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— pathologic state, accompanie
ease in the level of hemoglobin and t
ntity of erythrocytes per unit of volum
e blood.



is defined as hematocrit (Hct),

moglobin (Hb), red blood cells (RBC)
ncentration > 2 SD below age Index.



a condition in which a person’s blood has
wer number of red blood cells than it must
in normal condition, or red blood cells don’t
have enough hemoglobin.

Hemoglobin is an iron-rich protein that gives
lood its red color and carries oxygen from th
lungs to the rest of the body.



mal red blood cells live about 120 days i
bloodstream and then die. Their main rol
to carry oxygen, but they also remove carbo
oxide (a waste product) from cells and carry
the lungs to be exhaled.



s informative index of anemia than the |
hemoglobin. In the general practice the b
riterion of severity is precisely Hb:

ight degree of anemia - Hb 110-90g /|,
e average degree of severity - Hb 90-70 g / |
vere anemia - Hb below 70 g / I.



R DCYTE

mmature red blood cells,

about 1% of the red cells in the
tes develop and mature in the red b
and then circulate for about a day in th
pefore developing into mature red blood

dex:

ative number of reticulocyte is 0,5-1,2%;
olute number of reticulocyte is 30-70 x
lood of newborns is 20-60%.
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The clinical index of blood.
Institute of Pediz
A.G .Rumyvant

ne drafters of the
loscow, 1999

Automatical
counting

Units

measure-men
t

Normal Level

Short Form

HGB-
Hemoglobin

G/L

120-160

RBC -
erythrocyte

3,9-5,9

HCT
-Hematocryte

36,0-48,0




MCV- average volume
of erythrocyte

1 micron =
1 - femtoliter

(fl)

MCH - the average
content of Hb in
erythrocyte

Pikogram
1r=1012
pikograms

27,0-31,02

Colour Index
(0,85-1,0)

MCHC - average
concentration of Hb in
erythrocyte

G/dl vnu
g %,
less g/

32,0-36,0

RDW - width of the
distribution curve of
erythrocyte by
volume

%

11,5-14,5

anisocytosis




age

Neonatal period Early 1-5 years
Early Later infancy
neonatal | neonatal
period period
T/ 7,2-5,4 4,7 4,2-4,8 5,2
4,8
g/l | 220-180 150 Before 5 month 130-15
120-150; (but not les
Older 120-140 (but not
less 110)
- 0,9-1,2 0,9-1,1 0,8-1,0
10-30 5-10 2,5-5,0

150-300. By WHO 140-400

6-8 (allowable 4-9)
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ewborns of the first and the second w
life:

b <145 g/L;

ct <45 %;

C<4,5* 10"%/L.

third week and the fourth weeks of lif
120 g/L;
40 %;




infants from 2 to 6 months

children from 6 months to 5 years

der than 5 years




ommonest cause of anemia, including:

placental abruption, placenta
evia, trauma to placenta or umbilical cord duri
livery and rupture of anomalous placental ves

8% of normal pregn
e some blood admixture.



Occurs only with
ochorionic (i.e., monozygotic) twins and if
cental vessels allow shunting of blood from o
win to the other.

Donor will have anemia of variable severity.
Recipient will have polycythemia of variable severit

such as intracranial
hemorrhage, subgaleal hemorrhage,
cephalohematoma, adrenal hemorrhage, subcapsul
hematoma of liver etc.

is secondary in frequent
ampling of blood for laboratory tests. This is the
monest cause of anemia in newborns.



Blood loss !

Gastrointestinal:
gastro-oesophageal reflux,

Meckel’s diverticulum,

cow'’s milk protein intolerance;
Parasites — hookworm;
Menstruation in adolescent females;

Epistaxis (nasal bleeding);

latrogenic — excessive venepuncture in
infants;

Bleeding disorders — haemoplhilia,
Willebrand’s disease

(Epistaxis; Menorrhagia).




(rare), including:

Enzyme defects (e.g., G6PD deficiency);

membrane defects (e.g., hereditary spherocyto

pathies (e.g., a-thalassemia).



-Rh incompatibility,
BO incompitability,

inor blood group incompatibility (e.g., Kell
Duffy),

emangiomas (Kasabach-Merritt syndrome).
- Infection,

tamin E deficiency (more often in earlier
mes but is very rare nowadays),



emia of prematurity due to transient deficiency
ythropoietin;

plastic or hypoplastic anemia (e.g.,
lamond-Blackfan);

one marrow suppression (e.g., with Rubella or
rvovirus B19 infection);

tritional anemia (e.g., iron deficiency), usually
atal period;

oblastic anemia (B, and/or folic acid defi



rmal newborn:

High Hb level progressively declines by 8-12 week
ife up to 9-11 g/dl.

- Hypoxia stimulates Renal and Hepatic oxygen senso
erythropoietin production increases.

reterm:

b level declines extremely by 3-6 week of life to
l. There are relatively insensitive Hepatic oxyge
ors; as Renal Oxygen sensors switch on at 40




Classificatior o the leading




d aplastic anemia (atrophic anemia,

With Pancytopenia (acute, subacute, chronic);
) With partial damage of erythroid lineage. Which inclu
nsitory erythroblastopenia in infants;

Dyserythropoietic anemia (Inheritable, Acquired);
) Sideroblastic anemia( Inheritable, Acquired);

) Deficiency anemia:

a) megaloblastic anemia:
ic acid deficiency anemia;
Deficiency Anemia;
aciduria.



anemia:

deficiency (asiderotic anemia);

- copper deficiency;
- Lead poisoning;
- Thalassaemia.

ysiologic anemia in infant:
arly anemia in preterm.

rited:
embranopathy (spherocytosis, elliptocytosis);
mopathy (Glucoze-6-Phosphate-Dehydrogenaze);
globinopathies (sickle cell anemia, unstable



munopathologic;
Infectious;

. Vitamin deficiency;
I". Toxic;

1. Marchiafava-Micheli anemia;

E. Disseminated intravascular coagulation - the
drom of different etymology and mechanical da
rythrocytes .



IV. Mi
. In acute infections, sepsis.

5. In burns.
). In tumors and leucosis .
In endocrinopathy.



generative- reticulocyte from 1.5 to 5% (
50 ppm)

perregenerative - reticulocyte more than 5
r more than 50 ppm)

generative - Low reticulocyte (less than
), not according to the severity of ane
f reticulocyte.



Anemia are divide

Index Normal Level Increase Decrease

MCV- average volume | 80 — 95fl microcytic macrocytic
of erythrocyte anemia anemia

MCH - the average hypochromic | hyperchromic
content of Hb in 27,0-31,02pg | anemia anemia

erythrocyte

0  microcytic anemia (MCV less than 75 fl);
0  normocytic anemia (MCV 75-100 fl);
0  macrocytic anemia (MCV more than 100 fl).




Reticulocyte
count

ocytic anemia

Iron deficiency,
Lead poisoning,
Chronic disease,
Aluminum toxicity,
Copper deficiency,
Protein malnutrition

Chronic disease,
RBC aplasia,
Malignancy,
Juvenile rheumatoid
arthritis,
Endocrinopathies,
Renal faile

Folate deficienc
Vitamine B12 de
Aplastic anemia,
Congenital bone ma
dysfunction,
Drug induced,
Trisomy 21,
Hypothyroidism.

Thalassemia trait,
Sideroblastic anemia

Acute bleeding,
Hypersplenism,
Dyserythropoietic anemia
.

egenerative

Thalassemia syndromes,

Hemoglobin C disorders.

Antibody-mediated
hemolysis,
Hypersplenism,
Microangiopathy,
Membranopathies,
Enzyme disorders,
Hemoglobinopathies.

Dyserythropoieti
1.
Active hemolys




Anemia are ¢

Hb 91-110 g/I Erythrocytes
(for children under 6 years old); |3-3,5 x 10'%/I
Hb 91-120 g/|

(for children older 6 years old)

Hb 71-90 g/I Erythrocytes

Moderate 2,5-3 x 10'%/I

Hb meHee 70 g/I Erythrocytes less

Severe than 2,5 x 10?/I




Morpho

Spicule: Liver disease

ocyte Tear: Thalassemia, Heinz bo

Dcyte Sickle: Sickle cell anemia

Janocyte Sea urchin: Senescent/metab
nocyte Oval: Hereditary elliptocyto

Large: Megaloblastic anemia
Cut: Microangiopathic hemo

Sphere: Hereditary Sphero
R P y op

b /Mouth: Hereditary or ac



ochromal anemia — colour index = 0,8

ochromal anemia — colour index < 0,85;

chromal anemia — colour index > 1,0




is recorded in 20% of the world's populati
3-90% of all anemia constitute IDA.

children the first 2 years of life the frequency o
on deficiency anemia is 73%.

second peak of IDA development is



entary iron deficiency as a consequence of an
balanced diet;

ncreasing demand in iron and the reduction of the
deposit (more often in multiple pregnancies, in

prematurity, while lactation and rapid growth periods,
also in sportmen);

Chronic blood loss (nasal bleeding, diaphragmatic
ernia, and bleeding from GIT and diverticulitis,
enorrhagia, renal hemorrhage, idiopathic lung
osiderosis);

tion of iron absorption (malabsorption, ch
atory diseases of GIT, gastrectomy).



The total cont

5-80% belongs to the hemoglobin;
20 - 25% reserve;
5-10% part of the myoglobin;

is part of the enzyme for the tissue



se amount of Hemoglobin
aints: General weakness, reduction in the app
ical and mental fatigue, dispnae, vertigo,

e in the ears, flashing “flies” before the eyes,
conscious states, in heavy cases — leads to coma.

toms: the pallor of the skin and mucosa, tachycar
otonia, the expansion of the boundaries of he
ting tones and systolic murmur.

tory signs: a decrease in the level Hb and a
rit (lower than 35% in children, 37% in
g men)



Siderope

ohic changes in the skin and its app
dding of hair, the brittleness of nails), the atro
mucous membranes of nose, esophagitis
tritis, gingivitis, glossitis, angular stomatitis;

e distortion of taste and sense of smell
uscular pain (deficit of myoglobin)
uscular hypotonia

eration in the nervous system: slowing dow
ditioned reflexes, decrease attentiveness, wors
mory, delay of intellectual development.



ase MCV - less than 75;

ion in the color index - less than 0,85;
ase RDW;

ecrease MICHC - less than 30.

of the erythrocytes - hypochro
socytosis and poikilocytosis.

- decrease level of serum ferritin;
ase level of serum iron;
2 Total Iron Binding Capacity (TIBC);
el of serum transferrin.



latent (exhaustion of iron reserve in tissues;
e blood within the standard; there are no clini
anifestations);

Latent (deficit of iron in the tissues and the decrea
Its transport; index of the blood within the standar
linical picture is caused by the sideropenic syndro

n Deficiency Anemia (deviation of the stand
blood in dependence on the degree of
ical manifestations in the form of si
nd general anemic sympto



ed out with other forms of the hypochromic anemi

assemia - there are no signs of deficit of iron. Synthesi
lypeptide chains reduction which include the structure o
ormal haemoglobin.

ideroblastic Anemia — can be diagnosed by the puncture
pecimen of bone marrow.

hronic poisoning by lead - the erythrocytes destruction bec
1eir membrane damages. It is followed by the increasing of
el in blood.

inst the background chronic infectious and inflammat
ses - hypochromic normocytic anemia, normal or i
erritin in combination with the lowered cont
ansferrin.



r-soluble complex of iron hydroxide
tein apoferritin.

IS located in cells of the liver, spleen, bone
arrow, in the reticulocytes.

erritin is the basic protein in human which
eposits iron and concentration of ferritin in t
rum which reflects the reserve of iron in th
anism.

al level of ferritin in blood in male 20-
in female 10-120 mkg/I.



function to transport of absorbed iron in the depot (I
en), into the medullary erythroid predecessors and into
iculocytes.

Sic place of synthesis is liver.

increase in the content of transferrin with lowering in the
iron of serum is the characteristic for the iron-deficiency st

he loss of protein (for example, in nephrotic syndrome) a
age of the liver (different genesis) a decrease in the lev
errin may occur.

| of transferrin is increased in the last term of pr
el of transferrin in serum 2,0-4,0 g/I.



concentration of TF varies during the 24 hou
ute inflammation contributes to lowering the TF

ICAL SIGNIFICANCE

asic clinical index for the differentiation between t
n-deficiency (TFT*) and hemolytic anemia (TFJ,);

re precise index than total iron binding capacit

r the liberation of iron from the complex, TF i
* must be restored into Fe?*.




e take in 10-30mg Fe/day;
We absorb 0.5-1.0mg/day (5.5-10%);

— Absorption may increase to ~20% in
deficiency states;

— Meat iron (heme) is much better absorb
than vegetable iron;

Poorest Fe absorption with grains;
Vitamin C promotes the increased Fe



: meat, liver, yeast, fish.

al preparations: the rate of absorbtion of t
on does not differ from parenteral introducti
ide effects are less, excessive introduction do
ot lead to hemosiderosis.

sage: 1 hour before meat with verjuice (ap
ce) in the evening time (absorption increa
econd-half of a day). If child have pain i
en take a drugs with meal.



st 3 days - half dose of the selected a

sibilities: dark colour of stool and transitory dysp
disorders (nausea, diarrhea or watery stool) can be
observed. Colour of urine may be red.

eck analysis of the blood: in 7-10 days — reticulocyt
eaction; in 4 weeks - increase Hb and Ht.

the normalization of the indices of the blo
the dose of active substance but not di
t must continue during 8-9 wee



0 - 3 years — 5 — 8 mg/kg/day;

3 — 7 years — 100 mg/day;

> 7 years — 200 mg/day.




ceptional cases;
severe iron deficiency anemia;

tolerance of oral drugs (after repeated replac
and reduction in the dose);

diseases of gastro-intestinal tract;
syndrome of the disrupted intestinal absorbtion;
after the extensive resection of the small intesti
ontinuous blood loss;



| reactions (pains, phlebitis);

eral reactions (anaphylaxis, fever, head
iculate pains, vomiting, rash, bronchospas

er - for the intravenous introduction
r, Ferrum-Lek — for the intramu



first 6-8 hours - epigastral pains, nausea, v
ding with the blood), diarrhea, pallor, sleepin
Cyanosis).

r 12-24 hours - metabolic acidosis, leukocytosis, th
be spasms, coma, after 2-4 days - necroses of the
kidneys.

ent: emetic means, stomach lavage, the m
h the egg white, Deferoksamin, Desferal
tic therapy.



an does not have special mechanism of the excretio
cessive introduction leads to hemosiderosis. Clinical
ifestations: Gradual increase of the liver and spleen sizes
diopathy, adrenal insufficiency, diabetes mellitus,
uchoidism.

se of serum iron (more than 30 mmol/liter), percenta
ion transferrin of iron is more than 45%, ferritin of
n 1000 ng/ml; Test with desferalom; + the speci
f internal organs (ECG, level biochemical i
liver, the level of hormones and



inheritable

hen in bone marrow the megaloblasts are pre
blastic anemia is an uncommon problem in childh
st frequently associated with vitamin deficiency or

ointestinal disease. The megaloblastic effect is characte
n aregenerative macrocytic anemia with nuclear dysmatu

2 and Folic acid Deficiency more often are causes this diseas
children. Megaloblastic anemia is most often caused by an
acquired lack of vitamin B1. or lack of folic acid. Inherited

bnormalities of the metabolism of these nutrients may b



sed ingestion (e.g., poor dietary intake);

phy of the mucous membrane of stomach as the mo
guent reason, gastroectomy;

nflammatory or autoimmune diseases of small intestine, th
removal of its certain sections;

Helminthic invasion (tapeworms);

Impaired absorption (e.g., failure to release B-12 from protein
deficiency, chronic pancreatic disease, competitive parasites,
intrinsic intestinal disease);

mpaired use (eg, congenital enzyme deficiencies, lack of
nscobalamin I, administration of nitrous oxide).

guate vitamin B-12 dietary intake is rare in ¢
h it may be seen in breastfed infants w
are themselves deficient.



creased need (prematurity birth, rapid
ate, pregnancy);

eeding by the goat milk;
Disease of the small intestine;

omsumtion of folate antagonist with
ethotrexate, Anti-convulsant (diphenine
traceptives;

ic hemolysis.



IC syndrome;
IS pale with the lemon shade;

ght jaundice of the scleras;

lossitis, stomatitis, hyperpigmentation, and weight
0SS;

isturbance of the proliferation of the epithelium of
astro-intestinal tract: dry-red tongue, loss of appeti
hylia (an absence or severe deficiency of hydroch
id and pepsinogen (that is, pepsin) in the stoma
hea, erosive and ulcerous changes in the m



mage of CNS - funicular myelosis
egeneration and the sclerosis of the poste
d lateral horns of spinal cord), paresthesia
alyses with the disorder of the function
IC organs.



The concentration of TF varies during the 24 hou
Acute inflammation contributes to lowering the T

LINICAL SIGNIFICANCE

Basic clinical index for the differentiation between
iron-deficiency (TF*) and hemolytic anemia (TF

ore precise index than total iron binding capa

r the liberation of iron from the complex,
T must be restored into Fe?*.




* |rritation in erythroid lineage, megalo
the disintegration of erithrokaryocytes.

Biochemical Analysis of Blood

an increase in unconjugated bilirubin;
N Increase in serum iron.

vitamin and Folic acid in blood— dec



Form of
disease

Folic acid Deficiency

B12 Deficiency

Latent form

Concentration of folates in serum
decrease less than 5 ng/ml (normal
level 5-20 ng/ml)

Concentration of vitamin B12 in serum
decrease less than 200 pg/ml (normal
level 200-800 pg/ml)

Normal concentration of folic acid
in erythrocytes.

Normal concentration of folic acid in
erythrocytes.

Manifest form

Concentration of folates in serum
decrease less than 3 ng/ml

Concentration of vitamin B12in serum
decrease less than 100 pg/ml

Decrease concentration of folic
acid in erythrocytes less than 100
ng/ml (normal level 74-640 ng/ml)

Decrease concentration of folic acid in
erythrocytes (above 150 ng/ml).

Increase renal excretion of
formiminoglutamic acid

Increase renal excretion of
methylmalonic acid




tment of megaloblastic anemia depends on the
derlying cause. Folate deficiency due to dietary

eficiency or increased demands is best treated with
late supplements. In addition, a diet rich in green, le
egetables is essential for normal intake of folic acid.

late deficiency caused by the use of sulfa drugs or
her antifolate medications may be addressed by fo
plementation or by reducing or eliminating the
e deficiency due to celiac sprue requires trea
underlying disorder and folate suppleme



-12 supplementation is as effective as pa
lementation in patients with nutritional defi
en in patients with intrinsic factor (IF) deficiency,
upplements may be effective, using higher doses.

Often, however, high-dose oral B-12 supplements are
unsuccessful in patients with IF deficiency or who hav
undergone intestinal surgery. These patients may
require parenteral supplementation because of
impaired secretion or absorption of IF.

Because vitamin B-12 is contained exclusively in anim
roducts (meat), vitamin supplementation is the onl
eans of appropriate vitamin B-12 intake in indivi
sing vegetarian diets.



tive improvement of patient condition
days of treatment;

eticulocytosis, maximally expressed (to 20%) on
-7'" day of treatment;

crease in hemoglobin and number of erythrocyt
ginning from the 2nd week of treatment;

rmalization of the blood index (numb
s and thrombocytes ) in 3-4 wee



Folic acid

: 65 mcg/day PO
hs: 80 mcg/day PO
s: 150 mcg/day PO
ars: 200 mcg/day PO
ears: 300 mcg/day PO
8 years: 400 mcg/day PO
er limit: 1-4 years, 300
/day PO; 4-8 years, 400
/day PO.

Acid Deficiency

ts: 15 mcg/kg/day or 50

ars: 1 mg/day IV/PO/IM/SC
en 0.1-0.4 mg/day

0-6 months: 0.4 mcg
7-12 months: 0.5 mcg
1-3 years: 0.9 mcg
4-8 years: 1.2 mcg
9-13 years: 1.8 mcg
>14 years: 2.4 mcg.
Pernicious Anemia

30-50 mcg IM/SC once daily for 2 we
for total dose of 1,000 mcg to 5,000
administer concomitantly with 1 mg
of folic acid for 1 month. Maintenan
100 mcg IM/SC monthly.

B12 Deficiency

0.2 mcg/kg for 2 days; follow by
mcg/day for 2-7 days; follow b
mcg/day for 2-7 days; then
for 1 month. Maintenanc
IM/SC monthly



ysis is the premature destruction of erythroc
olytic anemia will develop if bone marrow activit
not compensate for the erythrocyte loss. Mild

olysis can be asymptomatic while the anemia in se
molysis can be life threatening and cause angina and
diopulmonary decompensation. Hemolysis can be d
ereditary and acquired disorders. Hemolytic anemi
esents approximately 5% of all anemias.

anism of hemolysis:



hemolysis occurs in hemolyti
owing:

| cardiac valves;

se-6-phosphate dehydrogenase (G6PD) deficie
mbotic thrombocytopenic purpura;

seminated intravascular coagulation;

nsfusion of ABO incompatible blood;

roxysmal nocturnal hemoglobinuria (PNH).

ells destruction occurs in vascular space.



Labo

ct hyperbilirubinemia;
roid hyperplasia;
oglobinemia;
culocytosis;
10globinuria;

ce or reduced of free serum haptoglo
iderynuria.



s destruction occurs in reticuloend

cal states associated with extravascular
olysis:

Immune hemolysis;

ed hemolytic transfusion reactions;;
lobinopathies;

ry spherocytosis;
ISm;

liver disease.



ascular

ct hyperbilirubinemia;
roid hyperplasia;

pased excretion of bilirubin by bile;

osiderosis.




rmalities, enzymatic
cts, and hemoglobin
ormalities. Hereditary
rders include the
wing:
ose-6-phosphate
rogenase (G6PD)

spherocytosis;
mia.

Acquired causes

hemolysis include
following:
Immune disorders;
- Toxic chemicals and
drugs;

- Antiviral agents (e.g.,
ribavirin);

- Physical damage;
Infections.



th minimal or long-standing hemolytic
symptomatic, and hemolysis is often found
tally during routine laboratory testing.

ravascular hemolysis, iron deficiency due to chroni
oglobinuria can exacerbate anemia and weakness;

ycardia, dyspnea, angina, and weakness occur in
nts with severe anemia, as cardiac function is sensit
oxia;

tent hemolysis may result in the development of
in gallstones; these patients may present with



in color and diabetes occur in hemato
verload may occur in patients who have rece
tiple transfusions or those who have been
ministered iron therapy erroneously;

ark urine may be due to hemoglobinuria;

In addition to hemolysis, patients with thrombotic
thrombocytopenic purpura (TTP) may experience fever,
neurologic signs, renal failure, and thrombocytopenia;

Leg ulcers may develop in patients with sickle cell anemi
and other hemolytic disorders, as a result of decreased
d blood cell (RBC) deformability and endothelial
anges;

omegaly occurs in hereditary spherocytosis a
emolytic anemias, but it is not present in
disorders.



ocytic/macrocytic, hyperchromatic a
culocytosis;

reased serum iron;

tiglobin Coomb’ test is possitive;
iIsopoikilocytosis, spherocytosis;
hroblasts;

cytes.

row smear: erythroid hyperplasi



Autoi nemia

en in organism development antibodie
2s with unchanged antigenic structure. can b
old autoantibody types and, rarely, mixed type
es can be detected by a direct Coombs test, whic
as a direct antiglobulin test (DAT).

Caus

Cold-reactive antibodies it is IgM
with maximum activity atat = 0-30°C

Warm-reactive antibodies it is IgG
with maximum activity atat=37°C



Autoimm

ral infections;

ugs (a-Methyldopa, Penicillin)

umatoid arthritis, systemic lupus erythema
oproliferative disorders (leukemia, lymr
aneous (thyroid disease, malignanc




Autoimmu

dary:

coplasma infections;
al infections;

phoproliferative disorders (leukemia, lymp
ysmal cold hemoglobinuria.




Autoimm

ive direct Coombs’ test.




embrane protein defects (spectrin deficiency) resul
eton instability.

ily history.

ical features

omegaly.

boratory features:

olytic anemia;

d smear-microspherocytes;
rmal osmotic fragility test;
e autohemolysis test;

ion of increased autohemolysis by including glucose in
medium.



Thalassemia syndromes

s are inherited disorders o
heir clinical severity widely
atic forms to severe or even

Surface view

Q
{

Sectioned view polypeptide
chains
(a) RBC shape (b) Hemoglobin molecule (c) Iron-containing heme




alpha thalassemia patient's hemoglobin d
roduce enough alpha protein. This type is com
ound in southern China, Southeast Asia, India, th
Middle East, and Africa.

To make alpha globin protein chains we need four
genes, two on each chromosome 16. We get two f
each parent. If at least one of these genes is missi
roduces alpha thalassemia. The severity of

alassemia depends on how many genes are fa



faulty (mutated) gene - there are ei
symptoms at all, or they are very mild.
erson who is apparently "healthy" and has
child with symptoms of thalassemia is know
as a Silent Carrier. This type is also known as
alpha thalassemia minima, or 2 trait.

Wo mutated genes - the patient will have
ild anemia. Also known as alpha thalasse
or, or 1 trait.



mutated genes - the patient will ha
moglobin H disease, i.e. chronic anemia.
erson with hemoglobin H disease needs reg
blood transfusions throughout his/her life.

* Four genes are mutated - the patient has alpha
thalassemia major, the severest form of this typ
of thalassemia. Fetuses with four mutated gene
cannot produce normal hemoglobin and do no
urvive. Blood transfusions given to the fetus
ve a low success rate. This type of thalass
known as hemoglobin Bart hydrop



assemia major is a mortal disease, and virtua
cted fetuses are born with hydrops fetalis as a re
severe anemia. Such patients require extensive
edical care thereafter, including regular blood
ransfusions and chelation therapy. Morbidity and
mortality remain high among such patients.

Patients with Hb H disease also require close monitorin
hey may require frequent or only occasional blood

ansfusions, depending on the severity of the conditio
me patients may require splenectomy. Morbidity is
lly related to the anemia, complications of bloo
sions, massive splenomegaly in some patie
lications of splenectomy in others.



need two globin genes to make beta glo
ains. We get one from each parent. If one o
wo of these genes are faulty, it produces beta
halassemia.

Beta thalassemia is much more common amon
eople of Mediterranean ancestry, hence its

ther name, Mediterranean anemia. It is also
re prevalent in North Africa and West Asi
en percent of the people in the Maldiv
islands in the Indian Ocean, are car



rity of beta thalassemia also depends o
many genes are mutated:

ne globin gene is mutated - the patient ma
ve Beta thalassemia minor.

oth globin genes are mutated - the patient
have either moderate or severe sympto
ey's anemia).



rity of infants with beta thalassemia will n
ms until they reach six months, because they
th a different type of hemoglobin called fetal
oglobin. After the age of six months "normal”
oglobin starts replacing the fetal one.

atients with Cooley's anemia, the stigmata of severe
eated [3 thalassemia major included the following:

re anemia, with an Hb level of 3-7g/dL;
lve hepatosplenomegaly;
rowth retardation;

mities.



ients with various types of 3 thalassemia, m
morbidity vary according to the severity of the
ease and the quality of care provided. Severe case
thalassemia major are fatal if not treated. Heart fail
ue to severe anemia or iron overload is a common ¢
f death in affected persons. Liver disease, fulminatin
fection, or other complications precipitated by the

ease or by its treatment are some of the causes of
rbidity and mortality in the severe forms of

ssemia.



e thalassemia's inherited nature, age at ons
ptoms varies significantly. In a thalassemia, clini
normalities in patients with severe cases and
ematologic findings in carriers are evident at birth.
nexplained hypochromia and microcytosis in a neonat
depicted below, are highly suggestive of the diagnosis.

Milder forms of thalassemia are frequently discovered b
chance and at various ages. Many patients with an
pparent homozygous [3 thalassemia condition (ie,
pochromasia, microcytosis, electrophoresis negativ
A, evidence that both parents are affected) may s
ignificant symptoms or anemia for several year



People with thalass

ds and feet;

| deformities;

ch iron - the body will try to absorb more iron to comp
also accumulate from blood transfusions. Excessive



ority of children with hemoglobin H are generall
. Symptoms will range from mild to moderate ane

€,

iness;

pain;

kin;

ands and feet;
es;

and feeling faint;




lete blood count (CBC) - to measure hemoglobin level
ties of red blood cells and their size. The red blood cells
ularly small (target cell, poikilocyte).

iculocyte count - this blood test measures how fast red bloo
(reticulocytes) are being made by the bone marrow and

ased into the blood. The high level of reticulocytes is present
ut 50%o).

severe forms of thalassemia, the Hb level ranges from 2-8

corpuscular volume (MCV) and mean corpuscular Hb (M
ificantly low, but, unlike thalassemia trait, thalassemia
ted with a markedly elevated RDW, reflecting the e



is usually elevated in 3 thalassemia ma
scounting the many nucleated RBCs as leuko
sis is usually present, even after excluding the nuc
hift to the left is also encountered, reflecting the hem

et count is usually normal, unless the spleen is markedly
ged.

m iron level is elevated, with saturation reaching as high as
.The serum ferritin level, which is frequently used to monitor t
s of iron overload, is also elevated.

tic testing - DNA analysis will help either diagnose thalassem
ether a person is carrying faulty hemoglobin genes.



ransfusions - this is done to replenish hemogi
d blood cell levels. Patients with moderate to se
ssemia will have repeat transfusions every 4 month
le those with more severe disease may require

sfusions every two to four weeks. Patients with mild
ptoms may require occasional transfusions when they
Ill or have an infection.

nectomy is the principal surgical procedure used for
patients with thalassemia.

arrow transplant - also called a stem cell trans
st effective treatment. However, there are



Iron overload;

Enlarged spleen (splenomegaly);

Infection;
Bone deformities.




genital sideroblastic anemias generally pres
ith lower hemoglobin and more microcytosis th
yelodysplastic syndrome and are usually associa
with higher serum iron levels than myelodysplastic
syndrome.

Of the congenital sideroblastic anemias, X-linked
sideroblastic anemias are further divided into
yridoxine-responsive (>50%) and
ridoxine-resistant subtypes.

ced recessive types of sideroblastic anemi
ommonly in males.



al causes of sideroblastic anemia include t
ng:

AS mutation;

/ mutation;

1 mutation;

rson syndrome (mitochondrial protein defects);
MOAD syndrome;

chondrial SLC25A38 usually presenting in children;
A2 (thiamine transporter) gene defects;
doxin 5 defects;
ietic protoporphyria (ferrochelatase defi



ajor causes of death in cases of siderobl
nemia are secondary hemochromatosis fr
ransfusions and leukemia. The patients wh
die of acute leukemia tend to have a more

evere anemia, a lower reticulocyte count, a
creased transfusion requirement, and
rombocytopenia.



ination (cerebellar symptoms);
e of growth;
rhea (malabsorption);

uria, blindness, deafness (associated with DID
drome);

ory of exposure to cold for prolonged periods;
ily history of mitochondrial disease and anemi



tion history of antibiotics, antituberc
ts, chelators, or chemotherapy;

estion of supplements, especially zinc;

rolonged dependence on parenteral nutrition, wi
insufficient replacement of copper;

Chronic dialysis with higher than normal zinc levels
dialysis fluid;

Psychiatric disease with possible coin ingestion;
istory of myelodysplastic syndrome;

neral symptoms of anemia, including malaise,
igue, and dyspnea on exertion.



rowth retardation in children;
ns — Hypothermia;

Lead line on teeth margins;

- Photosensitivity (porphyria), petechiae (myelodyspla
drome);

es - Optic atrophy (associated with DIDMOAD syndrome);

urologic - Ataxia, diminished deep-tendon reflexes,
oordination;

diovascular — Fatigue;

iratory — Dyspnea;

inal — Splenomegaly;

skeletal - Muscular weakness;
ary - Pink staining of diapers from porphyri



unt usually reveals anemia.

ean corpuscular volume (MCV) is usually low,
ocytic picture.

rocytes with Pappenheimer bodies (hypochromi
hrocytes with basophilic iron deposits) are sider
have matured enough to make it to peripheral



lastic anemia also seen in combi
in B-12 deficiency with iron deficienc
n studies may show increased an iron leve
ith decreased TIBC. A very low ferritin level
strongly favors iron deficiency as the primary
cause of anemia.

Sideroblastic anemia that is associated with
myelodysplastic syndrome (MDS), leukopenia,
hrombocytopenia, or even thrombocytosis m
observed.

peripheral smear may exhibit basophili
Ing in cases of lead poisoning.



tment of sideroblastic anemia may include re
toxic agents;

dministration of pyridoxine, thiamine, or folic acid,;

ransfusion (along with antidotes if iron overload
evelops from transfusion); other medical measures;

one marrow or liver transplantation. Bone marrow
ansplantation is a treatment of last resort and is be
ved for young patients whose conditions are

idoxine resistant and transfusion dependent a
ave a human leukocyte antigen (HLA)-mat



rious condition in which red blood cells ¢
come sickle-shaped.

sickle cell anemia, a lower-than-normal
umber of red blood cells occurs because sickle
lIs don’t last very long. Sickle cells die faster

an normal red blood cells, usually within 10 t
days. The bone marrow can’t make new re
d cells fast enough to replace the dying
The result is anemia.



clumps and
blood vessels.

cell

Red blood

cells contain

several hundred

hemoglobin molecules

which transport oxygen
Oxy en binds to heme on
the hemoglobin molecule




Normal and Sickled Red Blood Cells
in Blood Vessels

@) Normal red blood cells

Normal — cross-sectic
red blood = ' A hemoglobin.
cell (RBC) £ 4 =

@Abnormal, sickled, red blood cells
(sickle cells)
Sickle cells

RBCs flow freely
within blood vessel

Sticky sickle cells




who have sickle cell anemia are
eans inherited, lifelong condition.

ey inherit two copies of sickle cell genes,
om each parent.

ickle cell trait is different from sickle cell ane
People with sickle cell trait don’t have the dise
igns, but they have only one of the patholo

ople with sickle cell anemia and sickle cell
pass the gene to their children.
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usual anaemia
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| Anemia

* |f one parent has
anaemia (HbSS) anc
completely unaffecte
then all the children
sickle cell trait.

* None will have sickle «
anemia.

* The parent who has
anemia (HbSS) c
sickle hemog



Inheritanc

* If both parents have
trait trai trait (HbAS) there is a

/ /. four (25%) chance that
J] | | child could be born wit

A A2_ cell anemia.

AA AS SA SS

usual trait trait anaemia com p I ete Iy un affeCte )

e Thereisaoneintw
chance that any
the sickle ce




Did You Know??
Sickle cell anemia may be the result of
a genetic mutation that happened in

malaria-prone regions like Africa
thousands of years ago. People

with sickle cell frait may have
been more likely fo survive
malaria epidemics - and because
they survived when others did nof,
this allowed the trait to be passed down
through generations.




Signs and Symptoms

@® Individual sign
Some have mild s
have very severe sy
be hospitalized for treas

@® Present at birth, many i
show signs until 4 mont

@® Anemia: fatigue (tiredne
and nail beds, jaundice,
of breath.

@® Pain (Sickle Cell Crisis
episode of pain thrc
Common sites: b




tid Cavernous Fistula;
nds Rheumatoid Arthritis;
emoglobin C Disease;

emolytic Anemia;
egg-Calve-Perthes Disease Imaging;
ukemias;
teomyelitis;

onary Embolism;
rthritis.



Comg

ic Crisis
ections
ute Chest Syndrome

elayed growth and
berty in children

oke
oroblem

omia

Gallstone

* Ulcers on the legs

* Pulmonary Arterial
Hypertension

Multiple Organ Fail



e treatment is available to help relieve the
oms and complications of sickle cell
la.no cure.

goal is to relieve the pain; prevent infections,
damage, strokes and control complications if
y OCCuUr.

n medicine: Acetaminophen, nonsteroidal
i-inflammatory drugs (NSAIDs), and narcotics
as Meperidine, Morphine, Oxycodone, and

g pads
urea, Folic Acid



what can trigger the “Crisis” such a
, avoid extremes of heat and cold
er, don’t travel by airplane that is not
pressurized

tain healthy lifestyle habits
ating healthy e I e
void dehydration e N ‘J..};
ercise regularly LA MO
t enough sleep and rest /f:f“ = Cf\;'//\
: slils sivly
d alcohol and don’t smoke “J -

edical checkups and treatment




syndrome of bone marrow failure
aracterized by peripheral pancytopenia and
arrow hypoplasia. Although often normocytic,
ild macrocytosis can also be observed in
ssociation with stress erythropoiesis and
evated fetal hemoglobin levels. Congenital or
erited causes of aplastic anemia are
onsible for at least 25% of children with
ion and for perhaps up to 10% of ad



oni anemia is the most frequently reported o
e inherited bone marrow failure syndromes. Fanc
emia has been reported in persons of all races.

he male-to-female ratio in the literature cases is 1.2:1

Fanconi anemia has been diagnosed in patients from
pirth to age 49 years, with a median age of 7 years.

Individuals with birth defects are diagnosed at younger
ges than are persons without birth defects.

eatment of aplastic anemia with medications,
portive use of blood products, and stem cell
lantation increases the life expectancy beyo
d median of approximately age 30 year



ongenital anomalies (60-75
ture,

lae and bruises, abnormal skin pigmen
e au lait spots,

formations of the thumbs with or without
ysplastic or absent radii,

rophthalmos,
r, fatigue, and infections,
rmations of the heart, kidneys, intestine



patient with Fanconi anemia. Note the multiple birth defects, includi
ocephaly, microphthalmia, epicanthal folds, dangling thumbs, site of

on, congenital dislocated hips, and rocker bottom feet.

A

nted areaina  Thumbs attache
natien




ow failure: Thrombocytopenia
enia, or aplastic anemia; most patien
oni anemia have bone marrow failure by
Ithood.

redominantly autosomal recessive inheritance
attern: Fifteen genes are now known to be
causative for Fanconi anemia; only 1 of these—
FANCB (X-lined recessive)—is not inherited in an
utosomal recessive manner.



ads may display the following abnormalitie

les - Hypogenitalia, undescended testes,
ypospadias, abnormal or absent testis, atrophic
estes, azoospermia, phimosis, abnormal urethra,
micropenis, delayed development

emales - Hypogenitalia; bicornuate uterus; aplasi
f uterus and vagina; atresia of uterus, vagina, or
vary/ovaries



tologic malignancies are common with Fanc
la and myelodysplasia:

te myeloid leukemia (AML) being the most
mmon;

lid tumors such as those in squamous cell head and
ck cancer, female genital tumors, and liver tumors
also seen;

coni anemia is associated with increased
osomal breakage and abnormal sister chrom
ge in the presence of agents such as

utane or mitomycin C.



eatment is recommended for significant
ytopenias, such as hemoglobin less than 8
g/dL, platelets fewer than 30,000/pL, or
neutrophils fewer than 500/uL.

Transfusions of packed RBCs;

ymptomatic thrombocytopenia can be
eated with similarly treated platelets;
le-donor platelets are preferred to re
guency of antibody formation.






