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NORMAL Hb AND STRUCTURE

Unique Features of Erythrocytes Hemoglobin Structure

Four subunits
two «

1. Deformability

two 8
Iron u chaln iy
Heme
Binds 4 O,

2. No nucleus

3. No ribosomes

red blood cell
8 chain

. B « chain

)
helical shape of the
polypeptide molecule

4. No mitochondria

5. Oxygen delivery by

Structure

hemoglobin
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Decreased haemoglobin concentration and/or PCV

Mechanisms

1. Decreased Red Blood Cell Production
a.Nutritional Deficiency
b.Bone Marrow Failure

2. Increased Red Blood Cell Loss
a. Acute Blood Loss

3. Increased Red Blood Cell Destruction
a. Intracorpuscular
b. Extracorpuscular



HEMOLYTIC ANEMIAS

 Definition

« Pathogenesis

» Classification

» General clinical features
 Laboratory evaluation of hemolysis
 Mangement



Hemolytic Anemias
Definition

» Hemolytic anemia is a form of anemia due to
shortening of life span of RBC less than 100 to
120 days following abnormal breakdown
either In the blood vessels or elsewhere

exceeding the erythropoletic capacity of the
bone marrow.



Intra vascular hemolysis

1. Hemoglobinuria
2. Hemoglobinemia
3. Haemosidunuria

Hemolytic anemias

Urobilinogen

Urine
Urobilin
4 mg/day

Bacterial action

Extra vascular hemolysis

(nsine )

Feces
Stercobilin

Breakdown of RBCs 75% || Cytochrome 450 25% P TS RBC
detruction
l Stored in liver
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Pathogenesis of H.Anaemia
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The fate of haemoglobin in the plasma following intravascular haemolysis




Classification

1) Inherited
2) Acquired
Inherited

Red cell membrane Red cell enzyme deficiency

abnormanty Glycolytic pathway, e.g. PK
Hexose monophosphate shunt,

Haemoglobin defect
Deficiency, e.g. thalassaemias
Abnormality, e.g. sickle-cell

disease.

- Hereditary spherocytosis " e, GOPD
- Hereditary eliptocytosis - Pyrimidine 5’ uncleotidase




Acquired
I

I
Non- Immune

Alloantibodies

| | Red cell antigen induced
- Transfusion reaction

Warm antibodies Cold Antibodies
| - Hemolytic disease of

Primary idiopathic Primary idiopathic secondary the newborn
Secondary - Infection, e.g. mycoplasma,
Autoimmune, e.g. SLE, RA EBYV, syphilis
Drugs, e.g. L-dopa, methyldopa, - Lymph proliferative
mefenamic acid, penicillin, quinidine, disorders, e.g. lymphoma
fludarabine

Autoantibodies

Lymphoid malignancy, e.g. CLL,
myeloma, lymphoma

Other malignancy, e.g. colon, kidney,
ovary, thymoma

Others, e.g. ulcerative colitis, HIV




Non- Immune

Chemical/ physical Acquired abnormal
Prosthetic valves membrane
Microangioptahic, e.g. - Paroxysmal
DIC, HUS, TTP nocturnal
\ETgeg haemoglobinuria

haemoglobinuria




Clinical signs and symptoms
of haemolytic anaemia

» General signs and symptoms universal
for all anaemia

e SIgns and symptoms specific haemolysis



CNS:
e Headaches, Vertigo
e Tinnitus
CVS:
e Palpitations
e Chest pain
General:
e Shortness of breath
» Fatigue
» \Weakness
* Prone to infection
e Pallor
» Muscle Cramp




Specific Manifestation of H. Anaemia

1.Anaemia
2.Jaundice
3.Splenomegaly
4.Cholelithiasis
5.Leg ulcers
6.Skeletal changes
7.Crisis

- Aplastic crisis

- Hemolytic crisis

- Megaloblastic crisis




aboratory tests
= Blood- CBC, Hb%,reticulocyte count-
= Blochemical test- billirubin,LDH,urinary billirubin
= Peripheral blood film

= BONE MARROW EXAMINATION

= Special Lab. Examinations-



Hallmarks of Haemolysis
1.\ Haemogolobin
2.1 Unconjugated bilirubin
3.1 Lactate dehydrogenase
4.1 Reticulocytes
5.1 Urinary urobilinogen

Additional features of intravascular haemolysis
1. Ny Haptoglobin
2. P Methaemalbumin
3. Positive urinary haemosiderin
4. Haemoglobinuria



RED BLOOD CELL MORPHOLOGY
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Howell Jolly Bodies

Heinz Bodies

Pappenheimer Bodies

Hemoglobin H Inclusion

Basophilic Stippling

DNA
Hemoglobin
.\._,./ |
Supravital stain
Iron deposits
B o' 0}
‘:..: .-.0. Hemoglobin
F"!l*
Supravital stain
Ribosomes

Hyposplenism
Asplenism
Severe hemolytic anemia

G6PD deficiency
Oxidant drugs
Unstable hemoglobin

Thalassemia
Sideroblastic anemia
Hemolytic anemia
Post-splenectomy

Hemoglobin H disease

Lead poisoning
Thalassemia
Sickle cell anemia
MDS



aboratory Evaluation of Hemolysis

Extravascular Intravascular
Hematologic
« Blood film  Polychromatophilia Polychromatophilia
 Reticulocyte Increased Increased

« Bone marrow Erythroid hyperplasia: Erythroid hyperplasia

Plasma or serum 1

« Bilirubin unconjugated Tunconjugated

» Haptoglobin {, absent absent

» Plasma free Hb N -4 + 1

+ LDH t t 1t

Urine

 Bilirubin 0 0

« Hemosiderin 0 +

« Hemoglobin 0 + ( severe cases)

 Urobilinogen f



Special Lab. Examinations

» Coombs antiglobulin test - Immune hemolysis
» Osmotic fragility test - Spherocytosis

« Autohemolysis- G6PD,PK, Spherocytosis
 Membrane protein analysis- Membrane defects
 Red cell sickling-Sickle cell anemia



« Hemoglobin electrophoresis and HbA2, Hb F,
HHDb,etc - Hemoglobinopathies and
thalassemias

 Red cell enzyme assays- RBC enzyme defects

 HAM and sucrose lysis tests and GPI-linked
protein analysis by flow cytometry- PNH

« Oxygen dissociation curve- High oxygen
affinity Hb



Intravascular Haemolysis showing
haemoglobinuria of decreasing severity
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Fig:- Autohemolysis test




HbA, HbF  HbA

Normal

B-Thalassaemia
trait

B-Thalassaemia
major

Sickle cell
trait

Sickle cell i
anaemia o

Fig:- Patterns of haemoglobin electrophoresis




HAM’S TEST

Principle The complement present in serum is
responsible for lysis of PNH cells with sensitivity to

acidifiction.
patient’s red cells suspension

_|_

acidified r—>  mixed with fresh complement
pH6.5 ,
37°C1h ( same type control serum

or patient’s own serum)

il /\

lysis: no lysis:

PNH

normal or lack of PNH cells
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A |Direct antiglobulin test (DAT) (Coombs test)

Detects the presence of antibody bound to
the red cell surface, e.qg.

1. Autoimmune haemolytic anaemia

2. Haemolytic disease of newborn

3. Transfusion reactions

I+ 7

Antibodies to
human globulin

Red cell
agglutination

Key

Red blood cells

Red cell antigen

Antibody bound
to red cell antigen

Indire-::t antiglobulin test (IAT) (indirect Coombs test)

Detects antibodies in the plasma, e.q.

1. Antibody screen in pre-transfusion testing

2. Screening in pregnancy for antibodies that may cause
haemolytic disease of newborn

Patient’s

Stage 1 \): Q Q—

A Red cells with Red cells with
known antigen Ag - Ab complex
expression on cell surface

~

Stage 2 )\

&

,ﬂmﬂbomes to Red cell
human globulin agglutination

Direct and indirect antiglubulin tests




" Blood Film |

!

Abnormal Red Cells

|

Haemoglobin
electrophoresis

3 ]

|

|

!

Spherocytes

Other
- Bite cells
- Blister cells
- Heniz bodies

Framgentation

l

Microangiopathic
haemolytic anaemia, e.g.

! !

l

- Eclampsia

Thalassaemia || Sickle HB
cell C,D,EH
disease

DCT +ve DCT -ve

- G6PD Vv

Enzyme defects, e.qg.

- Pyruvate kinase ¥
- Pyrimidine 5’ nucleotidasev/

- HUS
- TTP
- DIC

! v l
Drugs, e.g. Autoimmune haemolytic Malaria,
SO\ [=11)Y4 [0 [o] o ! anaemia Clostridium welchii
- Quinine
- NSAIDs | - - .
-~ Interferor | | Flow chart for diagnosis of Haemolytic
IgG- warm IgM- Cold Anaem ia




SPECIFIC TYPE OF HAEMOLYTIC
ANAEMIA



Usually defect in globin chain

Two types
1) Qualitative: Reduce or absence of a or § chain synthesis
a - Thalasssemia - a Chain defect
B- Thalassemia-  Chain defect
2) Quantitative : Structural abnormal of globin chain- Sickle
cell disease, 6 position Amino Acid glutamine replaced by
Valine



Thalassemia in Bangladesh

1) [3 Thalassemia carrier — 3%
2) Hb E trait — 4%
3) P /p Thalassemia or Hb E/ p — 33/10000 new born baby

Classification
1) a- Thalassemia
2) P Thalassemia

National Guideline of Thalassemia Management for Medical Doctors,DGHS



CLASSIFICATION a -thalassemia

NO. OF GENES |GENOTYPE |CLINICAL CLASSIFICATION
PRESENT

4 genes aa/acc Normal

3 genes aa/-a  Silent carrier

2 genes -a/-a  othalassemia trait
or aoy/--

1 gene -ol/- - Hb H Ds

0 genes --/-- Hb Barts / Hydrops

fetalis

CLASSIFICATION OF B THALASSEMIA

CLASSIFICATION |GENOTYPE CLINICAL SEVERITY

B thal minor/trait B/B+, B/B0 Silent
B thal intermedia B+ /B+, B+/B0O Moderate

B thal major B0/ O Severe



e Usually present within 2 years of age.
e Failure to thrive

e Repeated infection

e Pallor

e Splenomegaly (and hepatomegaly if not transfused sufficiently)
e clinically evidenced jaundice

e Regular transfusion required before 2 year of age for normal
growth and development

e Bony expansion causing frontal bossing, malar prominence etc
along with growth retardation




NESTROFT (Naked Eye Single Tube Red Cell Osmotic Fragility Test)- This

test is simple, cheap, easy to perform and effective in detecting Beta
thalassaemia trait.

NESTROFT Positive NO Haemolysis of RBC Decreased Suspected 3 (Beta)
Test Therefore, line is not Osmotic Thalassaemia- a trait
clearly seen fragility test Confirmed by Hb
electro/HPLC
NESTROFT Negative Haemolysis of RBC occurs Normal Normal person
Test Therefore, line is clearly  Osmotic
seen fragility test

l J*s '. 1
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DIAGNOSIS - Hb

ELECTROPHORESIS D
Thal. Major - Hb F: 98 % : |

Hb AZ2: 2 A

NORMAL —
HEMOGLOB Ve ol &Y
IN ,-“ Y %
Hb F 10-98% variable <1% : : :
Hb A Absent 80-90% 97 % 3 -
Hb A2 variable 5-10% 1-3%
(increased)

X-ray film of the skull

(showing perpendicular radiations resembling a crewcut)

striking expansion of hematopoietically active marrow. In the bones of the face and skull the
bureeonine marrow (ervthroid hvnernlacia) nerforatec/erodes exicstine cortical bone

F



* Blood Transfusion

* [ron Chelation

 Pharmacological agents for induction of Hb F-Hydroxyurea,
* Splenectomy

* Bone marrow transplantation

 Treatment of Complications

* Psychological support



Ocular

Background retinopathy
Proliferative retinopathy
Vitreous bleeds

Pulmonary

Sickle chest syndrome
Infection

Pulmonary hypertension

Osteomyelitis

Autosomal recessive A
inheritance

Hepatic sequestration —

Cholelithiasis

Renal

Enuresis
Haematuria
Papillary necrosis
Chronic renal failure

Dactyilitis

CNS
Subarachnoid bleed

Arthropathy

¢

Priapism

Leg
ulceration

Fits
- Cerebrovascular
event
Cardiac
Sickle myocardium

Cardiomegaly
Transfusional iron overload

A Splenic infarction

Vertebral collapse
Osteoporosis

Avascular necrosis

HbC — .

-
g
3
®

HbS —
HbA —
HbF —
&
w
S

wior il

A Electrophoresis gel

Clinical and laboratory features of Sickle-cell disease.



SICKLING TEST

Method:
1) A sample of venous blood or capillary blood may be collected for this test.

*Venousblood from the arm.*Capillary blood from the finger tips or ear lobes and in
infants from the heel of the foot.
2) Mixing blood with the reducing agent, sodium metabisulphite, will induce sickling in

susceptible cells.
3) the results can be viewed under a microscope after 20 minutes.

Negative Test This test is simple and quick, used PositiveTest
HbA to identify the presenceof HbS. HbS

Normal RBC
o

Positive sickling test associated

with a normal haemoglobin is likely
to indicate a patient with sickle cell

| Qrait. Y




(; G6PD Deficiency: Oxidative hemolysis

o gk W

G6PD deficiency.

Oxidative damage (old RBC)
Heinz bodies (globins)

Bite & blister cells (dry RBC*)
Episodic Hemolysis.
Splenomegaly, gall stones..

Glucose-6-phosphate 6-Phosphogluconate

G6PD

———

/\

S
P

NADP NADPH

reductase

\ Glutathione

J\

GSH GSSG

Glutathione

peroxidase

3\




Glucose-6-phosphate dehydrogenase deficiency

Clinical features
» Acute drug-induced haemolysis to:
- Analgeslcs: aspirin, phenacetin
- Antimalarials: primaquine, quinine, chloroquine, pyrimethamine
- Antibitics: sulphonamides, nitrofurantoin, ciprofloxacin
- Miscellaneous: quinidine, probenecid, vitamin K, dapsone
» Chronic compensated haemolysis
» Infection or acute illness
» Neonatal jaundice: may be a feature of the B enzeme
» Favism, |,e. acute haemolysis after ingestion of broad beans (Vicia fava)



Laboratory features
Non-spherocytic intravascular haemolysis during an
attack

1.Blood film show

» Bite cells Blister cells

»Irregularly shaped small cells

» Polychromasia reflecting the reticulocytosis
» Denatured haemoglobin visible as heinz bodi

2.G6PD level-



Deficiency glucose-6-phosphate dehydrogenase:
peripheral blood film showing Heniz bodies in
red cells a
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Glucose-LTTr-p osphate

dehydrogenase deficiency: urine
samples showing hemoglobinuria B
of decreasing severity following "

an episode of acute intravascular
hemolysis.
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Favism is entirely preventable by not eating fava
beans.

 Alternative drugs

« Hydration

* Blood transfusion

« Acute renal failure - Haemodialysis



Hereditary Spherocytosis: Spectrin deficiency*

Primary membrane
skeletal defect

¥ Membrane stability
Membrane loss <—
¥ Surface to volume ratio

(spherocytosis)
i Deformability

'

‘ - Splenic trapping
. Chronic hemolytic anemia (from birth or late)

1

2. Plenty of spherocytes. Eribrsias
3. Massive splenomegaly. §Glucose  §pH
4
5

. Cholecystitis and cholelithiasis
Phagocytosis |
Extravascular hemolysis

. Aplastic, megaloblastic or hemolytic crisis

_ o




* There is currently no treatment of HS

- Blood transfusion in case of severe hemolytic
crises

* Folic acid supplementation s5mg/d

* Splenectomy should be postponed until g4yrs of
age
‘Indication — severe hemolysis, family history

death from similar disease, evidence of
cholecystitis & cholelithiasis



Immune Hemolytic anemia IgG/IgM:

= Causes :

- RBC Antibody (Commonest)
= Pathogenesis:

- Warm/ 1gG coated RBC lysis in spleen.

Splo
mm'wﬂage )

IgG Antibody

: . . —
Drugs, Idiopathic (predominantly T o8
extravascular) g—w—l TV 5 O%%D

- Cold/ IgM- (Infections, Lymphoma) RBC
Clumping & complement fixation lysis in BV
& Liver. (predominantly intravascular)
= Morphology:
- Spherocytes (warm) / RBC clumps (cold).
= Clinical Features:
- Anemia, Jaundice, Splenomegaly in chronic.
- Diagnosis: Com’s test™.




TREATMENT

 Transfusion of red cells
* The first-line — glucocorticoids(1 mg/kg)

Rituximab(anti CD 20) remissions upto 80%
- Second-line - long-term immunosuppression with

low-dose prednisone, azathioprine, or
cyclosporine.

- splenectomy



(,'! MAHA - Microangiopathic Hemolytic An.

Mechanical damage:

Etiology:
= DIC, TTP, HUS

= \alve disease / Artificial valves.

= March Hemoglobinuria.

Morphology:

= Fragmented RBC: Schistocytes.

= Polychromasia — reticulocytes.
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Take Home Message

Causes of Hemolytic Anemia varies from congenital to acquired
Three basic features- Anemia, Jaundice & Splenomegaly
Three basic tests - Reticulocyte count, PBF & LDH
Treatments- Symptomatic & Supportive
Blood Transfusion,
Steroid,
Immunosuppressive,
Splenectomy,
BMT/SCT,

Gene therapy



e ——

THANK YOU

A

kA




Table 1 - The most commion causes of hemolysis classified by type.

. . it of
Dedact Eticlogy Abrormrality Exnmples hemolysis
Enzymopathies GEPD dehciency, pynaate kinase decicency
— inheried Hemoglobinopathies Thalassamia, sicke cell anemin EV
ninnsic —
Mesriranopathies Hereditary sphemnoyiosis, slipiocyioss
Mocturnal paroxysmal hemoglobinunia n
Warm amtbodies [igz]
= |diopathic, lymphoproffesntes (CLL, EV
MHL}, BLE, non-ymphaoid
malignancies
At Cal antibodies [lgG]
ImETIIne .
« |diopathic, M. preumonie,
hemoiytic anemio oF ) e ) 1)
monorudieosis, ymphoprokferotres [lsa EV}
[Waldersioms), parocysmal oold
hemogioburina
] Mixed [warm and cold antibodies) 1)
I medisied «  Miopathic, SLE, lymphoms or EV
Allcimmusnizolion AR incompatibiliby 1)
By hapi=ns Ev
= Peniallin, cephakesponn
audoantibodies
_— Acquired _ By
Drugrinduced = Alpho-methyldopa, L-dopa, ibuproden, EV
hemolytic anemio diclofenac
By immunes complanes
»  Dwinidine, hydrochlorothiazide, Iy
sulionomides, tetrooycline
Prostheses
Hig Veszels = v
. Yokies, TIPS
Troumase Micraangiophatic hemoiytic anemin
Small Vessels g v
=  TTP, HUS, HELLF, DiC:
Infectious Bartome=la, Babema, Plasme-dium EV
Llostndium W
Arpenic, lead or coppsr poisoning
E e EV
Tootic Togr. Sreske or spider bite
Endogenous Wilson disease 1
Entrapment Hypersplerism EV

GEFD: glucoss-6-phosphata dahydroganese; CLL- chronic lymphocytic loukermda; NHL: non-Hodgkin lymphoma; SLE: systamic hepus arythomatous;, TIFS:




RETICULOCYTE COUNTING

o Reticulocyte % (0.5-2.5%) no. of retic (in n field) X100
total rbc (in n field)

o Absolute reticulocyte (X10%2/L) = RBC Count (X10'%L) X retic%
(18-158 X109)

o Corrected Reticulocyte Count= % Retic x Pt's Hct
normal Hct

Retic count: 10%
Pt's Hct 29
Control Hct 45

Corrected Reticulocyte Count= 10% x 29/45 = 7.73 %
( > 2% if no blood loss Indicates hemolysis)




