
RBI biconcave disk like spectrin protein maintains RBCshape
Normalsize 7 8 am
inperipheralsmear pls to check if RBC size is correct compare it
to a lymphocyte nucleus both ofthem have similar size
Lifespan 120days
enucleated

in normal RBCs centra 13 pallor

Hemopoieti stem cell

common
hyaloid

progenitor

RBC
g

Promythelblast
T Pbb Hbproduction

startscell size t
butnot seenBasophilid Early

Noakoblast
T Naff

mug sp y
on microscope

Polychromatid Intermediate Nosmoblast 1 Home s Hb is first
seen on microscope

pathochromat late
Notmoblast

nip

Reticulocyte

00 No

ppf
2days

yo y

Nucleus



Reticulocyte
immediate precursor of RBC
first precursor with no nucleus
normal retie count o s 2 s

Special stain supravital stain

Brilliant Caesyl
blue

New methylene
blue best

vital living
supravital stains the living state structure of a cell

presence of reticulum of RNA
called reticulocyte

D normal mature RBCs

IncreasedRetie Count Decreased Retic Count

Reticulocytosis Reticulocytopenia

acute chronic blood loss

hemolytic anemia

Bonemarrow suppression
Aplastic Anemia

to see response to treatment megaloblastic anemia

in Fe or Vit B12 deficiency Leukemia

anemia Metastasis

Renal failure



Corrected Retic Count Retic x patient Hb orHer
RD normalHb or Her

or HCV Hbo X 3

Reticulocyte Production Index RPI CRI

Pou maturation time
Yateftimpetge normally 2 2

days

45 I day
35 2 s

25 2

15 2.5 day



RBC Indices Man
MeHe
RDW

Mev Mean Corpuscular Volume tellsabout size volume of RBC
NormalMCV 82 96 FL 80 100 78 94 am3

Microcytic anemia Mer c 80 fl

I Iggy
anemia lead poisoning

iron deficiency anemia

Normocytie andantem noo r

Aplastic anemia anemia of chronic diseases
hemolytic anemia renal disease

Machocytic anemia Mev 100 FL

lady L liver disease

Hardinge H hypothyroidism

medical M megaloblastic anemia due to B12 folate deficiency
college C cytotoxic drugs

MCV
RÉÉwunt

MCH mean Corpuscular Hb average volumeof Hb in a single RBC

Normal MCH 27 32 pg
MCH HI

RBCcount



Noamochaomic MCH 27 32pg
Hypochromia men 27 pg

MeHe Mean Corpuscular Hb Conc

average Hb in a given volume of packed red cells

McHc
Mm

Normal MCMC 33 37 g di or
variation in size anisocytosis

Increased MCHC variation inshape poikilocytosis

hereditary spherocytosis

Normalise
megaloblastic anemia due to vit B12 deficiency

RDW RedCell Distribution Width
NormalRDW 12.5 14.5
indicates the coefficient of variation of red cell size
degree ofanisocytosis

helpsto differentiate Fedeficiency Anemia from thalassemia
in Fedeficiency anemia RDW increases
in thalassemia Row is almost normal



Anemia
Definition AgroupofdisorderswithHbconcentrationofbloodbelownormalrange

Inadultmales L B g1dL
In adultfemales C 115
In newborns L 15
At 3monthsofage 9s

LowRBCcount 4million all2 is usually associatedwithlowHbinanemia

GradingofAnemia Mild 8 10gdi
Moderate 6 8
severe 26

Classification etiological Whitby'sclassification Based on causes

Type Example
DeficiencyAnaemia i Irondeficiencyanaemia

ii Megaloblasticanaemia perniciousanaemiadueto VitB12deficiency

didMcgaloblasticanaemiadueto folicaciddeficiency
CivProtein vitCdeficiency

Bloodlossanaemia i Acutepost haemorrhagicanemia in accidents
haemorrhagicanaemia ii chronic post haemorrhagic anaemia

Haemolyticanaemias Hereditary Acquired
i Thalassemia i duetodirecttoxiceffects malaria snakevenom
i Sicklecellanaemia IDsplenomegaly
Hereditaryspherocytosis xD paroxysmalnocturnal haemoglobinaria
A GGPDdeficiency

Aplastic Anaemia due to failureofbonemarrowtoproduce RBCs

Anaemiadueto
chronicdiseases

tuberculosis malignancies chronicinfections chroniclungdiseasesetc



Morphological Wintrobe's classification BasedonMcu Metic

Type MCU MCHC Example
Normocytic acutepost haemorrhagic anaemia

78 94am3
Normal

Noemochaomic
Md

30 38 chronicpost haemorrhagicanaemia
thalassemia

Michocytic

yappy
irondeficiencyanaemia

Hypochromia

reduced

78dem3
redneed

chronicpost haemorrhagicanaemia
thalassemia

Macrocytic megaloblastic perniciousanaemia dietcBny
Namochrome

increased

94dem3
Normal

30 38 megaloblastic anaemia folicaciddeficiency

generalClinicalFeaturesofAnaemia anaemiahypoxia
due to decreasedo carrying capacityofbloodduetoreducedHb
generalisedmuscularweaknessduetomusclehypoxia
palloenessofskin mucous membraneduetodeficiencyofredcoloureHb in blood
respiratorysymptoms breathlessness increasedrate forceofrespiration

duetocompensatorystimulationofrespiratorycentre
cardiovascular manifestations tachycardia palpitation compensatorymechanism to increasecardiac output
increasedbasalmetabolicrate
lethargy headachefaintness drowsinessConsmanifestations

Daily ison requirement Adultmales S 10mg day
Adult females 20mg day

Pregnant lactatingwomen 40mgday



Characteristicfeaturesof irondeficiency anaemia
Koilonychia nails becomedaysoft spoonshaped

Atrophic glossitis tonguebecomes angryred
Angularstomatitis mouth

Plummer Vinson Syndrome oesophagus maydevelop
membranous webs at postcricoidarea leading to dysphagia
RBCs are microcytic hypochromia
anisocytosis poikilocytosis
serum iron so mg

Normal 60 160mg

low serum ferritin
characteristicfeaturesof megaloblaste anaemia
RBCs are macrocytic

Mcv 94 am3 MCH increases 50pg normal 28 32pg
Mcmc usualnormal 30381 becausebothMCV Mcmincreased

increased serum bilirubin smgldl normal 0.2 008mgdi



Anemias decrease in Hbconc or RBC count or both

HEMOLYTIC AWTÉ CHRONIC DEFICIENC
BLOOD LOSS

HYPO
PROLIFERATIVE

t

aplasticanemia

who criteria for anemia an Hb levels below
i 13 g di in men

12g di in women

a glob in pregnantwomen

Hypoproliferative Anemia
Aplastic anemia
Pureredcell aplasia PRCA

Myelopthisic anemia

Aplastic Anemia immune mediated destruction of Hsc duetoactivation
decreased

I tf
Platelet of CD St Tcells which
Retiecount release TNF INF 8 causing

CAUSES OF APLASTIC ANEMIA overexpressionofFAS on bone marrow
stem cells Apoptosis

u v

leading to earlyshortening oftelomere AcquiredIngrid.si
anger.tt l monpeutic

DNArepairdefect

Diamond ShwachmanSyndrome Chemicals benzene

Dyskeratosis congenita Virus HepB c Hiv
shorttelomeres Parvovirus B19
Diamond Blackfan Anemia pregnancy

CAR autosomal recessive



CLINICAL PRESENTATION

pallor fatigue headache hashskin dizziness
increased risk of infections
bleeding tendency

In aplasticanemia SPLENOMEGALY is NEVER PRESENT

LAB DIAGNOSIS Hb t RDW f
TLC
Platelet
Reticcount

macrocytic
Peripheral smear noamocytic noamochaomic with pancytopenia
BoneMarrow Aspirate BMA day tap
Bone Marrow biopsy Luciana increased fat

decreased cellularity
Biochemical Radiological Tests

Normal cellularity on bone marrow biopsy 100 Ageofpatient



OtherCauses ofDayTap on BMA
aplastic anemia

myelafibrosis

hairy cell leukemia

AML M

Myelopthisic Anemia

TREATMENT

Stem celltransplantation
GM CSF

SEVERE APLASTIC ANEMIA CRITERIA

9 Bone marrow cellularity 25
8 Any two of the following Platelet count 20,000 a

Corrected Retic Count 1
Absolute NeutrophilCount C 500 de

VERY SEVERE APLASTIC ANEMIA

9 Bone marrow cellularity 25
a Any two of the following Platelet count 20,000 a

Corrected Retic Count 1
Absolute Neutrophil Count C 200 de

ANC



Pure RedCell Aplasia PRCA
decrease in erythroid precursors

Hb

Retic Count

CAUSE

I I

dmonI blackfan syndrome paavor.nu55T
Thymama

In Parvovirus B 29 characteristic Large granular

feature DOG EAR ERYTHROID PRECURSORS lymphocytic leukemia
are seen B cell disorders



Myelopthisic Anemia

Anemia caused by a space occupying lesions in

fit it J bone marrow
sptace

occupyinglesions
in a bone

Eg Metastatic Cancer

Granulomatous lesion Pls peripheral smear

RBCprofile Teasdrop cell Dacrocytes

Is Leukoerythroblastic blood picture



Peripheral Smear Pls Examination

Tail

jpg

SP dd.gg

Tongue shaped smear
Head

Body slide
dropofblood

iii
Stain Romanovsky Stains Leishman

geimsa
Waight

methylene blue
basicdye

Y Jenner
acidic

y
Platelets

RBC's

1
NeutrophilsPlatelets



RBC Abnormalities on Pls
Pls finding Condition

Michocytic Hypochromia S sideroblasticanemia lead poisoning

her a 80 I
irondeficiency anemia
Thalassemia

A Anemia of chronic diseases

Machocytic Anemia L liver diseases
Mcu 100 If H Hypothyroidism

M megaloblasticanemiadueto B12
folate deficiency

c
cytotoxic drugs

Pencil cells Iron deficiency anemia

Bite cells 0 GGPD deficiency



Pls finding Condition
i Hereditary spheaocytosisspherocytes
ji Autoimmune hemolytic Anemia AHA
iii Blood transfusion
iv Burns

Bushcell Echinocyte Cre
Blunt projection

gig Uremia
Liver diseases

Spur cell acanthocyte AB Lipoproteinania
Sickle cell sickle cell anemia

Target cell codocyte i Thalassemia
ii Lines disease
iii Fe deficiency anemia

Justsharp projections Day
Pls finding Condition

Schistocyte HelmetCely microangiopathic Hus
TTP

Fragment Red cell 0 0 hemolytic anemia
MAHA DIC

Prosthetic cardiac values

Mechanical disruptionof RBCs
i Myelofibrosis

dacrosyte ii Myelo displastic syndrome MDs
Tear drop I

in myelopthisic anemia

iv Aplasticanemia



Pls finding Condition
Heinzbodies denaturedHb GGPD deficiency
Howell jolly bodies Asplenia
Remnant ofnucleus Megaloblastic anemia

Pappenheimes bodies Sideroblastic anemia
composed of Fe

18 Megaloblastie anemiaCabot Ring
microtubules

Rouleaux 00000 Multiple myeloma

Polychromasia pink Hemolytic anemia
reticulocyte purple

Basophilic stippling Sideroblastic anemia coarse

ene me Thalassemia fine
Megaloblastic anemia fine

A flit like spaces
stomatocytes Hereditary somatocytes



WBC Abnormalities on Pls

Pls finding condition

Hypersegmented neutrophil
morethan s lobes

Megaloblastie anemia

Bilobed neutrophil MDs

Toxic granules th sepsis

Dahle bodies patchesof Sepsis
dilated ER











most common cause ofanemia worldwide
Iron Deficiency Anemia mostcommon nutritional deficiency in the world

IDA

Fe RDA 10 20MG
got Hb

Iron Etty
NonhaemGet3

Felt absorbed from intestine

Iggy
Aarons mostcommonsiteofabsorptionofFe Duodenum

Fest
ferric

Free iron is highly toxic
In Iron deficiency ferritin C 12any L

Fe absorbtion is enhane

Storage forms ofpeon
FERRITIN

by vito is
HemosidERIN interferedwith tannic

acid
Transport formof Fe TRANSFERRIN

Causes of Iron Deficiency Anemia

v u v u

Decreased Impaired Chronic

intake
Increased blood
Demand Absorption loss

lowsocioeconomicstatus pregnancy malabsorption

syndromes
GI colon

anorexia lactation
malignanciesinfantsareat higherrisk puberty

duetolessiron in breastmilk menstruation



Most common worm which causes IDA Isa duodenal

Hookworm

Mechanismof Fe Absorption

Factors Increasing Fe Absorption Factors decreasing Feabsorption
acidic pH Alkaline pH
vit c ascorbicacid Tea
Aminoacids

Citricacid
Tannates

Phytates

dogB Anya Eight BALTERA

D

d
feanopoetin in plasma

stoned
bound to ferritin downregulates it

idEF
gyi.s

edit test

FlaminFEEL
metaltransp

transferrin

I I
different parts
ofthebody

I 1
LIVER BONEMARROW



BONE MARROW

Fest TF
complex

releases from endosome

I.ptgfpm
9

converts Fest to pea

erythroid precursor I
receptor I

Nucleus
transferrin goes to

mitochondria for
endosome Hb synthesis
Fest is stored

early erythroid precursors
DMI present in duodenal enterocytes have me

placenta late erythroid precursors
start

sheddingIrs
macrophages

erythroid precursors

transferrin transport form of Iron Fet
one molecule of TF binds to 6 Fest IDEALLY

PRACTICALLY I moleculeof TF can
only combine with 2 Fest

Fe É cee

p
C FeFe Fe

Fe i TF saturation

4X100

331



Soluble TFR Ratio STFRc
measure ofthe caythropoietic activity of bone marrow

Hi molecule that inhibits iron absorption
cities inhibition

produced by liver
master regulator of Fe metabolism
increased Hepa'din decreased iron vice versa

Hepcidin binds to ferroportin degrades it
s decreased scrum iron

I
Micaocyte hypochromia anemia

also an acutephase reactant

genes which regulate hepcidin

HFE mutation Hemochromatosis

HJV

TMP Rss 6 mutation IRI DA Iron refractory Iron
deficiency anemia



Clinical Presentationof IDA
pallor

fatigue
dyspnea

palpitations

Angular stomatitis

Chailitis

Koilonychia spoonshapednails

Pica tendency to eat claymudsand
Plummer vinson SYNDROME aka Patterson Brown Kelly Syndrome

Tigh
p

usuallyseen in
Esophageal webs middle aged

women

ChronicFe deficiency maylead to upper GI bleeds
I

Malena

LabDiagnosis N
CBC deceased Hb black taray stools

decreased Rbc mass

normal TLC
normal to high platelet count
reactive thrombocytesis

me

Reticulocyte count is normal decreased

men dead
MCMC

RDW increases4
marked



PH Micaocytic hypochromia redcells
Pencil shaped cells aliptocytes

Anisopoikilocytosis

OCYTE

smallerthanlymphocyte
microcytic

morethan43
central pallor

Fe studies
Serum Feat decreased N K ismegle
serum ferritin decreasessensitive test
Serum total iron binding capacity increases

transferrin saturation ratio decreases

Free erythrocyte protoporphyrin increases

Bone Marrow Iron Gold standard test for Fe deficiency anemia
Stain Prussian blue Peal's stain show's decreased iron

In case of IDA decrease in stainable Fe stores

ILAnemia ofchronic disorders



Sensitive Tests for IDA

STFRc Assay 205 IDA I I AOCD

Log ferritin

STFRc Assay

serum ferritin

3 stages of IDA
stages stage of decreased storage

decreased serum ferritin
earliest indicator fordiagnosis

Stage stage of Fe deficient erythropoiesis

stage III stage of Fe deficient anemia
Pls findings observable

Treatment

Imrattont starts increasing in 5 7 days of Fe therapy



Mentezer Index
pendantMI

Significance

MI 13
3

IDA
MI 13 Thalassemia



Anemia of Chronic DiseasesAOCDCause

u v

chronic

Infection

chaotic chronic

neoplasm
Idiopathic

Inflammation
Bronchitis Rheumatoidarthritis Hodgkin's

She lymphoma

Pathogenesis of AocD

chronic infection

IL I I most important

to
Inacated

Hepcidin synthesis

Ferropostin CFU erythroid

decreased
releaseofFe

decreased
RBCs

tmicrocyticthypochromic
Nosmocytic nosmochromic

anemia anemia



Lab diagnosis
Mb L
TLC
Plateletcount

normal

MCMim
c

normal or
decrease

P s normocytic noamochaomic usually
sometimes microiytic hypochromia

ESR increases

Fe Profile
Serum Iron low
serum ferritin increased
serum total Fe binding capacity decreased

Signatory is Aoe



Sideroblastic Anemia SA

Fe overload but this Fe cannot be utilised for Hb synthesis
excess iron in the immature precursors

Causes

Genetic Acquired

enzymedeficiency Alcohol

X linked sa ATD like Isoniaz
Vit Bo deficiency

Pathogenesis of SA it is a mitochonden

succinyl CoA glycine poison

again
synthase hate limiting enzyme

Achydaugenase 3 enzymes
Porphabilinagen

noProtoporphyrin
pathway

Moffat c er

Heine

Iron
accumulates in the mitochondria

of immature precursors



Erythroid
precursor

to
RINGED
SIDEROBLAS

Seen in bone

y o o o marrowaspirate
accumulating I
Fe in

presenceof 25 FePeriyarmitochondria
granules in peainuclear location

covering Z Y of
the nucleus

P S Pappenheimer bodies Fe in mature RBCs

Hb I

TLC BASOPHILIC STIPPLING

Plateletcount
normal

cotarse

MCHin decrease

I.tititi
Serum ferritin T
Totalironbindingcapacity I
Transferrin saturation T



Treatment

Phlebotomy

Ironchelators



Megaloblastic Anemia
B12 deficiency
Folatedeficiency

Perniciousanemia

B12 Deficiency Cyanocobalamin
RDA 2 3 alg
Sources egg meat fish milk

i B12 deficiency is very common in vegetarians

Mechanism of Absorption of vit B12

vitB12 D y salivarygland produces HAPTOCORRIN

jigIIanonietalcells Intrinsic facts IF

i
df

I

hung3 ifeng.ineceptaBia absorption
ileum site of maximum

Transport molecule Transcobalamin II



Causes of B12 deficiency Anemia

u v u
IncreasedDemand ImpairedAbsorption

pqqg.getontomicstatus Pregnancy

Puberty

Pernicious pong
vegetarian diet lactation Malabsorptionsyndromes

Partial gastrectomy
Pancreatic

insufficiency

Ileal resection
Biochemical ReactionsCatalysed By Vit B12

dump

amp

gig
itB12deficiency deceased thymine synthesis

t
nucleus does not mature
cytoplasm continues to mature

t
Nuclear cytoplasmic asynchrony

t
Maturation arrest

t
Pancytopened

RBCs WBCs

platelets all undergo
maturation arrest

Sciencesis



Homocysteine
it Methionine

vitamin B12deficiency decreased methionine increased homocysteine

increased atheroscleros

increased arterial
thrombosis

Methylmalonyl con
it

Succinyl cost

Vit B12 deficiency decreased succinyl CoA
neuronal lipids

v myelinsheath

impaired myelinogenesis

NEUROLOGICAL COMPLICATIONS



Clinical Presentationof Vit B12 Deficiency
pallor
fatigue

splenomegaly

jaundice

neurological complications subacutecombined degenerationof
spinalcord

Lab Diagnosis
CBC Hb

Tec decreased

Platelet count
Pancytopenia

McHc normal

Pls Macroovalocyctes
eating

decreased loss of centralpallor

CABOTrings basophilic stippling
formed by fine
microtubules

HOWELL JOLLY BODY alsoseen post splenectomy
remnant ofnucleus



WBC hypersegmented neutrophil as lobes in nucleus

morethan 5 neutrophils with 5 or more lobes

or a single neutrophil with 6 or more lobes

Reticulocytopenia





Bone Marrow Aspirate

Erythroidhyperplasia
Reversal of M E ratio
Lange immature precursors

1 HYDEsieve like immature
Easterythroid precursor t

chromatin

Giant metamyelocytes band forms
Giant megakaryocytes

Biochemical Investigations
vit B12 assay
serum homocysteine
serum methylmalonyl CoA
serum LDH



Folate Deficiency Anemia
Source greenleafy vegetables
site of absorption jejunum
Alcoholics can show folate deficiency
No neurological complications

Pernicious Anemia
it is a type II hypersensitive reaction Antibodymediated

autoimmune reaction

Pathogenesis
Antibody blocks bindingofB12 to IF

I binding Ab as it blocks binding of
B12 IF complex to ileal receptor

anti parietal cell Ab

Clinical Presentation

pallor
fatigue
increased risk of other autoimmune diseases

gastric adenocarcinoma

Beefy tongue
Atrophic glossitis
fundicgland atrophy



Schilling's Test obsolete

purpose to find thecauseof B12deficiency anemia
give radiolabelled vit B12

u v

8 t excretion
in 24has in 24has
g 1 exaction

NORMAL
I I

B 12 deficiency
t

cause
malabsorption

Pernicious Anemia

t
Radiolabelled vit B12 IF

excretion improves excretion remains same

I N
IF deficiency Malabsorption



CHA
Hemolytic Anemia

hereditary spherocytosis as
GbPDdeficiency

ParoxysmalnocturnalHburia PNH
Thalassemia

anemia causeddue to excessive alma
destruction of RBCs

HEMOLYTIC ANEMIA

v u

Intracorpscular Defects extracorpuscularDefects

Immune Non Immune
mediated mediatedImftp.t.ec

acquired
u

PNH
hereditaryspherocytosis onlyacquired intra Autoimmune Infections like

corpusculardefect hemolytic malaria
hereditaryelliptocytosis

anemia
ENZYME DEFICIENCY AINA
96PD deficiency
Pyruvatekinase deficiency

Hexokinase deficiency hemolytic
anemia

gym

d

HEMOGLOBINOPATHIES

Sicklecellanemia

Hemolytic

transfusion
Geaction

Hemolytic
diseaseof
newborn

Drug
induced



Intravascular Hemolysis Extravascular Hemolysis
hemolysis inside blood vessels hemolysis occurs outside a vessel

Leg liver spleen
absent usually splenomegaly hepatomegaly are

present usually
Serum haptoglobin is reduced Serum haptoglobin is not usually

Chaptoglobin in blood binds to free decreased

Hbreleased due to RBCdestruction

in vessels

Hemoglobinnoria t
Hemosideainuaia

absent

absent

Clinical Featuresof Hemolytic Anemia
TRIAD Pallor

Jaundice increased unconjugated bilirubin Pac hepatic

splenomegaly

chronic hemolysis leads to an increasedrisk of cholelithiasis
pigmentgall stones

Infections causing HA
Falciparum malaria HIV
Babesiosis otherviruses snakespider bites

Bartonella Atypical mycobacteria

Meningococcal sepsis
Pneumococcal sepsis



Lab Tests for Hemolytic Anemia
Hb I

Pls specific for that anemia

LET deranged

increased unconjugated bilirubin

Rete count T

serum Haptoglobin I

Hemoglobinunia
Hemosiderinaria

Schum LDH T

Coomb's Serum serum from a rabbit or other animal previously immunised

with purified human globulin to prepare antibodies directed againsIgG
complement is used in the Coomb's Test

aka antihuman globulin
Indirect coomb's Test

Ft Dand D D

river
YÉD D

p
DXpastime I

ÉÉ It t atIcon y a

gig y
anti Hu



Hereditary Spherocytosis as

Mode of Inheritance 751 cases autosomal dominant

Pathogenesis RBIYo IYday
Glycophosi.nA

Band4 I C

AnkyrinActin L

2 spectrin
responsiblefor biconcave
shape stability of

Mutation of any of these proteins RBC

Unstable
RKC

membrane
Loss of RBC membrane

RBC tries to
hate

minimum surface volume ratio

I
i RBC becomes spherical with no central pallor

t
when it passes through the spleen it is destroyed trapped

1 in splenic sinusoids

i extravascular hemolysis



increased metic in Hs is due to loss of Kt water
due to dehydration
most important common protein which is defective in Hs

Ankyrin
spectrin mutations

common in hereditary elliptocytosis
producemost severe defects

protein which is not defective in Hs flygfA
mostabundant protein in RBC

Clinical Presentation

Pallor
Jaundice

Splenomegaly

Increasedriskofcholelithiasis

AplasticCrisis Hemolytic Crisis

Parvovirus B19 infection EpsteinBarr Virus

Lab Tests
Hb d
Mov t

McHc T duetodehydration lossofKt water
Row T
Reticulocytosis



Pls sphenocytes

ScreeningTest Osmotic Fragility Test
PRINCIPLE normal RBCs are isotonic with 0.9 Nach

o

90
XnormalRBC

hypertonicsolutions lysis Rupture

fragile

at much lowerNadconcentrations

100

80

nggP

and RBC lysis starts
at 0.5 1 completes

40 by 0.2 Nad
20 In HS lysis starts at

0.80
in da 8.3 du ds 8.6 o is osmotic fragility curve

Mace 1 s shiftstoright



Osmotic fragilitytest curve shifts tothe left in thalassemia

ConfirmatoryTest EMA binding test done by flow cytometry

Treatment splenectomy



GbPD Deficiency
X linked recessive inheritance

male's female

Pathogenesis

GbPD enzyme is used in Hexose monophosphate shunt HMPshunt

b phospho
G P gluconate

Glucose b P dehydigenise

gang
dehydrogenase Ribulose

g p

Harmful reducedglutathione
Nappt

H202 2954
glutathione

Iqq.fi m.agutaiioiiGs SG
NADPHt at

96PD deficiency I HMPshunt

pathway
increased Hao in a cell

oxidativestress

RBC lysis when there is
oxidative stress



ConditionsCausing Hemolysis in GGPD Deficiency

v u v

Chronic Infections Drugs Fava beans
Pneumonia Antimalarial fromLiciababe

Primaquine Favism

GbPDD is more common in people of African or
Mediterranean decent

asmedium falciparumGbPDD provides protection against Pi

oxidative stress

intravascular
hemolysis cross linking of

SH groupsin Hb

1
denaturation ofHb

Ittefaqof b
v

extravascular hemolysis
n pass through spleen

GFI
membrane splenic macrophages tagto

cells loss pluckthe heinz bodies



Clinical Presentation

Pallor only when there is a
Jaundice causefoeoxidativestress

Hemoglobinmia Kelintemilent

no splenomegaly or gall stones featuresofchronic hemolysis

Lab Tests
Hb I

Reticulocytosis

onconjugated bilirubin 9

Pls Bite cells Degmacytes

Heinz bodies not seen on Romanovsky stain
seen on supravital staining



Methemoglobin Reduction Test
96PD enzyme assay

hemolysis occurs more in the older RBCs than the newer ones

Treatment avoid oxidative stress



PNH
only acquired intracorpuscular defect

defect at the level of stemcells

Pathogenesis Normal

Phosphatidy inositol pig
39Manchor

glycan A most common important protein

defective in PNH CD 59 MIR

synthesis of GPI
anchored proteins

complement
CD55 DAF decay accelerating factor

regulatory CD59 mire membrane inhibitorof reactive lysis
protein Cs binding proteins

decrease
activity

of complement

PNH

y

activates endothelium

mutation of PIGA Maombosism

no apt anchors intravascularhemolysist
no synthesisofGPI anchored proteins

I
increased complement activity

complement

s s mediated hemolysis



Clinical Presentation

Pancytopenia
Nocturnal hemoglobinuria seen only in 25 l cases
sleep

II
Tcontplement

activity s t hemolysis

Thrombosis mostcommon cause of disease related death
in PNH

Complications

AN
MDS

Aplastic anemia

Lab Tests
Hb
TLC
Plateletcount

t

Pls nosmocytic noamochromie anemia

pancytopenia

Reticulocytosis
Increased unconjugated bilirubin sometimes



Ham's Test Acidified Serum Lysis Test
sucrose lysis Test

BESTIE flow cytometaic evaluation of CD 55 and or CD59

Treatment stemcell transplantation
Eculizumafthisdung is a complement inhibitor

Sickle Cell Anemia HEMOGLOBINOPATHIES
Thalassemia

Normal Adults

Hba 42P2 as g of

HbF 9282 C 1 l

HbA2 4282 2 3.5 1



Sickle Cell Anemia SCA
protectsagainstmalarial parasite

autosomal recessive Plasmodium falciparum
male female more common in African or

Mediterranean people

Pathogenesis caused by missense point mutation in which

glutamic acid is replaced by valine at the 6th
Faitinof B chain of hemoglobin valine

relychanged

Hba is replaced byHbs

SCA

v u

sickle cell Trait sickle cell disease

Mbas HbSs
Mba Go t 7901 Hbs
Hbs 40 1

fickle
Stiff
Stickycells

solubilitydecreaseBST



Normal RBCs

Hypoxia

SickleRBCs

Restoration
of oxygen

Desickting

Repeatedcycles of sickling
desickling hesickling

Formation of sickle cell polymer

v u v

Polymers pass through Enter a bloodvessel OsmoticFragilityTes
spleen

gets
attachedto margins

trappedin splenic of lumenof vessels left
also in thalassemiasinusoids

a a.m

Microvascular
tocclusions

extravascular

hemolysis

Splenomegalye



Factors which increase Sickling Factors which decrease sickling

Hypoxia HbF

Dehydration clinical manifestation ofsea do not
Increased metic manifest until 6 months ofage
Decreased pH acidosis treatmentof Sca is also hydroxyuse

which increases the levelof HbF

ClinicalPresentation

Pallor
Jaundice

splenomegaly
late

autosplenectomy loner a periodof
time all sickle cell polymers getdeposited in the spleen which
produces many infarcts causing shrinkage
X ray Skull crew alt Hair on end appearance

due to extramedullaayhematopoiesis occurring in skull bone
alsoseen in thalassemia



Complications
Vasoocclusive Crisis due to microvascular occlusion
most common crisis in SCA
Brain stroke TIA transient ischemic attacks

Bones dactylitis
fishmouth vertebrae

Lung Acute chest syndrome

Priapism

AplasticCrisis due to Parvovirus B 19

SequestrationCrisis spleen sequestered with blood

HemolyticCrisis Epstein Barr Virus

Lab Tests
Hb d

Reticulocytosis

Unconjugated bilirubin T
ESR I

P S sickle cells

Sickling Test

y
oxygenconsuming

of Opq
I dropof patient's blood

agents
Is dropof 2010Namatabisulph createsglass Na dithionate

slide hypoxia



2has

9008
Increase in sicklecells

Solubility Test

Hemoglobin electrophoresis
Cathode

AngH
or

patient
t É j movesfastertowardsdedue to negatively

lelssmestowards charged glutamicacid

anodeduetopresence

ofneutralvaline
HbF

ÉMAFSA from anode to cathode 11
Hbs Hba Hbu

m
If sicklyTrait

electrophoresis cannot quantify the amounts ofdifferent

I disadvantageat one site multiple hemoglobincan occur

HbAz C E O

Hb S D G Lepore



HPLC Goldstandard test for hemoglobinopathies
high pressureperformance liquid chromatography

t of various hemoglobin is accurately obtained directly

Treatment stem cell transplant

Hydroxyurea



Thalassemia Thalassa sea autosomal recessive

More common in regionsaround MediterraneanSea
In India common in Punjabis or Sindhis

provides protection against Plasmodium falciparum

v u

B Thalassemia Thalassemia

reduced synthesisofp chain seducedsynthesisofa chain
more common Less common

gene for B chain synthesis gene for a chain synthesis
on chaomose 11 on chromosome 16

mostcases are due to mostcases are due to
mutation gene

deletion



B Thalassemia
splicing mutations mostcommon causeof Pt thalassemia
chain teaminator mutations p o thalassemia most common cause
frameshift mutation
transcription mutation

619 bp deletion

u v u

B thalassemia

ftp.T
B thalassemia

minor ptip pthaggemiaIntermedia

B thalassemiaTrait

p normal chain

Pt partial deficiency ofB chain
Po complete deficiency of B chain

Pathogenesis
reduced synthesis of Bchain

u v u
reduced 42Be increased4282 4282 a chain precipitates ini theerythroid precursors

24tetramers Jreduced Hba increased HIF MbAz
destructionoferythroid
precursors in bonemarrowmicrocytic hypochromia ranemia

S ineffective erythropoiesis



some erythroid precursors escape

trapped in splenic sinusoids

extravascular hemolysisa

s extramedullary hematopoiesis in skull

crewout Hair in end appearance

s erythroid hyperplasia

increased Fi absorption



Clinical Presentation
Features BThat Major B Thatintermedia Bthatminor

markedly reduced moderately

synthesis
synthesisof p reduced reduced

chain minorly

clinically severe pallor Pallor mild pallor
Jaundice jaundice asymptomatic

Hepatosplenomegaly hepatosplenomegaly no response to

Ho repeated iron therapy
bloodtransfusion

Chipmunk facies
Hb 3 S gm s 89m't Sgm l

Pls many target fewtargetcells No targetcells
cells
basophilic stippling

Cabot ring
RBC indices MCV Not muchchange

men d men d
MCHC

Row g
MCMC

RDW

Iron profile Iron increased Normal Normal

Mb
electrophoresis more increasedHbf Both increased Mba 3 s 9

Raised Hbf Both Raised HbAz



Lab Tests
B Thalassemia major Hb I 3 5900

MCHC

RDW normal

Pf microcytic hypochromia red cells

target cells codocytes rigid
basophilic stippling

HOWELL JOLLY BODIES

Hb electrophoresis A Hbf risesmost

É

baa vana

A S F A H



HPI_ gold standard 7 HbF

Most common causeofdeath in p thalassemia major Iron
overload

CHI

B Thalassemia Minor Hb I 8 10got

men usuallyMia normal

RDW normal

Pfs microcytic hypochromia red cells
normocytic red cells

few no target cells

Feprofifi normal

Mb Electrophoresis Hba t g g
Mma

2103s 1

MbA2 9 HbE disease

HPI T HbA2





ScreeningTest for B Thalassemia NESTROF test
Naked eye single tube redcell osmotic fragility test
wave shifts to the left

Iron DeficiencyAnemia P Thalassemia Minor
row increases RDW Normal
Mentezer index 13 Mentezer index C 13

Hba normal HbA2 4 9
Iron profile Abnormal Iron profile Normal



2 Thalassemia

u v u v

22 gene 22 gene 32 gene 42 gene
deletion deletions deletions deletions

4 2 3 221k k 4 1 1 et y
silentcarrier I 1
nomanifestation I Hbly HbBaat's

a thalassemia disease
hydrops fetal

trait formation

of Bu
formationof84

tetramers tetramers

death

golf
ball

inclusions



A HA Type II hypersensitivity reaction tve coomb's Test
Ab against RBC membrane proteins

u v

warm Ab AIHA Cold Ab Alma
Mose common less common

IgG IgM
Ab isactive at Ab is active at

37 0 48
Causes Cause

idiopathic mostcommon infections like
autoimmune disorders likeSLE Mycoplasma
CLL RA EBV

me
Pantigen

u v

iag
tga abproducedagainst Coldagglutinin Coldhemolysin
Pagof Rbc type type

ParoxysmalCold
Fe
fragntent

ofIgG IgM
Hbwhia PCH

is an opsonin
D L Abt t

RBC is destroyed activationof DonathLandsteiner

complement biphasicADABt
Extravascular hemolysis

bothwarm1 coldtype
complement activation

ofmediated lysissplenomegaly complement

Hepatomegaly

inhume's
hemolysis no organomegaly



PI spherocytes LAIMA is most common causeof spherocytes
polychaomasia microspherocyte lossofcentral pallor

LabFindings reticulocytosis

jaundice
direct coomb's test is tue
blood film shows red cell autoagglutination

Coomb's Test used to differentiate Alma from Hs

Alloimmune HA
RhIncompatibility Rh the

causing 1stfather
Rh ve mother

Rh tve fetus

t
In response to fetal Rhantigensfrom

Rh antigens mother will developingfetuscanenter
mother's blood

produce anti Rh antibodies during delivery

if woman becomespregnant mother's antiRh antibodies

with another Rh tve cross the placenta

fetus cause agglutination

lysisof fetalRBCs



Intravascular Hemolysis Extravascular Hemolysis

GGPD deficiency GbPD deficiency
MAHA microangiopathic hemolytic HS

anemias SCA
Prosthetic cardiac values Thalassemia

Mechanical disruption ofRBCs ATHA
Plasmodium falciparum malaria Drug inducedHA
AIHA Lives disease

Snake bites Infections

Infections Toxins

Microangiopathic Hemolytic Anemia MAMA

Hemolytic uremic syndrome Hus
Thrombotic thrombocytopenic purpura TTP

i Disseminated intravascular coagulation Dlc




