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¥. Hemolytic anemia

# Hemolytic anemia is a class of anemia that is caused by accelerated destruction of red blood
cells, increased hemoglobin catabolism, decreased levels of hemoglobin, and an increase in
efforts of bone marrow to regenerate product. _

# Hemolytic Anemia is ofter@ubcategorizedyepend on either :

2acute and chronic disease.

4 immune vs. non-immune mediated. (_ UeelomiSne & cemse)

Zintravascular or extravascular. Cg-de)
#inherited or acquired. CChLLJe:D

Fintracorpuscular or extracorpuscular.




< intracorpuscular vs extracorpuscular. <
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A. Hereditary defects:
s« Membranopathy: Spherocytosis. - Antlbody- medlated
sEnzymopathy: G6PD Deficiency.

» Hemoglobinopathies: Sickle cell disease - ) Mechanical trauma to red cells
- Deficient globin synthesis: Thalassemia syndromes. '
&
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- B. Acquired Defects: »1 = Infection: Malaria
- Membrane defect: PN=H
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# cell destruction inside
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intravascular vs extravascular.

Intravascular
HemolysiS
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the blood vessels.
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@ *hemoglobinuria.
@ *hemosiderinuria . —> cawce
*Marked decrease in Haptoglobin
“almost absent”
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Extravascular
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# destruction of red cells by

spleen
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Z*Mild decrease in Haptoglobin.
*No Hburia, Hbemia, and
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phagocytes, particularly in the liver and

D 57 s

A }vq W$Col\

\_ _/




Activation of Complement /
on RBC Membrane @ Toxic Microenvironment of
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Paroxysmal noctural 0 y the RBC
hemoglobinuria S ~ Bacterial infections
Paroxysmal cold 52 \
hemoglobinuria l Physical or Mechanical ' — Plasmodium falciparum
Some transfusion reactions Trauma to the RBC infection
Microangiopathic Venoms
; ; an~—
Some autoimmune hemolyticanemia TV
hemolyticanemias Abnormalities of heart Thermal injury
vessels PR o Ol (aD
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Disseminated intravascular A rug reactionin
coagulation G6PD deficiency



— FEATURES OF HEMOLYTIC ANEMIA —
(Intra- and Extravascular)

~~Shortened RBCs survival C 1 ke 2D

~Elevated erythropoietin level leading to increased erythrpoiesis and

early release of RBCs from marrow = bfevqbzc.mg,
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s= Reticulocytosis — Z,*Mcﬁ’%*ew
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iAccumulation of products of Hb. Catabolism Z
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» Elevation in indirect Bilirubin and LDH
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Schistocyte

Q;) A simplified approach to diagnosis of haemolytic

Sickle cell

anaemias
ORC ol St 13k efe

Laboratory features suggestive of haemolytic anaemia

(Low haemoglobin, raised indirect serum bilirubin, reticulocytosis)
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Autoimmune Hereditary

Bite cell
iExaminjtion of blood smear ‘2 - 2L s .
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Schistocytes Microcytic ~ Sickle cells Bite cells Normal Malaria

red cells parasite
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Microangiopathic

haemolytic anaemia 11, assaemia Sickle-cell GBED  PNH,

disorders deficiency G6PD
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haemolytic spherocytosis l deficiency,
anaemia , unstable
ERRE—R Hb electrophoresis haemoglobin
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Thrombotic Haemolytic  Disseminated )V 'O Qt.; o
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1. HEREDITARY SPHEROCYTOSIS |

~ inherited (intrinsic) defects in the red cell membrane that lead to the formation of spherocytes,

Y bnondeformable cells that are highly vulnerable to sequestration and destruction in the spleen,
WO — — -

¢, caused by inherited defects in the membrane skeleton, a network of proteins that stabilizes the
lipid bilayer of the red cell

Lipid bilayer.
0000000000000

Normal

=

Splenic |
macrophage




F# Usually transmitted as Autosomal dominant trait, due to mutations in Spectrin, Ankyrin, and
band 3.

# Clinically characterized b,i:

(Severity of anemia correlates with spectrin deficiency):

® Anemia, splenomegaly andjaundice./TL\\\wL;{n
® Gallbladder stones by billiulsia)C mgmededs shove )
® Aplastic crisis: Due to infection by Parvovirus Big
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2. G6PD Deficiency

Ls cauye 5@ }JA’DPH —>- Ccude ‘\j']ul-c.ﬂmn'm

redpchiw .

# glucose-6-phosphate dehydrogenase (G6PD, located on chromosom@ has a major rolein
defense against oxidant injury, mediated by disposal of H202, a potential oxidant.
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[Glucose-6-phosphate 6-Phosphogiuconate]

G6PD # Decrease in GSH causes
/ \ hemolysis in cells exposed to
oxidant agent.
NADP NADPH

Patients are asymptomatic until exposed to :
* Drugs: eg. Antimalarial, sulfonamides.

reductase \

\ Glutathione

GSH GSSG * Favism o
\ * Products of free radicals in infections.
Ha0, amyol>t o sl Glutathione S T H=0.
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Pathogenesis

?/Because regeneration of GSH is impaired in G6PD-deficient ceﬂsK

¢ oxidants are free to “attack” red cell components including globin chains.

oxdahon g — T e Jleleys
¥ Oxidized hemoglobin denatures and precipitates, forming Heinz bodies, which can damage the red cell
membrane (intravascular hemolysis). wawoz

— Other cells with lesser damage lose their deformability and suffer further injury when splenic

phagocytes attempt to remove the Heinz bodies, creating bite cells, (extravascular hemolysis).
NRATS
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| IMMUNE HEMOLYTIC ANEMIA |

— Immunohemolytic anemia is caused by antibodies that bind to determinants on red cell
membranes. These antibodies may arise spontaneously or be induced by exogenous agents such
as drugs or chemicals. o 2y QJ»«JM

# The diagnosis depends on the detection of antibodies and/or complement on red cells. This is
done with:

* Direct Coombs test, in which the patient’s red cells are incubated with antibodies against
human immunoglobulin or complement.

*lindirect Coombs test, which assesses the ability of the patient’s serum to agglutinate test red
cells bearing defined surface determinants, can then be used to characterize the target of the
( antibody.
3
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<COOMB’s Test

Coombs’ Direct
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i Hemolytic Anemia Due to Mechanical Trauma to RBCE

Etiology S W MorpholoquP,wJ,m s, = O ' ¢

* Artificial vaIvescw_«so dieke dw» * Significant *f RECD Q ~ &

. Mlcroanglopath|c hemolytlc yoikilocytosis with D "
anemia . erokibe _@RBQJI:eImet cells/ ( & O
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— Malignant hypertension and triangle cells O v, o
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— Hemolytic uremic syndrome ‘ j
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S HEMOGLOBINOPATHIES ¢

¥ Hemoglobinopathies are a group of hereditary disorders caused bﬁnherited
mutations that lead to structural abnormalities in hemoglobin>
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NORMAL HUMAN HEMOGLOBINS

- At W,
Hemoglobin A (a2B2)95% of adult hemoglobin,

Hemoglobin A2 (a262): 3% of adult hemoglobin.

Hemoglobin F (a2y2):
75% at birth
Heme
< 5% at 6 months St by lons (Fe2*]

in the center)

\ <1% inadults |




1. SICKLE CELL DISEASE

A“Sickle cell anemia, the prototypic hemoglobinopathy (and the most common), is caused by a
mutation in B-globin that creates sickle hemoglobin (HbS)

Sickle cell anemia

**» Pathogenesis : one base pair mutation resulting in the substitution

of valine for the glutamic acid at the 6th position of tf@:hain of Hb.
MG T

Normal red Sickle cell
blood cell

“* RBC life span decreased from a normal 120 days to 10-12 days
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Stiff and sticky
ickle cells get stuck




NORMAL B-GLOBIN
DNA......cccvveveeeeeeen JGA - GGA - CTC CTCL.......... ﬂ/
1315 7L ————— ACU CCU pEiEl GAG............ =
Amino acid.............. — thr — pro — glu — glu .........
MUTANT B-GLOBIN
DNA....ccovvvrcvveeee.... JGA GGA  CAC  CTC............
] {7 —————— ACU CCu pammm CTC............
Amino acid.............. — thr — pro — val — glu —.........
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& Cowe  Lecmé, 4o s
N rng'jtc | Deogglenation e F"‘ﬂ wizevhot
F, oo g P Irreversibly
shas_gaadt as i ad sickled YL,
w«g cell @
Released Hb«—— Hemolysis «— ‘ e A
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ﬁ/aso-occlusive phenomena. ¢ damage _
P Oxygenation
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) Additional
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, sickled Deoxygenation, deoxygenation
C ol:sxvu «-4"0*—) cell \ prolonged v
3¢ Microvascular transit times |
occlusion
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= Cell with dehydration
and membrane damage
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Clinical presentation >, o0 % &t
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Z)Asymptomatic till 6 months of age. Cy—e o R (LO'OC'S 0@ CO 8 { Q'% é
0,909, 0.
JIModerate to severe anemia (6-8 g/dl). Qon" 2(’: 00.' 0.‘(.. ‘
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AALaboratory investigation: CBC and blood smear, Hemoglobin electrophoresis.

T—, ‘HZ.O — mwa:& /l.sdham‘ﬂ

dTreatment: Adequate hydration / Pain relief/ Antibiotic therapyfexchange transfusion to
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2! Thalassemia

A Thalassemia's are inherited disorders caused by mutations in globin genes that
decrease the synthesis of a- or B-globin, leading to deficiency of Hb and red cell
damage.

A The mutations that cause thalassemia are particularly common in Mediterranean,
African, and Asian regions in which malaria is endemic.

J As with HbS, it is hypothesized that globin mutations associated with thalassemia
protect against falciparum malaria,




% Features of thalassemia

** Decreased globin chain synthesis leading to hypochromic microcytic anemia.

» Imbalance of globin chains — Reduced Hb synthesis and anaemia

Precipitation of abnormal Hb —Shaemolysis and ineffective erythropoiesis™
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NORMAL

Reduced 3-giobin synthesis,

Pp-THALASSEMIA
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- Normal erythroblast
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Normal red blood cells
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Most erythroblasts
die in bone marrow
(Ineffective erythropoiesis)

Insoluble «-globin aggregate
HbA
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g-Thalassemia

«Mutations leading to aberrant RNA splicing are the most common cause of B-thalassemia.
G L amaue 5’—'jmf/ fon. ROA wif= praire
# Mutations associated with B-thalassemia :
¢80 Bo: No B-globin chains are produced
>
£2) B+: Reduced (but detectable) B-globin synthesis.
L
1 allif
# B-thalassemia minor ( B-thalassemia trait):
Persons inheriting one abnormal allele
# B-Thalassemia major:

- —
o

- Persons inheriting any two Bo and B+ alleles



B-THALASSEMIA MAJOR & 05,45 °,0
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Genotype: B°/°, B*/B*, B/B >®0 0. 0 g d
iAge of manifestations: 6-9 months? o 06 8 © Oq
& |
Hb. Level: 3-6 gm/dlI (if un-transfused). : (o O,.\OQ):«Q “’O’ ©
Very highﬁ-l:ﬁ'_ﬁ, absent or decreased HbA, HbA2 Normal or increased

{Transfusion dependent’




B-THALASSEMIA MINOR

Heterozygous for gl or B* gene
p_orp —

4 increased HbA2 (> 3.5%) and/or HbF (1- 5%)
¢ Mild microcytic anemia (Hb 9-11 g/dL) T

Differential Dx: Iroylgﬂg@mrgmia




o-Thalassemio

Caused mainly by deletions involving one or more of the a-globin genes.
S Severity of the disease is proportional to the number of a-globin genes that are

missing.
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-o/ac: silent carrier state: asymptomatic

--/aa, -o/-a : o thalassemia minor: @symptomaticz
--/-a: Excess beta: Beta 4: HbH disease

--/-- : Excess Gamma: Hb Barts, Deathin utero@ydrops fetalisz




Alpha-thalassemia Genetics and Clinical Consequences

—H—-
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;o Carrier: Asymptomatic —lil—l’.'l—
5 No abnormalities —“—n—

a-thal minor: Asymptomatic —C—ILE— —CB——
Mild microcytic anemia _“_n_ o M

Hb H Disease: Symptomatic o O gu O o
Hemolytic and Microcytic anemia M

Splenomegaly

Incompatible with Life —n—n—

Normal
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Peripheral smear
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g{ Red cell inclusion bodies ¢




