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normocytic
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Normocytic Anemia

Normocytic anemia is decreased RBC mass with normal-sized RBC (MCV - 80-100 μm3)

High retic count: Peripheral destruction of RBC (will have reticulocyte >3%)
 Extravascular hemolysis (RBC destroyed by liver, spleen and lymph)
 Intravascular hemolysis (RBC destroyed within blood vessels)

Low retic count: 
Underproduction of RBC (no increased reticulocytes)

intravascular او extravascular قاعدة عم تتكسر و بتتكسر یا في RBC ھون ال

By macrophages —> 
Reticuloendothelial system



Reticulocytes



Aplastic anemia

 Aplastic anemia is a bone marrow disorder characterized by pancytopenia due 
to ineffective hematopoiesis in the absence of any underlying neoplasia or 
fibrosis

Mostly sporadic but can be constitutional (congenital)

 Bimodal age distribution: first peak at 10 - 25 years; second peak at > 60 years

!!!erythropoiesis ننتبھ مش

 fibrosis ولا اشوف (neoplasia) لازم ما اشوف كانسر Aplastic Anemia عشان اسمیھا***



Aplastic anemia; etiology
Acquired aplastic anemia (most common)

•Infectious agents: parvovirus B19, HIV, EBV, Hepatitis C virus

•Toxins such as benzene

•Drugs, chemicals, or radiations (example of drugs: chloramphenicol)

•Autoimmune disease - most common SLE

•Idiopathic

Constitutional “congenital” aplastic anemia; example “Fanconi anemia” 

أسبابو 



Aplastic anemia; morphology

CBC: shows pancytopenia (including normochromic normocytic anemia)

Low reticulocyte count (< 30 x 109/L)

Normal vitamin B12, folate and iron (to exclude vitamin deficiency anemias)

Bone marrow biopsy: 

Bone marrow markedly hypocellular (cellularity < 5%)

 Lacunar spaces replaced by fatty cells

Residual nucleated cells include mostly lymphocytes, plasma cells, macrophages, mast cells

لانو عندي ineffective hematopoiesis كل ال 
hematopoiesis eliminates ضاربة عندي 

 pancytopenia ولقیت cbc اذا اجاني مریض عملتلو
وعملتلو RETIC وطلع low عشان أتأكد مافي ایشي ثاني قبل ما 

BM اخد خزعة من ال

ironوالفولك وال vit B12 زي
  pancytopenia ممكن یعمل folicو ال B12 لانو نقص ال

sever اذا كان

I will exclude another disease من etiology 
that I know

*طب لیھ بعمل ھیك ؟عشان لو عندو نقص بواحد فیھم بعطیھ 
injections بدون ما اخذ منو خزعة 

pancytopenia نقص الحدید نادر یعمل*



Normal bone 
marrow biopsy

Bone marrow biopsy in 
aplastic anemia: 
Marrow lacunar spaces 
are replaced by fat, and 
very scant hematopoietic 
cells

lacunar لازم الاقي فیھا 
hematopoiesis

كمیة ال hematopoiesis elements یدوب %5



Aplastic anemia; clinical features and 
treatment

Signs and symptoms related to severity of pancytopenia:
Anemia: most common are fatigue, shortness of breath, …..
Thrombocytopenia: bleeding and bruising
Leukopenia: frequent or prolonged infections

Treatment: 
Bone marrow transplant is the only curative treatment
Treat underlying cause if present (toxic, drugs, infections)
Immunosuppression for cases with abnormal T-cell activation
Transfusion support only to relieve symptoms

احطلو BM جدیدة
بعرف عندو مرض ما او اتسمم او باخد دوا معین …
 infection (الي انذكرو فوق)ھون لازم اعالج ال

 abnormal T في بعض المرضى وجدو عندھم
cells activation وحكو انھا ممكن تكون ھي 

 replacement بتعمل bm السبب وعم بتھاجم ال
 immunosuppression  فحكوبنعمل  to fat

 T cell activation خصوصا بس یلاقو



*شو سبب تكسر ال RBC في جسم الانسان او لیھ الspleen بكسرلي ایاھا ؟

مشكلة من نفس 
ال RBC في 
انزیماتھا مثلا 

HB مشاكل في

مشكلة في شكلٍ ال 
 membrane



Features of Hemolytic 
Anemia

(Intra- and Extravascular)

 Shortened RBCs survival
 Elevated erythropoietin level leading 
to increased erythropoiesis and early 
release of RBCs from marrow
 Reticulocytosis
 Elevation in unconjugated Bilirubin 
(indirect) and LDH

Hemoglobinemia

ھون مافي 
macrophages تكسر 

ال HB و بس تتكسر ما 
بتتحلل زي ما منعرف ل ھیم 
وغلوبن ،،بطلع حر طلق في 

 bloodال
hemoglobineوبسمیھ

  mia
 blood اي ایشي بزید بال*

nemia بسمیھ

لانو مش ال spleen الي 
قاعد یكسر ،،ھي لحالھا 

بتتكسر

بعد ما وصل ال 
instant

انزیم موجود جوا ال RBC ف لما تكسر ال 
RBC سواء extra او intra رح 
blood على ال  releaseیصیرلو



Extravascular hemolysis

Hemolysis done by reticuloendothelial system (macrophage in liver, spleen and lymph nodes)

Globin is broken to AA; Iron is recycled

Unconjugated (indirect) bilirubin is carried by albumin to liver and then conjugated in liver 
and excreted to bile.

Extravascular hemolysis clinically present with: 

• Anemia with splenomegaly

• Jaundice due to unconjugated bilirubin (too much bilirubin to be conjugated by liver)

• High risk for bilirubin gallstones

• Marrow hyperplasia with corrected reticulocyte >3%

conjugated to all these bilirubin والكبد ما عم بلحق یعمل unconjugated bilirubin وبتكون RBC لانو عم بتكسر كثیر



Intravascular hemolysis

RBC is destroyed in blood vessels. Unlike macrophage 
breaking down hemoglobin to bilirubin, hemoglobin 
simply leaks out to blood.
Patients will have hemoglobinemia and
hemoglobinuria (hemoglobin water soluble)
Then, hemosiderinuria occurs after few days -
Hemoglobin in urine is picked up by renal tubular cells. Iron is 
recycled back and stored as hemosiderin. Renal tubular cells 
slough off and hemosiderin will be seen in urine.

Hemoglobin is carried 
by haptoglobi n



Intravascular hemolysis
 Hemoglobin is carried by haptoglobin. Haptoglobin is not enough to bind all 

Hgb. So, patients will quickly have hemoglobinemia and hemoglobinuria

 Also, patients will show marked decrease in Haptoglobin “almost absent”

slough off and hemosiderin will 
be seen in urine.



Marrow Response To Hemolysis

Erythroid hyperplasia with decreased Myeloid :Erythroid ratio
In chronic cases, extramedullary hematopoiesis may take place.
Erythropoiesis can increase up to 8 times its normal level. Thus, hemolysis may 
take place without development of anemia. 

Anemia develops if:
◦ Rate of hemolysis increases beyond the compensatory rate (hemolytic crisis).
◦ The bone marrow stops producing RBCs (aplastic crisis)

Liver+ spleen یشاركو في  صناعة 

متى یصیر عندي انیمیا لما یكون التكسیر اكثر من الانتاج



Hemolytic anemia

Test Intravascular hemolysis Extravascular hemolysis 

Serum Haptoglobin Normal or 

Plasma Hb Present Absent

Hemoglobinuria Present Absent

Hemosiderinuria Present Absent

Serum lactate dehydrogenase LDH

Serum unconjugated bilirubin Normal or 

ھون في تداخل بینھم ما في واحد فیھم بصیر totally بشكل كامل 
intravascular or extravascularاكثر من الثاني predominant في واحد فیھم راح یكون

عادة بتكون نورمال بس لو صار شوي extravascular elements ممكن ترتفع

ھي عادة بتكون نورمال بس 
 intravascular شویة
elements ترتفع شوي



RBCمشاكل جاي من بره ما دخل





SICKLE CELL DISEASE

Most common familial hemolytic 
hemoglobinopathy

Molecular basis: single point mutation (A to T 
substitution) in the first exon of the β globin gene, 
converting glutamic acid into valine

 It is an autosomal recessive inheritance

a.aب a.aاستبدال

Hydrophilic Hydrophobic
HBS صار ینتج

Is more common than thalassemia



SICKLE CELL DISEASE
ھون ما عندي بیتا طبیعیة بالمرة

كویس ھون في trait ما 
sicklening بصیر لھا



SICKLE CELL DISEASE
Incidence :

 It is more common among African & Asian population

It was found that HbS has a protective effect against Plasmodium 
Falciparum malaria infection.

Especially in African

لما یجي مریض African ویكون عنده 
hemolysis, or anemia فكر بي 

Sickel cell disease

Like thalassemia



Pathogenesis of sickle 
cell anemia

 HbS polymerizes when deoxygenated 
(reversible). The polymers accumulate into 
needle shaped structures and make RBC 
sickle cell.

 Sickling increases with hypoxemia, 
dehydration and acidosis.

Note: HbF protects against sickling. Kids 
protected for first few months of life.

 hypoxia or مشكلتھ لما یتعرض ل Hb ؟ ھاد الHbS طب شو مشكلة
acidosis or dehydration یصیر لھ sickling  طب لیھ ؟ لانھ ھدول 

HbS بصیر لھا polymerization و بس یصیر لھا،،ال RBC  بتصیر 
Rigi sickle Rigid sickle ،، ھي العملیة reversible یعني على حسب 

(…،o2 مكان مافیھ) sickle او rigid المكان الي ھي فیھ بتصیر

بصیر بسبب الrigid ،، تتجمع 
بتصیر تلزق فوق بعض وتسكر



Normal RBCs Sickled RBCs

Sickling and de-sickling 
damages membrane 
leading to both 
intravascular and 
extravascular hemolysis 
(spleen eats damaged RBC); 
sickled RBC cause vaso-
occlusion. 

Massive erythroid 
hyperplasia occur in BM to 
replace RBC.



Pathogenesis of sickle cell anemia
Sickle RBCs are rigid, less deformable and have a shortened lifespan of 10 - 20 days

Note: repeated episodes of sickling cause cell membrane damage & then becomes 
irreversibly sickled, retaining their abnormal shape even when fully oxygenated





FACTORS AFFECTING THE DEFGREE OF 
SICKLING

1. Type of Hb: Hemoglobin SC Disease (α2β2
6 Val, α2β2

6 Lys) shows a milder disease.              
Also; homozygous vs. heterozygous

2. Hb. Concentration: red cell dehydration increases HbS concentration which will greatly
facilitate sickling during deoxygenation  and can trigger occlusion of small blood vessels .

Also, coexistence of α thalassemia reduces the HbS concentration; due to low MCHC

3. Blood circulation: sickling is confined to microvascular beds where blood flow is sluggish -
bone marrow , spleen & possibly kidneys. 

Also, inflammation slows the flow by increasing the adhesion of leukocytes and RBC’s



Sickle cell anemia; clinical consequences

1. Chronic hemolysis: marked reticulocytosis and 
hyperbilirubinemia and gall stones formation. Expansion of the
bone marrow due to increase erythropoiesis causes prominent
cheek bones & changes in the skull. (“Hair on end” appearance on
skull X-ray)

2. Ischemic manifestations (microvasculature obstruction): bones, 
liver, kidneys, skin, retina,…etc. 

Examples

 Dactylitis is due to vasoocclusive infarcts in the bones of fingers in 
hands and feet, causing painful swelling  

Early common presentation in infants



2. Ischemic manifestations 
Examples

Autosplenectomy (spleen autoinfarction), which leads to shrunken, fibrotic and 
calcified spleen: 

I. Increased risk of encapsulated organism infection (staph aureus, strep 
pneumo, haemophilus influenza)

II. Salmonella paratyphi osteomyelitis (encapsulated) 
III. Howel-Jolly bodies on blood smear - nucleated RBC

Acute chest syndrome (vaso-occlusion of pulmonary microcirculation), often 
precipitated by pneumonia and presents with chest pain, SOB, lung infiltrates

Renal papillary necrosis – presents as gross hematuria and proteinuria

بختفي

organelles وظیفتھ یحمي الجسم من ھاي ال spleen لانو ال

inflammation of bone 

بشوفھا في حالة عمل splenectomyاوauto splenectomy  لانو مش موجود حتى ینضف 
 RBCھاي ال

Blood in urineقادر اشوفھ بالعین



Sickle cell anemia; diagnosis and 
treatment

Asymptomatic till 6 months of age.

Moderate to severe anemia (6-8 g/dl).

Unremitting course punctuated by sudden crises (pain crises, hemolytic crises).

CBC and Hb electrophoresis (HcT is about 18% -30% - normal value 35 %-45%)



Sickle cell anemia

Treatment:  

 Prophylactic treatment with penicillin to prevent

pneumococcal infection .

 Adequate hydration and pain relief

 Use the hydroxyurea therapy “increase HbF”

 In severe cases, exchange transfusion to reduce the Hgb S

ھي حكت احفظو بشكل major والي انوجد 
بالسلایات فوق بس الي خططتوبالھایلایت  حكتو 



 انتارضاحم عيضاوmedicosis 9 تاهويديف  يبطلا يدانلا عقوم ع نودجتو
 Patho ,HLS ، ةايح ةعفد ، حفصتم يا نم يبطلا يدانلا


