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The anatomo-physiologic
peculiarities of hematopoietic
system, the anemic and
hemorrhagic syndromes

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

* The functions of blood are as follows: transport and
protection. The transport function includes delivering of
oxygen, nutrient substances, hormones, enzymes, other
physiologically active substances to tissues and
discharging of waste products of metabolism from tissues.
The protection function is provided with leukocytes,
which realize phagocytosis, and with immune agents,
which resist microorganisms with their toxins and destroy
foreign proteins. A quota of the formed elements of blood
is 40-45 %, that of the plasma being 55-60 %.
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Hemopoiesis is the process of origin and maturing of
formed elements of blood in the hemopoietic organs.
Formation of blood, or hemopoiesis, is parallel to
cardiovascular development The hemopoietic system
originates in the mesoderm. There are 3 periods in the
development of this system: out-of-embryo period,
liver period and bone-marrow period. At about 13 to 15
days of gestation, angioblasts organize as “blood
islands” in the mesoderm of the yolk sac. Spaces
develop within these islands and become lined with
angioblasts, forming the primitive blood vessels and
endothelium. Cells of the endothelium give rise to
primitive blood cells, megaloblasts. This all occurs
outside the embryo, in the yolk sac. Blood is not
formed within the embryo until the fifth week of
gestation. This short period is called the out-of-embryo
period, or megaloblastic haemopoiesis.

The primary site for hemopoiesis in the embryo
is the liver, which grows larger as the process
continues. The liver increases in size until, by
the ninth week of gestation, it is responsible
for about 10 % of the total fetal weight. This is
the period of liver hemopoiesis. Later in
gestation the reticuloendothelial system,
comprised of the liver, spleen, bone marrow
and lymph nodes, becomes the primary site of
hemopoiesis as the yolk sac regresses.
Megaloblasts are gradually replaced by
erythroblasts. Erythro-, granulo-, and
megakaryocytopoiesis take place in the spleen.
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Active lymphopoiesis starts to appear in the
spleen late, in the end of the 7! month of
gestation. At 4-5 months of gestation, the bone
marrow period of hemopoiesis starts. By term,
the bone marrow is the main site for
production of all red cells and most other
cellular components of blood. However, the
liver, spleen, and lymph nodes can be
stimulated to produce blood cells during
periods of extreme and continued demand.

The stem cell, the germinal cell for all blood cell
production, is found within the reticuloendothelial
system. The stem cell is a polypotent cell-
precursor, it can keep up its population and can
differentiate itself in more mature cells. In lymph
nodes, reticulum cells will develop into
lymphocytes and monocytes. Elsewhere in the
reticuloendothelial system, reticulum cells will
differentiate into either hemoblasts or
myeloblasts. Haemoblasts undergo several other
stages of transformation before emerging as
erythrocytes, while myeloblasts may differentiate
into granulocytic leukocytes or megakaryocytes
(platelet precursors).
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* During postnatal life the bone marrow produces
erythrocytes, granulocytes, blood platelets and
monocytes; lymphocytes are produced in the spleen,
lymph nodes, intestinal follicles, Peyer’s patches
(aggregate nodules) and other lymphoid formations.

* Cells, circulating in the peripheral blood, continue to
be functionally changed; the contents of enzymes and
energy output in cells gradually decrease. Cells are

aging and destroyed by phagocytes. The term of life of
erythrocytes is 120 days, thrombocytes 9-11 days,
leukocytes from 100 to 300 days, but some of them live
only 3-4 days, while others more than 1.5 years. There
1s balance between formation and destruction of blood
cells.

* The central nervous system, endocrine glands and
kidney have influence on hemopoiesis, this influence is
realized through erythro, leuko- and thrombopoietines.
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* Blood must be liquid. This condition of
blood is guaranteed by the hemocoagulation
system, which supports blood in liquid
condition, prevents thrombosis and
hemorrhage and ensures stop of bleeding.
Disorder of this system causes thrombosis and
bleeding. The main components of this system
are: vascular wall, blood cells and plasma
factors.

The vascular chain of hemostasis consists of the
intact vascular wall; the thrombocytic chain ensures
adherence and aggregation of thrombocytes; besides,
thrombocytes contain 9 factors, which take part in
blood coagulation. The plasmatic chain contains 13
factors of blood coagulation. If a vascular wall 1s
injured, local angiospasm begins, thrombocytes adhere
to damaged endothelial cells and basal membrane, and
thrombocytic aggregation takes place. All this process
1s realized for 2 minutes. During this period plasma
factors, which were not in active condition, activate
consecutively and are converted into active enzymes; a
complex multiple cascade enzyme process takes place.
The formation of thrombi and cessation of bleeding
occur.



The process of coagulation may be represented by
this scheme:

Stage I Stage 11 Stage [II | Last stage
Thrombopla- | Prothrombin | Fibrinogen Retraction of
stin formation | Thrombin . blood clot,

Fibrin . .
fibrinolysis

* Retraction of blood clot occurs due to ability of
thrombocytes to gather fibrin fibers in a clot. As result
of this process, the volume of a clot decreases. Lysis of
a clot, reconstruction of vascular permeability and
blood flow occur under the influence of fibrinolysin.

* The ability of the fetus to synthesize clotting factors
is genetically determined. In genetically normal fetuses
and newborns, the production of adequate amounts of
clotting factors depends on maturation of the liver and
presence of vitamin K. The latter is produced in the
gastrointestinal tract through the interaction of bacteria,
food and time. Synthesis of prothrombin and factor VII
cannot occur without it.
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Blood type
This is determined at conception. The group

indication appears in children quite early.
Agglutinogens A and B can be discovered in 3-4-
month-old fetuses. Erythrocytes contain
agglutinogens a and P, serum agglutinins A and B.
Blood of every person contains different
agglutinogens and agglutinins. There are 4 groups
of blood: 1(0) — O; II(A) — A; III(B) — B; IV(AB).
Rh factor is one of blood antigens; this can be
positive (85 %) and negative (15 %). Blood of a
newborn has an essential quality of Rh factor and
it remains to be constant during the whole life.

Blood type
The HLA system (Human Leukocyte Antigen) is the

system of human leukocyte antigens. It is a complex of
genes situated on the 6" chromosome; the complex has
its genetic structures, i.e. locuses A, B, C and D. Every
human being has a set of 4 paired antigens. A quantity
of combinations of gene alleles only in A and B locuses
exceeds 250 million, what confirms the individuality of
every person and explains difficulties in selecting
donors for organs transplantation. Mature erythrocytes
do not have HLA on their cell membrane; this fact
explains the possibility of blood transfusion without
taking into consideration HLA phenotype.
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Hemoglobin

* Fetal hemoglobin, or HbF, is a specialized form of
hemoglobin, found only during gestation and in early
infancy. HbF accounts from 70 % to 90 % of the total
hemoglobin in the perinatal period.

* During the fetal life, oxygen supplement is lower than
in the extrauterine life (pO, is 30 mm Hg in the
umbilical venous blood, but 60 to 90 mm Hg in the
arterial blood after birth). Fetus adaptation to hypoxia
includes:

1) an increase in total hemoglobin concentration (150
to 200 g/l versus 110-130 g/ in the adult);

2) red cell mass is increased in the fetus to 5—6
million/ mm?;

3) fetal hemoglobin has high hemoglobin-oxygen
affinity.

Amount of blood

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

There are many differences in
morphofunctional characteristics of blood
between children and adults.
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Blood of the newborn infant

* Its red blood count is 5.0-7.0 - 10'%/1 following
birth, but by the 14™ day, it usually drops down to
4.0 - 10'%/1. Hemoglobin level during the first two
days may be as high as 170-220 g/1, falling to 165
g/l by the end of the 14t day. Anisocytosis
(erythrocytes of unequal size) is typical for
newborn infants. Anisocytosis is expressed by the
presence of macrocytes (abnormally large
erythrocytes with high hemoglobin content).

* The number of reticulocytes (immature or
young erythrocytes) is from 50 to 100 per 1,000
mature erythrocytes during the first days; their
number also drops rapidly down by 10-15 days of
life and makes 5 to 10 per 1,000 mature
erythrocytes.

* Osmotic fragility. Blood of the newborn
contains erythrocytes with elevated and
reduced osmotic fragility.

* Erythrocyte sedimentation rate (ESR) of the
newborn is slower than in adult and is 2-3
mm/h; beginning with the age of 2 months
ESR rises and reaches the level of 8-10 mm/h
(the same as in adults).

* The number of thrombocytes varies during
the first days of life within 100+200-x 10%/1.
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* The picture of their white blood in newborns is
quite specific.

* During the first 8-12 hours of life the number of
leukocytes is as high as 25+30x10°/1; neutrophilic
leukocytosis is marked, a regenerative deviation
to the left is present; it means the presence of
many immature neutrophils in peripheral blood.

* By the 10®™-15% day white blood count gradually
drops to an average of 10+12 x 10%/1; immature
cells, as a rule, disappear from the peripheral
blood almost completely; primary neutrophilosis
is replaced by lymphocytosis.

* A gradual increase in the number of
lymphocytes begins in the first days of life,
attaining 50-60 % by the fifth day; this level is
sustained throughout infancy; at the same time the
number of neutrophils is gradually reduced to
30%.

* There are two intersections in numbers of
neutrophils and lymphocytes: between the 4™ and
6" days and between the 4" and 5 year.

* The coagulation (clotting) and bleeding times in
the newborn are the same as normal for adults:
coagulation time i1s 5-5.5 minutes; bleeding time
1s 1-3 minutes. Clot retraction is normal.
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According to the opinion of some authors,
high hemoglobin and red and white cell levels
in the newborn are caused by the maternal
hormones; the hormones circulating in the
body of the pregnant woman and stimulating
her hematopoietic system penetrate into the
body of the fetus and thus stimulate its
hematopoietic organs. The delivery of these
hormones into the infant’s blood ceases after
birth, and therefore a rapid drop of
hemoglobin, erythrocytes and leukocytes
occurs.

* Blood in infancy has some characteristic
features. Red blood count rates 4+4.5x10'2/1,
hemoglobin level is 95-140 g/1, and it easily drops
to 70.0-80.0 g/1, so that the color index stays
below norm. Anisocytosis is rather marked.
Reticulocytes do not number more than 5-6 per
1,000 normal erythrocytes.

* The maximum and minimum osmotic fragility
of erythrocytes is slightly elevated in comparison
with the newborn period.

» Thrombocyte count varies between
200+300x10%/1.

* Coagulation, bleeding time, and clot retraction
almost do not differ from what is normal in
adults.

11
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» White count is usually 10+12 x 10%/1 in

infants, lymphocytosis is marked (the level of
lymphocytes is 50 %), neutrophil count during
this period varies within the range of 35-40 %.

* It is possible to note the development of
physiological anemia at the age of 3-4 months
as a result of iron deficit, because breast and
cow’s milk is low in iron.

Blood of children from 2 to 6 vears

* Between the ages of 2 and 6 years the level
of hemoglobin is 105-140 g/l (averaging 120
g/1), red blood count is 4.5x101%/1, with 2-3 %
of reticulocytes, the color index 1s lower than
norm and 1s 0.85-0.95. Anisocytosis is marked.

* White count gradually diminishes, becoming
8+8.5x10%1 by the age of 6 years.

* The number of lymphocytes gradually
decreases, going down to 40-35 % by the age
of 5-7 years. The number of neutrophils grows
(the second intersection).

12
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Blood of children between 6 and 14 years
* The composition of blood at this period is
approximately the same as in the preceding
period. Anisocytosis gradually disappears.

Leukocyte count continues to fall, and by 14
years is 7+7.5x10%/1.

« Differential white count is characterized by a
further rise in the number of neutrophils and a
drop of lymphocytes. By 14 years the count

indicates 60-65 % of neutrophils and 25-30 %
of lymphocytes.

Blood of adolescents

* Red blood count is 4.5+5x10'%/1. Hemoglobin
is at a high level, averaging 140 g/1. White
count is 6+7.5x10%/1.
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Methods of the clinical and paraclinical
investigation

* Clinical examination of the hematological system of
children includes questioning, general examination,
physical examination of the skin, lymph nodes, liver,
spleen and bones.

* The most typical complaints are: bleeding,
hemorrhage, enlargement of lymphatic nodes, paleness
of the skin and mucous membranes, ossalgia.

» Complaints of the common character are:
hyperthermia, headache, dizziness, weakness,
exhaustion, memory disorders, poor appetite, exertional
dyspnea.

Case history taking:

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

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

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

* - to get acquainted with results of laboratory and
other methods of examination before the patient’s
admission to the hospital
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* Life history is very important in cases of
inheritable diseases (hemophilia) and possible
tendency to pathology of the hematopoietic
system and blood. The obstetric anamnesis is
very important for infants.

The following signs must be assessed during
examination:

— position of a patient (active, passive, forced);
— bleeding (its location, intensity, duration);
— color of the skin: a) pallor, b) jaundice;

— rash (macula, petechia, purpura, bruise), papule,
exanthema, hemorrhage, hematoma, hemarthrosis;

— enlargement of lymph nodes;

— distended abdomen;
— edema;

— enlargement of the liver and spleen.

11/05/2018
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Paraclinical investigation includes:

blood count; coagulogram; puncture of the liver,
spleen and bone marrow; study of myelogram,;
puncture of a lymph node; radiography, CT. The
main methods of examination of the system of
hemostasis are as follows: capillary resistance tests,
thrombocyte count, tests of thrombocytic adhesion
(aggregate functions), time of capillary bleeding
according to Duke, retraction of blood clots.

* Myelogram gives information about the quality
and quantity of bone marrow cells. In order to get
some bone marrow, the breastbone 1s to be
punctured. It is necessary to count not less than 500
cells and calculate percentage for every type of cells.

* The main peculiarity in the bone marrow of
children of the first 3 years of life consists in a large
quantity of lymphocytes: infancy — 10-18 %, at 3
years — 7-14 %, after 3 years — 2-8%.

* There are no significant differences in other
parameters of the bone marrow of healthy children
and adults.
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* The main clinical symptoms of the blood
system diseases are: pallor, jaundice, fatigue,
irritability, seizures, enlargement of the liver,
spleen, lymph nodes, petechia, ecchymosis,
gastrointestinal hemorrhage, mucosal bleeding,
bacteriemia, cellulitis, pharyngitis, oral
ulceration.

» Combination of these symptoms may be
various and depends on the nosological form
of hemopathy.

Symptomatology of blood changes:

* 1. Quantitative changes in red blood.

1.The increase in the number of erythrocytes
(polyglobulia):

a)true polyglobulia is associated with intensification
of bone marrow activity (in newborns, congenital
heart disease, in polycythemia, etc.);

b)false  transient  polyglobulia  results from
condensation of blood due to fluid losses (acute
dyspepsia, dysentery, excessive perspiration).

17
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2. Reduced red blood counts and lower hemoglobin
levels, i.e. conditions corresponding to the clinical
concept of anemia:

* reduction of bone marrow function (starvation,
infection, intoxication, tumors), congenital
inferiority of the hematopoietic system (prematurity,
tumors in the bone marrow);

* the number of erythrocytes may be reduced due to
increased expenditure (chronic bleeding,
erythrocytes disintegration during chronic
infections, worms, malaria), hemolysis of
erythrocytes (familial hemolytic jaundice).

II. Qualitative changes in red blood.

* Changes in the quality of blood elements are
connected with changes in the process of blood
formation. These are characterized by the
appearance of embryonal precursors:

a)megaloblasts, megalocytes: these indicate return to
the embryonal type of blood formation;

b)erythroblasts, normablasts: these demonstrate
intensified bone marrow activity;

c)increased reticulocytes counts: these display
intensified bone marrow function;

18
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II. Qualitative changes in red blood.

d)the appearance of macrocytes: this is a sign of
healthy blood regeneration;

e)hyperchromia indicates regeneration; this is a sign of
functional deficiency of bone marrow;

flanysocytosis is inequality in the size of erythrocytes;
this is a sign of normal regeneration; poikilocytosis
means different shape of erythrocytes and signals
about degeneration of erythrocytes.

White blood:

[. Quantitative changes in white blood.

 Leukocytosis is an increase in the quantity of
leukocytes more than 10 x 10%1 ( over 20 x 10%/1is
hyperleukocytosis). An increase in the number of
white blood cells, leukocytosis, results from
heightened activity of the bone marrow under the
influence of some pathological and also
physiological stimuli.
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The following forms of leukocytosis are
distinguished:
1. Physiological leukocytosis:

a) in the newborn (20,000-25,000),
b) in infancy (10,000-12,000).

2. Pathological leukocytosis, associated with local
and generalized infection processes and
intoxications:

a)pseudoleukocytosis results from condensation of
blood, digestive leukocytosis is possible;

b)neutrophilic leukocytosis 1s associated with
infections: sepsis diseases, pneumonia, scarlet fever,
dysentery, rheumatic fever, meningitis.

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

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

20



11/05/2018

* Lymphocytosis is an absolute and relative
increase of the number of lymphocytes in
peripheral blood. It is a stable physiological
condition throughout infancy and early
childhood.

* The number of lymphocytes increases in
certain acute and chronic infections (pertussis,
rubella, typhoid fever), during convalescence,
certain forms of glandular fever, tonsillitis.
Especially high lymphocyte counts are
observed in lymphatic leukemia and in cases
of so-called lymphatic reactions in children,
more often in whooping cough.

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

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

 Basophilia. Normally basophil count does not exceed
0.5-1 %. A rise is observed in association with acute and
chronic leukemia, lymphogranulomatosis.
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* Leukopenia 1s diminution in the number of
leukocytes, it is a characteristic sign of certain
infections (typhoid fever, measles, rubella). In
sepsis, pneumonia leukopenia is an indication of
depression of the hematopoietic organs and an
unfavorable prognostic sign.

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

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

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

* Monocytopenia is seen in severe septic and
infectious processes.

* Eosinopenia is typical for typhoid fever, measles,
pneumonia, septicemia, aggravation of tuberculosis
and rheumatic fever.
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II. Qualitative changes in white blood.

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

* The deviation degree demonstrates activity with appearance
of myelocytes; juvenile neutrophils are more typical for
pyoseptic and infectious diseases, hemolysis, chronic
leukemia, allergic reactions, bleeding.

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

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

* A deviation of the differential count to the right means
an increased amount of mature leukocytes (segmental
neutrophils), practically without any immature (band)
neutrophils. It can be very rare and displays a disorder
in the bone marrow hematopoiesis.
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* Neutropenia is such a condition of the differential
blood count when the quantity of neutrophils decreases
more than by 1/3 versus the age norm. Pathogenesis of
neutropenia (which may be leukopenia) can be caused

by:

— disorder in the hematopoietic function of the bone
marrow and incomplete going out of mature neutrophils
into peripheral blood;

— acceleration of the destruction of formed elements;

— increase in the removal of neutrophils from
hemocirculation.

 Neutropenia is a rather rare condition and appears in:

— some infectious diseases (malaria, measles, typhoid
fever, influenza, severe forms of bacterial infections
with an increased duration);

— tuberculosis;

— prolonged treatment by cytostatic medicines,
sulfonamides, antibiotics;

— some type of anemia (B ,-folic-deficit, hypoplastic
anemia);

— increased irradiation;

— aplasia of the bone marrow.
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* Lymphocytosis is an increase in the quantity of
lymphocytes which can cause leukocytosis. Its
pathogenesis is based on an increased formation of a
large number of lymphocytes from the
lymphopoietic organs and their arrival in the
circulating blood. The main causes are as follows:

— acute infectious diseases (whooping cough, viral
hepatitis);

— chronic infectious diseases (tuberculosis,
syphilis, brucellosis);

— chronic lympholeukosis.

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

— congenital immunodeficiency;
— acquired immunodeficiency syndrome;
— lymphogranulomatosis.

True leukemia 1s differentiated from leukemoid
reaction on the basis of bone marrow studies.
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Thrombocytes

The number of blood platelets is normally
200,000-300,000.

* Thrombocytosis is typical for many infection
diseases (pneumonia, rheumatic fever).

* Thrombopenia is found in severe forms of anemia,
leukemia, idiopathic thrombocytopenic purpura.

Erythrocyte sedimentation rate (ESR).

The normal erythrocyte sedimentation rate is: in
newborns — 0-2 mm/h, in infants — 2-4 mm/h, later —
4-10 mm/h.

* An increase of ESR is a sign of different
pathology: an inflammatory process of any system
(the higher ESR, the more acute pathological
condition), infectious diseases, allergic reactions,
malignant pathology.

* Decreased ESR is rare; it may be found out in
dehydration, anaphylactic shock, dystrophy, peptic
ulcer, heart failure, acute viral hepatitis.
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The main pathological syndromes of
hematological disease

1. Anemic syndrome.
2. Leukocytic and leukopenic syndromes.
3. Hemorrhagic syndrome:
a) hematomatic type;
b) petechial type;
c) vasculitic type;
d) angiomatotic type.
4. Syndrome of lymph node enlargement:
* a) regional enlargement of lymph nodes;

* b) generalized enlargement of lymph nodes.

There are 3 main group of etiological

factors of anemia:

1. Anemia as a result of bleeding (posthemorrhagic).
Decrease of quantity of erythrocytes and hemoglobin is
marked in blood analysis, normochromia,
reticulocytosis after some time.

2. Anemia as result of disorder of hematopoiesis.

3. Deficiency anemia (more often iron deficiency anemia),
iron deficit due to disorder of its supply, absorption or
intensive loses. Causes: exogenous insufficiency, if a
child does not get necessary amount of iron with food
(nutritional, or alimentary, anemia), exogenous
insufficiency of iron in time of its intensive need
(infectious diseases), endogenous insufficiency of iron
due to disorders of its assimilation (diseases of the
gastrointestinal system).
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It is accepted, as a rule, to single out 3 degrees
of anemia, depending upon the quantity of

hemoglobin:

I Slight 110-90 g/1
II Mild 90-70 g/l
111 Severe Less than 70

g/l

Laboratory criteria of anemia in the

neonatal period:

0 — 14 days

<145 g/l

15— 20 days

<120 g/l

11/05/2018
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* [ron deficiency anemia is the most often type of
anemia in children of the first 3 years of life.
Frequent anemia in children is caused by lability of
their hematopoietic system. Many unfavorable
factors (disorders of nutrition, hygienic regime,
intercurrent diseases) can cause anemia in children.
However after eradication of the cause the bone
marrow function rapidly improves and blood count
data become normal.

* In older children, posthemorrhagic anemia occurs
as a result of gastrointestinal, renal or uterine
bleeding.

* “True” anemia may be erroneously diagnosed in
cases of hemodilution or hemocondensation caused
by edema or dehydration of various origin.

Hemolytic syndrome

» Hemolysis is the process of destruction of
erythrocytes, accompanied by hemoglobin going out
from erythrocytes into plasma.

* Pathological hemolysis can be caused by
exoerythrocytic and endoerythrocytic factors.
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Exoerythrocytic factors:

— hemolytic poisons and toxins (snake, helminthes,
bee, scorpions, arsenic, benzol, bacteria, chronic lead
intoxication);

— transfusions of incompatible (by group and Rh
factor) blood,

B . L intravenou i
doctors’ mistakes in intravenous transfusions of
hypotonic solutions;

— severe infections (malaria, sepsis);

— severe burns;
— presence of antibodies to erythrocytes.

Hemolytic disease of newborn due to Rh or group
conflicts is an example of hemolysis.

* Endoerythrocytic hemolytic factors:
congenital diseases (icterohemolytic anemia,
acquired disorders).

Hemolytic syndrome is a sign of group of
diseases, whose common sign is hemolysis of
erythrocytes with development of anemia and
an increased destruction of erythrocytes, and
in the same time with some increase of
erythropoiesis as compensation for anemia.
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Hemolytic syndrome has such signs as:
* 1. Clinical:

— severe general condition (fever, headache, pain
in muscles, joints, consciousness disorders, such as
collapse and coma);

— pallor;

— jaundice;

— dyspnea;

— enlargement of the liver and spleen;

Hemolytic syndrome has such signs as:

* 2. In laboratory analyses:
— normochromic anemia;

— degenerative changes of erythrocytes (poikilo-,
anisocytosis);

— hypergemoglobinemia;

— neutrophilic leucocytosis with a deviation to the left;
— hyperbilirubinaemia with indirect bilirubin;

— large quantity of serum iron;

— reticulocytosis;

3. In urinalysis:

— hemoglobinuria;

— stercobilinogen, urobilinogen,;

4. in coprogram:

— increase of stercobilinogen.
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Disseminated intravascular coagulation
(DIC) syndrome

* This, or thrombohemorrhagic, syndrome is a
complex of nonspecific pathological symptoms,
based on the arrival of exo- and endogenous factors
to vessels; these factors activate the coagulative
system of blood and aggregation of thrombocytes in
the vital organs, causing their dysfunction. DICS is
not an independent disease.

There are many causes of DICS

development:
— generalized infections of bacterial and viral
origins (sepsis by 50 %);

— embolism of amnionic fluid;

— shock;

— burns;

— dehydration (bleeding, dyspeptic disorder);
— injury;
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 — dystrophic changes of organs;
* — acute intravascular hemolysis;
* —malignant diseases;

» — diseases of blood (hemorrhagic vasculitis,
leukemia);

» — snake and insect bites;
* — massive bleeding;
« — allergic reactions to medicines and of other origins;

* — blood contact with a foreign surface (hemodyalysis
and artificial hemocirculation apparatuses, etc.).

Pathogenesis and clinical signs
 The arrival of tissue thromboplastin is a start in the
process of DICS (III factor), then through VII factor
and other factors the external mechanism of
coagulation is activated. Other factors, through
activation of XII factor, cause activation of the
internal mechanism of hemostasis. Sometimes the
process can start from hemolysis. Vascular
epithelium is affected by this whole process. Finally,
a lot of microscopic clots of fibrin are organized,
thereby thrombosing vessels.
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There are 4 stages of this syndrome

* I: the phase of hypercoagulation and
aggregation of thrombocytes. The symptoms of
this stage include hyperthermia, pallor and
“marble” pattern of skin, convulsion syndrome
and petechiae. Clotting time (Lee-White and

Burker’s tests) is accelerated (Lee-White test is
less than 4 minutes).

« II: the transition phase with increased coagulopathy

and thrombocytopenia, different directions of changes
in coagulation tests:

a)clotting time and prothrombine index are typical for
hypercoagulation;

b)thrombine time is prolonged due to deficit of
fibrinogen.

* [II: the phase of expressed hypocoagulation up to
complete (absolute) absence of blood clotting.

Indices of clotting time will be increased or blood
clotting cannot be realized.

* [V: the phase of restitution (in unfavorable cases —
the phase of complication or lethal outcome occur).
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Hemorrhagic diathesis

Hemorrhagic syndrome is a clinical manifestation
of the organism’s tendency to recurrent bleeding and
hemorrhage spontaneously or under influence of a
minor injury. Hemorrhagic syndrome is typical for a
group of diseases which are called hemorrhagic
diatheses.

Diatheses are divided into 3 groups according to
the main pathological syndrome, which is based on
3 factors of hemostasis:

— coagulation system of blood;
— quality and quantity of thrombocytes;

— vascular wall (normally, formed elements of
blood do not come through the vascular wall).
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Hemorrhagic diatheses are classified as:

— coagulopathies (disorders of coagulation
are the base of pathogenesis), hemophilia and
others;

— thrombocytopathy (disorder of formation
and quantity of thrombocytes) — Werlhof’s
disease and others;

— vasopathy (affection of the vascular wall) —
Schonlein - Henoch’s purpura and others.

Leukosis is a malignat tumor originating in
hemopoetic cells and accompanied by affection of
the bone marrow with ousting of the normal
hematopoetic sprout. The term “leukemia” is the
synonym for the term “leukosis”.

The origin of leukosis 1s unknown. This disease is
known to occur more often in cases of: X-ray
radiation, ionizing irradiation, prolonged taking of
cytostatic immunologic depressants, influence of
radioactive and some chemical substances
(benzol).

Inherited predisposition to leukosis is noticed. All
leukoses are divided into acute and chronic (not
according to the duration of the disease, but by
the character of disorder of hemopoiesis and
blood cell composition).
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* In compliance with the type of cell precursor of
malignant hemopoietic cell (lymphoblast, erythroblast,
megakaryoblast), it is possible to determine such types
of acute leukosis as lymphoblastic, myeloblastic and
megakaryoblastic. The form of leukosis, which
originates in undifferentiated cells, is called
undifferentiated leukosis.

* In children, acute leukosis is more common than
chronic. The latter is characterized by increased
proliferation of immature cells and their ability to
differentiate to matured cells. Almost all malignant cells
are represented by the morphologically matured cells
(lymphocytes in case of lympholeukosis, monocytes in
monocytic leukosis, erythrocytes in erythremia, and so
on).

Malignant proliferation of blood cells from
the bone marrow is the main pathogenic sign
of acute leukosis. These changes are
accompanied by haemorrhagic syndrome,
necrotic-ulcerated and dysthrophic processes,
infectious complications.

At the onset of the disease its symptoms have
common features: general weakness, tiredness,
dyspnea, tachycardia, dizziness.
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The most typical symptoms appear in the acute
stage of the disease:

— osteoalgia, arthralgia, pain in the sternum during
a slight beating, then symptoms of leukosis rapidly
develop;

— fever, hemorrhagic syndrome (petechiae,
hemorrhages on the skin, in the subcutaneous tissue
and brain). Hemorrhagic syndrome is caused by
disorders of 3 haemostatic factors:
thrombocytopenia, affection of the vascular wall
(leukemic infiltration) and disorders of the
coagulation system, ulcerous-necrotic process in the
oral cavity and intestines, anemia.

It is possible to reveal during examination:

— enlargement of lymph nodes;

— Miculicz’s syndrome, i.e. leukemic infiltration
of the lacrimal gland tissue and saliva;

— myocardiodystrophy;

— tachycardia;

— low BP;

— pneumonia with leukemic

meningoencephalitis.
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Laboratory data

Bone marrow puncture:

— enlargement in the quantity of blast cells to
70-100 % of cells;

— decrease in the quantity of
erythronormoblasts, cells of granulocytic type
and megakaryoblasts.

Blood count:

— erythropenia (up to 1.0-1.5x10 /1);

— decrease of hemoglobin (down to 20-30 g/1);
— thrombocytopenia (below its critical level);

— leukocyte count can be different (from
leukopenia to hyperleukocytosis);

— leukemic blast cells (the main count of
leukograms), whose quantity can reach 100 %;

— hiatus leukemicus is an important sign;

— increase of ESR.
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Thank you for attention.
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