absorption, elimination of the waste products. The digestive system performs an endocrine function too. The digestive system consists of parts, which pass from one to another consequently: oral cavity, pharynx, oesophagus, stomach and intestines. The liver and pancreas are organs of the digestive system too. The digestive tract is covered inside with a mucous membrane, which has the functions of digestion, absorption and excretion. The muscular layer crushes and mixes of food masses. Some organs of the abdominal cavity are covered with a serous membrane, whose folds form the supporting apparatus, mesenteries and ligaments. Digestive organs have abundant nerves, which regulate activity of these organs.

2. The digestive system of children has morphological and physiological peculiarities, which depend upon the age of a child and permanent development of the gastrointestinal system. Peculiarities of the digestive system of children are more marked at the infant’s period versus adults and children of other age periods. Organs of the gastrointestinal system of an infant are adapted for digestion of the mother’s milk, which requires a small quantity of enzymes for its digestion.

3. a) The oral cavity of infants is relatively small, its palatine convexity is not clearly defined, the tongue is well developed and wide, as are muscles of the lips.

b) The esophagus of newborn and infants is distinguished by an almost complete absence of glands, insufficiency of the elastic and muscular tissue, and an abundant vascularization. Its length in a newborn is 10-11cm, by one year it grows to 12cm, by five years to 16 cm.

c) The stomach of a full-term newborn has a capacity of 30-35 ml, at three months it is 100 ml and by one year it increases up to 250 ml. The fornix of the stomach is weakly defined, the mucous membrane is relatively thick, the muscular development is moderate, and the cardiac sphincter is in a rudimentary state. The number of goblet cells and glands per unit of the mucosal surface is less than in adults. This lack of differentiation in the histological structure is retained up to the end of the 2nd year of life. Gastric motility in a child consists of peristalsis, periodic closure and dilatation of the pylorus. The automatic innervation of the stomach is connected with the CNS through branches of the vagus and the sympathetic nervous system. The constituents of the gastric juice of an infant do not differ from those of an adult. It contains hydrochloride acid, pepsin, rennin, lipase. The total acidity in the first year of life is 30-40 % from the same of adults (60-70 % less than in adults).

d) The intestine of an infant is relatively longer than that of adults. In regard to the latter, it is four times longer than the body length, in infants it being six times longer. The greatest relative length of the intestine is observed in the first year of life, then a relative slowing down occurs up to the age of eight years, and afterwards the length gradually increases again. A more intensive growth of the large intestine is observed up to puberty. The rectum is relatively long, its mucous and submucous membranes are loosely attached, hence there is a tendency to prolapse. The descending colon is larger than the ascending one. The sigmoid colon and the sigmoid flexure are relatively long. The caecum and vermiform appendix are mobile.

The intestinal mucosa is well-developed and abundantly vascularized, rich in cellular elements, very delicate, and contains a great number of lymph nodes and villi. The intestine of a child has three functions: digestion, motility and absorption.
e) The child’s pancreas lacks differentiation, it is abundantly vascularized and poor in connective tissue. Its weight in a newborn is 3 g, in a 3-month-old baby – 6 g, in an adolescent – 70-78 g, in adults – 90-120 g. The pancreas possesses an endocrine function (it secretes insulin) and participates in the regulation of carbohydrates and fats. The potency of pancreatic enzymes grows with age. The pancreatic juice contains all the enzymes necessary for digesting the child’s principal food, i.e. milk and carbohydrates. The endocrine function of the pancreas consists in secretion of insulin. This hormone regulates carbohydrate metabolism, is conductive to hydrolysis of sugar in the tissues and to the storage of glycogen in the liver, it regulates carbohydrate assimilation.

f) The liver is relatively very large in infancy. It takes up to 4 % of the body weight in a newborn, and 2 % in an adult. The weight of the liver doubles by the age of ten months and triples by three years. In childhood, the liver is extremely plethoric, the development of the hepatic cells is not completed until the age of 6-8 years. There is not much connective tissue in the liver. Plethora of the liver and lack of differentiation of its parenchyma cause a rapid response of the liver (by enlargement) to a number of infections, intoxication and circulatory disturbances, and also its rapid degeneration under the influence of infections and intoxication. The functions of the liver are very diverse: production of bile, the liver is a barrier against numerous harmful endogenic and exogenic substances, as in neutralization of toxins delivered from the intestines owing to abnormal or deficient digestive activity; the liver is also a barrier against bacteria, and it takes part in various metabolic processes (of carbohydrates, protein, bile, fats, fluid, vitamins). In the intrauterine period, the liver is a haemopoietic organ. In childhood, the liver is extremely plethoric, the development of the hepatic cells is not completed until the age of 6-8 years. There is not much connective tissue in the liver. Plethora of the liver and lack of differentiation of its parenchyma cause a rapid response of the liver (by enlargement) to a number of infections, intoxication and circulatory disturbances, and also its rapid degeneration under the influence of infections and intoxication. The functions of the liver are very diverse: production of bile, the liver is a barrier against numerous harmful endogenic and exogenic substances, as in neutralization of toxins delivered from the intestines owing to abnormal or deficient digestive activity; the liver is also a barrier against bacteria, and it takes part in various metabolic processes (of carbohydrates, protein, bile, fats, fluid, vitamins). In the intrauterine period, the liver is a haemopoietic organ. The liver is a temporary depot for many nutritive substances, chiefly for glycogen and also for fat and protein. Cellular elements of the liver (Kupffer’s cells, the endothelium of the hepatic sinusoids) are part of the reticuloendothelial system, which possesses phagocytic functions.
4. The main methods of clinical investigation of the digestive system are: interrogation, examination, palpation, percussion, and auscultation.

5. The main methods of paraclinical investigation are: laboratory investigation of vomits, gastric and intestine contents, faeces, bacteriological investigation of stool, functional investigations of the digestive organs (stomach, liver, pancreas, intestines), roentgenological methods of investigation, ultrasound technique, endoscopy, biochemical methods of investigation.

SUBJECT 11. SEMIOTICS OF THE DIGESTIVE SYSTEM AFFECTIONS
The knowledge of the main symptoms and syndromes of the digestive system affections and application of results of paraclinical methods are necessary for diagnosing diseases of this system.

Control questions:

1. What do you know about semiotic of the digestive system affection?

2. Describe the main pathological syndromes of the digestive system diseases.

3. Tell about diseases of the digestive system in children.

4. Tell about paraclinical methods of examinations of the digestive system.

5. What do you know about syndrome “acute abdomen”.

6. Tell about care of patients with pathology of the digestive system.

Short answers:

1. The semiotics of the digestive system affections includes such various signs as a mouth odour, swelling, redness of the gums, bleeding from the gums, macroglossia, white film coats on the tongue, dryness of the tongue, pale, yellowish or red mucous membranes of the oral cavity, aphthous ulcers, changes in the shape and size of the abdomen – a large belly, accumulation of fluid in the abdominal cavity, abdominal tumours, ascitis, abdomen’s participation in the act of breathing, visible peristaltic and antiperistaltic movements, the condition of the navel, a gaping anus and mucosal prolapse of the rectum, a fissure of the anus, presence of worms with resultant intense pruritis in the perianal area, vomiting, spitting up or regurgitation, liver enlargement, spleen enlargement, pathologic signs and symptoms (Murphy’s, Ortner’s, Kehr’s, Mussy’s, Kharitonov’s, Blumberg’s, etc.), diarrhoea, constipation, a pathological character of stool (a starvation stool, a dyspeptic stool, a stool typical for colitis, enteritis, and hepatitis), meteorism, anorexia, fever, paleness, jaundice.
2. Syndromes of dysphagia, intoxication, diarrhoea, malabsorption, jaundice, “acute abdomen”, etc., plus bleedings and pains are the main pathological syndromes of affection and diseases of the digestive.

3. Diseases of the digestive system in children are: congenital pathologies, abnormalities in the oral cavity (an anomaly of the jaws, palate and lips), atresia of the oesophagus, oesophageotracheal fistula, achalasia, pilorostenosis, atresia and stenosis of intestines, anomaly of the anorectal region, megacolon (Hirschsprung’s disease), hernia, intussusception (invagination), oesophagitis, peptic ulcer of the stomach, inflammatory diseases of the intestines (infectious diseases: dysentery, sallmonellosis, typhoid fever, etc), non-infectious inflammatory intestinal diseases (non-specific ulcerous colitis, Crohn’s diseases, necrotizing enterocolitis of the newborn, gluten disease, malabsorption syndrome, enzymopathy, acute appendicitis, pancreatitis, hepatitis, metabolic disorders (mucoviscidosis, galactosaemia, thyrosinaemia, etc), chronic hepatitis and cirrhosis, peritonitis.

4. The main methods of paraclinical investigation are as follows: laboratory investigation of vomits, gastric and intestinal contents, faeces, bacteriological investigation of stool, functional investigation of the digestive organs (stomach, liver, pancreas, intestines), roentgenological methods of investigation, ultrasound technique, endoscopy, biochemical methods of investigation.

5. Symptoms of “acute abdomen” include abdominal pain, tenderness of abdominal wall, tender to palpation, distention of the abdomen. The reasons can be different: inflammatory diseases, which are complicated with peritonitis, trauma of abdominal cavity organs.
6. Care for patients with their digestive system diseases includes a proper regimen of nutrition, sometimes a strict diet, as well as treatment according to a therapeutic plan, control of weight, control of stools, performance of paraclinical investigations.
SUBJECT 12. MORPHOFUNCTIONAL PECULIARITIES OF ORGANS OF THE URINARY SYSTEM, METHODS OF EXAMINATION, SEMIOTICS OF AFFECTION.
Concrete aims:

- to fulfil subjective and objective examinations of ill children and interpret condition of their urinary system;

- to prescribe a necessary complex of diagnostic methods for a patient with pathology of the urinary system;

- to interpret changes in results of examination of the child.
Control questions:
1. Tell about morphological structure peculiarities of the urinary system.

2. What do you know about functions of the urinary system?

3. What do you know about peculiarities of:

a) the kidney;

b) the renal pelvis and ureters, the urinary bladder:

c) the urethra;

d) the micturition;

e) urine volumes with separate micturitions.

4. Describe the peculiarities of urine in children.

5. What do you know about physiology of the urinary system?

6. List the main clinical and paraclinical methods of investigation of the urinary system.

7. Describe the semeiology of the urinary system affections.

8. What do you know about pathology of the urinary system in children?

Short answers:
1. The main regularity of the morphofunctional development: growth and development on the tissue and organ levels in the intrauterine, postnatal periods and later.

2. The urinary system consists of complex structures which have functions to maintain body fluid and electrolyte homeostasis and to remove waste products of metabolism, metabolic (gluconeogenesis) and endocrine (vitamin D activation) functions. The organs of the urinary system are: two kidneys, two ureters, the urinary bladder and the urethra.

3. a) The kidney of a newborn has morphological peculiarities: the weight and size of the kidney of young children are relatively bigger than in adults (the weight of the kidney in newborns is about 1/100 of the body weight, while in adults the kidney has 1/200 of the body weight). The capsule of kidney is very thin.

b) At birth, the kidneys of newborns are, as rule, lobular. The lobules disappear during the second year of life. The renal cortex is not differentiated in the newborn and develops gradually as the child grows older. The uriniferous tubules are also underdeveloped during the first month of life. The morphological maturation of the kidneys is marked at the age of 5 years.

c) The length of the urethra in boys is 5-6 cm (versus 10-12 cm in adults). It is characterized by immature muscular and elastic tissues. The mucous cover is developed well. The length of the urethra in girls is 1 cm. The diameter of the urethra in girls is wider than in boys. It is may be important for catheterizations and cystoscopy.

d) Nephrons are functional units of the kidneys. Each nephron consists of glomerules and associated tubules. The kidney has: an outer layer, the cortex, which contains glomerules, proximal and distal convoluted tubules and collecting ducts; and an inner layer, the medulla, which contains the straight portion of the tubules, Henle’s loops and terminal collecting ducts. Each kidney contains approximately 1 million nephrons.

e) The renal pelvis and ureters of newborns and babies are relatively broad; their walls are hypotonic due to immaturity of the muscles and elastic fibres. The ureter has a winding shape and three physiology constriction. The immaturity of elastic and muscular tissue and the winding shape of the ureters favour the retention of urine in state of pathological processes in the renal pelvis (pyelitis, hydronephrosis, pyelonephritis). The urinary bladder of newborns is located higher than in older children and adults. When the urinary bladder is full, it is possible to palpate it at level of the umbilicus and even higher. The bladder walls have good mucosal development, but its muscular tissue and elastic fibres are immature.

4. Urinalysis must include following characteristics: the color of urine, transparency, the    reaction of urine, specific gravity, microscopic study of urinary sediments. All these   characteristics have the age peculiarities in childhood.

5. Process of urine formation begins in the glomerule as water, salts, sugar, urea, and other wastes (such as creatinine and uric acid) filter out from the thin-walled glomerule into a cup-like structure (Bowman’s capsule), which encloses each glomerule. Large molecules, like proteins, remain in the bloodstream and cannot pass through the walls of the glomerule into Bowman’s capsule. The kidney filters out of blood not only one waste product, i.e. urea, but also a great deal of water, sugar, salts and other substances, which the body would really like to discard. It would certainly not be advantageous for the body if the process of urine formation stopped here and valuable substances, such as sugar and water, were allowed to pass out of the body. The kidney must, therefore, reabsorb, or put back, into the bloodstream all materials the body needs (for example, sugar, most water, and salts). As a result of the last process called secretion, the final urine contains substances, which were not present in the primary one. In the direct part of a proximal segment of a nephron there is an intensive secretion of both organic acids and organic bases from peritubular fluid. In the end of the distal convoluted tubules potassium is secreted and is excreted with urine. The amount of the final urine formed is approximately 1 % of the primary urine.

6. Methods of investigation of the urinary system includes clinical and paraclinical methods. Clinical methods of investigation: questioning – complains, case history, life history; objective physical examination: visual examination, palpation, percussion. Measuring of diuresis. Paraclinical methods of investigation: clinical investigation of urine; bacteriological investigation of urine; quantity investigation of urine sediment (Kakovsky-Addis count, Amburge’s test, Nechiporenko’s test); roentgenlogical investigation; ultrasound investigation; endoscopy investigation; functional tests (renal clearance, urea clearance, concentration test, dilution test); Zimnitsky’s test; biochemical investigation of blood (protein level, electrolytes, nitrogenic products); routine methods of investigation.

7. Oedema, pain in the lumbar, region of the spine, polyuria, oliguria, anuria, nicturia, dysuria, pollakiuria, oligakisuria, enuresis, disorders of the urinalysis, including proteinuria, haematuria, leucocyturia.

8. 1) Congenital anomalies: kidney dysplasia, polycystic disease, hydronephrosis, one-side pelvic kidney, horseshoe-like kidney, dysplastic kidney. 2)Urinary tract infection. 3) Glomerulonephritis. 4) Nephrotic syndrome.
SUBJECT 13. MORPHOFUNCTION PECULIARITIES OF THE ENDOCRINE SYSTEM, METHODS OF ITS EXAMINATION, SEMIOTICS OF AFFECTION.
Concrete aims:

- to fulfil subjective and objective examination of organs of the endocrine system with taking into consideration peculiarities of methods in children;

- to prescribe complex diagnostic methods for a patient with pathology of the endocrine system in order to reveal pathological changes; 

- to interpret received data taking into consideration the morphofunctional peculiarities;

- to make an integrated syndromic diagnosis.
Control questions:

1. Name the main components of the endocrine system.

2. What are the endocrine system functions?

3. Indicate functions of separate glands of the endocrine system (hormones, semeiology of  endocrine disorders): hypothalamus, hypophysis, epiphysis, thyroid gland, parathyroid glands, pancreas, adrenal glands, gonads.

4. What are the main clinical and paraclinical methods of investigation of the endocrine system?

5. What is the role of the endocrine system examination in paediatric practice?

6. Name the most common symptoms and pathological syndromes of the endocrine system   affections.

7. What do you know about the most important peculiarities of the endocrine system in children?

Short answers:

1. The endocrine glands consist of: the anterior hypothalamus;the pituitary gland (hypophysis); the epiphysis; the thyroid gland; the parathyroid glands; the thymus; the islands of Langerhans in the pancreas; the adrenal glands; the gonads (testes and ovaries). Some organs, such as the kidney and placenta, secrete hormones too.

2. The main functions of the endocrine system are: to take an active part in metabolism, influence on water-mineral metabolism, influence on growth and development of a child, regulation of differentiation of tissues, ensuring of adaptation of the organism to its environment. All functions are carried out by secretion of biologically active substances, hormones. Hormones are characterized by strong biologic activity and distant action.Due to a close relationship between functions of the endocrine system and those of the hypothalamus, it is possible to consider these two systemic components as a common neuroendocrine system. The latter controls plastic processes of a child’s organism during its development and maturation, especially physical development and puberty. The neuroendocrine system takes an active part in metabolic processes by action of various hormones.

3. The hypothalamus and the hypophysis are regulating organs of the endocrine system and at the same time perform functions of endocrine glands too. The hypothalamus regulates activity of the hypophysis by producing neurohormones (releasing hormones). Some of them activate and others inhibit secretion of trophic hormones of the hypophysis. There is a reverse connection in the secretory function of these two glands.  The hypophysis consists of three parts: the anterior and middle parts (adenohypophysis) and the posterior part (neurohypophysis). Cells of the anterior part secrete 7 hormones:

1) adrenocorticotropic hormone (ACTH);

2) somatotropic hormone (STH);

3) thyroid-stimulating hormone (TSH);

4) follicle-stimulating hormone (FSH);

5) luteal hormone (LTH);

6) lactogenic hormone (LH);

7) gonadotropic hormones.

Cells of the middle part secrete the melanocyte-stimulating hormone. Cells of the posterior part synthesize 2 hormones: oxytocic hormone and antidiuretic hormone, or vasopressine (ADH).The weight of the hypophysis in newborns is 10-15 mg (in adults it is 50-65 mg). 

Adrenocorticotropic hormone influences the adrenal cortex, stimulates synthesis and secretion of cortisol, corticosterol and does not influence synthesis of aldosteron. Injection of ACTH causes increase of the adrenal cortex size, atrophy of the thymus, eosinopenia, hyperglycaemia.

Somatotropic hormone influences metabolism and growth through somatomedines. STH increases synthesis of proteins and decreases disintegration of amino acids, it favours the increase of protein reserve. At the same time STH causes accumulation of P, Na, K and Ca. Simultaneously fat disintegration increases, concentration of fatty acids in blood rises. All these mechanisms favour acceleration of growth.

The thyroid-stimulating hormone causes growth and functional activity of the thyroid gland, increases its secretion, iodine accumulation, synthesis and secretion of hormones.

Gonadotropic action of the hypophysis causes increase of the function of the gonads. 

Concentrations of ACTH, CTH and TSH in the newborn period are high, later they decrease.

Concentrations of luteal and follicle-stimulating hormones increases during the late school period. Gonadotropin-releasing factor increases production of LTH and FSH.

So, influence of the hypophysis on metabolism and development processes is many-sided. The hypophysis function is connected with activity of the autonomic centres of the hypothalamus.

Functional disorders in the anterior part of the hypophysis and in the hypothalamus region of the brain are accompanied by growth disorders.

Hypofunction of the hypophysis (hypopituitarism) causes pituitary nanism (dwarfism); its hyperfunction (hyperpituitarism) causes pituitary gigantism and acromegaly. Pathology of the hypophysis and hypothalamus causes disturbances in lipid metabolism and puberty development. Hypofunction of the adrenohypophysis is accompanied by progressive exhaustion: hypophyseal cachexia, Simmond’s disease. Complete or partial insufficiency of the antidiuretic hormone, produced by the posterior part of the hypophysis, causes diabetes insipidus. The examination of patients with pathology of their hypophysis should include laboratory investigations of the level of hypophysis hormones and radiography of the cranial Turkish saddle, CT of the brain.

The epiphysis. Its main functions are: synthesis of melatonin (hormone), which slows down secretion of gonadotropic hormones in the anterior part of the hypophysis; the amount of melatonin decreases before child sexual maturity, which favours their action after; deceleration of sexual maturity. Semiotics of a decreased function of the epiphysis accompanies early sexual development, while its increased function slows down the sexual development. Melatonin normalizes pigment metabolism. The thyroid gland. The thyroid rudiment in an embryo appears by the end of the 1st month of gestation. The thyroid gland becomes a structure, which is formed and functionally active by the 4th month of gestation. The thyroid function is regulated by the foetus hypophysis thyroid-stimulating hormone. The mass of the thyroid gland in newborns is 1-5 grammes. The thyroid gland enlarges vigorously at the age of 5-6 years and in the preadolescense period. The final histological structure of the thyroid gland forms after 15 years. he main thyroid gland hormones are tyrosine and triiodothyronine (T4 and T3). These hormones increase oxygen consumption, stimulate protein synthesis and growth, as well as influence metabolism of carbohydrates, lipids and vitamins. The thyroid gland produces one hormone more, thyreocalcitonin. The latter regulates phosphorus-surplus admission of calcium, decreasing calcium reabsorption in the kidney tubules, calcium absorption from the intestines and increasing calcium fixation in the bone tissue. The thyroid function activity is regulated by thyroid-stimulating hormone of the hypophysis, blood calcium level and gastrin secretion regulating the production of thyrocalcitonin. Disorders of the thyroid glands can have two types: hypothyroidism and hyperthyroidism. Clinical manifestations of hypothyroidism in neonates are as follows: a heavier birth weight, prolonged jaundice due to a delayed maturation of glucuronide conjugation, feeding problems, lethargy, respiratory difficulties due to a large tongue, hypothermia, cold and mottled skin, oedemata of the genitals and extremities, bradycardia, heart murmurs and cardiomegaly, anaemia and wide fontanelles. There is stunted growth of a child, normal or large head, wide fontanelles, wide spread eyes, a depressed nasal bridge, a thick tongue, a delayed dentition, dry and scaly skin, myxoedema, coarse brittle hair, retarded development and hypotonia. Clinical manifestations of hyperthyroidism appear in the school period, the peak incidence being observed in female adolescents. Emotional lability, tremor, an increased appetite, loss of body weight, exophthalmos, eyelid lag, sweating and tachycardia are common features. Thyroid “crisis” produces an acute onset of hyperthermia, tachycardia and restlessness. In case of hypothyroidism, laboratory investigation includes newborns’ screening for T4. TSH should be tested if T4 is abnormal. Roentgenograms reveal delayed bone development. ECG shows depressed P and T waves and QRS complex. ECG shows low voltage. In case of hyperthyroidism, there elevated levels of T4 and T3, roentgenograms of bones show osteoporosis and bone resorption.

The parathyroid glands take part in regulation of calcium homeostasis. The latter is regulated by parathyroid hormone, vitamin D and calcitonin. Low serum calcium stimulates PTH secretion. Disorders of the parathyroid glands are accompanied by hypoparathyroidism and hyperparathyroidism. Clinical manifestations of hypoparathyroidism include muscle pains, cramps, numbness, tingling and convulsions. The teeth are soft and erupt late, there is dry and scaly skin, cataracts may occur. Laboratory findings include low calcium, elevated phosphorus, low vitamin D, low PTH. Roentgenograms show increased metaphyseal thickening. ECG shows a prolonged QT interval. Clinical manifestations of hyperparathyroidism consist of weakness, constipation, polydipsia, polyuria, weight loss, fever, renal calculi, skeletal abnormalities and pancreatitis. Laboratory findings include high calcium, low phosphorus, high PTH and normal calcitonin after prolonged hypercalcaemia. Roentgenograms show resorption of subperiosteal bone. 

The adrenal glands. The adrenal gland is composed of the medullary and cortical systems. During the foetal life the adrenal glands are comparatively large, with a “foetal cortex” that produces DHEA and DHEAS and then involutes after birth. The adrenal cortex is composed of the fasciculated area (zona fasciculata), which secretes cortisol and adrogens under the control of ACTH, and the glomerular area (zona glomerulosa), which synthesizes aldosterone independently from ACTH. Aldosterone secretion is regulated by the rennin-angiotensin system; in rare cases ACTH affects aldosterone. Changes in sodium and blood volume stimulate the juxtaglomerular apparatus to alter rennin and aldosterone, which controls sodium and water reabsorption. Androgens promote the growth, secondary male sex characteristics and female axillary and pubic hair. Glucocorticoids affect tissue metabolism, increase protein and glucogen content in the liver and influence the immune and nervous systems. The adrenal medulla secretes catecholamines: dopamine, norepinephrine and epinephrine.

Disorders of the adrenal glands include pathological conditions, associated with adrenocortical insufficiency and adrenocortical hyperfunction. The etiology of adrenocortical insufficiency includes: 

– corticotropin deficiency is caused by congenital hypoplasia/aplasia of the pituitary gland, craniopharyngioma;

– primary adrenal aplasia/hypoplasia;

– congenital defects of steroidogenesis-21-hydroxylase; 3(-hydroxysteroid dehydrogenese;

– isolated deficiency of aldosterone; Addison’s disease; adrenoleukodystrophy; haemorrhage in the adrenal glands may be due to difficult delivery, asphyxia and Waterhouse-Friderichsen syndrome; abrupt cessation of corticotropin or corticosteroids may cause insufficiency; action of drugs (rifampin, ketonasole, phenytoin, phenobarbital, etc.).

Clinical manifestations of the adrenal gland hypofunction in neonates and young children include: failure to thrive, vomiting, lethargy, anorexia, dehydration and possible shock. In older children there is a gradual onset of muscular weakness, anorexia, body weight loss, low blood pressure, increased skin pigmentation (in the genitals, navel, axillae, nipples and joints) and brown-bluish buccal mucosa. Laboratory findings: low sodium and chloride, elevated potassium and rennin levels, hypoglycaemia and ECG changes consistent with potassium level may be noted. ACTH stimulation test (measurement of cortisol level before and after administration of ACTH) is made. If no cortisol increase after ACTH occurs, there is likely some primary adrenal disorder. Adrenocortical hyperfunction: congenital adrenal hyperplasia (CAH) (autosomal recessive) – adrenogenital syndrome. Origin: 21-hydroxylase deficiency (95 % of cases); the majority have a salt-losing, virilized form. Female patients present with virilized genitalia, body weight loss, dehydration, vomiting and anorexia; male patients have normal genitalia but other manifestations are the same. Laboratory findings include: low sodium, high potassium, elevated 17-hydroxyprogesterone (17-OHP) and rennin, and low aldosterone.

Cushing’s syndrome. The etiology includes adrenocortical tumour, ACTH-dependent bilateral adrenal hyperplasia, pituitary adenoma or abnormal production of ACTH. Clinical manifestations include a moon face, a double chin, a buffalo hump, obesity, masculinization, hypertrichosis on the face and trunk, acne, clitoral enlargement, impaired growth and hypertension. Laboratory findings include polycythaemia, lymphopenia, eosinopenia, abnormal glucose tolerance, elevated urinary and serum cortisol, osteoporosis, variable bone maturation, suppressed growth hormone.

The pancreas. This is a gland of the digestive system; its insular apparatus performs simultaneously 2 functions: exocrine, i.e.secretion of enzymes to the duodenum, and endocrine, i.e. secretion of polypeptide hormones by some cells and their discharge to blood: glucagon  (α-cells) increases glucose concentration in blood and influences metabolic processes, insulin (β-cells) regulates carbohydrate metabolism and supports the optimum level of glucose by decreasing it (the action of insulin is contrary to that of glucagons); the main action of somatostatine (δ-cells) consists in inhibition of the release of insulin, glucagons and gastrin and secretion of peptic acid by the stomach; pancreatic polypeptide (PP-cells) is an antagonist of cholecystokenine. Diabetes mellitus is the most frequent disease of this gland.

Sexual phenotype formation in children occurs during all stages of their development and maturation, but there are two quite short time periods, which are most important:

the first period is that of sexual formation during the intrauterine development, it lasts about 4 months; the second period is that of sexual maturation during 2-3 years in girls and 4-5 years in boys.

Hormone preparation of the children’s sexual maturation occurs gradually. Sex differentiation of the hypothalamus starts in the foetal period due to influence of androgenic hormones. There are two centres in the hypothalamus, which regulate the production of releasing factor for luteal hormone – tonic and cyclic. Only one centre, responsible for tonic luteal hormone, remains to act in boys. Next stage of preparation of sexual maturation consists of an increasing level of gonadotropic and sexual hormones during the first year of life and the peak in androgen production by the adrenal glands in the preschool period. Due to a high sensitivity of the hypothalamus centres to the minimum level of androgens in peripheral blood, the hypothalamus can control production of gonadotropic hormones and maturation of the child.It is suspected that there are hypothetic “centres of childhood support”, probably located in the posterior hypothalamus and epiphysis. These centres inhibit the production of releasing-hormone in the hypothalamus for LH due to low blood concentrations of sexual steroids. It is suspected that the start of sexual maturation mechanism is connected by some way with general physical maturation of the child.

4. The main methods of clinical examinations of the endocrine system are interrogation, observation, palpation; the main methods of paraclinical examinations are routine examination, R-logical examination, investigation of the hormon’s level in the blood and urine, CT, MCI, biochemical investigation of sodium, cholide, potassium and other elements in the blood.

5. The endocrine system examination is important for estimation of child’s health, the psychomotor and physical development, the sexual maturation, diagnosis of the endocrine system diseases.

6. Clinical manifestation of symptoms and syndromes of the endocrine system affections includes signs of hypo- and hyperfunctions of the endocrine glands.

7. Some glands of the endocrine system (pituitary, thyroid, adrenal and others) begin to function during the intrauterine period. The hypophysis is organized at 4 weeks of gestation; it starts to secrete ACTH at 9-10 weeks. The start of action of other endocrine glands in the postnatal period is various for different glands.

SUBJECT 14. MORHPOFUNCTIONAL PECULIARITIES OF THE IMMUNE SYSTEM, METHODS OF ITS EXAMINATION, SEMIOTICS OF AFFECTION.
Concrete aims:

- to study a case history and find data, which show changes of the immune and blood systems of a child;

- to fulfil an objective examination of the immune and blood systems with taking into consideration age-specific peculiarities;

- to know clinical signs of immunodeficiency states and anaemia, to recognize the main syndromes;

- to interpret laboratory-instrumental methods of examination of the immune and blood systems in children.

Control questions:
1. What are the main functions of the immune system?

2. What are the organs of the immune system?
3. What types of immunity do you know?

4. What does the innate immune system consists of?

5. Name stages of phagocytosis. 

6. What are the physiological peculiarities of phagocytosis, lysozymes, properdin, complement system and interferon in early children? 

7. What is the adaptive immune response characterized?
8. What kinds of immunoglobulin do you know? Describe the function of immunoglobulins G, M, A and E.

9. How do you understand such definitions as “primary” and “secondary” immunodeficiency?
10. What are clinical manifestations of defects in cellular immunity? Name examples of the diseases characterized by T-cell immunity deficiency:
11. What are clinical manifestations of defects in humoral immunity? Name examples of B-cell immunity deficiency.
12. What are clinical characteristics of combined immunodeficiency diseases? Name examples of combined immunodeficiency diseases.

13. What are typical disorders of phagocytosis?

14. Name main symptoms of AIDS. What is the difference between HIV infection and AIDS?
15. What are peculiarities of HIV infection in children? 
Short answers:

1. The immune system defends the individual from infections such as bacteria, viruses, fungi, protozoa and their virulence factors. The immune system also impedes the development of malignant diseases. The cost of this protection is allergy, autoimmune diseases and rejection of organ transplantations.

2. All organs of the immune system may be divided into central (the thymus and bone marrow) and peripheral lymphoid organs, such as lymph nodes, the spleen and gut-associated lymphoid tissue (tonsil, Peyer’s patches, and appendix).

3. Immunity may be divided into two types: innate (non-adaptive, non-specific) and adaptive.Innate (non-adaptive, non-specific) immunity is formed earlier in ontogenesis and provides the function of protection before final maturation of more perfect mechanisms (the adaptive immune system). That is why innate immune is of great value for foetuses and children of early age.

4.The innate immune system consists of the following parts.1)Natural barriers: anatomical barriers (the skin and mucous membranes); mechanical removal (cough, diarrhoea, vomiting, the discharging of urine, sweat, saliva, tears); biochemical barriers (lysozyme, acidity of stomach juice, fatty acids of sebaceous glands,   biochemical changes due to high temperature, the hormonal status, etc.). 2)Cells of the innate immune system: macrophages phagocytize and kill bacteria; they produce antimicrobial peptides and inflammatory cytokines; natural killer (NK) cells kill foreign and host-affected cells; neutrophils phagocytize and kill bacteria; they produce antimicrobial peptides; eosinophils kill invading parasites; mast cells and basophils release inflammatory cytokines in response to antigens; epithelial cells produce anti-microbial peptides; tissue-specific epithelia produce mediator of local innate immunity, e.g. lung epithelial cells produce surfactant proteins that bind and promote clearance of lung-invading microbes. 3)Humoral (plasma) factors: complement system; blood coagulation system (plasma factors); properdin; acute phase proteins (C-reactive protein); interferon.

5. Phagocytosis consists of several stages: activation, chemotaxis, adhesion, absorption of antigen into cytoplasma-forming vacuoles, lysis.
6. All phagocytes may be divided into two groups: macrophages (monocytes, NK) and microphages (neutrophils, eosinophils, basophils). Phagocytosis in newborns is not perfect. The function of absorption is advanced, but lysis is underdeveloped. The function of digestion (maturation of cation protein in phagocytes) is formed only to 6 months. Except for that, some microbes (Haemophilus influenzae, Klebsiella pneumoniae) cannot be destroyed by phagocytosis in early childhood. Lysozyme is a termostable factor, present in lymphocytes, blood plasma, tear, saliva, mucous secretions of the respiratory and intestinal tracts. It plays an important part in local immunity. It causes lysis of Gram-positive microbes. The quantity of lysozyme in newborns versus adults is higher. The level of properdin (a protein for activation of the alternative way of the complement system) is low at once after delivery, but it increases very fast during the first week and its level during all periods of childhood is high. The complement system is a series of plasma enzymes, regulatory proteins and proteins that are activated in a cascading fashion, resulting in cell lysis. There are two arms of the complement system activation: by classic and alternative complement pathways. Both lead to cleavage and activation of C3. The latter is a protein whose activation fragments, when bound to target surfaces such as bacteria and other foreign antigens, are critical for opsonization (coating by antibody and complement) in preparation for phagocytosis. The classic complement pathway is activated by interaction of antigen and antibody to form immune complexes. The classic pathway is a rapid and efficient manner to activation of terminal complement components. In contrast, activation of the alternative complement pathway is slower and less efficient. In addition to the role of complement in opsonization of bacteria and cell lysis, several complement fragments are potent mediators of immune cell activation. C3a and C5a bind to receptors on mast cells and basophils, resulting in release of histamine and other mediators of anaphylaxis. C5a is also a potent chemoattractant for neutrophils and monocytes-macrophages. The complement system activity in newborns is low (50% versus in adults), but it increases very fast during the first month and at the age of 1 month it is equal to the level of adults.

7. The adaptive immune system is characterized by antigen-specific responses to antigen and, compared to innate immunity which occurs immediately (1 to 2 days), generally takes several days or longer to materialize. A key feature of adaptive immunity consists in memory for the antigen, so that subsequent antigen exposures lead to more rapid and often more vigorous immune responses. The adaptive immune system consists of dual limbs: cellular and humoral immunity. Adaptive immunity is found only in the vertebrates and is based on the generation of antigen receptor T and B lymphocytes by germ-line gene rearrangements that occur during the development of each person.

8. Immunoglobulins are products of differentiated B cells and mediate the humoral immune response. The primary functions of antibodies are to bind specifically to antigen and bring about the inactivation or removal of the offending toxin, microbe, parasite, or another foreign substance from the body. All immunoglobulins have the basic structure of two heavy and two light chains. Immunoglobulin isotype (G, M, A, D, E) is determined by the type of Ig heavy chain present. IgG and IgA isotypes can be divided further into subclasses (G1, G2, G3, G4, and A1, A2), based on specific antigenic determinants on Ig heavy chains. IgG comprises approximately 75 to 85 % of the total serum immunoglobulin. IgG antibodies are frequently predominant antibodies made after challenge of the host with antigen (the secondary antibody response). The ability to synthesize antibodies arises in the intrauterine period. IgG may be synthesized from 5 months of gestation. But the foetus is in sterile conditions, that is why the levels of all its own Igs are not high. They may increase only after antigen stimulation due to some intrauterine infection. But maternal IgG is actively transported across the placenta and found in the foetal intravascular and extravascular spaces. Maternal IgG provides passive immunity against generalized infections. Blood group antibodies are also in the IgG class and therefore can freely cross the placenta to cause haemolytic disease of the newborn. IgM is the first immunoglobulin to appear in the immune response (the primary antibody response). It is the initial type of antibodies made by neonates. IgM may be synthesized from 3 months of gestation. The IgM molecule is the largest of all immunoglobulins, therefore it cannot cross the placenta. If IgM is found in the foetus or neonate it must be of a foetal origin and prove the existence of a congenital infection. IgA comprises only 7 to 15 % of the total serum immunoglobulin but is the predominant class of immunoglobulins in secretions (tears, saliva, nasal secretions, gastrointestinal tract fluid and human milk) and plays an important part in local immunity. IgA may be synthesized from 7 months of gestation. IgA is the second largest group of immunoglobulins and it cannot cross the placenta. Its presence in human breast milk lowers the incidence of enteric infections in breastfed infants. IgA can be found in saliva of neonates after several days of life. IgD is found in small quantities in serum. It is a marker for mature B cells. IgE, which is present in serum in very low concentrations, involves mast cells and basophils in activation. Antigen cross-linking of IgE molecules on basophil and mast cell surfaces results in release of mediators of the immediate hypersensitivity response (allergy, antiparasite responses).

9. Primary immunodeficiencies may be either congenital or manifested later in life and are currently classified according to the mode of inheritance and whether the genetic defect affects T cells, B cells or both.Secondary immunodeficiencies are those, which are not caused by intrinsic abnormalities in development or function of T and B cells. Their examples are: AIDS, immune deficiency associated with malnutrition, protein-losing enteropathy, intestinal lymphangiectasia, hypercatabolic states such as occur in myotonic dystrophy, lymphoreticular malignancy. Secondary immunodeficiencies may be permanent or transient.
10. Defects in cellular immunity generally result in viral, mycobacterial and fungal infections. Abnormalities of cell-mediated immunity predispose to disseminated virus infections, particularly with latent viruses such as herpes simplex, varicella zoster and cytomegalovirus. Examples of T-cell immunity deficiency: Di-George’s syndrome is probably caused by an embryologic field defect that often results in thymic abnormalities (immune defects), heart malformations, facial anomalies, parathyroid deficiency (convulsion) and urinary tract abnormalities. Nezeloff’s syndrome, a cartilage-hair hypoplasia, a bone dysplasia, is associated with short-limbed dwarfism and immune deficiencies similar to Di-George’s syndrome.

11.Antibody deficiencies result in recurrent or chronic bacterial infections (sinopulmonary infection, otitis media, meningitis and bacteraemia), frequently with organisms such as S. pneumoniae and Haemophilus influenzae and Staphylococci; and nodular lymphoid hyperplasia. Infestation with the intestinal parasite Giardia lamblia is a frequent cause of diarrhoea in antibody-deficient patients. Examples of B-cell immunity deficiency:X-linked Bruton’s agammaglobulinaemia includes all classes of immunoglobulin deficiency. Typical for agammaglobulinaemia are recurrent bacterial infections. There may be growth failure, but usually there is no lymphadenopathy or splenomegaly. Skin disorders and later pulmonary dysfunction are frequent.Selective deficiencies of immunoglobulins (IgA, IgM, IgG).Selective deficiency of immunoglobulin A is characterized by recurrent respiratory infections and diarrhoea. Autoimmune diseases are associated, but many children are asymptomatic. Serum and secretory IgA disorders may be distinguished, but they are usually not isolated defects. Selective deficiency of immunoglobulin M. These patients have a high risk of rapid haematogenous spread of bacterial infections.

12.Combined immunodeficiency disease (T and B cell associated deficiency). The most severe form of immune deficiency occurs in infants, who lack both cell-mediated and humoral immune functions. Individuals with severe combined immunodeficiency are susceptible to the whole range of infectious agents including organisms not ordinarily considered pathogenic. Multiple infections with viruses, bacteria and fungi occur, often simultaneously. Combined immunodeficiency disease may be a mild or severe disorder leading to death within several years of birth. The type of infections that occur depends on the combination and degree of T and B cell defect. Common are gastroenteritis, hepatitis and skin manifestations.Wiscott-Aldrich syndrome, an X-linked recessive disorder, is characterized by thrombocytopaenia, otitis, pneumonia and eczema during the first 6 months of life. Hepatosplenomegaly and lymphadenopathy are common. Serum IgG and IgE are markedly elevated.Ataxia-telangiectasia is characterized by ataxia, ocular and cutaneous telangiectases, chronic sinopulmonary disease, endocrine abnormalities and neurological disorders.

13. Disorders of phagocyte function are frequently manifested by recurrent skin infections, often due to Staphylococcus aureus, abscesses of the subcutaneous tissue and lungs, purulent arthritis and osteomyelitis.
14. Acquired immune deficiency syndrome, or acquired immunodeficiency syndrome (AIDS), is a disease of the human immune system caused by the human immunodeficiency virus (HIV). This condition progressively reduces the effectiveness of the immune system and leaves individuals susceptible to opportunistic infections and tumours. HIV is transmitted through direct contact of a mucous membrane or the bloodstream with a HIV-containing bodily fluid, such as blood, semen, vaginal fluid, and breast milk. HIV is a retrovirus with cytopathic effects. The most prominent effect of HIV virus is T helper cell suppression and lysis. Acute HIV infection progresses over time to clinically latent HIV infection, then to early symptomatic HIV infection and later to AIDS.
15. The transmission of the virus from the mother to the child can occur in utero during the last weeks of pregnancy and at childbirth. In the absence of treatment, the transmission rate between a mother and her child during pregnancy, labour and delivery is 25 %. However, when the mother takes antiretroviral therapy and gives birth by caesarean section, the rate of transmission is just 1 %. The risk of infection is influenced by the viral load of the mother at birth, with the higher the viral load, the higher the risk. Breast-feeding also increases the risk of transmission by about 4 %. Current recommendations state that HIV-infected mothers should avoid breast-feeding their infant. The course of HIV and AIDS is particularly aggressive in children. About 50 per cent of children who acquire HIV from their mothers die before their second birthday. Other risk group for HIV infection consists of adolescents. Many adolescents are engaged in multiple risk behaviour such as unprotected sex with an infected partner or using non-sterile injecting equipment.

SUBJECT 15. MORHPOFUNCTIONAL PECULIARITIES OF THE BLOOD SYSTEM, METHODS OF ITS EXAMINATION, SEMIOTICS OF AFFECTION.
The knowledge of peculiarities of the blood system in children of different age groups, methods of clinical-laboratory examination of children with their blood system affection and semiotics of the main haematological syndromes (anaemic, haemolytic, haemorrhage and others) is necessary for diagnosing diseases of the blood system in children.

Control questions:

1. Describe the composition of blood

2. What are the main functions of blood?

3. What do you know about the amount of blood in children?

4. What do you know about groups of blood, Rh factor and HLA system?

5. What do you know about the system of haemocoagulation? 

6. State the characteristics of blood of children in the newborn period.

7. State the characteristics of blood of children in infancy.

8. State the characteristics of blood of children in other age periods.

9. What do you know about clinical methods of examination of the haemopoietic system and blood in children?

10. What do you know about paraclinical methods of examination of the haemopoietic system and blood in children?

11. List pathological syndromes of haemotological diseases in children.

12. What do you know about haemotological diseases in children?

13. How should the care for children with haemotological diseases be organized?

Short answers:

1. Blood is a liquid tissue of the organism which surrounds all its cells. Blood consists of the formed elements (erythrocytes, leukocytes, thrombocytes) and the plasma. The latter contains of water, proteins, vitamins and a large number of active substances (hormones, enzymes, antibodies, etc.).

2. The functions of blood are as follows: transport and protection. The transport function includes delivering of oxygen, nutrient substances, hormones, enzymes, other physiologically active substances to tissues and discharging of waste products of metabolism from tissues. The protection function is provided with leukocytes, which realize phagocytosis, and with immune agents, which resist microorganisms with their toxins and destroy foreign proteins. A quota of the formed elements of blood is 40-45 %, that of the plasma being 55-60 %.

3. Amount of blood. The total amount of blood of an adult is approximately 5-5.5 % of his body weight. The amount of blood in children is higher. In a newborn, the amount of blood makes 10.5-19.5 % of the body weight, in later infancy it is 9-12.5 %, in the school-age period it is approximately 7 % of the body weight.

4. Blood type. This is determined at conception. The group indication appears in children quite early. Agglutinogens A and B can be discovered in 3-4-month-old foetuses. Erythrocytes contain agglutinogens α and β, serum agglutinins A and B. Blood of every person contains different agglutinogens and agglutinins. There are 4 groups of blood: I(0) – O; II(A) – A; III(B) – B; IV(AB). Rh factor is one of blood antigens; this can be positive (85 %) and negative (15 %). Blood of a newborn has an essential quality of Rh factor and it remains to be constant during the whole life. The HLA system (Human Leukocyte Antigen) is the system of human leukocyte antigens. It is a complex of genes situated on the 6th chromosome; the complex has its genetic structures, i.e. locuses A, B, C and D. Every human being has a set of 4 paired antigens. A quantity of combinations of gene alleles only in A and B locuses exceeds 250 million, what confirms the individuality of every person and explains difficulties in selecting donors for organs transplantation. Mature erythrocytes do not have HLA on their cell membrane; this fact explains the possibility of blood transfusion without taking into consideration HLA phenotype.

5. The coagulation (clotting) and bleeding times in the newborn are the same as normal for adults: coagulation time is 5-5.5 minutes; bleeding time is 1-3 minutes. Clot retraction is normal.

6. Blood of the newborn infant.Its red blood count is 5.0-7.0 · 1012/l following birth, but by the 14th day, it usually drops down to 4.0 · 1012/l. Haemoglobin level during the first two days may be as high as 170-220 g/l, falling to 165 g/l by the end of the 14th day. Anisocytosis (erythrocytes of unequal size) is typical for newborn infants. Anisocytosis is expressed by the presence of macrocytes (abnormally large erythrocytes with high haemoglobin content).The number of reticulocytes (immature or young erythrocytes) is from 50 to 100 per 1,000 mature erythrocytes during the first days; their number also drops rapidly down by 10-15 days of life and makes 5 to 10 per 1,000 mature erythrocytes. Osmotic fragility. Blood of the newborn contains erythrocytes with elevated and reduced osmotic fragility. Erythrocyte sedimentation rate (ESR) of the newborn is slower than in adult and is 2-3 mm/h; beginning with the age of 2 months ESR rises and reaches the level of 8-10 mm/h (the same as in adults).The number of thrombocytes varies during the first days of life within 100÷200·109/l. The picture of their white blood in newborns is quite specific. During the first 8-12 hours of life the number of leukocytes is as high as 25÷30 х 109/l; neutrophilic leukocytosis is marked, a regenerative deviation to the left is present; it means the presence of many immature neutrophils in peripheral blood. By the 10th-15th day white blood count gradually drops to an average of 10÷12 · 109/l; immature cells, as a rule, disappear from the peripheral blood almost completely; primary neutrophilosis is replaced by lymphocytosis. A gradual increase in the number of lymphocytes begins in the first days of life, attaining 50-60 % by the fifth day; this level is sustained throughout infancy; at the same time the number of neutrophils is gradually reduced to 30 %.There are two intersections in numbers of neutrophils and lymphocytes: between the 4th and 6th days and between the 4th and 5th year.

7. Blood in infancy has some characteristic features. Red blood count rates 4÷4.5·х 1012/l, haemoglobin level is 95-140 g/l, and it easily drops to 70.0-80.0 g/l, so that the colour index stays below norm. Anisocytosis is rather marked. Reticulocytes do not number more than 5-6 per 1,000 normal erythrocytes.The maximum and minimum osmotic fragility of erythrocytes is slightly elevated in comparison with the newborn period. Thrombocyte count varies between 200÷300·109/l.Coagulation, bleeding time, and clot retraction almost do not differ from what is normal in adults. White count is usually 10÷12 · 109/l in infants, lymphocytosis is marked (the level of lymphocytes is 50 %), neutrophil count during this period varies within the range of 35-40 %.It is possible to note the development of physiological anaemia at the age of 3-4 months as a result of iron deficit, because breast and cow’s milk is low in iron.

8. Blood of children from 2 to 6 years. Between the ages of 2 and 6 years the level of haemoglobin is 105-140 g/l (averaging 120 g/l), red blood count is 4.5 ·х 1012/l, with 2-3 % of reticulocytes, the colour index is lower than norm and is 0.85-0.95. Anisocytosis is marked. White count gradually diminishes, becoming 8÷8.5 · 109/l by the age of 6 years.The number of lymphocytes gradually decreases, going down to 40-35 % by the age of 5-7 years. The number of neutrophils grows (the second intersection).Blood of children between 6 and 14 years. The composition of blood at this period is approximately the same as in the preceding period. Anisocytosis gradually disappears. Leukocyte count continues to fall, and by 14 years is 7÷7.5 · 109/l.Differential white count is characterized by a further rise in the number of neutrophils and a drop of lymphocytes. By 14 years the count indicates 60-65 % of neutrophils and 25-30 % of lymphocytes. Blood of adolesenсs. Red blood count is 4.5÷5 · 1012/l. Haemoglobin is at a high level, averaging 140 g/l. White count is 6÷7.5·109/l.

9. Clinical examination of the haematological system of children includes questioning, general examination, physical examination of the skin, lymph nodes, liver, spleen and bones. The most typical complaints are: bleeding, haemorrhage, enlargement of lymphatic nodes, paleness of the skin and mucous membranes, ossalgia. Complaints of the common character are: hyperthermia, headache, dizziness, weakness, exhaustion, memory disorders, poor appetite, exertional dyspnoea. Case history taking:

– to establish the first day of appearance of symptoms, under which circumstances they appeared, especially bleeding and haemorrhage (spontaneously, under influence of some strong or superficial damaging);

– to ask about the dynamics of symptoms (when fresh elements appeared, simultaneously or subsequently);

– to ask about treatment, including the dose and duration of using the medicines, their effectiveness;

- to get acquainted with results of laboratory and other methods of examination before the patient’s admission to the hospital

Life history is very important in cases of inheritable diseases (haemophilia) and possible tendency to pathology of the haemopoietic system and blood. The obstetric anamnesis is very important for infants.

The following signs must be assessed during examination: position of a patient (active, passive, forced); bleeding (its location, intensity, duration); colour of the skin: a) pallor, b) jaundice; rash (macula, petechia, purpura, bruise), papule, exanthema, haemorrhage, haematoma, haemarthrosis; enlargement of lymph nodes; distended abdomen; oedema; enlargement of the liver and spleen.

10. Paraclinical investigation includes: blood count; coagulogram; puncture of the liver, spleen and bone marrow; study of myelogram; puncture of a lymph node; radioography, CT. The main methods of examination of the system of haemostasis are as follows: capillary resistance tests, thrombocyte count, tests of thrombocytic adhesion (aggregate functions), time of capillary bleeding according to Duke, retraction of blood clots.Myelogram gives information about the quality and quantity of bone marrow cells. In order to get some bone marrow, the breastbone is to be punctured. It is necessary to count not less then 500 cells and calculate percentage for every type of cells.The main peculiarity in the bone marrow of children of the first 3 years of life consists in a large quantity of lymphocytes: infancy – 10-18 %, at 3 years – 7-14 %, after 3 years – 2-8%.There are no significant differences in other parameters of the bone marrow of healthy children and adults.

11. The main clinical symptoms of the blood system diseases are: pallor, jaundice, fatigue, irritability, seizures, enlargement of the liver, spleen, lymph nodes, petechia, ecchymosis, gastrointestinal haemorrhage, mucosal bleeding, bacteriaemia, cellulitis, pharyngitis, oral ulceration. Combination of these symptoms may be various and depends on the nosological form of haemopathy.

12. Symptomatology of blood changes.

I. Quantitative changes in red blood.

The increase in the number of erythrocytes (polyglobulia):

a) true polyglobulia is associated with intensification of bone marrow activity (in newborns, congenital heart disease, in polycythaemia, etc.);b)false transient polyglobulia results from condensation of blood due to fluid losses (acute dyspepsia, dysentery, excessive perspiration).

Reduced red blood counts and lower haemoglobin levels, i.e. conditions corresponding to the clinical concept of anaemia: a)reduction of bone marrow function (starvation, infection, intoxication, tumours), congenital inferiority of the haematopoietic system (prematurity, tumours in the bone marrow);b)the number of erythrocytes may be reduced due to increased expenditure (chronic bleeding, erythrocytes disintegration during chronic infections, worms, malaria), haemolysis of erythrocytes (familial haemolytic jaundice).

II. Qualitative changes in red blood.

Changes in the quality of blood elements are connected with changes in the process of blood formation. These are characterized by the appearance of embryonal precursors: a)megaloblasts, megalocytes: these indicate return to the embryonal type of blood formation; b)erythroblasts, normablasts:  these demonstrate intensified bone marrow activity; c)increased reticulocytes counts: these display intensified bone marrow function; d)the appearance of macrocytes: this is a sign of healthy blood regeneration; e)hyperchromia indicates regeneration; this is a sign of functional deficiency of bone marrow; f)anysocytosis is inequality in the size of erythrocytes; this is a  sign of normal regeneration; poikilocytosis means different shape of erythrocytes  and signals about degeneration of erythrocytes.

White blood:

I. Quantitative changes in white blood.

Leukocytosis is an increase in the quantity of leukocytes more than 10 x 109/l ( over 20 x 109/l is hyperleukocytosis). An increase in the number of white blood cells, leukocytosis, results from heightened activity of the bone marrow under the influence of some pathological and also physiological stimuli. 

The following forms of leukocytosis are distinguished:

1. Physiological leukocytosis: 

a) in the newborn (20,000-25,000), 

b) in infancy (10,000-12,000).

2. Pathological leukocytosis, associated with local and generalized infection processes and intoxications: a)pseudoleukocytosis results from condensation of blood, digestive leukocytosis is possible; b) neutrophilic leukocytosis is associated with infections: sepsis diseases, pneumonia, scarlet fever, dysentery, rheumatic fever, meningitis.

Leukaemia is characterized by a particularly high leukocytosis (100,000 and higher) and the appearance of numerous immature forms. There are many different forms of leukaemia, but myeloid (granulocytic) and lymphatic leukaemia are more often.

Besides determination of the total number of leukocytes, estimation of the nuclear shift of neutrophils is highly important. A deviation to the left (an increased number of young forms of leukocytes) is a sign of accelerated production of white blood cells. Presence of a deviation to the left and neutrophilosis is a favourable prognostic symptom. Prognosis is less favourable when a deviation to the left is not combined with an increase in the total white count.

Lymphocytosis is an absolute and relative increase of the number of lymphocytes in peripheral blood. It is a stable physiological condition throughout infancy and early childhood.The number of lymphocytes increases in certain acute and chronic infections (pertussis, rubeolla, typhoid fever), during convalescence, certain forms of glandular fever, tonsillitis. Especially high lymphocyte counts are observed in lymphatic leukaemia and in cases of so-called lymphatic reactions in children, more often in whooping cough.

Monocytosis is a transient increase in the number of monocytes, it is typical for certain acute infections (malaria, measles, tuberculosis and infectious mononucleosis).

Eosinophilia is observed in numerous pathological conditions. Normally blood contains 2-4 % of eosinophils, in some pathological conditions the amount goes up to 20-30 %, or even higher. Eosinophilia occurs in bronchial asthma, serum sickness, anaphylactic status, scarlet fever, leukaemia, certain cases of lymphogranulomatosis, and in all types of worm diseases.

Basophilia. Normally basophil count does not exceed 0.5-1 %. A rise is observed in association with acute and chronic leukaemia, lymphogranulomatosis.

Leukopenia is diminution in the number of leukocytes, it is a characteristic sign of certain infections (typhoid fever, measles, rubella). In sepsis, pneumonia leukopenia is an indication of depression of the haematopoietic organs and an unfavourable prognostic sign.

Reduction of white blood count may result from the bone marrow hypofunction due to infections, chemical poisons (arsenic, benzene), ionizing radiation or lesion of the myeloid tissue (agranulocytosis).

Neutropenia is a sign of a severe form of infection or sepsis. Absolute neutropenia is characteristic of agranulocytosis.

Lymphopenia develops in certain infectious diseases in association with neutrophilic leukocytosis. Absolute lymphopenia is observed in lymphogranulomatosis, lymphosarcomatosis, and certain forms of myelosis.

Monocytopenia is seen in severe septic and infectious processes.

Eosinopenia is typical for typhoid fever, measles, pneumonia, septicaemia, aggravation of tuberculosis and rheumatic fever.

II. Qualitative changes in white blood.

High leukocytosis is rather often accompanied by a marked deviation to the left and appearance of primary and immature elements of white blood in the circulating flow such as myeloblasts (the youngest of the precursor cells of granulocytic series) or next intermediate forms of granulocytes (promyelocytes, myelocytes and juvenile neutrophils). It is typical for a number of infections.

The deviation degree demonstrates activity with appearance of myelocytes; juvenile neutrophiles are more typical for pyoseptic and infectious diseases, haemolysis, chronic leukosis, allergic reactions, bleeding. 

An increased quantity of juvenile and band forms is a sign, which demonstrates an increase in haemopoiesis.

Hiatus leukemicus is such a type of content of all neutrophils when an increase in the quantity of immature forms (myelocytes, juvenile forms) and a small number of mature forms (segmental neutrophils) are present, but transitional forms (juvenile, band neutrophils) are absent. Hiatus leukemicus is a sign of acute leukosis.

A deviation of the differential count to the right means an increased amount of mature leukocytes (segmental neutrophils), practically without any immature (band) neutrophils. It can be very rare and displays a disorder in the bone marrow haemopoiesis.

Neutropenia is such a condition of the differential blood count when the quantity of neutrophils decreases more than by 1/3 versus the age norm. Pathogenesis of neutropenia (which may be leukopenia) can be caused by: disorder in the haemopoietic function of the bone marrow and incomplete going out of mature neutrophils into peripheral blood; acceleration of the destruction of formed elements; increase in the removal of neutrophils from haemocirculation.

Neutropenia is a rather rare condition and appears in: some infectious diseases (malaria, measles, typhoid fever, influenza, severe forms of bacterial infections with an increased duration); tuberculosis; prolonged treatment by cytostatic medicines, sulfonamides, antibiotics; some type of anaemia (B12-folic-deficit, hypoplastic anaemia); increased irradiation; aplasia of the bone marrow.

Lymphocytosis is an increase in the quantity of lymphocytes which can cause leukocytosis. Its pathogenesis is based on an increased formation of a large number of lymphocytes from the lymphopoietic organs and their arrival in the circulating blood. The main causes are as follows: acute infectious diseases (whooping cough, viral hepatitis); chronic infectious diseases (tuberculosis, syphilis, brucellosis); chronic lympholeukosis.

Lymphopenia is a decrease in the quantity of lymphocytes, caused by some hypofunction of the lymphopoietic organs; lymphopenia can produce leukopenia. Lymphopenia can occur in: congenital immunodeficiency; acquired immunodeficiency syndrome; lymphogranulomatosis.

True leukaemia is differentiated from leukaemoid reaction on the basis of bone marrow studies.

Toxic granulation of leukocytes is a sign of infection.

Thrombocytes. The number of blood platelets is normally 200,000-300,000.Thrombocytosis is typical for many infection diseases (pneumonia, rheumatic fever). Thrombopenia is found in severe forms of anaemia, leukaemia, idiopathic thrombocytopenic purpura.

Erythrocyte sedimentation rate (ESR). The normal erythrocyte sedimentation rate is: in newborns – 0-2 mm/h, in infants – 2-4 mm/h, later – 4-10 mm/h.

An increase of ESR is a sign of different pathology: an inflammatory process of any system (the higher ESR, the more acute pathological condition), infectious diseases, allergic reactions, malignant pathology.Decreased ESR is rare; it may be found out in dehydration,  anaphylactic shock, dystrophy, peptic ulcer, heart failure, acute viral hepatitis.

13. The main diseases of blood are as follows:

1. Anaemiae (deficiency, haemolytic or aplastic origin, haemoglobin structural abnormalities, secondary anaemiae).

2. Disorder of leukocytes (quantitative disorders of neutrophils, qualitative abnormalities of neutrophils; leukaemiae).

3. Haemorrhagic and thrombotic diseases (congenital and inherited coagulation disorders;   acquired disorder: idiopathic thrombocytopenic purpura).
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