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Hematological system 

Anemia 
 

Anemia is defined as a reduction of the hemoglobin concentration or 

red blood cell (RBC) volume below the range of values occurring in 

healthy persons. “Normal” hemoglobin and hematocrit (packed red 

cell volume) vary substantially with age and sex 

Physiologic adjustments to anemia include increased cardiac output, 

augmented oxygen extraction (increased arteriovenous oxygen 

difference), 

and a shunting of blood flow toward vital organs and tissues 
 

 

Reticulocyte production index 

            RPI = Reticulocyte count (%) × Hbobserved/Hbnormal × 0.5  

Note: Normal Hb in equation is according to the age of patient (see chapter 
1).  

RPI >3, it means BM is active and anemia is due to hemolysis, 
sequestration, or blood loss.  

RPI <2, means anemia is due to either BM failure, ineffective 
erythropoiesis, or recent blood loss.  
D.Dx. of Hemolytic Anemias:-  



Hemoglobinopathy e.g. Thalassemia, Sickle cell anemia.  
Enzymopathy e.g. G6PD deficiency, Pyrpvate kinase deficiency.  
Membranopathy e.g. Hereditary spherocytosis, elliptocytosis.  
Immune factors e.g. Autoimmune, Isoimmune, Drug-induced.  
Extrinsic factors e.g. DIC, HUS, Wilson disease, Burns 
 
 
 
 
.  
D.Dx. of anemia when RPI<2 (according to RBC morphology):- 
  

Hypochromic Microcytic anemias:-  
 
Common: Iron deficiency anemia, Thalassemia trait, Anemia of 
chronic disease.  
Less common: Sidroblastic anemia, Cupper deficiency, 
Aluminum or Lead intoxication, Hereditary Pyropoikilocytosis, Hb CC 
or EE.  
 

Normochromic Normocytic anemias:-  
Common: Anemia of chronic disease (including CRF), BM 
infiltration, Transient erythroblstopenia of childhood.  
Less common: Hemophagocytic syndrome, HIV infection.  
 

Macrocytic anemias:- 
  
Common: Folic acid deficiency, Vit B12 deficiency.  
Less common: BM failure (congenital aplastic or dysplastic 
anemias), Down syndrome and hypothyroidism  –  
 
 

Iron difficiency anemia 
 

IDA is the most common hematologic disease of infancy and 
childhood that affect ≈ 30% of global population, especially in 
developing countries. atologic disease of infancy and childhood that 
affect ≈ 30% of global population, especially in developing countries. 
The body requirement of iron is 0.8-1 mg/day; since absorption of 
dietary iron is ≈ 10%, thus diet should contain 8-10 mg of iron daily. 
Iron store are sufficient for infant in the 1st 6-9 mo of age. 




Etiology 
INFANCY; LBW, unusual perinatal hemorrhage, early clamping of 
umbilical cord.  
CHILDHOOD; mainly due to undernutrition or occult bleeding from 
GIT e.g. milk protein–induced inflammatory colitis, peptic ulcer, 
Meckel diverticulum, polyp, IBD..  
ADOLESCENCE; menstruation (in females), growth spur, strenuous 
exercise 
.  
C.M. Although a child with IDA is usually thin with evidence of poor  
nutrition, but IDA can occur in obese child.  
Iron deficiency states (pre-IDA) as well as IDA are 1st affect the 
neurologic & intellectual function of CNS → ↓ alertness, learning, 
and attention span.  
Pallor is the most consistent sign of IDA that is appear in the 
conjunctiva, palm, & nail-bed.  
Pica is the desire to ingest non-nutritive substances e.g. 
pagophagia (eating ice), geophagia (eating earth ) 
 Mild to moderate IDA (Hb 6–10 g/dL) may induce a compensatory 
mechanisms e.g. ↑ 2,3-DPG and shift of oxygen dissociation curve, 
these can ameliorate symptoms of anemia.  
Severe IDA (Hb <5 g/dL) → irritability, anorexia, tachycardia, & cardiac 

dilation (which cause systolic murmur). 

Inv. IDA pass in the following steps:-  
1. decrease tissue iron store).  
2. ↓ serum Ferritin (iron-storage protein).  
3. ↓ serum Iron.  
4. ↑ serum Transferrin (or iron-binding capacity) & ↓ transferrin 
saturation 
5. Normocytic Hypochromic anemia (↓ MCH).  
6. Microcytic Hypochromic anemia (↓ MCH & MCV).  
7.↑ RBC Distribution Width (RDW).  
Other findings on CBP include:-  

Reticulocyte % may be normal (or mildly ↑) but absolute 
reticulocyte count (or RPI) is insufficient for the degree of anemia.  

Nucleated RBC may be seen in severe anemia.  
WBC count is normal.  
Platelets may be ↑ (due to ↑ erythropoietin which structurally 

similar to thrombopoietin); but very severe IDA usually → 
thrombocytopenia.  



Bone marrow is hypercellular with erythroid hyperplasia, 
whereas other cell lines are normal.  

GSE may reveal occult blood in stool.  
Erythrocyte zinc protoporphyrin (ZPP) is a useful screening test 

for uncomplicated IDA.  
D.Dx. α- and β-thalassemia "trait" and other hemoglobinopathies 
(e.g.  
HbE & HbC), anemia of chronic disease, sideroblastic anemias, 
hereditary pyropoikilocytosis, cupper deficiency, aluminum & lead 
toxicity.  
Lead toxicity result in ↑ blood lead, FEP and urinary 
coproporphyrin levels with coarse basophilic stippling of RBCs.  
 
Rx. Iron therapy can be diagnostic and therapeutic. Oral iron  
preparation include: ferrous sulfate, fumarate, & gluconate (each 
contain different concentration of elemental iron) are given in dose 
3-6 mg/kg/day of elemental iron in 3 divided doses. 
Severe anemia may require blood transfusion. Packed RBCs 
should be administered slowly in an amount sufficient to raise Hb to 
a safe level at which the response to iron Rx can be awaited. In very 
severe anemia (Hb <4 g/dL), packed RBC should be given in small 
dose 2–3 ml/kg followed by lasix and if there is evidence of frank 
HF, do modified exchange transfusion using fresh-packed RBCs. 
 
Failure to response to iron Rx may be due to; wrong Dx, low dose of 
iron, non-compliance, concurrent folate or vit B12 deficiency, 
unrecognized continuous blood loss, malabsorption, or infection 
(which interferes with the response to iron). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 

GLUCOSE-6-PHOSPHATE DEHYDROGENASE DEFICIENCY  
 
G6PD deficiency is the most important disease of the hexose mono- 
phosphate pathway. It is inherited as X-linked recessive; however, 
females can also be affected in 2 ways; if they are homozygous, have 
heterozygous alleles with random inactivation of the normal X 
chromosome "Lyon hypothesis".  
Note: Heterozygous females with G6PD deficiency have the advantage 
of resistance to Falciparum malaria.  
Path. G6PD enzyme converts glucose-6-phosphate to 6-
phosphogluconic acid to produce NADPH that maintains glutathione 
in the reduced state which protect RBCs against oxidant materials.  
There are >100 G6PD enzyme variants have been identified. 
  
C.M. Generally, G6PD causes intravascular hemolysis → pallor,  
jaundice, & hemoglobinuria (deep color urine). Clinical hemolysis 
is either acute, severe, or chronic, less severe hemolysis (according to 
type of mutation on the gene).  
Acute "Episodic" hemolytic anemia:-  
It is the common type; the degree of hemolysis depends on the 
inciting oxidant agent, amount ingested, and severity of enzyme 
deficiency. It usually occurs 1-2 days after ingestion of the 
following:-  
1. Antibiotics e.g. Sulfonamides, TMP-SMZ, Nalidixic acid, 
Nitrofurantoin, Chloramphenicol, and Antimalarials.  
2. Other drugs e.g. Aspirin, Vit K analogs, Methylene blue, & 
Phenacetin. - 241 -  
3. Chemicals e.g. Phenylhydrazine, Benzene, & Naphthalene.  
4. Foods, especially fava beans "Favism".  
Acute hymolysis also can occur after some illnesses, especially DKA, 
Hepatitis, & Sepsis. 



 Even the fetus who had this mutation may be affected by oxidant 
materials ingested by his mother!.  
Chronic "Spontaneous" hemolytic anemia:-  
It is due to profound deficiency of G6PD caused by other enzyme 
variants (i.e. other than A- & B- variants), especially those defective 
in quantity, activity, or stability.  
.  
 
. 
 
  
Inv.  
Anemia (↓ Hb), ↑ free Hb in plasma & urine  
CBP show fragmented RBCs; some have "bites"   
Reticulocytes are high (5–15%) cells "  
Unstained blood film also reveal Heinz bodies (which represent 
precipitated Hb in the RBC);  
Direct measurement of enzyme G6PD activity should deferred for 
few weeks after the episode because it may be initially normal 
owing to the destruction of most of the G6PD deficient RBCs.  

G6PD variants also can be detected by electrophoretic analysis. 
 
Rx. It is mainly supportive by blood transfusions along with 
removal of the oxidant agent (if possible). Patient also may given 
mannitol after severe hemolysis to prevent ARF due to 
hemoglobinuria.  
Patient should be monitored for cessation of hemolysis by 
observing his urine periodically to insure fading of its deep color 
which indicates clearance of hemoglobinuria.  
Pv. It is very important in G6PD deficiency, especially the episodic 
type, to avoid all oxidant agents & conditions mentioned above.  
 
 
 
 
 
 
-  
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 

THALASSEMIA SYNDROMES  
 
These are genetic disorders most prevalent in Asia & Mediterranean 
region. These disorders cause a reduction in globin chain 
production of Hb. The most common types are β- and α-
Thalassemias 
 
.  

β-Thalassemias  
It can be classified according to degree of genetic mutation as follows  

Normal (α2 β2)  
β-thalass minor  mild or no anemia  

(β β+) or (β β°)  
β-thalass intermedia moderate anemia  

(β+ β+)  
β-thalass major severe anemia  

(β° β°) or (β° β+)  
Note: (β) mean normal gen, (β+) mean partial mutation, (β°) mean 
complete mutation (i.e. no production of globin chain);  
  

β-Thalassemia Major  
C.M. The onset is usually within 1st 6 mo of life as progressive 
hemolytic anemia (pallor & jaundice) followed by anorexia, 
profound weakness, & symptoms of HF when Hb fall < 4 g/dl.  
Ineffective erythropoiesis produce expantion of BM with typical 
facies (maxillary hyperplasia, flat nasal bridge, frontal bossing), 
pathological fractures, marked HSM (due to extramedullary 
hematopoiesis), cachexia & poor growth.  
Inv.  
Indirect hyperbilirubinemia.  



CBP; severe microcytic hypochromic anemia (Hb usually <5 
g/dl) with numerous nucleated RBC & abnormal (target) RBC .  
Reticulocytes usually <8% (which are inappropriately low compared 
with the degree of anemia).  
Hb variants (by Hb electrophoresis) reveal very low HbA & 
elevated HbF & HbA2.  
BM exam show erythroid hyperplasia.  
Iron overload is manifested (even before transfusion) as 
elevated serum iron, ferritin, and transferrin saturation.  
DNA diagnosis of the β-thalassemia mutation is recommended 
in newborn screening for early definitive Dx.  
 
Cx. It mainly arise from the frequent blood transfusion needed for  
these patients; it include: transfusion reactions, GvHD, blood-borne 
infections…etc, but the most important Cx is the iron overload 
which arises due to 2 reasons: ↑ erythropoietin → ↑ iron absorption 
from the gut & frequent blood transfusion (1 unit of blood contains ≈ 
200 mg of iron) → transfusional hemosiderosis. This results in iron 
deposition in many organs & tissues causing congestive HF & 
endocrinopathies e.g. DM, hypothyroidism, hypopara-thyroidism, & 
gonadal failure. These patients have also psychosocial problems.  
 
Rx. Before chronic transfusions are initiated, Dx of β-thalassemia 
major should be confirmed and the parents counseled about its 
lifelong therapy.  
Blood transfusion is usually initiated between 2nd mo & 2nd yr 
of life; then it required monthly to maintain Hb in a range between 
9.5 - 10.5 g/dl.  
.  
Folic acid supplementation (1 mg/day) should be administered  
Evidence of iron overload should be confirmed before therapy is 
initiated (due to its SE) by  
Rx of hemosiderosis is by iron-chelating agents e.g.:-  
Deferoxamine (Desferal); it chelate iron allowing their excretion 
in urine and stool; it is given by SC infusion over 10 hr (or longer in 
severe cardiac hemosiderosis) daily for 5–6 days/week, but the 
number of hours deferoxamine used daily is more important than the 
daily dose.  
SE; ototoxicity (with high-frequency hearing loss), retinal changes, 
and bone dysplasia (with truncal shortening).  
Deferasirox (Exjade) is an oral agent . 
Deferiprone (Ferriprox) is another oral agent.  



 
Splenectomy is indicated to ↓ rate of transfusions when there is 
evidence of hypersplenism. 
  
Hematopoietic Stem cells transplantation is curative. It is 
mostly success when the patient age < 15 yr, have no excessive iron 
stores, no hepatomegaly, & have HLA-matched sibling.  
 
 
 
 
β-Thalassemia Intermedia:-  
Here the patient has had all the above manifestations & Cxs of β- 
thalassemia major but yet to a lesser extent (including less severe 
anemia) & therefore it require less frequent transfusions.  
Splenectomy may be indicated if hypersplenism is developed. 
Hydroxyurea, DNA antimetabolite, ↑ stress erythropoiesis → ↑ HbF 
production. It has been used successfully in some patients with β- 
thalassemia intermedia.  
β-Thalassemia Minor & Minima (Thalassemia trait):-  
These patients have only mild or no anemia, but should be 
monitored for iron accumulation. They often not require 
transfusion, although it may be necessary later in adolescence or 
adulthood. Some patients may benefit from hydroxyurea.  
 
α-Thalassemias The type of mutation in α-Thalassemia is 
deletional, i.e. absent gene, rather than existing but abnormal gene 
as in β-Thalassemia; whereas non-deletional mutation of α-globin 
gene also associated with severe anemia. 
 α-Thalassemias can also be classified according to the degree of 
genetic mutation as follows  

 Silent carrier (-,α/α,α) :Normal 
  α-Thalassemia trait : Normal or very mild Trans(-,α/-,α)or Cis(-,-
/α,α) anemia 
  Hemoglobin H disease Mild anemia (-,-/-,α) 

 Major (Homozygous) - - - Hydrops fetalis or stillbirth (-,-/-,-  
 
 Major (Homozygous) α-Thalassemia; Fetuses with this severe. If 
these fetuses are survived, they need immediate exchange 
transfusion. 
 



 Hemoglobin H disease; HbH (β4) accounts 30-40% of total Hb 
andcharacterized by anemia, mild splenomegaly, jaundice, & 
cholelithiasis. Hb usually between 7-10 g/dl. Heinz bodies may be 
present in the RBC. The definitive Dx of HbH disease is by DNA 

 
 α-Thalassemia trait, (as well as β-Thalassemia trait) are often 
misdiagnosed as iron deficiency anemia due to their similarity of 
blood picture with that of IDA . Thus these disorders must be 
considered in every patient who do not respond to iron therapy for 
this mild anemia. 
 
 Note: Cxs & Rx of α-Thalassemias are similar to those β-Thalassemias, 
as well as children with α-Thalassemias should not be exposed to 
oxidantmedications (as in those with G6PD deficiency !). 
 
SICKLE CELL DISEASE 
SCD is the most common genetic disease in USA, particularly among 
African Americans population.It's caused by genetic mutation  
Newborn screening programs for SCD is mandatory in the USA; 
. In addition to the infant, Hb analysis & CBP (which show the 
characteristic sickle forms of RBC) are recommended for both 
parents toconfirm the diagnosis and to provide an opportunity for 
genetic counseling. 
 
 Sickle Cell Anemia (Hb SS) 
 In SCA, both β globin genes have the sickle cell mutation, i.e. 
homozygous Hb S; the percentage of Hb S is as high as 90% of the 
total hemoglobin. 
 C.M. & Rx. of Specific SCA Complications.  

 Fever and Bacteremia:- Bacterial sepsis is one of the greatest 
causes for morbidity and mortality in patient with SCA due to 
abnormal immune function. 
 Functional asplenia may begin as early as 6 mo of age & by 5 yr, 
most children have established functional asplenia .  
Fever in a child with SCA is a medical emergency, requiring prompt 
medical evaluation 
. Indications for admission to hospital for empirical IV 
antimicrobial therapy with appropriate blood culture include:- High 
fever (temp >400C), seriously ill appearance, severe pain, 
hypotension (or poor perfusion), signs of dehydration, leucocytosis, 
thrombocytopenia, severe anemia (Hb < 5 g/dl), lung infiltration on 
CXR, and Hx of pneumococcal sepsis. Otherwise, patients without any 



of the above risk factors for occult bacteremia can be given 3rd-
generation cephalosporin (e.g. ceftriaxone) in an outpatient setting 
with careful follow-up. 
 If the blood culture reveals Salmonella spp. or Staphylococcus aureus 
bacteremia, strong consideration should be given to evaluation of 
osteomyelitis with a bone scan due to the increased risk of 
osteomyelitis in children with SCA. 
  

Splenic Sequestration:- Acute splenic sequestration is a life-
threatening Cx occurring primarily in infants and can occur as early 
as 5 wk of age. About 30% of children with SCA have a severe splenic 
sequestration episode, and a significant percentage of these episodes 
are fatal. The etiology is unknown but it can be accompanied by 
infection. 
 C.M. Engorgement of the spleen with subsequent increase in size, 
evidence of hypovolemia, and decline in Hb ≥ 2 g/dL from the 
patient'sbaseline hemoglobin; reticulocytosis and ↓ platelet count 
may be present. 
 Rx. Early intervention and maintenance of hemodynamic stability by 
using isotonic fluid or by blood transfusions (packed RBCs) in dose 
5 mL/kg but do not ↑ Hb >10 mg/dL. Repeated episodes of splenic 
sequestration are common, occurring in ≈ half of patients (most 
within 6 mo of the previous episode). Thus, anticipatory guidance 
should include teaching parents how to palpate the spleen to 
determine if the spleen is enlarging. Prophylactic splenectomy 
performed after the acute episode is the only effective strategy for 
preventing future life-threatening episodes.  

Aplastic crisis:- Human parvovirus B19 poses a unique threat for 
patients with SCA because it causes aplastic anemia; thus, any child 
with reticulocytopenia should be considered to have parvovirus B19 
until proved otherwise. In 
. Rx. Packed RBCs can be given for hemodynamic instability. 
 

Dactylitis (hand-foot syndrome):- Dactylitis is often the first 
manifestation of pain in children with SCA, occurring in 50% of 
children by their 2nd yr. Dactylitis often manifests 
with symmetric or unilateral swelling of the hands and/or feet. 
Unilateral 
dactylitis can be confused with osteomyelitis, and careful 
evaluation to distinguish between the two is important, because 
treatment differs significantly. Dactylitis requires palliation with pain 



medications e.g. acetaminophen & codeine, whereas osteomyelitis 
requires at least 6 wk of IV antibiotics. 
 Pain crisis (Vaso-occlusive episodes):- The cardinal clinical 
feature of SCA is pain. The pain episode occurs at least once yearly; it 
usually very severe and characterized by unremitting discomfort 
that can occur in any part of the body, especially chest, abdomen, or 
extremities. The exact etiology of pain is unknown, but the 
pathogenesis is initiated 
when blood flow is disrupted in the microvasculature by sickle cells, 
resulting in tissue ischemia. Precipitating causes may include: 
physical stress, infection, dehydration, hypoxia, acidosis, and 
exposure to cold. Rx. The majority of painful episodes in patients 
with SCA are managed at 
home with comfort measures e.g. heating blanket, relaxation 
techniques, massage, and pain medication. Specific therapy for pain 
varies greatly but generally includes the use of acetaminophen or a 
nonsteroidal agent early in the course of pain, followed by 
escalation to acetaminophen with codeine or a short- or 
long-acting oral opioid. 
Some patients require hospitalization for administration of IV 
morphine 
Blood transfusion should be reserved for patients with a decrease 
in hemoglobin resulting in hemodynamic compromise. 
 IV hydration does not relieve or prevent pain but is appropriate 
when the patient is unable 
to drink as a result of the severe pain or is dehydrated. 
Hydroxyurea, a myelosuppressive agent, is the only effective drug 
proved to reduce the frequency of painful episodes. 
 Priapism:- 
It is a common problem in SCA; it is defined as involuntary penile 
erection lasting > 30 min,  
. Rx. Supportive e.g. sitz bath or pain medication; priapism lasting >4 
hr should be treated by aspiration of blood from the corpora 
cavernosa followed by irrigation with dilute epinephrine. 
Pv. Hydroxyurea 
 

Acute Chest Syndrome:- Lung disease is the second most 
common reason for admission to hospital in children with SCA and a 
common cause of death. ACS refers to a constellation of findings 
that include: 
new radiodensity on CXR,fever, respiratory distress, and pain 
mostly in the chest 



The majority of patients with ACS do not have an identifiable cause 
although infection is occasionally present. Fat emboli from infarcted 
BM may be the cause. 
Rx. Given the clinical overlap between ACS and common pulmonary 
Cxs e.g. bronchiolitis, asthma, and pneumonia, a wide range of 
therapeutic strategies have been used including: 
 empirical antimicrobial therapye.g. 3rd generation cephalosporin 
& macrolide to treat the most common pathogens associated with 
ACS: Streptococcus pneumoniae, Mycoplasma pneumoniae, and 
Chlamydia spp.; 
 oxygen administration; 
 blood transfusion therapy, either simple or exchange (manual or 
automated); 
respiratory therapy (incentive spirometry and chest 
physiotherapy); as well as bronchodilators and steroids for patients 
with asthma.  

Neurologic Complications:- Stroke 
. Rx. Oxygen  
blood transfusion within 1 hr of presentation. The goal is to 
increase Hb not > 10 g/dL (because this may cause hyperviscosity of 
blood which can ↓ oxygen delivery). 
 
 General management of SCA:- 
  Hematopoietic stem cells transplantation is the only cure for 
SCA. 
 The most common indications for transplant are recurrent ACS, 
stroke and abnormal TCD. 
  Regardless of age, all patients with SCA are at increased risk of 
infection and death from bacterial infection, particularly 
encapsulated organisms e.g. Streptococcus pneumoniae and 
Haemophilus influenzae type b.Therefore, all children with SCA 
should receive prophylactic oral penicillin VK until at least 5 yr 
of age (125 mg twice a day up to age 3 yr, and then 250 mg twice a 
day). Continuation of penicillin Px should be considered for children 
beyond 5 yr of age with previous hx of pneumococcal infection. An 
alternative for children who are allergic to penicillin is erythromycin 
ethyl succinate 10 mg/kg twice a day.  
Routine childhood immunizations with annual influenza vaccine are 
highly recommended. 
  Hydroxyurea is safe and well tolerated in children >5 yr of age. It 
has found to decrease the rate of painful episodes by 50% and the 



rate of ACS episodes and blood transfusions by ≈ 50Achievement of 
the therapeutic effect of hydroxyurea can require several months 
 

Blood transfusion: Three methods of blood transfusion therapy are 
available: simple blood transfusion, manual exchange and 
erythrocytopheresis. 

 Assessment & therapy for iron overload by chelating agents are 
similar to that discussed in Thalassemia syndrome (see above). 

 Support groups are benefit children with SCA by improving self-
esteem and establishing peer relationships. 
 
 
. Sickle Cell Trait (Hb AS) 
 
The amount of Hb S is usually <50%. The life span of people with 
SCT is normal, and serious Cxs are very rare including: splenic 
infarcts at high altitude, hematuria, , bacteriuria, renal papillary 
necrosis, renal medullary carcinoma and susceptibility to eye injury 
with formation of a hyphema. However, SCT gives protection 
against severe falciparum malaria. SCT has exchange transfusion 
should be considered.  


