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Modern training of specialists in the ficld of dentistry requires not only a deep
understanding of the ¢linical aspects of the future profession. but also a solid grasp
of the fundamental principles of related medical disciplines. Among these.
pediatrics and clinical genetics hold a particularly important place. as knowledge in
these arcas is essential for a comprehensive understanding of the patterns of child
growth and development, the identification and prevention of hereditary discases.
and the assessment of factors influencing the formation of dental health.

This textbook is devoted to key issues in pediatrics and medical genetics and has
been prepared in accordance with the model curriculum developed for students of
the dentistry facultics of medical universities. It presents up-to-date information on
methods of anthropometric examination of children. indicators of growth and
development, principles of rational feeding of infants and young children. as well
as the most common discases of early childhood that are of practical significance
for the dentist.

The individual sections of the textbook cover the fundamentals of genetic testing.
the molecular mechanisms of heredity, the influence of environmental factors en
genetic processes, hereditary discases, and the basic principles of medical gendic
counseling. The material is presented with consideration of the need to form in
students a holistic understanding of the biological foundations of health and
disease.

The textbook is intended for students of higher medical educational institutions
studying in fields and specialties related to dentistry and other arcas of medical

science.



LIST OF ABBREVIATIONS
ADA-adenosine deaminase
AFP - alpha-fetoprotein
KZLP - low density lipoprotein
MFK - multifactorial diseases
TTG - thyroid stimulating hormone
PCR - polymerase chain reaction
UTT - ultrasound examinations
EDS - Ehlers - Danlo syndrome
FKU - phenylketonuria
TGM - medical genetic counseling
FISH - fluorescent hybridization

IMT - Chromosome Microarray Analysis



INTRODUCTION

Pediatrics is derived from the Greek words paid — child, and jatria — treatment. It studiesthe
anatomical and physiological characteristics of the child’s body from the moment of its
development as a fetus to adolescence. as well as the specific features of the development ard
course of diseases occurring during this period. and provides guidelines for performing pradical
skills in treatment and care. Thus, pediatrics is a ficld of medical practice focused exclusivel on
children. At the same time. pediatrics is a challenging specialty that requires strict rcspunsiﬁli!y.
patience, and perseverance from future healtheare professionals. This is because a child,
especially under the age of 3-6 vears, is unable to clearly and coherently describe the changes
occurring in their body during growth and development. -

Secondly, most changes in the child can only be detected through careful observation, deep
knowledge, and proper interpretation. which allows the healtheare provider to determine the
necessary assistance. Failure to reach the correct conclusion in time and provide timely caremay
endanger the child’s life.

The theoretical and practical development of modern medicine is characterized by the
widespread use of genetic methods. This is due to several factors.

First. as knowledge about the developmental patterns of human organs has expanded. it has
become clear that in the postnatal period—under the influence of the external environment—the
genetic factors inherited from parents through germ cells play a significant role.

Second. modern changes in the structure of human pathology demonstrate the growing
importance of genetic predisposition factors.

Third. studies of the etiology and pathogenesis of multifactorial discases (such as ischemic feart
disease, gastric and duodenal ulcer disease, diabetes, ete.) have shown that their developmet is
associated with the presence of genetic factors.

is known to arise from the interaction between an organism and a pathogmic

Fourth, pathology
1 has unique genctic characteristics, this interaction is highly individual.

[actor. Since every persor

Scientific medicine not only studies general bodily reactions but also examines the specific
manifestations unique to each individual. enabling significant progress in the diagnosis,

n of hereditary discases. While preparing this textbook, the authors,
based on the curricula of medical institutions. provided information about child growth
parameters, proper feeding of young children, common diseases of early childhood, as wellas

the basics of clinical genetics, genetic methods, and genetic pathology.

treatment, and preventio



CHAPTER I

1.1. Evaluation of Child’'s Growth and Development

Assessing a child’s growth provides important information about their nutrition and health.
There are several ways to measure a child’s growth, including weight-for-age. weight-for-height,
and height-for-age. Initially, the weight-for-age index was used in most countries 10 assess &
child's growth and nutritional status. However. as an indicator of nutritional status, this method
has drawbacks. A child with a low body weight for a given age may be stunted and still have a
relatively normal body weight for their height (depending on body structure)

According to WHO growth assessment standards, the weight-for-height ratio is recommended as
the standard for assessing the nutritional status of children It 15 also recommended to use
separate standards for boys and girls

The level of physical development in a child depends on many factors:

= Genetic factors: more than 100 genes control the synthesis of growth hormones and
growth factors

= Hormonal factors: growth hormone (GH). and other hormones (thyroid. sex hormones.
insulin).

o Other factors: nutritional factors, climatic and geographical conditions, lifestyle. and
diseases.

The following methods are used to assess physical development:

«  Somatoscopic: visual assessment of body constitution and proportionality.

« Somatometric (anthropometric): measurement and evaluation of the main parameters
of physical development —— body weight, height, head and chest circumference.

e Functional assessment: determining lung capacity using physiometric devices and
measuring muscle strength using a dynamometer.

1.2. Methods of Anthropometric Examination in Children

Height Measurement

The height of newborns and children under 2 years of age is measured using a horizontal
stadiometer. The child is placed on the device so that their head touches the fixed board. The
head should be positioned so that the lower margin of the orbit is in the same vertical plane as
the upper margin of the external auditory canal. While gently pressing on the child's knees to
straighten the legs, the movable board is aligned with the heels. The child’s height equals the
distance between the fixed and movable boards of the stadiometer.

The height of children older than 2 years is measured using a vertical stadiometer. The child
stands with their back against the stadiometer, with the heels, buttocks, shoulder blades, and the
back of the neck touching the vertical surface. The head should be positioned so that the lower
margin of the orbit and the upper margin of the external auditory canal lie in the same horizontal
plane. The movable headboard is lowered until it touches the top of the child's head.

(Figure 1)



Measuring Circumferences

Head circumference is measured using a measuring tape. The tape should pass across the
eyebrows and around the occipital prominence at the back of the head, and it should be pulld
slightly to obtain an accurate measurement.

Measurement of Chest Circumference

Chest cireumference is measured three times: when the child is breathing in a calm state, @wthe
peak of inhalation, and during maximal exhalation. The measuring tape is placed from the tuck
across the lower angles of the scapulae, with the tape positioned horizontally on both sides, and
in front it passes across the most prominent point of the chest.

(Figures 2, 3).

Figure 2 Figure ™ 3

Body Weight Measurement

1 is measured using a special electronic scale
he scale used for children weighing up to 104g

The body weight of infants and young childre
designed for children. It is recommended that t

has an accuracy of 1 gram (see Figure 4).

Figured



The body weight of older children is measured on an empty stomach with
an accuracy of up to 50 grams on a medical scale.
Height measurement

The height of newborn babies is 48-52 cm. Table 3-2 shows the average
height of children under 1 year of age. (Table 1)

Table 1.

Height of children under 1 year old
Child's age in months Height, sm

1 month in the quarter

0-3 3 9
4-6 2,5 7.5
o S i - N - - T
10-12 - 11 13 -

Height Growth

During the first year, a child’s height increases by an average of 25 cm. By the end of the first

year, the height is typically 75-77 em. In the second year, it grows by 12-13 em. and in the third
year, by 7-8 cm.

The following method can be used to estimate the height of children older than | year: at age 4,

the height of a child is approximately twice that of a newborn, averaging 100 cm. For children
younger than 4 years, height can be calculated as:

Height=100-8x(4-n)\text{Height} = 100 - 8 \times (4 - n)Height=100-8x(4-n)

where nnn is the child’s age in years. For children older than 4 years, height can be estimated
using;

Height=100+6x(n-4)\text{Height} = 100 + & \times (n - 4)Height=100+6x%(n-4)

Atage 8, a child’s height is approximately 130 ecm. By age 12, height increases to roughly three
times that of a newborn, averaging 150 em. Growth accelerates during puberty: in girls between
10-12 years, and in boys between 13.5-15.5 years.



During this period, the body length increases by 8-10 em per year on average. Individual md
constitutional characteristics play a decisive role in growth. Growth is typically completedby
age 16-17 in girls and 1819 in boys ’

Head Circumference Assessment

The head circumference of newborns ranges from 34 to 36 em. Average head circumferene at
different ages is presented in Table 2

o ALl year: 46 cm

e At 35 years: 50 cm

« At 10 years: 55¢m

The growth of head circumference during the first year of life is also shown in Table 2.

Table2.
Growth of head circumference in the 1st yearof a child's life
"~ Ageinmonths | Growthofhead circumference |
- Almonth | 1 in aquarter
,,,,,,,, 03 0| @2 ] 6 :
4-6 1 3
7-12 0.5 1.5

Ratio of Chest Circumference to Head Circumference
The head circumference of a newborn (34-36 cm) is 1-2 cm larger than the chest circumfgence

(32-34 cm). By 34 months of age, these parameters become approximately equal. At the snd of
the first year. the chest eircumterence exceeds the head circumference by 1-2 em. After the first

year, the chest circumference continues to exceed the head circumference by 2 cm. with

variations depending on the child’s age.

Assessment of Body Weight

The weight of a full-term newbomn is typically 3200-3500 g, Within the first 3-4 days, body
ases by 5-6% —a physiological weight loss. By the 7th-10th day of life, this

weight decres _ A '
deficit is restored, after which continuous weight gain occurs.

Daily weight gain:

During the first 3 months; 23-30 g/day
From 4 to 6 months: 20-25 e/day

Average monthly weight gain:

« During the first 6 months: 800 g/month
During the second 6 months: 400 g/month

9



The approximate calculation of normal weight in the first six months of life can be hasg‘d on the
following formula: the weight of a 6-month-old child is considered 8200 g. and 800 g is
subtracted for each preceding month of age.

A healthy child gains an average of 4300 g during the first 6 months

Approximate Calculation of Standard Weight in the Second Half of the First
Year

The approximate calculation of standard weight in the second half of the first year of lifc can be
determined using the following formula: the weight of a 6-month-old child is 8200 g.and 400 g
is added for each subsequent month up to 12 months.

Later, the child’s body weight increases on avcrage as follows:

¢ Inthe 2nd year of life: 2.5 kg

e Inthe 3rd year of life: 2 kg

* From 3 to 10 years old: 2 kg per year

e From 10 to 15 years old: 34 kg per year

The following formula can be used to estimate the body weight of children aged 2-11 years:
Body weight (kg)=10.5+2n\text{Body weight (kg)} = 10.5 + 2nBody weight (kg)=10.5+2n
where nnn is the child’s age in years, and 10.5 kg is the average weight of a 1-year-old child.
The average weight of children older than 3 years can also be determined using growth tables:
* AT-year-old child is 125 cm tall and weighs 25 kg
» Forevery 5 cm deviation from the standard height, subtract 2 kg if shorter or add 3-3.5
kg if 1aller, depending on age
Thus, the growth of a child’s weight follows these general principles:
* By the end of the first year, the child’s weight triples compared to birth weight

» Atthe age of 6-7 ycars, the child’s weight doubles compared to birth weight
e Atthe age of 11-12 years, the child’s weight triples compared to birth weight

1.3. Assessment of Anthropometric Indicators

Anthropometric indicators are evaluated using the following methods:

Parametric (sigma) method
Non-parametric (centile) method
Regression analysis method
Using TVI detection

Parametric Method

This method is based on calculating the arithmetic mean (M) of the indicators, their standm'_d
deviation (o), and the mean square relative to age- and gender-matched groups. The following
assessment categories are used:

10



[ — Average (M £ 6)

II — Below average (M - Ig to M - 20)

1l — Low (M - 206 to M - 30)

IV — Medium to high (M + lo to M + 20)

V — High(M + 26 to M + 30)

VI — Very high/very low (higher/lower than 36)

The doctor's conclusion should note that harmonious growth and deviations from the sigmoid
curve should not exceed 16. The parametric method is useful for detecting growth disordes in
children.

Non-parametric Method

This method uscs centile tables to determine the range of a child’s indicators (height, weight,
chest circumference). After evaluating these parameters, the child’s physical developmentis
categorized based on the centile corridor:

o 0-2 — Harmonious development
« 3 — Disharmonious development
e 4-7 — Extremely disharmonious development

Body Mass Index (BMI)

The Body Mass Index (BMI), also known as the Quetelet index, is the most widely used
indicator of harmonious development. It is calculated using the formula:

BMi=weight (kg)height (m)2\text{BMI} = \frac{\text{weight (kg)}}{\text{height
(m)}~2}BMi=height (m)2weight (kg)

BMI reference values for diffcrent ages are presented in Table 3.

Table3.

Indicators of body mass index for different ages.

Age Boys and Boys Girls
girls

6-8 16

9-10 17

11 18

2 19

3-16 20

17 21

13-14 20

15-17 21

_ 2 conditional signs areadded tothe necessaryindicatorof excess body
weight. For example, overweight in 6-8-year-old children starts from 18 (16+2),

_10-year-old children from 19 (17+2), etc. . .
for? -y Excessweight is evaluated with "1", in othercases with "2".

11



= The equality assessment of the child's physical development 1s carried out by analyzing
the consecutive measurements determined in certain periods

-Up to 1 year (monthly)

- Up 1o 3 years old (once per quarter)

= 3-7 years old (twice a year)

~ 7-17 years old (once a year)

Weight according to age

Weight according to age reflects the child's body weight in relation to their age on a
given day. Follow-up measurements can show w hether the child 1s gaining (or not
gaining) weight over time. so this is a measure of growth This indicator is used 1o assess
whether a child is underweight. but it is not used to diagnose a child as overweight or
obese.

Because it is relatively casy to measure weight, this indicator is widely used However. in
situations where it is not possible to accurately determine the child's age. this method
cannot be completely trusted. Low body weight for a given age (thinness) is the first s1gn
of undernutrition (malnutrition), reflecting the alimentary health status of the population,
including children Underweight for age 15 the result of not gaining or losing weight
Rapid weight gain, sudden cessation of growth, and acute or chronic malnutrition may
indicate the presence of disease (malnutrition, diarrhea. acute respiratory inlections,
measles, etc.). It should be noted that when nutrition is disturbed, body weight changes
before other parameters. and it takes much longer for height to slow down and stop
Therefore. it is very important to monitor the child's body weight, especially during

infancy. Examples of weight-for-age charts for boys and girls arc included in Appendix
2

Explanation: If the child has swelling in both legs. the fluid in the body increases the
child’s weight; in fact, the child may be due to being underweight. It is nceessary te note
the presence of swelling in the child's height chart. A child with a tumor is automatically
classified as malnourished and should be referred for specialized care

Body length / Weight for height

One of the main indicators of the state of nutrition of children at an carly age is the
prevalence of underweight (thinness) in relation 1o a given height. This indicator shows
the child's feeding status at the same time. Low body weight for a given height is the
result of either not increasing or decreasing body weight. Rapid weight gain. sudden
cessation of weight gain, and severe malnutrition may also be observed

Body weight for height is a more accurate indicator than body weight for a given age
Based on this. it is more reliable in identifying children who need alimentary treatment
and rehabilitation. This indicator is called the weight-height index (WHI) and is
calculated based on the following formula:

WHI = Child's body weight (kg) / Body Iength/height (m?) )
The weight-height index shows the ratio of body weight in kilograms to body length in
square meters (for children under 2 years old) or standing height (for children older than
2 years). This indicator is especially useful in situations where the child's age is unknown
(for example, in a refugee camp).

The child's weight-body length/height diagram allows identifying children with different
levels of protein-energy deficiency (thinness), underweight, and short stature. However.
these charts also help identify children who are overweight or obese, and who have a
high weight-body-length/height ratio.
Height/Length for age

Another key indicator of early childhood nutritional status is stunting (low height for
age). Stunting is caused by a delay in the development of the bone system. In general, it
reflects a chronic process and is used as an indicator of chronic malnutrition. Growth
retardation can often oceur within a short period of time, from a few months to about 2
years after birth. This corresponds to the time of giving the child additional food.

12



Shoulder circumference
A shoulder circumference of less than 115 mm in young children is an indicator of severe

malnutrition.

II.CHAPTER. FEEDING CHILDREN.

2.1. Natural, Artificial and Mixed Feeding of Children

Benefits of Breastfeeding

Breast milk is the best food for breastfed children. It contains all the necessary nutrients for the
child during the first six months of life. Breastfeeding has many benefits for both the baby and
the mother. Nutrients in breast milk are suflicient to meet the needs of the child. It is more casily
digested by the body than cow's milk or milk formula. Cow's milk allergy is more common in :
formula-fed children than in breastfed children, as allergens are not observed in breast milk.

Growth and development factors in breast milk help the lining of the baby's intestine to mature
and make it more resistant to proteins. Allergic reactions can be prevented by reducing the
absorption of proteins. The amount of protein and salts in the breast milk of a premature baby is
higher than that of a full-term baby. which serves to cover the increased needs of premature
habies. Most of the protein in breast milk is whey protein, which is casier to digest than casein,
abundant in cow's milk.

Fats in breast milk are rich in easily digestible fatty acids. Breast milk facilitates the absorption
of minerals such as zinc and iron. Mother's milk contains eight times more linolenic acid than
cow's milk. Linolenic acid is necessary for normal growth and development of children. Mother's
milk contains less protein and fewer minerals than cow's milk, but it is sufficient to meet the
baby's needs. Since excesses of these substances are removed through the kidneys. the burden on

the kidneys is less in breastfed babies.

During lactation, the amount of fat in breast milk varics. Its amount increases at the end of
breastfeeding, creating a feeling of saticty in the baby. This property is hypothesized to prevent
overeating and obesity. Breast milk has a higher cholesterol content than cow's milk or artificial
milk. which speeds up the enzyme system to prevent fat accumulation.

Due to the large amount of lactose in breast milk, the absorption of calcium in the intestine
improves. Lactose also helps the growth of bacteria that produce lactic acid in the intestine e
contributes to the formation of intestinal flora, Breast milk is also rich in enzymes like amylase
and lipase, which easc digestion. Mother’s milk contains more vitamins A and C than cow's milk.

There is ample evidence in the literaturc that exclusive breastfeeding during the first six months

of life reduces morbidity and mortality in children.

Improving the Functioning of the Immune System
Most of the protective effect of breastfeeding against infectious diseases is passive. The
f immunity in breast milk protect the surface of the mucous layer of the

rotective factors 0 0 . c ot th ‘
Easlroinlcstinal (ract and respiratory tract, reducing the risk of infection. At the same time, there
Ts information that breast milk has an active effect on the child's immune system.

by's thyroid gland is twice as large as a formula-fed baby's,

s of age, a breastfed ba . : :
bl vaccines than formula-fed babies. There is also

At four
nd better to some

and breastfed babies respo
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evidence that protective function against infections 1s maintained for many vears after the
cessation ol'brcaslfccding. The factor responsible for improving the child's own immune system
in breast milk is unknown. but it is likely that V-lymphocytes, T-lymphocytes. anti-idiotypic
antibodies, cytokines, and growth factors play such a role

Chronic Diseases

Studies on the effects of breastfeeding on chronic diseases in children are limited to retrospective
studies. There is evidence of an inverse relationship between msulin-dependent diabetes and
breastfeeding. Insulin-dependent diabetes is an autormmune disease, but breastfeeding has a
positive effect on the child's immune system. Introduction of cow’s milk proteins at an carly age
(up to 4 months) can also increase the risk of early development of insulin-dependent diabetes

Some data support the hypothesis that breastfeeding can protect agamst Crohn's disease, non-
specific ulcerative colitis, and leukemia. According to research, the results of assessment of the
child's reception activity are on average 23 degrees higher in children who are breastfed
compared to those fed with artificial milk.

Benefits for the Mother

Breastfeeding has both short-term and long-term benefits for the mother. The risk of postpartum
hemorrhage can be reduced by latching the baby 1o the breast immediately after birth. There 13
growing evidence that breastfeeding mothers have a lower risk of developing breast and ovarian
cancer.

Exclusive Breastfeeding for 6 Months

A 1984 analysis of available studies found that the risk of death from diarrhea at 0-6 months was
higher in partially breastfed children than in exclusively breastfed children. Exclusive
breastfeeding during the first six months meets the energy and nutritional needs of most children.
No other food or liquid is needed. Breast milk consists of 87-93% water. which is enough to
satisfy the child's thirst. Giving additional fluids may reduce breast milk intake. Nevertheless.
many give water and tea to babies from the first weeks of life. Such a practice can lead Lo a
twofold increase in the risk of developing diarrhea.

One of the benefits of exclusive breastfeeding is to prevent early return to fertility and to quiCI}'iY
regain pre-pregnancy weight. In women who breastfeed frequently and without exception dull'mg
the first six months after delivery, the risk of pregnancy in the case of preserved amenorrhea is
reduced by 2%.

Supplementary Feeding from 6 Months

If additional food is not given at this age or is given incorrectly, it can have a negative effect on
the growth and development of the baby. In many countries, the period of complementary )
feeding is 6-23 months. This is the period when the child stops growing, there is a deficiency of
micronutrients, and the occurrence of infectious diseases increases. Even after introducing
complementary foods, breastfeeding remains an important source of nutrients. It supplies about

half of the energy needed by a child under one year of age and a third of the energy needed by a
child in the second year.

Breastfeeding continues to provide higher-quality nutrients angd strengthens protective factors ]
compared to complementary foods. Therefore, it is recommended 1o continue breastfeeding with
complementary foods until the age of 2 years or more, Complementary food must be

14



nutritionally adequate. safe. and properly administered to meet the child's energy and nutrient
needs. Nevertheless. problems such as excessive dilution of complementary feeding producs,
failure to feed the baby often and in sufficient quantity. and low-quality products often occeur.

The method of feeding. like the food uself. aftects the complementary feeding process, so bath
mothers and caregivers need support and advice on how to introduce complementary foods
correctly.

2.2, Physiological Basis of Breastfeeding
Composition of Breast Milk

Breast milk contains all the nutrients necessary for the first six months of a baby's life, incluing
fats. carbohydrates. proteins, vitamins, micronutrients, and water. It is easily digested and
efficiently utilized. In addition, breast milk contains biologically active components that
strengthen the immune system, protecting the infant against infections, and other factors thwaid
digestion and nutrient absorption.

Fats:

Breast milk contains approximately 3.5-4.2 g of fat per 100 ml, providing about half of the
energy content of milk. Fat is present in small droplets, and its concentration increases durirg
feeding. As a result, milk becomes richer in fat and creamy-white in color by the end of'a
feeding session. In the first days of life, colostrum is low in fat and has a light yellow-gray olor.
Breast milk contains long-chain polyunsaturated fatty acids, such as docosahexaenoic acid
(DHA) and arachidonic acid (ARA), which are essential for the development of the infant’s
nervous system. While DHA and ARA are added to some infant formulas, they are not as
elfective as naturally occurring breast milk components.

Carbohydrates:
The primary carbohydrate in breast milk is lactose. which accounts for approximately 40% f

milk calories. One hundred grams of breast milk contains about 7 g of lactose, more than otler
types of milk, providing a key source of encrgy. Lactose is cfficiently digested and absorbet
(>90%) in the small intestine under the action of lactase. Undigested lactose reaches the larg
where it is fermented by bacteria to form short-chain fatty acids and lactate. This
process contributes to nutrient absorption, energy use, and lowers intestinal pH, improving
calcium absorption. Lactose also promotes the growth of beneficial bacteria such as lactobauilli,
supporting a favorable gut microbiota that protects against gastroenteritis. Oligosaccharidesin
breast milk provide protection against viruses, bacteria, and their toxins, while supporting the
growth of probiotic strains such as bifidobacteria.

intestine,

Proteins:
Breast milk prote
content is lower (0.9 g per

ins differ in both quantity and quality from those in animal milk. The protan
100 ml) than in animal milk, preventing overload of the infant’s
immature kidneys with nitrogenous waste. Casein in breast milk is easily digcs(ed, while a-
Jactalbumin and lactoferrin provide essential amino acids. Cow's milk contains B-lactoglobulin,
which is absent in breast milk and cannot be digested by infants.

Vitamins and Minerals: _ il o
Even women with low nutritional status produce breast milk sufficient for nomia[ infant
d_cvclopmcnl. However. optimal micronutrient content depends on the mother's diet.

Micronutrients can be divided into two groups:

15



e Affected by maternal nutrition: Thiamine. zinc. riboflavin, iron. vitamin B6. folate,
vitamin B12, caleium. vitamin D, vitamin A_iodine. selenium. Low maternal intake can
negatively impact the infant’s development. but concentrations can be restored by
improving maternal diet.

= Less affected by maternal nutrition: Water-soluble vitamins depend on mulurnu]r
dietary intake, while fat-soluble vitamins are less dependent. Even when maternal llllil!\'c
is insufficient, breast milk generally contains adequate amounts for the infant. except for
vitamin D, which may require supplementation or sunlight exposure. Iron and zine are
present in small amounts but are efficiently absorbed

Clinical micronutrient deficiencies are rare in exclusiy ely breastfed infants during the first six
months. If maternal micronutrient intake is adequate during pregnancy and lactation, additional
supplements for the infant are generally unnecessary

Anti-infective Factors:
Breast milk contains antimicrobial agents that strengthen the infant’s immune system and protect
the digestive and respiratory tracts against infection. Key components include:

= Secretory immunoglobulin A (slgA): P
enhances immunity

e Lactoferrin: Binds iron, reducing bacterial growth and the risk of gastrointestinal
infections (c.g.. Escherichia coli, Staphyvlococcus spp.)

e Lysozyme: Antibacterial enzyme that lyses bacterial cel] walls.

* Bifidus factor: Promotes growth of be

s Macrophages and Iymphocytes:
support immune defense,

*  Protease inhibitors, complement, interferon, antioxidants, and fatty acids (DA,
ARA): Contribute to immune protection, antivi
radical protection.

rotects mtestinal epithelium from antigens and

neficial bifidobacteria in the large intestine.
Produce immunoglobulins, phagocytose bacteria, and

ral activity, tissue development, and free

These protective factors remain in breast milk bey
against infections. Breastfeeding reduces the risk
otitis media, bacteremia, meningitis, and urinary tract infections. Formula-fed infants are more
susceptible to infections. including necrotizing enterocolitis in neonatal intensive care settings.
Partial breastfeeding still confers some protective effects.

ond the first year, providing continued defense
of gastrointestinal and respiratory infections,

Colostrum and Mature Milk

Colostrum is a special form of milk produced during the first 2
in small quantities—about 40-350 ml on the first day
newbomn needs. Colostrum is rich in leukoc
and has higher percentages of protein, min
to later milk. Vitamin A is crucial fore
giving colostrum its yellow color.

3 days after birth. It is secreted
—but contains all the essential components a
ytes and antibodies, particularly immunoglobulins.
erals, and fat-soluble vitamins (A, E, and K) compared
ye protection and the integrity of epithelial surfaces,

Colostrum provides immune protection to the
Epidermal growth factor in co

absorption. During this period, exclusive breas

tfeeding is highly recommended, and other foods
should be avoided. Feeding prior to the firs

L breastfeed is called pre-lactation feeding.

Milk production increases significantly by the 2nd-4th day after birth,

causing the breasts to feel
full—a stage referred o as “milk coming in”. By the third day, a new

born typically consumes
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300-400 ml of milk in 24 hours. increasing to 500-800 ml by the fifth day. Milk produced fom
day 7 to 14 is called transitional milk, and after two weeks it is referred to as mature milk

Animal Milk and Supplementary Feeding

Animal milk (e.g.. cow or goat) differs from human breast milk in both nutrient quantity ant
quality. Infants under 6 months should only receive animal milk under exceptional circumsances
and for a short period. To make it suitable for consumption. water, sugar, and micronutrient
must be added. Even then, animal milk can never fully replace breast milk and lacks its
antibacterial and biologically active components.

After 9 months, infants can be given boiled undiluted milk. Infant formula is usually prodiwced
from cow's milk or soy products, with nutrients adapted to resemble breast milk. However,
differences in fat and protein composition remain, and antibacterial and bioactive componens
are absent. Powdered formula is not sterile and may contain pathogenic bacteria such as
Enterobacter sakazakii, which can cause life-threatening infections. Soy-based formulas contain
phytoestrogens, which may affect hormonal development, potentially reducing fertility in biys
and causing precocious puberty in girls.

Breast Anatomy

The breast consists of the nipple, areola, breast tissue, blood and lymphatic vessels, and
nerve fibers.

Breast tissue contains alveoli—small sacs that secrete milk—and ducts that transport milkout.
Between feedings. milk collects in the alveoli and duets. The alveoli are surrounded by
myoepithelial (muscular) tissue that contracts to push milk through the ducts.

Nipple and arcola:
The nipple has an average of nine milk ducts opening on its surface. along with muscle and

nerve fibers. Montgomery glands, located on the areola, secrete an oily fluid that protects tie
arcola and produces a specific maternal scent that helps the infant locate the brest.

nipple and } 2 _ A
During breastfeeding, under the influence of the oxytocin reflex, milk is ejected from the aloli

into the ducts and toward the nipple.

Figure 3
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Hormonal control of milk production

There are two types of hormones that directly  affect
breastfeeding:prolactin and oxytocin.A number of other hormones, such as
estrogen, are indirectly involved in the lactation process.When the baby suckfi.
sensory impulses pass from the nipple to the brain.In response to this, prolactin is
produced from the anterior part of the pituitary gland, and oxytocin from the
posterior part and released into the blood. Prolactin serves for milk secretion by
alveolar cells.The level of prolactin in the blood rises sharply during pregnancy,
and by influencing the growth and development of breast tissue, it helps prepare
for milk production. But during this period, milk does not come, bcc;nusc.
progesterone and estrogen, which are pregnancy hormones, block this action of
prolactin.After childbirth, the level of progesterone and estrogen decreases sharply,
milk begins to be secreted under the influence of prolactin. Prolactin is at its
highest level for about 30 minutes after breastfeeding, so its main effect is to
prepare milk for the next feeding.During the entire period of breastfeeding, the
more the child sucks and stimulates the nipple, the more prolactin and milk
production is observed under its influence. This is especially important during the
period of lactation, if the mother stops breastfeeding - milk will not be produced.
Prolactin is produced after the mother has finished breastfeeding in order to
prepare for the next breastfeeding. Prolactin is secreted mainly at night, so
breastfeeding at night is useful for continuous milk production in the mother's
body.Prolactin calms the mother and makes her feel drowsy, so she is usually well
rested even if she nurses at night. During lactation, other hormones arc released by
the pituitary gland in the mother's body, including gonadotropin-releasing hormone
(LG), follicle-stimulating luteinizing hormone, which suppresses ovulation and
menstruation.In  this  way, frequent breastfeeding  helps  prevent  future
pregnancies.Nighttime breastfeeding enhances the effectiveness of this feature and
plays an impnrtant role in cnsuring it. Oxyloc[u causes contraction of the
myoepithelial cells surrounding the alveoli.This forces the milk collected in the
alveoli to flow and fill the ducts.Oxytocin is produced in the mother's body during
or before breastfeeding to force the milk to flow. The oxytocin reflex is alsa called
the milk ejection reflex. Oxytocin is produced faster than prolactin.Under its
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influence. the milk in the breast flows out of the milk ducts and helps the child
suck the breast casily. Oxytocin starts working in the mother's body when she is
preparing to breastfeed and when the baby is sucking.The reflex depends on the
mother's senses such as touch, smell, sight, and when the mother hears the child
crying or is full of love for the child, oxytocin starts to work in full.If the mother
has a serious illness or is in a depressed mood, the oxytocin reflex is suppressed
and her milk supply may suddenly decrease. If a nursing mother is supported,
helped to feel better, and continues (o breastfeed, the supply will be restored and
improved.Understanding the oxytocin reflex is important because it helps you
understand why mother and baby need to be together and why they need to be
physically close. Oxytocin causes the uterus to contract after birth and helps reduce
bleeding. During the first few days of a nursing baby, the contraction of the
mother's uterus can cause severe pain. Signs of an Active Oxytocin Reflex Mothers
may recognize signs of an active oxytocin reflex:

m pain in thechest during andbeforebreastfeeding;

& milk when a mother thinks of her child or hears her cry, it begins to flow
from the chest;

a milk flows from the second breast when the child is feeding;

@ when the child stops sucking, milk starts to come out of the breast;

m slow anddeepsuckingandswallowingof milk intothechild's mouth shows
that it is flowing:

mpain in the uterus or bleeding from the uterus;

@ thirst during breastfeeding.

Thepresenccof oneor moreof theabove signs indicatesthatthereflex is
working. Even in theabsenceof these signs, this reflex is present, that is,
theabsenceof signs does not determinetheactivityof thereflex. The signs may not
beobvious andthemothermay not noticethem.

Psychological effects of oxytocin.

Oxytocina]so]msimporlanlpsychologicalcﬂ'ccls. and in animalstudies it
hasbeen found that it affectsthematernalinstinct. In humans,
oxytociniuduccscalmncssundrcduccsslrcss. It can strengthen the feeling of
closeness and love between mother and child, and also help to develop this feeling.
The pleasant touch of mother and child's bodies increases the release of qulocin
and prolactin, which develops physical closeness between mother 'fmd child after
childbirth, and helps maintain emotional closeness during breastfeeding.

Feedback inhibitor of lactation. Milk production is controlled in the breast
by a substance in breast milk known as fcedbuck inhibitor of chlalion_, or TLI
(polypcptidc). Sometimes there is no milk in one br_cast. but thc_rc is no mlllk in the
other breast.This is because local control of milk production 18 carried out
independently in each breast.If the milk (:(l)llclctf:d in the second breast dluru?g
breastfeeding is not given to the child, the inhibitor stops lhc_ rf:!case of milk in
order to protect against the negative Cffccts_causcd by overfilling the breast. If
breast milk is given to the child, the inhibitor is -ﬂ[SO removed and milk secretion 1s
restored. If the baby is unable to suckle, thc_ milk can be rcmovgd by expressing.
TLI allows you 10 regulate the amount nf milk produced dependlpg on how_muc.h
milk the baby sucks and how much milk the baby needs. This mechanism is
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especially important for continuous regulation afier lactation is established. At this
stage, prolactin is needed for uncontrolled production of milk. . )

Children's reflexes. A child's reflexes play an important role in succcssrul_
breastfeeding. The main reflexes are core, sucking and swallowing reflexes.i
something touches the child's lips or tongue. he turns his face to this side in scarch
of the reason for this and opens his mouth and stars rolling his tongue 5 up and
down.This is a core reflex that appears from about the 32nd week of pregnancy.
When something touches the child's palate, he begins toask (suck).This 15 lh_C
sucking reflex. When the baby fills his mouth with milk, he starts to swallow. l'hl.s:
is the swallowing reflex. Premature babics can latch on 1o the nipple from about 28
weeks of gestational age and begin to suckle a litdle from about 31 WCCliS-
Coordination of sucking, swallowing and breathing appears between 32 and ‘.s5
weeks of pregnancy. Babies at this age can only suckle for a short time, but during
this time they can also cat complementary foods from a bowl.Most babics can _bt-‘
fully breastfed from 36 weeks of gestation. In order to support the mother and child
in starting and continuing breastfeeding without exception, it is necessary to have
information about these reflexes, because the level of maturity of these l'cﬂcx.CS
may indicate whether it is possible to breastfeed the child directly or to temporarily
usc another method of feeding,

Rules for keeping the child at the breast

In order for the child to take milk without difficulty, it is necessary o0
stimulate the nipple and ensure the milk is released from it, and to ensure that the
milk comes in sufficient quantity, the child should be held at the breast.Because th.C
baby does not take the breast in the mouth properly, it cannot suck well, and this
causes a number of problems.signs of proper latching:

B a large arcaof the areolaand the underlying tissue in the child's mouth

(along with big flutes) will be;

@ breast tissue creates a long "nipple" shape. but

theactualnipple is only one third of it; )

m the child's tongue is located between the lower gums and the milk sinus
and forward
it will be slightly protruding (in fact, thechild'stongue surrounds the
"nipple").

it will bethere, but it is not visible in thepicture);

m the child sucks the breast, not the nipple.

When the baby is sucking, pressing the nipple to the hard palate, the wave-
like movements of the tongue muscles move back and forth around the tongue and
squeeze the milk from the milk sinuses into the baby's oral cavity, and then the
baby begins to swallow the milk. While sucking, the baby tries to spread the breast
tissue and hold it in his mouth.The oxytocin reflex causes breast milk to come out
of the tubes, and the baby uscs tongue movements to squeeze the milk out of the
tubes. If the baby is properly latched to the breast, his mouth and tongue will not
rub against the skin of the nipple and the areolaand will not injure
Ihem.Brcastfccding is comfortable and often pleasant for the mother. The mother
does not feel pain. Incorrect Breastfeeding shows what happens when a baby is not
propetly latched onto the breast. It is necessary to note the following:
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min the child's mouth there is only the nipple, not the underlying tissues or

tubes;

. m the child's tongue is deep inside the mouth and does not press the milk
sinus.
Improper breastfeeding can be uncomfortable and painful for the maher,
and can cause nipple redness, cracks, and damage to the skin of the nipple and
arcola.Improper latching is the most common cause of nipple inflammation, which
can lead to poor milk absorption and insufficient milk production. Signs of carect
and incorrect methods of holding a child to the breast. The four main external ggns
of correct and incorrect breast holding are shown. Depending on these signs, € can
be determined that the mother and the child need counseling.Four signs of poper
latching:

@ most of the arcola is over the child's upper lip, not the lower lip

visible:
@ thechild's mouth is wideopen;
a thelower lip of thechild turns outward;
a the child's chin is touching or relatively touching the chest.
at the baby is close to the breast and opers its
mouth to cover most of the breast. The first sign shows that the baby is grasping the
breast and nipple from below, allowing the breast to be drawn to the baby's mlate
and the tongue to get under the nipple tissue to press on the milk ducts. The
presence of all four signs indicates that the child is properly latched on te the
breast. In addition, breastfeeding should be comfortable for the mother. Sympioms

of improper breastfeeding:
mmost of the areol

is visible - or else itis t

@ thechild's mouth is not wideopen;

m thelower lip of thechild is turned down or turnedinward:

m thechild'schin is away from thebreast.

If any of these symptoms are observed or breastfeeding is painful and
it is necessary toapply the practice of holding the breast correcly to
breast during the breastfeeding assessnent,
it will be difficult to se¢ haw the lower lip is positioned. Some women have a large
areola, and the child's mouth may not cover it completely. That is, most aof the
areola can be outside the child’s mouth, this symptom is not a reliable sign tha the
breast is attached incorrectly.If the circumference of the nipple is the same dove
and below the child's mouth, or if a large part of the arcola is visible .frorr the
Jower lip of the child, then this sign is a more reliable sign that the child it not

attached to the breast than the overall size of the areola.

Correct sucking reflex
If the baby is properly latched to the breast, he can suck properly

(ct‘ﬁ:ctively). Signs of a correct sucking reflex indicate that milk is being relesed
into the baby's mouth. The child is slow and deep for a sccon(‘l, and ‘lhcn you can
see and hear him swallow.Sometimes she stops sucking tor' a tcw. secends,
allowing the nipples to refill with milk.When .thc baby starts sucking again, hemay
suck a few times quickly to get the milk flowing, and then start sucking slowly and
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deeply. During breastfeeding, the baby's lungs are rounded. After breastfeeding,
sucking slows down as the number of deep suckings decreases and the pause
between them lengthens.By this time. the amount of milk will decrease. but it is
necessary to continue breastfeeding, taking intoaccount that the milk that comes at
the end is rich in fats. After the child is full, he usually lets goof the brgusl on his
own. The nipple may appear stretched for a second or two, but it will ql“‘-‘k’}’
retumn to its original shape. Signs of an Incorrect Sucking Reflex A baby who is
latched on incorrectly may not be able to latch well. He may not be able to swalmfv
quickly, his lungs may be drawn in during sucking, which means that lhc_ milk 1s
not coming into the baby's mouth properly. When the baby stops sucking. the
nipple appears pulled back and slightly flattened with creases at the top or bottom.
indicating damage to the nipple from improper latching. Consequences of Incorrect
Sucking Reflex. If the baby is not sucking properly, he will not be able to suck in
enough milk, and as a result:

mswelling of the breasts due to insufficient milk removal,

blockageof the milk ductsor mastitismayoccur:

® that the child consumes less breast milk and its weight decreases

can cause;

m the child can pull himself from the breast and suckle:

m the child sucks for a long time or tooofien because he is not satisficd

possible;

m too long breastfeeding leads to prolonged stimulation of the nipple and

which can result in overproduction of milk.

Reasons for Incorrect Breastfeeding. Tt is known that the mechanism of
breastfeeding is different from bottle feeding, so feeding a baby from a bottle
before breastfeeding can cause reasons for incorrect breastfeeding. Factors such as
flat or flat nipples, or the fact that the baby is too small and weak, can also be the
reason for the wrong attachment of the baby to the breast.However, the most
important reasons are the inexperience of the mother and the lack of competent
medical advice from the medical personnel whoare watching her.Most mulhc!.‘S
need professional help in the first days after giving birth to ensure that the bi’lb‘}' 18
properly latched on to the breast and that it is feeding well. In this casc, medical
workers are required to have the necessary skills to provide such assistance.

The position of the mother and the child to latch the baby correctly.

To latch the baby correctly, the baby and its mother must be in the correct
position. There are different cases for them, but in any case, the basic rules must.bc
followed. Position of the mother. The mother can be in a sitting, lying or standing
position, depending on her preference.But he should be completely relaxed anfi .110[
be disturbed, especially the lower back should not be tense. In the sitting position,
aback support is needed, and it should beable to hold thechild without
leaningforward. Position_of the child During breastfeeding, the child can be mn
different positions in relation to the mother - on the chest, on the stomach, under
the arm or next to the body. There are four basic rules that must be followed
regardless of the situation of the mother and the child in relation to the mother:

B thechild'sheadand body should be in oneline. Thechild shou_ld
befacingthemother'sbreast,  His  nose  should beoppositethenipple.He  will
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befarenoughaway from themother tosecherface. This is the most convenient
position for thebaby tosucklewell. because in most womenthenipple is slightly

downward.
m the child's body should be close to the mother, that is, close to her breast

allows it to be and absorb well.

athe mother should hold the child's whole body.The child can be lying on
the bed, held by a pillow, or on the mother's lap or in her arms. The mother should
not hold the baby only by the head, shoulders or the lower part of the body.
Following these rules is especially important in the first two months of a baby's
lifc.

ced for complementary foods increases with age, particularly for energy and nutrients such as
iron, and plays an important role in the development of neuromuscular skills. Breastfed children
are not physiologically ready to eat adult food directly after breastfeeding. Therefore, transitional
foods from specially adapted family meals are introduced to bridge this gap. This period
continues until the child is about one year old, when they can eat regular family food.
Introducing foods with different textures and consistencies helps develop motor skills such as
chewing. Timely introduction of appropriately selected complementary foods during periods of
rapid growth supports the child’s health, improves nutrient intake, and contributes to overall
physical development. Breast milk should remain the primary source of nutrition throughout the
period of complementary feeding. with additional foods introduced around 6 months of age.

What is Complementary Feeding?

feeding is the provision of nutrients and liquids in addition to breast milk to

Complementary
ary foods can be divided into the following categories:

nursing children. Com plement

1. Transitional foods — specially formulated nutritional products designed to meet the
physiological and nutritional needs of breastfed children.

Family table or homemade foods — foods given to young children that are also
sumed by other family members, adapted to suit the child’s age and needs.

2

con

Exclusive breastfeeding is recommended for the first six months of life. After this period. a
transitional period begins, during which breastfed children are gradually introduced to
{0 breastfeed. By around one year of age, children are

additional foods while continuing r
generally physiologically ready to cat family table foods. which then fully replace breast milk.

Importance of Transitional Feeding

The introduction of transitional foods is a critical stage in a child’s development. The diet
s from a single food source—breast milk. with fatas the main energy source—10 a variety

change: re ilk, atas t 1 ;
of foods necessary to meet nutritional needs. This transition 1s closely linked to rapid growth,
physiological maturation, and overall development.

Incorrect pn'nciplcs or methods of feeding during this period can increase the risk of:
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» Physical development disorders (e g.. wasting and stunting)
= Nutrient deficiencies. especially iron
= Long-term negative consequences for health and mental development

Health workers play a key role in supporting families by improving knowledge and practices
regarding the preparation and introduction of complementary foods, ensuring the child’s
nutrition supports optimal growth and development

Effect of Additional Food on the Child's Physiological Development and Maturation

Adaptation to the consumption of solid ("hot") food requires the maturation of the
neuromuscular, digestive, renal. and protective systems

Neuromuscular Control

The development of neuromuscular control affects the timing of solid feeding and the :'ni';{i_rs
ability to cat it. Many feeding reflexes at different stages of dev clopment make feeding different
foods easier or harder. For example, from the moment a child is born, breastfeeding with breast
milk is facilitated by both the reflex to find the breast and the reflexes of sucking and
swallowing, whereas giving solid food is hindered by the vomiting reflex.

Breastfed babies under four months of age do not have the neuromuscular control to bite food.
move it to the back of the mouth, and swallow. Head control and spinal support are not yct

developed, so it is difficult for babics 1o hold their bodies firmly in order to suck and swallow
semi-solid food.

By about five months, babies begin to put objects in their mouths, and at this time the i
development of the "chewing reflex" allows them to eat some harder foods, regardless of
whether they have teeth. By about eight months, most babies can sit up independently, the first
teeth appear, and the relatively thick tongue is flexible enough to swallow a bite of food. Soon
after that, children develop the first skills of eating independently, such as drinking water while
holding a bowl in both hands, and they will be able to eat food at the family table.

It is important to encourage children to acquire feeding skills such as chewing and bringing food

to the mouth at the appropriate stages. If these skills are not mastered in time, behavioral and
eating problems may develop later.

Periods of Additional Meals

The optimal age for starting transition food can be determined by comparing the advantages and
disadvantages of different periods. In order to support the child's growth and maintain the ‘
prevention of deficiencies, it is necessary to assess the extent to which breast milk can provide
enough energy and nutrients, and at the same time, what the risk is of infectious and allergic
diseases caused by the consumption of contaminated nutrients and " foreign" proteins.

Additional important aspects to consider include the child's physiological development and
maturation, various developmental indicators of food readiness, as well as maternal factors SI_JCh
as the composition of the mother's diet, the effect of reduced breastfeeding on maternal fertility
and childcare availability, and principles and practices of early childhood care.

There are certain disadvantages of starting complementary foods long before the due date,
namely:

Breast milk can be displaced by additional food, which leads to a decrease i_n breast milk
production, meaning that the child does not receive enough energy and nutrients.
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o Breastfed children may ingest disease-causing microbes that may be found 1n foods ind
liquids, which increases the risk of dyspeptic diseases, resulting in malnutrition.

e Due to the immaturity of the intestine, the risk of dyspeptic diseases and allergies
increases. and as a result, malnutrition oceurs.

o Fertility in mothers is restored relatively quickly because the decrease in lactation
shortens the ovulatory period.

Problems also arise if complementary food is started much later than the due date, namely:

o Lack of energy and nutrients from breast milk alone can lead to stunted growth and
malnutrition.

«  Deficiency of micronutrients, especially iron and zine, may occur as a result of breag
milk not being able to meet the needs of the child.

. Motor skills such as chewing and positive acceptance of new tastes and textures of fsod
may not be tully developed or may lag behind in development.

Therefore, it is appropriate to start giving additional food on time, at the appropriate stages «f the
child's development, In addition, the optimal period is the full period of 6 months of the chili's

age.
Composition of Additional Food Products

When choosing products for complementary food, it is important to consider the effect of beast
milk and complementary food with different energy densities that meet the energy needs dunng
the feeding interval, while also taking into account the limited amount of food duc to the snull
size of the stomach. The main food should not be too thick for a nursing child to consume, ror
too liquid. so that the density of energy and nutrients is not reduced. At the same time, other
factors affecting the amount of food—such as taste, aroma, and practical digestibility of cadi
nutrient (biological compatibility and nutrient density)—should be considered.

Energy Density
The main factors influencing how well an infant can meet its energy and nutrient needs are he
consistency and density (energy content per unit volume) of complementary foods and the
frequency of feedings. Starch is the main source of energy in most cases, but during the prozess
of heating it in water, the starch grains thicken (coagulate) and form a voluminous. thick, steky
porridge. Duc to these properties, it is difficult for nursing children to swallow and digest sich
porridge. In addition. the low calorie and nutrient density means that a nursing baby would reed
to cat a large volume to meet its needs. Due to the small size of the child’s stomach and the

limited number of meals per day. this is usually not possible.

dee with liquid to make it easier to swallow further reduces its energy dersity.
d usually has low energy density and protein content, and although a liquid
sier to consume, the amount needed to meet a child’s energy and nurient

Mixing thick porri
Complementary foo
consistency makes it ea
needs is often greater than the child can take.

Adding a small amount of vegetable oil makes the food soft and easy to eat, even when cold
amounts of sugar or fat, although it increases the energy conent

However, the addition of large . t : ‘
of the food. also increases viscosity (thickness) and therefore makes the food too heavy to it in

large quantities.
feeding food should be rich in energy. protein, and micronutrients, wiile

Thus, complementary uld b
at allows easy digestion.

having a consistency th

b
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Nutrient density and bioavailability. The amount of nutrients available
to support the physical and mental development of a breastfed child, as well as
their amount in breast milk and transitional food, depends on their biological
compatibility. Biological compatibility is the degree of absorption of nutrients and
their participation in the use for the purpose of metabolism, and the density of
nutrients is the energy unit of this or that nutrient, for example, 100 kDj of energy
per 100 g of food. There are significant differences in nutrient density and
micronutrient bioavailability between animal and plant products.Animal products
are generally higher in certain nutrients, such as vitamins A, D, and E. riboflavin,
\:Ililmill V12, calcium, and zinc, per energy unit. Some animal products (such as
liver, meat, fish, and poultry) are high in iron, while others (such as milk and dairy
products) are low in iron.On the other hand, while the density of thiamin, vitamin
V6, folic acid and vitamin C is high in plant products, the amount of iron is much
higher in products such as legumes and oats. In general, minerals from plant
p:‘Pducls are less absorbed by the body and participate in metabolism
(biocompatibility) than minerals from animal products. Micronutrients with low
bioavailability in plant foods include iron, zinc. calcium. and B-carotene in leafy
produce and some vegetables.In addition, if the fat content in the dict is low, B-
carotene, vitamin Aand other fat-soluble vitamins are difficult toabsorb. A dict
with high biological compatibility of nutrients is diverse, and this diet includes @
large amount of legumes and products rich in vitamin C, and a small amount of
meat, fish and poultry.A diet with low bioavailability of nutrients consists mainly
o_f cclreal's. legumes and root-fruit products, with very little meat, fish or products
rich in vitamin C. Variety, taste and aroma. To meet the energy and nutrient needs
of growing children, it is necessary to provide a wide variety of products with high
nutl"ltional value.In addition, children's appetite can improve if they are given 2
variety of foods. Although the structure of food changes every time, the amount of
energy received by the child's body is coordinated in subsequent meals, that is, the
total amount of cnergy consumed in one day does not change. Nevertheless, the
amount of energy consumption may vary slightly on some days. When children are
offered a variety of products, they choose food made from the products they like
the most, and as a result, a balanced diet is formed. Organoleptic properties such as
taste, smell, appearance and texture can affect the child's eating of transition
food.The tongue's taste buds distinguish four primary tastes: swegt, bitter, salty,
and sour.Sense of taste protects the child from eating harmful things and can help
regulate the amount of food that they cat. Although children do not necessarily
lcarp to like sweet or salty foods, research has shown that most children's food
choices arc greatly influenced by product learning and hands-on
cxpf:ricncc.}-lumans have a taste preference from birth only for sweet, and even
babies love sweets.In children, the formation of a repetition of this or that taste
cffe.ct can cause problems. Avoiding sweet foods and all other foods can limit the
variety of foods and nutrients a child eats. Children eat more in a varied diet than
in a unif_()rm dict. During complementary feeding, children should be given the
opportunity to try new products several times, which is important for the formation
of a healthy system of positive food intake. It is necessary to taste different food at
least 8-10 times, there are assumptions that the level of positive acceptance of this
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or that food by the child will increase after taking it 12-15 times.So, parents should
be reassured by explaining that it is normal for their child to refuse to cat.Products
should be offered to the child several times, becausc the child will later start citing
the products that he initially refuses. If the first refusal is considered pcrm;ucn;,
the child may not be given the product again, thereby preventing the child from
trying new foods and experiencing new tastes. The process ol introdwing
additional food depends an whether the child can learn to enjoy the new
food. Breastfed babies can adopt solid foods more quickly than formula-fed bibies
because they are used to the different tastes and smells of breast milk.

Basic principles of complementary feceding, After 6 months, it becemes
difficult to cover the nutritional needs of the child exclusively with beast
milk.Also, most babies are ready toaccept other products around six montls. In
poor sanitary conditions, introducing complementary foods after six months can
reduce children's risk of foodborne illness.But since children at this age tegin
toactively explore the environment, even if they are not given additional food the
risk of microbial infection from the ground and other objects increases. This, 6
months is the optimal age to start giving complementary foods. The rik of
undernutrition increases when complementary foods are introduced. This is efien
due to the nutritional quality of complementary foods being inadequate, too arly
or too late. too little or too long. Early cessation of breastfeeding or infrequent
breastfeeding can also cause malnutrition in children older than 6 months.

Principles of feeding.

PRINCIPLE 1.Breastfeed without exception from birth to 6 months, from
6 months (180 days) continue breastfeeding and give additional food.Exclusive
breastfeeding for 6 months provides a number of advantages to the child and the
mother. The most important of them is a protective factor against gastrointedinal
infections, which occur not only in developing countries, but also in devebped
countrics. According to WHO's child growth assessment standards, exclusively
breastfed children grow faster during the first 6 months of life than other chiliren.
Rules for starting to give additional food to breastfed children

1. Breastfeed without exception from birth to 6 months, continue
breastfeeding from 6 months (180 days) and give additional food.
5 Continue frequent breastfeeding until age 2 and beyond.

3. Feed according to the child's response, using the principla of

psychological support.
4. Follow hygiene and pay attention to safe preparation of products.

5. From six months, continue to breastfeed frequently, start feeding the
baby less often, in small amounts, and increase the amount of food as the baby

2rOWS. _ '
6. Asthechild grows up, increasetheconsistencyandvarietyof  food

according to his needsandpossibilities.
7 As the child grows, increase the amount of additional food.
8. Feed your baby a variety of nutrient-rich foods to meet his or her needs.
9. If necessary, usc vitamin-fortified complementary food or vitamin-

mineral supplements for babies.



10. After 6 months, increase fluid intake and breastfeed Ii'cqucmly when
baby is sick, and encourage baby to cat soft foods he likes.Alter an ll_lncss-
encourage him to eat more than usual and adjust the amount of food uccurdmg to
the age of the child. Typically, by 6 months, a baby weighs twice its birth \\'clgill
and becomes more active.In order to meet energy and nutritional needs, exclusive
breastfeeding is not enough, and it is necessary to start giving additional fn}()d.
Around the age of 6 months, the baby is ready to master other products. Flhc
digestive system is developed enough to digest starches, proteins and fats outside
of milk. Very young children can dislodge foods with their tongues, but between 6
and 9 months, babies keep solid, mushy food in their mouths relatively casily. i

PRINCIPLE 2.Continue to breastfeed frequently up to two years of age
and beyond, depending on the child's demand. Breastfeeding with complementary
foods should continue until 2 years of age and beyond, while the child shou!d l‘)c
allowed to suckle as often as desired.Breast milk can provide more than half l_Ji a
child's energy needs between 6-12 months, and a third of energy and other high-
quality nutrients between 12-24 months.Breast milk continues to providc more
protective factors and higher quality nutrients than complementary t'ood.t;.Bl‘CﬁSt
milk is the most important source of energy and nutrients when a child is sick, mfd
it also reduces mortality among malnourished children.In addition, as mentioned in
Chapter 1, breast milk reduces the risk of acute and chronic discases.With the
introduction of additional food, the child's desire for breast milk decreases, and
therefore it is necessary toactively encourage its feeding. )

PRINCIPLE 3.Apply feeding based on the child's response. using the
principles of social and psychological support. The acceptability of complementary
food depends not only on what to feed, but alsoon how, when, where and by whom
itis fed. Feeding according to the child's attitude is:

® Feed the baby yourself and help older children feed themselves.

m Feed slowly and patiently, encourage the child to eat, but do not forclc. .

m Use different combinations, tastes, textures, and incentives if the child 18
refusing to cat many foods,

m If thechildlosesinterest in food quickly, reducedistractions.

® Remember that feeding time is a time of teaching and affection.

According to the results of many studies, in the study of bclmviol',"he
random method of feeding prevails in some peoples.When it comes to cating,
children are left to their own devices, and encouragement to eal is rare.In such
conditions, an active method of feeding helps to improve the diet.The term
"relational nutrition" is used to describe care using the principles of social _and
psychological care. The child should have his own plate so that the caregiver
knows and monitors whether the child is cating enough.Depending on the type of
food, you can use a spoon or clean hands to feed the child.The container should }30
suitable for the child's age.In many countries, a small spoon is used when a child
starts cating solid food. A large spoon or fork can then be used. The best time t_o
give additional food is when the child is rcady to cal, that is, when the stomach is
hungry and the mother can devote more time to her child. The first half of the day

is preferable. Additional food can be given after breastfeeding to prevent depletion
of breast milk.
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PRINCIPLE 4.Follow hygienc and prepare products safely. Addtion
increases the microbial contamination of food, which is the main caus of
gastrointestinal diseases, which are especially common in children aged 6 © 12
months. Safe preparation and storage of complementary foods can prevent
microbial contamination while reducing the risk of diarrhea. The use of feading
bottles with suction cups is more likely to cause infection than the use of cups,so it
s best to use them as little as possible. All items used for feeding babies and small
children, such as bowls, plates and spoons, should be thoroughly washed.In nany
countries, it is customary to eat with your hands, and sometimes you can puthard
picces of food in the hands of children, called "food eaten with your hands".Inthat
case, the hands of both the caregiver and the child should be thoroughly washed
with soap before cating. Bacteria spread quickly in warm temperatures, and spread
slowly when food is stored in a cold place.Many of the bacteria that occur in warm
climates increase the risk of discase.If it is not possible to store the food ir the
refrigerator, it should be eaten shortly after preparation (no more than 2 hours)
before bacteria start to multiply. Basic recommendations on food safety:

m Observe cleanliness;

@ Store raw and boiled products separately;

m Process the products thoroughly at the required heat;

m Keep food at optimal temperature;

& Safe water and semi-finished according to sanitary standards

use the products.

PRINCIPLE 5.From 6 months, start feeding the baby in small amants.
and as the baby grows, increase the amount of food while continuing to breasfeed
frequently. The total value of food is usually measured by the energy indicator, that
is, by the amount of kilocalories (kcal) needed by the child, for the sake of
convenience. But other nutrients are also considered important, and they are dther
a part of the main food products, or ar¢ additional to them. It can be undersood
that breast milk covers all the needs of a child up to six months, but after 6 manths
there is a lack of cnergy that must be covered by additional food. In additim to
breast milk, the necessary energy is 200 kcal per day for children of 6-8 maths,
300 keal per day for children of 9-11 months, and 550 kcal per day for childrm of
12-23 months. The amount of food needed to cover the deficit increases as the zhild
grows and consumes less breast milk. Table 4 shows the amount of food required
in different age groups, the average amount of kilocalories needed by infants and
young children at different ages, and the estimated amount of food that provides
the required amount of cnergy in one day.As the child grows and develops the
amount of food increases.The table shows the average range for cach age
group.The amount of food needed depends on 1ts energy density.It ruﬁ_:rs te the
number of kilocalories in 1 ml or gram of food. There are about 700 kcal in 10 ml
of breast milk or 0.7 keal in 1 ml of milk.This value is variable in the supplenent
and is usually between 0.6 and 1.0 kcal per gram.Liquid and mixed products ds not
exceed approximalcly 0.3 kecal per gram. In order to have 1.0 kcal per gran gr
o ditional food, it should be fat or oil that is considered very dark and high in
energy content. Complementary food should have a higher energy density than
breast milk, that is. at least 0.8 kcal per 1 gram.suggests that the recommeided
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amount of food is 0.8-1.0 kecal per 1 gram of the product. If the extra tood is high
in calories, you will need to cat less of it to make up for the energy deficit. If the
supplement is too diluted, more will be required to cover the nced When
complementary foods are given, the baby is less cager for breast milk and lhc‘
amount of milk he consumes decreases, thus the food displaces the breast milk. If
complementary food is more diluted than breast milk, the amount of calorics _lhzll
the child receives will also decrease compared to breast milk without exception,
and this can become an important cause of malnutrition. A child's appetite usually
serves as a unit of measure in determining the amount of food that should _bC
given.However, illness and malnutrition reduce appetite, and as a result, a child
may eat less than he needs.A child recovering from illness or malnutrition may
need additional support to ensure adequate nutrition.If the child's appetite improves
after recovery, it is necessary to increase the amount of additional food given.

PRINCIPLE 6.As the child grows up, depending on his needs and
possibilities, gradually increase the consistency and variety of food. The optimal
consistency of food products for a baby or small child depends on the age and
development of the neuromuscular system. From six months, the child can cat
mashed, grated or semi-solid products.By eight months, the child can start cating
foods that are usually held in the hand.By 12 months, most children can cat 1'110
same foods as other family members.Still, they need nutrient-dense food, but it's
best toavoid allergens such as nuts. The extra food should be thick enough to fiton
the tip of a spoon and not run. In general, darker and firmer products arc morc
energy-dense and more nutrient-dense than liquid, watery, and soft products. thn‘
a child eats dense, solid foods, it's casy toadd more calorics and a varicty of
nutrient-dense ingredients, including animal products. There is a sign that it is very
important to start giving "sliced" ("pieced") food: if it is not given before the age ‘_’f
10 months, problems with feeding may arise later. Continuing to give semi-solid
foods can save time, but it is important to gradually increase the consistency of
food for optimal baby development.

PRINCIPLE 7.As the child 2rows, increase the number of ilddili(]l'lill.
feedings. As the child grows up and needs more food every day, the number of
feedings should be increased. The number of feedings a baby or toddler needs
depends on:

mproducts necessary for the child to cover the energy deficit. The mor¢
food a child needs each day, the more meals he needs to meet his energy needs.

B theamountof food achildcaneat in one sitting. It dcpcndsor{
thesizeandsizeof thechild'sstomach, which is usually 30 mil!ig,l‘:il‘rl:qjcrl(ilogrﬂm()t
weight. Thestomachvolumecof aneight-kilogramchild is 240 ml, which is equal
toalargecup, and it would be wrong toexpectachild tocatmorethanthat.

m energy density of the food served.

The energy density of complementary food is higher than that of breast
milk, i.e. at least 0.8 kcal per gram. If the energy density becomes low. then the
amount of food should be increased (the number of meals may increasc
accordingly). A 6-8-month-old child who is breastfed should befed 2-3 timesaday,
anda  9-23-month-old  child should befed 3-4 timesaday.Dependingon
thechild'sappetite, 1-2 short mealscanbegiven.A snack here refers toa meal that is
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accepted between meals, usually caten by the child independently. and is easy and
simple to prepare.[f it's roasted, it may have a higher energy density. The transtion
from twoadditional meals to three meals. from a small amount toa large amouat, is
carried out gradually between age groups, depending on the child's appetite and
how he develops. If a child eats too little, he may not be getting enough foed to
mect his encrgy needs.If the baby cats too much, it can causc him to breastfeedless
or stop breastfeeding altogether (weaning).In the first year of life, the displacemnent
of breast milk (by complementary food) can lead toa decrease in the quality and
quantity of nutrients that the child consumes.

PRINCIPLE 8. Feed a varicty of nutrient-dense foods to meet needs.
Complementary food provides enough encrgy. protein and micronutricns to
compensate for the child's energy and nutrient deficits, so it meets all the needs of
the child together with breast milk. Figure 9 shows the deficit of energy, pratein,
iron and vitamin A required for a child aged 12-23 months who is exclusively
breastfed. The bottom (dark) panel of each column shows the percentage of a
child's daily nutrient and energy needs that can be met with an average intake of
550 ml of breast milk. The upper (light colored) part shows the deficiency that
needs to be filled with additional food. The biggest deficiency is iron deficiency, so
it is advisable to have iron in the supplement, and if possible, it is important to eat
animal products such as meat, poultry or fish. Legumes (peas, beans, lentils) and
products rich in vitamin C, which help iron absorption, can be alternatives, but
they cannot completely replace animal products.

Featuresof a good supplement:

menergy, protein and micronutrients (especially iron, zinc, calcium, A

rich in vitamin C andfolicacid);

m not bitterandsalty;

a thechildeats it easily;

@ the child likes hinu

m available locally (store or market) and expensive

it's not.

The main ingredients of the supplementary food are usually the main
products produced and grown in the region.Pulses and vegetables arc among the
main products.Many other products can be added to the main product every diy in
order to provide various nutrients. They include:

mAnimal products that are a source of protein, iron and zinc or

fishLiver is aproductrich in vitaminAandfolicacid.Egg yolks are high in

prolcinandvitaminA, but lack iron.Thechild should cattheseproducts not only in

liquid (soup) form, but also in solid form.

@ Dairy products such as milk,
protein, energy and B vitamins. .

m Legumes — peas, beans, lentils and soy
some iron.Food sources of vitamin C include raw
and other fruits, and green leafy vegetables) whic
help iron absorption.

Features of a good supplement:

@ cnergy, protein and micronutr

cheese and yogurt are rich in caldum,

beans contain a lot of proteinand
produce (such as tomatoes, dtrus
h, when given at the right ime,

ients (cspecially iron, zinc, calcium, A
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rich in vitamin C and folic acid):

m not bitter and salty:

m the child eats it easily:

m the child likes him;

= available locally (store or market) and expensive

it's not. .

The main ingredients of the supplementary food are usually the main
products produced and grown in the region. Pulses and vegetables are among ll}c
main products. Many other products can be added to the main product every day in
order to provide various nutrients. They include: .

® Animal products that are a source of protein, iron and zinc or

fish Liver is a product rich in vitamin A ic acid. E
in protein and vitamin A, but lack iron. The chi
only in liquid (soup) form, but also in solid form

® Dairy products such as milk, ch
protein, energy and B vitamins,

= Legumes - peas, beans, lentils
some iron. Food sources of vitamin C
citrus and other fruits, and green leafy v
time, help iron absorption.

® Fruits and orange vegetables like carrots

vegetables like spinach are rich in carotene, which
vitamin C.

® Oils and fats are g source of energy and certain cssential fats that
children need for growth.

eese and yogurt are rich in calcium,

and soybeans contain a lot of protein and
include raw produce (such as tomatoes,
egetables) which, when given at the right

» Squash, and dark green leafy
is derived from vitamin A. and

Vegetarian (plant-based) complementary foods do not provide enough iron
and zinc to meet al] th

¢ needs of a child aged 6.23 months. In addition. it is
nimal products containing sufficient amounts of iron and

ed products or supplements can partially compensate for
nutrient deficiencies, Oils, including fats, are

also important because they increase
the energy density of products and make them tastier. Also, oils help the absorption
of vitamin A and other fat-soluble vitamins, Some oils provide the child's body
with unequaled fatty acids. Fats should make up 30-45% of the total energy
content of breast milk ang complementary foods, The amount of fats should not be

highel: than the required standard value, otherwise, food containing proteins and
other Important substances such as iron and zinc May not be consumed in sufficient

rce of energy, byt it lacks other nutrients.It can

studies proving that
from the age of six
milk, eggs and fish,

a restricted dijet is effective j
months, babjeg can eat g
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PRINCIPLE 9. Give babies vitamin-cnriched complementary foods or
vitamin-mineral supplements when nccessary. Vitamin-deficient complemetary
foods - mostly plant-based - usually do not contain enough essential nutients
(especially iron, zinc and vitamin V6) to meet a child's needs. In some cascs the
addition of animal products to such a diet can eliminate nutrient deficiencies, but it
increases the overall cost of the product and is not suitable for low-income
families. Difficultics in meeting these nutrient requircments are not uniqwe to
developing countries. If iron fortification programs were not so widespread the
average amount of iron consumed by infants in industrialized countries wouli not
reach the required level. Therefore, in conditions where it is difficult or imposible
to obtain animal products for many families, the demand for iron-enrched
complementary foods, enriched with nutrients or lipid-based nutritonal
supplements, and vitaminized products is increasing.

PRINCIPLE 10. For children older than 6 months, increase fluid irtake
and breastfeeding during illness, encourage the child to eat soft foods that he Ikes.
After an illness, encourage eating more than usual and bring it closer to age-
appropriate norms. During the illness, the need for fluids often increases, soit is
necessary to give the child more water and continue to breastfeed according ® his
needs. Often, the child's appetite decreases and the desire to suck increases, and
breast milk can become the main source of both fluids and nutrients. The zhild
should also be encouraged to eat more complementary foods, which will hely the
absorption of nutrients and help the child to recover faster. If the child is given
products that he likes and soft and appetizing foods, the child will usually start
cating more. At this time, the amount of food eaten by the child may be lessthan
usual, so the caregiver should feed the child often, but in small amounts. A baby or
s appetite improves during recovery, at which point the caregivermay

young child' )
at cach meal or increase the number of meals and smcks

need to feed more

throughout the day. . -
Practical recommendations for providing additional food

Below are the main stages of the transition from breast milk to fanily
meals in a short form. These stages are a continuous process, and the transtion
from one stage to another is relatively quick and smooth. It is also imponapt D be
able to distinguish between age-appropriately developing children's readinas to
transition to complementary feeding, thus recognizing that the pace of introdwing
different complementary foods should be individualized. The following
recommendations are aimed at ensuring that breastfed children receive adequfate
amounts of nutrients, that the biocompatibilily. and density of nutrients are ashx_gh
as possible, and that appropriate behavioral skills are encouragec} a'nq }hat the I.hIId
develops properly. First stage Skill development. The goal of this mm.a] stageis to
teach a breastfed baby to eat from a spoon. At first, food should be given in gnall
amounts (about one or two tablespoons) am_j on the tip of a clean teaspoon. Itmay
take some time for a child to be ready to pick up and swallow foqd from a spoon
with their lips, and to leam how to transfer food to the back of their mouth. fome
of the food may drip from the chin or fall out of the mouth. You need b be
prepared for this from the beginning, know that this does not mean that the shild
does not like food. Fluids A baby should be breastfed as often as she wants wihout
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exception. and breastmilk should remain the main source of ﬂ.u.ids, nutrients, anc{
energy. No other fluids are needed during this period. Transitional !‘ogd. Al‘ the
beginning of the transition period, the child should be given food cor?shlslmg'nl one
type of product, crushed and of a soft consistency, without the addition _01 sugar.
salt or sharp spices. Positive examples include home-boiled and mashed rice made
from grains other than wheat. mashed potatoes, and thick porridge made from
traditional grains (oatmeal, vegetable or fruit purees). Breast milk (or fom1qla) can
be added to the puree to make it smoother. Meal Intervals. The skills of cating and
enjoying new tastes can be achieved by cating one or two extra mcals. a day. In
order to prevent breast milk from being displaced by additional food, it is better to
give additional food after breastfeeding. Second stage: deveclopment of skills. After
the child gets used 1o feeding from a spoon. it is possible to give foods of new taste
and consistency to improve the variety of the diet and develop motor skills (Table
8). Factors that indicate a breastfeq child's willingness to cat thicker purces include
the child's ability to sit unsupported and transfer objects from one hand m.the
other. Fluids A baby should be breastfed as often as she wants without exception.
and breastmilk should remain the main source of fluids, nutrients, and cnergy.
During this period, the child can suck even less than during the breastfeeding

food. Well-boiled and mashed meat

vegetables. Similarly, when introducing s
with new, coarser-textured items (g,

small but significantly larger picces of
carrot). Instead of s

ugar, it is better to encourage eating spicy food, and it is

development of fi
begin to learn to



salmonella poisoning: foods containing raw eggs should not be given (see Chapter
12). It is advisable to offer food that can be caten with your fingers, such as bast,
carrots or fruit. at each meal. Bread can be spread with a moderate amount of ail, it
is better not to cat products with added sugar, such as pastries and cakes. Intevals
between meals. It is necessary to feed two to three times a day. and between them,
you should give food products such as yogurt. raw or cooked apples, butered
bread. At this stage, children who are not breastfed or formula fed should eat at
lcast five times a day. Fourth stage: development of skills. In the last months of
complementary feeding. feeding the child should be mixed with their independent
feeding. But while breastfeeding and early-age children are still developing their
feeding skills, they cannot feed themselves enough to meet their needs so
caregivers play an important role in their nutrition. Fluids Breast milk should
remain an important part of the baby's diet and should be the main fluid consuned
during the second year of life (and beyond) whenever possible. From nine manths.
you can gradually increase the consumption of cow's milk and milk products made
from it. Transitional food. As the child transitions to an adult diet, it is necessay to
give finely chopped or crushed products, minced meat. At every meal, to teach the
child to eat independently, it is necessary to give small pieces of fruit, vegetables,
potatoes, toast, cheese and soft meat that can be eaten by hand. It is better to limit
only foods made from fatty products. Feeding interval: Breastfed children should
eat three meals a day and have two light snacks. By the age of one year, children
usually start eating from table food and do not require separate meals. It is
recommended not to add salt to a child's food, and reducing salt intake is beneficial
for other members of the family as well. Children eat slowly and should be given
extra time and attention. Breastfeeding and early-age children need ta be
encouraged when they are learning to eat, and those who feed them need © be
patient. If the child is not left to eat independently from the family table, butif he
is helped and encouraged enough, the amount of food consumed can increase
somewhat. During meals, it is always necessary to monitor the feeding of nusing
and early-aged children.

Normal gastrointestinal system. Semiotics of changes.

Functional disorders of the gastrointestinal system

The child's digestive organs have a number of morphological and
aracteristics; these signs are clearly visible in children of earlyage.

physiological ch
dapted for sucking and digesting breast milk.

Their digestive system is mainly a
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Figure 5

Digestive organs in children
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Oral cavity

The pediatric oral cavity is composed of the lips, buccal mucosa, alveolar
ridges and teeth, hard palate, anteri

or tongue, and floor of the mouth. It has an
important role in air exchange, food processing, swallowing, and phonation. The
oral cavity is continuous posteriorly with the oropharynx, including the soft palate,
tonsillar fossae, posterior pharyngeal wall, and base of the tongue.

Figure 6
Oral cavity

Lips, cheeks, and oral vestibule
When approaching the lips, recognizing the sybyle surface |
allows for good functiona| as well

tiona 45 cosmetic outcomes, The lips form the anterior
border of and opening into the ora|

borde cavity. The upper lip begins immediately
mfe;'-mr to the base of the nose and extends laterally on bogh the sides (o the alar
sulci. The phlltr_um 'S a vertical depression ip, the midline of the uppe
bordered by 2 pillars, or philtral ridges.

andmarks

rlip and it is
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Alveolar ridges and teeth
The maxillary and the mandi - i
axillary < andibular alveolar ridges are the cari
bony promimences of the respect I ’d:__,t.b are the tooth bearing
1) ! of the respective bones. They contain alveoli, or tooth sodkets
which are lined by cortical bone called lamina dura. The alveolar ridges and teeth
e ] S T P H ron - 4 M S e l
are covered in a tightly adherent fibrous tissue and mucosa, which is referred to as
gingiva. .
In children, the teeth are an actively changing part of the anatomy. The

deciduous teeth begin erupting at approximately 6-8 months of age

Palate

In the oral cavity, the palate forms the superior border, separating it from
the nasal cavity and the nasopharynx. The structural relationships here are
deformities. The hard palate forms the antrior
two-thirds of the palate. It includes the horizontal processes of the palatine bones
and the palatine processes of the maxillary bones. Embryologically, the hard plate
is divided into the primary and the secondary palates.

Tongue
In infants, the relatively larger anterior tongue occupies almost the entirety
of the oral cavity. As a child ages, the oral cavity grows, and the base of tague
descends into the hypopharynx. giving way to the adult proportions.5 The dorsal
surface of the tongue is covered in foliate, fungiform, and circumvallate papillae,

which contain the taste buds.
Salivary glands
Features of the salivary glands of
- Jow seccretarial activity;
- release of a small amount of

cavity during sucking):
- saliva reaction is neutral or slightly acidic;

- amylase concentration is low.

Within 1.5-2 months, the functional activity of the salivary ghnds
increases: In children of 3-4 months, saliva often comes out of the mouth. Thkis is
due to the lack of saliva secretion and swallowing (physiological saliva).

From the first days of life, saliva contains amylase, starch and other
for the breakdown of glycogen. In the first year of life the
e enzymes increase significantly in newborns.

important during repair of cleft

a newborn baby:

thick viscous saliva (sealing of the oral

enzymes necessary

content and activity of the
Larynx

In small infants, the larynx has special anatomical relations. In newborns,

larynx has smaller dimensions in comparison to the body than it is the caie in

adults. At this age larynx is characterized by a high position because it lies o1 the

level of the 4th cervical vertebrae, and descends in the childhood period. The axis

of respiratory system is parallel to digestive system ‘axi's. which cml?lcs

rns. Significant anatomical

contemporary breathing and swallowing in newbo
characteristic of the Jarynx at this age is soft cartilaginous structure of the skelkton

and relatively narrow larynx lumen. [n small infants the larlarynx is_u narrow gate
in the arca of vocal cords. It is 7-9 mm wide, and conal subglottis 1 sucklings is

5.5-6 mm



wide. If it is narrowed to 4 mm because of edema, b‘l'cillhlng IS- ;1!:11()5;-
impossible. Sofiness of the cartilaginous skeleton z‘ldd.im_mall_\‘ .Iu\nr.\. d.cft.ll Hllfl_\ (Iln
the larynx and trachea. Infants’ laryngeal tissue is in its entirety suil'u L 1;;1_1 v
adults. The upper end of the larynx is cone-shaped, the cricoid czn‘[tl:_lgu Is inc |m.'t.
backward, vocal cords are shorter, and epiglottis is narrower. In fact, cplgloll‘l-\
hangs above the larynx, Epiglottis often has the shape of the Greek letter omega.
but later on it agsumes g

the normal shape of a leaf or a triangle. In a human being, the larvnx has a
special function as a phonatory organ. not justasa respiratory tube. ) ‘

The larynx of babies is funnel-shaped. The entrance to the larynx is lnc.ulLd
above the lower back edge of the palate and is connected to the oral c;n‘]l)’..l'und
moves from the sides of the throat. so the child can breathe and swallow without
stopping sucking at the same time,

Esophagus.

The esophagus is the muscul

ar tube that connects the throat to the
stomach. The muscles in the

esophagus contract to move food and liquid from th_C
mouth through the throat and down to the stomach. At birth, the esophagus is
formed, but its anatomical constrictions are not fully developed. The wall of the
csophagus in a newborn baby is thin, the muscular membrane is not wc:ll
developed. There are few glands in the mucous membrane of the esophagus in

Sphincters

edit. The esophagus is surrounded at the top and bottom by two muscular
rings, known respectively as the UPper esophageal sphincter and the lower
esophageal sphincter. These sphincters act to close (he esophagus when food is not

being swallowed. The "PPer esophageal sphincter is an anatomical sphincter,
which is formed by the lowe i inferi

pharyngeal constrictor. also
ion with cricoid cartilage of
lower esophageal sphincter is not an
L¢r, meaning that it acts as a sphincter but

e other sphincters. The upper esophageal
sphincter surrounds ¢ esophagus. It consists of skeletal muscle
but is not under voluntary control. Opening of the upper esophageal sphincter is
triggered by the swallowing reflex. The primary muscle of the upper esophageal
sphincter is the cricopharyng pharyngeal constrictor. The

geal part of the inferior
mcter, surrounds the lower

Phagus and the stomach. It is
also called the cardiac sphincter or cardiocsophageal sphincter, named from the
adjacent part of the stomach, the ction of the gastroesophageal
sphincter causes gastroesophageal reflux, which causes heartburn, and. if it
happens often enough, can lead (o gaslrocsnphagcal reflux disease, with damage of
the esophageal mucosa, ’

Stomach.

geal sphincter due to jts relat
the larynx anteriorly. However, the

anatomical but rather g functional sphinc
does not have a distinct lhickcning lik

part of the esophagus ¢

Iti abdomen by rradually descends
s. In infants, the Stomach is ip , h 5 o

orizontal Position: however, as
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the §hild begins to walk. it gradually shifts to a more vertical orientation. The
Fm:dmc part of the newborn’s stomach, along with the fundus and pyloric I'cs:'ion:
is immature, while the pylorus is relatively wide. The entrance to the smm;rh is
often located above the diaphragm. and the angle between the abdominal part “;’
the esophagus and the adjacent wall of the stomach fundus is not \fclll diﬁmeg

Gubarev's fold (a mucous membrane that extends into the esophagus and kel 9
prevent food reflux) is almost undeveloped at birth. maturing by 8-9 months ]:)I
age. The cardiac sphincter is functionally weak, whereas the phylo':'ic region is well
developed at birth. These anatomical features can lead to the backflow of stomach
contents into the esophagus. potentially causing peptic damage to its ‘mu::au\;
membrane. Additionally, the tendency for regurgitation and \'uaaitina i;1 the ﬁrsl
year of life is associated with the fixation of the esophagus by the d‘i_aphr'tomlic
crura. as well as increased gastric pressurc and impairC(T innervation Du:'i‘;z‘the
first weeks of life, the stomach is positioned lower, beneath the a-ntrui—p\‘ioric
rcgi.ou. Therefore, afler feeding, infants should not be placed in a horizental
position to prevent aspiration. By the age of 7-11 years, the stomach takes on(a
shape similar to that of an adult.

A The anatomical capacity of a newborn’s stomach is 30-35 ¢cm®. Howsver

its physiological capacity is smaller, measuring only 7-10 ml on the first day o;‘
life. By the fourth day after the initiation of enteral nutrition, it increases to 40-50
ml. and by the tenth day, it reaches 80 ml. Subsequently, the stomach’s volume
increases by appm.\‘ima[cly 25 ml per month. By the end of the first year of life, it
0-300 ml, and by the age of three, it expands to 400-600 ml. A mapid

reaches 25
olume begins after the age of seven, reaching 1300-1500 ml

increase in stomach v
by the age of 1012 years.

The muscular layer of th
The mucous membrane, however,

¢ stomach in a newborn is not well develeped.
is thick and has prominent folds. In the first
three months of life, the surface area of the mucous membrane triples, which aids
in the digestion of milk. By the age of 15, it increases tenfold. At birth the
pancreas is morphologically and functionally underdeveloped, with the rehtive
number of pancreatic cells being 2.5 times lower in newborns compared to adults.
During the first year of life, the secretory apparatus of the stomach remains
immature, and its functional abilities are limited. Infant gastric juice contaims the
same components as adult gastric juice, including hydrochloric acid, chynrosin
(which breaks down milk), pepsins (which break down proteins into amino 1cids
and peptides), and lipase (which breaks do\fvn_n_eun'al fats into fatty acids and
glycerol). During the first gastric juice has a very low concentntion

weeks of life, g
of hydrochloric acid and, consequently, low acidity_. After the iurrpduction of'solid
foods, hydrochloric acid production increascs significantly, marking the trangtion
from a lactotrophic diet to a more varied diet. As the pH level .01" gastric juice
decreases, the activity of carbonic anhydrase, an enzyme involved in hydrogen ion
formation, increases. In the first two months of life, the pH of the stomath is
primarily determined by hydrogen ions from lactic acid, while later, it is regulated
mainly by hydrochloric acid.

The synthesis of prot
their levels and activity are initi

1g the antenatal period but

eolytic enzymes starts durir
gradually increasing with

ally low in newborns.
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age. Notably, fetal pepsin is particularly active in protein l*fydrnl_}si.fe for ncwbnrll.\'.
Dhuring the first year of life, infants exhibit higher levels of gastr}c lipase compared
to adults, which aids in fat digestion in a neutral environment without the presence
of bile acids. Newboms and breastfed infants have a lower concentration ol
hydrochloric acid and pepsin in their stomachs, which can decrease the protective
function of gastric juice. However, this also helps preserve immunoglobulins (]g)‘
found in mother's milk, providing vital immune support. In the carly months of
life, stomach motor function is reduced. lcading
increased presence of gas.
stomach muscles of the
older children, a conditj
the lower esophagus.
Intestines
Small intestine.The relative ler
baby is significant, measuring approxim
weight, compared to just 10 centimeters
the underdevelopment of the small pelvi
compact than those in adults. The sm
and nutrient absorption. In
undergoes bending as the ¢
by the age of seven,

to slower peristalsis and an
Infants may also experience increasced tone in the
pyloric region. occasionally resulting in pylnmspusm.‘ In
on known as cardiospasm can sometimes occur, affecting

ngth of the small intestine in a newborn
ately 1 meter for every kilogram of body
in adults. Due to the size of the liver and
s the intestinal loops in infants are more
all intestine is the primary site for digestion
infants, the duodenum has a looped shape, which later
hild grows. The duodenum in babies is quite mobile, but

plays a crucial role in regulating ll}c
entire digestive system by releasing hormones from (he endocrine cells located in

its mucosa. The small intestine comprises about two-fifths of its total length, while
the ileum makes up about three-fifths (excluding the duodenum). The ileum
terminates at the ileocecal valve, also known as the Baugin valve. In young
children, this valve may exhibit relative weakness, which can allow intestinal

contents from the cecum—rich in bacterial flora—to be pushed back, potentially
leading to inflammatory conditions in its terminal section,

A child's small intestine contains a relatively large amount of gas. and this
volume gradually decreases until around the age of seven, as adults typically do
not have gas present in their small intestine

not have g csent. - The mucous membrane of the small
intestine is thin, richly vascularized, and exhibits increased permeability.
particularly in infants during their first year of life,

Newborns possess both single an
mucosa, which initially are dispersed th
primarily concentrated in (he ileal re

d grouped lymphoid follicles within the
¢ throughout the intestine but later become
| : glon as Peyer's patches. The lymphatic vessels
i young children are numerous ang wider than thoge found in adults. Importantly.
lymphatic fluid from the small intestine bypasses {he liver, all()w-ing absorbed
nutrients to enter the bloodstream directly. ' )

In infants, the muscle |
is underdeveloped. The overall
is relatively weak but increases
intestine is where the main

ayer of the intesting] wall, especially its inner layer,

cpnt_ractilc ability in newborns and young children
significantly durjn



membrane digestion being the dominant process during breastfeeding. At birth the
secretory apparatus of the small intestine is generally well-formed. Evan in
newborns, enzymes such as enterokinase, alkaline phosphatase, lipase, amyase,
maltase, and nuclease can be detected in intestinal juice, albeit at lower actvity
levels compared to adults. This enzymatic activity increases as the child giows.
Specific features of protein assimilation in young children include a pronownced
ability of intestinal epithelial cells to carry out pinocytosis. This process alows
milk proteins to enter the bloodstream in a slightly modified form during the first
weeks of life. However, this can lead to the development of antibodies aginst
cow's milk proteins in some infants. In children over one year old, proteim: are
primarily hydrolyzed into amino acids. From the very first days of life, the
enzymes throughout the small intestine exhibit sufficient hydrolytic actwvity.
Maltase activity is notably high at birth and remains clevated into adulthood, vhile
sucrose activity tends to increase somewhat later, Lactase activity experiaices
rapid growth in the final weeks of pregnancy, stays high during lactation. but
typically decreases by 4-5 grams. The lowest levels of lactase activity are obsaved
in adults. It's important to note that the p-lactose found in human milk is absarbed
more slowly than the a-lactose in cow's milk, which means that some of it may
reach the large intestine. This contributes to the development of a healthy gam-_
positive intestinal microflora in breastfed infants. However, fat digestion ca1 be
challenging for young children due to the relatively low activity of lipase.

Colon. The average length of the colon in a newborn is about 63 cm. and
end of the first year of life, it increases to approximately 83 cm. After this
arge intestine typically matches the child's height. The
at birth: the intestinal mesentery is poorly formed in
newborns and only develops further during the child's second year of life. The
anatomical features of the large intestine, including the haustra, become more
defined later on. with haustra typically appearing around six months of age. By the
on. haustra, and mesentery reach their mature forn. In
imor may present as a conical shape, exhiliting
he length of the stalk, and it can be located in vatious
parts of the abdominal cavity, including thg retrocecal area. The primar_y f_und]ions
of the large intestine include water absorption and serving as a reservolr for vaste
evacuation. In the large intestine, the processes of dcco[nposmon and qbsorr_:tlon of
nutrients continue. This process is aided by enzymes from l'he small intestine and
bacteria that reside within the large inlcstin?‘ u]n_ma(f:ly [c.admg to the mm“_"““" of
feces. The mucous membrane of the large intestine 1 chlldrcn‘u;[ .ct:_har[r.ic:lcrlmi by
deepened crypts, a flat epithelial layer, and a rapid rate Off?‘fll‘PlG ifera '0"- -

The rectum of a newborn IS cylindrical and lacks an ampulla, v 1|c.1‘
develops during the carly childhood years. The rcctm::; 'al?‘jo b‘f:?fu\:l\:g th{l}:
curvature formed alongside the development of the tail an bptl‘c abscncc.: o
infants, the rectum is relatively longer and more mobile due to th

developed fatty tissue. Additionally, the rectal muscles in newborns are not fully

developed.

by the
period, the length of the |
colon is not fully developed

age of six or seven, the col
newborns. a helminthic
considerable mobility due to t
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Functional characteristics of the intestines

The intestinal motility includes two main types of movements:

1. Pendulum-like movements: These occur in the small intestine and serve
to mix its contents.

2. Peristaltic movements: These are responsible for directing the contents
towards the large intestine. . .

In the large intestine, antiperistaltic actions help in thickening -a.nd forming
stool. Young children tend to have more active motility, which facilitates more
frequent bowel movements. For infants, the time it takes for food to pass through
the intestine ranges from 4 t0 18 hours, while for older children, it can take a}aout a
day. This high level of intestinal motility. along with insufficient tighlcmpg of
intestinal loops, can increase the risk of inguinal hernia. Meconium, the primary
stool present in the first hours of life, is a dark green, sticky mass with a pH of 6.0.
It consists of desquamated epithelial cells, mucus, remnants of amniotic fluid, and
bile pigments. By the 2nd to 3rd day, feces start to mix with meconium, and from
the 5th day onward, they take on a more typical appearance. In the first month of
life, infants may defecate after each feeding, averaging about 5 to 7 times a day.
This decreases to about 3 to 6 times a day by the second month, and to 1 to 2 times

a day by the age of 1. The stools of breast-fed infants are usually yellow, have an

acidic reaction, and a sour smell. In contrast, the stools of formula-fed infants arc

Microflora of the digestive system

The microflora of the digestive system plays several important roles:

1. Digestion assistance: It helps break down food and enhances the overall
digestive process.

2. Pathogen prevention: Healthy gut bacteria inhibit the growth of
pathogenic microorganisms, reducing the risk of infections in the intestine.

3. Vitamin synthesis: The microflora is involved in producing essential
vitamins, such as some B vitamins and vitamin K.
4. Inactivation of active substances: |t

helps detoxify certain
physiologically active substances and enzymes.

¢ colonization perioq be

¢ populated by microorganisms. The third stage,
ora, lasts from about 6

) months to 2 years. The
SIS starts from the firg day of life. For healthy full-
bacterial flora from birth to about 7-9 days consists
ﬁduEn and Lactobacillyg acidophilus. In breast-fed
dominates the intestinal microflora. In contrast, for
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gins (2-4 days), during
called stabilization of microf]
formation of intestinal bioceno,
term infants, the predominant
mainly of Bifidobacterium b;
infants, B. bifidum typically



formula-fed infants, L. acidophilus, B. bifidum, enterococci, and normal E. coli are
found in almost equal proportions. As children transition to adult nutri;ion the
composition of the microflora undergoes significant changes, adapting to
accommodate a more varied diet. This evolution is crucial for developing a health

gut microbiome and overall digestive health. Y

Pancreas.
In newboms, the pancreas is smaller and positioned higher than in adults.

It's loosely attached to the back wall of the abdominal cavity, making it more
mobile. The pancreas grows rapidly during the first three years of life and
continues to develop through adulthood. In the carly months after birth, the
pancreas is not fully developed. It contains many blood vessels but has relatively
little connective tissue. Interestingly, at birth, the endocrine component of the
pancreas, which produces hormones like insulin, is more fully developed than the
exocrine part, responsible for digestive enzyme production. Pancreatic juice plays
a vital role in digestion, as it contains enzymes that hydrolyze proteins, fats. and
carbohydrates. It also includes bicarbonates, which create an alkaline environment
necessary for activating these enzymes. In newboms, the secretion of pancratic
juice is minimal and is stimulated by feeding. The activity of amylase (an enzyme
that breaks down carbohydrates) and bicarbonate levels are low initially. As infants
transition to a regular diet that includes a higher carbohydrate content, amylase
activity increases significantly, peaking around 6 to 9 years of age. The activity of
pancreatic lipase, crucial for breaking down dietary fats, is low in newborns.
During the first months of life, other mechanisms, such as those in the salivary
glands and stomach, play a significant role in digesting fats from breast milk.
Moreover, the type of feeding has a substantial impact on pancreatic activiy. In
infants who are artificially fed, the enzymatic activity in duodenal juice can be4 to
S times higher than in those who are breast-fed. This highlights the diffiring
demands placed on the pancreas based on dietary composition and feeding

practices during early development.

Liver
The liver is a significant organ at birth, constituting a larger portion aof the

body weight compared to adults. Here are some key points about the liver in

newborns and children:
1. Size and Weight: At birth, the liver makes up more than 4% of a

newborn's body weight, whereas in adults, it's around 2%.
the lower edge of the liver can extend beyond

2. Protrusion: In newborms,
the ribs and may even touch the edge of the right iliac bone. For children aged 1 to
3 years, the liver edge can be palpated 1-3 cm below the medioclayicular line.

3. Growth and Development: After birth, although the liver continigs to
grow, its growth rate is slower than that of the body. By age 7, the liver typially
does not extend beyond the subcostal arch and is usually not palpabl; at rest.

4. Liver Lobules: The formation of liver lobules starts during pregnncy,
with clear distinctions by the time of birth. Their complete differentiation occurs in

the postpartum period.
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i is rich i ' which
5. Susceptibility to Conditions: The liver is I‘I'Ch in blouq ‘\ o(l;::;c{h'u e
makes it -vulncrable to infections, intoxications. and circulatory disor
lead to rapid enlargement.

6. Hematopoietic Cells: In newboms. about 3% of Fh[il llvciact‘jﬁ;‘\‘:
consists of hematopoietic cells, but this pcrccmagc‘ dccrcqscs quickly as they g
By the age of 8, the liver's structure mirrors that of adult ln_fcrs. R —
7. Fibrous Capsule: The fibrous capsule surrounding the liver is rels
thin in newborns and children.
Overall, the liver undergoes si
function during the early years of life.
Liver function.

o ~hildren exhibit
Bile production and metabolism in newborns and young children e
unique characteristics compared to adults. Here are some key points:

- . i ctal
I Prenatal Bile Production: Bile production starts during fe
development but tends to slow down shortly after birth.

2. Gallbladder Function: As children grow, their gallbladder becomes

. : - : igestion
more efficient at collecting bile. This Improvement helps in the overall diges
and processing of fats,

3. High Bile Acid Concentration: In the first year of life, particularly in the
first days after birth, children ha

2 : : ; is can lead
ve high concentrations of bile acids, This cdll, Ilc
to liver cholestasis or bile coagulation syndrome, where bile cannot flow property-
4. Imbalance in Bile

m z 2 o n
Acid Circulation: Newborns often experience &

imbalance in liver bile acid circulation. This includes:

* Insufficient uptake of b;

le acids by hepatocytes (liver cells).
* Slowed bile flow from the liver to the gallbladder.
* A decreased synthesis of secondary bile acids and inadequate
reabsorption in the intestine, leading to dyscholia.
5. Fatty Acid Composition: Children produce more atypical, less
hydrophobic, and less toxic fatty acids (]

e s . o i
han adults. This difference influences hov
bile interacts with fats.

6. Accumulation of Fatty Acids:
can increase the permeability of intercel
entering the bloodstream,

7. Bile Compositio
cholesterol and salts, w
newborns.

8. Fatty Acid Conjugation: In newborng, fatty
conjugated with taurine, while in adults, they are usual
Taurine conjugates are more water-solyb]e and Jeg
elimination from the body.

9. Bile Composition: The b
taurocholic acid, whij

of bacterial inflammation ip the bile
10. Immature En: i

gnificant changes in size. structure, and

The buildup of fatty acids in bile d“‘?:S
lular junctions, which may lead to bile

n: In the init

ial months of life, bile has low levels of
hich contributes

to the rare occurrence of bile stones in

acids are prima.rlly
ly conjugated with glycine.
S loxic, facilitating easier

ile of newborns hgs 5 relatively high content of

tericidal propertjeg. This helps reduce the risk
ducts during the firg Year of life,

* At birth, the liver's enzymatic systems

not fully developed. While



artificial feeding can stimulat i i
: g c: ¢ the maturation of these il /
imbalances in liver function. e
_ 11. Albgmin §ymhcsis: After birth, newborns experience a decrease i
-zlt‘)lumm synthesis, w‘lnch results in a lower albumin-globulin ratio in the bk: ;ﬂ
his changc.can affect various physiological processes, including maintai e
proper osmotic pressure. ‘ ® maaning
. .1‘._. Bilirubin Metabolism: Newborns exhibit low activity of glucuronyl
transferase, an enzyme necessary for converting bilirubin into a wall:er solubl
{ r Surs : 3 E
fon:n. This enzyme's low activity leads to higher levels of unconjugated bilirubi :
which can contribute to conditions like jaundice. T PAEE
13. Liver Function: The liver a i i
. 2 cts as a vital barrier, neutralizi
‘ , 3 A ralizing b
(,ndo_gcnoys and exogenous harmful substances, including toxins absorbca fmh
the intestines. However, this detoxification function is not fully devel ! in
young children. v S
- 14. (l}allblad.der An.atclamy: .In newborns, the gallbladder is often positisned
behind the liver, with variations in shape. Its size increases with age, typizall
. . of ] ? J
doubling in length by the ages of 10-12 years. TR
o 15. Bile Seccretion .Rmcs: The rate of bile secretion in newborns j
significantly lower—about six times less—than that of adults, which can in "
digestion and fat absorption. e
Methods of examination of the digestive system
Complaints
Stomach ache
Understanding manifestations of abdominal pain in young chilren

requires careful observation and consideration of various factors. Here's a

breakdown of key elements to assess:

General Discomfort
. Behavior: In younger children, abdominal pain often leads to general

discomfort and crying.
« Expressions: Children may clutch their abdomen or assume a curlad-up

position.
Pain Characteristics in Older Children

» Rapid Satiety: Older children may express t
fullness or that they can't eat much.

Clarifying Pain Character

1. Localization:

« In preschoolers, pain is often

2. Irradiation:
- Pain may radiate, but primarily it’s focused on the site of the underlying

heir discomfort as a feeling of
localized around the umbilical area.

issue.
3. Symptoms:
« Descriptions can include:
« Cramping: Sudden, severe episodes.
« Dullness: Persistent, less intense pain.
« Pulling: Discomfort that feels like a tugging sensation.
= Sharp: Sudden, severe pain that may indicate an urgent issue.
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iodicity: o
?‘Cphei]l-:iergn IT?ZI}' experience alternating periods of pain followed by relief.
. Seasonality: '
?Ssc:;ne children may notice an increase in symptoms during the spring and
autumn months.
6. Correlation with Food: )
* Monitor how different foods and quantities affect the pain:
* Does it worsen after specific meals?
* Is there a pattern tied to particular food items?
7. Time of Appearance:
* Identifying when pain occurs can be vital: )
* During a meal: Possible connection to food intolerance or z_a[lcrg!L'S-
* 30-60 minutes post-meal: Could suggest issues with digcsllc_)n.
* 1.5-3 hours after cating: May point to other gastrointestinal issues.
* 6-7 hours after a meal: Often indicates hunger-
* Nighttime pain (11 PM to 3 AM) that disa
further exploration for possible causes.
Examination of the oral cavity.

Examination of the oral cavity should be carried out at the end O_f _[hc
study. as this may cause a negative reaction in the child, This includes examining
the lips, oral mucosa. tongue, teeth, throat. and detecting bad breath. First, pay
attention to the color of the lips, their moisture, cracks, herpes, ulcers in the corners
of the mouth (angular cheilitis). Then check the mouth and throat. In a hcalth):
child, the mucous membrane of the oral cavity and throat has a uniform pink color:

onsils usually do not protrude i'ro.m 1he.
S, aphthae (round erosion, ycllnwlmg or
of the cheek mucosa), Velsky-Filatov-

of the gums (gingivitis), tongue damage
in the corners of the mouth.

bdominal cavity

related pain.
ppears after eating: Needs

sles), inflammation
(glossitis), infiltrates or ulcers

Examination of the a

~ Examination of the abdominal cavity is carried out in the horizontal and
vertical position of i

", paying attention 1o its shape, symmetry and size.
Usually, _lhe abdomen has g rounded symmetrical shape. In older children, the
stqmach is _located slightly below the level of the chest, and in infants and young
children, it is slightly above

its level,
- The shape ang size of the abdomen de
the patient (asthenic type ab

pends on the physical condition of
domen ig usually

small, hypersthenic type abdomen iSf
the abdominal muscles in the act 0

d. For this, the Patient is asked to breathe in and out with
the stomach. By UTitating the abdominal cavity, the patient ensures propet
breathing

Palpation

.~ Abdominal palpation i performed in two positions of the patient:
horizontal and vertical,

- Superficial palpation
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s Su;_)erﬁcml palpation of the abdomen is carried out starting fron the
left groin area in symmetrical places to the left and right, rising to 1hc~c igastri
oo £ e . rising pigastric
region; or counterclockwise.

—  Signs determined by superficial palpation.

Pain (the area of pain projection indicates the pathological process of

the relevant organ).
— The resistance of the muscles of the anterior abdominal wall indicates

that the peritoneum is involved in the inflammatory process. In this case, the
Shchetkin-Blumberg symptom (a sharp increase in pain with a sudden withdiawal
of the palpation hand from the abdomen) should be checked.

—  The condition of the "weak places” of the front wall of the abdamen
(aponeurosis of the white line of the abdomen in the epigastric region, the
umbilical ring, the external opening of the chovi canal); the presence of a herni (in
the form of protrusions of various sizes in the navel or the external opening of the
inguinal canal; appears or enlarges when straining or coughing), the size of the

hernia ring.

Significant enlargement of abdominal organs (liver, spleen) or the

appearance of a large tumor.
Projection of the organs of the abdominal cavity on the front wall of

the abdomen
Left subcostal area: cardiac part of the stomach, tail of the panaeas.

curvature of the left kidney.
h, duodenum, body of the pancreas, leftlobe

spleen, left turn of the colon, superior
—  Epigastric region: stomac
of the liver.

Right subcostal region: right lobe of the liver, gall bladder, right bend
of the large intestine, upper curvature of the right kidney.

Left and right sides: the descending and ascending parts of the frge
he lower curvature of the left and right kidneys, part of the

intestine, respectively, t
loops of the small intestine.

umbilical region: loops of the small intestine, the transverse colon, the
lower horizontal part of the duodenum, the greater curvature of the stomach, the
head of the pancreas, the gates of the kidneys, the urinary tract.

_ Left iliac region: sigmoid colon, left ureter.

Suprabladder area: loops of small intestine, bladder.
— Right iliac region: cecum, terminal part of ileum, vermiform tumor,

right bladder.
Deep palpation ) .
—  Deep palpation allows to conclude about some features of abdominal
shape, diameter, structure (soft.

e, the localization and size, : rc
1e surface (usually smooth, possible tuberosity), mobility and

al, different parts of the intestine are mobile), as well as pain

organs. In this cas
dense), nature of th
displacement (norm
and itching are determined. usually not). : ' T
In healthy children, in most casgs, it 18 possible to check the sigmoid,
cecum and transverse intestine; The ascending and d‘esccrlnding parts of tln_a ﬂa.rge
intestine begin to be palpated at the same time. The sigmoid colon 18 examined in
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the left iliac region as a smooth, moderately dense, toneless, slow and rarely
peristaltic cord with a diameter of 2-3 cm. . _

- With a narrowing of the intestinal mesentery or sigmoid colon
(dolichosigma), the intestine can be palpated more medially or laterally than usual.
The cecum is in the form of a soft soft elastic cylinder with a diameter of 3-4 cm. It
is slightly extended downwards (pear-shaped extension), where it ends blindly.
When pressed, there is a noise. * In the right iliac region. sometimes the ileum can
be palpated in the form of a cylinder of soft elastic consistency with a diameter of
1-1.5 em; peristalsis is good and there is noise during palpation.

— In patients with a thin abdominal wall, mesenteric (mesenteric) lvmph
nodes expand during deep palpation of the umbilical region. _

- Itis difficult to palpate the great curvature of the stomach and pyloric

section; other parts of the stomach cannot be palpated at all. To determine the
lower border of the stomach, the method of det

pleska) is used. Usually,
cm above the navel.

Palpation of the liver. Before palpation, localization of the lower cdg‘? of
the liver is pre-percussion. In young children, in the right middle clavicular line,
the edges of the liver are usually located 1-2 cm below the border of the rib cage,

and in_ children older than 5-7 years, it is located at the level of the rib cage-
Palpation of the lower edge of the liver reveals its consistency, shape and pain
(normal - painless, slightly sharp.

= The gallbladder is usually not palpable. The projection of the
gallbladder to the anterior wall of the abdomen corresponds to the point where the
outer edge of the rectus muscle of the anterior abdominal wall intersects with the
rib arch (point of the gallbladder).

—  The ascending and descending parts of the large intestine are located
on the right and left sides of the abdomen.

.~ The transverse colon is palpated in the umbilical region in the form of
a cylinder, bent down, moderately dense, about 2.5 c¢m in diameter,
_ The small intestine is usually not palpable because it is located deep in
the abdominal cavity and is very mobile.

The pancreas can be palpated very rarely, so the pain points on the front
wall of the abdomen are of diagnostic importance, The head of the pancreas is
projected in the Shoffar-Rive zone, which has the shape of a rectangular triangle,
uad_rapt of the umbilical region. One end of this triangle

ermining the "shaking noise" (shum
in older children, the lower border of the stomach is 2-4

pain when breathing, when ‘thc
gallbladder, it causes the patient



- Gcorg.lcvsky's symptom - Mussi (phrenicus sign) - pain at the poiat of
superficial location of the right diaphragmatic nerve.
. « Palpation of the spleen is performed with the patient lying on his right

As arule, it is nnposmblc to palpate the spleen, because its front edge does
not reach the edge of the rib arch by 3-4 cm, and it can be palpated when tt % lee
is enlarged (splenomegaly) at least 1.5-2 times. e et

Abdominal percussion

Percussion of the abdominal cavity is performed from the ravel
downward. as well as on the lateral surfaces of the abdomen, in both the supine and
standing positions. Usually, the transition from a tympanic to a dull i)efcur'n
sound on both sides occurs along the anterior axillary lines. A medial shift thlli()-rj
border indicates the accumulation of free fluid (ascites) in the abdominal cavity "

When the patient moves to a vertical position, the fluid shifts to the l;wcr

art of the abdominal cavity. Therefore, tympanitic sounds can be detectad b
percussion in the lateral areas of the abdomen, following a vertical line fron 1hz
upper to the lower abdomen. In patients with severe ascites, a dull percuision
sound is present in all parts of the abdomen, regardless of position. In such ases
additional factors should be considered, including the size and shape of the
abdomen, changes in the anterior abdominal wall, and alterations in the appeamnce
of the umbilical skin. In addition to percussion, the fluid wave test is used to
confirm the presence of ascites.

The size of the liver is assessed through percussion, as its lower edge
normally does not extend more than 3-4 cm below the costal margin. In casts of
ed spleen), the spleen is typically palpated at 1.5-2 times its
n of the spleen evaluates its shape, consistency, swface

p

splenomegaly (enlarg
normal size. Palpatio
texture, mobility, and clarity of borders.
Liver size
Measurement of t
than 5-7 years, liver size is determine
this method, normal liver dimensions are:
9 ¢m along the right midclavicular line
8§ cm along the midline

7 em along the left costal arch
This method helps assess liver enlargement (hepatomegaly) and maitor

liver health in pediatric patients.

Determination of the per

Under normal conditions,
rather a moderately sharp tym

he liver is performed by percussion. In children older
d using M.G. Kurlov's method. According to

cussion dimensions of the spleen
the spleen does not produce a dull percutsion
panic tone. To assess spleen size,

rmed to determine its upper and lower borders along the mid-
axillary line: The upper border of splenic dullness is typically located at the 9tk rib.
The lower border is usually at the 11th rib. The distance between these two points

(splenic dullness) averages 4 cm in width. .
The anterior and posterior borders of the spleen ar¢ de_tcrmmei by
sing: Anteriorly: Moving from the edge of the left costal margin toward the

sound but
percussion is perfo

percus
midline.
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Posteriorly: Moving from the left posterior axillary line toward the spine
i is detected. . i

e dUl'IIP}:'-: Sdlislirn:t: between these points corresponds to the length of the spleen
and helps evaluate splenic enlargement (splenomegaly).

Auscultation. _ L

Abdominal auscu ltation typically allows for the detection u.l.nccu.s]m:dl
intestinal motility sounds, such as gurgling. Instrumental studies uuhzc_d in llf.;
evaluation of abdominal conditions include ultrasound and \-':Lrinur_; rifd_ll’ll’?.l“_“
methods. Among these, endoscopic techniques are particularly ._s'lgmi_lcall‘lf “‘F
assessing the digestive system. Procedures such as faparoscopy. sigmoidoscopy.
and colonoscopy play vital roles in diagnosis and treatment.

Function methods,

Functional methods

involve the evaluation of the secretory and acid-
forming functions of the

pancreas. Biochemical analyses of blood serum ll.fC‘
crucial for assessing the functional state of the digestive system's organs. Key tests
include the determination, of bilirubin, transaminases, protein and its fractions.
coagulation factors, cholesterol, total lipids and their fractions, as well as glyccmlg
curves. These studies provide valuable insights into the overall health an
functionality of the digestive system.

The main syndromes of gastrointestinal disorders in children of early
age. Differential diagnosttic signs of pylorospasm and pylorostenosis:

Pylorostenosis is a congenital anomaly of the stomach, characterized by
narrowing of the pyloric part,

Pylorospasm is
by periodic spasms of th

Table 4

a disease that occurs in early

children and is characterized
€ pyloric part of the stomac.

Clinical signs Pylorospasm Pylorostenosis
Onset time of Symptoms Fromthe first day of
(vomiting) | baby's life
Composition of vomit | Undigested mijlk Kefir like milk
. interval.
lime of vomitinf after A few minutes afier Aft'cr : IIJOI:‘g ~:;ntlic next
breastfeeding breastfeeding posmbfy‘ clor
feeding 1
—‘——___‘.—\q___ g %
Volume of vomit Small amount of ingested Large amount of ingeste
| food food
Frequency of vomiting 24 times a day, not I =2 times a day but
—— ] constant constant
Vomiting reaction __-—_—__L_ ] :
characteristics Partial regurgitation Projectile vomiting
Normal bowe] :
Stool movenient, stination
reflecated b defecation Constipat
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Urine outputand frequency

Unchanged or slightly
reduced

Reduced to 3-4 times

General condition of the
baby

Restless, cries before and
during vomiting.

Mostly calm. occasional
restlessness before
vomiting

X-ray examination result

No sand clock symptom
in the stomach, remains
for 6-8 hours

Sand clock symptom in
the stomach, persists for
24 hours or more

Ultrasound results

Normal

Pyloric wall hypertrophy
>4 mm

Malabsorption syndrome:
o "Malabsorption syndrome" (malabsorption) is a symptom complex,

which includes maldigestion (maldigestion) and malabsorption (malabsorption) in
the small intestine, with chronic diarrhea and severe eating disorders.
o A. Carbohydrate malabsorption
o lactase deficiency;
o sucrose-isomaltase deficiency;
malabsorption of monosaccharides (glucose, galactose).
B. Celiac disease - inability to digest gluten.
e Clinical manifestations:
loss of appetite;
e abdominal enlargement;
e f{latulence;

o stools are frequent (osmotic diarrhea), foamy, with a bitter-pungent

smell. ;
ondition characterized by abnormal

Hirschsprung's discase is a congenital ¢
development of the large intestine due to a deficiency or absence of intramural

nerve ganglia in the intestinal wall. This results in a lack of peristalsis in the
affected segment of the intestine, leading to the retention of fecal matter.
Clinical Signs:
. Absence of meconium in newborns
« Difficulty with gas passage
« Abdominal distension
« Paradoxical diarrhea an
When gathering the medical history
consider the following:
« At what age did
« [as the child been una
. Has the child experience

dministered, and if so, did they provide relief?
essential to inquire about:
ithin 24 hours after birth?

d vomiting in newborns
(anamnesis), it is important to

constipation first occur?

ble to defecate independently for several dil}’.S?
d diarrhea following a prolonged period of

constipation?
» Were cleansing enemas 2

From the child's life history, it is
« Did the child pass meconium w
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; ressed? Was there any
* How has the child's physical development progressed? Was the
7

observed hypotrophy or other concerns? _ . cossalonl deuns B

Functional disorders of the gastrointestinal tract are prevalent issue
infants during their first month of life.
present, but there are no detectable org
such as structural abnormalities, infl
are there metabolic alterations,

In functional disorders

In these cases, clinical symploms arc
anic changes in the gastrointestinal tract,

. e S TIOR
ammatory Changcs, infections. or tumors. no

: : ; T i and
, issues with digestion, motility. absorption, ~1lcm
he intestinal microflora and impair immune -?'/Sn -
: - : : ats isruptio
function. The underlying cause of these disorders is often related to a disrup

. ; . - ¢ organ
the nervous and humoral control of the gastrointestinal tract, even when the org
itself remains structurally intact.

. ‘ i o
According to the Rome 111 criteria established by an international working
group in 2006, functional gastr

. . . = - 'l
ointestinal disorders can be observed in childrer
under the age of 2,

*G 1 Partial return of breast milk in infants
*G 2 Vomiting in infants

*G 3 Cyclic vomiting syndrome

*G 4 Newborn colic

*G 5 Functional diarrhea

*G 6 Painful and difficult defecation (dyshesia) in infants
*G 7 Functional constipation

Here’s a polished version of your text
gastrointestinal disorders in breast-fed children:

Partial regurgitation of breast milk, intestinal colic, and ﬂnwnonal.
-fed infants, partic:ularly those under 6 nml_"llhs ol
i ience some combination of
Symptoms, often with fewer than i
single child to present
gastrointestinal disorders. I
disturbanceg may arise,
disruptions in the activity
reflux (due 1o sphincter g
increased £as production),
Spasms). Additional]
and  impaired enzymatic

i stional
regarding the function

multiple symptoms that
infants born with hyp
inc]uding hypertonic

of controlling executjv
Pasms), colic (characte
and constipation (resul

contribute to functional
OXia, various vcgctative—v.isccral
or hypotonic motility |ssuc-:s],
€ peptides, simultancous partia
rized by motility disorders andi
ting from hypotonia or intestina

1. Connection with
2. Re[ationship with the chilg

1. The first Broup of reasong includes;:
*obstetric anamnesis

*mother's emotional lability in stressful situationg
*nutrition disorder of a nursing mother

*disruption of cating technique: eating more than the norm in natural and

artificial feeding
* improper Preparation of myjk Mmixtures

mother
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#woman smoking

2. The reasons related to the child are as follows:

*anatomical and functimm! immaturity of the digestive system (abdoninal
esophagus shortness, sphincter deficiency, enzymatic deficiency, digestive system
coordination failure).

. . *dysfunction of the gastrointestinal system as a result of immaturity o the
intestinal central and peripheral nervous system ]

#intestinal microbiota formation

* the formation of sleep and wakefulness rhythm

Partial regurgitation of food into the oral cavity, colic, and fecal disarders
can occur in infants due to factors such as lactase deficiency and gastrointeginal
food allergics, often associated with vegetative visceral brain ischemia. Partial
regurgitation refers to the situation where food from the stomach returns to theoral
cavity without any forced action. Studies indicate that between 18% and 50% of
infants under the age of 1 experience partial regurgitation. This phenomenon is
particularly common during the first 4 to 5 months of life and may continueinto
the 6th to 7th month when supplementary foods, such as small porridges are
introduced into the diet. Regurgitation tends to decrease significantly wher the
child is positioned more vertically or sits upright, as this position facilitats the
proper functioning of the gastrointestinal tract.

Experts assessed the degree of food regurgitation in the oral cavity on a
five-point scale:

Table 5
A scale for assessi
cavity (Y. Vandenplas ct al., 1993)
Partial regurgitation of foo

ng the intensity of partial regurgitation of food in the onl]

d in the mouth

() point

1 point Regurgitation of food no more than 5 times a day and up to 3 mlin

2 point  [Return of food more than 5 times a day and more than 3 mlin
volume

3 point Half of the food given more than 5 times a day is half of the food

given | time

4 point Regurgitation
minutes, and t
Partial regurgitation of food in

and full regurgitation of food

ctiology, classification, diagnosis, clinic.

in the same volume for 30

of food in the oral cavity

hen after each meal
the oral cavity is the return of tulf

5 point

Protein energy deficiency,
Methods of treatment and prevention
Dystrophy. derived from the Greek words for :
"qutrition” (trope), refers to a nutritional disorder that can oceur i

It manifests in three main types: .

1. Hypotrophy: This type is characten

leading to insufficient nutrition and growth. In

hypotrophy may not gain weight or grow at the expected rat
53

rdisruption” (dys) and
n early childkood.

zed by decreased food imake,
fants and young children with
¢ for their age.



an increased
2. Obesity: In contrast to hypotrophy, ob'csity occurs duc [UL::\TC::]:;C
food intake that exceeds the body's energy requirements. Thfs.u.\lt‘ l;;zallh el
intake can result in excessjve weight gain, which may lead to various
i i abolic disorders, . a
mcmdmg.nll’catr;?ophy: Paratrophy refers to an excess in .budy w‘m%h‘quCilnhl:l(i]l?'
compared to normal growth standards, It can n_lso describe an increa )
mass that exceeds the normal range by 10% of height.
troph . -
gzggtrop%}y (from Greek hypo — under, bclmy; [rophc — iltllrlrlLfi(:’l:])le[:
chronic n]nrilional disorder characterized by a dcﬁcxc.ncy in bm-j-yl~‘1\.:cj e
Anglo-American literature, the term  "hypotrophy" is ol‘tc.n. rep ‘-in-cnur"y
"malnutrition.” The most common form of malnutrition is pmlt‘ -icy1zc
malnutrition (PEM). Typically, children with this condition also exper e
deficiencies in vitamin intake (hypm-‘ilaminosis) as well as mICl'Ullll-ll‘.l(l).lm\”
According to WHO data, in devcloping countries, up 1o 20-30% or more of v £

. . . itional
children suffer from protein-energy malnutrition or other types of nutr
deficiencies.

Etiology.

Hypotrophies are classified into tw

; . ous
@ groups based on etiology: exogen
and endogenous.

\' 4 .
: o 3 . ia in the
—Alimentary factors — quantitative malnutrition dye to hypogalactia 1
mother or difficulties in breastfeed;

feeding from the mother's side (flat or an_c'_'lCd
nipples, "tight" mamma (regurgitation, v’o'mmn'g;
small lower jaw, "short" frenulum of the tongue, ete.). Qualitative malnutrition car
also occur due to the yge of an inappropriate formula for the child's age, late
introduction of complementary

. i ‘ : ; [ats,
foods, or a daily diet poor in animal proteins, fi
Vitamins, iron, and trace elements,

—Infectious factors
Cytomegaly), intrang
tract infections, j
by infectious lesi

~ intraute

; . . : as
e generalized infections (such
tal infections,

toxic-septic conditions, pyelonephritis, Ul'mafz
S etc. Hypotrophy is particularly often cause

i i 2 to morphological cllqnng

suppression of disaccharlddS;
Mmage to the intestinal \:Jvall, and
2ed diarrhea, maldigestion. an

ed that in any mild infectioyg discases, energy and

S ¢ thev rise
while in Moderate to severe cases, they ris
rmal conditions,

— Toxic factors — e use of expired or Poor-quality milk formulas during
artificial feeding, hypervitaminosjg D and A, poisoning (including drug
intoxication), and other toxjc influences,

—Anorexia - 5 consequence of Psychogenic and other forms Ol
deprivation when 3 child does not receive enough attention, affection. psychogenic
developmental stimulation, outdoo

r walks, mags

Endogenous causes of hypotrophy,
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1 Bronchopulmonary dysplasia — a chronic lung disease often resulting
from prolonged mechanical ventilation and oxygen therapy in premature infans. )

2.Congenital gastrointestinal tract malformations - complete or partial
obstruction with persistent  vomiting  (pyloric stenosis, annular panaeas,
dolichosigma, Hirschsprung's discase, etc.), as well as congenital heart defects.

3.Short bowel syndrome — a condition that occurs after extensive integtinal
resections, leading to severe malabsorption.

4 Hereditary (primary) immunodeficiencies — mainly affecting the T-cell
system, or secondary immunodeficiencies.

5.Primary malabsorption and maldigestion disorders — lactose, suaose,
glucose, and fructose intolerance, celiac disease, cystic fibrosis, exudative
enteropathy, as well as secondary malabsorption caused by allergic intolerance to
cow’s or soy milk proteins, enteropathic acrodermatitis, etc.

6.Inherited metabolic disorders — galactosemia, fructosemia, maple syrup
urine disease (leucinosis), xanthomatoses, Niemann-Pick disease, Tay-Sachs
discase, and others.

7 Endocrine  disorders - adrenogenital syndrome, hypothyroidism,
pituitary ~ dwarfism. and other hormonal imbalances affecting growth and

metabolism.
8.Psychopathies
psychological distress or eating disorders.

Pathogenesis.
In hypotrophy, the utilization of nutrients in the intestines and tisswes 1s

impaired. This leads to decreased enzymatic activity of the stomach, intcstin_cs, and
pancreas. The intestines become dilated and elongated, resulting in_consnpu.ion
and dysbacteriosis. In cases of protein-cnergy dc_ﬁciency, the functions of vital
organs are disrupted, including the liver (prolqn-synthehc, ca.rbohyc'lrate, and
protein metabolism), heart, kidneys, and lungs. This leads to ancmla,_whlch otcurs
due to deficiencies in protein, iron, COPper; zinc, folic acid, pyridoxine, and other

vitamins.
Metabolic disor
Hypoprotcincmia (

and neuroses in adolescents — leading to anorexia due to

ders characteristic of hypotrophy:
low protein levels in the blood)

Hypoalbuminemia (low albumin levels)
Aminoaciduria (excessive loss of amino acids in urine)

ig evels)
Hypoglycemia (low blood sugar levels)
Acidosis (increased acidity in body fluids)
Hypokalemia (low potassium levels)
Hypocalcemia (low calcium levels) i
Hypophosphatcmia (low phosphate levels .

i i i1 the exchange of sodium (Na) and potassium (K) occur due
D e 2 develops as a result of adrenal gland

3 i h

to adrenal gland dysfunction. Hypotrophty esul
hypotunction, leading to electrolyte imbalances and metabolic disturbances.

1. Syndrome of Trophic Disorders. Thinning of the s_ubcutan.eous fat .I_lye.r,
leading 1(; a visible reduction in body mass. Body mass deficit and disproportion in
body structure characterized by a decrease in Chulitskaya L. L. and F‘.j I; dEjl:;znan
‘ , rdration.
indices. Reduce ty and hy

d tissue turgor, indicating a decline in skin elastict
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Signs of polyhypovitaminosis, including deficiencies of vitamins At B--Iti
B2, B6, D, P, and PP (niacin), which contribute to metabolic and structurs
disturbances in the body.

2. Syndrome of Digestive System Disorders o

Decreased appetite and anorexia, resulting in insufficient nutricnt llllh_ilﬂ-'- :

Mood changes, often associated with nutritional dcﬁugu_cncs anc
metabolic imbalances, Constipation, caused by slowed intestinal ‘ITIOTl]ll.y due EO
malnutrition. Dysbacteriosis, which disrupts the balance of intestinal mu:_mﬂord.
leading to digestive disturbances. Reduced tolerance to food, characterized by
difficulties in digesting and absorbing nutrients,

3. Syndrome of Central Nervous System Dysfunction _

Emotional tone disorders, including increased irritability or apathy. Low
mobility, leading to reduced physical activity and muscle weakness. o

Thermoregulation disturbances. resulting in an inability to ma‘ml'alll
normal body temperature, Sleep disorders, which can manifest as difficulty ful[?ng
asleep or maintaining restfy| sleep. Delayed psychomotor development, nftcculltg
motor skills, reflexes, and cognitive functions. Muscle hypo- and dystonia,
characterized by decreased muscle tone and strength. .

4. Syndrome of Hemopoiesis Disorders and Decreased Immunobiol_ﬂglcjﬂ
Reactivity. Anemia, resulting from deficiencies in protein, iron, folic acid, vitamin
B12, and other essential nutrients. Secondary immunodeficiency, making the body
more susceptible to infections, Atypical course of infectious-inflammatory

discases, where infections present with prolonged or atypical symptoms due to
weakened immune responses,

Classification

Depending on the severity, hypotrophy is divided into 3 Jevels: I 1L I In
the diagnosis, the etiology

of hypotrophy, concomitan diseases, and COITlP“Cf“m"Sf
should be noted, A distinction is ‘made between primary and secondary
(symptomatic) hypotroph

phy. Primary hypotrophy occurs as a result of lack of food.
secondary hypotrophy is a complication of the main disease.

Clinic. Hypotrophy I degree- characterized by a decrease in

subcutancous fat in a]] parts of the body, especially in the abdomen. CHulitskaya
index is equal to 10-15

Tissues are turgid, muscle tone ig reduced. There is a slight whitening of
the skin and mucous membranes, a decrease in skin elasticity and turgor. The
height of the child corr, ! the body mass is reduced by 11-
20% compared to the q : ition of the child is satisfactory.
Psychomotor development js age-appropriate, but the child is restless, capricious.
gets tired quickly, sleeps restlessly .

Hypotrophy IT degree. The subcutaneous fat layer decreased in the
abdomen, chest, and limbs, but was preserved in the face, CHulitskaya index is 1-

10. The child's skin is pale, gray, and folds slightly. On the inner surface of the

thigh, longitudinal, bag-like folds appear. Symptoms of polyhypovitaminosis

(marbling of the skin, blistering ang hyperpigmentatiop in the folds, brittleness of
nails and hair, appearan i

: . n the comer of the mouth, etc.) develop.
Tissue turgor is reduced. As a regylt of



becomes larger, causing intestinal atony and flatulence. In hypotrophy, rickets is
manifested by muscle hypotonia. 0stcoporosis, osteomalacia, hypophsia.
craniotabes, softening of the large lichyldok areca, late eruption of teeth, lordosis.
kyphosis, scoliosis. Body mass decreased by 20-30%, height decreased compared
to the norm. The child is lethargic, restless, capricious, indifferent to the extrnal
environment. The child's appetite and food tolerance have decreased. Sleep is
disturbed. thermoregulation is disturbed, the child quickly cools dowr or
overheats.
Many patients have otitis, pneumonia, pyelonephritis and other infectious
discases with few symptoms. At the level of hypotrophy II, patients’ stools are
variable: constipation alternates with dyspeptic stools.

Hypotrophy LIT degree (insanity, atrophy).In the III degree of primary
hypotrophy, the appearance of the patient resembles a skinned skeleton. The
subcutancous fat layer is thin on the abdomen, chest, arms and legs, and o1 the
face it is very reduced or completely absent. The skin is gray, dry, and the Embs
are cold. Skin elasticity is lost and wrinkles are expressed on the face. CHulitkaya
index is negative. Symptoms of hypovitaminosis (vitamins C, A, V) have

developed in the skin and mucous membranes. The patient's mouth is large, and

there are visible cuts in the comer of the mouth, Sometimes wet erythema is
observed on the skin. The patient's face resembles the face of an old person (dee to
wrinkles). The stomach is large, full, the stools change, constipation alternates with
diarrhea. Body temperature has dropped. The patient gets cold or warns up
quickly. Body temperature rises without reason. As a result of weakening of
immunological ~reactivity, otitis and other foci of infcctfon (zotifam,
pyelonephritis, choleenteritis, etc.) develop and pass with_ml]d syfrlpmms.
Hypoplasia and osteomalacia symptoms of rickets are ol?scwed in the patient. The
patient's body mass is 30% or less than the norm. The height of the patient hasalso

decreased.
In the ITl-level of secondary

is milder compared to primary ‘hypot.ml?

treated quickly, the child's condition will improve.
7- figure
Levels of prote

hypotrophy, the clinical picture of the discase
hy, if the main disease is detected and

in energy deficiency




1.healthy child

2. Hypotrophy I degree
3. Hypotrophy II degree
4. Hypotrophy III degree

Hypotrophy treatment options . fre el
Hypostatura (from the Greek hypo- low, slalu_ra-hclgh_t) - the P "L‘ d
height and body mass are uniformly reduced, (‘[lu!ns}fu'\'n index dutdrf;i;\c‘-m-
Hypostasis is characteristic of patients born with brain and lwzfrt [‘;‘Lll{c!
encephalopathy, endocrine pathology, bronchopulmonary d_\'ﬁDlﬁSla: aically
underlying disease is treated, for example, a congenital heart defect 15 bulglcﬁi %
corrected, the patient's physical development will return (o normal. Symptoms ;'1
polyhypovitaminosis, trophic disorders, dysproteinemia, aminoaciduria, etc. on the
patient's skin. k. observed. . . izl
Kwashiorkor is a specific variant of hypotrophy in infants in lfOr_m‘ll
countries, but it is caused by a diet of plant products and a deficiency of anima
protein. Protein deficiency can be caused by:
1. Decreased protein adsorption as a result of prolonged diarrhea i
2. Proteinuria, infectious diseases, helminthiasis, burns, excessive loss of
protein as a result of heavy bleeding
3. Excessive protein loss in chronic ljver discases.
The main symptoms of kwashiorkor are as follows:
1. Neuropsychological disorders

(apathy, weakness, drowsiness,
excessive crying, loss of appetite, re

tardation of psychomotor development).
2. Swelling (swelling oc

Curs as a result of hypoproteinemia at l_h"’
beginning of the disease, and later swelling is observed on the face and hands.
leading to false obesity,

3. Thereisa decrease in muscle mass, muscle atrophy, tissue trophism.
4, Jismoniyrivoj]anishdanorqadaqoIish

_ \ Symptoms can be observed - changes in hair
(weaving, thinning, fading), dermaitis (hypovitaminosis symptoms on the skin,
anorexia, moon fac

: €, anemia, diarrhea). Rare Symptoms of kwashiorkor include the
following: Dermatosis (round red-brown areas on the skin), hepatomegaly (as a

result of .Fatty infiltration of the liver), €Czematous changes on the skin,
ccchymosis, petechiae olyhypovitaminosis (A, V1, V2, Vs, D).

decreased kidney functj mia, hypoglycemia, aminoaciduria, etc. k.

. ton, hypoproteine
Anemia, ]ymphocytopcma, SOE increased in blood analysis. As a result of
Ses are severe,

decreased immunity, infectioys disea
Marasmus is foung in children of preschoo
N Symptoms of the disease i

by starvation. The maj
ubcutaneous fag. thinning of hands, and the face

(less than 60%), loss of skin and s
looks like an old Person. Rare symptoms of the disease include hair loss, vitamin
nt infectiong,

deficiencies, diarrhea, and recurre,
Diagnosis and differentja) diagnosis

I'and school age and is caused
nclude a deficit of body mass
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The main indicator of the diagnosis of hypotrophy is the thickness of the

subcutaneous fat layer.
Differential  diagnosis.
chondrodystrophy, bone spurs, vitamin
dependent rickets.
Treatment

Hypotrophy

should be differentiated from
D-resistant rickets, and vitamizx D-

Treatment of patients with hypotrophy should be complex:

1.

2. Diet therapy:

3.

4. Treatment of infectious u
diseases:

5.

Dict therapy is the basis of rational treatment 1

Organization of a rational regimen, cducation, massage,

Identifying the cause of hypotrophy, eliminating it, and correctingit;

gymnastizs;
lcers. rickets, anemia, accompatying

Stimulating. symptomatic, enzyme-vitamin therapy.

n hypotrophy. The main

principles of diet therapy in hypotrophy consist of a three-phase diet:

1.
2. Transition period;
3.

1. In the early stages of treat
(mother's milk. sour milk, acidophilic m
etc.);

2.
10 times);

3. Systematic co
food eaten, the amount of li

The period of determini

level, 3-7 days in the Il-level,
treatment, the amount of liquid s

child.

Age

Frequent meals (hypotrophy 1

ntrol of eating

Strong (optimal) feeding period.

The following important principles of diet therapy
ment. give easily
ixtures, "Malyutka", "Malysh", "Biohkt",

quid drunk, the amount of
ng food tolerance-hypo
10-14 days in the TlI-level. From t
hould be given according to the actual mass @ the

The period of identification of food tolerance;

in hypotrophy inclue:
digestible food products

-level-7 times. Il-level-8 times, 1Il-kvel-
(daily keeping, recording the amownt of
waste, diuresis):

trophy is 1-2 days in fe I-
he first dey of

Daily water requirement, ml/kg
of body weight

| 10days  ———]
. 3months ]
| 6months

9 months

1 years old
2 years old
4 years old
6 vears old

80-100
125-150
140-160
7 1 e | T
SRR IR L N
120-135
T T i
w00

. A . T

[ 10yeasod _——
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On the first day of treatment. the daily volume of the mixture is gl‘\.e‘n ]llﬂ
relation. to the body mass of 2/3 in hypotrophy level I, 1/2 in hypotrophy IL]:)LIIOS-
and 1/3 in hypotrophy level [11. Calorage is as follows: h'\‘polr()[?hy -1 v o
keal/kg: 1I- level - 75-80 kcal/kg: Level I11-60 keal/kg: amount of protc:n) -7-:2”\'0_
per day in hypotrophy of | degree, [I- degree - 1.5 wkg. I1I- degree - 0.6-0.7 g/ke.
The insufficient amount of fluid js given
regidron, citroglucosolone).

Restoration of the normal volume of circulating blood. correction of
electrolyte metabolism. stimulation of protein synthesis are among the l'isk% of 1‘}.16
first and second day in severe hypotrophy. Amino acid solutions (amino am:‘
hydrolyzates), 5% albumin are used in parenteral nutrition. In the period ;’
i ¢, the amount of the basic mixture is increased by 10-20
ml per feeding every day. _ ¢

In the transitional (intermediate) period, therapeutic mixtures (from 173 o
the total volume) are added 1g the main mixture, that is, adapted mixtures
containing more ingredients than mother's milk are added. L

The size and composition of the meal is increased to the child's weight. 1.0
increase the amount of protein in the diet, protein mixtures and products (protein
enpit, low-fat kefir, cottage cheese, egg yolk, etc.) are recommended. .

The criteria for the cifectiveness of diet therapy are the Ib]lm‘\-’m:g-
improvement of emotional state, normalization of appetite, improvement of skin
and tissuc turgor condition, increase of daily body weight by 20-30 g.
normalization of L, [, Chulitskaya index. moderation of eating,

In the period of intensive nutrition, hypotrophy is recommended in the I-
level - 140-160 keal/kg per day, in the 11-I1] level « 160-180 keal/kg per day. l.hc
amount of protein is -3.5-4g/kg. The main criteria of the effectiveness of diet
therapy are the following: nutrition angd psychomotor statys. improvement of
metabolic indicators, daily body weigh; increase of 25-30 g/day.

If hypotrophy of the first degree is not complicated, it can be treated at

home, Hypotrophy of the IT and 111 degree is treated in an inpatient setting. The
room should be clean, b

i temperature should he 24-25 0 C. In case of
hypotrophy. it is advisable to dg Mmassage and gymnastics.

sbiosis: bifidumbacterin or bificol is used for 3

as enteral glucose, salt mixtures (oralit.

Enzyme therapy -
hypotrophy, sheep enzyme
Juice, etc. If there is 5 large amouny of neutral fat ang
pancreatin, panzinorm, Pancitrate are yseq.

Vitamin therapy - o the beginning of (he disease, vitamins are prescribed
parenterally. then PEr 0s. In the fipgt days, vitamins C, V1, V6 are given. Vitamin
A,RR,V 15, Vs, E, folic acid, vi2 are used in the 23 cycles of treatment.

Stimulating therapy . apilak, dibazol, Pentoxyl, metatsil, pantocrine,
ginseng is used. Immunoglobylin is used in severe hypotrophy with infection. For
the purpose of stimulating therapy, | drop of 20% carnitine chloride per 1 kg of
body weight is recommended (adding it 1o boiling water ang drinking it).

§ are used: abomip



Simptomatikterapiya:In order to treat anemia. iron preparations, folicacid
are used, if the amount of hemoglobin is below 70 g/l it is recommended to pit an
erythrocyte mass.

In the treatment of hypotrophy, the doctor must approach each zhild
individually.

CONSEQUENCES: It depends on the elimination of the caus of
hypotrophy, the presence of concomitant diseases and complications, the age o the
patient, the nature of nutrition, environmental conditions, and the degre of
hypotrophy.

PROPHYLAXIS

1. Natural feeding is important.
Early detection and rational treatment of hypogalactia.

2.

3. Proper nutrition according to age.
4. Adcquate vitaminization of food.
5. Prevention of rickets.

6. Organization of daily routine and care.
7. Early diagnosis and proper treatment of rickets, anemia, breatling,

organs of the gastrointestinal system, kidneys, endocrine diseases.
Physiology of bone tissue
There are two types of bone tissue:
fibrils are aligned in the same direction, and
arranged in different directions. Cortical bo
bones (80% of their mass), covers the outer surface of bones,

and performs supporting and protective functions.
Embryogenesis: The formation of bone tissue begins in the second month

of intrauterine life. Bone tissue develops from mesenchymal cells, in which
ossification centers appear between wecks 5 and 7. By the time of_ kirth,
mesenchymal cells are usually absent. The process of ossification starts dm:mg the
fetal period and involves the diaphyses of long bones, as well as some cp:plys:as
(the upper and lower ends of the tibia, the upper end of the femur, and the ciboid
bone). When the ossification centers (a total of 806) appear, the complete skekton

is formed.

Bone structure: Bone tissue is not a thin system of bone plates but_ a ense
fibrous, reticular (mesh-like) structure. Bone canals are numerous, wide, and
irregular in shape.

This version is gramma

i need any further a

" kno“'i'll:;yi(l)ltrcasc iujlr;onc length is especially noticgablc between the a,gc'zsofz
and 3 years. Bone tissue has a remarkable rqgcne:’z}tlvg capacity. Flur"Lf"mple’
fractures of the clavicle, which may occur during c!uldblrth, can hf(‘:a] \w::: hin 5—[6
days. Bones have a rich blood supply, with the terminal branches 0 hb ood vassels
located within them. This contributes to the occurrence of dcm?tt[gg'm?}l,js
osteomyelitis, as infections can spread through the bloodstream and settie it the
Haversian canals. )

Bones contain a high peientage of water, espect
65% —which gradually decrcascs with age to approximately 2

lamellar (cortical), where colhgen
woven (trabecular), where fiber are
ne tissue forms the basis of human
bears the mainlbad,

tically correct and sounds natural in English. Let

djustmcnls!

ally in newborns—ibout
0% per year. Yaung
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children have fewer bones, and the mineral content increases as they grow. Il:, /thc
fetus, the mineral content reaches 39%, while by the age of 4, it increases to 47%.
Skull bones:
—A joint is formed where multiple bones connect.
—Two sutures are closed in premature babies. 3
—The small fontanelle remains open in 25% of newborns and may close
as early as 2 months of age, .
—The large fontanelle measures 2-2.5 cm in newborns and typically
closes between 1 and 1.5 years of age.
Teeth:

in the embryonic period, a derivative is formed from the 40th day

e the child is born without teeth (both milk teeth and permanent tecth

are present)
e There is a definite period of teething
°  milk teeth start to emerge at 6 months and end at 2 years.
®  Their number is determined by the following formula: n-4, where the
age of the nth child is in months (6-24 months old)

®  The eruption of permanent teeth begins at the age of 5-6 and ends at

the age of 11-12. Their number is determined by the following formula: 4n-20.
where n-child is over 5 years old

®  Wisdom teeth come ou
Muscular system

Embryogenesis of the M

t during puberty.

uscular System: Skeletal muscles develop from
the mesoderm. In the thirq week of embryonic development, the dorsal portions of
the mesoderm divide into somites, beginning at the cranial end. Segmentation then
rapidly progresses in a craniocaudal direction, and by the sixth week, 39 pairs of

somites are formed. ates into a sclerotome, a dermatome, and

amyotome. Almost all striateq (skeletal) muscles originate from myotomes. ‘
In a four-week-olq embryo, myotomes consist primarily of single-
nucleated, round cells that |at

er take on an elongated shape—these are known as
myoblasts. Starting from the fifth week, myoblasts lose their ability to divide and
synthesize DNA. Instead, they begin rapidly producing contractile proteins such as
myosin - and actin. Thege proteins  form contractile filaments known as
myofilaments,

By the eighth wee
anatomically differentiateq.
Smooth muscles develop

of development

By the tenth w
fro

» almost all of the embryo's muscles are
cek, muscle tendons are already formed.
M the mesoderm and differentiate from the
mesenchyme surrounding the epithelial structures of various organs.

Dynamics of growth of muscle mass depending on the age of the child:

*23-24% in newborng

*8 years old 27-282;

*12 years 30%

*14-15 years old 32-33%

*17-18 years old 44%,

Morphological featyres of the muscular system:
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- 5 times thinner than adults

- has a well-developed interstitial tissue

- few myofibrils

- short. thin and pale

- has a small amount of contractile proteins - myzin and actin

-nuclei are round in shape

-low in fats, proteins, inorganic substances, rich in water

Innervation and Blood Supply of Muscle Units: The development of rerve
endings in muscles begins long before birth, and their network continues to mature
for a long time after birth. However, the proprioceptive apparatus develops at a
much faster rate, surpassing the formation of motor nerve endings. By the tine of
birth, the neuromuscular junction has a well-developed capsule, bundles, scatered
nerve fibers, and muscle spindles. With age, not only the structure but alse the
distribution of nerve endings in the muscles changes.

In the embryonic period and early childhood, muscle blood supply is
already well developed. However, unlike in adults, the distribution of muscle
vessels during this period is more diffuse or transient, whereas in aduls, it
becomes more structured. In general, the arterial supply to muscles is fully fomed

before birth.
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I CHOPTER .DISEASES OF CHILDREN OF EARLY AGE.

AN

3.1. Rickets in children

Rickets (Greek rhachis - spine) — is a childhood discase caused by
metabolic disorders, primarily phosphate-calcium metabolism. leading to L!I_H“I!.‘:’,C
Lo various organs and systems, with the skeletal system being the most ali;:uh:tk
There is not enough accurate information about the spread of the dl-“:?’*_c'
According to statistics, 80% of children in England, 87.7% in the USA. 74.2% in
Germany. and 80-90% in Russia have rickets. )

Rickets is caused by a deficiency of vitamin D in the body, leading to a
disruption of phosphorus-calcium metabolism. It
premature birth, general w

cared for. does not spend
improper diet, vit
ultraviolet rays ¢

is often associated with
cakness, and artificial feeding. If a child is not properly
cenough time outdoors in fresh air and sunlight. or has an
amin D intake may be insufficient. Additionally. a lack _01
an impair the natural production of vitamin D in the sl\tm‘
increasing the risk of rickets, Frequent illnesses and poor maternal nutrition during
pregnancy can also contribute to the development of ricke

Rickets leads to metabol;
Systems. In this discase,
phosphorus and calcium,

ts.

¢ disorders and dysfunction of various organs and
the metabolism of cssential mineral salts. parlic.ulzn'[)’
is significantly disrupted. Calcium absorption mn the
intestines and its deposition in bones are altered, resulting in bone thinning, tissue
softening, and dysfunction of the nervous system and interna] organs.

_ The specific anatomical and physiological characteristics of bone structure
in children depend on the formati

on of bone tissue. Children's bones differ from

thse of adults in that they contain more water and fewer minerals. This lower

s s softer and more flexible compared to adult

bones: When pressure is applied, a child’s bone can change shape without

breaking. Additionally, bope growth and repair in children differ from that of

adults, al!owing fractures 1o heal faster. Children's bones have a higher ability to
withstand pressure while maj

: Maintaining a degree of softness.
l}u.:kcls 'S most commonly seen in children under the age of two.
Etiology.

_ Causes and predisposing  factors of Primary vitamin D deficiency
rickets:

. 2. Dietary Fqctors: The non-adapted formulas in artificial
feeding, prolonged milk feeding (1 fiter of breast milk contains 5070 1U of

vitamin D3, while Cow’s milk contains only 20-30 IU), and high phosphate

content in cow’s milk disrupt the calcium-phosphorus balance, preventing
calcium absorption in the intestines,
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e v 550 1 oyt
LS L1 ogr gy ains 140-390 IU of vitamin D3
Addll}onally. prolonged feeding with vegetable-based porridges without urn'm::i
proteins can lead to rickets, as the child’s body does not receive cnouéh
Qa101un1. phosphorus, tracc clements, vitamins. amino acids, and ]ipi&q
Furthermore, phytic acid in porridges and vegetables binds calcium in 1h‘c-
intestines, reducing its absorption and inhibiting the uptake of vitamin D and its
metabolites. )
3. Perinatal Factors: Premature infants have a lower reserve of vitamn D
calcium (Ca). and phosphorus (P). The intensive transfer of Ca and P from thu;
mother to the fetus through the placenta begins at 36 weeks of gestation. At 26
wecks, the transfer rate is approximately 100-120 mg/kg of Ca and 60 111g/i;n‘0;?p
per day. By 36 weeks. this increascs to 120-150 mg/kg of Ca and 85 mgjk;o[‘ P
per day. T
Postnatal growth rates are higher in preterm infants, which increases their
need for Ca. P. and vitamin D. The daily calcium requirement for full-term infants
is 70-75 mg/kg, while in preterm infants, it can be as high as 200-225 mg/kg per
day. In adults, this requirement drops to approximately 8 mg/kg. Similarly, the
daily phosphorus requirement is 40 mg/kg for full-term infants and 110-150 me/kg
for preterm infants. T
Secondary vitamin D deficiency causcs of rickets include:
I. Malabsorption Syndrome — Conditions such as celiac disease, cystic
fibrosis, and other pancreatic disorders impair fat absorption from food, which in
turn reduces the absorption of fat-soluble vitamin D. Additionally, in exudative

enteropathy and other chronic intestinal diseases, the synthesis of calcium-binding

proteins and calcitriol is disrupted.

2 Chronic Liver and Kidney Disca
active metabolites of vitamin D3, leading to deficiencies.
actors — Long-term use of anticonvulsant drugs fe.g.,
phenobarbital, phenytoin) accelerates vitamin D metabolism, leading to
endogenous deficiency. Prolonged use of diuretics and parenteral nutrition can

cause not only calcium deficiency but also vitamin D deficiency.
4. Environmental Factors — Excessive amounts of strontium, mergury,

zinc, and other metals in soil. water, and food can replace calcium in benes,

contributing to the development of rickets, osteomalacia, and 051e0porosis.
5 Psychosocia] Factors and Lack of Physical Activity - In additien to

perinatal encephalopathy, a lack of physical development activities in the family
(such as massage and gymnastics) can lead to low muscle activity and reduaced

blood supply to bones. _
6. Hereditary Anomalies of Vitamin D and Calcium-Phosphorus

Metabolism — Genetic disorders affecting the metabolism of these essantial
nutrients can contribute to deficiencies and bone-related discases. it s

7. Hereditary Metabolic Disorders — Conditions such. as cysu_m.ma.and
tyrosinemia can interfere with normal metabolic processcs, leading to deficienties.

8. Po]vhypovituminosis _ A deficiency of multiple vitamins can further
contribute to metabolic and developmental issues.

ses — These conditions reduce the

formation of
3. latrogenic F
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9. Chronic Infectious Discases — Persistent infections can ncgzmv?l)’
impact overall metabolism  and nutricnt  absorption, further exacerbating
deficiencies.

The main functions of vitamin D: o

I. Vitamin D - Enhances the synthesis of calcium-binding proteins in the
intestines, ensuring the absorption of calcium (Ca) and phosphorus (P). _ _

2. Bone Health - Stimulates bone mineralization by increasing citrate
synthesis at the blood-bone interface. ) A

3. Osteocalcin Synthesis ~ Promotes the production of oslcoculf:m (1[15
main non-collagenous bone protein and a key marker of ossification) by
osteoblasts.

4. Calcium Storage — Facilitate

s calcium accumulation in bones.
5. Blood pH Regulation —

Helps maintain the acid-base balance of the
blood.

6. Renal Function — Ensures the reabsorption of Ca and P in the renal
tubules.

7. Immune Function - Exhibits immunomodufatory properties; in cases ol
vitamin D deficiency,

phagocytosis, interleukin-1 and -2, and interferon synthesi
decrease, weakening the immune response.
8. Muscle Function —

transport into muscle cells, and c
Pathogenesis of rickets
The state of hypovita

: atee calet 1
Binds to muscle receptors, accelerates caleiun
nhances muscle contractility,

minosis D in the body reduces the synthesis of
calcium-binding proteins in the intestines, impairs caleium absorption, decreascs
the ability of bones to fix calcium, and reduces the synthesis of citrates in Lissues.
As a result of hypocalcemia in the blood, the function of the parathyroid glands 1s
disrupted, leading to increased production of parathyroid hormone. Parathyroid
hormone promotes the release of calcium from bones into the bloodstream.
ivity, and suppresses osteoblast synthesis. Additionally. 1t
ption of phosphates, bicarbonates, and amino acids in the renal
tubules, increasing their excretion in the urine, Thig characteristic of parathyroid
hormone leads 1o h)’DOphOSphatcmia and metabolic acidosis in rickets.
Hypophosphatemia causes a rapid release of phosphorus from organic compounds.
primarily from the phosphatides of the myelin sheath in nerve fibers and nerve
cells, as well as from adenosine phosphoric acid in muscle tissue. Demyelination
ﬁrs} leads to increased excitability, followed by alternating inhibitory reactions.
This results in impaired energy metabolism in myscle tissue and a decrease in
muscle tone. Thig condition is accompanied by signs of increased excitability of

the autonomic nervous system, including excesgive sweating, sleep disturbances,
sensations of flying and falling, and restlessness, ’
phosphatase in the blood Serum increases, but g significance is not yet fully
understood. However, some scientists associate thig increase with the relcase of
phosphorus  from organic  compounds, Hyperparathyroidism and vitamin D
deficiency lead to increased excretion of amino acids in the urine, a condition
known as aminoaciduria, The structure of collagen protein, which forms the

organic matrix of bones, is disrupted. A deficiency of the active metabolite of
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vitamin D. along with imbalances in calcium, phosphorus. and citrate metabdism.
leads to impaired osteogenesis. The leaching of calcium from bones resuls in
osteoporosis. Bones gradually soften and bend under pressure, while done
calcification slows down. Calcium and phosphorus salts are not adequstely
deposited in osteoid tissue, and normal bone resorption is impaired. In the gowth
zone, osteoid cells divide irregularly and proliferate excessively, leading ¢ the
expansion ol bone tissue at the epiphysis and growth points of tubular lones
(osteoid tissue hyperplasia). At the same time, bones fail to grow proprly,

resulting in bone tissue hypoplasia.
Based on the above pathological conditions, changes in the bone systen in

rickets can be divided into 4 groups.
1. Symptoms of osteomalacia — softening of bones. In this condition the

resorption of old bone cells occurs, leading to skull softening (craniotdies),
softening of the periosteum, brachycephaly, as well as bending and softenig of

long bones, the spine, and ribs (Figure 8). -
2. Symptoms of osteoid hyperplasia — these symptoms predominate 1t the

subacute course of rickets. They include prominent forchead and crown, rikets
bracelets, pearl strings. and rickets beads.. (Figure 9)

Figure 8

FigurceY
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3. Symptoms of bone tissue hypoplasia — shortened legs due to dclayct%
growth of tubular bones, delayed eruption of primary and permancent teeth, late
closure of the maxillary sinus. flat pelvis, underdeveloped lower jaw. and saddle
nose. ‘

4. Bone deformations caused by muscle hypotonia — curvature of the spine
(lordosis, kyphosis, scoliosis) and chest deformities characterized by lower aperture

curvature, such as pigeon chest (pectus carinatum) and funnel chest (pectus
cxcavatum). (Fig. 10)

Figure 10
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Table 8

Classification of vitamin D deficiency rickets

Depeding  on | Activity Passing By typc of

the period level crossing

Initial I - mild| Sharp Calcipenic

The peak degree Acute under type

period 11- Relapsing Phosphopenic

Recovery moderately | rickets type

period severe level Calcium  and

-Period of 1II-  severe phosphorus

residual level content

complications type  without
obvious

| changes

Clinical picture
The clinic of the discase dep
duration and severity of the discase. The discase is ©

ends on the age of the child, the phase, period.
ften observed in late autumn and

winter,

In the course of the disease, the

e Initial period.

e A period of climax.

o The period of convalescence.

o Period of residual complications.

The initial symptoms of rickets appear when
in premature infants, they may appear as carly as 34 wi
are primarily characterized by functional changes in the ne

The child sweats excessively without an apparent cause,
skin tightness, itching of the nape, and hair loss.

The child becomes irritable and fussy

restless sleep.
The initial stage of rickets lasts fro
this period, changes in bone tissue become no
edges of bones forming large joints.
If the disease is not diagnosed and treated
second stage, during which changes affect multiple systems
related symptoms become more pronounced.
Bone changes occur depending on th '
caregiving practices. For example, due to the softening a
the bones, prolonged positioning in the same posture, bre
side, or excessive time spent lying in a crib can causc de

subjected to pressure.

following main periods are distinguished:

a child is 1.5-2 months old, while
ceks of age. The first synptoms

rvous system:
leading to heat rash,

for no apparent reason and experiences

m 2-3 weeks to 2-3 months. By theend of
ticcable—particularly the softening of the

cd in its carly stage, it progresss to the
and organs, and bone-

¢ child's physical development and
nd increased flexibility of
astfeeding from o1ly onc
formations in the bones
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The back of the head becomes flattencd

Bumps appear on the forchead and crown bones

The skull may tilt in different directions B . s

The chest takes on characteristic deformitics, such as "pigeon ches
(pectus carinatum) or "cobbler's chest" (pectus excavatum) N -

"Rickets bracelets" — enlargements at the lower ends of the wrist bones

Narrowing of the small pelvis

O-shaped or X-shaped legs e and

Curvature of the spine, including kyphosis in the ]()Wcr. thoracic ar
lumbar regions, scoliosis (thoracic region). and lordosis (lumbar region)

Delayed and improper eruption of teeth

- . . scle and
In addition to bone deformities, rickets also leads to decreased muscle an
ligament tone, a hallmark sign of hypotonia.

During the peak stage of the disease, the symptoms worsen, and functiona

impairments appear in the respiratory and cardiovascular systems.

£ : . "ol e S

The convalescence period is marked by the gradual weakening of mkblq

. = 2 15

symptoms. followed by recovery. The first improvements occur in the m,rvmi
system, bones begin to harden, teeth erupt, static and motor functions develop, an

. : . : 25 in
the liver and spleen retumn 10 normal size. Additionally, functional changes
internal organs gradually resolve,

Residual signs of rickets are typically observed in 2-3-year-old children who

have experienced moderate or severe (Grade I or Iy rickets. These signs ’_"ﬂ-"_
include changes in the shape of teeth and bones, occasional enlargement of the liver
and spleen, and varying degrees of anemia,

Rickets is classified into three degrees b
manifestations:

Grade | (mild) — minj

Grade II (moderate)

Grade I11 (severe) —

Rickets can follow a

It is not possible t
delayed growth, late erupti
these signs may
conditions.

Complications. |
specific and non-specifi
and irreversible residy
system.

ased on the severity of clinical

mal bone tissye changeg

— clearly developed symptoms

now rarely observed

cute, subacute, or recurreng courses,
o diagnose rickets solely
on of the first teeth, or (e
also be present in chi

based on symptoms such as
layed motor develmpmcnt._ as
ldren with other unrelated pathological

f the disease is not
C treatment measures
al complications affe

diagnosed in time and appropriate
are not taken, it can lead to severe
cting the child's stature and bone

i : ogical conditions due to abnormal
head positioning. Breathing problems caused by chest deformities. Pelvic bone
deformities, particularly i

concerning for fyture mothers, which can lead to

complications during childbirth, Excessiye curvature of the legs (severe bowing or
knock-knees)

The consequence, [f rickets

is detected in lime
carried out, the outcome wil] end witt

and appropriate treatment is
1out complications. Only in some cascs, cases of
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the above-mentioned complications can be observed as a result of negligmee of

mothers.
Treatment and care. Treatment of rickets depends on the severity, course
and duration of the disease, and the main methods of trcatment include det and
hygiene, vitamin D and physiotherapeutic procedures.

Prevention of rickets: Prevention of rickets includes both non-gecific
and specific measures, each of which consists of prenatal and postnatal prexentive
strategics.

Non-Specific Prevention

Prenatal (Antenatal) Measures

Non-specific prevention before childbirth focuses on cnsuring eptimal
conditions for the pregnant woman, including:

A nutrient-rich and diverse diet enriched with vitamins

Maintaining a balanced work-rest schedule

Following hygicne rules

Spending ample time outdoors for fresh air and sunlight

Postnatal Measurcs
After childbirth, the following basic non-specific preventive measures

should be implemented:

1. Proper breastfeeding practices and timely introduction of vegetble or
fruit purees

2. Prolonged

outdoor exposure, maintaining hygiene in the child’s

environment, and following a daily routine suitable for the child’s age
3. Refreshing treatments, such as air and light-air but.hs
4. Regular massage and physical exercises (gymnastics) .
5. Protecting the child from infectious diseases as much as possible
ANATOMO-PHYSIOLOGICAL CHARACTERISTICS OF THE

RESPIRATORY SYSTEM

Embryogenesis of respiratory organs

embryonic development, the respiratory orgars begin

: he third week of ¢
g 1;1:;1(:1(1)1; imlle developing for a long time after the ch‘i[d's birth. In the 3rd
week of embryogenesis, a bulge appears in the nec}k region of the endqdem‘nl tu[bc;{
which begins to grow rapidly. In the 4th \\_feck, lt_ divides into the .rlght and Te
parts—the future right and left lungs. Each of them, in turn, branches like a tge. he
bronchial mucosa,‘- muscles, and tendons are fon_ncd .from the mc:;uicnna[
mesenchyme. The skeleton of the trachea and bronchi begins t0 fieve!lopz :f)m t?Ge
10th week of fetal development. The c:malicu!ar phz.tse (rccanalllzalnon).tas ?on(?m
o 26 weeks. During this period, the formfmon of the b‘ronchla ;a;;_ t)g glmmsues,
along with the development and vascularization of the rcsp_lralory Fan—bc i lg“ -[hc

The final phase (alveolar)—the period of alveoli foma g) ntingues durin
o4t week The formation of alveoli is not completed at "”félffﬁveff i
the postnatal period. In children, the respiratory organs are ren have réhtively

; : i1d
oo cally or histologically. Young chi /
Sy e b i and lack lower nasal passages- The nasal nucous

small noses, narrow nasal passages, and ldc o
membrane is thin, relatively dry, and rich in blood vessels. Due to the
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the nasal passages and their abundant blood supply, even slight inﬂ;unmfiliun can
make nasal breathing difficult for infants. During the first six months of life, a child
cannot breathe through the mouth because the upper airway is compressed by the
tongue due to its relatively large size. In carly childhood, the nasal passage (choanae)
remains narrow, often causing prolonged nasal breathing difficulties.

Peculiarities of gas exchange according to age

Gas exchange in the fetus occurs through the placenta. Maternal blood flows
through the uterine arteries into the lacunae between the villi. In turn, fetal blood
reaches the placenta via the umbilical arteries, where capill
lacunac between the widely branched villi, The barrier separating maternal and i'c%al
blood is approximately 3.5 microns thick and consists of three layers. The partial
pressure of oxygen (pO:) in maternal blood is relatively low because it is mixed
blood. As a result, the pO: in the blood entering the fet
averages around 60 mmHg (8 kPa). However,
compensated by the high oxygen affinity
increased number of erythrocytes ensures an
16-17 ml of oxygen per liter of blood. Furth
of fetal circulation, oxygen-rich blood is pre
the brain and heart. Because of the lower
ATP is generated not only through oxidativ
adaptation makes fetal tissues more resistan

First hreath.Low-amplimde resp

ary vessels extend into the

us through the umbilical vein
the low pO: in fetal blood is
of fetal hemoglobin. Additionally. an
adequate oxygen supply, allowing up to
ermore, due to the unique characteristics
ferentially directed to vital organs such as
oxygenation levels in other fetal organs,
¢ metabolism but also anacrobically. This
t to hypoxia.

iratory movements are observed during
fetal development. During childbirth, gas exchange through the placenta is disrupted,
leading 1o hypoxia and hypercapnia. At  this moment, the sensitivity of

chemoreceptors suddenly increases, and the combined effect of hypoxia and
hypercapnia stimulates respi

! : ratory activity. Approximately 40% of the fetal lungs are
filled with cerebrospinal fluid (CSF), which is synthesized by alveolar cells. As the
fetus passes through the bir

pe rou birth canal, some of this fluid j squeezed out. However, the
remaining fluid in the airways makes it difficult for the newbom to take its first

br.ez_zth., requiring significant effort to overcome surface tension. A crucial factor in
1ml|at1pg respiration is clamping the umbilical cord, which causes an increase in CO:
levcls. in the newborn’s blood. When CO: reaches a critical level, inspiratory neurons
are stimulated through cenra] chemoreceptors, triggering the first breath. During this
process, the intrapleural pressure in a newborn can drop to -30 mmHg. Initially, the
lungs do not fully expand uniformly, but the continuous absorption of residual fluid
and .the_ blo'synth_esis of surfactant help stabilize the alveoli. Full and uniform lung
ventilation is typically achi ithin a few days afier birth. During aging, various
changes occur in the respiratory system. In men, lung vital capacity decreases,

anat(.m_lma].ar?d.phySIological dead space increases, breathing rate accelerates, lung
elasticity diminishes, and the number of e

nishes, a capillaries in the alveolar walls declines. As
aresult, gas dli_‘fusmn in the lungs becomes Jess efficient, particularly during physical
exertion. Maximum oxygen uptake is reduced, the alveolar-arterial Q: gradient
decreases, and arterial oXygen pressure declines, while CO: levels remain unchanged.
Anatomical-physio]ogical characteristics of respiratory organs
The members of the respiratory system include:
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- Nose:

-Additional spaces;

- Pharynx:

- Larynx:

-Bronchial tree;

- Lungs.

The main functions of the respiratory systen:

- Supplying the body with oxygen;

- Release of carbon dioxide from the body:

- Distribution of air for gas exchange.

Air enters the body through the nose, larynx. trachea, bronchi, and lungs.

veoli. The circulatory system enswes the

In children of different ages, the resgiratory

siological characteristics, which

erstanding these feaures is
In cases of pathdogical

are and treatnent, as

where gas exchange occurs in the al
distribution of oxygen to all body cells.
organs have unique structural, functional, and phy
influence the course of broncho-pulmonary diseases. Und
essential for ensuring optimal respiratory development.
conditions, this knowledge enables the provision of appropriate ¢
well as the development of effective preventive measures.
Morphological features of respiratory organs.

Characteristics of the upper respiratory tract. ) .
In children of early age, the upper respiratory tract 18 morpholegically

incomplete.
Characteristics of the nose in children :

The incomplete development of the facial part of lhg skul} results ina small
nose. Nasal passages are narrow, and infants do not have a fully formed lowar nasal
passage; its development is completed by the age ol four. As the nasal pissages
widen, the choanae undergo intensive development. The nasal mucous membrane is
thin, delicate, and rich in blood vessels. Due to the abundance of blood vesels al}d
the narrowness of the nasal passages, even mild inflammation can caust rapid
swelling, leading to nasal obstruction. As a resplt. mfaqts may stmgg]c to .breathe
through the nose, even with mild rhinitis, which can interfere fwth suckng and
potentially lead to respiratory distress. The subgmcosal layer contains less cz:en:ous
tissue, making nosebleeds rare in early C.hlldil(‘f()d: Cavernous  tissue : v]f ops
significantly between the ages of 8 and 9,.\vh]cl:h coincides with t‘he o;xset of mberty.
Consequently, nosebleeds are uncommon 1n children under one ylf,ar 0 a:ggi_ -

The relatively wide nasolacrimal duct and the underdevelopmen e b
create conditions for infections 10 gpread from the nose to the mucous memtbrane 0
the eye, increasing the risk of inflammation. » !

’ As atmosi,)hcric air passes througl} the nose, It 15 “;amleg;cm(n;_;(t)enr:;ir;u;:::
filtered. The nasal cavity secretes 0.5-1 liter of mucus [la?sroz;g:;e anc?comphmemj
new mucus containing bactericidal substances (stltch aso)hmyux helping to protect
and secretory immunoglobulin A flows through the nasop )

against infections.
In premature i

nfants, the paranasal sinuses are underdeveloped:
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The maxillary sinus begins developing in the third month of fetal life, while
the ethmoidal sinus develops by the sixth month. However, in newborns, these
sinuses are small and not fully formed. On X-ray, they become visible at around lllrge
months of age. The complete formation of the sinuses and their pore-like structures is
completed between the ages of 15 and 20.

The frontal and sphenoid sinuses are absent in early childhood. A sn'.aa[l
frontal sinus cavity begins to appear around the age of two, with development starting
at age seven and completing by 15-20 years.

Clinical Significance:

young children more commonly

develop sinusopathy, characterized by reduced air content in the sinuses following

upper respiratory tract inflammation.
Distinctive features of larynx;

In young children, the auditory tube is short, wide, and positioned more
horizontally compared to adults. The ear canal, which connects the outer ear to the
middle ear, is also short. narrow, and relatively straight.

Clinical Significance: Dye to the

only by the end of the first year of a child's

» the tonsils develop significantly and may undergo
hypertrophy. During adolescen

ce, they begin to undergo involution (atrophy).
Clinical significance:

Angina (acute tonsillitis) is not observed in children under one year of age.
The tonsils act as a special filter for microbes, but frequent inﬂammatory processes in
Fhem_ can lead to the development of chronic infection foci, causing general
Intoxication and sensitization of the body,

The growth of 4
children with constitut
hypoplastic diathesis.

Clinical Significance:

denoids (pharyngeal tonsi]

- ) is most commonly observed in
1onal - anomalies,

particularly in those with lymphatic-

In children, hypenrophy of the pharyngeal tonsils (adenoids) often occurs,
leading to obstruction of the posterior nasal Passages (choanae), making nasal
breathing difficult. I (he adenoids enlarge significantly (Grade 1.5-2 and beyond).
surgical removal ig recommended. Enlarged adenoids impair nasal breathing, forcing
the child to breathe through the mouth, This results in ajr entering the lungs without

being properly filtered and warmed, increasing susceptibility to respiratory infections.
Prolonged mouth breathing can leaq Lo characteristic facial changes, known
as "adenoid facies", which include:

A wide nasal bridge
A nasal voice (hyponasal speech)
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Constantly open mouth

Snoring during sleep

Additionally. mouth breathing can negat
reduced oxygen intake may impair concentration and learning. It can also affect
posture and contribute to improper bite formation due to altered jaw development.

Anatomical and Functional Features of the Larynx in Children

Shaped like a water droplet

Narrow laryngeal space

Cartilages are delicate and soft

Relatively short in length

The mucous membrane is thin, delicate, and rich in blood vessels

The vocal fold is narrow in children under 6-7 years old

The vocal cords are short

In early childhood, the vocal folds are significantly narrower than in adults.
Young children have shorter vocal cords, which results in higher-pitched voices.
Around the age of 12. boys' vocal cords begin to lengthen more than those of girls,
leading to deeper voices in males.

Clinical Significance: Due to these anatomical characteristics, even mild
inflammation of the laryngeal mucosa can lead to stenotic changes (narrowing of the
airway) in young children. This makes them more susceptible to laryngeal obstruction
and respiratory distress, especially in conditions like croup. Additionally. high
neuromuscular excitability in young children contributes to voice instability.
Hoarseness is frequently observed after prolonged shouting, often not due to
inflammation, but due to rapid fatigue caused by the relative weakness of the vocal

cord muscles
Features of the lower res
Characteristics of the Trachea
Narrow lumen
Shaped like a water droplet
Thin mucous membrane, rich in blood vessels

Poorly developed mucous olands )
In IIC\)\:’boms ic upper bo:dcr of the trachea is Jlocated at the level of the Cc4

ith age. similar to adults.
vertebra and gradually descends to the level of C7 with age, similar to ¢
The trachea in newborns consists of 12-20 cartilage semi-rings. a number

that remains constant throughout life. liabl
The cartilaginous semi-rings are soft and pliable.

Elastic fibers in the semi-rings are underdevcllopcd.
In young children, the membranous _(poster'lo_r) p/art
for 1/3 of its circumference, while in older children, it is 1/5.

[ > .I ica Stmcture Of the
ini i i . hc S]‘JCCI 1c ﬂna[ﬂl'ﬂl |

Cll“lcal Slgnl jicance: DUL to L I ,
tlaCllEa i T i Oms. lhlS 1S Common}
- inﬂammall(}ll can apl

dly lead to stenotic sympt
observed in:

Isolated tracheitis
Laryngntrachcitis (com
Tracheobronchitis (com

ively impact cognitive function, as

piratory tract
in Children

of the trachea accounts

ryngeal inflammation)

bined with la .
hial inflammation)

bined with bronc
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Additionally, the high mobility of the trachea makes it prone to displacement
in unilateral pathological conditions such as exudate accumulation or tumors.

Specific structure of bronchi in children

By the time a child is born, the bronchial tree is fully formed, and thp nun}bcr
of its branches remains unchanged throughout life. In newborns, the bifurcallon‘ of the
trachea is located higher (at the level of the T3 vertebra), whereas in adults. it is at
T5. The right bronchus is a direct continuation of the trachea and is positioned almost
vertically. The left bronchus branches off at an approximately 90-degree angle. The
bronchial walls are highly elastic, soft. and durable, allowing for easy movement. I_n
newborns and infants (up to 1 month old), the inner layer of the bronchial wall is
particularly well developed. The mucous membrane is thin and rich in blooc_l vessels.
The mucous glands in the bronchi are underdcvcioped. resulting in relatively dry
airways and insufficient humidification of inhaled air. The muscles and elastic tissue

of the bronchi are weakly developed. Ciliary motility in the respiratory epithelium is
reduced, affecting mucus clearance.

Clinical Significance:

s. Weak bronchial muscles and
nce, increasing susceptibility to

reducing their ability to trap and expel pathogen
ciliary function contribute to poor mucus cleara
respiratory infections and bronchial obstruction.

Slowed bronchial motility reduces the drainage and cleansing function of the

bronchial tree, Blockage of small bronchi with infected mucus can lead to lung tissue

collapse (atelectasis) and subsequent damage. In young children, a weak cough reflex

ays, increasing the risk of respiratory
infections and airway obstruction,

SPECIFIC CHARACTERISTICS OF LUNGS IN CHILDREN:

Like adults, the left lung has two lobes (upper and lower), while the right
lung has three lobes (upper, middle, and lower).

The segmental structure of the lungs is well developed at birth:

The right lung consists of 10 segments.

The left lung consists of 9 segments,
mental divisions:

segments (1Ist, 2nd, and 3rd).

. £ contains two segments (4th and 5th).

The lingular Segment (equivalent to the middle lobe) of the left lung consists
of two segments (4th and Sth).

o The lower lobe of the right lung has five Segments (6th, 7th, 8th, 9th, and
th).
The lower lobe of the left lung has four Segments (6th, 8th, 9th, and 10th).
Clinical Significance:
In children,
10) due to:
Differences in aeration
Variations in bronchial

pneumonia often develops in specific segments (2, 4, 5, 6, and

(air dislribution).
drainage activity,
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Impaired mucus clearance, which increases susceptibility to infection.
Developmental Differences in Children's Lungs:

Lung development is uneven across different lobes.

In infants under 1 year, the upper lobe of the left lung is poorly developed.
In newborns. the middle and lower lobes of the right lung are of equalsize.

By the age of 2 years, the proportion of lung lobes becomes similar tothat of

adults.
In newborns: The terminal bronchi en
developed alveoli.
New alveoli form from the edges of these sacs.
The number of pulmonary sinuses is three times lower than in adults.
The fissures (separating lung lobes) are not well-defined.
Clinical significance
Diffuse spread of path
separation between lung segments.
The segmental structure of children's lungs is similar to that of aduls, with
10 segments in each lung.
In children, the lung root con

well as lymph nodes.

Tuberculous bronchoadenitis is more common in children due to increased
lymphatic involvement in the lung root. The root of the right lung is positioned higher
than the left. : _

Developmental Differences in Alveoli: In children, z_:[veoh arc single-
chambered and wider, but their size is four times smaller than 1n adults. Tle total
number of alveoli in newboms (24 million) is 10-12 times 10}ver than in adults.
Alveolar diameter in newborns is 0.05 mm, whereas in adults, it ranges _from 0.2-
0.25 mm. The elastic framework of the lungs is underdeveloped, with sparse

connective tissue predominating. ;

Predispofition to Atelectasis and EmphySema_in Early Ch_lldhood:. )

Atelectasis and emphysema are more common in young children, pnm;]m :
due to: Low surfactant production, especially n premature infants. LO‘Wr_r. ung
aeration and increased vascularity in newborns. Underdeveloped clast:cl: tissue,
making the lungs more prone to ovcrinﬂau_on (cmpi.lyscma.) or collfqi{sc tgitcla:ttaz{s).
Limited chest excursion and narrow bronchi, further increasing the risk of ate :c a 15il

Gas Exchange Efficiency in Children: The amount of blol‘?'dlfasrf)l:rli%lmlr;‘:ie
the lungs per unit of time is greater in children than in adults, which p

efficient gas exchange. . Jis
Functional characteristics of respiratory org o
1. Newborns and infants breathe frequc“.[ly a0 S9p e 'l;his compensates
2. The younger the child, the faster their resp " umber of breaths

for lower tidal volume (amount of air per breath) by inc

to maintain adequate oxygen supply-

:ne depth and tidal volume are lower it
oo (0 and differences 1 €

This is due to smaller lung mass
: i 1y equa
anteroposterior and lateral chest dimensions are nearly eq

d in sac-like structures instead of fully

ological processes due to the absence of pleural

tains numerous blood and lymphatic vessels, as

iratory rat
reasing the num

1 children compared to adults.

hest structure. In infasts, the
1. making the chestappear
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as if it is in a constant inspiratory position. The ribs
nearly right angle with the spine, which limits rib
diaphragmatic (abdominal) breathing at this
distension can further restrict chest moveme
gradually transitions to a more adult-like sha

By 6-7 years of age, girls typically
boys predominantly use abdominal (diaphra

4. The number of breaths in childr

in newborns - 40-6()

Al 6 months - 35-4()

1 year old - 30-35

5 years old - 25

10 years old - 20

For people over 1() years old - 18-16.

5. Breathing in newborns and infants is arrhythmic,

6. Short-term apnea (temporary cessation of breathing for 5-10 seconds) is
common in newborns, especially in premature infants,
This occurs due to im

tendency toward hypoxia (low

oxygen levels).
The breathing rhythm is irregular and inconsistent in carly life.
7. At birth, tidal volun

ne (the amount of air per breath) is low:
Newborns: 15-20 m]

I-year-old: 60-80 m|

5-year-old: 150 m|

12-year-old: 200250 m|

Adults: 500 mi (on average)

Minute ventilation (total air exchanged per minute);

Newborns: 600-700 ml

Adults: 6-9 liters

Since newborn
frequently to meet oxy

8. Gas exchange in infants s highly efficient due to: Lungs being rich in
blood vessels, allowing for rapid oxygen diffusion.
High diffus

ion Capacity,
metabolic demands,

Clinical significance:
Rapid metabolic

are more horizontal. forming a
cage expansion and results in
age. A full stomach and intestinal
. As the child grows, the chest
pe, improving lung expansion. _
develop thoracic (chest) breathing, while
gmatic) breathing.

en depends on their age:

mature development of the respiratory center and a

s have a low tidal volume

. they compensate by breathing more
gen demands,

cnsuring intensive OXygen exchange to meet

Cr a surface area of 50-90 m?, with a
lung membrane thickness of 0.4-1.5 ym.
Factors Affecting Gas Exchange:
Gas diffusion across the alveolar-
1. Surface area (S) — The larger t
2. Membrane thickness (L)~ Th

capillary membrane depends on:

he surface, the more efficient the exchange.
icker membranes slow diffusion.
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3. Gas pressure gradient (AP) — The difference in partial pressures between

alveolar air and blood.
4. Diffusion coefficient (K) - Determined by the gas solubility and molecular

weight.
5. Membrane condition — Any structural damage can impair diffusion.
Mechanism of Gas Exchange:

Gases move across the membrane by diffusion, driven by partial pressure
gradients.

They pass through:

Alveolar epithelium

Iterstitial space

Capillary endothelium

Plasma and red blood cells (RBCs). Each
layers and a basement membrane, dissolving in 3
plasma and RBCs.

Carbon Dioxide vs. Oxyge
efficiently in lipids than O-. Despite it
0: = 60 mmHg), CO: diffuses faster across

When blood passes through pulmonary capillaries:

CO:; equilibrates within 0.2-0.25 seconds.

O: takes about 1 second to equilibrate.

A child's need for oxygen is greater than an adult's. In children under 1 year
of age, the need for oxygen is 8§ ml/min per 1 kg of body mass, in adults - 4.5 mllmip.
The shallowness of breathing is compensated by the large number of breaths (in
newborns - 40-60 breaths in 1 minute, in 1 year - 30-35, in 5 years - 25, in 10 years -
20. in adulis - 16-18) and the participation of  large par of the lungs in breathing.
Due to the large number of breaths, the minute volume of brf:ath in cl}lldreu of early
age is twice as high as in adults per 1 kg of body mass. The vital capacity of the lungs
(VEQ), that is, the volume (in milliliters) of a deep breath after a deep breath, is lower

in children than in adults. HTS increases in parallel wit.h t_hc growth of qlveoh.
Thus. the anatomical and functional characteristics qf the respiratory system
in children cause respiratory disorders t0 develop faster 1n chlldrcln thfa[]l[ in fdultst; .
When examining children W logy, the following shou

ith respiratory patho
B Tr inly damaged;
1).in this patient, the respiratory organs are main y dan & LY .
2). where the main pa[hological process IS located - in the upper respiratory

tract, larynx, bronchi, lungs, pleura, chest cavltly: ) ne
3). Whether the nature of the process 11 the bronch

gas molecule must Cross 5 cellular
aqueous solutions, including blood

n Diffusion: CO: dissolves 20 times more
s lower pressure gradient (CO: = 6 mmHg vs.
the lung membrane than O-.

lung is diffuse (spread)

or local; i strictive;
4). type of ventilation disorder - obstructive of 1¢s mce,ss'
5) whether this process is acute or repeated 'chron}c p e ’bactcn‘a e
6). Ts the disease related to infection? Any infection (virus, 3

be the causative factor:

7).allergic factor for the dey
8).or having a genetic predispos

f the discase, its type:

e development 0 Case, :
developing sickness;

ition to
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9). the consequences of the discase for the patient's life and the possibility of
permanent changes;

10). What was the effect of the previous treatment. o ‘

By answering these questions. or at least some of them. it is possible to
perform a differential diagnosis of discases based on symptoms
during the initial examination and determine the need for additional te

Common symptoms of respiratory diseases include:

Cyanosis

Shortness of breath (dyspnea)

Cough

Chest pain _

The pale pink color of the skin and mucouys membranes in
depends on the oxygen saturation of h
Under normal conditions, this
arteries. Each gram of hemo

and syndromes
sts.

a healthy child
emoglobin in arterial and capillary blood.
saturation reaches a maximum of 95-96% in the
globin can bind 1.39 m] of oxygen. Every 100 ml of
plasma can transport 0.3 ml of dissolved oxygen. 100 ml of arterial blood comams_
19-20 ml of oxygen, while the same volume of venous blood contains 13-15 ml of

OXygen. During intense crying or screaming, arterial oxygen saturation may drop to

92%, but this is considered physiological. Any further decrease beyond this threshold
is considered pathological and may indicate hypoxia,

Semiotics of damage to respiratory organs in children and methods of
examination.

Getting to know a sick child begins with a patient history assessment
(collecting complaints, life history, and illness history).
Children with respiratory pathol

reflex response triggered by stimulation o
Coughs can be classified as d
1) Dry Cough

When assessing a dry cough, it is im
Whether it is associated with voice
The time of day it worsens
Whether it is accompanied
Its duration and periodicity
Clinical significance:

A dry, noctu

bronchial asthma.

An  evening cough
laryngotracheitis (croup).

2) Wet (Productive) Cough

When assessing a wet cough, it is neces

The color and nature of Sputum;

White — Indicates mucous inflammation

Yellow-green — Suggests a purulent infection
Quantity and odor of the Sputum

ogies often experience cough, which is a

f the vagus nerve and lingual nerve endings.
Iy or wet, each with distinct characteristics:

portant to determine:
changes

by wheezing, noisy or "whistling" breath

mal, wheezing, and noisy "whistling" breath is characteristic of

with  hoarseness suggests acute obstructive

sary to evaluate:
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_ Recurrent nature (whether it clears freely or remains obstructed). In young
children, sputum may need to be induced for evaluation by gently touching the roo‘:l

of the tongue with a spatula.
Clinical Indicators of Sputum Color:
Rust-colored sputum — Suggests lobar (croupous) pneumonia
Clear, foamy red sputum — Indicates pulmonary hemorrhage
Cough is characteristic in various diseascs of respiratory organs:

o In the evening, repeated and reddening of the face, followed by vomiting

- this is observed from whooping cough:
o wet cough or short cough - for the initial stage of pneumonia, typical for

tuberculosis:
o  Straining cough - in ORI

With strong straining expectoration of frothy sputum - in pulmonary

(-]
edema;

e  Constant cough
laryngotracheitis;

e Dry. rough. as if'
Morning wet cough - in sinusitis, ethmoiditis:

o Periodic wet cough - in abscess, bronchiectasis;

o  Superficial cough - in pleurisy;

o  Bitonal, spastic cough - in tuberculosis bronchoadenitis.

The next most common complaint is wheezing. What is the cause of its
accurrence, how long it lasts and changes in dynamics; It is necessary 10 determine
whether it develops at rest or during physical exertion. what it continues with, the
effect on the act of breathing.

Other complaints are increased body temperaturc, general
lethargy, rapid fatigue, difficulty breathing through the nose, change in voice, change
in skin color, lagging behind in physical development.

An objective examination of the respiratory system begins with:

I. Physical examination of the patient, in which the following are

assessed:

1. Physical development (
cystic fibrosis, chronic pneumonia.
asthma);

2. The condition of the
affected side - in exudative pleurisy): . ) i .

3. The child's voice (suffocates OF disappears (aphonia)) - 1n laryngitis, as if
speaking through the nose - in sinusitis. adenoitis:

- rough. Tow voice - mexidema: )

- the child screams (cries) = (low - was born wi}h asphyxl
sucking or pressing on the car - in casc of ear inflammation);

- wheezing - in children with bronchopulmonary

pleuropneumonia);

due to a foreign body in the respiratory tracl, ORI

in a barrel", if it bothers for a long time - in tracheitis;

weakness,

ry in case of lung hypoplasia.

may be unsatisfacto i
tis, severe form of bronchial

fibrosing alveoli

patient (orthopned - in bronchial asthma, with the

a, increased during

pathology (pneumonia,
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anosis. acrocyanosis.
4. The condition of the skin and mucous membranes (cyanosis. aLIIOC)-'dn? -
or total cyanosis of the nasopharyngeal triangle is typical for the pathology o

i i " its symptom
respiratory organs), its character, the time of development or the time of its sympt
intensification should be determined:;

- cyanosis in severe forms of pneumonia, congenital broncho-pulmonary
athologies, etc. observed:; ) . ;
- bS. éondition of nails (bruising. "hourglass" type deformation, thickening Uf
the tip of the finger in the form of a "drum stick” - in chronic broncho-pulmonary
palhOmgg/.)-Hcad position (movement of the head during the act of breathing [Hj
children of breast-feeding age - a sign of respiratory l'ailurc,.m ncwboms.‘lﬁb
swelling of the nasal wings and the scparation of foamy discharge in the corner of the
mouth - in pneumonia, alveolitis, pulmonary edema): .
7. Nasal area - presence or absence of discharge and its nature (c]ear_, puecous
- flu, laryngitis, allergic rhinosinusitis: mucous-purulent - sinusitis, diphtheria; mixed
with blood - foreign body in the nose);
- the condition of breathin
sinusitis, adenoid, foreign body);

8. Examination of the palate (performed afier a complete PhYS'_Cal
examination in young children), the condition of the mucous membrane of'.thc LonSllS:
its size, the presence of a wound, pus, and the condition of the back wall of the palate;

9. During the examination, it is necessary to pay attention to the shape,
configuration, symmetry of the chest, equal participation of both sides in the act of
breathing, and the participation of auxiliary muscles in the act of breathing; .

- barrel-shaped chest in bronchial asthma, similar to "chicken" chest - in
chronic diseases of the bronchus-pulmonary system;

- asymmeltric - in chronjc pneumonia,
emphysema;

- one side of the chest is
inflammations of the lungs, dry pleurisy; )

10. Determining the number and type of breath (superficial - in pleurisy,
bronchial asthma);

tachypnea - ph
and physical exertior
syndrome;

bradypnoea - (decrease
coma, poisoning, etc.);

Involvement of auxiliary muscles in the act of breathing is a sign of
respiratory failure;

inspiratory wheezing (habitual loud bre

g through the nose (contaminated - rhinitis.

tuberculosis, congenital lobar

left behind during breathing in massive

ysiological in newborns, in older children -

during excitement
» Tespiratory diseases, anemia, fever, he

art disecases, pain

d breathing rate) - in distress syndrome in newborns,

athing, often when there is an

tension of the upper spine and the
suprathoracic cavity when brcalhing during examination, intensive contraction of
muscles (in laryngitis, foreign body in the respi
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. expiratory wheezing (difficult, prolonged breathing, in which the brath is
noisy) - in obstructive bronchitis, bronchiolitis, bronchial asthma (based on the spasm
f’f small bronchi and bronchioles and the muscles of the anterior abdominal vall are
involved in the act of breathing).

Shik's wheezing (expiratory wheezing that develops as a remlt of
compression of the root of the lung, the lower part of the trachea and brorchi by
lymph nodes in children under 2 years old):

mixed type of shortness of breath (difficulty of breathing and exhalation) - in
pneumonia, pleuropneumonia, bronchiolitis, extrapulmonary (ascites, flatulence, etc.)

the contraction of the diaphragm to the joint and the collapse of the chest.

I1. Chest palpation:
Figure 11
Chest palpation

1. identifying the painful ared (superficial or deep), typical for pleural
dﬂmage;

2. to determine the ¢
intercostal space);

3. resistance;

4. to determine voice vibration (increascs
hollow, decreases when the bronchi are blocked (atelectase), W

compressed by exudate or a tumor in the chest).

haracteristics of the bone frame (the condition of the

when the lung tissue is dznse or
hen the brorchi are
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III. Percussion (comparative and topographical)
Figure 12

Chest percussion

A

In younger children, indirect percussion is performed in older children. )
The child is placed in a vertical position, except for those under 1 month of
age. The goal is to assess the characteristics of the percussion sound symmetrl‘CE_l”)’ in
the lung area (in healthy children, a clear lung sound) and to determine the position of

the lung border, the lower lung border, and the lung apex from the front and back
along the main anatomical lines,

Topographic percussion of the lungs:
A) determining the lower limit of the lungs:

Stage 1: the situation of the child and the student in relation to him.
the child stands or sits.

the midspinal line (only on the right side), the midaxillary line, and the scapular line.
Plessimeter - the finger is place

d parallel to the intercostal space, starting
from the 3rd-4th intercostal space,

Stage 3: percussion js performed fro
borders of the lungs are determined by the u
B) Determination of the high poin
Stage 1: the situation ¢ i

m a clear lung sound to a dull one, the
pper border of the pleximeter finger.

ight sides. Plessimeter - finger is

placed parallel to the spine, percussion is performed vertically above the spine, in

which the plesimeter - finger should always be paralle] 1o (he spine.

Stage 3: percussion is performed until the lung sound changes to a dull
sound. The upper limit of the peak of the lungs is determined by a clear lung sound
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(from the inside of the pleximeter finger). Normally, the apex of the lung protmdes 2-
4 cm above the spine. )
. Stage 4: percussion from the b
pleximeter-finger is placed parallel to it. Normally, the apex o
the area of the sharp growth of the VII cervical vertebra from the back.
C) Determination of the width of the Crenig area of the lungs
Stage 1: the situation of the child and the student in relation to him
the child stands or sits. The student stands behind him.
Stage 2: The width of the Kernig area is determined in children over 10 years

old. For this, the child is placed on his back, and the pleximeter-finger is placed

perpendicular to the spine bone in the middle of the supraspinal cavity.

Stage 3: percussion is performed from both sides (towards the shoulder and
to the opposite side - towards the roof of the neck) until the sound of the lungs
changes to a dull sound. Crenig area is determined on two sides in the area of clear
lung sounds (on the inner side of the pleximeter-finger). Normally, the width of the
Kemig area is 3-5 cm.

Pathological lung sounds on percussion:
Contracted sound (pneumonia. lung tumor, atelectasis, pleurisy, chesttumor,

abscess) occurs due to insufficient filling of lung tissue with air or the presence of
another airless space, or due to fluid accumulation in the pleural cavity.
Tympanic sound appe in the lung tissue, as

ars due to increased air content 1
seen in pulmonary emphysema, bronchial asthma attacks, pneumothorax, the initial
stages of pulmonary edema, pulmona

ry cavities, or when the diaphragm is postioned
high.

ack starts from the tip of the shovel, the
f the lung is located in

Box-like sound is characteristic of pulmonary emphysema. bronchial asthma

attacks, and obstructive syndrome.
IV. Lung auscultation
Auscultation of the lungs usin
of breathing and breath sounds during norma
patient is in a vertical position. It is then assesse¢
through the mouth. During this process, wheezing is
are evaluated before and after coughing. ) :
To increase the depth of breathing in children during the first year of !nfc,
after standard auscultation, the baby can be gently pinched on the nose or have slight
pressure applied to the ankles and heels. '
" The following types of breaﬂ:iing are di
ronchial, amphoric, harsh, and weakened. iy s L
l!- ucI:‘l;l _ heard in children from 5-6 months to 5 years. it is a higher, narrow
bronchial tree, short trachea and increased breath sounds in a thin chest. )
2.-vesicular_-_continuous noises during inhalation and short nms;es ?}ﬁmg
exhalation, which develop as @ result of vibration of the wall of the alveol an

tension of the lung tissuc;
3.reduced vesicular - is obscrwfd in th
of the larynx. trachea, bronchi, foreign bo
bronchopneumonia, pleurisy, obesity, dystrophics;
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| breathing (t
d during force
detected, and

stinguished: puerile, vesicular,

airways in he area

¢ narrowing of the
ph nodes, tumor,

dy, enlarged lym



4-increased vesicular - sometimes heard over healthy tissue in inflamed
lung tissue, and during fever, diabetic coma: )

5 hard - increased exhalation (in  bronchitis, bronchopneumonia,
endobronchitis);

G-bronchial - in the pathological processes of the lungs with thickening of

the lung tissue (pneumonia, tuberculosis, atelectasis): ]
7 amphoric - when there is a cavity in the lungs, it is heard during inhalation
and exhalation, it is important in open pneumothorax, diaphragmatic hernia;
Wheezing occurs_when there is mucus. blood. edema fluid. and fibrous
viscous liquid in the air passage area of the respiratory system. .
Dry wheezing is a variable, intermittent wheezing characteristic of tracheitis,
larvngitis. tracheobronchitis, bronchitis and bronchospasm in bronchial asthma. )
Wet wheezes-Tt develops in the bronchi of various calibers when a certain
amount of mucus, blood, or fluid from swelling accumulates in the cavity. As air
flows through the bronchi during breathing, it creates bubbles that burst, producing
wet wheezes. These are classified as fine, medium, or coarse bubbling wheezes,
depending on the caliber of the bronchi.

High-pitched wheezing is heard in areas of thickened lung tissue (e.g.,
pneumonia).

Low-pitched wheezin
and pulmonary edema.

Crepitation is a sound
(pneumonia) or transudate

g is typical in conditions such as bronchitis, atelectasis,

phenomenon that occurs when fluid and exudate

(pulmonary edema) are present in the alveoli, along with
air. The filling and bursting of alveoli with air during breathing produce crepitant
sounds, which are heard only during respiration.

Pleural friction rub occurs due to the friction between the visceral and
parietal pleural layers, commonly seen in pleuritis, pleural fibrosis, tuberculosis. and
pleural tumors.

Bronchophony is the transmi
wall, detected with a stethoscope. In

Lung sounds
Patient care

*Visual counting of breaths consists of the fol]

owing, the nurse observes the
movement of the chest or the front wall of the abdomen

without warning,.
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* Counting the number of breath movements by palpation with the hands
placed on the chest, determining the movement of the chest when the child breathes.

It should be remembered:

1). In children, the number of breaths (respiratory movement) should be
counted without informing the paticnt (in children older than 4 years), in ader to
know the effect of the mental factor:

2).to accurately count the number of breaths, it is neces
movements for I minute.

The obtained results are comp
normally be at this age

Semiotics of damage to resp
discases.

Semiotics of breathlessness

Respiratory failure (RF) is a con
arterial blood is altered or excessive encrgy consump

sary to count breath
ared with the number of breaths that should

iratory organs in children and their main

dition in which the gas composition of
tion is required to maintain

normal levels.
There are numerous causes of shortness of breath, primarily acute dyspnea.

These include:
_Discases of the upper and lower respiratory tract

~Lung parenchymal disorders
—Airway obstruction due to vomi
—Pneumothorax and pyothorax
—Chest trauma

Additionally, respiratory failure can res
_Central nervous system (CNS) injuries
~Nerve conduction disorders
—Muscular dystrophy

—~Myasthenia

Table 9

The most common couses

-24 months e
(bronchio!ms

ting, regurgitation, or foreign bodies

ult from:
and diseases

of RF

“actors causing RE in 1-12 ye
Asthmatic condition

Factors causing RF in 1

Bacterial and viral

Obstruction of the upper respiratory tract Con ,cn.ilal defect of the chest and brain
\raumatic shock

Congenital heart defect

| ] ‘

: — :

Asthmatic condition Drowning___———————]

Septicemia Kidney failure

YOtjismaspiratsiyasi : ______________——————'——
Intrathoraciq

Forcign  body  aspiration
anomalics, developmental defects of thg

diaphragm, vascular neck ;
Encephalitis
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The main symptoms of respiratory failure (RF) are h}'pn.\'cr_nizi. hypo- zmd_
hypercapnia. If a child is breathing atmospheric air, hypercapnia will never occur
without hypoxia. Hypoxemia is often accompanied by hypocapnia.

Types of shortness of breath:

1. Obstructive - caused by airway obstruction,

2. Parenchymatous — results from lung tissue damage. )

3. Ventilatory (non-pulmonary) — due to neuromuscular or central nervous
system disorders affecting breathing.

Obstructive RF —can develop as a result of mechanical reasons—aspiration
Obstructive RF
of a foreign body,

swelling of the mucous membrane (suffocating Iar_\'ngotmchcm_s).
bronchiolospasm (bronchial asthma attack), pressure on the airways from the outside
(vascular larynx or aortic bifurcation, foreign body in the esophagus, oropharyngeal
inflammatory process, etc.), as well as congenital developmental defects (Chf’a“_“]
atresia, laryngomalacia, cystic fibrosis). Often, several factors occur together (for
example, inflammatory swelling of the mucous membrane accompanied by sputum
discharge disorders, etc.). Damage to the large airways is manifested by inspiratory
wheezing, and damage to small bronchioles is manifested by inspiratory gasping. The
mechanism of development of shortness of breath in bronchial asthma is the sudden
expansion of alveoli due to trapped air. This causes a disturbance in capillary blood

exchange. Relieving the spasm allows the dilated alveoli to shrink, which also
contributes to resolving shortness of breath.

Parenchymatous RF is characterized by impaired capillary blood circulation
in the alveoli and the small pulmonary circulation. Jts clinical cquivalent is age-
related respiratory distress syndrome (RDS). The pathophysiological basis of RDS
includes an alveolar—capillary block for oxygen diffusion, lung collapse, and a
decrease in physiologi i this condition arises as a

diseases lead to parenc
hypoxemia and mixed-type dyspnea.

Ventilation RF- is based on impaired control of external respiration. This
may be due to the sup

y b pression of respiratory center activity (e.g., barbiturate
poisoning, CNS injuries

: _ and tumors, encephalitis), nervous system disorders (e.g.,
poliomyelitis), Synaptic transmission dysfunctions (e.g., myasthenia, residual effects

of muscle relaxants), or changes in respiratory muscles (e.g., muscular dystrophy.
muscle proteolysis in hypercatabolic states).

The primary clinical symptom of this type of RF js hypoventilation. This
condition can be triggered by pneumothorax, hemothorax, hydrothorax. high
diaphragm positioning (e.g., due to intestinal paresis), or chest trauma. Concomitant

= 2L air, lcading to reduced oxygen saturation in
pulmonary capillaries and subsequent

tissue hypoxia (e.g., in high-altitude
environments or caves). In cases of severe anemia, RF can result from impaired gas
transport in the blood, as well as struc

tural abnormalities of hemoglobin (e-g-»
methemoglobin or carboxyhcmoglobin). Additionully, reduced blood flow in
circulatory disorders can cause stagnant hypoxia in organs and tissues. Tissue
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hypoxia is panicu_[m'ty significant. as it arises from damage to the enzymatic systems

pf‘cc!ls that facilitate oxygen utilization from the blood (e.g., in poisoming or

infections). N
There are three pathogenetic stages in the dev
Stage 1 - due to compensatory breathing and acceleratio

elopment of RF
n of blood

circulation, there is no violation of gas exchange
_ Stage 1l - the first clinical and laboratory s

manifested in the form of hypocapnia and hypoxia, appear

Stage 1l - complete decompensation, the difference between types of
shortness of breath disappears.

Clinical signs of NE include:

- symptoms of the main diseasc,

-semiotics of changing the activity of the external respiratory system, and
- symptoms of hypoxemia and hypercapnia,

- tissue hypoxia.

) Decompensation in hypoxemia manifests as neurological and cirailatory
disorders, leading to secondary hypoventilation and hypercapnia. [mpairments in
external respiration are characterized by compensatory mechanisms, increased effort
of respiratory muscles, and eventual decompensation of the respiratory system. The
primary compensatory symptoms include rapid breathing. prolongcd inhalation or
exhalation. and disruption of the normal inhalation-to-exhalation ratio. Breathing
acceleration occurs due to the involvement of accessory muscles, such as the neck
and deep intercostal muscles. This is observed as retraction of the chest's praruding
areas during breathing (lower and upper thoracic regions, sternum, intercostal spaces)
and, in young children, head bobbing with respiration. A bradyarrhythmic baath!ng
pattern, pathological breathing types. and signs of respiratory center Suppression

indicate the onset of decompensation.
Clinical signs of hypercapnia and hypoxemﬁa are early -and late.
Early clinical signs primarily manifest in the cardiovascular system,
0. and skin pallor. These symptoms

including tachycardia. arterial hypertensio n ‘
ood circulation 0 prioritize oxygen delivery to the

indicate the centralization of bl

central nervous system (CNS).
Late clinical sings ind
system, respiratory system, an : s
cyanosis, cold and stic sweat, as well as p ey :
including, lethargy or inh]i?){ition. When assessing cyanosis. 1ts ektent a:;d Zg‘:ﬁgs E;z
oxygen levels in exhaled air under different oxygen C(",‘CC“}"[““Z;)S; A
considered. If the response is maintained when brea.thmg air with oA sgen, i
ilatory shunt and diffusion disorders. A fositive

Su : of a vent 5
B e o o 5 active diffusion through the alveolar-cipillary
rteriovenous shunt, this

response to 100% oxygen indicate ! ;
membrane. However, in the presence of an lm‘rapulmonar)‘ a O din e 15
effect does not occur. Another crilical.group of symptomjfv.ls decf)mpcnsatbn e
tissue hypoxia, along with signs of circulatory and resln'lllatggs i g s -y
metabolic acidosis. These include life-threatening hy.pomc e s‘tem afso e
seizures, requiring emergency intervention. The cardiovascular sY

igns of decompersation,

decompensation affecting the cardiovascular
stem (CNS). These include

and mental disturbances,

icate
d central nervous sy
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to tissue hypoxia with arterial hypotension. bradycardia, anq other rhythm
disturbances. Eventually, compensatory-adaptive  breathing impairment leads 10.
respiratory arrest. Unlike chronic respiratory failure (RF), the b(_)dy‘s compcpsﬂl‘ﬂf_\
mechanisms do not have time to develop in acute cases, making the relationship
between arterial oxygen saturation (RaS0:) and arterial oxygen pressure (Ra0s) more
evident in clinical manifestations.

The first clinical signs of hypoxemia—cyanosis, tachycardia, and behavioral

disturbances—appear when Ra0. drops to 70 mmHg. Neurological disorders develop
when RaO: falls below 45 mmHg, and death occurs at levels around 20 mmHeg.
Regarding RaS0., the involvement of deep neck and intercostal muscles in brclulhin‘;’?
is observed when RaSO: excceds 60 mmHg, while signs of respiratory

decompensation typically appear at RaSO,

Tablel0

- Sings

levels 0f 90-120 mmHg.

Clinical difference between pulmonary and gastrointestinal bleeding:

Bleeding from the lungs

Reasons

Gastrointestinal bleeding

1) respiratory diseases
(pneumonia, tuberculosis):
2) infectious discases
(whooping cough, measles, flu)

Clinical sings

Cough

Vomiting mass is
clear character

— |
RNI of separation

Stool character

Discases of the
gastrointestinal system
(ulcer disease, intestinal

polyposis. intussusception)

Nausea

Clear - red, foamy

|
Alkaline
e ajkaune: 0 |
As usual, when the blood is
swallowed. the color of the

SN
a) to calm the

b) putting an ice
) in order to

tourniquet is placed

administered intravenously
£) codeine is taken

d) transfusion
1) hemostatic
chloride, dicinon, 5%

feces darkens

"Coffee grounds” (dark
brown) with
leftoversibilan
Sour
From the upper part - coal.
from the lower part - pure
blood mixed or with a

child, make him sit in a semi
pack on the chest;
reduce the pressure
in the pulmonary veins of
at the rate of 3-5 mg/kg;
1n case of cough;
of blood and its preparations
drugs are administered p
aminocaproic acid,
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blood clot

-sitting position;

within the microcirculation, a venous
euphyllin 1s

the legs, 2.4%

(fibrinogen, plasma); .
arenterally: vikasol, 10% calcium




3.2.Bronchitis

) Bronchitis is an inflammatory disease of the bronchi, characterized b
inflammation of the bronchial mucosa. In children, it often develops :
’ : as a

complication of acute respiratory viral infections (ARVI).

Classification:

Bronchitis in children is classified into acute and chronic types. Acute
asting 1 to 3.wccks. mostly caused by viral in‘t:cclioi:q(d
ﬂammatl‘ml of the bronchi, with cough and mucmisl
ar for two consecutive years. It is less common

bronchitis: Sudden onset, |
Chronic bronchitis: Persistent in
production for at least 3 months per ye
in children than in adults.

Acute bronchitis
develop under the influence of chem

Damage to the mucous mem
ARVI, but bronchitis does not a
syncytial (RS) virus, and parainfluenza virus  type
inflammation of the upper respiratory tract in older children and bronchitis in ifants.
Bronchitis caused by Mycoplasma, on the other hand, is rare in young children. Even
when the bronchial epithelium is damaged in influenza A and B. toxicosis and
bacterial pneumonia often obscure the symptoms of bronchitis. Bacterial brenchitis
occurs in children with impaired bronchial clearance, such as those with foreign
bodies, laryngeal stenosis. intubation, trachcostomy, habitual aspiration of fvod. or

cystic fibrosis..
Prevalence and relevanceln relapsing bronchitis, ARVI plays a keyrole in
wever, the pronounced clinical presentation of
additional factors, These include, prmarily,
cactions, and, in sOMe cascs, selective

hitis often show signs of comective

is often a manifestation of a respiratory infection, it can
ical and physical factors, as well as allergans.

brane of the bronchi is observed in most cases of
lways develop clinically. Rhino-, respiratory
3 often cause citarrhal

triggering the acute phase. Ho
bronchitis suggests the involvement of
air pollution, a child's susceptibility to allergic r

IgA deficiency. Children with recurrent bronc
tissue dysplasia. The main symptom of acute bronchitis is initially a dry cough, which

progresses to sputum production and increases in volume afier 1-2 days. In tracheitis,

patients may cxpericnce pressure and pain behind the sternum. In the absence of
clinical signs of obstruction, wheezing may occasionally be heard during exhalation,
especially during sleep. Sput ‘h nature, and by the second

um is typically mucous 1
week, it may take on a greencr color due to fibrin admixture, which is not indicative
of microbial inflammation. Cough U ceks, but in older

sually lasts up 10 two W
children, it can persist longer in cases of RS-virus, mycop[asm:l. or adenovirus
infections. Following tracheitis, a cough may persist for 4-6 wcel_{s withou other
symptoms. In bronchitis, diffuse dry and coarse or medium bubbling m‘!cs can be
heard, with fine bubbling rales occurring less frequently. These sounds often change
with coughing. No pcrgussivc abnormalities are typically present. Hematelogical
changes in bronchitis are inconsistent; in mycoplasma infections, |

cukocyte counts
are usually normal, while erythrocyte sedimentation rate (ESR) may be devated
in inflammatory markers.

despite an overall reduction 1atory
Symptoms of acute bronchitis 10 children
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Symptoms of bronchitis in children differ from those of mhc_a' rcspn'uwr-_\‘
diseases. Cough is the primary sign of bronchitis in children. I'Iuwcu:r. since cough is
also common in other respiratory tract infections. what distinguishes the‘ cuu_gh
associated with bronchitis? The initia] symptoms of bronchitis in children begin w |.1h
a dry. non-productive cough. The transition to sputum production and the onset _nl. a
wet cough indicate the fecovery process. Sputum may be colorless, yellow, or glcu.lj.
Another symptom of acute bronchitis in children is an increase in body [cnupm:utu:_t.
However, in bronchitis, fever is usually not very high, often remaining at a subfebrile
level, though in some cases, it can rise to 39°C. Thig is relatively lower comp;u'cq to
the fever associated with lung tissue inflammation. In catarrhal (()l’diﬂﬂl'_\')'b.l‘()!](‘hlilﬂ.
body temperature does not exceed 38°C. Additional symptoms ol bronchitis include
general intoxication, such as headache, weakness, nausea, sleep disturbances, zu}d
loss of appetite in nursing infants, During auscultation, dry wheezes can be heard in
the chest area, Bronchitis caused by Mycoplasma is associated with high fever but
typically lacks significant general intoxication symptoms, As mcntinm_:d‘Cﬂf‘th-
bronchitis often develops as a complication of Upper respiratory tract infections.
Therefore, symptoms of pharyngitis. laryngitis, and rhinitis— such as nasal
congestion, sore throat, runny nose, and mucosal hyperemia—may accompany
bronchitis.

In bronchitis accompanied by tracheitis, there is also a feeling of pain and
heaviness in the chest area.

Symptoms of bronchiolitis and obstructive bronchitis in children

The symptoms of bronchiolitis and obstructjve bronchitis in children differ
from those of simple (catarrhal) bronchitis. Bronchiolitis is also characterized by
cough and fever. However, unlike catarrhal bronchijs, bronchiolitis and obstructive
bronchitis are accompanied by symptoms of respiratory failure. These include an
increased respiratory rate, cyanosis around the mouth and lips. noisy breathing, ff"d
the involvement of additional muscles in respiration. Children with obstructive
bronchitis exhibit wheezing in the chest, which is typically moist and soft. In some
cases, these wheezing sounds can be heard from g distance without a stethoscope.

Exhalation is prolonged. A key indicator of wheezing in obstructive bronchitis among
infants is an increased respiratory rate:

Up to 60 breaths per minute in nursing infants

80-90 breaths per minute,

often accompanied by ¢ involvement may lead to

muffled heart tones.
Diagnosis of bronchitis,
When  diagnosing bronchitis,
(obstructive or simple) and its etiology
to differentiate  bronchioljtis from si

the doctor must first determine its type
(viral, bacterjal, or allergic). It is also crucial
mple  bronchitjs, Additionally, obstructive



the bmnc!ﬁ and lungs. To identify the causative agent of the discase, bacteridogi
culture of sputum samples and viral detection via PCR are conduclcé T‘C['CIfdoglcal
blood count (CBC), particular attention is given to ESR (erythrocyt sedi Cﬁmpl.L‘lc
rate) and the leukocyte formula: R g
An increase in leukocytes (leukocytosis) suggests a bacterial infecion. A
Jeukocytes (leukopenia) along with an increase in Iymplocy-'tcs
ral infection. However, during an exacerbasion of
hanges may not always be observed. Additonally,
and conpméd

decrease in

(Iymphocytosis) suggests a vi

g[lrunic bronchitis. blood test ¢

further diagnostic tests such as bronchography. bronchoscopy.

tomography (CT) may be prescribed.. (Fig. 13). .
Figure 13
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d complications

If bronchitis in ck and correctly, the out@me is
generally positive. However, bronchitis is a prolonged illness, and it may takeseveral
weeks for a child to fully recover. The most important goal is to prevent simple
bronchitis from progressing into more severe forms, such as obstructive bronditis or
bronchiolitis. and to avoid complications like pneumonia. It is crucial to remember
that obstructive bronchitis in children can be life-threatening, especially for young
children. This is because bronchial spasms of mucus accumulation in the airwiys can
lead to severe breathing difficulties.

Possible complications of bronchitis include:

Bronchial asthma

Recurrent bronchitis

Chronic bronchitis o

Additionally. if the infection spreads throughout the body. serious
complications such as endocarditis and kidney inflammation (neplmttS) may develop.

Consequences an
sildren is treated promptly
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Prevention of bronchitis includes avoiding colds. strengthening the umfmlu;::;
system, maintaining a proper diet, and ensuring U_ml children are m—at cx.pt-)fu L.
smoke. If there are smolkers in the family. smoking should not tal\‘c pldu.n;,
children. Additionally. timely treatment of acute respiratory infections is essential to
prevent the development o.f bronchitis.

3.3. Pneumonia

Pneumonia may be classified anatomically as lobar or lobular pneumania,
bronchopneumonia  and interstitial  pneumonia. Pathologically. there s i‘l
consolidation of alveoli or infiltration of the interstitial tissue with inflammatory cells
or both,

Etiology

Viral pneumonia caused

by respiratry  syneytial virus.  influenza.
parainfluenza or adenovirys may

be responsible forabout 40% of the cases. In over
two-thirds of the cases. common bacteria cause pneamonia. In the first 2 months. the
common agents include gram-negative bacteria suck as Klebsiclla, E. coli and Qri‘ml'
positive organisms like Pricumococci and staphylocseci. Between 3 mnmhs.and 3 };’
common pathogens includle S, pnecumoniae, H. infiwenzae and staphylococci. Aﬂcrj
yr of age. common bact erial pathogens include pneumococci and smph_',:.'l'oCOCCL
Gram-negative organisms cause pneumonia in early infancy. severe malnutrition and
immunocomprornised ch ildren. Atypical organisms including Chlamydia and
Mycaplasma spp. may cause community acquired eumonia in adults and children.

Pneurnocystis jiroveci. histoplasmosis and coccidioidomycosis may cause pncumonia
in immunocomprorniscd children.

Other causes of pnecumonia include ascaris.
aspiration of food. oily n

ose drops, liquid paraffin and kerosene poisoning. The
etiology remains unknown, in one-third of cases of preumonia,
Clinical Features

Risk factors for Pneumonia include

low birth weight. malnutrition, vitamin
A deficiency. lack of

¢ smaking, large family size. family
crowding, young age and air pollution.
one of the major risk factor for acute lower respiratory tract
developing countries. Onsef of pneumonia may be insidious
fection or may be acute with high fever.
piratory rae g always increased, Rarc[).’-
abdominal emergency. This is
pleura. Apical Preumonia may be associated with

In these patients e cercbrospinal fluid is always

clear. On examination, there js flaring of alae pasi. retraction of the lower chest and

intercostal spaces, Signs o f consolidation are presentin lobar pneumonia.
Pneumococcal Pricumonia

br'easlfccding, passiv
history of bronchitis, adv.anced birth order,
Indoor air pollution s

infection in children in

dyspnea and grunting respiration, Res
pneumonia may
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itory infections due to S. pneumoniae are transmitted by dropkts and
in the winter months. Overcrowding and diminishad host
1cumococci. Bacteria multiply

Respir:
are more common
resistance predisposes the children to infection with pr
the alveoli and an inflammatory exudate is formed. Scattered aras of

consolidation occur, which coalesce around the bronchi and later become lobular or
lobar in distribution. There is no tissue necrosis. Pathological process passes flom the
stage of congestion to red and gray hepatization before the final stage of resolution.
Clinical features. Incubation period is 1 1o 3 days. The onset is abrupt with headache,
chills. cough and high fever. Cough is initially dry but may be associated with thick

rusty sputum. Child may develop pleuritic chest pain. Respiration is rapid. Insevere
cases there may be grunting. chest indrawing. difficulty in feeding and cyanosis.
is diminished. crepitations and brenchial

lidation. Bronchophony and whispering
apical pneumonia.

in

Percussion note is impaired. air entry
breathing may be heard over arcas of conso
pectoriloquy may be observed. Meningismus may be present in
osis. The diagnosis is based on history. physical examination. X-ray
and leukocytosis. Bacteriological confirmaion is
difficult; sputum is examined by Gram staining and culture. Blood culture may be
positive in 5-10% of cases. Demonstration of polysaccharidc antigen in urine and
blood do not have sufficient specificity for confirming pneumococcal pneumonia as it
may be also be positive in children with colonization in throat.
Treatment. Antibiotic therapy may be empiric while awaiting confimation
of etiology. While the treatment of choice for pncunmcoccal pneumonia is penicillin
(penicillin V 250 mg q 8-12 br orally. penicillin G 0.5 MU/ kg/ day 1V or pocaine
penicillin 0.6 MU IM daily, for 7 days). amoxycillin (30-40 meg/kg/ day for 7 days)
with or without cla\-'ular{ic acid is a useful alternative. The need for oxygen

administration should be guided by signs of respiratory distress (rapid breathing,
nece of cyanosis or hypoxernia on pulse oximetry-

IV fluids. Fever should be managed with

Diagn
findings of lobar consolidation

chest retractions. nasal {lare). prese
Patients may be dehydrated. and require
paracetamol.

Staphylococcal Pneumonia

Slﬂphylucocca[ pnculnoniﬂ occurs in infancy
lesion may be primary infection of the parenchyma: or I.Ilﬂ}i be secondary to
generalized staphylococcal septicemia. [t may be a complt_c'allon of r-nea;lcs or
influenza: other risk factors include cystic fibrosis, malnutrition m_ld diabetes. In
infants. the pneumonic process is diffuse initially, but soon the lesions sruppur;‘nc.
resulting in bronchoalveolar destruction. The illness 1S char.aclc?rlzcd by the (,)rmal:on
of mult;ple pneumatoceles. The pneu les fluctuate in S17¢ and finally resolve

matoce
and disappear within 2 period of few weeks 10 rl1f)11t|13_. .Sla;:rhyln?cozc?:] ibz;;s;e;ﬁmz
erode into the pericardium causing purulent pericarditis. Empyema 0
lways secondary to staphy

lococeal infections.
ations. The illness usually follows upper respiratory tract
t disease. The patien

{ is toxic and sick looking.
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two yr of age is nearly a
Clinical manifest
infection, pyoderma or @ purulen



Cyanosis may be present. Progression of the symptoms and signs is rapid. l’ulrmm;ut}'
infection may occasionally be complicated by disseminated discase. with E'l‘lL‘la:ilﬂ['lC
abscesses in joints, bone, muscles, pericardium. liver. mastoid or brain. [)i;ign():\‘ls-
The diagnosis of staphylococeal pneumonia is suspected in a newbom or an intuf]l
with respiratory infection who has evidence of staphylococcal infection elsewhere in
the body. The characteristic complications of pyopneumothorax and pericarditis ate
highly suggestive. Pneumatoceles are present in X-ray films. characteristically In
pneumonia due to staphylococci or Klebsiella. These pneumatoceles persist as thin
walled asymptomatic cysts for several weeks. Staphylococei can be cultured from the
blood. Treatment. The child should be hospitalized and isolated to prevent the spread
of resistant staphylococci to the other patients. Fever is controlled with antipyretics:
intravenous fluids may be required. Oxygen is

administered to relieve dyspnea and
Cyanosis.

Empyema is aspirated and the pus is sent for culture and sensitivity. Prompt
antibiotic therapy should be initiated
cloxacillin and a thirdgeneration cephalo
not show improvement in symptoms

with coamoxiclav. or a combination of
sporin. e.g. ceftriaxone. If the paticnt does
within 48 hr. therapy with vancomycin,
teicoplanin or linezolid may be necessary. Therapy should continue till all evidence
of the disease disappears both clinically and radiologically, which usually takes 2
weeks in uncomplicated cases, Therapy is continued for 4--6 weeks in patients with

e€mpyema or pneumothoray. Following initial 1V therapy. the remaining course may
be completed with oral antibiotics.

ic abscesses require surgical drainage. Significant pleural
thickening that prevents complete expansion of the underlying lung may require
decortication, Early thoracoscopic drainage of c¢mpyema helps prevent pleural
thickening. Installation of streptokinase or urokinase in pleural cavity or loculated
pleural effusion may also be useful.

Haemophilus Pneumonia

Haemophilus influenzae infections occur usually between the age of three
months and three years and are nearly always associated with bacteremia. Infection
usually begins in the nasopharynx and spreads locally or through the bloodstream.
Most nasopharyngeal infections are mild and confer immunity from subsequent
serious illness afier the carly months of life, As the infants have transplacentally

transferred antibodies during the first 3 (o 4 months of life, infections are relatively
less frequent during this period.

Clinical features. The onset of
infection. Certain  viral infections  suc
synergistically with H. influenzae. The c
respiration and retraction of the lower
bacteremia. pericarditis, empy

the illness is gradual with nasopharyngeal
h as those due (o influenza virus act
hild has moderate fever, dyspnea. grunting
intercostal spaces, Complications include
€ma. meningitis and polyarthritis.
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ection is treated with ampicillin at a doseof 100

Treatment. Hacmophilus infe
mg/kg/day or coamoxiclav. Cefotaxime (100 mg/kg/ day) or ceftriaxone (30-75

mg/kg/ day) are recommended in seriously ill patients.

Streptococcal Pneumonia

Infection of the lungs by group A beta hemolytic streptococei is secorary to
measles. chickenpox. influenza or whooping cough. Group B streptococeal
pneumonia is an important cause of respiratory distress in newborns. Pathologially it
causes interstitial pneumonia, which may be hemorrhagic. Tracheobronchial nucosa
may be ulcerated and lymph nodes enlarged. Serosanguineous or thinly purulent
pleural effusion is frequently associated.

Clinical feature. The onset is abrupt with fever. chills, dyspnea rapid
cough and extreme prostration. Sins of
athology is usually
olvement. diffuse

respiration, blood streaked sputum.
bronchopneumonia are gencrally less prmmunccd. as the p
interstitial. X-ray film shows interstitial pneumonia, segmental inv

peribronchial densities or an effusion.

Complications. Thin serosanguincous or purulent empyema is @ usual
complication. Pulmonary suppuration is less frequent. Ten percent of the patients
have bacteremia. When pneumatoceles are present, the condition mimics
staphylococcal pneumonia.

Treatment. Therapy for streptococeal
The response 1

pneumonia is carried out as aitlined
s gradual but recovery is gmerally
. closed drainage with indwelling intercostal tibe.
Primary Atypical preumonia The etiological agent of 1')rimary aypical
pneumonia is Mycoplasma pneumoniae. The disease is transn.nlled. by droplet
infection, chiefly in the winter months. The illness is uncommon 1n c!ulf:lrcn below
the age of four yr. although subelinical and mild infections are reported in infaits.
Primary atypical pneumonia involves the interstitial tis‘suc with I'Ol.f]d cc_ll
infiltration. The alveolar septae arc edematous and mucosa of the broncllibles is
inflamed and ulcerates. Obstruction of the terminal bronchioles causes emplysema
and atelectasis. Pleura may show patchy fibrinous exudates.

Clinical features. Following an incubation period of s iy at st
H ~ / @l
have malaise. headache, fever. sore throat, myalgia and cough. Cough is dryat

but later associated with mucoid expectoration. which may be blood steaked.

ical si i ngeal
Dyspnea is unusual. There are very few physical :,lg__ns. except m_ltd' phm-y 2 !
, and few crepitations. Hemolytic anemia may

congestion, cervical Iymphadcnopath) &, :
be seen. X-ray findings are more extensive than suggested by the Phé ill:ii:(::]f:gjf
Poorly defined hazy or fluffy exudates radiate from the hilar rc:gmsns';woIve,_ﬂHs g
the hilar lymph nodes and pleural effusion are reported. Infiltrates 1 :

usually the lower. . s ja fromviral or
Diagnosis. It i$ difficult to distinguish Mycoplasma pneumonia

g , Id agglutinins are
- i b AR O tis usually nol‘l]'la[. Co &
rickettsi: nia. The leucocyte coun s ARIX
ikstal gt be M pueumoniac may be cultured from the pharynx and

clevated in many patients.
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sputum. The diagnosis is made rapidly by demonstration of leM '.ml_ibuq_\ by ELISA
during the acute stage. 1gG antibodies are seen on a complement fixation test after
one week of illness. '

Treatment. Patients are treated with macrolide antibiotics (erythromycin.
azithromycin or clarithromycin) or tetracycline (for older children) for 7 1o 10 days

Chlamydia Pneumoniae

It may cause pneumonia in young infants. Clinical features iucll-ldc
spasmodic cough. A history of purulent conjunctivitis during early nconatal period
may be present,

Pneumonia Due 1o Gram-negative Organisms

The ctiological agents are E. colj. Klebsiclla and P
organisms affect small children (<1 yrof
deficient immunity.
fibrosis

seudomonas. These
age) or children with malnutrition :m‘d
Psecudomonas may colonize airwavs of patients with cystic
and causes recurrent pulmonary exacerbations.
similar, but patients can be very sick. Signs of consolid
in infants. Constitutional SYmploms are more prominent than respiratory distress. X-
ray shows unilateral or bilateral consolidation. Infection with F. coli or Klebsiella
pneumoniae may be associated with pneumatoceles,

Treatment. Intravenous use of third generation cephalosporins ( cefotaxime
or ceftriaxone, 75-100 mg/kg/ day) with or without an aminoglycoside is

recommended for 10 to 14 days. Ceflazidime or piperacillin-tazobactam are effective
in patients with Pseudomonas infection.

Viral Pneumonias
Respiratory sy
months of age. At othe

The clinical features are
ation are minimal. particularly

neytial virus is the most import

rages, influenza, parainfluenza and adenoviruses are common.
The bronchial tree or alveoli are involyed resulting in

pneumonia. Features of consolidation are
consist of perihilar and peribronchial in
Ingestion of Aliphatic Hy
Kerosene exerts its toxic
It is poorly absorbed from the
absorption. It has low vi

ant cause in infants under 6

extensive interstitial

usually not present. Radiological signs
filtrates,

drocarbons

effeets on the lungs and the central nervous system.
gastrointestinal tract. Milk and alcohol promole its

i scosity and less surface tension, and therefore. diffuses
quickly from the pharynx into the lungs, Administration of o] apparently decreases

its absorption from the gastrointestina| tract but is noy recommended. Clinical features

of hydrocarbon pneumonia include cough. dyspnea, high fever, vomiting. drowsiness
and coma. Physical S120s in lungs are minimal.

X-ray film of the chest shows ill
dcﬁm.:d homo:u S < ©5: occasionally features resemble rniliary
mottling. Vommng 1S not induced, Gastric lavage i usually avoided to prevent
Ygen. The routine use of antibiotics
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Larvae of many nematodes. during their life cycle. enter the portal
circulation. liver and then through the hepatic vein and inferior vena cava nto the
heart and lungs. In the lungs. the larvae penetrate the capillaries. enter the alveoli.
plug the bronchi with mucus and cosinophilic material due to allergic reaction. There
are fleeting patchy pulmonary infiltrations. Some cases may be due to drug reaction
to aspirin, penicillin. sulfonamide or irnipramine. Clinical features include cough. low
fever. feeling unwell and scattered crepitations. There is cosinophilia and X-ray lungs
shows pulmonary infiltrates of varying size. which superficially resemble ‘miliu:\'
tuberculosis. Treatment is symptomatic. .

3.4.Discases of blood and blood-forming organs

Anemia
Anemia is a condition characterized by a decrease in the number of

erythrocytes in the blood. a reduction in the amount of hemoglobin per unit volume
of blood. and a decrease in the average hemoglobin content in a single erythrocyte.

Classification of Anemias

In clinical practice, the following classification of anemias is most commonly
used:

1. Anemia due to acute blood loss

2. Anemia caused by impaired erythrocyte production

Aplastic

Iron deficiency

Megaloblastic

Sideroblastic

Anemia of chronic diseases

3. Anemia due to excessive brea

Hemolytic

Severity Levels of Anemia

Depending on the degree of h
three severity levels:

Mild — hemoglobin level above 90 g/l

Moderate - h::moglobin level between 70 and 90 g/L.

Severe — hemoglobin level below 70 g/L
Etiology.Ancmia in older children can 5

arcas or by helminthiasis. Additionally. anemia may appear as a 5;.’11‘1pl0r_n of diseases
diffuse liver damage,

affecting other systems and organs, such as leukemia, ncphr.msf, '
infections. intoxications. and hereditary disorders. In young infants (mostly betveen 6

and 18 months old). 90% of all anemias are infectious-alimentary in nature. T]}1s is
because the infant’s blood-forming system is functionally immature ﬂl;dbhlg:hly
sensitive. Infectious-alimentary anemias in ¥y s are often caused dy 1ron

oung babie
deficiency and are therefore classified as iron-deficiency anenuas.
In addition to iron deficiency ancmia.

kdown of red blood cells

emoglobin reduction. anemia is classifed into

be caused by bleeding from various

anemia can also be classified bised on

its cause:
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Vitamin- or protein-deficiency anemia
Posthemorrhagic anemia (due 1o significant blood lu:;s‘) ik
Hemolytic anemia (caused by excessive breakdow n of red blood cells)
Postinfectious anemia (occurring after infectious discascs) o
Hypoplastic and aplastic anemia (due to reduced or completely halted blc

), X y
prOducu;’glthemorrhagic, hemolytic, postinfectious. and hypoplastic types of anemia
are more commonly seen in older children.

Iron deficiency anemia

Iron Deficiency Anemia (IDA)

is a manifestation of iron deficiency.
characterized by a decrease in hemoglobin

concentration per unit of blood volume, a
reduction in erythrocytes, microcytosis. anisocytosis, poikilﬂcyi(“ifj- a low color
index, decreased iron and ferritin levels in the blood serum, low transferrin sulurullc?ll
with iron, increased iron-binding capacity, and elevated erythrocyte protoporphyrin
levels,

IDA is one of the most common forms of anemia in childhood. It is

2 - : . . in v o
frcquemly observed in the sccond year of life, during adolescence, and in young

children. The latent iron deficiency period occurs 1.5 to 2 times more frequently than
clinically apparent iron deficiency anemia,
Causes of Iron Deficiency Anemia:
1. Iron deficiency at birth,
Risk group:
Premature babics
Infants born to mothers with anemia during pregnancy
Orphaned or neglected children
Infants with feta growth retardation
Infants who experienced significant blood
2. Dietary factors (leading cause of jron de
Risk group:
Infants fed with unadapted formulg
Delayed introduct;
Children fed on]

loss during the perinatal period
ficiency anemia),

on of complcmcn!ary foods
Y plant-based foods at ar

Y age
umption in the djet (

more than (0,5 [ per day)
Requirement

Risk groups:

Acute and chronijc infectioug

Chronic non-infectious infla
(e.g., malabsorption syndro
absorption)

In iron deficiency, the first changes occur iy the tissues—the body's iron
stores decrease, leading 1o 4 reduction i i
decreased transferrin sal i

diseases, primarily

Mmatory diseageg
me, which leads 1o excessive

of the gastrointestinal tract
of the gastrointestinal tract
iron loss or insufficient iron

free erythrog

Yte protoporphyrins, which are
anges affect the child:

s blood parameters, leading to a
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pru.grcssi\'c decline in iron levels, hemoglobin concentration. and erythrocyie size
ultimately resulting in anemia. s1ze,

Depending on the level of hemoglobin decrease, mild (hemoglobin 90-110
o/1). n.u)dcralc to severe (60-80 g/1) and severe (hemoglobin less than 60 g/l) types of
anemia are distinguished. B )

Clinically, the following syndromes are observed:

1. Asthenoneurotic Syndrome:

o [Fatigue, irritability, nervousness, emotional instability

o Excessive sweating ’

e Delayed physical and psychomotor development

o Lethargy. weakness, apathy

o Poor appetite, reduced attention span

o [ainting. headaches (in older children), dizziness, tinnitus (ringing in the
cars), blurred vision

e  Chest pain. altered appetite and sense of smell, dysuric disorders (urinary
dysfunction) ’

2. Epithelial Syndrome:

_ o Skin and mucosal manifestations. particularly on the palms, nails.

auricles, and mucous membranes

o Dry. flaky skin

o Dystrophic changes in the skin, nails, hair, and oral mucosa

o Tongue abnormalities: cracks at the corners of the mouth (ingular
stomatitis). Mattening of the tongue papillae, a glossy ("varnished") tongue, rzdness,
and atrophic glossitis

o  Difficulty swallowing solid food

e  (astrointestinal  issucs: gastritis,
maldigestion enteropathy. loose stools, nausca

Rare cases: alabaster-green sKin discoloration (chlorosis)

3. Cardiovascular Syndrome:
o Tachycardia (increased heart rate)
Tendency to arterial hypotension (low
Weakening of heart tones
Expansion of the relative cardiac border
Functional systolic murmur at the apex of the heart
In some cases, a murmur over large vessels
4. Muscle Syndrome:
o  Muscle hypotonia (reduc

duodenitis, malabsorption  and

blood pressure)

ed muscle tone)

e Rapid fatigue

e  Urinary incontinence

5. Secondary Immunodeficiency Syndrome: _ ) .

e Increascd susceptibility to frequent acute respiratory viral infctions

(ARVI)
e  Recurrent pneumonia
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e Intestinal infections )

The diagnosis of iron deficiency anemia is based on detecting changes in
hematological il;diculors, including a decrease in hemoglobin lcvclls ‘{lcss than 110
@/L in children under 5 years old and less than 120 ¢/LL in older individuals). a C()I;)F
index below 0.8. and a mean hemoglobin content per erythrocyte hcl.u\\ 27
pg/erythrocyte. Other signs include a reduction in the average erythrocyte size and
iron metabolism disturbances, such as:

°  Serum ferritin levels below 30 ng/mlL

o Transferrin saturation below 25%

°  Serum iron levels below 11.6 umol/L

° Increased total iron-binding capacity (TIBC) above 50 pmol/I.

Laboratory findings also include microcytosis.  anisocytosis. and
poikilocytosis.

In the early stages of iron deficiency, the
normal range, me
deficiency anemia
anemia.

color index remains within the
aning that a normochromic color index does not rule out iron

- A decrease in erythrocyte count is typically seen only in severe

Bone marrow examination often shows signs of increased erythropoiesis,
confirmed by reticulocytosis in the blood.

Differential Diagnosis: .

Iron deficiency anemia should be distinguished from other rare microcytic
hypochromic anemias, including:

®  Thalassemia

®  Heavy metal poisonin

° Sideroblastic anemia

Prevention of iron deficiency anemia begins with preventing iron deficiency
in women, particularly during pregnancy.

In premature infants, 4 pre
recommended starting from | mon
include iron-fortified porridges and s

Megaloblastic anemijas

Megaloblastic anemia is a type of anemia caused by impaired DNA and RNA
synthesis in erythroid cells due to g deficiency of vitamin B12 and folic acid.

Anamnesis: The discase typically develops gradually, with general weakness
being a key symptom.

Clinical Examinatjon: The Characteristic Triad of Syndromes
I. Anemia — Pale skin a

nd mucous membranes, thinning of the skin and
sclera.
2. Gastrointestinal Damage —
Early stage: Bright red, painful tongue.

Later stage: Smooth, shiny tongue: atrophic gastritis,
3. Neurological Syndrome Funicular myelosis (degeneration of the spinal
cord due to B12 deficiency).

g (silver, mercury)

ventive dose of 2 mg/kg of iron per day is
th of age. In children's dicts, it is advised to
upplements to ensure adequate iron intake.
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Laboratory Findings

Hyperchromic anemia (color index > 1.0).

Leukopenia (low white blood cell count).

Thrombocytopenia (low platelet count).

Peripheral blood smear:

Macrocytosis (large RBCs)

Ovalocytosis (oval-shaped RBCs)

Anisocytosis (variation in RBC size)

Basophilic stippling in RBCs

Cabot rings and Howell-Jolly bodies in RBCs

Hypersegmented neutrophils

Types of Macrocytic Anemia

Megaloblastic anemia — Caused by vitamin B12 or folic acid deficiency,
characterized by specific changes in peripheral blood and bone marrow.

Non-megaloblastic macrocytic anemia Occurs in liver discases and
myelodysplastic syndromes.

Macrocytosis in reticulocyte crisis - Seen when reticulocytes exceed 10%.

Diagnosis: Peripheral blood and bone marrow examination

Serum levels of vitamin B12 and folic acid

Consultation. A hematologist consultation is usually required for definitive
diagnosis and treatment planning.

Diagnosis of vitamin B12 deficiency anemia

To confirm B12 deficiency ancmia, the following tests are required:

1. Serum Vitamin B12 Level Measures the concentration of vitamin B12 in
the blood.

2. Bone Marrow Aspiration and Biopsy -

Performed if serum B12 testing is unavailable or if there is no response o
treatment within 5-8 days.

Helps assess megaloblastic chang

These anemias occur due to ins
vitamin B12 and folic acid, both of w
propertics.

Role of Vitamin Bl

Essential for red blood cell (RBC)

Their deficiency prevents the prl())plcr 1 ¥

B12-folate deficiency anemia belongs o th : ; .
These anemias have been kn};wn for a long time, but their cause was dlSCO\El:;:d in
the 1940s. Due to clinical and laboratory similarities, distinguishing bcl“"?e“ Bi2 f_“‘d
folic acid deficiency anemia is challenging. Vitamin B12 (CyﬂUOCObﬂ'ﬂml") was first

synthesized in 1948, leading to the identification of its rolf: in anemia. P_:cv’mus’[}‘_ it
the lack of an intrinsic factor. known as

was believed that anemia resulted from : -
1 ariets cllIs 1¢ gastric
Castle’s factor —a gastromucoprotcin produced by the parietal cells of the g
mucosa.
Later,
associated with Castle’s factor.

cs in bone marrow cells.
ufficient intake or impaired utilization of
hich have hematopoictic (blood-farming)

2 and Folic Acid
formation. _
Laturation of RBCs, leading to anemia.
¢ megaloblastic anemia group.

it was established that vitamin B12 is the extrinsic antianemie factor
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Types of Vitamin Deficiency Anemia .

Exogenous - Due to inadequate dictary intake. .

Endogenous — Due to impaired absorption or nwtabnlls‘.m. o Fund i

Vitamin BI12 and folic acid are widely available in nature and are Iln.unﬂ "
foods such as meat, eggs, milk, cheese, animal kidneys, ..s-pmz_tch_ and y'c‘mf. —iln
amount of vitamin B12 in the body of adults is 2-5 mg. l'c_)hc acid is less. P:ﬁ Tlef‘
storage of vitamin B12 and folic acid is the liver. Their d;u]__\ losses zn‘c_ncg‘lgllglbq- .
B12 does not enter the body. anemia can appear only after 5-6 years. Vllalfnn L2
involved in the synthesis of DNA and RNA, especially in red blood c.clls. rhc_l:'.tf)r(:]“
with this deficiency, the structure of red blood cells 1s disturbed. The process
maturation and differentiation in bone marrow cel
hemoglobin formation is not disturbed (B12 and fo] | _ i o
process). Vitamin B12, upon entering the gastrointestinal tract, |s.rclcahct in e
stomach and binds to intrinsic factor. a glycoprotein produced by parietal cc!ls ()I.I 1:,
gastric mucosa. This complex is essential for B12 absorption in the small mtcstuu:
After entering the villi in the intestine, the complex breaks down and the nlreu_dy pm-‘f
B12 is absorbed through the intestinal wall and enters the bloodstream. The factor is
needed for transport and assimilation. In the blood. B12 is 1r;|nsp0ncd’ by
transcobalamin proteins, which are distinguished by several types (1, 2,_3. 4). .Fh,c
main transport function is carricd out by transcobalamins 1 and 2, which dell\’L;‘
vitamin B12 to the depot - the liver, whose reserves are very large. If necessary. B12
is delivered to the bone marrow  with the help of cyanocobalamin, where ‘ 1
participates in the construction of red blood cells. Vitamin B12 deficiency anemia.
also known as Addison-Biermer disease, is common worldwide. It primarily affects
women over 40 years old. The disease develops gradually and often follows a
chronic, recurrent course if left untreated,

Causes of B12 and folic acid deficiency

. Violation of vitamin B12 (foljc acid)

1. Atrophy of gastric fundal glands (Ad

2. Damage to the stomach

3. Intestinal discase (e
tumors),

4. Surgery of the stomach and intestine (subtotal resection of the stomach,
gastrectomy, intestinal resection).

II. Excessive consum
utilization in the bone marrow,

1. Intestinal parasites (diﬁlobolhriasis),

2. Intestinal dysbacteriosis.

3. Pregnancy, childbirth,

4. Liver diseases (chronic |

5. Hemoblastoses (acute e

6. Taking
antagonists).

Is slows down. The process t_)l
ic acid do not participate in this

anemia,

absorption,
dison-Birmer discase).
(polyposis, cancer),

rminal ileitis, diverticulosis, intestinal fistulas.

ption of vitamin B2 (folic acid) and impaired

iepatitis, cirrhosis),
ukemia, erythrom

yelosis, osteomyelofibrosis).
certain - drugs  (anticonyulsg

nts, sulfonamides, folic acid

I11. B12 (folate acid) alimentary dcﬁciency.
1. Due to feeding goat's milk and milk powder in children.
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2, ]1.1 adults. among some socio-ethnic groups.

Folic acid (fleroy lelutamic acid) is present in small amounts in the human
bc_)‘d) anq I.nund in foods such as spinach, meat, milk, eggs. If vitamin B12 lcses 10-
15% activity during heat treatment of the product, folic acid - 50%. Folic acid is
absorbed in the small intestine. But unlike vitamin B12, when it entrs the
[.)[UU(JS[['CHI]I. it can be in a free and bound state (with blood proteins). In a free state,
it can be in feces. urine. sweat, Folic acid reserves are small, deficiency is 3-6 weeks,
folic acid reserve - liver. When necessary, it enters the bone marrow from the bver.

Clinical presentation of B12 deficiency anemia.

The discase follows a chronic, relapsing course, with periods of remission
u!lcn?aling with relapses. It is characterized by a combination of symptoms affecting
the circulatory, digestive. and nervous systems. Duc to its slow progression, the body
gradually adapts to the ancmia. As @ result, despite significant reductions in
hemoglobin levels, patients may remain  functional for a long time before
experiencing severe clinical and hematological decompensation.

General group of symptoms: weakness, rapid physical fatigue, diziness,
blurred vision. palpitations, shortness of breath. Acute pallor of lemon-yellow skin.
Dry skin, brittle nails. Most patients have a fever of up to 38°C. Gunter's symptom is
the main symptom of anemia. in which a blood point appears on the tip of the tongue,
a feeling of pain, burning, itching in the tongue. If hot food falls on the tongue, an
unpleasant sensation appears. The tonguc is "lacquered” (smooth), such a surface
may be on the mucous membrane of the mouth and esophagus. The mnucous
fl‘lcmbranc of the stomach is definitely affected, atrophic gastritis with constant pain
Is noted. Lpigastric pain radiating to the intestinal mucosa, nausea, vaniting.
abdominal pain and diarrhea are characteristic.

Changes in the central nervous system arc n
columns of the spinal cord are affected. Th
autonomic centers (the work of internal orga
back columns to the center. In such patients, h
bladder and bowel disorders, paresis and paraly
anemia develops. The type of hematopoiesis ¢l
hematopoiesis in a healthy person). With the megalobl : .
structure of red and white blood cells changes. The picture of P‘U“PhC“‘[ H‘?"d 13
characterized by hyperchromic macrocytic anemia with degenerative changes in red
blood cells. In bone marrow cells, the process of maturation O_r the nucleus_and
cytoplasm is disturbed. Cytoplasm develops before the mfllu;-almn process of the
nucleus. Therefore. the nucleus is young. and the cytoplasm 18 old. At the peak of the
disease, the number of red blood cells per unit volume ol‘bh‘md can decrease sharpl_\-‘
by 1 g/l. The process of hemoglobin formation is not disturbed, the amount of

hemoglobin is within normal limits, the color index is 1.3-1-1.5. ]F_lhc“wcmgc
amount of hemoglobin in erythrocytes (MCH) exceeds 31 pg, Hﬂ{:fmlﬂg;bﬂﬂf_lf:lc
hyperchromic type. Hyperchromic anemia is usually macrocytc (MCV > ) ) “f
value of MCHC docs not exceed the norm. and the decrease in hemoglobin ("3_“5“_3‘11])
explained by a sharp decrcasc in the number qf rutd blood cells ”],;i\,?“'c;qidléefglzlts
(macrocytes) increasc. This type of anemid includes B12 deficiency,
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deficiency, and autoimmune hemolytic anemia. One of the characteristic slgns l:::rl:i
acute period of the discase is the decrease or loss of rcuculocytcs_ in l!lt. pu_:[')' ‘
blood due to the violation of the maturation process. If BI12 fohc_ acid dehu;em.ﬁ
anemia is suspected, reticulocytes must be determined. Degenerative types o r‘(ih
blood cells appear during stress - poikilocytes, schizocytes, erythrocytes “-,lll
basophilic granules. Poikilocytosis is a change in the shape of red blf)od cells.
macrocytes and megalocytes. Schizocytes are destroyed, torn red blood cells. -

Along with changes in red blood cells, the recurrence of ancml‘a .
characterized by leukopenia up to 1.5 g/l with the presence of giant polyscgmnjnu.”
neutrophils. Neutrophilia is noted with a shift to the left, myelocytes. In a smz‘l
number of patients, leukocytosis is noted, cosinophils. mf)nocymS dccrc%\sccl.
Thrombocytopenia reaches 50 g/, it can be more pronounced during the pcak period.
but there is never bleeding due to thrombocytopenia. ESR is almost alwa'ys
accelerated. Due to the increase of red cells in the bone marrow, the ratio of vxfhlle
and red cells changes. A large number of basophilic megaloblasts arc noted. Indirect
bilirubinemia is noted in the blood serum - 18-36 Hmol/l. an increase in the amount of
stercobelin in the feces, and the presence of urobilin in the urine.

Diagnostic criteria of B12 deficiency anemia:

* high value of MCH (> 31 pg).

Macrocytosis (MCV value > 95 f1), megalocytosis;

* red blood cells with nuclear remnants (Jolly body, Cabot ring);

* reticulocytopenia;

Hypersegmentation of neutrophils;

* leukopenia (neutropenia);

* thrombocytopenia;

Megaloblastic hematopoiesis in the bone marrow.

Folate deficiency anemia

Folate deficiency anemia (FDA) belongs to the megablastic anemia group-
Megablastic anemia (MA) is an anemia resulting from ineffective erythropoicsis,
characterized by changes in the formation and

morphology of erythrocytes. .
FDA is a rare discase, observed in children of breast-fecding age, mainly in
premature babies.
Etiology and pathogenesis. T
term babies with a rational natura] diet

Causes: congenital disorders of absorption and folate metabolism (in rare
cases), acquired malabsorption (cel

iac disease, exudative enteropathy), high demand

for folic acid in premature babies, hemolytic anemias, treatment with certain drugs
(methotrexate, sulfonamides, anti-tuberculosis drugs), and long-lasting infections.
Folic acid deficiency anemia is observed in children fed with goat's milk.
Megaloblastic changes in the bone marrow and peripheral blood appear after 3-3.5
months. It is classified according to the level of severity.

Clinic. Folate deficiency anemia develops gradually and is often mild to
moderate in severity. The main clinical manifestations include:

*  General symptoms: Fatigue, weakness, dizziness, pale skin, and reduced
exercise tolerance.

he demand for folic acid is satisfactory in full-

106



o Hematologic symptoms: Macrocytic anemia, megaloblastic chasges in
bone marrow, neutropenia. thrombocytopenia (without a tendency to bleeding)

o  Gastrointestinal symptoms: Glossitis (swollen, red, and painful tongue),
stomatitis. diarrhea. anorexia. and weight loss.

e Neurological symptoms: Unlike vitamin B12 deficiency anemia folate
deficiency anemia docs not typically cause neurological disorders.

In scvere cases, patients may experience complications such as insreased
susceptibility to infections due to neutropenia.

Diagnosis.In peripheral blood, megalocytes predominate—these are ealarged
erythrocytes with a diameter of 10 to 12 pm, typically round or oval in shape. The
average crythrocyte volume ranges from 100 to 146 fl. A peripheral blood smear
reveals anisocytosis (variation in cell size), poikilocytosis (abnormal cell shapes), and
hypersegmented neutrophils (neutrophils with more than five nuclear lobes). In the
bone marrow, erythroid hyperplasia is observed, along with an increase in thesize of
all hematopoictic cells, reflecting incffective erythropoiesis ~characteriitic of

megaloblastic anemia.

Differential Diagnosis. Folate deficiency atemia must be distinguishad from

B12 deficiency anemia. A key differentiating factor is urinary methylmaloric acid
excretion—it is elevated in B12 deficiency anemia but remains normal io folate
deficiency ancmia. This biochemical marker helps differentiate the two conditbns. as

their clinical and hematological features can be verysimilar.
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IV CHAPTER MEDICAL GENETICS
4.1.Genetics and development of medical genetics

It first outlines the foundations of medical genetics that lay in more gcnff_ﬂf
genetics in the first half of the 20th century, before examining the key ]zu.cr sc:cnl‘li)lt
aiscovcries. including the human gene map and the Human Genome Project (HGP).
the clinical advances that have increasingly followed from these advances. an.d-lh‘t-‘
growth of medical genetics as a specialty in both clinical and laboratorsy Hk‘d":!“"i
Medical genetics is the science of human biologic variation as it relates to health and
disease. Clinical genetics is that part of medical genetics concerned with the hcall‘ll ol
individual humans and their families. Alternatively. clinical genetics can bu_ tlcllﬂt‘_Ll
as the science and practice of diagnosis, prevention. and management ol gnfnfillc
disorders. Within recent years, medical genetics has become established as a C]'IIII'L'ZI]
specialty, as the culmination of developments that began in 1956 with the deseription
of the correct chromosome number of the human. With the discovery of specilic
microscopically visible chromosomal changes associated with clinical disorders.
beginning with Down syndrome in January 1959,
anatomic base. Medical geneticists now had their spe
as cardiologists had the heart and neurologists had the
base of medical genetics was greatly

medical genetics acquirud_ an
cific organ—the genome just
nervous system. The anatomic
extended with the mapping of genes 10
chromosomes and specific chromosomal regjons, at an ever-accelerating pace. since
the late 1980s. Gene mapping has not only enlarged the base for medical genctics but.
indeed, as pointed out to me by Charles Scriver (personal communication. 1980). has
also provided a neo-Vesalian basis for all of medicine. Medical historians tell us that
the anatomy of Vesaljus published in 1543 was of pivotal importance in the
development of modern medicine. It was the basis of the physiology of William‘
Harvey. Similarly, human &ene mapping constitutes an approach to the study of

abnormal gene function in all diseases; the gene mapping approach has been adopted
by researchers in almost all branches of medicine in the study of their most puzzling
disorders. Through mappi

basic defect in these disorders. and
their clinical colleagues h e formation for diagnosis and carrier
detection. The ultimate anatomic basis for medical genetics, the DNA sequence, was
provided by the HGP. In this brief history of medical genetics, | trace the foundations
of the ficld that were laid between 1865, when Mendel published his work. and 1936.
when the correct chromosome number was reported. | then discuss the events since
the late 1960s that have seen the main evolution of the discipline. Most specialties
started as crafts (or £grew out of g technological advance such as radiography) and
only subsequently acquired basic science foundations. The basic science that
developed before 1956 ang served as the foundatjo for the developments since the
late 1960s included Mendelism, Cytogenetics, biochemijceal genetics, immunogenetics.
and statistical, formal, and population genetics. Mendelism, The demonstration of the
particulate nature of inheritance was the contribution of Gregor Mendel (1822-84). a
monk and later abbot in an Augustinian monastery in Briinn (now Brno), Moravia
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(now the Czech Republic), The terms dominant and recessive were his. The delay in
recognition ol his work has been attributed to various factors. but the most likely is
poor timing: in 1865. when Mendel reported his findings and conclusions. the
chromosomes had not vet been discovered. Because its physical basis. meiosis had
not vet been described. Mendelism had no plausible basis to qualify it over other
possible mechanisms of inheritance. such as blending inheritance. which was favored
by Francis Galton (1822-1911), onc of Mendel’s contemporarics.

Molecular basis of heredity.

CELLS are often called the microscopic building blocks of the body. They
d specialize. function, dic. and

are active and dynamic, they continually grow an
The whole body contains about

replenish themselves. by the millions every second.
37.2 willion (37.200.000.000.000 cells. Cells provide structure for the body. take in
nutrients from food. convert those nutrients into energy, and carry out specialized
functions. They also contain the body’s hereditary material in the form of DNA and
make copies of themselves. The cell is the basic functional unit of the human body.
Cells are considered as the basic unit of Life !! Cells arc extremely small, typically
only about 0.01 millimeter (.0004 or 4 ten-thousandths of an inch) across — even our

largest cells are no bigger than the width of a human hair.

The Parts of :l:c Cell .( Figl)e Each living cell carries out the tasks of taking
food. transforming food into energy. getting rid of wastes. and reproducing. * Most of
our body cells have three main parts: = Cell outer Membrane * Cytoskeleton stucture
inside 1o keep its shape * The nucleus. The cell membrane is a double {ay‘cr of hplds_
and proteins that surrounds a cell and separates the cytoplasm (the liquid c'ontcnls of
the cell) from its surrounding environment. It is selectively permeable, which means
that it only lets certain molecules enter and exit and it controls the amount of some

substances that go into or out of the cell.

Micromib
[a———

U e~

- Bough endupbeimic retiedum

rauieve

Pavstuotus

Cppmpriasm

Galgi apparans

Mitoshan

Plosme membrmns

B
Figl
ny different proteins which make up

The cell membrane also contains ma .
H 3 ~dde » membrane b
about half of its surface. Many of these proteins are embedded in the membrane but

ins ion ¢ els on each of
stick out on both sides. There arc thousands ‘uf proteins fmd 10‘n t[-l?ntrz):lsbwﬂi:h e
the 37.2 Trillion cells in the body !! Some of these proteins are rul.t«.p - e g
to signal molccules. while others are ion channels which are the only

allowing ions into or out of the cell.
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Nucleus = Structure: « The nucleus is a sphere that cum;}ius u'nnllu:\:[lsplhi:
called a nucleolus = It’s function: - the storage center of the cell’s DNA « Manages
= 1UHCKSF:;;:““0“C¢ there are 226 types of Body cells - some can form sheets like
those in your skin or lining your mouth, while othe .+ called
such as ﬁ:n and muscle cells. All cells have an outer membrane. n.conlml cf:nttr calle
a nucleus that contains our DNA, and tiny powerhouses called mitochondria -
CELL DIVERSITY- INTERNAL ORGANIZATION - Th.c lNuclufus of tltlu !
cell contains DNA (deoxyribonucleic acid) which dircets the activity of ll‘u.‘ la-'; “_
Eukaryotes are cells in animals and plants that contain a n‘uclcus and [-1]1;,‘!11.7!;\: i
bound organelles (small internal parts). which includes all of our hm'iy L"L ‘ s 1“5- !
group, the Eukaryotes and the sex cells in our bodies are L_-ul]cd Somatic 'C.L[ ~‘c
Prokaryotes are cells that lack nuclei and membrane-bound inside parts. such as thos
in bacteria. e
STRUCTURE AND FUNCTION OF ORGANELLES - An ol'gﬂm‘”b“'? ‘
tiny cellular structure that performs specific functions within a cell. » .Organdlcrv' de]
embedded within the cytoplasm (liquid) of our cells and are held in there by ar
outside membrane. — Cell Membrane — Nucleus - Cell Wall - C.\“OP]“S”_‘ -
Cytoskeleton -~ Ribosomes - Endoplasmic Reticulum Golgi  Apparatus
Mitochondria — Lysosomes — Peroxisomes — Cilia and Flagella — Basal Bodics —
Centrioles — Vacuoles — Plastids, . ”
MITOSIS Out of the 37.2 Trillion cells in your body. 96 million of them d_lf-
every minute but luckily. 96 million new cells are created ecach minute. TO. do this.
there has to be an efficient process in place to do that, This is called Mitosis, “'h'{”
one cell divides to produce two genetically identical cells. with the same DNA in
them. The longer name for the final part of the process is Cytokinesis. It takes 2 hours
for cach cell to divide into 2 cells ! There is another type of cell division called
Meiosis which is a process where a single cell divides twice to produce four cells,
with each containing half the original amount of genetjc information. These cells are
our sex cells — sperm in males, cges in females.
Medical genetics methods
There are various methods of studying
being clinical and genealogical, tw
molecular genetic,

Is can store or f:’.Ci'lL‘Tll[C cnergy.

hereditary discases. the main ones
in. population, cytogenetic, biochemical and

4.2. Clinical and genealogical method

Includes a clinical examination of the family members of the patient secking
counseling,  drawing up a

family tree ang conducting a genealogical
analysis.Genealogical analysis is

the most common, {he simplest and at the same time
highly informative method available to everyone who is interested in his or her

ancestry and family history. It does not require any material costs and apparatus. We

are convinced that in time every medical history wi) include the patient's genealogy
as an obligatory part of the life history.
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One of the founders of clinical genetics and medical and genetic cownseling

in Russia S.N. Davidenkov (1960) wrote: "In clinical diagnosis. that is. in the direct
practical work of the doctor gencalogical research is extremely important. and often
1g the method of genealoegy and
a strong help in daily work
could

decisive moments of recognition:the habit of usit
personal examination of relatives for diagnosis is such
that anyone who has at least a little experience in this. it secems strange how onz
lju content to consider only the bare phenotypes. completely ignoring the hereditary
features that were characteristic of these people (family) long before the discase".

The pedigree reveals the medical and pathological background of the family,
it can be used to judge with certain accuracy the type of inheritance of patholegy. the
family members who need examination and obscrvation by a doctor.When compiling
a lamily tree. a much warmer and more trusting contact with the patient and his or her
relatives oceurs than simply talking about the illnesses of loved ones. & well-
compiled pedigree helps to predict the health status of the patient's relatives, their
children and future offspring.The founder of the genealogical method of suidying
heredity is considered to be the German historian O. Lorenz. who published in 1898 a

textbook of gencalogy. which examines the patterns of origin of various family

discases.
In this textbook gencalogy is
knowledge. but as an independent science
g

considered not as a branch of hitorical
_ delivering abundant material for biology.
psychology. psychiatry. etc.. and having its own tasks to establish patterns in the
succession of :_’cncr;n‘imls.ln 1912. the American Eugenic Institute issued sample
straight-line pedigree tables. which arc «(ill in use today with little change.Symbols
used in drawing up a pedigree are reflected in Fig. 1. the princip!C Of_drﬂ“'llg. up a
pedigree is presented in Fig. 2. The person from whom the study of .pcd.lgrcc hsgms is
called proband, and not in all cases it is a patient, especially in pediatric pmcﬂcc.!t is
best to draw a family tree on a large sheet of paper with horizontal lines. All }':Eatwcs
belonging to the same generation should be placed on one Iiue.Gc'ncramns are
designatf{d by Roman numerals and individual members of each generation by Arabic
numerals. In this case. cach family member will have an indi\-'idual_lmmbcr of one
Roman and one Arabic numeral.The ages of all members of‘lhc pedigree should be
given. since different discases appear at different ages of Iiip. and‘!hosc p%-nsonally
examined should be marked with "!" More detailed explanations of the pedigree are

called legends and are usually written on separate cards.
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A well-compiled pedigree can answer many
which diseases are most common in a family
tested for genetic predisposition to a certain pg
determine the type of inheritance of the di
members have a high risk of getting or givin
determines the choice of diagnosis method. pr
care.

questions. In particular, it shows
and which of its members should be
tthology. The pedigree can be used to
seasc and 1o find out which Family
g birth to a similar patient. This data
eventive measures and timely medical
The use of the clinjca and genealogical method implies a thorough clinical
¢Xamination of the maximu :

sterile and atypical signs of the disease. Anamnestic data are collected according to a
specific scheme, Information ab <

out the proband. information about the prohﬂ"‘l_'s
al and paternal relatives is recorded in

stetric history of women is very important. including
the course and backgroung of pregnancy. details of Spontaneous abortions, stillbirths.
infertile marriages and early infant mortality, The presence and nature of
occupational hazards, factors affecting feta) pathology (medications, maternal illness.
ete.) should also pe taken into 3

! ccount. FFamily genealogy can be a good help for its
young members in solving social ang professional issues, "The creation and

accumulation of "ljfe histories" ang "family chronicles” g not only a humanitarian-

scientific task, but also a &eneral cultural ope. " 5ays St. Petersburg sociologist A.N.
Alekseev.Moreover, the scholar adds, "Any 'life Slory', for whatever purpose it is
created. should include genealogical | On - as detailed as the author of the
story can provide., Family chronicles are based on a clear definition of the degrees of
kinship, it is desirable 1o build a 8enealogical tree, which requires minimal training".

iz



Vladimir Nabokov in his autobiographical novel "Other Shores" writes:
"Lighteen years of leaving St. Petersburg. I was oo young in Russia to show any
curiosity about my ancestry: now 1 regret it - for technical reasons: with a distinct
personal memory. the vagueness of family memory affects the balance ol words".

4.3. The twin method

The twin method is based on clinical examination and comparison of mono-
different  environmental

and dizvgotic twins reared in the same  or
oo and have the same

conditions. Monozygotic twins develop from a single fertilized ¢
hereditary constitution. Thus, the differences detected between them are not related to
velop from different eges fertilized by different

hereditary factors. Dizygotic twins de
as that of normal sibs, but due to

sperm. Their degree of genetic similarity is the same
their simultancous birth and co-parenting they share more environmental factors.
Monozygotic twins separated in infancy or carly childhood and reared in different
environments are of particular value in the study of hereditary l':lcmr_s affecting
behavioral, psychological. or intellectual traits.Using the twin method. it _has been
possible to prove the importance of genetic predisposition to many widespread
discases.

The result of comparing (w0
percentage of identity or concordance of various
twin pair.

The greater the herit

groups of twins is a calculation of the
traits or discases exhibited by cach

able component of a trait or discase, the higher the

concordance values. but most importantly, the greater the Ic't*cl of dlscor_dancg
between mono- and dizygotic twins.A quantitative estimate of the proportion of
heritability of a trait is the coefficient of heritability (H). calculated according to the

following formula proposed by Holzinger:

i Monozygotic  Dizygotic =~ |
. Type 1 diabetes 60-70 7]()0—3105
| Type 2 diabetes 65-90 55
1 Grave's discase :fu'%:f 6-7
| Hashimoto’s thyroiditis 50-25 0-;
| Congenital hypothyroidism 1-20 30-40
' Autoimmune throid discase 80-85 20-40
Thyroid nodules 50-60 20-40
| Obesity 70-80 2-7
| Osteoporotic fracture 9-10 TO-”O
Growth hormone deficiency 40-80 1025
Congenital adrenal hyperplasia 7030 B
B -

H=(CMT-CDT)(1 00-CDT),
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where CMT and CDT are the percent concordance of the trait for n.wnn-‘uml
dizygotic twins. respectively. If H>70%. the decisive role in the manifestation of ”_’C
lrai‘tbhc]ongs to hereditary factors. At H<30%- environmental factors are the main
factors in IT'IC formation of the trait. At intermediate values of 1. approximately equal
participation of both genetic and environmental factors in trait control is assumed.

For example, when one of the partners of a twin pair contracts measles or
pertussis. the probability of the other p
concordance) is almost the same in
94% and 97% and 93%, respectively, )

The predominant role of the infectious factor in this case is obvious. In
luberculosis, the probability of the second twin in
times higher than in a dizygotic pair - 67% and 23%,
a similar reaction to tuberculosis infection occurs
genotypes. (Fig 3).

This fact shows the signific
to tuberculosis. which is now v
data on the increasing prevalen

artner  contracting the  discase  (pair
the mono- and dizygotic twin groups: 98% and

a monozygotic pair is almost 3
That is. with identical genotype.
more ofien than with different

ant role of hereditary predisposition of the child
ery important to keep in mind in connection with the
ce of tuberculosis.

4.4.Population-basedmethod

The population method is aime
genotypes in different populations. as w
This method is especially important i

d at studying the frequencies of alleles and
ell as the factors influencing their dynamics.
n cpidemiologic studies. Genetic study of
human populations is impossible without taking into account geographical and
climatic conditions.But especially important are demographic characteristics of the
population, such as size, fertility, mortality. age and social structure. national

composition, religious affiliation, lifestyle. nutrition, presence of bad habits. ete. The
demographic characteristics of {he i

- such as size. fertility, mortality. age
omposition, religious affiliation. lifestyle. nutrition.
are also important, Hereditary discases occur with
t populations, ethnic groups and races. and this is due
encies and spectra,

presence of bad habits, ete.,
different frequencies in differen
to differences in mutation frequ

The Hardy-vwe

inberg Principle
Five —yy Eq assumptions:
1. The Population size is very large e
2. Random mating is ©ccurring ‘}
3. No Mutation occurs
4. No
5.

b
selection occurs ¥
No alleles transfer in or out of the g
POopulation (no migration Occurs)

Then allcle fre

quencies in the Population
will remain Constant thr.

ou
9enerations WS ttare

Fig 4.

formity of allele and genotype frequency distribution
l-{urdy-Wcinberg lay

: v allows us to judge whether a
1.e. whether the principle of random interbreeding is
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shssreadin i resardiessiof N
o erved in it r%gd[‘(“\.h:\ of the genotypes of individuals. Important practical tasks are
mu_ analysis of spectra and frequencies of distribution in separate populatons of

utant allcl_cs associated with certain hereditary diseases and the identificaion of
major mutations among them. (Fig 4)

The Hardy-Weinberg Principle

Calculate genotype frequencies with a
binomial expansion
(p*q)2=p?+2pq + q*= 1
» p? = individuals homozygous for first allele
. 2pg = individuals heterozygous for the
alleles
- g2= individuals homozygous for second

allele

because there are three phenotypic classes:
p2+2pq +q? must always equal 1

Fig 5.
4.5.Cytogenetic method

to analyze the karyolype ad its
-2 ml sample of the patient's
formed in three stages:
and its micrescopic

The cytogenetic method is used
abnormalities in individuals. It is sufficient to obtain a 1
peripheral blood for the study. Karyotype analysis is pe
cultivation of blood lymphocytes. staining of the prcparation
analysis.Culturing is performed in order to stimulate lymphocyte division, siice the
success of cylogenetic study depends on the number of cells at the metaphast stage.
when chromosomes are in the most compact form. The duration of cultivition is
usually 72 hours. To increase the number of metaphase cells. colchicine is njected
into the medium at the end of cultivation, which halts division at the lllfflatpllas: stage,
destroys the division spindle. and increascs chromosome condensation. Next, the
cells are placed in a hypotonic solution, which leads to the rupture of the nuclear
envelope and free movement of chromosomes in the cytoplasm. At the next stige. the
cells are fixed with a mixture of cthanol and acetic acid in the ratio of 3:1. their
suspension is scraped onto slides and dried. I?ﬁpcnfilllg on the ‘purpﬁscs of
karyotyping. different methods of differential staining of chromosomes (G-.R-, C-,
Q-methods) are used. The staining procedure takes a few mm_utes‘ :ﬂnd mi‘ms _m,;
cross-linking pattern specific to cach chromosome. Light microscopy o Slat?'kh
preparations is the most lime—consuming step of the whole study- I‘C(I“'“@h Igd
qualification. To detect chromosomal anoma netaphase plates shoul

lics. at Jeast 301 ¢ P
i s very effective.
be analyzed. Computerized chromosome analysis methods are very effecti
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The introduction of molecular tcchnnlngics. com.hincd W |‘1E.1‘ ‘lhihg:ii (])[:
fluorescent staining dramatically increases the TCSO]uIIUH.Ol C'}mg'cq‘d{t[d:;](;r-q.;md
this case. individual segments of chromosomes can be suuch in d;ﬂ.ulru\l:l ‘[Lhud;lhm-c
karyotypes as a whole look like fantastic amaz_mgl_\'. colorful plc!uru‘.. l-]l. )mn.mmcs
also been developed for staining chromosomes in quiescent cells, w hu‘l c l.r(' N )Au[ %0
are maximally stretched. With their help. chromosome segments of about
kilobases in size can be identified.

4.6.Biochemical, immunological and microbiological methods.

Biochemical and immunological methods are based nnmlhc zm:ll,\‘bh‘l:%. “'I
various classes of organic and inorganic compounds dct‘ccti.\c in f.[l”t.‘l'C-I'l.l l.ktr?dl-[l‘:lg
diseases, primarily hereditary metabolic diseases.Biochemical disorders. ‘dh .d' '“ in.
precede the appearance of clinical symptoms of the discasc.und are more L_m‘m[dr]im
comparison with them. The subject of biochemical diagnosis can be prn.lcn‘lh._ffll‘l]“m
acids, carbohydrates, lipids., metal jons. Cte.. as well as their mclahnlm_:hl_)l ':IIL'I
tissues and body secretions (blood. urine., saliva, sweat, liquor, amniotic [_ ul.fj-
biopsies of mus'cle. skin. liver and other specialized [issucs‘).cﬂn 'bc cxljﬂ’lgﬂkiié
Biochemical methods play a primary role in the diagnosis of mhcan mttm_tz”
disorders. In some cases, they allow the detection of heterozygous mutation carricrs.
The role of biochemical methods of analysis is very important in the mass screening
of pregnant women or newborns for earlier detection of hereditary discascs. he

The key role in the pathogenesis of any monogenic discase bclong_sum the
primary biochemical defect - the protein encoded by the mutant genc. ldcnll[l(:‘ﬂlw”’
and analysis of the primary biochemical defect, determination of the primary
pathological metaboljc chain - these are the main goals of biochemical genetics, the
solution of which is the basis for the development of pathogenetic mclhosis of
prevention and therapy of hereditary diseases. The roje of biochemical methods n the
diagnosis of secondary disorders s cqually important, For example, the primary
biochemical defect in Duchenne/Becker muscular dystrophy is a deficiency of
dystrophin, a protein that connects the cytoskeleton of the muscle cell to the
extracellular matrix. Ag a result of this disorder. the level of one of the muscle
enzymes creatine phosphokinase increases in the blood of patients, both at 111.0
beginning of the disease and in g advanced stage. Moreover, the content of 1h!5
enzyme is elevated in 30% of heterozygous carriers of the mutation. Although this
disorder is secondary. the prostate testing of creafine phosphokinase and the

persistence of its elevation in Patients make it 4 convenient diagnostic marker of the
discase.

The variety of biochemical methods s -
being improved. They are subdivided into qQualitative, quantitative and semi-
quantitative. Qualitative reactions allow the detection of excessive amounts of
intermediate metabolites that accumulate jn hereditary metabolic diseases as a result
of enzymatic reaction block. They are simple, inexpensive and quite sensitive.

Urine is often used as 3 substrate for qualitative reactions. Semi-quantitative
and quantitative tests are performed with both urine and blood. The simplest of these

cormous and they are constantly
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urLl‘ the measurement of pyruvate. lactate, ammonium ions. and the measurement of
acid-base balance. The leading role in the diagnosis of hereditary metabolic discases
belongs to highly accurate quantitative tests using ﬂuorimctr_\': spcclrophulomci‘r\'-.
c.hr-.)nmmgraplyv_ clectrophoresis. and mass spectrometry.  Some methods allow
simultancous quantification of several thousand metabolic markers. However, these
methods require the use of rather expensive equipment and consumables. In some
cases, immunological methods of protein analysis are more effective than
biochemical methods. Among them we should mention the immunohistochemical
mclhnd. which makes it possible to analyze proteins and determine their localization
in specialized cells and tissues of the organism. Immunologic methods are used in the
examination ol patients with immunodeficiency states (agamnwglnbulincmiu. ataxia-
teleangicetasia-Louis-Bar syndrome, etc.). in suspected antigenic incompatibility of
the blood of the mother and fetus. in the establishment of paternity.

Microbiological methods are used to analyze the presence in a biological
¢s - amino acids, sugars, ctc., necessary for the growth of
asis of the well-known Guthrie
galactosemia and

sample of certain substanc
certain strains of microorganisms. This method is the b
test used in the diagnosis of phcn_\'!kctmmria. histidinemia.
leucinosis.

4.7.Molecular genetic method

The molecular genetic T analysis of nucleic acids.
primarily DNA molecules. The main purposc of these methods is to diagnose
mutations, study their association with inherited discases. and identify heterozygous
and homozygous carriers of the mutation.

In essence. molecular diagnosis is the most objective method of verification
of hereditary diseases. It is important to emphasize that finding mutations in
homozygous or heterozygous states in recessive or dominant discases, respectively. is
an indisputable conlil‘n%iion of the diagnosis. However, in cases where mutations
cannot be detected. the clinician retains the decisive conclusion in making the
diagnosis, since the molecular diagnostic methods used in practice most often do not
allow the identification of all possible mutations in the gene under in\'cstiga‘liqn‘. The
introduction of molecular genetic methodology into clinical practice was.l‘amhmtcd
by the development of hpolymcrusc chain reaction (PCR) or sp‘}cth DNA
amplification, which occurred more than 20 years ago. The pioneer of this method.,
Kerry Moulis. was awarded the Nobel Prize for his invention in 1993. Th‘? PC.R
method allows the testing of gene states in individuals. _lts cs§cl1cc COI]SI:‘itS in
sclective in vitro copyinghot“ a small fragment of a gene in which z?_mqlﬂnatmn lls
suspected to be localized. using the subject's genomic DNA as a malrli\. hhc sf{naj
size of the gene fragment 1O be copied (or an_1p]|1|cd). com?med )\;lftt“:}r [);i]%:
number, makes it possible to further use very simple methods to ﬂl}d yze lf' e
fragment, to identify its features in the patient 'undcr_s_tudy.‘TtEL llli;:l[]()s cc;:;;
methods are electrophoresis of amplified DN_A. its staining. L'L:jttmg‘ \I al ];f o
enzymes - restriction enzymes, and determination of {he nucleotide seque

fragment - sequencing.

nethod is based on the

117



PCR is the basis for DNA diagnosis of any hereditary discase. This ﬂPl’“““-'h_
is also widely used to analyze genetic risk factors predisposing to the dcvclon“Cf“ of
widespread multifactorial diseases. In the case of molecular diagnostics of inluclmns._
a DNA fragment specific for a certain pathogen is amplified. and then the presence of
this fragment. and thus of the pathogen itself. in the biological sample that \\'us.mkgn
for analysis is tested using clectrophoresis and DNA staining. The use of l’ﬂ'{ mn
forensic medicine is based on the amplification of highly variable regions of thlc
genome.  which allows for personal identification - the method of genomic
fingerprinting.

The advantage of DNA diagnostics  compared 10 biochemical or
immunological diagnostics is the use of a unified set of methods. virtually
independent of the goals of the study. These are methods of DNA isolation. PCR,
electrophoresis. DNA restriction. hybridization with specific HDNA probes and
sequencing,

Thus. it is possible 1o perform DNA diagnostics of a wide range of diseases
within one laboratory. Let us elaborate on the key methods of molecular diugnoslics._

DNA isolation. First of all. it should be remembered that the bulk of I)NA. >
located in nuclei as part of chromosomes in a supercoiled state due to interaction with
certain proteins. Thus. DNA can be isolated from any type of tissue or cell th.al
contains nuclei. There are many modifications of DNA isolation methods. We \\-‘:_Il
only discuss the basic fundamentals of one of these methods. In humans. DNA is
most ofien isolated from blood leukocytes. for which 1 to 5 ml of blood is taken from
the vein. Blood should be collected in the presence of anticoagulants. Alier
sedimentation of the blood, a leukocyte-rich layer is taken and detergents arc added to
disrupt the cell membrane. Nuclej are precipitated to the bottom of the tube by gentle
centrifugation. The supernatant is drained. and detergents to destroy the membranes
and proteolytic €nzymces to destroy the proteins are added to the nuclei suspension.
Most often proteinase K is used. Thus DNA is released into solution. The next step is
to separate the high molecular weight DNA fraction from low molecular weight
ents, lipids, carbohydrates, ete. One method of such
scparation is phenol extraction. When phenol is added and thoroughly stirred. low
molecular weight compounds will pass into phenol. which will turn brown due to the
presence of hemoglobin fragments, while DNA molecules will remain on the surface

of phenol, as they will not be able to enter this dense solution. The light solution over
phenol containing DNA js withdrawn and severa] rounds of repeated purifications
with phenol are carried out with the iti ‘

; : . is state it can be stored at low
lemperatures for long periods of time.

) P_o!yn.rera_-.-e cha.in reaction (PCR) o specific DNA amplification is the
selective in v!tro synthesis of a large number of copies (on the order of a million) of a
small DNA fragment, usuall

y hundreds of nucleotides in size. from a matrix DNA

molecule.PCR  requires the artificial synthesis i
: s S of g e-g :
molecules of 15 to 30 nucleotides, comp ] glesiad, B

{ ; lementary 1 the ends of the DNA fr ment
to be amplified. These molecules are called Primers.They serve as a primer ]b?-gDNA
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.\'}_'nl.hcsis and 1h_crc1'urc determine its specificity. PCR is performed in special
dl‘spusahlblc tubes in a very small volume. usually not exceeding 50 pl. To this volume
of defined buffer is added matrix DNA (DNA of the subject). two types of
commercially synthesized primers. the enzyme of complementary DNA synihesis -
thermophilic DNA polymerase, isolated from thermophilic bacteria and therefare able
to withstand high temperatures. and 4 types of deoxytriphosphates (dNTP). which
serve as a building material for DNA synthesis.

In the first step. matrix DNA is converted to single-stranded form by heating
950 for several minutes. Then three short-term proccdur;‘s lasting
a few tens of seconds are cycled: (1) annealing or primer seeding - this occurs when
the solution is cooled to a temperature optimal for the formation of a double-stranded
structure of matrix DNA with primers: (2) DNA synthesis starting from the primer -
this occurs when the solution temperature is raised to values optimal for the operation
of thermophilic DNA polymerase: and (3) denawration of synthesized DNA -
achieved by raising the solution temperature above 900 to convert the DNA to the
single-stranded form. Then everything is repeated starting from procedure (1). In this
way. at cach cycle of temperature change. the DNA strand located between the
with the length of this strand exactly corresponding to the
ners. After 25-30 such cycles, the number

the solution above

primers is doubled.
distance between the outer ends of the prir
of newly synthesized DNA fragments reaches or even exceeds one million copies.
The choice of the temperature change program and the duration of cach cycle
procedure, along with the choice of primers and buffer. depend on the length and
specificity of the DNA fragment to be amplified. These parameters determine the art
of PCR and are very often chosen empirically. The cyclic temperature change is done
automatically in a device called a DNA amplifier or thermocycler. Thus: PCR is an
casy (o perform, low cost. highly accurate and modern method of moalecular

diagnostics.

DNA g,’(rc,'r()[J)';(}rgsis is not fundamentally fiil'l"crcnl from pro[cin
electrophoresis. Amplified DNA is applied to a polyacrylamide or agarose geland the
current is turned on. This starts the progrcssion of DNA in the ?un:l from minus o plt_15__
and the speed of this progression depends on the length of the molecule and its
configuration.After a certain amount of time. DNA molecules ol CQ_Uﬂl Icng_lh will
concentrate in narrow zones. The number of copies of DNA syuthcsur:ﬁ dunqg_thc
PCR process is usually sufficient to visualize the DNA using the routine cthidium
bromide staining mclllbd_ When this dye is added to the gel. the DNA bands appear
red when the gcT is viewed under an ullravi(I))IélR]amp. "

There are many modifications of convenicr { '
example. not one but several DNA fragments can be z‘imph.ﬁcd-al on‘c--t‘unc;_- mu}ia);if]e[,:
or multiple PCR. Asymmelric PCR allows for prfztcrcnl'lﬂ b}"‘tll“.blsa[o‘ [li):zumber
strand. By introducing specific dyes into primers 1L 18 pnssnt?lc l‘o csll?rl _c, i
of copies of amplified DNA fragments on an automac 5cai‘l1}L PCRq malecular
PCRThe real-time PCR method is very powcrfu]. On the l?am_s fJﬂ r‘;‘cem oy
cytogenetics methods are being developed - PRINS, quantiative ftmc;;romosomc-‘
The latter method. based on multiplex amplification of ;Lp:t:[l;l‘bt:r S capites of
specific polymorphic DNA sequences. allows aifimting e L

119

t for specific studies. For



specific chromosomes or their fragments. and it is ven convenient for prenatal
diagnosis of fetal ancuploidies. such as Down syndrome. Edwards syndrome. Patau.
and others.

4.8.Molecular mutation diagnosis or DNA diagnosis.

Clinical methods of molecular diagnostics depend on the nature of gene
damage. i.e. the type of mutation. Structural intragenic mutations. such as deletions
and insertions, are the easjest to diagnose. as they change the length. and thus the
electrophoretic mobility. of the amplified DNA fragment. To diagnose Sll-L‘h
mutations. it is sufficient to perform PCR using specific primers and electrophoresis.
and then compare the length of the amplified DNA fragment in normal and in the
patient. In homozygotes for the deletion, the size of the amplified fragment will be
shorter by the size of the deletion, which means that this fragment will move faster
during electrophoresis and wil] be located below the normal fragment. Heterozygotes
will have two fragments on the clectrophoregram. one of normal size and the other
shorter. Similarly. insertions are diagnosed, but the length of the amplified fragment
in mutant homozygotes will be longer. and the fragment itself will be located higher
than normal on the electrophoregram, Heterozygotes will also have two fragments on
the electrophoregram - a normal fragment and a long fragment. i.c. located above lf!C
normal fragment. the results of the diagnosis of a major mutation in the cystic fibrosis
gene - delF508 - a deletion of 3 nucleotides in the 10th exon of the CFTR gene are
presented.

The multiplex PCR method  followed by clectrophoretic separation of
mapped DNA fragments is convenient for diagnosing more extended intragenic
deletions. Fig. 34 the results of the diagnosis of deletions in the Duchenne
myodystrophy gene by multiplex PCR are presented,

Molecular diagnosis of missense- or nonsense-type point mutations is more
difficult because the length of the amplified fragment does not change.The most
common method for diagnosing such mutations is restriction analysis. This method
can be used only when mutations randomly alter sequences specific for recognition
by restrictionases - endonucleases that catalyze the cutting of DNA sequences at the
localization sites of these specific sites. To diagnose such mutations, it is sufficient to
perform PCR. restriction of the amplified DNA fragment using a specific
endonuclease, and clectrophoresis. In the presence of a normal restriction site. the
amplified fragment will be cut and the CICClrophorcgrum will show two bands
co‘rr'esp(mding. to DNA fragments whose total length is equal to the value of the
original amplified fragment. Disappearance of the restriction site as a result of the

mutation will rcsyll in the mutant homozygotes having no cutting of the amplificd
fragment and a single band on the electrophoregram, with g pattern similar to that
seen after electrophoresis before restriction.
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Heterozygotes will show all three bands. one of which corresponds ts the
uncut amplified fragment and two of which correspond 1o restristion
products.Currently. more than 300 different restriction enzymes have been
identified. and for cach of these enzymes there is a different recognition site.
Therefore. as soon as a new mutation is described. the surrounding nuclestide
sequence is immediately analyzed for restriction sites using certain computer
technology.If this search is successful. clinical diagnosis of such a mutatien is
made by restriction analysis using a site-specific endonuclease.Since the methed of
restriction analysis is very simple and casy to perform, there are many
modifications of this method aimed at artificial introduction of restriction sites. ete.
However. we will not dwell on them. Fig. 35 shows the results of diagnosis d the
R408W mutation in the phenylketonuria gene by restriction analysis.

A universal method for diagnosing point mutations is the allele-specific
oligonucleotide (ASO) method. This method is based on hybridization of ampified
DNA with specific oligonucleotide DNA probes. It is more labor-intensive. as it
requires svnthesis and specific labeling of DNA probes. However. this methad is
) and on its basis. technologies are being developed that
allow simultancous testir of mutations. Microuray
technology is used. i.c. labeled oligonucleotides are applied in micro quantitis to
solid carriers (chips) and then hybridized with the DNA samples under study. )

A similar technology - "microarray” - is used to analyze the expresion
profile of genes. i.c. a sct ()Flgctlcs selectively expressed in specific 1i_s§ucs or eells,
in patients with certain pathological conditions. differing in age. clhmcny.and sther
parameters. The microarray technique allows simultancous analysis of the
ds of genes.

amenable to automation.
1o of tens or even hundreds

expression of tens of thousan - ’
DNA sequencing is the most objective method of mu

which accurately identifies the molecular nature of ll.w lesion.
However. this method is rarely used in clinical practice due to 11$

labor-intensive and high cost.

tation registration
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CHAPTER V. CHROMOSOMAL DISEASES

Autosomal syndromes are divided into three groups: complete l['ih:()-]'l'llCS.‘
partial aneuploidies and microcytogenetic anomalies. Numerical abn_urmullllcs of
sex chromosomes, including polyploidies and monosomies. are quite com‘mun.l
Autosomal polyploidies and monosomies are always lethal. and they are founc
only in abortus material.

Trisomies

Trisomies among live births have been described only for chromosomes 8.
9. 13, 18, 21, and 22; the remaining chromosomes are lethal. Of these. Down
syndrome is the most frequent and clinically significant. Edwards (trisomy ”:” “”_L!
Patau (trisomy 13) syndromes are less common. and the life expectancy of “"”’?"
patients is usually less than a vear. The remaining autosomal trisomics are cven
rarer, and their carriers die in early nconatal age. )

The most common cause of trisomy is chromosome divergence Llll[’ln{,’:
gametogenesis of the parents. Chromosome divergence in meiosis increases
sharply with the age of the mother. while the age of the father is almost |rrclcviml:
This is due to the peculiarities of meiosis in women. Female germ cells. lhc.‘
precursors  of the oocyte (oocytes). are formed in the third moqlh ol
embryogenesis, when the first division of meiosis takes place. Meiosis 15 lhgn
blocked and is completed only after fertilization. With age, there is a dFultllc II1
ovulatory reproductive function, which contributes to follicle over-ripening. Que.
consequence of this over-ripening is a disturbance in the even distribution of
chromosomes during division. In males. both phases of spermatogenesis oceur
every 70 to 72 days.

5.1. Down syndrome

The best known numerical chromosome abnormalitics include Down
syndrome, a form of mental retardation caused by the presence of an extra 21
chromosomes - trisomy on chromosome 21. This disease was first described in
1866 by John Down, a physician at the Earlsweed Psychiatric [Hospital (Surrey.
England). The frequency of pathology on average is equal to 1:700 newborns. 1N
the population - 1: 4000. Among patients with oligophrenia. Down syndrome is the
most common form and accounts for about 10%,

The critical segment for clinical manifestations of Down syndrome is the
distal part of the long arm of chromosome 21 - 21q22, (Fig 6) where the gene for
the key enzyme of antioxidant defense. superoxide dismutase, is localized.
Trisomy results in hyperexpression of this enzyme with subsequent dysregulation

of reactive oxygen species, Hyperproduction of free radicals leads 1o
neurodegenerative processes in the CNS,

' _ premature aging and other clinical
manifestations of Down syndrome.
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ndrome should be assumed by a neonatobgist

The diagnosis of Down sy
k child. and this assumption should tha be

immediately after the birth of a sic

confirmed by karyotype analysis.
Down syndrome patients are characterized by peculiar phenotypic featres.

primarily lacial anomalies, well known to any medical worker: slanting eyes. aften
epicanthus (a vertical skin fold covering the medial corner of the eye slit) (g 7)
short nose with a wide bridge of the nose. small deformed ears. often a halfepen
mouth with a protruding (Fig 7) Jower jaw, cracked dry lips. problems with
sucking due to hyperglossia. "carp mouth”. general hypotonia and adynamia. The
patient's figure is relaxed. gait and movements are awkward, voice is rough, speech
is one-syllable. cloquent. In addition, in 60% of cases. patients have one lhrge

transverse furrow on the palm, often on two palms. (Fig 8)

=

Fig 7




It should be noted that in 3% of cases such a furrow is also present in
healthy people. and sometimes it is inherited by autosomal dominant type.

Therefore, on the basis of this sign alone. one should not assume Down
syndrome in a newborn, much less report his or her assumption to the m‘mhcr
without obtaining karyotype data. Unfortunately. we have seen such cases in the
practice of novice inexperienced doctors. which ended with the cessation of
lactation in the mother. Often patients with Down syndrome have congenital heart
defects. biliary system. leukemia. All patients have congenital dementia. In
infancy, Down syndrome patients are apathetic and abnormally calm. never cry.
and have sharply reduced muscle tone. A well-known expert on chromosomal
discases LI. Shtilbans (1965) wrote: "Children with Down syndrome  arc
affectionate, obedient, but sometimes stubborn. they are fearful and like to imitate
those around them, so they can be taught to help others in the household. dress. but
they are not capable of systematic labor. Simple life skills are usually learned by
many of them". However, we repeat once again that even in the presence of the
most striking manifestations of the disease for a definitive diagnosis it is ncccssa'l'y
to study the karyotype of the patient. In 96% of cases. the karyotype in a boy with
Down syndrome is 47, XY (+21) and in a girl - 47.XX (+21).

Translocation variant of Down syndrome is registered in 3-4% of cases. In
this case, one of the parents has a translocation between segments of chromosome
21 and one of the other chromosomes in the presence of a complete set of 46
chromosomes. Most often, translocation of the 3rd segment of chromosome 21 to
chromosome 13 or 15 is observed - translocation variants 21/13 or 21/15. Segment
exchange can occur on chromosome 21 itself - translocation variant 21/21. In
translocation 21/21, regardless of whether the mother or father has it. the risk of
giving birth to a sick child is 100%, in other translocations in a woman or a man
this risk is much lower and is 10% ang 2-3%, respectively. In the case of
pregnancy, the presence of such translocations in the family is a strict indication
for invasive prenatal diagnosis of Down syndrome in the fetus. Such diagnosis is
routmc:!)fr Ecrfor_mcd in the first trimester of pregnancy, usually at 9-10 weeks.
Sl r:e til:rdr :anta_nt of Down syndrome_is mosaic, when the addm‘j 2'1

present in only a part of the patient's cells, The frequency of this
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variant rs 1-2% . "Mosaics” have more crased manifestations of the syndrome
n!tcn_ihc:r intelligence is preserved. but the external manifestations of the diSHISL:
remain. To diagnose mosaicism. it is sometimes necessary to karyotype not only
hluf)d cells. but also other tissues of the patient (cultured ﬁbrublasts.. biopsits of
various organs).

5.2. Patau syndrome
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Fig 9) or Patau syndrome was described in
nital malformations. The frequency of the
ations of the syndome
1 period. These indude

Trisomy on chromosome 13 (
1960 in children with multiple conge
discase is 1:5000 - 1:7000 newborns. The clinical manifest
diagnosis already in the newbort
as microcephaly. trigonocephaly. cleft lip and pdate,
sunken nose bridge. etc.. often
and combined with poly-and

are quite specific and allow
craniofacial anomalics such
microphthalmia, (Fig 10) narrow cye slits.
accompanied by severe brain development defects
syndactyly of the hands and/or feet.

o WP
Fig 10

¢ features in the form
patients have ma
Deafness, muscle
ds to early death,

of loops and ars in
Iformations of sther
hypotonia. seiaires,
and life expectincy

Patients have dermatoglyphi
finger patterns. distal palm {riradius. Ofien
organs - heart, kidneys. genitalia, intestines.
mental retardation are observed. All this lea
of such children rarcly exceeds 1 year.

.



5.3.Edwards syndrome
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Another example of numerical aberration of chromosomes is trisomy 1801;
Edwards syndrome, (Fig 11) described by the English pediatrician and gcmuBlS
Edwards in 1960. The incidence of the disease among newborns averages 1:7000.

e

Fig 12
This discase is characterized by the following symptoms: severe mental
retardation, microcephaly, dolichocephalic skull with 2 step-like depression of the
frontal bones in the area of the fontanelle, the auricles are low. the lower jaw is
reduced in size (microgenia), the external opening of the mouth is small
(microstomia), cleft upper lip and palate,( Fig 12) eye slits are narrow and short.
spinal hernia, cryptorchidism and hypospadias in boys and clitoral hypertrophy in
girls, congenital heart defect. Life expeetancy is not more than a year. In mosaic
forms, patients aged 19 years and older have been described.
In lt}c prenatal period, the discase can be detected during biochemical
screening of pregnant women by a sharp decrease in serum levels of chorionic



gmmflo;rc:pin. which is an indircct sign of the presence of Edwards syndrome in
the fetus. In this case. the pregnant woman should be referred for a level 2
ultrasound  scan.  because in Edwards  syndrome, ultrasound markers  of
chrunmm_nnal discases are detected in almost 100% of cases. Prenatal fetal
karvotyping is indicated to confirm the diagnosis and further medical and genetic

prognosis of future offspring of the parents.

5.4.Cri du Chat Syndrome

) F'ri du chat syndrome is a rare chromosomal disorder caused by a deletion
of genetic material on part of chromosome 5. Other names for the condition are cat
cry s.\'[‘]dmmc and 5p- syndrome. Symptoms can vary depending on the size and
area of the deletion of chromosome 5. The most common symptom is a shrill. cat-
like cry that newborns make. )

Overview

Cri du chat syndrome. or cat cry svndrome, is a rare genetic disorder that
[]uppcns because of a missing picce (deletion) of a chromosome. It gets its name
ll'_ﬂm the distinet cry that infants with the discase make — it sounds like the high-
pitched mewing of a cat. *Cri du chat” means “cry of the cat” in French.

5p- (pronounced “5p minus”™) syndrome is another name for the condition.
°p- describes the genetic deletion on the small arm (the p arm) of chromosome 3.
5p- syndrome is a spectrum disorder. The size and location of the deletion can
vary, so symptoms can range from mild to severe. If' your child has a larger
deletion, they may have more serious symptoms.

Symptoms and Causes

Symptoms of cri du chat syndr
symptom of the disorder is a distinet hi
cry and may be present during the first few wi
becomes less noticeable as your baby grows older.
Your baby may also have distinct facial features that include:
Unusually small head (microcephaly).
Abnormally round face.
Wide nose.
Widely set eyes (hypertelorism).
Crossed eves (strabismus).
Downward slanting eyelid fol
Extra fold of skin over the inner come

h

ome can vary widely. The most common

gh-pitched. shrill cry. It sounds like a cat
eeks of your baby’s life. The cry

ds (palpebral fissures).

r of your child’s cyes (monolid

C\'cs)
Low-set ears. .
Abnormally smalljaw(mlcrognathla). ; . o e
Unusually short distance from your child’s upper lip to their nosc (short
philtrum). ' ‘ ’
) their face may lose its plumpness and become

As your baby grows.
abnormally long and narrow.
Other symptoms of cri du-cha

Low birth weight.

{ may include:
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Delayed growth. :

Feeding difficultics, such as poor sucking. difficulty swallowing
(dvsphagia).

Weak muscle tone (hypotonia).

Curvature of the spine (scoliosis).

Heart defects. .

Developmental delays. such as head control. sitting up and walking.

Speech and language delays.

Moderate to severe intellectual disability. X

Cri du chat syndrome is a chromosomal disorder. A deletion of part ol 1]1.c
short arm (the p arm) of chromosome 5 causes the condition. This deletion most
often occurs randomly during the formation of reproductive cells (cggs or 51’“”“?
in early fetal development. The parents of a child with a random delction usually
have normal chromosomes. .

About 10% of people with the disorder inherit the chromosome
abnormality from an unaffected parent. When this happens. the parent carries @
chromosomal rearrangement called a balanced translocation. The parent doc§ll t
lose or gain any genetic material. and they don’t usually have any medical
problems. But balanced translocations can become unbalanced when a parent
passes them on to their child.

Diagnosis .

Your child’s healthcare provider will usually be able to diagnose cri du
chat syndrome at birth. They’ll see and hear the usual symptoms — includmg_lhc
cat-like cry — associated with the disease. They'll perform a complete IlID—"—'E"—!
exam and evaluate your child’s symptoms. More than likely, your child’s provider
will recommend chromosomal testing to confirm the diagnosis.

There are three genetic tests your child’s healthcare provider may use 10
diagnose cri du chat:

Karyotype: A karyotvpe chromosomal analysis maps out your child’s
chromosomes and lets you know if something is missing or added. e

FISH testing: FISH stands for fluorescence in situ hybridization. FISH
testing looks for specific gene changes or parts of genes in your child’s cells. _

Chromosome microarray analysis: Microarray analysis is a type _Q'
genetic testing that compares your child’s DNA to a control group. It can identify

deletions and duplications of whole chromosomes, parts of chromosomes and
specific locations of chromosomes.

Management and Treatment

There’s no cure for cri du chat. But, w
intervention, your child may be cap
leading a meaningful life.

Treatment for cri du chat sy
specific symptoms. Treatment will mo
healthcare providers. The most comm
physical therapy. occupational therap

Physical therapy

ith prompt diagnosis and carly
able of reaching their fullest potential and

ndrome varies depending on your child’s
st likely require ongoing care from a team of
on form of treatment is rehabilitation through

¥ and speech therapy.
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_ If your baby has r'ccding_ diﬂ?cz{m’cs. they should start physical theaapy
right away to address problems with sucking and swallowing. Physical therapy can
fllsn help vour child’s physical development by teaching them to sit, stand and
improve their fine motor skills.

Occupational therapy

Occupational therapy may benefit your child by providing interventions
that can help them develop skills to interact with the world around them. These
may include fine motor. visual. self-care and sensory skills.

Speech therapy

Speech therapy can assist your child with communication issues. Speech
vour child different methods of communicating. such as sign
ication. Speech therapists also helpwith

therapists teach
language and technology-assisted commun
leeding issues from an carly age.

In addition to supportive therapies, your child’s healthcare provider may
recommend surgery to treat a variety of symptoms. Surgery may correct conganital
heart defects. strabismus and scoliosis.

Prevention

You can’t prevent

you plan on becoming pregnant,
an help you understan

cri du chat syndrome since it's a genetic condition. If
talk to your healthcare provider about ganetic
counseling. Genetic counseling ¢ d your risk of having a shild
with a genetic condition.

Qutlook / Prognosis

What is the life expectancy for cri du chat?

The outlook for most children with cri du chat syndrome is variable. The
size and location of the deletion of chromosome 5 is a major factor in your child’s
prognosis. Your child will have noteworthy limitations in their physical and mental
development. But most children with cri du chat have a normal life expectancy.

Some children. however, are born with life-threatening health issuee. Of
these children. about 75% will die during their first month of life. About 90% of
deaths occur during the first year of life. Rates of death decrease afier the first few

years of life. . .
One of the most important factors in the prognosis of your child’s disase
is a prompt diagnosis. This allows for early intervention and therapeutic methods
that can help your child succeed.
5.5, Sex chromosome abnormalities
Jomalies affect sex chromosomes. Thus. the
leads to Klinefelter syndrome. and
ales lcads to Shercchevsky-Turner
and vatious

Quite often numerical ar
1osome in males

s in fem

presence of an extra X chron
acterized by infertility

the absence of one of the X chromosome
syndrome. Both of these discases arc char
deviations from normal development.
Kleinfelter's syndrome
Klinefelter's syndrome was
Klinefelter in 1942 Infertility. testicular
volume) and azoospcrmia (absence of sperm
129

described by the American physici:_m H.F.
atrophy. oligospermia (small cja.m!;uc
alozoa in semen). gynecomastia and



often mental retardation are characteristic symptoms of this discase. The cllmc'a}
symptomatology of the discase is most pronounced in prepubertal and pll'hcfl]«“
age. More often such patients are identified by the medical commission at ‘l.lu
military enlistment office during the examination of conscripts. Young men w lllh‘
Kleinfelter syndrome are distinguished from their peers by their tall stature and ll&-
discrepancy between height and arm span. which sometimes exceeds hci.&lt‘“ b)._‘;l
least 10 em. eunuchoid physique (long legs. high waist. relatively wide I’L'I""“‘)“i”_]1
a tendency to obesity. The penis is of normal size and the testicles arc descenc L.‘(‘
into the scrotum. but soft to the touch and very small, The diameter of the lcs}wkb
rarely exceeds 1.5 ecm. while in a healthy ym]ng man this value is cqual 10 3 cn-1:
The frequency of the syndrome among newborn boys is 1:850. in the population '3
cqual to 1:18,000 healthy men. among boys with mental retardation - 1:100 an
with the same frequency among men suffering from infertility. ;

Male sex hormones (testosterone propionate and its analogs) arc LISL‘(.! mn
the treatment of patients with Kleinfelter syndrome. In case of gyRECamAsts =
surgical intervention. Psychostimulants and neurometabolic drugs Ay be
recommended when indicated. as is generally accepted in other forms _OI
oligophrenia. When creating a family. the use of assisted reproductive technologics
using donor sperm is indicated.

1 DS 1 2 3 4 5 6 7 8

4 5.6 78

WHHwwn 0000
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188 82 9855 44 ii IR EIRIRTIRY
1718 19 20 21 22 Xy 17 18 19 20 21 22
Male karyotype Klinefelter syndrome karyotype
Fig 13

In 1958. in the work of P. F, Polanyi et al. for the first time in the
cytogenetic study of patients with Klinefelter syndrome were identified two X-
chromosomes along with a Y-chromosome. Later it turned out that the most
common variant of karyotype in Klinefelter syndrome is 47. XXY. (Fig 13) but
there are patients in whom the number of X-chromosomes reaches 4 or more.
Thus, the above symptoms are a reason to investigate the karyotype of the patient.
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Tall stature -

Tendency
tolose Poor beard
chest hair growth
Gynaecomastia Female
) pattern of fat
Osteoporosis distribution
W Female-type
Long arms p:zi: :a"
and legs prie
Testicular
atrophy
Note:
Many of these features
are often only seen in
untreated individuals
with KS
Fig 14

o note that polysomy on the X chromosome in wanen
47.XXXX and pentosomy - 47.XXXXX) most
1e additional chromosimes
ook like additional [Earr's
henotype. Howsver,
mes does not qzcur.
failure, and zarly

It is interesting t
(trisomy - 47.XXX. tetrasomy -
often does not lead to any pathological processes, as
are inactivated, and at karyotyping of such women |
corpuscles. Most carricrs of such anomalies retain a normal p
in some cases, complete inactivation of the extra X chromoso

This can lead to menstrual jrregularities, pregnancy
abnormalities are expressed in reduced intelligence.

menopause.In some womef. | .
aggressive behavior, sometimes infertility. and signs of dysmorphogencsis. (Fig
14) The frequency of triplo-X (47.XXX) and quadri-X (48.XXX) 15 1:800.

5.6.Y-chromosome polysomia in males
in the male karydype
lies. Such men are fatile.

vith chromosomal abnormalities is no higher

have tall staturc. mandibular prognahia,
antisocial pehavior. The syndrome was

ra Y chromosome

1 ext
a

The appearance of ar
(47,XYYY),as d rule. does not lead to any sexual anom
and the probability of having a child ¥
than normal. However such men

increased aggressivencss and are prone to
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first described in a survey of inmates in US prisons. It is assumed that such patients
may have criminogenic tendencies.

5.7.Shereshevsky-Turner disease.

Monosomy X: Turner Syndrome
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Shereshevsky-Turner discase or monosomy on the X chromosoljnc I\IJS
observed only in women. The first to describe this discasc was our compatriot N.
A. Shereshevsky in 1925, then in 1938 the American

endocrinologist H. Turner.
suspected in newborn girls with a body
-shaped skin folds on the back of the neck. ;u_]d
feet. Similar clinical manifestations are obscr.ved n
with  Sherechevsky-Turner syndrome. The origin of
lymphoedema is attributed to cardiovascular insuffic
disease, often observed in these patients. About a qu

with malformations of internal organs, most often th

) A
i

The presence of monosomy-X can be
weight of 2500 g or less, wing
lymphoedema of the hands and
half  of newborns

iency due to congenital heart
arter of patients are difngnosed
¢ heart and kidneys. (Fig 16)




Until 9-10 years of age. sick girls develop without peculiarities. Thenthey
:mq a mild dcg.rcc of mental retardation. Minor sigis of
disease are epicanthus. less commonly ptosis (dl‘l;q')ing
ol ; qus. and clouding of the lens and/or cornea of lhccvg
I'he leading symptom of Shereshevsky-Tumer disease is sexual int’unhliéni
associated with dysgenesis of the gonads. which is fully revealed at puberty ZI‘Ild
bevond. The genitalia have a female structure with a significant degree of
underdevelopment. Sexual infantilism, primary amenorrhea and i:'lﬂ:l’lilil_\-’harg the
result of changes in the gonads caused by the absence of one X chromosome. (Fig
15) Patients do not have normal primordial follicle formation. Germinal and
follicular cells degenerate and produce almost no estrogen. This results in prinary
amenorrhea. underdevelopment of mammary glands, and scanty pubic and axilary
hair. Patients have a hormone-dependent decrease in height. At the age of 16-23

atients is 135 em (in healthy peers 158 ¢m). §hort
, amenorrhea is a mandatory indication
of one X chromosome - 45.X0 - is
1:2000 - 1:35000 newborns, and a the

have growth retardation
dysembryvogenesis in this
of the upper cyelid). strabisn

vears, the average height of p
stature of a girl in combination with primary
for her karyotyping. in which the absence
observed. The incidence of the disease is
height of adult women 130 - 145 cm this frequency increases (o 1:14. The ceurse
of the discase depends largely on which X chromosome is lost - materml or
paternal. The loss of the maternal X chromosome can lead to the terminatian of
embryo development and its spontancous climination already at the stage of
embryogenesis. If this does not happen. the fetus develops severe disorders of the
cardiovascular system. In the case of paternal X chromosome loss. congaital
malformations are usually absent and the mental development of the affected girls
is more prcscrvcd than in the first casc. It should be noted that special studies nake
it possible to determine the X This is important in the
medical and genetic prognosis 0 ccision of parerts to
prolong pregnancy with a fetus ping has revealed
Sherechevski-Turner disease.
In some girls who ar¢ clinically diagnosed w
a mosaic variant of the discase may be observed. In this

a normal karyotype. patients have cells with a pathologic
one X chromosome. The karyotype in these cases looks like this: 46.XX/45X0.

Moreover. the ratio between the number of cells with normal and pathobgic
karyotype is indicated. The ratio of cells with normal and pathologic karyaype
correlates with the patient’s condition. '

Some women with the mosaic variant of Sherechevski-Turner diseasehave
normal development of secondary sex Characlcri_slics. 'includir.'lg gcnimlia.ncrmal
development of secondary sexual characteristics. lpcludmg gcmt_aha. Furthernore.
these women are able in some cases o have traditional pregnancies. Some of hem
in vitro fertilisation techniques. Of course, these pregnant women need to uncergo

prenatal karyotyping.

chromosome identity.
f the future child and the d
in whom prenatal karyoty

ith this chromosomal diszase,
case. along with cellswith
al karyotype. i.¢. wihout
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CHAPTER VIEMONOGENIC DISEASI

Autosomal recessive diseases

Autosomal recessive diseases are manifested only when the mutz}m ;}I]clcs‘
are carried humozyguusl_\. In this case. there is partial or complete inucm'a_illoﬂ _01
the function of the mutant gene. One of the mutations of the sick child lnhf:l'llh’
from the mother. the other - from the father. In general. the parents ol the patient.
being healthy themselves. are heterozy gous carriers of the mutation. A%‘cm_'dmgﬂlﬂ
Mendel's law. the probability of a sick child being born in such a family is 25 /n:
Girls and boys are sick with the same frequency. and the birth of a sick }:hlld df“_:h
not depend on the age of the parents. the order of pregnancy and childbirth. Often
several sick sibs can be observed in one family.

In many forms of autosomal recessive discases, patients do not leave
offspring duc to the severity of their condition. Most often. sick children are born
to healthy parents. cach of whom carries the mutation in a heterozygous s-lzitc.‘
Thus, when analysing the pedigree. the "horizontal" nature of hcrc_dllar_\
transmission of the discase can be traced. Two thirds of healthy child.rcn m.tht:‘
marriage of heterozygous parents also turn out to be heterozygous carriers of the
mutation. In the marriage of a heterozygous carrier of a recessive mutation with d
spouse who does not have the mutant allele. all children will be healthy. b.ul hai!’of.
them will be heterozygous carriers of the mutation. Analysis of pedigrees oi_
patients with autosomal recessive discases shows that ofien (about 60%) parents of
such patients are relatives or their ancestors come from the same village or district.
which is also an indirect sign of inbreeding.

6.1. Phenylketonuria

Phenylketonuria (PKU) is an inborn error of metabolismthat results

in decreased metabolism of the amino acidphenylalanine
Itisduetothcdcfc[ctofcnzymcphcny]a[aninc

hydroxyiascthatbrcaksdownphcnyIalaninc.
G'l‘hiscnzymcnorma!lyconvcnsphcnyIalanincloalmlhcraminoacidlyroS
ine

History

Before the causes of PKU w
in most people who inherited the
winning author Pearl S. Buck had
before treatment was available, a
called The Child Who Never G
widespread newborn scre
homes/institutions.

Phenylketonuria was discovered by the
Folling in 1934 when he noticed h
with intellectual disability. In Norw

ere understood, PKU caused severe disabil‘ity
relevant mutations. Nobel and Pulitzer Prize
a daughter named Carol who lived with PKU
nd wrote an account of its effects in a book
"ew.Many untreated PR patients born before
ening are  stil] alive, largely in dependent living

Norwegian physician Ivar Asbjorn
yperphenylalaningmia (HPA) was associated
ay, this disorder is known as Folling's disease.
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numcg after its discoverer. Folling was one of the first physicians to a ly detaile

chemical analvsis to the study of disease. ysicians (@ appR S o
‘ In 1934 at Rikshospitalet, Folling saw a young woman named Bargny
Fgeland. She had two children. Liv and Dag. who Imdhbccn normal at birth :bl;l
subsequently developed intellectual disability. When Dag was about a year old. the
mother noticed a strong smell to his urine. Folling obtained urine sump-lcs from the
ch;ldrcn and. after many tests. he found that the substance causing the odor in the
urine was phenylpyruvie acid.  The children.  he conc]ud&l. had excess
phenvipyruvie acid in the urine. the condition which came to be caliéd

phenylketonuria (PKU).

His careful analysis of the urine of the two affected siblings led him to
Jslo to test the urine of other alfected patients. This
ance he had found in cight other patients. He

conducted tests - o X
ducted tests and found reactions that gave rise to benzaldehvde and berzoic

aci hich le i =
acid. which led him to conclude that the compound contained a benzenering.

urther testing showed the melting point to be the same as phenylpyruvic acid.

request many physicians near (
led to the discovery of the same subst

which indicated that the substance was in the urine.
Horst Bickel. Evelyn Hickmans and John Gerrard published a

In 1954,
paper that described how they created a diet that was low in phenylalanine and the
awarded the John Scott

patient recovered. Bickel. Gerrard and Hickmans were
Medal in 1962 for their discovery.

_ PKU was the first disorder 1o be routinely diagnosed through
widespread newborn screening. Robert Guthrie introduced the newborn screaing
1usE for PKU in the early 1960s. With the knowledge that PKU could be detected
before symptoms were evident, and treatment initiated. screening was quickly
adopted around the world. Ireland was the first country to introduce a natonal
screening programme in February 1966.Austria also started screening in 1966 and

England in 1968.

In 2017 the European Guidelines were published. They werc called for by
the patient organizations such as the European Society for Phenylketonuria and
|ketonuria. They have received some critical

Allied Disorders Treated as Pheny

reception.

thnI’Al-lnelivityisrcduccd.phcny]a|anineaccumulatcsandis
converted into phcnylpyruvate (phcnylkclonc), which
canbedetectedintheurine.

PK Uiscaused 1 ks R
b)’amulatcdgcncibrPAI-IcnzymcduclodefCCﬂIlthb|05ymhcs1soicofact0rtmrah
ydrobiopirin(BlM).

CT'th’AI—Igcneis1ocmcdonchmmosomc 12

causesawidespectrumo fdisorders

e PAHdeficiency t 0
henylalaninemia

includingPI(Uandhypcrp
Phenaylalanine

—1lisesscntialuminoncid )
—NormaIIydcgradedbyw:‘yoﬂhclymsmepathway. e
—I’hcnyla]aninczlndtyrosincarcprccursoram inoacidsforimportant

COmpounds Like: Thyro id hormone,Ncumtransmitlcrs,Mclanmelc._
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]l_vpcrphcnylalanincmia’strictly means .
clevatedbloodphenylalanine.itisusual Iy usedtodescribea groupol
disordersotherthanclassicPK U

-NormaIbluodphcnylalzminclcvciisabuullmg‘dl.

-InclassicPK U levelsmay rangefrom6to80mg/dl. .

- Classic PKU and the other causesofhyperphenylalaninemia affectabout 1 of

every10,000t020.000

I’KUisinhcriledinfamiIicsinanaumsoma]rcccssi\ cpaucrn.Aumsnmalrcccsswmg
heritancemeansthataperson has two copics of the gene that is altered.
Usually.cach parent of an individual who has PKU carrics  onc

copyoflhcallcrcdgcnc.SincccuchparcmaIsohnsagcnc.thc_\.'donmsho\\'signb‘()l'-“}"“P[
omsofPKU,

Signs and symptoms

Fig 17

Abnormally small head (microcephaly) (Fig 17), untreated PKU can lead
to intellectual disability. seizures, behavioral problems. and mental disorders. It

may also result in a musty smell and lighter skin. A baby born to a mother who has
poorly treated PKU may have heart problems, a small head. and low birth weight.
Because the mother's body is able to break down phenylalanine during
pregnancy. infants with PKU are normal at birth. The discase is not detectable by
physical examination at that time, because no damage has yet been done. Newborn
screening is performed to detect the disease and initiate treatment before any
damage is done. The blood sample is usually taken by a heel prick, typically

performed 2-7 days afier birth, This lest can reveal elevated phenylalanine levels
after one or two days of normal infant feeding.

lfg child is not diagnosed during the routing new
phenylalanine-restricted diet is not introduced, thep ph
blood will increase over time. Toxic levels of

levels of tyrosine) can interfere with infant development in ways that have
permanent effects, The discase may

i izures, h i ; ; present clinically
with sclzurbs,iﬁgmgm_en_mw(cxccsswcly fair hair angd skin), and a "musty
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odor" to the baby's sweat and urine (due to phenvlacetate. a carboxylic acid
produced by the oxidation of phenylacetone). In most cases, a repeat test should be
done at approximately two weeks of age to verify the initial test and uncoverany
phenylketonuria that was initially missed. ’
Untreated children often fail to attain carly developmental milestones.
progressive impairment of cersbral
and seizures, and severe leaming
A characteristic "must or
cczema, persist throughout

develop microcephaly. and  demonstrate
function. Hyperactivity. EEG abnormalities.
disabilitics are major clinical problems later in life.
mousy" odor on the skin. as well as a predisposition for
life in the absence of treatment.

The damage done to the brain

if PKU is untreated during the first manths
of life is not reversible. It is critical 10 control the diet of infants with PKU very
carefully so that the brain has an opportunity to develop normally. Affected
children who are detected at birth and treated are much less likely to develop
neurological problems or have seizures and intellectual disability (though such
clinical disorders are still possible including asthma, cczema, anemia. weight gain,
renal insufficiency. 0s€Oporosis. pastritis. esophagus. and kidney deficiercies.
Kidney stones. and hypertension). Additionally. major depressive disorders eccur
230% higher than controls: dizziness and giddiness oceur 180% higher: chronic
ischemic heart discase. asthma. diabetes, and gastroenteritis occur 170% higher:
and stress and adjustment disorders occur 160% higher. In general, howsver.
outcomes for people treated for PKU arc good. Treated people may haw no
detectable physical. neurological, or developmental problems at all.

Unaffected

unaffected et
%g{f";lceg Mother
oo oo o 09
\patenies 1 2GS

10 4cnane

Fig 18
Phcnylketmmria is inherited in an autosomal_rccassi\:e i'as!uorzi (Fig LS;,
PKU is an autosomal recessive metabolic gcx.iclm . disor 'CS' ,‘d;ﬂ ::n
autosomal recessive disorder., two PKU a“Cl'CS are reqqlre(}i( Ltjorbg?h 1na ;-l: l:lsmus(:
experience symptoms of the disease. For @ child to inherit P’ - PK[iJ s
‘ ‘cotive g¢ rents are carricrs 3
have and pass on the defective acne. If both pa gt

2504 chance any child they have will be born with the disorder. & 5
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child will be a carrier and a 25% chance the child will neither develop nor be a
carrier for the discase.

PKU is characterized by homozygous or mlnmll}‘d
heterozygous mutations in  the gene for the hepatic  enzyme phenylalanine
hydroxylase (PAH). rendering it nonfunctional. This cnzyme  is necessary to
metabolize the amino acid phenylalanine (Phe) to the amino acid tyrosine (Tyr).
When PAH activity is reduced. phenylalanine accumulates and s con\‘crtu“d
into phenylpvruvate (also known as phenylketone). which can be detected in
the urine.

Carriers of a single PKU allele do not exhibit symptoms of the discase hl_ll
appear to be protected to some extent against the fungal toxin ochratoxin A. Louis
Wooll suggested that this accounted for the persistence of the allele in certain
populations,in that it confers a selective advantage—in other words. being
a heterozygote is advantageoys.

The PAH gene is located on chromosome 12 in the bands 12q22-q24.2.As
of 2000, around 400 discase-causing mutations had been found in the PAI gene.
This is an example of allelic genetic heterogeneity.,

Pathophysiology ,

When phenylalanine (Phe) cannot be metabolized by the body. a typical
dict that would be healthy for people without PKU causes abnormally high levels
of Phe to accumulate in the blood. which is toxic to the brain. If left untreated (and
often even in treatment), complications of PKU include severe intellectual
disability, brain function abnormalities, microcephaly, mood disorders. irl'L‘g'U!i”'
motor functioning. and behavioral problems such as attention deficit hyperactivity
disorder. as well as physical symptoms such as a "musty” odor. ecczema, and
unusually light skin and hair coloration 22!

Classical PKU

Classical PKU. and its less severe forms "mild PKU" and "mi.ld
hyperphenylalaninemia” are caused by mutated gene if“-
the enzyme phenylalanine hydroxvlase (PAH), which converts the amino acid
phenylalanine ("Phe") to other essential compounds in the body. in particular
tyrosine. Tyrosine is a conditionally essential amino acid for PKU patients becausc
without PAH it cannot be produced in the body through the breakdown of
phenylalanine.

PAH deficiency causes a spectrum of  disorders. including classic
phenylketonuria (PKU) and mild hyperphenylalaninemia (also known as
"hyperphe" or "mild HPA")a less severe accumulation of phenylalanine.
Compared to classic PKU patients, patients with "hyperphe" have greater PAH
enzyme activity and are able to tolerate larger amounts of phenylalanine in their
tients have blood Phe levels

! 1 _ activity. There g currently no international
consensus on the definition of mild HpA. however, it is most frequently diagnosed
at blood Phe levels between 2—¢ mg/dL. )

Phenylalanine is a large, neutral aming acid (LNAA). LNAAs compete for

transport across the blood-brain barrier(BBB) . ; id
Y TY. TFhanci o via the large neutral amino aci
transporter (LNAAT). If phenylalanine is in €xcess in the blood. it will saturate the

j=~]




transporter. Excessive levels of phenylalanine te

: NAr;q\; e br [\LI.\ of phenylalanine tend to decrease the levels of sther
N S c 'l i / > AN - 1 act R - > AOPC S » 1
- 8 . £ O in s 1)[1;.»; amino ..mds are necessary for protein and

LLIT(:)leIlhI'['llllL.l‘ synthesis. Phe buildup hinders the development of" the brain
causing intellectual disability. ‘-
Recent research suggests that neurocognitive. psychosocial. quality oflife

rlogy are slightly suboptimal even for patients who are

growth. nutrition, bone pathc
wreated and maintain their Phe levels in the target range, if their diet is not

supplemented with other amino acids.

Classic PKU affccts myelination and white matter tracts in untreated
infants: this may be one major causc.oi" neurological problems associated with
phenylketonuria. Differences in white matter development are obserable
with wﬂwm Abnormalities in gray matter can also be
detected. pzu'iicularl}‘ in the motor and pre-motor cortex. thalamus and the
hippocampus.

It was recently suggested th
as Alzheimer's discase and Parkinson's diseas
amyloid-like assemblies of phenylalanine.

'l’clrah_\’druhiupicrin—dcﬁcicnl h_\'pcrphcnylalanincmiu

A rarer form of hypcmhcn_\'lalanincmia is tetrahvdrobiopterin deficiency.
which occurs when the PAH enzyme is normal. and a defect is found ir the
biosynthesis ~ or recveling of the cofactor tclmh\-'drobioptcrin(Bl-h).B[—h is
necessary for proper activity of the enzymc PALL. and this coenzyme ca be
supplemented as treatment. Those with this form of hypcrphcn_\'lalanincmia may
have a deficiency of tyrosine (which is created from phenylalanine by PAH), in
which case treatment is supplcmcntalinn of tyrosine to account for this deficiency.

Levels of dopamine can be used to distinguish between these two
types. Tetrahvdrobiopterin is required to convert Phe to Tyr and is requiral to
convert Tyr to 1.-DOPA via the enzyme tvrosine_hydroxylase. L-DOPA.‘in tum, is
converted to dopamine. Low levels of dopamine lead to high levels of Qrola:tip.
By contrast, in classical PKU (without dihydrobiopterin involvement), prohctin
levels would be relatively normal, B2ilataon nevded]

As of 2020, tetrahydrobiopterin deficiency was kn
defects in five gencs.

Metabolic pathways :

Pathophysiology of plwnylkclonur_:a.
functional phenylalanine hydroxylase (classical subtype

the recycling of !clrulwdrobiop!crin (new variant subtype) util
of the metabolic pathway. '
The enzyme phen Jlalanine__hydroxylase normally converts llll\e anino
acid phenylalanine into the amino acid tyrosinc. l.f this reaction dole]s‘nc')!t tlﬂ ‘i.nﬂ‘acg.
phenylalanine accumulates and tyrosine 18 deficient. Excessive pheny nran ;; S:m
be  metabolized  into phenylketones through  the mmclz/I L cs
é aminase ay with glutamate. el e
a transaminase pathway g .. S o

transaminasc

i pheny phenylpy d phencthylami

include phenylacetate, henylpyruvate and 2 ( Al L

phenylalanine in the blood and detection of _phcn_v[kclo:]‘:s“m‘ the u is
diagnosed via newborn screening.

diagnostic, however most paticnts are
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Screening

Blood is taken from two-week-old baby 1o test for phenylketonuria

PKU is commonly included in the newborn screening panel ol many
countries, with varied detection techniques. Most babics born in Lurope. Nﬂl'l'h
America, and Australia are screened for PKU soon afier birth.Screening for PRU is
done  with bacterjal inhibition assay  (Guthrie _qest). immunoassays  using
fluorometric or photometric detection. or amino acid measurement using tandem

Mass_spectrometry (MS/MS). Measurements done using MS/MS determine the

concentration of Phe and the ratio of Phe to trosine. the ratio will be elevated in
PKU.

Treatment

PKU is not curable, However. if PKU is diagnosed carly enough. an
affected newborn can ETOW up with normal brain development by nlzlnagl'ijg and
controlling phenylalanine ("Phe") levels through diet. of a combination of diet i‘.“d
medication. If dietary treatment js not initiated within 2 weeks afier birth, the C'l“id
is likely to develop permanent intellectual disability, even if dictary interventions
begin shortly thereafier,

Diet

People who follow the prescribed dietary treatment from birth may (but
not always) have no symptoms. Their PKU would be detectable only by a bloqd
test. People must adhere o a special diet low ip Phe for optimal b_”“_”
development. Sinee Phe is necessary for the synthesis of many proteins. it is
required for appropriate growth. but levels must be strictly controlled.

Warning for people with phenylketonuria o 4 label for an aspartame-
containing drink

Optimal _health ranges (or "target fanges") are between 120 and

360 umol/L or cquivalently 2 1o 6 mg/dL. This js Optimally to be achieved during
at least the first 10 years, to allow the brain 1o develop normally,
The diet requires restricting or elimi

nating foods high in Phe. such
as soybeans, egg whites, shrimp, chicken
breast, spirulina, walercress, fish. nuts, crayfish,

lobste ey, legume.. and
e o e 10bster, tuna. turkey. Lt—gu_‘ ;
lowfat cottage cheese. Starchy foods, such as potatoes and corn are gencrally
acceptable in controlled amounts, but th

. ¢ quantity of Phe consumed from these
foods must be monitored, A comn-free dj

food diary is usually kept to recorg the a ¢ consumed with each meal,
snack, or drink. An "exchange" syste




in a portion of food from the protein content identified on a nutritional informition
label. Lower-protein "medical food" substitutes are often used in placs of
normal bread. pasta. and other grain-based foods. which contain a significant
amount of Phe. Many fruits and vegetables are lower in Phe and can be ecatn in
larger quantities. Infants may still be breastfed to provide all of the benefts of
breastmilk. but the quantity must also be monitored and supplementation for
missing nutricnts will be required. The sweetener aspartame. present in many diet
foods and soft drinks. must also be avoided. as aspartame contains phcn\'lalan-hc

The amino acid tyrosine becomes essential in people with phl‘n\'[almi-nc
hydroxylase deficiency. Thus, in addition to the careful reduction of Phe it the
diet. Tyr must be supplemented to ensure that nutritional needs are met.

Different people can tolerate different amounts of Phe in their diet,
Regular blood tests are used to determine the effects of dietary Phe intake on Hood

Phe level.

Nutritional supplements

Supplementary "protein subslilulg” I'urmula:s' are typically prescribed for
people PKU (starting in infancy) to prm'ldf: the amino acids and other necessary
nutrients that would otherwise be lacking in a low-phenylalanine diet. Tyrasine,
which is normally derived from phenylalanine and which is necessary for namal
brain function, is usually supplemented. Consumption of the protein subsitute
formulas can actually reduce phenylalanine levels. probably because it stops the
process of protein catabolism from releasing Phe stored in the muscles and sther
tissues into the blood. Many PKU patients have their highest Phe levels afer a
period of fasting (such as overnight) because fasting triggers catabolism. 1\: _dicl
that is low in phenylalanine but does not include protein substitutes may also ifnl o
lower blood Phe levels. since a nutritionally insufficient dict may also treger
catabolism. For all these reasons, the prescription formula is an important pat of
the treatment for patients with classic PKU. . '

Evidence supports dictary supplementation with large neutral amino u:l_ds
(LNAAs).The LNAAs (c.g. leu. tyr, tp. met, his. ile. val. thr) may compete wn.h
phe for specific carrier proteins that transport 'LN_AAs across the {Illl?sl{llil! muosa
into the blood and across the blood-brain barrier into the brain. Its use is llmltxq in
the US due to the cost but is available in most countries as part of a low protin /

PHE diet to re » missing nutricnts. ‘ .
1L dlui\l‘:)olt;,][;:—ztc:]l]c;-cm,’;{g treatment  strategy is cascin gly%‘onm%ol\;,)l?t‘ldc
(CGMP). which is a milk peptide nalural]_\'. free qi P!n: in its pure -torm(a : (ij
substitute for the main part of the frec amino ac1ds‘ in 1he_PKU fhc:‘t ?? ‘ ?r [\:t hu;
several beneficial nutritional effects compz?rcd to lrc‘c. amino .1c1dzf '~]L|—a|:n QL
CGMP is a peptide ensures that the absorption m%c 91 its au‘]dmo alu):inbri:sk&l?on %nd
compared to free amino acids and thcrcb._\’ rcsul_ls in |mprm;c, pro :1 s bcnch’[‘ =
increased satietycompared to free amino acids. Another ung(:.t e
CGMP is that the taste is significantly improvedwhen CGN_IP SL: S l|l Lp[\ri)U o
acids and this may help ensure improved corzlp[mnca to i'I‘C. o N,U'\ :
a high amount of the Phe-lowering L s,

free amino
144 and will therefore help maitain

Furthermore, CGMP contains :
which constitutes about 41 g per 100 2 protein

plasma phe levels in the target range.
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Enzyme substitutes _ Jliase which

In 2018, the FDA approved an enzyme substitute called pegvaliase ther
metabolizes phenylalanine " It is for adults who are poorly managed on othe
treatments. ') . . -

Tetrahydrobiopterin (BH4) (a cofactor for the oxidation of phenylalanine
when taken by mouth can reduce blood levels of this amino acid in some people.

Mothers ;

For women with PKU. it is important for the health of their Chl-]dl"-'p‘ “’_
maintain low Phe levels before and during pregnancy. Though the developing |“~[‘”h‘
may only be a carrier of the PKU gene, the intrauterine environment can h““_—' ‘T:"
high levels of phenylalanine. which can cross the placenta. The child may d;'“'u:lpl
congenital heart discase, growth retardation. microcephaly ;.md I‘I][LI-L.L n;l
disability as a result. PKU-affected women themselves are not at risk of additio
complications during pregnancy. . .

In most countries, women with PKU who wish to have children d]n;
advised to lower their blood Phe levels (typically to between 2 and 6 mgfdl'c
before they become pregnant, and carefully control their levels lhrnugl_“’”[’[‘]r
pregnancy. This is achieved by performing regular blood tests and adhcrln‘g‘f T:;}l
strictly to a diet. in general monitored on a day-to-day basis by a -“P““d“ o
metabolic dietitian. In many cases. as the fetus' liver begins to develop and P“‘“ l‘":d
PAH normally, the mothers blood Phe levels will drop, requiring an ltll.’[:t.dh;‘
intake to remain within the safe range of 2- 6 mg/dL.. The mother's daily Phe inta t]~
may double or even triple by the end of the pregnancy. as a result. When ma!crfiﬂq
bload Phe levels fall below 2 mg/dL.. anecdotal reports indicate that the mmhcfil
may experience adverse effects. including headaches, nausea, hair loss. and gcncr‘ll.
malaise. When low phenylalanine levels are maintained for the duration 0'1
pregnancy, there are no elevated levels of risk of birth defects compared with
baby born to a non-PKU mother.

6.2.Tyrosinemia type 1

Disease definition .

A rare inborn error of tyrosine catabolism characterized by progressive
liver disease, renal tubular dysfunction, porphyria-like crises and a dramatic
improvement in prognosis following treatment with hitisinone.

Synonym(s):

FAH deficiency

Fumarylacetoacetase deficiency

Fumarylacetoacetate hydrolase deficiency

Hepatorenal tyrosinemia

Tyrosinemia type |

Prevalence: Unknown

Inheritance: Autosomal recessive

Summary

Epidemiology
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Birth incidence is 1/100.000 in most areas but is higher in some regions.

notably in Québec, Canada.
Clinical description
I'he discase is clinically heterogenous. Symptoms may start during the first

few i g
months (acute type). in second half of the first year (subacute type) or in the

‘()][()\?'ll]g:l vears up to adulthood (chronic type). In the acute type. manifestations of
|}C]1nllc IaiIur.c predominate (bleeding diathesis. h_\~poglvccfnia. ascites etc) \;'ilh
frequent sepsis and rapid deterioration. Mild pmxim;J tubular discase is usually
present. Subacute type manifests a similar but less severe clinical piclur'c
presenting usually with hepatomegaly or hypophosphatemic rickets (due to tubular
dysfunction). Intercurrent illness may precipitate hepatic crisis. Chronic type
presents with hepatomegaly secondary 10 cirrhosis and often tubulopathy. leading
to 1':c‘kcls and renal failure. Neurological crises are infrequent presenting :\'\'mpmm:‘-
(I}I Europe but not in Canada): however. they can complicate any ‘1\']-10 of the
dlsc;_lfc when untreated. The crises resemble those of acute imcmlitlu:'nl_porphvrizt.
nm:lu-lcsting with painful parasthesias (causing patients to assume 0phistho[onic
PUSIF!O]L self mutilation). autonomic signs (hypertension. tachycardia. ileus) and
respiratory  decompensation. All patients stand a high risk of developing

hepatocellular carcinoma (HCC).
Etiology
. The deficiency of fumarylacctoacetate hydrolase. FAI(15q23-q25) results
in accumulation of ['umﬂryl-.rna]c_\-'l-ncctoaccmtc and their derivates. succinyl-
acetone (SA) and succinyl-acctoacctate (SAA). that cause hepatorenal damage. SA
leads to accumulation of delta-aminolevulinate (6-ALA) resulting in inhibition of
porphobilinogen synthesis and porphyria-like cr
Diagnostic methods
Liver synthetic functions are usually severely
and hypoalbuminemia. Elevated levels of SA in dried bloo
arc pathognomonic. Other abnormalities include elevated a -fetoprotein, increased
plasma levels of tyrosine. phenylalanine and methionine. increased urinary 8-ALA
excretion and features of Fanconi tubulopathy. Confirmation of diagnosis is
usually by mutation analysis. Newborn screening programs include testing for
tyrosinemia type 1 (SA is the recommended marker).
Differential diagnosis
Differential metabolic d
fructose intolerance. and fructos
and some mitochondrial disorders.
Antenatal diagnosis
Antenatal diagnosis
amnijocentesis when a mutation has be
Genetic counseling ) '
Tyrosinemia lype 1 is an autosomal recessive disorder. Genelic cour_lsclmg
should be offered to at-risk couples (both individuals are carriers of a disease-
causing mutation) informing them there is a 25% chance of having an affected
child at each pregnancy.
Management an

ises.

affected with coagulopathy
d spots. plasma or urine

jagnoses include classic galactosemia, hereditary
e 1.6 diphosphatase deficiency. Wilson's disease

is possible with chorionic villus sampling and
en identified in the family.

d treatment
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As soon as the diagnosis is confirmed (or even highly suspected) start
nitisinone (NTBC) orally in a dose of 1-2 mg/kg a day along with the emergency
treatment for acute liver failure if necessary. A protein-restricted diet must also be
started in parallel. Patients should be referred to a specialist center for long 1crz?1.
management. Liver transplantation should be considered in acutely ill infants (il
liver function fails to respond to nitisinone within a w cek). suspected or diagnosed
HCC. and non-compliance or unavailability of medical treatment.

Prognosis

Nitisinone treatment, combined with a low-protein diet allows most the

patients to survive in good health. The prognosis is dominated by the risk of HCC.
which increases the later the treatment is started.

6.3.Alkaptonuria

Alkaptonuria is a rare autosomal recessive genetic disorder. Basicall)f.
problems arise in the metabolism of tyrosine and phenylalanine in the ?Qd)"
Tyrosine and phenylalanine metabolism plays a role in the production of sufficient
amounts of the enzyme called homogentisic dioxygenase (HGD) in the h()(_l!}’-
Enzymes are proteins that allow chemical reactions to take place and the HGD
enzyme's job is to break down a toxic substance called homogentisic acid.

When homogentisic acid cannot be broken down, it accumulates in the
body and discoloration and fragility of bones and cartilages arc observed. I_l ICH"jS
to osteoarthritis, especially in the spine and large joints. When homogentisic acid
comes into contact with air, it causes urine to turn black. the earliest symptom
being blackness in diapcrs.(l’ig 19)

Fig 19
Diagnostic Criteria for Alkaptonuria

Physical examination,

. patient history and various tests should be
performed to diagnose alkapto

dlkaptonuria. Urinalysis is the most commonly used

method_. Wh(fn alka.ptf)nurla 15 suspected. the patient jg asked to collect urine for 24

hours. The diagnosis is made by examining the amouny of homogentisic acid in the
urine.

Since alkaptonuria is g

) genetic disorder, geneti ing is performed to
identify the presence of a recess; £ Aol Ll

Ve mutation in the HGD gene. Genetic testing is
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important to make a definitive di sis. X-rays i i
u“[:d eohk bL 1 d;l(;n.nn-. diagnosis. X-rays or other imaging methods are
s »xamine bone and joint findings. Various scoring sys S an
o imine bon g es. Vi s scoring systems are also us
cvaluate clinical findings. ’ o tedto
Symptoms of Alkaptonuria
The most i 3% [ alks ia in inf: i
oo [-g,- ]]n‘l; important symptom of alkaptonuria in infancy 1s dark wrine
ogentisic acid causes urine ack when expos ;

. 0g s cid ¢ wses urine m_ turn black when exposed to air for several hours
and can be seen in diapers. If this symptom is missed. alkaptonuria may net be
recognized until adulthood. ’ :

. Until the patient reaches his or her 30s. there are usually no other
noticeable symptoms. but as the patient gets older. the following S\'l‘l]pl(;[nq apoear:
Inflammation and pain in the joints c R
Darkening of the ears or other areas of the skin
Black or dark colored carwax
Dark spots on the white part of the eye
Appearance of a blue or brownish color on the nails
Ghortness of breath due to hardening of the bones around the lungs

Dark urine
Back pain
Low back pain an
Heart discases due to accumul

d lumbar stifTness
ation of homogentisic acid around the heart

valves

Symptoms such as kidney, bladder or prostate stones are scen in
alkaptonuria.

Alkaptonuria Treatment Methods

Although there is no definitive treatment method ~ for alkaptonuria,
{reatment is usually aimed at reducing the patient's symptoms. Medications and
changes in the patient’s lifestyle aim to reduce the symptoms of the discase.

In alkaptonuria, drugs with the active substance nitisinone are preferred
medically. There are ongoing studics showing that nitisinone reduces the level of
homogentisic acid in the body.

For people with involve
painkillers. In advanced cases.

d spine. relief is provided with

ment of the joints an
be performed with surgical

joint replacement can

operations.
Physiotherapy support 10 strengthen muscles and joints improves the
patient's quality of life. ; .
¢ the pain of the discase. Activities

it excrcise helps 10 reduc

levels such as yogd. pilates. alking can be

Regular ligh
that reduce stress cycling and we
preferred.
Surgery may be necessary in patients with in
heart vessels.
The use of vitamin C slo
reduces the dark color of urine.
Reduce consumption of

milk, meat and ¢ggs.
Alkaptonuria Diet

volvement of heart valves or

ws down calcification in some patients and

foods rich in tyrosine and phcny‘]a[aninc. such as



People with alkaptonuria should avoid foods containing excess 1y "“-‘i'“:
and phenylalanine. Patients should pay attention to their dict as there are PT_"I‘{L‘:‘:
in tyrosine and phenylalanine metabolism. Meat. milk and dairy products. l—‘;".—f-
nuts. legumes. bakery products. packaged foods are foods rich in phenylalanine.
Paticnts should avoid these foods or consume as little as possible. ]

Fish, chicken. soy products. sunflower seeds. pumpkin sceds. nuts ;m.d St?
rich in tyrosine. The treatment process will be difficult in patients w ho cun.\unlu:
these foods uncontrolled and without restrictions. Eating according to the
recommended diet helps to reduce the patient's symptoms.

6.4.Galactosemia

Galactosemia is a disorder that affects how the body processes 5.”1;13].:
sugar called galactose. A small amount of galactose is present in many foods. l:\
primarily part of a larger sugar called lactose. which is found in all dairy produc )
and many baby formulas. The signs and symptoms of galactosemia result from af
inability to use galactose to produce energy. . E

Researchers  have identified several types of  galactosemia. _[.hb,st
conditions are each caused by mutations in a particular gene and affect ditferen
enzymes involved in breaking down galactose. -

Classic galactosemia. also known as type L. is the most common and uu‘d
severe form of the condition. If infants with classic galactosemia ar¢ not l.rcz.lit-'1
promptly with a low-galactose diet, lite-threatening complications appear “"Lh""‘L
few days after birth. Affected infants typically develop feeding dil‘ﬁculllqsz a lac
of energy (lethargy), a failure to gain weight and grow as expected (failure lg
thrive), yellowing of the skin and whites of the eyes (jaundice). liver damage. ar(;‘
abnormal bleeding. Other serious complications of this condition can inclu t;
overwhelming bacterial infections (sepsis) and shock. Affected children arc also @
increased risk of delayed development, clouding of the lens of the eye (Lﬂﬂﬁ‘-g—l_)'
speech difficulties. and intellectual disability. Females with classic gil]ﬂcl()S(fmlEf
may develop reproductive problems caused by an early loss of function ol the
ovaries (premature ovarian insufficiency). 1

Galactosemia type 11 (also called galactokinase deficiency) and type Id
(also called galactose epimerase deficiency) cause different patterns of signs an
symptoms. Galactosemia type 11 causes fewer medical problems than the classic
type. Affected infants develop cataracts but otherw;
complications. The signs and symptoms of galactose
severe and can include cataracts, delay
disability. liver disease, and kidney probl

Frequency

Collapse Section

Classic galactosemia occurs in |
Galactosemia type II and type III are less com
than 1 in 100,000 newborns and

Causes

Collapse Section

se experience few long-term
; i
mia type 11 vary from mild t

ed growth and development. intellectual
ems.

in 30000 to 60.000 newborns.
mon: type 11 probably affects fewer
ype Il appears to be Very rare.
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Mutations in the GALT, GALKI. and GALE genes  cause galactosamia.
making cnzymes that are essential for
These enzymes break down galastose
at the body can stae or

These genes provide instructions for
!H'nccssing galactose obtained from the diet.
into another simple sugar. glucose. and other molecules th
use for energy.

Mutations in the GALT gene cause classic galactosemia (type D). Mast of
these genctic changes almost completely climinate the activity of the enzyme
produced from the GALT gene. preventing the normal processing of galactose and
resulting in the life-threatening signs and symptoms of this disader.
A{mlhcr GALT gene mutation. known as the Duarte variant. reduces but does not
climinate the activity of the enzyme. People with the Duarte variant tend tohave
much milder features of galactosemia.

Galactosemia type Il results from mutations in the GALKI gene. vhile
mutations in the GALE gene underlic galactosemia type L Like the enzyme
produced from the GALT gene. the enzymes made from
the GALK ] and GALE genes play important roles in processing galactoss. A
shortage of any of these critical enzymes allows galactose and related compainds
to build up to toxic levels in the body. The accumulation of these substmces
damages tissues and organs. leading to the characteristic features of galactoserria.

Inheritance

Collapse Section

This condition is inherited in an autosomal recessive patiern. which nrans
ne in each cell have mutations. The parents of an individual
cach carry one copy of the mutated gne.

symptoms of the condition.

both copies of the ge
with an autosomal recessive condition
but they typically do not show signs and
Marfan's syndrome o
Marlan syndrome was first described in 1896 by the French paediatician
A. B. Marfan. Therefore. We will focus on it in more detail.
Milrfzmsvndmmcisahcrcdimrycouncclivclissuedysplusia. Three  systems are
zlchclcd-simulluncously: the 1r1uscu]oskc1c1al. cardiovascular and visual sysems.
Characteristic clinical manifestations of Marfan syndrome include tall staure.
arachnodactyly (long. thin. wspider-like" fingers). (Fig 20). joint hypermotility.
lens subluxation and myopia, damage to large vessels (aortic ancur}ism). anf! feart
defects (mitral valve prolapse). Each of these symptoms may vary 1 severity and
combination with cach ot

her in individual family members.

e o !




Marfan disecase is characterised by marked pleiotropism. \-arinb}c
expressivity and high penetrance. The diagnosis of Marfan syndrome is mud‘_: in
the presence of at least five symptoms - aortic ancurysm. lens dislocation.
arachnodactyly. sternal deformity. kyphoscoliosis. (Fig 21)

Fig 21

There is an increase (twofold and more) in urinary excretion of
glucosoaminoglycans and their fractions. Renal excretion of chondroitin-4-6-
sulfates increases especially sharply and to a lesser extent - hyaluronic acid and
heparan-sulfate. In the urine of patients is also determined increased content (1WO
or more times) of the amino acid oxyproline. The population frequency is 1:25000-
The disease is caused by heterozygous mutations in the fibrillin 1 gene. an
extracellular  matrix protein that performs architectural functions in most
connective tissues. The fibrillin gene is mapped in the 15q21.1 region. and more
than 550 mutations have now been identified in the gene. These mutations have a
wide range of clinical manifestations from isolated lens ectopia with mild Skcm.lal
manifestations of the Marfanoid tlype to severe nconatal forms of Marfan
syndrome. ending in death within the first two years of life. The vast majority 0f
mutations in the fibrillin 1 gene are diagnosed in patients with the classical variant
of Marfan syndrome. Molecular genetic  diagnosis of Marfan discase both
prenatally and postnatally, although fundamentally possible. is complicated by the

fact that the vast majority of mutations in the fibrillin gene are unique. that is.
described only in one patient or in one family
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CHAPTER VILNEL RODEGENERATIVE DISE ASES

leur soeneratiyv Ta T 2 (] .
Neurodegencerative discases (NDD) are diverse conditions characterized
by sclective dysfunction and ongoing loss of neurons, glial cells and the neural
networks in  the brain and spi i i

networks in  the brain and spinal cord. Accordingly they —causes diverse
problems examples being with movement (called ataxias), mental functioning
(called dementias) and a person's ability to move. speak and breathe. NDIJ are
incurable and debilitating conditions, and are becoming increasingly previlent

in part due to global population ageing

7.1.Alzheimer's disease

s discase is the most common cause of dementia.

Alzheimer’
cgenerative disorder that

Alzheimer's disease (AD) is a progressive neurod
in mental performance. This leads to impairmant in
Unfortunately. AD is an incwable
It is the most common caus of

causes significant deterioration
normal social and occupational function.
condition that has a variable clinical course.
dementia.

Dementia

Dementia  describes a clinical
significant deterioration in mental function that 1

function.
In healthcare, we measure ‘pormal function’ by

(ADLs). These are a series of routine activities that people s
without assistance. They can be broadly divided into personal tasks an

tasks.

syndrome that is characterised by a
cads impairment of namal

activities of daily Iving
hould be able b do
d domestic

Personal: washing. dressing. toileting. continence. transferring (€.2. bid to

chair)
Domestic: cooking. cleaning. shopping. managing finances. tdking
medication
Types of dementia
Dementia can be causcd by several conditions. W
poor mental performance and impaired normal functioning. Th
manifestations of dementia can reflect the underlying actiology.
Alzheimer’s discasc (AD): 50-75%

Vascular dementia (VD): 20% -
Dementia with Lewy body (DLB): 15-20%

H Py . 90,
Frontotemporal dementid (FTD): 2% ' _ it
Rare causes: Parkinson’s discase dementia (PDD), Huntington’s disase

hich all manifest with
¢ clnical

(HD). Prion discase, others. ' s ]
For a comprehensive overview of dementid. see our Dementia note.

Epidemiology 5
Dementia is primarily a discase of older adults.
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The World Health Organisation (WHO) estimates lhfu .ulmo.sl 50-dm;1"|tog
people have a diagnosis of dementia worldwide. In the UK. it is estimated tha
500,000 pcople have a diagnosis of AD. R

?hcpprcvalcncc ofgdcmcntia increases with age. The estimated prevalence
at 60-64 years is 0.9% compared to 41.1% in thosc aged 95 years and over. od and

A significant proportion of paticnts with dementia remain undiagnosed a
up to 54% of patients with dementia require care home placement.

Etiology

The exact cause of AD remains unknown. . ok factors

The overarching theory involves environmental and genetic risk [ -hicl}
that increase the chance of developing  pathological processes. W
lead to dementia.

Commonly recognised risk factors

Age: older age is a major risk for AD < nherited

Genetics*: most cases of AD are sporadic. Small number of mu.‘rdb
causes exist (<5%, autosomal dominant inheritance). Inherited causcs suggeste n?i/
carly-onset disease. Mutations in the amyloid precursor protein (4PP) a
presenilin genes (PSENI, PSEN2) have been identified. 0 Exercise

Cardiovascular disecase: smoking and diabetes increase risk. Excre
decreases risk.

Depression

Low educational attainment

Low social engagement and support

Others: head trauma, learning difficulties. . e

*NOTE: alleles of the cholesterol-carrying apolipoprotein E (APOL) hav
also been identified as a biological risk factor for AD.

Pathophysiology d

The neurodegeneration in AD s hypothesised sccondary to altere
amyloid and tau protcin metabolism. o f
The brain is composed of billions of neurons. The normal functioning ©
neurons is dependent on surrounding  supportive structures such as
bules and the protein tau, which stabilise these microtubules.

Pathological changes that occur in AD leads to interruption of key

neuronal process including communication, metabolism and repair. This ultimately
leads to neuronal cell death,

The two key
neurofibrillary tangles;

Senile plaques (SP): deposits of beta
a beta-sheet seconda
extracellular).

Neurofibrillary tangles (NFT): aggregations of hyperphosphorylated tau
proteins. Typically occur in areas of the brain involved in memory. Promote
neuronal cell death. Form inside neurons (i.e. i

theses
microtu

pathological changes in AD are senile plaques and

-amyloid (aggregation of protein w_"h
Ty structure). Dense, insoluble. Occur outside of neurons (i-¢-
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topographic location within the brain (c.g. hippocampus and medial temporal

lobes) which is characteristic of AD.
The amyloid deposition hypothesis is supported by identification of

genetic mutations in the amyloid precursor gene APP leading to early-onset
AD, and evidence of ncuronal apoptosis on treatment of cells with beta-amyloid.
However, some patients with severc AD do not have cvidence of amyloid
deposition on autopsy. and other patients who had no evidence of dementia have
amyloid deposition. Therefore. it is not the complete story.

Several additional mechanisms arc part of the pathological processts in
AD. Alongside SP and NFT. thesc result in ncuronal cell death that leads to
memory failure. personality changes and problems with activities of daily living

(halimarks of dementia).
Clinical featurcs
Dementia can be difficuit to identify

symptoms.
Many clinical featurcs are attributable to dementia. Some are charactenistic

of all dementias whereas others arc typical of a particular type. like AD. There is
usually a slow onset of symptoms and a lack of insight with accommodatien to

cognitive or functional changes.
The clinical features 0

domains:
Cognitive impairment. poor memory. disorientation, language problens
Behavioural and psychological symptoms of dementia (BPSD): agitaion,
depression, sleep cycle disturbance. motor disturbance
Discase-specific features: AD is characterised by early impairment of

memory. This manifests as short-term memory loss and difficulty learning new

information
Activities of daily living: an increasing
problems with high-level functioning (€.8. work,

personal care

due to the insidious and non-specific

f dementia can be considered in the following

reliance on others for assistince,
finance), problems with basic

Cognitive assessment ) )
A formal mental status examination should be completed usig a
recognised cognitive assessment tool. )

which are designed to test

There are multiple cognitive assessment tools,

different areas of higher cortical functioning. Cognitive
Attention and concentration
Recent and remote memory

Language
Praxis: planne
Executive function
i i nction
¥ll1i::'gsfr?: lvizi:riety of different cognitive assessment tools that range from
basic screening tools, t0 in-depth assessments pf each cognitive domam.b oud
A comprchensive summary of cognitive assessment tools can e fourd in

our Dementianote.
Diagnosis

domains assessed include:

d motor movement (e.g. perform a task)
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Itis essential to exclude all alternative causes before making a diagnosis ol
dementia. ) ) .

Patients with suspected dementia are usually referred to a memory ¢l .

At memory clinic. patients undergo a formal histon “”d_ CWA”‘]”,H.WN
(including medication review). full complement  of  bascline  iny Ch“g:mmﬂ
including bloods and neuroimaging to exclude an underlving cause. and formi
cognitive assessment. ‘ I p—

During these investigations. the specific type of L[L‘l]lt.’ﬂllill m‘l.‘l DEG .
apparent. In AD, this may be reflected by the lack of other I'IL,‘UFU'()}__'I.CH! sy m]‘_‘”l”‘l;l;
absence of major cardiovascular risk factors and predominant impairmen
memory. thinking and behaviour,

Diagnostic criteria . i and

There is a diagnostic criteria for dementia based on the Diagnostic a
Statistical Manual of Mental Disorders (DSM-V).

We have simplified this into three key components: ]

Functional ability: inability to carry out normal functions. Represents @
decline from previous functional level o

Cognitive domains: impairment involving >2 cognitive domains (5¢€
chapter on cognitive assessment) ) . asithier

Differentials excluded: clinical features cannot be explained by anoth
cause (esp. psychiatric disorders and delirium)

Mild cognitive impairment .

This describes cognitive deficits in one or more of the major Uf‘g”'“,‘;"_
domains, but the deficit is insufficient to interfere with independence in daily
activities.

Mild cognitive im
helps identify patients
regular follow-up and
exercise, socialising).

Differential diagnosis

Dementia is a clinical
underlying cause, the most comm
in a patient with features of demen
Depression (and other psy
dementia.

Drugs: consider drugs with anti
anti-psychotics, anti-epileptics)

. ; : . : . scause it
pairment 1s an increasingly Important term hu.aum,v
» " . - i . o e ave
at risk of progression to dementia. Patients _shf)l_lld hla
be advised to undertake healthy brain activitics (¢.2-

syndrome that reflects deterioration from ﬂ’}
on being AD. The main differentials to exclude
tia are the three ‘D’g: 5
chiatric disorders): psychosis can be a feature of

-cholinergic effects (c.g. anti-histamines.
Delirium: acute confusional state, May be prolonged recovery following
episode.

Investigations

Baseline investigations are essential to exclude an alternative diagnosis.
Typical baseline investj

_ I gations involve 3 routine set of blood tests and
neuroimaging.

Bloods

Full blood count

Erythrocyte sedimentation rate (ESR)
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Urea and electrolytes

Bone profile

HbAlc

Liver function tests

Thyroid function tests

Serum B12 and folate levels

Other

ECG

Virology (e.g. HIV)

Syphilis testing

CXR

Neuroimaging

Typically magnetic resonance im
not available or unsuitable. Important 1o €x
brain tumour) and can be used to help characterise the type of dementia (c.g. small
vessel discase in VD).

Future areas
The use of biomarkers and more advanced imaging (¢.g functional MRI)
a rescarch capacity to predict the likelihood of

aging (MRI) but CT may be used if MRI
clude an alternative diagnosis (..

are being increasingly used in
developing AD.
Management
Pharmacological thera
small part of overall management.
The management off AD. a

py can be used in patients with AD. but it is only a

nd dementia as a whole. should involve a full

assessment of the biological, psychologicnl and social needs of the patient. With
significant deterioration in normal activities of daily living. patients will become
dependent on others. This means help from families, organisation of carers. and
with more advancing symptoms. need for care home placement.

There are multiple facets to management. which we summarise.

Assess capacity and advanced care planning: ideally completed when
patients still retain capacity. Consideration of advance statements/decisions and
appointment of lasting power of attorney.

Physical and mental health: consider co-exIs ic
Manage physical health needs as normal. Consider delirium

deterioration. ) '
Driving: must inform the DVLA. Check website for guidance.

Pharmacological: (se¢ below)

Non—pharmncologicai: programmes to
function (e.g. structured group co_gni?ivc stu.nulauon programmes). A
aromatherapy. therapeutic use of music/dancing. .massagc.. N,

Managing BPSD: non-pharmacologlcal interventions. Cm,]sltdt.rlrs. t;:rm tg
old-age psychiatry if difficult to control. Pharmacological therapy should be use

on specialist advice.

Care plans:
This includes details on
review plans.

—existing anxiety and depression.
if any acute

improvc/nmimain cognitive
Iso exercise.

entia requirc a carc manager and care plan.
qtal modifications and

people with dem _
treatment, environmer

diagnosis.
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End-of-life care: focus on physical. psychological. sncixixl u.nd sa_pl‘rll\JUEl‘I
needs. Oral nutrition cncouraged as long as possible. Long-term I‘ccdm.g (1.‘:-‘ ll'u:'
feeding. gastrostomy tube) inappropriate in severe dementia. %‘?-0 cvidence
increased survival or reduced complications. Resuscitation discussions.
Pharmacological therapy _ T
Medical therapy for the treatment of dementia should be: inifiated: e
specialist in treating patients with dementia. The two main drugs ‘[‘_
acetylcholinesterase inhibitors and N-methyl-D-aspartic acid receptor .i!n“l‘_—'““ljl"lb'_v
) Pharmacological agents are primarily indicated in patients with AD. They
should not be used in patients with mild cognitive impairment.
Choice of therapy depends on sev crity: _ o
Mild-to-moderate AD: acetylcholinesterase inhibitors (c.g. donepez
rivastigmine). .
) Mnd)crulc—to-scvcrc AD: N-methyl-D-aspartic acid receptor Eanl;llg.nn@
(c.g. memantine). May be used in combination with acetylcholinesterase !l‘lhlhllt-)r:"-
) Acetylcholinesterase inhibitors arc associated with small ilnl”'_‘“"-"“c,“éhllz
cognition. neuropsychiatric symptoms, and ADLs in patients with mil 3 (]
moderate AD. However. there is conflicting evidence on there impact on long-term
outcomes (e.g. need for care home. effect on critical ADLs). e AD in
Memantine has modest effects in patients with moderate-to-severe
terms of reducing functional decline.

- . . . - sical
7.2. Parkinson's disease (shaking palsy) is a degenerative neurologic:

pathology.

The nature of the disease is associated with sev.
Malfunctions

eral factors: AP
within nerve cells: for example, due to injury ©
complications after infectious diseases of the brain.
Disorders of the body due
Mutations in genes.
presynaptic proteins in nerve cells - alpha-synucleins . X .
Alpha-synuclein proteins are produced by the nervous system itsell. Wh_“"
they accumulate in large quantitics. they become toxic and poison the brain.
Human nerve cells begin to die. and the production of such an extremely important
hormone for humans as dopamine significantly deteriorates. But it is dopamine that
determines how capable a person is of learning. whether he is able to casily
remember information and even simply hold a pen or pencil. The quality of slecp-
the ability to concentrate, and coordination of movements depend on the same

hormone. If there is little dopamine in the body. then processes associated with
thinking and motor activity slow down significantly,

Parkinson's discase is diagnosed more oft
ago. But this is not due to the fact that the dise
people more often suffer fr

om it afier 50-60, an
Since life expectancy has increased over the

to interaction with harmful chemicals.

€n these days than it was 50 years
ase progresses. but to the fact that
d even more often 70-80 years old.‘
Past half century. the number of
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people diagnosed with this discase has also increased. Currently. Parkinson's

disease affects about 1% of the world's population.

i But the pathology cannot be called a purely elderly discasc. People under
50 may also have Parkinson's discase. As a percentage. the number of cases is
several times smaller. but people aged 20-40 can also suffer from this disease.

It also cannot be said that Parkinson’s discase is an occupational disease 0
pL‘nplc in certain professions. But at the same time. practice shows: there arc arca
in W hich you can more often meet people with Parkinson’s disease. This includes
mining in mines and working with pesticides and agrochemicals .

Svmptoms
sarkinson's dise

—_
d

i

ase can begin with a wide variety of symptoms. In this

case. symptoms can be associated both with disorders of motor and mental activity.
and with functions that. at first glance. are not related to the nervous system. but
relate to the functioning of the digestive tract and even the nose. What symptoms
most often bother those suffering from Parkinson's discasce?

Tremor at rest (in a calm state - sitting. lying down, a person begins to
tremble. a person begins to walk - the trembling goes away). Especially often the
problem begins with hand tremors and head tremors.

Stiffness in the legs. A person cannot walk quickly - but not because he
has shortness of breath (as happens with diseases of the cardiovascular and
respiratory systems). but it is difficult for him to control the work of his muscles.
In this case. you can often hear “Your legs won't listen.”

Problems maintaining balance.

Circulatory disorders.

Chronic constipation.

Disturbances of the so-called REM sleep phase
rson behaves not just restlessly. but actively - to't
after waking up. a person cannot rem

- at the moment of falling
asleep. a pe he point of causing
injury to himself. However, ember this.

Loss of smell.

But despite the general symptoms. the dev
young and old. men and women has some difference
relate to both the progression of the discase and the very first sym
a closer look at these differences.

In young people

If Parkinson's diseasc began to develop at the
in the absence of treatment) is very rapid.
oung people. usually w
most often inv

elopment of the disease in
s. Moreover, the differences
ptoms. Let's take

age of 20-40 years, then its
ith muscle problems . The

oluntary muscle
be described

progression (

The discase begins in ¥
first signs of pathology in young people arc :
contractions in the shoulders and feet. Morcover. at first they can

simply as unpleasant. and then as very pamiul sensations. e 3
Moreover sometimes the patient does not understand that 1118 the muscles

that are contracting: it seems to him that the joints hurt. He starts using ointments
for arthritis. but not only is there no result. it 1% the ?pPUSltC of what he “-ldntt(,id. the
pain intensifies. That is why. if such signs exist, 1L1s important to consult a doctor

immediately.
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In the elderly  beeinnine of the
In older people. the disease progresses more slow ly at the hx.gmmn‘%_ C e
diseasc. If the discasc develops afier 60 years. sometimes 10 years pass “:‘m‘] [;r
appearance of the first symptoms to diagnosis. An_d this is a grcal_dum_:cl”- ‘A‘II‘LF ‘T 5
the sooner the disease is identified and treatment is started. the higher the ¢ mn‘u'..]
that it will be possible to take measures that will not allow the person to lose lega
el Most often, the discase in old age begins with changes in gait. The person
begins to speed up and at the same time shorten his steps. This gait is often called
mincing. ) cof
Important! You cannot independently diagnose vourself based on one "
the symptoms. For example, a shuffling gait is a characteristic symptom not onl\
of Parkinson’s disecase, Very often this symptom is observed in patients W '[“
diseases of the hip joint. And only a doctor can recognize what is really causing the
change in gait. _ o e
Another feature of Parkinson’s discase in older people is the “dl:ﬁgu'“
the disease as other discases: for example. pathologics of the cardmvasm‘ﬂar
system. But there are differences. For example, if we are talking uhu_ul _P”fh]"”":
with blood pressure. then in those suffering from Parkinson’s discase it falls l,n_(m:
often only when the person is standing or walking, and at rest the pressure
stabilizes.
Among women
Women are more likely
the initial stage of the discase: .
Neck muscle tension. which at first is difficult (without a spcclﬂ]
examination) to distinguish from signs of osteoch
Decrease in intelligence.

~ . 7 s at
than men to develop the following symptoms ¢

ondrosis and periarthritis.

; g 5.5 cmeciallv ing
Severe  cmotional depression.Suicidal thoughts  (especially during
menopause).

Expressive painful manifestations begin in the area of the shoulders an
neck.
Difficulty putting on clothes (fastenin

g buttons. turning sleeves inside out.
threading your head through the neck of a

blouse or dress becomes problematic). ,

Note! In addition to difficulties in putting on clothes, other everyday

problems may arise, but since putting on clothes is one of the most common

actions, neurologists most ofien include it in a mandatory test to identify signs of

the disease in women, This problem can also appear in men. but at the initial stage

of the disease it happens much less often than in women
In men

For many men, Parkinson's discase is accompaniced by problems with
potency from the very beginning, This is due to the fact that erection is under the
direct control of the autonomic system, one of the parts of the nervous system.

Another characteristic feature is the difficulty of controlling the hands
when walking. If a healthy person, when walking, inslinctivcly bends his arms at

the elbows and often swings his arms (Which is important for efficient movement
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and conservation of energy y : apar .
- thcs?lﬂ?ﬁ;h_ukn with Parkinson's discase. great effort must be
Like women., men wi Yarlinennte  (iceace  ovmer .
emotional health. But instead nlucli:.piulsr:l:::u:lzn (:I"’LN— L?pcr‘:‘c?ncc dclcn.oming
embitterment. ; evelop excessive aggressionand
Causes
with the Id]::l\[];t::)‘llL::;]]::E::i::lil[“; ﬁ: 'p‘?fho'r»o i i's l}‘.:mdit“ Cell death is assodated
s e 515:5 2 TEC hanism that is genetically programmed. 20%
of patients ‘?”h Parkinson's disease have or have had relatives familiar with tf i
discase. At risk are individuals with changes in one of the L‘L‘m:ﬂ:‘(l’AR](‘) “" ,1 this
) A significant problem is that the transmission of lﬁc di:;ch lhr— énblm).
is autosomal recessive. which means that, as a rule. it docq‘ nto‘t ! ()ll_[:_.:_‘l g‘cncsﬁ
directly from parents 10 children, but after a generation or even RC\‘cr!:;‘::“”L‘-\‘E sl
And many are unawarc of the danger. But if there was a pcrs'uﬁ in lim_—ltllu.rl-t?lons_
suffered from this disease, there should be regular cxamina[ionq of th -d[l:”{}.‘ \'\.hu
neurological “section” especially after 50 years. ’ & ROCYIN 8

But besides the hereditary factor, there ave other provocateurs for the

development of the disease:

Taking a number of medications. As practice shows, the disease cm be
antipsychotic antidepressants ( metoclopramide ). reserpine, calsium
and lithium preparations. That is why these drugs are
medical supervision. At the tame
no one would prescribe tiem.

caused by
antagonists ( diltiazem ).
prescription drugs and the
time. if the drugs were tru
Everything is very individual.

All kinds of injuries (concussions

Encephalitis - regardless of what na
amage to th

ir use requires strict
ly dangerous, naturally,

are especially dangerous).
ture they are - viral or bacterial. Inboth
cases. there is a high risk of d ¢ structure of the autonomic ganglia -
clusters of multipolar nerve cells

Other diseases. Provocateurs €
atherosclerosis.
methods are used to diagnose

an be malignant formations, endogrine

pathologies. and
Several
Visual inspection.
FFunctional diagnostics: me
diagnosis of tremor (shaking).
tomography.
Laboratory tests (bloo
A number of these diagnos
are auxiliary, clarifying ones.
First of all, a patient with suspected Parkinson's diseas

neurologist, laboratory tests, clinical an
of tremor and transcranial ultrasound sonography .

Parkinson's disease:

| - accelerometric differantial

thod of clinica
sonography (TCS).

transcranial ultrasound

d. urine).

tic methods are basic, primary. and a nunber

¢ is shown a visual
d acceleronetric

examination by 2

differential diagnosis
Visual inspection
During a visual examination. the nature ©

studied. If this is really Parkinson’s disease, then mos

works: it seems 10 the patient that the fingers arc not j
1o between them.

object similar to @ pill is rolling
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ust trembling, but that some
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asymmetrical. On one of the hands it is more pronounced. nn.lhc olhci: lltl::
pr;m()unccd. Very often. during the initial illness. one can dclc.rmmc‘ by EhL “t‘ Lm‘
of the tremor: it is necessary to continue diagnosing P;u‘[—;m:_‘.on s d:;ul?; e
whether the patient has Wilson-Konovalov disease. accompanied by metabo
disorders. .

A detailed gait analysis is also performed. The doctor asks the pulw_t}l lU
walk around the office and observes the speed. At risk are patients w h(‘l experience
obvious acceleration when moving forward. Thus, patients unwiltingly try t
compensate for difficulties in maintaining balance.

Functional diagnostics linical -

The most effective - transcranial ultrasound sonography and L]'_mml ;
accelerometric differential diagnosis. They help not only to cnnl'lrn.l or rc.t’u}b: the
presence of the disease. but also to choose the right treatment. including ‘-'0-“"_1-“‘ -

Ultrasound transcranial Sonography helps to determine what ared Of. ‘""_" d
cells in the brain is affected and even predisposition to Parkinson’s dtsc;m..‘fm 4
accelerometric differential diagnosis is informative for analyzing the dynamics ©
tremor. entify the

Tomography is auxiliary in diagnosis. It is indicated not to I.dl.l'lil P
nature of Parkinson’s discase. but to distinguish it from other pathologics and (or
identify neoplasms and degenerative pathologies in the patient. g

According to indications. clectroencephalography. Dopplerography . @ .
ultrasound of the brachycephalic arteries may also be prescribed. The data obtaine
through these surveys is also clari fying.

Stages ) }

To determine the severity of the condition. Parkinson's discase 1s Llsui!{l}_
divided into several periods - stages. Understanding the stage is important fof
choosing the right treatment method. :

Stage 1 .Impaired motor activity of one of the hands. insomnia. problems
with charm. Later, tremor appears. handwriting deteriorates significantly. stiffness
is felt in the upper back. and sometimes in the neck area.

Stage 2 . Impaired motor function is noticeable on both sides. The lu.wu‘
Jaw and tongue begin to tremble. speech may slow down, and facial cxPl'CSSf‘“?b
may become distorted. Many people have problems with sweating (a characteristic
sign is wet or, on the contrary, excessively dry palms). .

Stage 3 The gait changes. When walking, a person begins to involuntarily
place his feet parallel to each other. The steps themselves become mincing and
small. The so-called “supplicant pose” begins o form: half-bent legs + bent head +

stooped posture. A person is still able to serve himself. but many things in
everyday life become very difficult for him 1o do.

_ Stage 4 Complete loss of balance. A person can even fall forward when
geumg_ out of bed. Speech becomes slurred. blurred, voice becomes quict. Mood —
excessively depressed. To carry oyt basic tasks (for example., brushing your tecth)
you need the help of loved ones.

Stage 5. The sit up independently. The process ”]r
ble. Serious swallowin ems occur. The speech
is similar to the babble of 4 child. R problemsioe

158



Treatment

1 " - 3 ~ - .
Nowadavs. doctors have been able to develop effective drug methods for
rapy does not help overcome the

symptomatic treatment. Untortunately. drug the
leviates the manifestation of the

cause of the pathology. but it significantly al
discase. reduces complications, and increases the life expectancy of patients.
40-635 vears, then paticnts live aout

If the discase develops at the age of
cted life expectansy is

20 more years. I caught at an carlier age. then the predi
about 40 more years.

. The main thing is that it is important to carry out a comprehersive
diagnosis in a timely manner and begin treatment under the supervision d an
experienced neurologist or neurosurgeon. Some patients suffering from cver the
3rd stage of the diseasc, having started treatment in a timely manner. retum to
work that requires motor and intellectual activity.

The best way to bring the discase under control is by using neurosurgical
techniques or combining drug treatment with physiotherapy - especially hypobaric
therapy oxygenation (procedures in a pressure chamber), massage.

Drug treatment

Modern drug treatn
groups:

Blockers monoamine oxidase-B  and catechol-O-methyltransferase
Thanks to them, obstacles are created to the destruction of the hormone dopamine.

Activators (stimulators) of dopamine receptors.

Medicines  that inhibit the actions of peripheral L-amino acid

decarboxylase (inhibitors).
Blockers of the action of choline and its analogues (such drugs ¢

influence the mechanism of transmission of nerve impulses).
Amantadines are drugs that increase the sensitivity ©

receptors.
The choice of how to treat Parkinson's diseasc depe
discase. 11 at the 1st stage of the disease the emphasis is 0
stimulants, then at the 5th stage {he treatment is as comprehensive as
it is impossible to do without pcriphcral decarboxylase inhibitors .
Surgery .
Since the 50s of the 20th century. surgery has also been usgd in thc‘
of Parkinson's disease. At the same time, the 1ccht_"uque§ of
significant changes. Initially. operations were
in the thalamus. Alas. the result of such
were a lot of side effects.
rosthetics ( neuroimp[nntmion) or
en special implants. They activate
nformation and

1ent is based on the use of drugs from several

an dirzetly
f a numba of

nds on the stage of the
n dopamin¢ recsptor
possible. and

treatment
neurosurgeons have undergone
aimed at destroying the pathways
operations was often unsatisfactory. but there

A more progressive method is neurop
installation of neurostimulators . A person is given :
nerve cells in the brain. improve the brain's ability 10 process 1

control movements. ) et
Afier surgery. further supportive medical treatment may be nl,qum_dd. bt;t
the amount of medication required by thf: [_)zlucm is :;lgn‘ldﬁ(;::;icer;n;c:hé
Immediately after the operation. tremaors arc significantly reduced. D4
ability to concentrate are improved.
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Treatment with folk remedies

Many folk remedies are used for Parkinson's disease:

Juice therapy (from fresh vegetables, fruits).

Oils (externally).

Baths from herbal decoctions (oregano. jasmine).

Use of bee products (especially propolis). e

Taking tinctures and decoctions based on lemon balm. cleutherococeus.
and ginseng. . R

e Bu% folk remedies are not basic treatment. This is an addition to the main
therapy. . S |
. Juice therapy is a good general tonic. Massage with .iil‘_*"“”‘c oil. l_".m:‘: \:1:(!;
sage relieve tremors. and with oregano reduce muscle tension. Decoctions
tinctures have good general strengthening and tonic propcrhgr_&. B ) Iy be

But folk remedies themselves do not produce any effect. They can only
considered as part of a comprehensive treatment.

Nutrition and diet _ he effiect

A proper dict helps maintain the desired balance and consolidate the €
of drug and neurosurgical treatment. et of a

A special diet for Parkinson's discase is not required. but 1_hc dic Yoy
person suffering from Parkinson's disease must include fermented n_ulk I’“’L;. ihe
grains, herbs. vegetables, fruits. and grains. They should be the main part 0
diet. -

At the same time, we must not forget about fish and pmlllr_\.'. A‘t'"]}‘\q:
protein is essential. Vegetarianism is not recommended for Parkinson's dlscah_“ o
the same time. doctors (due to the specifics of the discase) recommend leaving
meat dishes for dinner. -

The food intake schedule must be clearly coordinated with the mcdncal’lgg
intake schedule . Many medications prescribed for Parkinson's discase can only
taken two hours afier a meal, R

It is important to observe the drinking regime. It is advisable to udhcru_lg
the following scheme: at least 7 glasses of water per day. At the same time. a thir
of the water you drink should come at meals.

Physiotherapy

An important element i
exercises. It is useful for m
coordination of movements,

Exercises for the s
especially useful;

bending, turning the head to the ri
the exercises are performed very slowly):

raising, spreading the shoulders:

circular movements in the shoulder joints:

straightening the legs at the kneeg (alternately):
flexion of toes, hands;

straightening the back, bending the torso,

n the fight against Parkinson's disease is 1hcrapclf“f
aintaining muscle tone, developing joints. improving
and strengthening ligaments,

houlder girdle, neck Mmuscles, torso, arms, legs are

ght and left (the main principle is that
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Facial gymnastics is also shown. Doctors recommend that patients
start every day with the following exercises:

Pull out your tongue and move it in different directions.

Raise and lower eyebrows.

Purse your lips.

At first glance, the exercise

s are simple but effective. If exercises are done
then a number of symptoms, especially those affecting muscles and

rcgularly.

joints. are significantly less disturbing.

In addition to classical exercise therapy for Parkinson’s discase. dancing is
useful. Argentine tango provides a particularly good effect. After all. when
performing this dance. different muscle groups and joints are maximally involved.
With severe progression of the discase, this method of combating the discase is
difficult to use. but at the 1st and 2nd stages of the discase. its use is very

advisable.
FForecast

The prognosis for person. The main

sarkinson's discase is unique to cach
difficulty is that it is impossible to predict what symptoms will appear and when.
But the patient himself can significantly slow down the course of the
discase. This requires a clear treatment plan and a positive outlook. Reducing
stress significantly worsens cach sympto better activates
the body and increases the chances of recovery.

Also. the prognosis is extremely different for those patients whae are
treated purely with folk remedies. and {hose who undergo medication.
neurosurgical treatment, and engage in physical therapy under the supervision of a
doctor. But the most favorable prognosis is for those who not only struggle with
symptoms. maintain existing skills. but also leam new things. These can be both
new movements and intellectual processes (learning foreign languages. drawing).

An integrated approach to treatment and rehabilitation allows a person not
only to not lose his legal capacit

y. but to live a full life.
To prevent parkinson's discase. preventl

ion is very important. These are not
just measures o prevent the discase. but the elimination of a number of risk factors
from your life

m. when the desire to get

7.3.Huntington's disease

Huntington's ~ diseasc is a progressive brain disnrc}cr ] that  causes
loss of thinking ability

uncontrolled movements, emotional problems. and

(cognition).

Adult-onset [Huntington's discasc, t}lc 'mostﬂco '
usually appears in a person's thirties or fortics. Early signs and symptoms can
include irritability, depression. small involuntary move_m_cnls. poor coordination,
and trouble learning new information or ma_kmg dccgswps. Many pcoph? w1'lh
Huntington's disease develop involuntary jerking or twitching movements k“(f“n
as chorea. As the discase progresses. these movements become more p.ronm)m(,cd_
Affected individuals may have trouble walking, spcak}ng_ and sxval[p\:-‘{ﬂg.l [‘:EPIC
with this disorder also experience changes in personality and a decline in thinking
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and reasoning abilities. Individuals with the adult-onset form of _Iluminglnn'b'
disease usually live about 15 to 20 years after signs and symptoms begin.

A less common form of Huntington's discase known as the juvenile form
begins in childhood or adolescence. It also involves movement problems and
mental and emotional changes. Additional signs of the juvenile form include s!m\'
movements, clumsiness. frequent falling. rigidity. slurred speech. and _dmu!mg
School performance declines as thinking and reasoning abilitics become lml"‘”r‘fd'
Scizures occur in 30 percent to 50 percent of children with this condition. JU\“L‘HIIC_
Huntington's disease tends to progress more quickly than the adult-onset form:
affected individuals usually live 10 10 15 years afier signs and symptoms appear.

Huntington's discasc affects an estimated 3 to 7 per 100.000 people of
European ancestry. The disorder appears to be less common in some other
populations, including people of Japanese. Chinese, and African descent.

Causes . e

Variants (also called mutations) in the HTT gene cause Huntington's
discase. The /{17 gene provides instructions for making a protein called
huntingtin. Although the function of this protein is unclear, it appears to play an
important role in nerve cells (neurons) in the brain.

The HTT variant that causes Huntington's disease involves a DNA chmcnl
known as a CAG trinucleotide repeat. This segment is made up of a series of l-hrct?
DNA building blocks (cytosine, adenine. and guanine) that appear multiple times
in a row. Normally. the CAG segment is repeated 10 to 335 times within the gene.
In people with Huntington's disease, the CAG segment is repeated 36 to more l-hmT
120 times. People with 36 to 39 CAG repeats may or may not develop the signs
and symptoms of Huntington's discase. while people with 40 or more repeats
almost always develop the disorder. .

An increase in the size of the CAG segment leads to the production of an
abnormally long version of the huntingtin protein. The elongated protein is cut int0
smaller, toxic fragments that bind together and accumulate in neurons, disrupting
the normal functions of these cells. The dysfunction and eventual death of neurons

e e
'n certain areas of the brain underlic the signs and symptoms of Huntington's
discase.

Inheritance

This condition is inherited in an autosomal dominant pattern, which means
one copy of the altered gene in each cell is sufficient to cause the disorder. An
affected person usually inherits the altered gene from one affected parent. In rar¢
cases, an individual with Huntington's disease does not have a parent with the
disorder.

As the altered HTT gene is passed from one generation to the next, the size
of the CAG trinucleotide repeat often increases in size. A larger number of repeats
is usually associated with an carlier onset of signs and symptoms. This
phenomenon is called anticipation. People with the adult-onset form of

Huntington's discase typically have 40 t0 50 CAG repeats in the H77 gene. while
people with the juvenile form of the disorder tend to have more than 60 CAG
repeats.
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Individuals who have 27 to 35 CAG repeats in the HTT gene do not
develop Huntington's discase. but they arc at risk of having children who will
d‘cvclup the disorder. As the gene is passed from parent 0 child. the size of the
L.A(i trinucleotide repeat may lengthen into the range associated with Huntingon's
discase (36 repeats or more). T

Symptoms

_ Huntington's discase usually causes moy ement. cognitive and psychatric
LEISOI‘LRH?G with a wide spectrum of signs and symptoms. Which svmplon{s appear
first varies greatly from person to person. Some symptoms '.1ppua;‘ more dommnant
or have a greater cffect on functional ability. but that can change throughou the
course of the discase. ) i

Movement disorders

I'he movement disorders associated with Huntir
both involuntary movement problems and impairments in voluntary movenents.

such as:
Involuntary jerking or writhing movements (chorca)

Muscle problems. such as rigidity or muscle contracture (dystonia)

Slow or unusual cye movements

Impaired gait. posture and balance

Difficulty with specch or swallowing

Impairments  in voluntary movements  — rather than involuntary

movements - may have a greater impact on a person's ability to work. petform
ain independent.

daily activities. communicate and rem
Cognitive disorders
Cognitive impairments often associated with [Huntington's
Difficulty organizing. prioritizing or focusing on tasks
Lack of flexibility or the tendency to get stuck on a thought. behavior or

action (pcrscvcmlion)

Lack of impulse control
thinking and sexual promiscuity

Lack of awarencss of one's own behaviors and abilities

Slowness in processing thoughts or "finding" words

Difficulty in learning new information

Psychiatric disorders

The most common psychiatric disorder associate
discase is depression. This isn't simply 2 reaction to receiving
Huntington's diseasc. Instead, depression appears, to occur because
brain and subsequent changes in brain function. Signs and symptoms may

Feelings of irritability. sadness OF apathy

Social withdrawal

Insomnia

Fatigue and loss of energy o

Frequent thoughts of death, dying or suicide

Other common ps_vchialric disorders includc.:‘

Obsessivc-compulsive disorder, & condition
intrusive thoughts and repetitive behaviors
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Mania, which can cause elevated mood. overactivity. impulsive behavior
and inflated self-esteem ) . i vecion and
Bipolar disorder, a condition with alternating ¢pisodes of depression ¢
mania . 1 neople with

In addition to the above disorders. w cight loss is common in people
Huntington's disease, especially as the disease progresses.

Diagnosis _ ) )

A preliminary diagnosis of Huntington's disease is based pn!nnr.!l_\l 0"_.\”‘:“':1
answers 1o questions. a general physical exam. a review of vour family medic
history. and neurological and psychiatric examinations.

Neurological examination (g s te asts

The neurologist will ask you questions and conduct relatively simple tes
of your:

Motor symptoms, such as reflexes. muscle strength and [mlun-cc

Sensory symptoms, including sense of touch, vision and hearing

Psychiatric symptoms, such as mood and mental status

Neuropsychological testing )

The neurologist may also perform standardized tests to cheek your:

Memory

Reasoning

Mental agility

Language skills

Spatial reasoning

Psychiatric evaluation g

You'll likely be referred to a psychiatrist for an examination to look for @
number of factors that could contribute to vour diagnosis. including:

Emotional state

Patterns of behaviors

Quality of judgment

Coping skills

Signs of disordered thinking

Evidence of substance abuse

Brain-imaging and function tests

Your provider may order brain—imaging tests for assessing the structure Olt'
function of the brain. The imaging technologics may include MRI or CT scans tha
show detailed images of the brain.

These images may reveal changes in the brain in arcas affected bY

Huntington's discase. These changes may not show up carly in the course of the
discase. These tests can also be used to rule out other conditions that may be
causing symptoms.

Genetic counscling and lesting

If symptoms strongly suggest Huntington's disease, your provider may
recommend_ a genetic test for the nontypical gene.

This test can confirm the diagnosis. It may also be valuable if there's no
known family history of Huntington's discase or jf no other family member's
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diagnosis was confirmed with a genetic test. But the test won't provide information

that might help determine a treatment plan.

Before having such a test, the genetic counselor will explain the berefits
and drawbacks of learning test results. The genctic counselor can also arswer
questions about the inheritance patterns of Huntington's discasc.

Predictive genetic test

A genetic test can be given if you have
don't have symptoms. This is called predictive t
the discase will begin or what symptoms will appear first.

Some people may have the test because they find not knowing to be nore
stressful. Others may want to take the test before having children.

Risks may include problems with insurability or future employment and
the stresses of facing a fatal disease. In principle. federal laws exist that make it
information to discriminate against people with

a family history of the discass but
esting. The test can't tell you vhen

illegal to use genetic testing
genetic discases.

These tests are only performed

Treatment

No treatments can alter the course of Huntington's discase. But
some symptoms of movement and psychiatric disouders.
a person adapt to changes in abilities for a

after consultation with a genetic counsdor.

medications can lessen
And multiple interventions can help
certain amount of time.

Medications will likely evolve over the course of the disease, depending
on overall treatment goals. Also. drugs that treat some symptoms may result inside
effects that worsen other symptoms. Treatment goals will be regularly reviewed

and updated.

Medications for movement disorders

Drugs to treat movement disorders include the following:

Drugs to control movement include tetrabenazine (Xenazine) and
deutetrabenazine (Austedo). which have been specifically approved by the food
and Drug Administration to suppress the involuntary jerking and wrihing
movements (chorea) associated with Huntington's discasc. These dmg‘s dox}'t have
any effect on the progression of the disease, however. Possible si_dc effects 1pdudc
drowsiness. restlessness, and the risk of worsening or triggering depressia or

other psychiatric conditions.

Antipsychotic drugs,
effect of suppressing movements.
chorea. However, these drugs may W
restlessness and drowsiness.

Other drugs. such as olanzapine
have fewer side effects but still should be usc
worsen symploms.

Other medications

and fluphenazine, have a side
ay be beneficial in treiting
ary contractions (dystaia).

such as haloperidol
Therefore. they m
orsen involunt

(Zyprexa) and aripiprazole (Abilify), may
d with caution, as they may also

{hat may help Suppress chorea include a}nanlajine
(Gocovri, Osmolex ER), levetiracctam (Keppra, E.IcpSt:a XR. Spritam) and
clonazepam (Klonopin). However, side effects may limit their use.

Medications for psychiatric disorders
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Medications to treat psychiatric disorders will vary depending on the
disorders and symptoms. Possible treatments include the following:
Antidepressants include such dr

ugs as citalopram (Celexa). escitalopram
(Lexapro). fluoxetine (Prozac

) and sertraline (Zoloft). These drugs may also have
some effect on treating obsessive-compulsive disorder. Side effects may include
nausea. diarrhea, drowsiness and low blood pressure,

Antipsychotic drugs such as
(Zyprexa) may suppress violent outbursts
disorders or psychosis, However,
disorders themselves,

Mood-stabilizing drugs that can
associated with bipolar disorder include
(Depakote), carbamaze
(Lamictal).

Psychotherapy

A psychotherapist — 4 psychiatrist, psychologist or clinical social \\‘Ol'!'-'cr
— <an provide talk therapy 1o help with behavioral problems. develop coping
strategies, manage expectations during progression of the disease and help family
members communicate with each other.

Speech therapy

Huntington's discase can significantly impair control of muscles of the
mouth and throat that are essential for speech, cating and swallowing. A speech
therapist can help improve your ability to speak clearly or teach you to use
communication devices — such as a board covered with pictures of everyday items

and activities. Speech therapists can also address difficulties with muscles used in
cating and swallowing.

Physical therapy

A physical therapist can teach You appropriate and safe exercises that
enhance strengh, flexibility, balance and coordination. These exercises can help
maintain mobility as long as possible and may reduce the risk of falls.

Instruction on appropriate posture a
posture may help lessen the severity of some movement problems,

When the use of a walker or wheelchair is required, the physical therapist
can provide instruction on appropriate use of the device and posture. Also, exercise
regimens can be adapted to suit the new level of mobility.

Occupational therapy

An occupational therapist can assist th
family members and caregivers on the use
functional abilities. These
Handrails at home
Assistive devic_:cs_l‘or activifies such as bathing and dressing
Eating and drinking utensils adapted for People with limited fine motor

quetiapine  (Seroquel) and olnn"f.apma
. agitation, and other symptoms ol moo
these drugs may cause different movement

help prevent the highs and Iuw.‘?
anticonvulsants. such as dn'ulplm'n,.\
pine (Tegretol, Carbatrol, Epitol. others) and lamotrigine

nd the use of supports to improve

€ person with Huntington's discase,

of assistive devices that improve
rategies may include:

skills.
MUSCULAR DYSTROPHY

Duchenne muscylar dystrophy (DMD) s .
disease. It was initially described by Mery 4 Uiyl

on in 1857,
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de Boulogne based on his report of a young boy suffering from “congmital
hypertrophic paraplegia,” a condition characterized by carly onset weakness and
muscular hypertrophy [1]. The biological basis was later attributed to mutations of
the DMD gene on Xp21 [2]. DMD is the most common type of dystrophinopathy.
with an incidence of 1 in 3500 live male births [3]. and an estimated prevalense of
4.8 (93% C1 1.9-11.8) per 100,000 males worldwide [4]. Deletions of one or nore
exons account for approximately two-thirds of all DMD mutations; the res are
caused by duplications. small deletions, insertions, point mutations, or splicing
mutations. Less commonly. in-frame mutations produce a milder and wmore
variable phenotype known as Becker muscular dystrophy. or X-linked dilated
cardiomyopathy.

Muscular dystrophy refers to a group of more than 30 genetic(inheited)
conditions that affect the functioning of your muscles. It is caused by gene
mutations (changes in the DNA sequence) that affect the muscle proteins. In
general. the symptoms of muscular dystrophy worsen over time. These condiions
are a type of myopathy. a disorder of your skeletal muscles.

5  There are more than 30 types of muscular dystrophy. Most conmon
type include:

1. Duchenne muscular dystrophy (DMD)

2. Becker muscular dystrophy (BMD)

DMD and BMD are inherited in an X-linked recessive pattern die to
1osome.DMD is a genetic disease due
ocated on chromosome Xp2l. It is
approximately 30% of case are

V'
the DMD gene being located on the X chron
to the mutation of the dystrophin gene, |
inherited as an X- linked recessive trait however,
due to new mutations.

%  Mutations in the dystrophin gene result in diseases knowa as
which encompass Duchenne muscular dystrophy. Becker
muscular dystrophy, and an intermediate form. Mutations result in a linited
production of the dystrophin protein, which results in loss of the mydiber
membrane integrity with repeated cycles of necrosis and regeneration. Filrous
connective tissue and fat progressively replace muscle leading to clinical featues.

» Dystrophin act as a shock absorber within the muscle cells, redwing
any damage caused by muscle contractions.

> Patient with Duchenne. the muscles
which is critical for muscle function and repair.

dystrophinopathies .

lack a protein called dystrophin,
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EARLY SIGNS AND SYMPTOMS or DMD:.
> Delays in reaching developmenta| milestones,
A delay in meeting

developmental milestones may be the first noticeable
sign of a muscle problem. Milestones are ¢
certain age.

he skills or tasks a child can do by a
Milestones wil] v

ary from child to child, but
order and pattern, Children with DMD may h
milestones:

. lil‘tipg their head whife lying on theijr tummy
rolling over on their own
sitting or standip

most children follow a similar
ave a delay in the following

°

2 without assistance
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« walking well by 18 months

» Gower’s sign:

Difficulty rising from a sitting position.

«  When getting up from a sitting position, your child may first start on
their hands and knees and then slowly walk their hands up the shins, knees, and
thighs until standing.

< This is called Gower's sign trusted source(or Gower’s maneuver).
Gower's sign is common in children with DMD and is caused by weakness in the
pelvic and lower limb muscles.

shoulders and
arms arc held
back awkwardly
when walking

belly sticks
out due to
weak belly
muscles
{child is poor
at sit-ups)

swayback

weak butt
muscles {hip
s"ﬂighlcﬂcl’sl thin, weak
.

thighs

(espccially
Knees may bend
back to take front part)

weight.

poor
. alance;
thick lower / f‘?altl: e
leg muscles often
{the ‘muscle”
is mostly fat, awkward,
and not strong) clumsy if
walking

tight heel cord L
Weak muscles in

(contracture);
child may walk front of leg causc
on locs ‘foot drop’ and

tiptoe contracrures.

LATE SIGNS AND SYMPTOMS OF DMD : . ‘

Over time. weakness in the muscles progresses until the use of a
wheelchair is necessary. .

Some of the later signs and symptoms may include:

»  curvature of the spine (scoliosis) 3

» contracture. which oceurs when your muscles. tendons. or jants,
which are normally stretchy. tighten or shor}en_ and bt-:cmr_u_:.non-strclcfy. a
contracture is usually permanent and can cause significant disabilitics

5 loss of the ability to walk. typically around 12 to 14 ycar ofage.

By the late teens. DMD may also cause Serious. life threatming
complications affecting the heart and the muscles used for breathing.

» Effects on the heart:
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Problems with the heart muscles ¢
blood (cardiomyopathy). The heart can be
to heart failure.

»  Effects on the lungs:

Another complication of DMD is wea
This can make it harder 1o breathe. The weak
respiratory infections ljke
to help with breathing,

»  Effects on digestion:

if the muscles of (he gastrointestin
through the digestive tracy slowly. This ¢
advanced stages of DMD it might al

an make it harder for the heart to PU'“Pl
come enlarged. This may cventually lead

kness of the muscles in the rib cage.
hess also increases the risk of serious
. g : . s pecessary
pneumonia. At this stage. a ventilator might be necessar)

X : o ve
al tract are affected. food may mUAl
an cause constipation or dmrrhou.d .
so become difficult 1o swallow (dysphagia)

7.4. BECKER MUSCULAR DYSTROPHY

# Becker muscular dystrophy (BMD) is an X-linked recessi
disordcrinvolving dystrophin gene mutation,

resulting in progressive [1_1115c[|jc
degeneration, The proximal lower limb muscles are most often f_l“ccw,j
while heart failure is frequent complication among individuals with this
condition,
> BMD js [ess common and less severe than Duchenne muscular
dystrophy (DMD).
~

Becker muscular dystrophy
every 100.000 births and mainly affects ¢
»  Symptoms of Becker musc
between the ages of 5 and 15 ye
~  BMD causes musc
symptoms include:

Difficulty walking up stairs.

Difficulty walking that gets worse over time.
Low tolerance for exercise,

Muscle pain and/or spasms,

Frequent falls,

Toe walking.

Fatigue,

is rare. It occurs in about 3 to 6 out of
hildren assigned male at birth. )
ular dystrophy (BMD) most often start
ars but may begin later.

- ~ 1
le weakness that 8¢els worse over time, so commor

YVYVYVVY
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TableDuchenne Muscular Dystrophy and Becker Muscular Dystroph

... | Db™MD BMD
Dystrophine gene Absent or Partially functional
nonfuctional
Incidence 1/3.600 3 to 6/100,000
S | male births Male births
Mean age at onsct 3-5 years 12 years
Disease progression FFast Slow
Meanage at becoming 12 years 27 years
‘nonambulatory ’
| Mean life expectancy | Mid 20 s 40s
Oset of cardiomyopathy Usually follows May present before
skeletal Skeletal symtoms

progression

DIAGNOSIS
» High creatine kinase
» Mutations in dystrophin
DNA test
Western blot
> Muscle biopsy
TREATMENT
Investigational
dystrophy include:
»  Gene therapy.
» Creatine.
» Myostatin inactivation.
>
>

therapies for ~ Duchenne  dystrophy and  Becker

Skeletal muscle progenitors.
The antioxidant idebenoness.
Treatments can include steroid medications to
long as possible: stretching and other exercises specifically designed for people

with muscular dystrophy: braces and splints: assistive devices such as wheekhairs,
ith DBMD continue their

computer technology. and lifting devices to help people wi
daily activities: and surgery to prolong walking.

MEDICAL AND GENETIC COUNSELLING

Medical and genetic counselling is a type of specialised medical care
aimed at preventing the most frequent hereditary pathologies in society. The main
goal of medical and genetic counselling is to prevent the birth of children with
severe hereditary discases. Genetic counselling performs the following tasks:

1. Determination of health prognosis for future offspring in families where
there was, is or is expected to be a patient with hereditary pathology. :

2 Explaining genetic risk in an accessible way to parents and helping them
to make decisions about childbearing.

maintain muscle strength as
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3. Helping doctors to make a diagnosis of hereditary disease. if this
requires special methods of investigation,

4. Dispensary surveillance and identification of a high-risk group among
relatives of an individual with an inherited discase.

5. Propaganda of medical and genetic knowledge among doctors and the
population.

The reason for medical and genetic counselling may be: hysical
- Birth of a child with congenital malformations. mental and phys
retardation, blindness and deafness. scizures, abnormal sexual development.

- . . Mbirhe detection of
- Repeated spontaneous abortions. miscarriages. stillbirths. detection
pathology during screening programmes.

- Blood marriages.
- Unfavourable course of pregnancy.

- Exposure to known or possible teratogenic factors in the first three
months of pregnancy,

The methodology
stages:

1. Clinical and genealogical examination of the patient and his relatives:
2. Obtaining genetic risk assessments.

At the first stage of counselling, the diagnosis of the discase is clarified.
The diagnosis is clarified with the help of

of medical and &enetic counselling includes scvera

ryotypes of the parents are
normal, whether they have no mosaici

structural chromosome abnormalities. If there are
karyotype of the parents, the probability of a second
anomaly is estimated using empirical data for each type of anomaly, taking into
account the age of the parents. In multifactoria] diseases, e, diseases with an
inherited predisposition, the basis for risk assessment ig empirical data op the
population and familial frequency of each discase. At Jow risk, pathological

changes can be expected in 5 % of offspring. In this Situation, there are no
contraindications for further childbearing, Medium rigk

] arin sk is registered jf the
probability of giving birth to a sick child is 6-20 %. In this case, fertility planning
172
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depends on the severity of the suspected disease and the possibility of preaatal
diagnosis. A high genctic risk is defined when the probability of giving birthto a
child with a hereditary pathology is more than 20%. Such an assessment of therisk
of giving birth to a sick child is rather conditional. as the severity of the hereditary
discase plays an important role. The possibility of prenatal diagnosis is decisiwe for
a favourable decision regarding the completion of the pregnancy. Genetic risk
calculations are not an ¢nd in themselves for counselling. The risk values obtaned

serve as a basis for making a decision regarding the planning of childbearing. At
lling, the geneticist explains to the

the final stage of medical and genetic counse
family in an understandable way the genetic risk of having a sick child.This is one

of the most responsible stages. A genetic counsellor should always take into
account the motives that may guide people (emotional, socio-economic and
others), assess the intellectual and educational level of the spouses or the protand,
and the psychological climatc in the family. In the future. the family independsntly
makes a decision acceptable for it regarding reproductive behaviour at the ritk of

hereditary disease.
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