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- G6PD deficiency نع يكحن حار مويلا
Immune-mediated hemolytic anemia 

Hereditary spherocytosis
Paroxysmal nocturnal hemoglobuinuria

MAHA ةسماخلا ةرضاحلماب مهمظعم

Text

يبيابح رفسلا ءاعد ورقأ
😘



 ديلاسلا ياهب حرش تشلب هروتكدلا

تتح حرشلا



٢٠٢٣/٥/١١، ١٢:٣٥ ص
حة ١ من ١ صڡ-

O2 لقن في اهتفيظو ببسب ميك ويبلاب هانفرع ئشلاا ضاه و oxidative  reaction لل ةضرع RBCلا يشا لوا
؟هنم RBCلا يمحا ردقب فيك… يوق دسكؤم لماع H2O2 لاثمف
reduced glutathione قيرط نع ةطاسب لكب
 ؟ لعافتلا ضاه نيركاذ
 قيرط نع H2O2 نم RBCلا يمحب لعافتلا لاهي
H202لا لوحب يللا reduced glutathioneلا
oxidized formلا ىلإ لوحتب لوه نيدعب و water ىلإ
reduced formلاب glutathioneلا ىلإ ةجاحب انأ ايلعف اسه بط
NADPH جاتحب reduced formلاب هيلخا ناشع و
 ؟ اهانبج نيو نم بط
 pentose phosphate shunt نم اهانبج
 شلبتب وشب shuntلا ياه بيط
حينم ميك ويب ينسراد مكيلع ينيع اي
 G-6-pب شلبتب
) shuntلاب لمكي هيلخب يللا يمزنلإا(G-6-pD يدنع ام ونا ضرفنل بط
 لمكتح شم shuntلا هتانعم
؟ةلكشلما نيو بيط
 glutathioneلا ناشع مهلما NADPh ينيطعتب shuntلا ياه ونا هلكشلما
)reduce formلاب هيلع ظفاحب(  
 RBCلا يمحي يشا في لطب هتانعم NADPHلا جاتنا لقيح هتانعم دوجوم شم يمزنلإا ضاه اذإ بط
ةنيزلحا اهيف حورتب كيه و

 يدنع ام و oxidative stress ىلإ ضرعتلا ببسب هلالحا ياهب اسه
glutathione لا فياكHB هلا ريصي حار denaturation

Heinz bodies لكش ىلع عمجتي و



٢٠٢٣/٥/١١، ١٢:٣٥ ص
حة ١ من ١ صڡ-

؟ hemolysis يدنع ريصب ىتم
 ) Heinz bodiesمهيف( لكشلا ضاهب RBC يدنع عمتج اذإ
spleenلا ولصوي ىتح bloodلاب وشيم وحورب
ينلامتحا يدنع ينروه اسه

 (١
extra vascular hemolysis ريصبف whole RBCلا لكأت اهنإ نكمم
(2
 ريصتبف RBCلا نم ءزج لكأت فرطلا ع Heinz bodiesلا تناك اذإ نكمم

Bite cell 
 element of intravascular يدنع ريصبف رجفنتب و circulationلل عجرتبbite cellلا ياه

hemolysis 
) intra+extr)a vascular hemolysis يدنع نوهف

Note : we can see Heinz bodies and bite cells in blood 
smear



GDPD Deficiency aka “favism”

 X-linked recessive disorder 

 G6PD is first enzyme in pentose phosphate pathway and is 
required to make NADPH. NADPH is important to reduce oxidative 
stress.

 G6PD deficiency presents as increased oxidative stress including 
hemolytic anemia.
 The majority of patients are asymptomatic most of the time and  
go through life without ever being aware of their genetic trait.
 Hemolysis occurs after a lag of 2-3 days
Males more vulnerable than female (heterozygous)

 لوفتلا

So mainly in males 



GDPD Deficiency aka favism

Hemolysis due to oxidant stress:

 Drugs: eg. Antimalarials, sulfonamides, furantoins,…etc.
 Favism: chickpeas , green peas , all types of beans

should be avoided
 Infections: produces free radicals

Oxidation leads to denaturation of globin chains, and 
precipitation at membranes forming Heinz bodies.
RBCs: Bite cells and Heinz bodies
Features of Extra/Intravascular hemolysis

تاذلاب هرضلخا ءايشلأاب نوكتب ) لوفتلا( .اهمسا نم



GDPD Deficiency

Diagnosis of G6PD deficiency:

- Screening - Heinz preparation – Blood smear will 
show Heinz bodies
- Confirm - enzymatic studies (however; in the 
acute phase, RBCs lacking G6PD are hemolyzed 
and dead, so they cannot be detected)

blood  smear  slideلا هيف غبصب

 ةطاسب لكب acute   phaseلا هلاحب هلمعب امdetection  or  confirm لمعا يجأ الم
 deficiency مهدنع ةعومجم و normal G-6-PH  enzyme مهنم في RBCs نم ةعومجم يدنع لاثم ضرفنل

 يمزنلإاب صقن يدنع ام ونا ينبب و ةيعيبط مهلك ونيبب صحفلاب كيهف رسكتت حار deficiency مهدنع يللا ةعوملمجا لك
ترمدت صقن اهيف يللا ايلالخا ونلأ



قوف يللا يمه مهظفح بلاطلما ةيودلأا
رح تنأ مهظفتح باح اذإ

يلام انأ و



عوووون يناث ع لاي اسه



HEREDITARY 
SPHEROCYTOSIS

Congenital hemolytic anemia (AD) due to 
genetically determined abnormal spectrin
and ankyrin molecules, leading to defects in 
red blood cell membrane 

RBC membrane blebs and are lost over 
time. RBC becomes more spherical.

Red blood cells become trapped within 
spleen and have less than usual 120-day 
lifespanSpectrin and ankyrin are tethering proteins 

that attach RBC cytoskeleton

 membrane لكش ىلع ظفاحتب يللا ينتوربلاب نوه هلكشلما
RBCلا اوج cytoskeletonلابRBC membraneلا طبرتب cytoskeleton  protein يدنعف
)ankyrin /spectrin/band 3(مهنم ينتورب نم رثكا يدنع
abnormal  ankyrin  and  spectrin يدنع نوكب نوه
biconcaveلل RBCلا لكش ىلع ظفاحأ ردقب امف

مهليشتب spleenلا هرم لك و blebs يدنع علطي ريصيب نوه اسه
يورك اهلكش ريصبف



HEREDITARY SPHEROCYTOSIS

Spherocytes are phagocytosed by splenic macrophages , leading to extravascular
hemolysis characterized by anemia, jaundice, increased reticulocytes & splenomegaly.

CBC and blood smear findings: 

RBC becomes round instead of disc shaped (loss of central pallor)

High MCHC - high concentration of hemoglobin as cells are getting small

Howell-Jolley bodies in peripheral blood RBCs . The Howell-Jolley body is anuclear DNA
remnant

Treatment: Splenectomy (prolongs survival of red blood cells, although they still have 
membrane defects)

Howell-Jolley body

 ةلكشلما لكHB ىلع هلكشم يأ راص ام ونلأ
 membraneلاب

Howell-jolley bodies فوشن حار splenectomy ىضرملل لمعنب ونلأ
Howell-Jolly bodies are little fragments of the red cell nucleus. You see them most 
commonly in patients with splenectomies (normally, the spleen just bites them out). 
You can see them without a special stain – they look like dark, round dots. Heinz 

bodies are seen in G6PD deficiency 



HEREDITARY 
SPHEROCYTOSIS

Osmotic fragility: increased; basis for 
diagnostic testing
• The osmotic fragility of red cells is

increased i.e . the RBCs are easily 
hemolysed when kept in a
hypotonic saline solution.

• The test consists of exposing RBC to
varying strengths of hypotonic saline
solutions and measuring the degree of
hemolysis colorimetrically at room
temperature .

The osmotic fragility test (OFT) is used to measure erythrocyte resistance to hemolysis while 
being exposed to varying levels of  dilution of  a saline solution. When erythrocytes are exposed to 
a hypotonic environment, water enters the cell and causes swelling and eventual lysis

 hemolysisلا .داز هتانعم قماغ نوللا ريصي ام لك



Text





Immune Hemolytic Anemia
AIHA

Three broad categories:

Alloimmune: The patient produces alloantibodies to foreign red cell antigens 
(transfusion, pregnancy, or organ transplant)

Autoimmune: Autoreactive antibodies (loss of self recognition of individual's 
own red cell antigen) 

Drug-induced: Antibodies against red cells coated with drug or it is metabolites.

Antibodies that’s attack RBC

انعوضوم شم

happens when the body's natural defense system can't tell the difference between your own 
cells and foreign cells, causing the body to mistakenly attack normal cells.

Drug or it’s metabolites that’s covers the RBC
 اهمجاهت antibodiesلا يلختب كيهف



٢٠٢٣/٥/١١، ١٢:٣٥ ص
حة ١ من ١ صڡ-

ةطيسب رومأ فرعن مهم يالجا ديلاسلاب شلبن ام لبق ةعجارم

Complement pathway runs from c1–c9
Classic pathway :activation c1 

complex result in c2b/c4b 
fragment  and the main thing 
that’s I have antigen-antibody  
(IgG) connect to cell and this 

cell go to spleen 
And the spleen break this cell

Alternative pathway: Haneen in 
the serum (blood) not in spleen

When tha activation happen 
from c3-c9 form something 

called 
MAC(membrane attack 

complex)
 هلتقي ناشع بيرغلا مسجلاب ةحتف لمعي هتفيظو

 ع ريصت ةيلمعلا ياه ونا يديس اي ليخت
RBC

اهرمدت حارف



Causes of autoimmune-IHA  
IgG or IgM mediated destruction of RBC
Warm Antibody: IgG/IgA type Cold Antibody: IgM type 

Activated at body temp. (37 c) Active at 0-4oC
IgM binds to RBC in cold temp (extremities)

IgG-coated RBC lysis in spleen (predominantly 
extravascular)

Clumping and complement fixation causes lysis in 
blood vessels and liver (intra- and extravascular)

Morphology: spherocytes (splenic macrophage 
phagocytose tagged RBC leading to
formation of spherocytes)

IgM agglutination (hemolysis occurs in the hands &
feet in cold weather)

80% of immune hemolytic anemias: Primary (50-70%) 
Secondary:  - Lymphoproliferative disorders

- Autoimmune diseases (SLE) 
- Drugs (penicillin and cephalosporins)

• Infectious mononucleosis (EBV)
• Mycoplasma infection
• Lymphoproliferative disorders

warm اهمسا كيه ناشع

RBC حطس ىلعantigenب طبتربIgG حوريب
رسكتت ىتح spleenلا ع اهيدوب

spleenلا ىلع RBCحورت سب اسه
 IgG -antigen ةهج نم اهمهتلي spleenلا

يورك اهلكش ريصي ىتح ةهج نم اهمهتلي يوش لكف

Agglutination =RBCs+ IgM

طبتري igGيجيب نيدعب coat لمعتب

We know the cause

We don’t know the causes 



Warm antibody: Opsonization, 
phagocytosis and spherocytosis 

Cold Antibody: Clumping and 
complement fixation causes lysis 
in blood vessels and liver  

Extravascular hemolysis

Intravascular 

Extravascular hemolysis

Extravascular 





Paroxysmal nocturnal Hemoglobinuria(PNH)

PNH is caused by an acquired somatic (non-germline) mutation in the X-linked 
phosphatidylinositol glycan class A (PIGA) gene; 

(PIGA) gene produces the glycosylphosphatidylinositol (GPI) anchor proteins (GPI-APs), 
that links cell surface proteins to cell membranes

Hematopoietic cells containing PIGA mutations lack GPI anchored cell surface markers, 
including complement inhibitors (such as CD59 and CD55)

So, mature erythrocytes lacking GPI-APs are unprotected from the membrane attack 
complex (MAC or C5b9), leading to paroxysmal hemolysis

Intravascular hemolysis 

Not inherited

 تحت حرشلا أرقا



٢٠٢٣/٥/١١، ١٢:٣٥ ص
حة ١ من ١ صڡ-

 membrane  attacks  complex ولمعي نكمم  RBCلا بنج bloodلا اوج ىشمتتب complement في اسه
(MAC) 

alternative /classic  pathwaysلل activation ولمعي نكمم  و 
surface  proteins دوجو ببسب ةيمحمRBCلا يعيبطلا عضولاب اسه

(CD59/CD55)
قوف مهنع تيكح يللا complementلا نم RBC اومحي لوده
 مهمسا proteins قيرط نعRBCلا حطس ىلع ينلومحمCD59/CD55لا اسه

GPI   anchor.  proteins 
 paroxysmal  nocturnal   hemoglobin uriaلاب ريصب يللا
 GPI   anchor proteins ينيطعي يللا PIG-A في هرفط نع هرابع وه
CD55/59 لمحتب يللا GPI    anchor.  proteins جاتنا متب ام كيه هتانعم
CD55/59 لمحي يشا في ام هتانعم
 complementsلا نم اهيمتح و RBCلا حطسب كستم شردقتبف
 ةلوهسب RBCلا ورمدي وردقبف

هرفطلا  ريصتب نوه

GpI anchor protein and surface proteins 
CD55/59



Hemolysis occurs mostly at 
night when there is fixation 
of complement which is 
enhanced by decrease of 
blood PH during sleep

 Chronic intravascular 
hemolysis with 
hemoglobinemia, 
hemosiderinuria -/+ 
hemoglobinuria

 Reticulocytosis
 Venous thrombosis 

(hypercoagulability due 
to free Hb in blood) 

 very shallow نوكب هعبت سفنلا ليلاب سفنتي دحاولا الم
Co2يدنع مكارتب هتانعم shallow نوكي الم و

لقب blood phلا مكارتي الم
 acidosis يدنع ريصب و

 activationراهنلا ريصب مهيف مكتفرق يللا complementsلا اسه
 acidosisلا ةلاح في



Hemolytic anemias due to mechanical 
trauma to RBCs

Red cells are disrupted by physical trauma:

I. Cardiac valve prostheses
II. Microangiopathic hemolytic anemia as in DIC , malignant

hypertension, thrombotic thrombocytopenic purpura (TTP),
hemolytic uremic syndrome (HUS).

In all these conditions the circulating RBCs are mechanically 
traumatized , get the appearance of Schistocytes , burr cells or 
helmet cells

Burr cells

Helmet cells

 RBCلاب ريصب كيه و شبطتب مهيلع قرتم هرايسلا الم عراشلاب يللا تابطلما هبش
 helmet cells لكش ىلع ريصتب

Or  burr  cells 

Same 
 (Disseminated intravascular coagulation

 لاثمك هوظفحا
طقف

We will discuss them 
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 للها مسب لوق نيدعب و قياقد رشع ابيرقت حيرتسا



 factorsلا نع انلأست حار وم
ةداعلاك تحت حرشلا

😍😍

Common pathway
Factors 10/2/1

5*2=10



٢٠٢٣/٥/١١، ١٢:٣٥ ص
حة ١ من ١ صڡ-

 هدوجولما VWF (von Willebrand facto )لل  expouse لمعت حار endothelial injury انع ريصي سب
 sub endothelial collagenلاب
 VWF عم sub endothelial collagen عم plateletلل adhesion هلحرم لوا نوكت حارف
 receptor GP1p قيرط نع adhesionلا متي حار
/ADP لثم اهتاوج يللاgranulesلا زرفت و اهلكش ريغتي حارف  platelets aggregation يدنع ريصب نيدعب

thrompoxin 
 GP23A receptor قيرط نع متب aggregationلا
 هلاحل fibrinogenلا دوجوب تلمك ولف فيعض ونا هتلكشم سب plateletsلا ينب fibrinogen يف ونا ظحلانب اسه
فيعض طبارتلا نوكي حار
 clotting factorsلل activation لمعا مزلا اهيوقأ ناشع
 لك كسمت وfibrin meshwork لمعب fibrinلا و fibrin ىلإ fibrinogen لوحتبclotting factor sلا ونلأ
 clotلا
 حرجلا ركستب و

Fibrin meshwork



Initial Laboratory Tests For Bleeding 
Abnormalities

 Platelet count (normal is 150,000 and 400,000 per microliter of blood)

 Bleeding time: to assess platelet function. It involves making a patient bleed, then timing 
how long it takes to stop bleeding using a stopwatch.

 Partial thromboplastin time (PTT): measures activity of the intrinsic clotting pathway

 Prothrombin time (PT)/INR: both measure activity of the extrinsic clotting pathway

 Thrombin time (TT): measures the final step in the clotting cascade, in which fibrinogen 
is converted to fibrin

Common pathway factors X, V, prothrombin (II) and fibrinogen (I): affect both PTT & PT

 thrombocytopenia ١٥٠،٠٠٠ نم لقا

لوطا



Clinical presentation; symptoms 
Common features of patients with problems in primary hemostasis:

Mucosal and skin bleeding; intracranial bleeding with severe thrombocytopenia 

Mucosal bleeding - epistaxis (nose bleeding), hemoptysis (coughing blood), GI bleeding, 
hematuria, and menorrhagia (heavy menses)

Skin bleeding - petechiae (bleeding spots on skin), purpura (>3mm bleeding spots), ecchymoses, 
(>1cm), easy bruising.

Common features of patients with problems in secondary hemostasis:

Deep bleeding in muscles and joints 

Rebleeding after surgical procedures

platelets/VWFلاب ةلكشم يف نوكتب

coagulation factorsلاب ةلكشم نوه



 لمكنب هركب و يننثا لوا اسه ذخان حار

Intrinsic pathway 
Problems in secondary hemostasis

PTT prolonged



Hemophilia A

Factor VIII deficiency (hemophilia A) 

Inherited as an X-linked recessive trait

Almost exclusively affects males

1 in every 10,000 births or 1 in 5000 male births

It is characterized by mild, moderate or severe bleeding episodes (depends on factor VIII 
level)

Bleeding into muscle, soft tissue or joints (hemarthrosis – 70-80% ), and excessive 
bleeding after surgery, trauma, dental procedures or circumcision

Petechia are characteristically absent

 factor 8ب ةلكشم يدنع نوكب
(F 8 def)

Because it’s not primary hemostasis



Hemophilia A
•Factor VIII in plasma circulates bound to von Willebrand 
factor protein. Markedly unstable in the absence of 
vWF.

•Factor VIII and factor IX = activate factor X, which in turn 
with its cofactor, factor Va, activates thrombin

Laboratory tests: 
◦ Prolonged PTT.  Normal PT and TT. Normal platelet 

count.

Treatment: replacement therapy (factor VIII 
concentrate or recombinant VIII). 

F 8/VWF 
They are besties 

👯

 
ضعب عم امياد



Hemophilia B
Factor IX deficiency (hemophilia B) 

Inherited as an X-linked recessive trait

It is characterized by mild, moderate or severe bleeding episodes 
(depends on factor IX levels)

Also known as Christmas disease

Almost exclusively affects males

1 in 30,000 male births

Bleeding sites: same as Hemophilia A

factor 9ب يدنع ةلكشلما سب haemophilia A سفن



Hemophilia B
 Factor IX is a vitamin K-dependent serine protease produced in the liver

 It circulates in the plasma in its inactive form

 With factor VIIIa, it catalyzes the conversion of factor X to Xa

Laboratory tests: 
◦ Prolonged PTT.  Normal PT and TT. Normal platelet count. Normal factor VIII 

assay. 
◦ Always measure both factor VIII and IX activity, and rule out vWD

Treatment: Plasma-derived or recombinant factor IX concentrates

Factors 1/9/7/2 
1972

😘😘

factor 8 ب هلكشم يدنع نوكي نكمم vWD ب هلكشم يدنع اذإ

Disease


