
Αλαηκίεο

΢σηήξεο Σζηόδξαο

Παζνιόγνο-Λνηκσμηνιόγνο



Επςθποκύηηαπα

Normal range 4.2-

5.5 million per mm3

in adults.

Biconcave shape.

Diameter 7 

microns.

Cells for transport 

of O2 and CO2.

Life span 120 days.



Δξπζξνπνίεζε

Ο ξπζκηζηήο είλαη ε Δξπζξνπνηεηίλε 

(EPO)

– Παξαγσγή ζηα λεθξά

Μηθξή πνζόηεο ζην ήπαξ

– Κθ επίπεδα 10-25 U/L

– T1/2 6-9 hrs

– ΢ε  Hb < 10-12 g/dL



Δξπζξνπνίεζε

Με  EPO 4-5πιαζηαζκόο παξαγσγήο 

RBC ζε 1-2 εβδνκάδεο εμαξηώκελνο από

– Δπαξθή ζξεπηηθά πιηθά

Πρ Fe, B12



Erythrocytic 

Maturation Series





ΑΝΑΙΜΙΑ

Άλδξεο Ηt 47  7

Γπλαίθεο Ηt 42  5





ΑΝΑΙΜΙΑ

΢πκπηώκαηα θαη ζεκεία

Ομεία

– Αηκνξξαγία, Τπννγθαηκία, 

10-15 % απώιεηα

– Αγγεηνζύζπαζε, αλαθαηαλνκή ξνήο

> 30 % απώιεηα

– Οξζ. ππόηαζε, ηαρπθαξδία, δπζιεηηνπξγία νξγάλσλ

> 40 %

– Shock, δύζπλνηα, εθίδξσζε, ππόηαζε, ηαρπθαξδία 



ΑΝΑΙΜΙΑ

΢πκπηώκαηα θαη ζεκεία

Ομεία

– Αηκόιπζε

ελδαγγεηαθή 

– Ομύ άιγνο ζηελ νζθύ

– Διεύζεξε Hb ζην πιάζκα θαη ζηα νύξα

– Νεθξηθή αλεπάξθεηα



ΑΝΑΙΜΙΑ

΢πκπηώκαηα θαη ζεκεία

Υξόληα

– Δμαξηώληαη από ηελ ειηθία θαη αηκάησζε 

δσηηθώλ νξγάλσλ

΢ε λέα άηνκα αζπκπησκαηηθή παξά  Ht

– Μεηξίνπ βαζκνύ

θαθνπρία, έιιεηςε αληνρήο, δύζπλνηα, ηαρπθαξδία 



ΑΝΑΙΜΙΑ
Ιζηνξηθό

– Μέζε Αλαηνιή

G6PD deficiency

– Έθζεζε ζε θάξκαθα, ηνμίλεο

NSAIDS, κόιπβδνο

ΦΔ

– ΢πκπηώκαηα θαη ζεκεία άιισλ λόζσλ

Ππξεηόο, θαθνπρία, απώιεηα βάξνπο, 

δηαηαξαρέο θελώζεσλ, αηκνξξαγία, 

νξγαλνκεγαιία, θπζήκαηα, πεηέρεηεο



ΑΝΑΙΜΙΑ

Γηαηαξαρέο πνπ ζπρλά ζρεηίδνληαη κε 

αλαηκία

– Υξόληεο θιεγκνλέο

Π.ρ. Λνηκώμεηο, ΡΑ

– Αηκαηνινγηθά λνζήκαηα

Λεπραηκίεο

– Π.ρ. ΥΛΛ, Νενπιαζίεο Β θπηηάξσλ 



ΑΝΑΙΜΙΑ
Γηαγλσζηηθή δηεξεύλεζε
– CBC

Hb, Ht, retic count

– RBC indices
MCV, MCH, MCHC, RDW

– WBC
Diff, segmentation

– PLT

– Cell morphology

– IRON STUDIES
Fe, TIBC, ferritin, marrow iron stain

– Marrow
Aspirate for M/E Ratio, cell morphology, iron stain

Biopsy for cellularity, morphology



RBC 

Morphology



Elliptocytes      Target Cells



Tear Drops      Stomatocytes



Sickle Cells      Schistocytes



RBC 

Inclusions



Howell-Jolly Bodies

Round, purple 

inclusions in 

RBCs.

Composed of DNA.

Commonly seen in 

in patients with 

hypofunctioning 

spleens. 

Splenectomy.



Basophilic Stippling

Numerous, small 

purple inclusions 

in RBCs.

Aggregates of 

ribosomal RNA.

Most commonly 

seen in lead 

poisoning. 



Pappenheimer Bodies

Clusters of dark 

blue granules, 

irregular in size 

and shape.

Composed of iron 

and ribosomal 

RNA.

Seen in 

sideroblastic and 

hemolytic 

anemias. 









Reticulocytes

Immature RBCs.

Contain residual

ribosomal RNA.

Reticulum stains 

blue using a 

supravital stain  

(new methylene 

blue).

Counted and 

expressed as % of 

total red cells. 



Reticulocyte Count

Uses supravital stain which stains 
cells in the living state.

Retic % =          # retics per 1000 RBCs

10

Corrected retic=  % retics x pt. HCT

45

Retic production index 

DIVIDE BY FACTOR OF 2



Σαξινόμηζη

Σύμυωνα με το λειτουργικό έλλειμα 
στην παραγωγή RBCs

 Marrow production defects

– Hypoproliferative d/o

 Red cell maturation defects

– Ineffective erythropoiesis

 Decreased Red cell survival

– Blood loss / hemolysis



Σαξινόμηζη

Σύμυωνα με το λειτουργικό έλλειμα 
στην παραγωγή RBCs

 Ret index < 2.5

– Normocytic
 Hypoprolif

– Marrow damage

 Infiltration, aplasia

– Fe deficiency

–  stimulation

 Inflammation, renal, metabolic



Σαξινόμηζη

Σύμυωνα με το λειτουργικό έλλειμα στην 
παραγωγή RBCs

 Ret index < 2.5
– Microcytic 
 Maturation disorder

– Cytoplasmic defect

 Fe deficiency

 Thalassemia

 Sideroblastic

– Nuclear defects

 Folate, B12

 Drug toxicity

 Refractory anemia



Σαξινόμηζη

Σύμυωνα με το λειτουργικό έλλειμα στην 

παραγωγή RBCs

 Ret index  2.5

– Hemolysis –hemorrhage

 Blood loss

 Intravascular hemolysis

 Metabolic defect

 Membrane abnormality

 Hemoglobinopathy

 Autoimmune defect

 Fragmentation hemolysis







Microcytic, Hypochromic = MCV < 80

– Iron deficiency

– Sideroblastic

– Chronic disease, Inflammation

– Lead poisoning

– Thalassemia trait



Microcytic, Hypochromic

Many RBCs 

smaller than

nucleus of normal

lymphocytes, 

increased central 

pallor.

Iron deficiency, 

thalassemias, 

anemia of chronic 

disease.



Normochromic = MCV κυ

– Hereditary Spherocytosis

– Hereditary Elliptocytosis

– PNH

– G6PD deficiency

– Aplastic anemia

– Acute blood loss



Macrocytic = MCV > 100

– Vitamin B12 deficiency

– Folate deficiency

– Liver disease



Macrocytic RBCs

Most RBCs larger 

than nucleus of 

normal

lymphocytes, 

increased MCV.

Folate or Vitamin 

B12 deficiencies, 

alcoholism, and 

liver disease.





HYPOPROLIFERATIVE



΢ιδηποπενική αναιμία -

Επιδημιολογία

΢ηδεξνπεληθή αλαηκία: 1-2% ησλ ελειίθσλ

΢ηδεξνπελία ρσξίο αλαηκία: 11% ησλ 

γπλαηθώλ (θπξίσο ζηελ αλαπαξαγσγηθή 

ειηθία) θαη 4% ησλ αλδξώλ 



Aιηιολογία

 αλαγθώλ ζε Fe

– Rapid growth, infancy, pregnancy, EPO Rx

Απώιεηα αίκαηνο

– menses, acute blood loss, blood donation 

Γπζαπνξξόθεζε

– Crohn‟s, sprue

Δλδναγγεηαθή αηκόιπζε 

Πλεπκνληθή αηκνζηδήξσζε



Κλινική εικόνα

Αδπλακία, θεθαιαιγία, επεξεζηζηόηεηα θαη 

εύθνιε θόπσζε

Σν ζύλδξ. Plummer-Vinson (δπζθαγία κε 

νηζνθαγηθή ζηέλσζε) θαη ε θνηινλπρία δελ 

παξαηεξνύληαη ζήκεξα

Πίθα: ραξηί, πειόο, πάγνο (παγνθαγία)

Δξπζξή ρξώζε νύξσλ κεηά θαηαλάισζε 

παηδαξηώλ





Δείκηερ ζιδηποπενίαρ

Φεξηηίλε: ν θαιύηεξνο δείθηεο ησλ απνζεθώλ ζηδήξνπ

<10-15: 99% εηδηθόηεηα, 50% επαηζζεζία

<30: 85% εηδηθόηεηα, 90% επαηζζεζία

> 200 ηνπιάρηζηνλ θάπνηεο απνζήθεο

ΠΡΟ΢ΟΥΗ: Πξσηεΐλε νμείαο θάζεο (x3)

Σξαλζθεξίλε / ζηδεξνδεζκεπηηθή ηθαλόηεηα (TIBC) θαη 
θνξεζκόο ηξαλζθεξίλεο )= ζίδεξνο/TIBC)

΢ίδεξνο νξνύ: κεηώλεηαη θαη ζηελ αλαηκία ρξνλίαο λόζνπ

΢ίδεξνο κπεινύ: κέηξν ζύγθξηζεο

Τπνδνρείο ηξαλζθεξίλεο: απμάλνληαη 





Γείθηεο ζηδεξνπελίαο
Φςζιολογικό ΢ιδηποπενία 

συπίρ αναιμία

΢ιδηποπενία με 

ήπια αναιμία

΢ιδηποπενία με 

βαπιά αναιμία

΢ίδηπορ μςελού 2+ 3+ Καζόινπ Καζόινπ θαζόινπ

΢ίδηπορ οπού, μg/dl 60-150 60-150 <60 <40

΢ιδηποδεζμεςηική 

ικανόηηηα, μg/dl

300-360 300-390 350-400 >410

Κοπεζμόρ 

ηπανζθεπίνηρ, %

20-50 30 <15 <10

Αιμοζθαιπίνη, g/dl Φπζηνινγηθή Φπζηνινγηθή 9-12 6-7

Μοπθολογία 

επςθπών

Φπζηνινγηθή θπζηνινγηθή Φπζηνινγηθή ή 

ήπηα ππνρξσκία

Τπνρξσκία θαη 

κηθξνθπηηάξσζε

Φεπιηίνη, οπού 

ng/ml

40-200 <20 <10 0-10

Ππυηοποπθςπίνη 

επςθπών, ng/ml

30-70 30-70 >100 100-200

Αλλοιώζειρ 

βλεννογόνυν

ΟΥΙ ΟΥΙ ΟΥΙ ΝΑΙ





Τπνρξσκία - κηθξνθπηηάξσζε



΢ίδεξνο κπεινύ

ρξώζε κε θπαλνύλ ηνπ Βεξνιίλνπ





Therapy of Iron Deficiency



Θεπαπεία

Μεηάγγηζε

Από ηνπ ζηόκαηνο Fe

– 200-300 mg/d = απνξξόθεζε 50 mg

– 6-12 κήλεο

– ΑΔ
Κνηι άιγνο, λαπηία, εκεηόο, δπζθνηιηόηεηα

Parenteral iron

– Body weight x 2.3 x(15-Pt Hb) + 500 or 1000 
mg (for stores)



HYPOPROLIFERATIVE

Άιιεο



Άλλερ hypoproliferative

Αλαηκία ρξνλίαο λόζνπ

– Υξόληεο θιεγκνλέο, λενπιάζκαηα

Ρόινο TNF-a, interferon b ζε λενπιάζκαηα

Ρόινο IL-1, interferon γ ζε ΡΑ

Νεθξηθήο λόζνπ

Δλδνθξηληθήο λόζνπ, ζξεπηηθώλ 

δηαηαξαρώλ

Ηπαηνπάζεηαο



Επγαζηηπιακά εςπήμαηα

΢πλήζσο ήπηα αλαηκία, ζε 20% Hb<8 g/dl

Οξζόρξσκε, νξζνθπηηαξηθή θαη 

ζπαληόηεξα ππόρξσκε κηθξνθπηηαξηθή

΢ίδεξνο θαη TIBC κεησκέλα, θνξεζκόο 

ηξαλζθεξίλεο θπζηνινγηθόο

Φεξηηίλε ↑



Iron studies in IDA and ACD 

Test IDA ACD

serum iron low low

TIBC high normal or 
low

transf. sat. low low

serum 
ferritin

low normal or 
increased

marrow 
iron

absent normal or 
increased



Anemia of chronic renal failure

• Mechanism:

– mainly due to reduced production of 
erythropoietin by diseased kidneys

– also iron or folate deficiency, chronic 
inflammation, shortened red cell survival

• Treatment

– erythropoietin thrice weekly

– dialysis





Aplastic Anemia

Blood Bone Marrow Biopsy



Μςελοδςζπλαζηικό ζύνδπομο

Μέζε ειηθία εκθάληζεο 65 έηε

΢πάληα <50 εηώλ

Κισληθή δηαηαξαρή ησλ πξόδξνκσλ 
αηκνπνηεηηθώλ θπηηάξσλ (stem cells)

Αηηηνινγία: πεξηβαιινληηθνί παξάγνληεο, 
ρεκεηνζεξαπεία (δεπηεξνπαζέο)

Αλαηκία (καθξνθπηηάξσζε, δπζπιαζηηθόο 
κπειόο)

Λνηκώμεηο (δπζιεηηνπξγία νπδεηεξνθίισλ, 
νπδεηεξνπελία 50%)

Θξνκβνπελία 25%



Γαθηπιηνεηδείο ζηδεξνβιάζηεο



Σαμηλόκεζε WHO
Πεπιθεπικό αίμα Μςελόρ οζηών

Ανθεκηική αναιμία (RA) Αλαηκία ρσξίο βιάζηεο Γπζπιαζία εξπζξάο 

ζεηξάο

Ανθεκηική αναιμία με δακηςλιοειδείρ 

ζιδηποβλάζηερ (RARS)

Αλαηκία ρσξίο βιάζηεο Γπζπιαζία εξπζξάο 

ζεηξάο

Γαθη. ζηδεξνβιάζηεο

Ανθεκηική κςηηαποπενία πολλαπλών ζειπών

(RCMD)

Κπηηαξνπελία 2 ή 3 

ζεηξώλ

Γπζπιαζία 2 ή 3 ζεηξώλ

Ανθεκηική κςηηαποπενία πολλαπλών ζειπών με 

δακηςλιοειδείρ ζιδηποβλάζηερ (RCMD-RS)

Κπηηαξνπελία 2 ή 3 

ζεηξώλ

Γπζπιαζία 2 ή 3 ζεηξώλ

Γαθη ζηδεξνβιάζηεο

Ανθεκηική αναιμία με πεπίζζεια βλαζηών 1 & 2

(RAEB 1&2)

Κπηηαξνπελία 

βιάζηεο<5–19%

Βιάζηεο 5-20%

Αηαξινόμηηο ΜΔ΢ (MDS-U) Κπηηαξνπελία Γπζπιαζία κπειηθήο ή 

κεγαθ. ζεηξάο

ΜΔ΢ με del5q (5q- syndrome) Αλαηκία 

Θξνκβνθπηηάξσζε

del5q

Υπόνια μςελομονοκςηηαπική λεςσαιμία (CMML) Μνλνθύηηαξα >1000/κl

Βιάζηεο <5-19%

Βιάζηεο <10-19%



MATURATION DISORDER





Έλλειτη B12
Αλεπάξθεηα θνβαιακίλεο (βηη. Β12)
– Καθνήζεο αλαηκία (Biermer): αληηζώκαηα έλαληη:

ελδνγελνύο παξάγνληα

ηνηρσκαηηθώλ θπηηάξσλ

– Γαζηξεθηνκή 

– H. pylori

– Γπζαπνξξόθεζε: λ. Crohn, ζ. ηπθιήο έιηθαο

– Φπηνθαγία 

Αλεπάξθεηα θπιηθνύ
– Διιεηπήο δίαηηα

– Απμεκέλεο αλάγθεο: θύεζε, αηκνιπηηθέο αλαηκίεο

– Φάξκαθα



Μεγαινβιαζηηθή αλαηκία
Αλεπάξθεηα θνβαιακίλεο (βηη. Β12)
– Καθνήζεο αλαηκία (Biermer): αληηζώκαηα έλαληη:

ελδνγελνύο παξάγνληα

ηνηρσκαηηθώλ θπηηάξσλ

– Γαζηξεθηνκή 

– H. pylori

– Γπζαπνξξόθεζε: λ. Crohn, ζ. ηπθιήο έιηθαο

– Φπηνθαγία 

Αλεπάξθεηα θπιηθνύ
– Διεηπήο δίαηηα

– Απμεκέλεο αλάγθεο: θύεζε, αηκνιπηηθέο αλαηκίεο

– Φάξκαθα



Κιηληθέο εθδειώζεηο

Αλαηκία (ιεκνλνεηδήο ρξνηά δέξκαηνο)

Νεπξνςπρηαηξηθέο εθδειώζεηο (ΜΟΝΟ ζε 
αλεπάξθεηα Β12)

– δηαηαξαρή κλήκεο – ζπγθέληξσζεο, άλνηα

– Πεξηθεξηθή λεπξνπάζεηα (δηαηαξαρή ελ ησ βάζεη 
αηζζεηηθόηεηαο, παξαηζζεζίεο, αδπλακία, 
ζπαζηηθόηεηα, αζηάζεηα βάδηζεο) – ππνμεία 
ζπλδπαζκέλε εθθύιηζε (νπίζζησλ θαη πιάγησλ 
δεκαηίσλ)

Γισζζίηηδα





Δξγαζηεξηαθά επξήκαηα

Μαθξνθπηηάξσζε – MCV>100

Πνιπθαηάηκεηα νπδεηεξόθηια

Μεγαινβιάζησζε κπεινύ

Αύμεζε LDH – έκκεζε 

ππεξρνιεξπζξηλαηκία

Λεπθνπελία – ζξνκβνπελία

Αύμεζε νκνθπζηεΐλεο θαη κεζεηνλίλεο





Πνιπθαηάηκεηα πνιπκνξθνπύξελα



Μεγαλοβλάζηερ



ΘΕΡΑΠΕΙΑ

Αληηθαηάζηαζε
– 1000 κg / wk X 8 wks im

– 1000 κg / month im / for life

– or

– 2 mg crystalline B12 pos / daily

– 1 mg folate /daily

– Folinic acid if due to drugs
100 – 200 mg/d

rescuvolin



ΑΙΜΟΛΤ΢Η/ΑΙΜΟΡΡΑΓΙΑ



Normal red cell turnover
• normal RBC survival of ~ 120 days

• macrophages of the reticuloendothelial (RE) 
system removes RBC‟s

– unclear what marks a red cell for removal

– spleen is major site of RBC clearance

• RE system is extravascular

– 90% of normal RBC destruction occurs without 
release of hemoglobin into circulation.



The fate of intravascular hemoglobin

free Hb

(a2b2 tetramers)

Hb

dimers
haptoglobin

haptoglobin-

hemoglobin

complex

kidneys liver

metHb

binds to

hemopexin &

albuminferriheme (Fe3+)globin



Αηκόιπζε θαηαζηξνθή RBCs

Extravascular 
Hemolysis

Ingested by RE cell 
(spleen & liver)

Heme Globin

Iron Protoporphyrin

Reutilized

bilirubinReutilized

Intravascular Hemolysis

Hgb liberated 
in blood vessel

Hgb + haptoglobin

Hgb + albumin

Hgb excreted 
in urine

 Serum 
haptoglobin

+ hemalbumin 
& plasma Hgb

+ 
hemoglobinuria 
& hemosidenuria



Γηαθνξηθή δηάγλσζε

Hemolytic Anemia

Intrinsic 
RBC defect

Extrinsic RBC 
injury

MAHA

*MAHA: microangiopathic hemolytic anemia

Non-immuneImmune

Auto-
Ab

Allo-
Ab

Trauma

Toxins

Big 
spleen

Membrane 
defects

Enzyme 
deficienc
y

Hgb 
defects



Extravascular vs Intravascular hemolysis

Extravascular Intravascular

Test Hemolysis Hemolysis

LD  

bilirubin  

haptoglobin N to absent absent

hemoglobinuria absent present

free Hb in plasma absent present

urine hemosiderin absent present



An approach to hemolytic anemia

Immune Non-immune

Congenital Acquired

Defects of: 

• RBC membrane/

skeleton 
(eg. Hereditary spherocytosis)

• RBC enzymes
(eg. G6PD deficiency)

• Hemoglobin

• Infections

sepsis

malaria

• Mechanical

prosthetic heart valve

microangiopathic HA

• Autoimmune

• Alloimmune

• Drug-induced

(other causes of 

immune hemolysis 

are rare)

Hemolytic anemia



An approach to hemolytic anemia

Immune Non-immune

Congenital Acquired

Defects of: 

• RBC membrane/

skeleton 
(eg. Hereditary spherocytosis)

• RBC enzymes
(eg. G6PD deficiency)

• Hemoglobin

• Infections

sepsis

malaria

• Mechanical

prosthetic heart valve

microangiopathic HA

• Autoimmune

• Alloimmune

• Drug-induced

(other causes of 

immune hemolysis 

are rare)

Hemolytic anemia



Immune hemolysis

• most frequent cause of hemolysis

• due to IgG or complement on red cells

– tags the red cell for phagocytosis

– spherocytes if incomplete phagocytosis

– lysis of RBC occurs if complement cascade 
goes to completion



Autoimmune hemolysis

• Most common type of immune hemolysis

• primary (idiopathic)

• secondary

– autoimmune hemolysis secondary to:

• autoimmune condition (such as SLE)

• infection

• lymphoma or CLL



Diagnosis of immune hemolytic anemia

– 1. Direct Antiglobulin Test (DAT or direct Coomb‟s test)
– detects IgG or complement on patient’s red cells

– the vast majority of patients with active immune hemolysis will 
have a positive DAT.

– 2. Indirect Antiglobulin Test (IAT, indirect Coomb‟s 
test)

– detects antibody in patient’s serum against red cell antigens

– A positive IAT does not necessarily mean hemolysis is occurring -
It may simply mean allo-immunization due to previous exposure 
to “foreign” red cell antigens (past pregnancy or transfusion).

– 3. Peripheral Blood Film:  spherocytes



Warm Auto Antibodies (IgG)

• Types of IgG

– IgG1

– IgG2

– IgG3

– IgG4

• Affinity for complement

– G3>G1>G2>G4

80%

5%

15%

minimal



Cold Auto Antibodies (IgM)

• IgM directed against „Antigen I‟ on red cells

• Seen in

– Elderly

– Lymphomas

– Infections - EBV, mycoplasma

• DAT (Coombs) - + for C3, negative for IgG

• Treat - stay warm





Indirect antiglobulin test
(aka Indirect Coombs Test)

Patient’s 

serum

ABO Rh 
compatible 
red cells

+

incubate

IgG

C3

C3

IgG

C3

IgG

Rabbit or human 
anti-IgG and/or 
anti-C3 Antibody

Agglutinatio
n=positive



IMMUNE HEMOLYSIS
Drug-Related

• Immune Complex Mechanism

– Quinidine, Quinine, Isoniazid

• “Haptenic” Immune Mechanism

– Penicillins, Cephalosporins

• True Autoimmune Mechanism

– Methyldopa, L-DOPA, Procaineamide, 
Ibuprofen



Treatment of autoimmune 
hemolysis

• treat the underlying cause, if there is 
one

• stop suspect drugs if possible

• prednisone

• transfuse RBC‟s, if needed



An approach to hemolytic anemia

Immune Non-immune

Congenital Acquired

Defects of: 

• RBC membrane/

skeleton 
(eg. Hereditary spherocytosis)

• RBC enzymes
(eg. G6PD deficiency)

• Hemoglobin

• Infections

sepsis

malaria

• Mechanical

prosthetic heart valve

microangiopathic HA

• Autoimmune

• Alloimmune

• Drug-induced

(other causes of 

immune hemolysis 

are rare)

Hemolytic anemia



Membrane defects

 Hereditary vs acquired

 Spherocytosis

 Elliptocytosis

 Stomatocytosis



Membrane defects

 Abnormal shape of red cells

 Decreased flexibility of RBC membrane

 Inability to pass through spleen

 “conditioned” by spleen

 Membrane loss



Hereditary spherocytosis

• most common inherited red cell 
membrane disorder 

• 1/5000 in northern European populations

• autosomal dominant

• caused by mutations in the genes that 
encode RBC membrane cytoskeleton 
proteins.



loss of membrane = loss of SA = loss of deformability = increased splenic clearance

Normal

Hereditary spherocytosis

membrane

cytoskeleton



Membrane defects

Model of RBC membrane



Membrane defect in HS



Hereditary spherocytosis

• Spherocytes are cleared by the spleen 
more rapidly

– lack of deformability means they cannot 
squeeze through the sieve-like slits of the 
spleen.



Hereditary spherocytosis
• Clinical features:

– clinical severity varies

– most have mild to moderate anemia

– splenomegaly, cholelithiasis, jaundice may occur

• Laboratory features

– hemolytic anemia with spherocytes

– osmotic fragility test

– negative DAT







Hereditary spherocytosis

• Treatment

– most patients do not need treatment

– splenectomy

– counsel patient and family about 
inheritance



Hereditary elliptocytosis

 Autosomal dominant

 Ddx

 Iron deficiency

 Thalassemia

 Megaloblastic anemia



Hereditary elliptocytosis



Hereditary stomatocytosis

 Wide transverse slit or stoma

 Few stomatocytes (3-5%) on smear can 

be normal



Hereditary stomatocytosis



An approach to hemolytic anemia

Immune Non-immune

Congenital Acquired

Defects of: 

• RBC membrane/

skeleton 
(eg. Hereditary spherocytosis)

• RBC enzymes
(eg. G6PD deficiency)

• Hemoglobin

• Infections

sepsis

malaria

• Mechanical

prosthetic heart valve

microangiopathic HA

• Autoimmune

• Alloimmune

• Drug-induced

(other causes of 

immune hemolysis 

are rare)

Hemolytic anemia



Enzyme deficiencies

 Glucose-6-phosphate dehydrogenase 

deficiency

 Pyruvate kinase deficiency



G6PD deficiency

• Most common inherited red cell enzymopathy

– up to 10% of those with African and 
Mediterranean descent

• Over 200 million people worldwide

• ? Survival advantage with malaria infection

• X-linked -Extensive polymorphism

• hemolysis is due to increased oxidative 
damage to red cells



G6PD deficiency

• clinical severity highly variable 

– Most experience little or no anemia unless 
exposed to precipitating event or drug

– precipitants:

• infections

• sulfa, primaquine, dapsone

• fava beans



G6PD deficiency

Oxidative stresses

 Severity of hemolytic anemia depends on 

 the type of defect

 the level of enzyme activity

 the severity of oxidant challenge

Acetamilide

Methylene blue

Napthalene

Nitrofurantoin

Sulfamethoxazole

Sulfamilamide

Sulfapyridine

Toluidine blue



G6PD deficiency

• Laboratory diagnosis
– bite cells

– Heinz bodies

– measure G6PD level

• Treatment
– supportive

– avoid precipitants

– counsel patient/family



G6PD deficiency (Heinz body anemia)



Pyruvate kinase deficiency

 Defects in glycolytic pathway

 Decreased production of ATP

 Rare

 Autosomal recessive

 Heterogeneous disorder



PK deficiency



Differential diagnosis

Hemolytic Anemia

Intrinsic 
RBC defect

Extrinsic RBC 
injury

MAHA

Non-immuneImmune

Auto-
Ab

Allo-
Ab

Trauma

Toxins

Big 
spleen

Membrane 
defects

Enzyme 
deficienc
y

Hgb 
defects

Sickle 
cell, 
thalassemia



Paroxysmal Nocturnal 
Hemoglobinuria

• Clonal cell disorder

• Ongoing Intra- & Extravascular hemolysis; 
classically at night

• Testing
– Acid hemolysis (Ham test)

– Sucrose hemolysis

– CD-59 negative (Product of PIG-A gene)

• Acquired deficit of GPI-Associated proteins 
(including Decay Activating Factor)



GPI BRIDGE



Paroxysmal Nocturnal Hemoglobinuria
GPI Proteins

• GPI links a series of proteins to outer leaf of 
cell membrane via phosphatidyl inositol 
bridge, with membrane anchor via 
diacylglycerol bridge

• PIG-A gene, on X-chromosome, codes for 
synthesis of this bridge; multiple defects 
known to cause lack of this bridge

• Absence of decay accelerating factor leads to 
failure to inactivate complement & thereby to 
increased cell lysis



PNH

 Clinical findings:
 The classic presentation is of hemoglobinuria in the first 

morning urine specimen. 

 The intravascular hemolysis that occurs during sleep may 
also be triggered by infection, surgery, or drugs.

 Most patients also have hemosiderinuria.  

 Abdominal and back pain and headaches occur due to 
thrombosis of the abnormal platlets

 Lab findings:
 The peripheral smear shows pancytopenia with a 

normochromic, normocytic anemia and increased 
reticulocytes.  

 The bone marrow is hyperplastic.  

 The sucrose hemolysis and Ham's tests are positive and 
there is decreased leukocyte alkaline phosphatase in the 
granulocytes  



TTP



Spur cell anemia



Thermal injury



Plasmodium









 



  

 

HbA HbF HbA2

98% ~1% <3.5%

Hemoglobins in normal adults



Heme



Globin





 

Chromosome 16 Chromosome 11

25% 25%

  

25% 25% 48%

48%

1.5%0.5%

1.5%0.5%

Hemoglobin synthesis



Hemoglobinopathy
definition

An inherited mutation of the globin 

genes leading to a qualitative or 

quantitative abnormality of globin 

synthesis



Structural hemoglobinopathy

Amino acid substitution in the globin 
chain e.g. sickle hemoglobin (HbS)



The Thalassemias

Syndromes in which the rate of synthesis of 
a globin chain is reduced

beta thalassemia - reduced beta chain 
synthesis
alpha thalassemia – reduced alpha 
chain synthesis



Hemoglobinopathies

Beta Chain Substitutions

Hgb S: Valine for glutamic acid

(6th position, beta chain)

Hgb C: Lysine for glutamic acid

(6th position, beta chain)



Hemoglobinopathies

Alkaline Electrophoresis

- C S F A +

A2 D

E G
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Sickle
Cells

Erythroblasts

Howell-
Jolly Body

Sickle Cell Anemia – blood film



Sickle Cell 

Anemia –

EM of red 

cell 

showing 

‘tactoids’



Fibres of Sickle Hemoglobin



Fibres of 

Sickle 

Hemoglobin 

– cross 

section



Sickle cell anemia – clinical features

1. Hemolysis

2. Occlusion of blood vessels

a. bone („painful crisis‟)

b. lung („acute chest syndrome‟)

c. brain

d. heart

e. spleen („Acute splenic sequestration‟)

f. hands (dactylitis in children)

g. other



Sickle Cell Anemia - treatment

• Opiates and hydration for painful crises

• Pneumococcal vaccination

• Retinal surveillance

• Transfusion for serious manifestations 
(eg stroke)

• Hydroxyurea

• Stem cell transplant



Sickle Cell Trait

• Heterozygous state for HbS (HbAS)

• No serious clinical consequences

• Sudden death during intensive training

• Hematuria, isosthenuria (renal papillary 
necrosis)



Beta thalassemia

• Impaired production of beta chain

• beta thalassemia minor – heterozygous (or trait)

• beta thalassemia major - homozygous



Beta thalassemia trait

• No symptoms

• Mild microcytic anemia



Beta thalassemia - heterozygous (minor or trait)



Beta thalassemia major

• No beta chain produced (no HbA)

• Severe microcytic anemia occurs 

gradually in the first year of life

• Marrow expansion

• Iron overload

• Growth failure and death 



Beta thalassemia major





Beta thalassemia major
Male 18 years



Beta thalassemia major 
treatment

• Transfusion

• Iron chelation

• stem cell transplant



Alpha thalassemia

/



Normal

/

-

Mild microcytosis

/-

-

Mild microcytosis

-/- - Hemoglobin H disease

- -/- - Hemoglobin Barts – Hydrops Fetalis



Hemoglobinopathy-antenatal 
diagnosis

• Test partners of heterozygous 

or affected individuals

• Antenatal diagnosis from DNA 

obtained by chorionic villus 

sampling, or by amniocentesis



Thalassemia major



Thalassemia minor



Thalassemias

 Hemoglobin Constant Spring – formed by a 
combination of two structurally abnormal a
chains (each elongated by 31 amino acids at the 
COOH end) and two normal b chains. 
 The abnormal a chains are inefficiently synthesized 

resulting in an a thal 1 like phenotype (excess b chains)
 Homozygous individuals have mild hypochromic, 

microcytic anemia similar to a mild a a thalassemia.

 Hemoglobin Lepore – a normal a chain plus a -b
hybrid (N-terminal , and C-terminal b).

 There is ineffective synthesis of the hybrid chain leading to 
a chain excess and the same problems seen in b
thalassemia.








