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EpuBpokuTtTapa

2 Normal range 4.2-
5.5 million per mm3
In adults.

1 Biconcave shape.

1 Diameter 7
microns.

1 Cells for transport
of O, and CO.,.

1 Life span 120 days.




EpuBpoTtroinon

1 O puBuioTnc eival n EpuBpoTroinTivn
(=xO)
— [Mapaywyn ota veppa
1 Mikpn TToO00TNG OTO NTTAP
— Ko etritreda 10-25 U/L
—T1/2 6-9 hrs

—¥e { Hb < 10-12 g/dL



EpuBpoTtroinon

1 Me T EPO 4-51TAa0I100POC TTAPAYWYAC
RBC o€ 1-2 £00ouAdEC ECAPTWHEVOC ATTO
— ETrapkr) BpemTiKa UAIKG

1My Fe, B12



Erythrocytic
Maturation Series
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ANAIMIA

1 AVOPEC Ht47 £ 7
1 [ UvaiKeC Ht 42 £ 5



All Ages Anemia Definition

« Numerical -- Reduction in Hgb Level
= 2 S.D. Below the Population Mean

15
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11
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ANAIMIA

1 2 UUTTTWHATO KAl onUEia
1 Oceia
— Algoppayia, YTrooykaiyia,
110-15 % amrwAeia

— AyyeloouoTraon, avakaTavoun pong

1> 30 % atmrwAcla
— OpB. utréTtaon, Taxukapdia, OUCAEITOUPYiIa OPYAVWY

1> 40 %
— Shock, duoTtrvoia, e@idpwan, uTtTOTACN, TOXUKAPDIa



ANAIMIA

1 2 UUTTTWHATO KAl onUEia
1 Oceia
— AIgOAuON
1£VOQYYEIOKN
— O¢U aAyog oTnv ooPU

— EAeUBepn Hb oTo TTAGOMA KOl OTA oUpa
— Ne@pikr) aveTTapkela



ANAIMIA

1 2 UUTTTWPOTA KOl onuEia
1 Xpovia
— EcaptwvTal atrd Tnv nAIKia Kal aigatwaon
CWTIKWV opyavwyv
15¢€ vEQ ATOPO OCUPTITWHATIKA TTapd Y44 Ht
— MeTpiou BaBuou

1 KOKouXia, EAAEIYN avToxNG, OUCTIVOIA, Taxukapdia



ANAIMIA

1 |loTOPIKO
— Meon AvaTtoAn
1G6PD deficiency
—ExkBeon o€ APUAKA, TOCIVEC
1INSAIDS, uoAudocg

JOIS

— 2UUTTITWHATA KAl onueia GAAWY VOOWV
1MMupeTOC, Kakouyia, atrwAsgia Bapoud,
OIATAPAXEC KEVWOEWYV, aloppayia,
OPYAVOMEYOAIQ, QUONMATA, TTETEXEIEC



ANAIMIA

1 AIOTOPAXEC TTOU OUXVA OXETICOVTAI ME
avaiuia
— XPOVIEC PAEYUOVEC
1I'.x. Nolpweeig, PA
— AIJaTOAOYIKG voonuaTta

1/\AEUXQIUIEC
— I'.x. XA\, NeotrAaoieg B kuttapwyv



ANAIMIA

1 AlayvwaoTIKA dlEpeUlvnonN
— CBC

1 Hb, Ht, retic count

— RBC indices
1 MCV, MCH, MCHC, RDW

— WBC
1 Diff, segmentation

— PLT
— Cell morphology
— IRON STUDIES

1 Fe, TIBC, ferritin, marrow iron stain
— Marrow

1 Aspirate for M/E Ratio, cell morphology, iron stain
1 Biopsy for cellularity, morphology



RBC
Morphology



Elliptocytes  Target Cells

W.B. Saunders Company items and derived items copyrig] W.B. Saunders Company items and derived items copyright © 2002 by W.




Tear Drops  Stomatocytes

W.B. Saunders Company, items and derived items copyright © 2002 by W.B. Saunde: W.B. Saunders Company,items and derived items copyright © 2002 by W.B. Sa




Sickle Cells  Schistocytes

W.B. Saunders Company items and.derived items copyright © 2002 by W, ders Company items and derived items copyright © 2002 by W.B. Saunders Company




RBC
Inclusions



Howell-Jolly Bodies

1 Round, purple
Inclusions In
RBCs.

1 Composed of DNA.

1 Commonly seen in
In patients with
hypofunctioning
spleens.

1 Splenectomy.

W.B. Saunders Company items and derived items copyright © 2002 by W.B. Saunders Coi




Basophilic Stippling

1 Numerous, small
purple inclusions
In RBCs.

1 Aggregates of
ribosomal RNA.

1 Most commonly
seen in lead
poisoning.

W.B. Saunders Company items and derived items copyright © 2002 by W.B. Saunders C



Pappenheimer Bodies

1 Clusters of dark
blue granules,
Irregular in size
and shape.

1 Composed of iron
and ribosomal
RNA.

1 Seen In
sideroblastic and
hemolytic
anemias.

any items and derived items copyright © 2002 by W.B. Saunders Company



= FEvaluating an Anemia

d

Irmniine I*Jfrf Immune GI

| _
Marrow Disease  p rorynen Invasion




Decreased Production

Marrow [Disegse

Mutrtional
Iron; Copper; Folata
Matabolic
Thiyroid; B-12;
Failurs
Aplastic Anemia
Mya lodysplasia
Infaction

Congenital
Fanconi; BFD

Marrow Invasion

Malignant

Laukamia
Maurmblastoma

Lymphoma
Solid Tumor
MNon-Malignant
Histiocytosis
storage Dissase




Increased Destruction

¢ Not Immune )

Intrinsic Extrinsic

DIC & Sepsis
Membrane Burns & Heat

HGE Toxins
Heart Valve

Enzyme




Reticulocytes

1 Immature RBCs.
1 Contain residual

ribosomal RNA.

1 Reticulum stains
blue using a
supravital stain
(new methylene
blue).

1 Counted and
expressed as % of
total red cells.

Saunders Company items and derived items copyright © 2002 W.B. Saunders Compa



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



Tagivounon

2UUQWVA UE TO ASITOUPYIKO EAAsIUa
ornv mapaywyn RBCs
® Marrow production defects
— Hypoproliferative d/o

® Red cell maturation defects
— Ineffective erythropolesis

® Decreased Red cell survival
— Blood loss / hemolysis




Tagivounon

2UUQWVA UE TO ASITOUPYIKO EAAsIUa

aornv mapaywyn RBCs
® Retindex <2.5

— Normocytic
® Hypoprolif
— Marrow damage
® Infiltration, aplasia
— Fe deficiency

— J stimulation
® [Inflammation, renal, metabolic




Tagivounon

2UNQWVA UE TO ASITOUPYIKO EAAgIUT OTNV
mmapaywyn RBCs

® Retindex<2.5
— Microcytic
® Maturation disorder

— Cytoplasmic defect
® [e deficiency
® Thalassemia
® Sideroblastic

— Nuclear defects
® [olate, B12
® Drug toxicity
® Refractory anemia




Tagivounon

2UUQWVA UE TO ASITOUPYIKO EAAgIUT OTNV
mapaywyn RBCs

®@ Retindex>25

— Hemolysis —-hemorrhage
Blood loss

Intravascular hemolysis
Metabolic defect
Membrane abnormality
Hemoglobinopathy
Autoimmune defect
Fragmentation hemolysis




D

lagnostic Pathway

ion._Index

<2 Decreased Production >2 In?edl_{

Red Cell In

>94

Macro Normo Micro Extri nsu: Intri

Coombs Coombs Me

y‘KNegatwe

Drug Warm Cold
Antibody  Antibody

/w: Hemc\ B|ee{j|ng
80-94 0

brane Hb Enzyme



Anemia Workup - MCV

|
Microcytic

— Iron Deficiency

— Anemia of Chronic Disease
— Thalassemias

— Hemoglobinopathies

— Sideroblastic Anemia

— Anemia of chronic disease
— Early iron deficiency

— Hemoglobinopathies

— Primary marrow disorders
I~ Combined deficiencies

— Increased destruction

— Megaloblastic anemias

— Liver disease/alcohol

— Hemoglobinopathies

— Metabolic disorders

1= Primary marrow disorders
— Increased destructiog,




Microcytic, Hypochromic = MCV < 80
— Iron deficiency
— Sideroblastic
— Chronic disease, Inflammation
— Lead poisoning
— Thalassemia trait




Microcytic, Hypochromic

1 Many RBCs
smaller than

nucleus of normal
lymphocytes,
Increased central
pallor.

1 lron deficiency,
thalassemias,
anemia of chronic
disease.

W.B. Saunders Company items and derived items copyright © 2002 by



Normochromic = MCV K@
— Hereditary Spherocytosis
— Hereditary Elliptocytosis
. DN_|
— G6PD deficiency
— Aplastic anemia
— Acute blood loss




Macrocytic = MCV > 100
— Vitamin B12 deficiency
— Folate deficiency
— Liver disease




Macrocytic RBCs

1 Most RBCs larger
than nucleus of
normal

lymphocytes,
Increased MCV.
1 Folate or Vitamin
B12 deficiencies,
alcoholism, and
liver disease.

W.B. Saunders Company items and derived items copyright © 2002 by W.B. Saunders






HYPOPROLIFERATIVE



210NPOTTEVIKN AVOIMIA -
EmidnuioAoyia

1 210NPOTTEVIKN avaluia: 1-2% Twv evnAIKwv

1 2.10npoTrevia xwpeic avaiyia: 11% Twv
YUVAIKWY (KUPIWG TNV aVaTTapaywyIKN
NAIKia) kal 4% Twv avopwv



AlTIOAovia

1 7T avaykwv oe Fe

— Rapid growth, infancy, pregnancy, EPO Rx
1 ATTWAEIO AiJaTOC

— menses, acute blood loss, blood donation
1 Auocatroppo®non

— Crohn’s, sprue
1 EvOoayyelakn aipoAuon
1 [lvEUPOVIKN AIpoaIdNpwon



KAIVIKN €IKOVO

1 Aduvapia, KEQaAaAyia, euepeBIOTOTNTA KAl
£UKOAN KOTTWON

1 To ouvop. Plummer-Vinson (duogayia Je
OlI00(pAYIKA OTEVWON) Kal N KoIAovuxia Ogv
TTapaTNEOUVTAl CHPEPA

1 [lika: xapTi, TTNAOC, TTAYOC (TTayo@ayia)

1 EpuOpn xpwaon oUupwyv PETA KATAVAAWON
Tatapiwy



Glossitis

Koilonychia

Angular Chelitis




AEIKTEC CIONPOTTEVIAG

DepiTivn: 0 KAAUTEPOG OEIKTNG TWV ATTOBNKWYV O10rpoU
<10-15: 99% c1dikoTNTA, 50% €UaicONnOia

<30: 85% ¢€101koTNTA, 90% €UaiocObnaoia

> 200 TOUAGXIOTOV KATTOIEG ATTOONKEC

[MPO2OXH: MNMpwrTeivn ogeiac paonc (x3)

Tpavo@epivn / 01dnpodeoueuTikr IkavoTnta (TIBC) kai
KOPEOUOC Tpavopepivng )= oidnpog/TIBC)

2.idNPOC OpOoU: YEIWVETAI KAl TNV avaldia Xpoviag vooou
2idNPOC HUEAOU: UETPO CUYKPIONG

YTTO00XEIC TPAVOPEPIVNG: aucAvovTal
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AEIKTEC OIONPOTTEVIAC

QuoioAoyiko 210npoTrevia 210NpoTTEVIA ME 210npoTTEVia pE
XWwpig avaipia NTTIa avaldia Bapia avaipia

2idnpog pueAou 2+ 3+ KaBdAou KaBdAou KaBoAou
2idnpog opou, pug/dl | 60-150 60-150 <60 <40
210NPOdECUEUTIKA 300-360 300-390 350-400 >410
IKavoTnTa, pg/dl
Kopeouog 20-50 30 <15 <10
TPOAVOQEPIVNG, %
Aipocaipivn, g/dl duaololoyikn duaololoyikh 9-12 6-7
Mop@oAoyia dualoloyikn (PUOCIOAOYIKNA duaioloyikA R YTroxpwpia Kai
EpuBpwv ATTIA UTTOXPWIa MIKPOKUTTApWON
Qepitivn, opou 40-200 <20 <10 0-10
ng/ml
NMpwTotrop@upivn 30-70 30-70 >100 100-200
gpubBpwv, ng/ml
AAMoiwoceig 0)4 0)4 OXI NAI

BAevvoyovwyv




T
*iron

* Ferritin

-

- T ____'I
L TR

<

TIEC (fransferrin)

lron Studies

TTIBC




YTToXpwuia - JIKPOKUTTAPWON




2.10NPOC JUEAOU
XPWOon PE KUavouv Tou BEpoAivou







Therapy of Iron Deficiency

" B.C./ BY JOHNNY HART

IM SUFFERING
FROM AN |RoN
PEFICIENCY.

VERY FUNNY.




Oepatreia

1 MeTayyion

1 ATTO TOU OoTOMOTOC Fe
— 200-300 mg/d = atmroppogpnon 50 mg
— 6-12 unvecg
— AE
1 KoIA aAyog, vauTia, EJETOG, OUOKOIAIOTNTA
1 Parenteral iron

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



HYPOPROLIFERATIVE

AMEC



AAAec hypoproliferative

1 Avalpia xpoviag vooou

— XPOVIEC PAEYUOVEC, VEOTTAQOMATA
1POAoc¢ TNF-a, interferon b o€ veotrAdopaTa
1POAo¢ IL-1, interferon y oe PA

1 Ne@pIKNG vOoou

1 EVOOKPIVIKING VOOOU, OPETTTIKWYV
OlaTAPAX WV

1 HTaTtoT1rabelag



EpyaoTnplokKa eupnuoTa

1 2uvnBwcg Nmma avaiyia, og 20% Hb<8 g/dl

1 OpBoxpwun, opBOKUTTOPIKNA KAl
OTTAVIOTEPQ UTTOXPWHN MIKPOKUTTAPIKN

12i0npoc kal TIBC peiwpeva, KOPETUOC
TPAVOPEPIVNC PUCIOAOYIKOC

1 OepiTivn 1



Iron studies in IDA and ACD

Test IDA ACD
serum iron |low low
TIBC high normal or
low
transf. sat. |low low
serum low normal or
ferritin increased
marrow absent normal or
iron iIncreased




Anemia of chronic renal failure

e Mechanism:

— mainly due to reduced production of
erythropoietin by diseased kidneys

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

e Treatment
— erythropoietin thrice weekly
— dialysis



,!I Sideroblastic

= Ring sideroblasts in
bone marrow

= Serumiron is increased
and TIBC normal
resulting in a high
saturation. Serum
ferritin is increased

= Basophillic stippling

= Lead toxicity is suspect




Aplastic Anemia

Blood Bone Marrow Biopsy



MugAoOUOCTTAOOTIKO CUVOPOUO

1 MEon nAikia ep@aviong 65 £€1n
1 2mmavia <50 eTwv

1 KAwvIKN dlatapaxn Twyv TTPOOPOUWYV
QIJOTTOINTIKWY KUTTAPWYV (stem cells)

1 AiTioAoyia: TTEPIBAAAOVTIKOI TTAPAYOVTEC,
xnueloBepaTtreia (OeUTEPOTTABEC)

1 Avallia (MaKPOKUTTAPpWON, OQUOTIAQCTIKOC
MUEAOCQ)

1 A\oIPWEEIC (DUTAEITOUPYIO OUDETEPOPIAWY,
oudeTtepoTTevia 50%)

1 Opoppotrevia 25%



AQKTUAIOEIOEIC OI1ONPOLAACTEC




Tagivounon WHO

Mep1PePIKO aipa

MuegA6g ooTWV

AvOekTIKN avaipia (RA) Avaiyia xwpic BAGoTEC AuoTtrAacia epuBpdg
ocIpag
AvOeKTIKN avalpia pe SakTuAlog1dEig Avaiyia xwpic BAGoTEC AuoTtrAacia epuBpdg

o1dnpopAdacTeg (RARS)

(ofA[o]o!q
AoKT. 010NPOPAACTEG

AVOEKTIKI KUTTOPOTTEVIO TTOAAATTAWYV CEIPWV
(RCMD)

Kuttapotrevia 2 4 3
OEIpWV

AuoTtrAacia 2 ) 3 ogipwv

AVOEKTIKI ] KUTTOPOTTEVIO TTOAAATTAWYV CEIPWV HE
dakTuAlos1deig o10npoBAdoTeg (RCMD-RS)

Kuttapotrevia 2 3 3
OEIpWV

AuvoTtrAacia 2 3 3 ogipwv
AoKT 010NPOBAACTEG

AvOeKTIKA avalpia pe Tepicoeia BAacTwy 1 & 2
(RAEB 1&2)

KuttapoTrevia
BAGOTEC<5-19%

BAaaoTeg 5-20%

Atagivopnto MAZ (MDS-U) KuttapoTrevia AuoTrAaoia JUENIKNG
MEYOK. O€IPAG
MAZ pe del5q (5g9- syndrome) Avaipia del5q
OpouPBOoKUTTAPWON

Xpovia pugAopgovokuTTapikn Asuxaipio (CMML)

MovokuTtapa >1000/ul
BAdoTeg <5-19%

BAdoT1eg <10-19%




MATURATION DISORDER



witamin B, scobalaming

B.-trarscotalamin
campley

B,.-IF complax
Trarscobalamin i

Feserteric
wens

b, : : _ v Panetal o=l

Epiheld cdbk
af temninal lleum

l=um

Mtheial cdls



‘EAAsiyn B12

1 Avettapkela KoBaAapivng (Bit. B12)

— Kakoneng avaiuia (Biermer): avTiowPaTa EVAVTI:
1 evOoyevoug TTapayovTa
1 TOIXWHATIKWY KUTTAPWV

— [aoTpEKTOWN
— H. pylori
— Aucoatroppopnon: v. Crohn, . TUPANG EAIKAC
— QuTopayia
1 AVETTOPKEIO PUAIKOU
— EAAeiti¢ diaita
— AUCNUEVEC QVAYKEG: KUNON, QIMOAUTIKEG AVAIMIEG
— Pdappaka



MeyaAo[BAQCTIKN avaluia

1 AveTTapkela KoBaAapivne (Bit. B12)

— Kakoneng avaiuia (Biermer): avTiowPaTa EVAVTI:
1 evOoyevoug TTapayovTa
1 TOIXWHATIKWY KUTTAPWV

— [aoTpEKTOWN
— H. pylori
— Aucoatroppopnon: v. Crohn, . TUPANG EAIKAC
— QuTopayia
1 AVETTOPKEIO (PUAIKOU
— EA&imi¢ diaita
— AUCNUEVEC QVAYKEG: KUNON, QIMOAUTIKEG AVAIMIEG
— Pdpuaka




KAIVIKEC EKONAWOEIC

1 Avaipia (AEpOVOEIdNC XPOIa DEPUATOC)

1 Neupowuxlarpikec ekdnAwoeic (MONO oe
aveTTapkela B12)
— dlaTaAPAXN MVAUNG — OUYKEVTPWONG, avold
— [Nepipepikr) veupoTTabela (dlatapaxn v Tw PABEl
alIoONTIKOTNTAC, TTAPAIOONOieC, aduvapia,
OTTa0TIKOTNTA, a0TABEIa BAdIoNC) — UTTOCEIO

ouVvOUOOMEVN EKQUAION (OTTioBIwV Kal TTAAYIWV
OEMATIWY)

1 [ AwoaiTIOq



Glossitis and Chelosis —

iFe and B12




EpyaoTnplaka eupnuata

1 Makpokuttapwon — MCV>100
1 [loAuKaTATUNTA OUDETEPOPIAD
1 MeyaAoBAGOTWON PHUEAOU

1 Aucnon LDH — €uueon
UTTEPXOAEPUBPIVaIIa

1 /AcuKoTTEVIO — OpOopoTTEVIa
1 AUcCnon OJOKUOTEIVNG Kal HeEBEIovivng






[ToAuKkaTATUNTA TTOAUPOPPOTTUPNVA




4

AOTEG

MeyaAoBA




OEPAITIEIA

1 AvTiKaTaoTaon
— 1000 pg / wk X 8 wks im
— 1000 pg / month im / for life
— Or
— 2 mg crystalline B12 pos / daily

— 1 mg folate /daily

— Folinic acid if due to drugs
1 100 — 200 mg/d
1 rescuvolin



AIMOAY2ZH/AIMOPPATIA



Normal red cell turnover

e normal RBC survival of ~ 120 days

e macrophages of the reticuloendothelial (RE)
system removes RBC's
— unclear what marks a red cell for removal
— spleen is major site of RBC clearance

e RE system is extravascular

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




The fate of intravascular hemoglobin

free Hb
(a3, tetramers)

Hb‘

dimers

kidneys /&» ol — W
haptoglobin-

hemoglobin
complex
metHb :
binds to
/\—-vA >

| _ hemopexin &
globin  ferriheme (Fe3+) albumin

haptoglobin




AluoAuon kataoTpo®n RBCs

Extravascular Intravascular Hemolysis
Hemolysis .
Ingested by RE cell Hgb liberated
(spleen & liver) in blde vessel
' \\\‘ : d Serum
Heme Globin Hgb + haptoglobin —» haptoglobin

x/// \\\ Reutilized + hemalbumin

Hgb + albumin =—»

Iron Protoporphyrin l & plasma Hgb
_I_
l l Hgb excreted =™ . .
Do Y : . . hemoglobinuria
Reutilized bilirubin in urine . .
& hemosidenuria




Ala@opIkn olayvwaon

‘Hemolytic Anemia‘

‘r,,f”

Intrinsic Extrinsic RBC
RBC defect / injury \
‘ Immune Non—1mmune
Enzyme / l
deficienc / ‘
Auto—  Allo- MAHA Trauma
Membrane Y AD AD .
defects Hgb Toxins
defects Big
spleen

*MAHA: microangiopathic hemolytic anemia



Extravascular vs Intravascular hemolysis

Extravascular

Intravascular

Test Hemolysis Hemolysis
LD N N
bilirubin N N
haptoglobin N to absent absent
hemoglobinuria absent present
free Hb in plasma absent present
urine hemosiderin absent present




An approach to hemolytic anemia

Hemolytic anemia

T

Immune

|

e Autoimmune
* Alloimmune

* Drug-induced

(other causes of
immune hemolysis
are rare)

Non-immune

N

Congenital Acquired
Defects of: * Infections
« RBC membrane/ sepsis
skeleton malaria
(eg. Hereditary spherocytosis)
* Mechanical
* RBC enzymes prosthetic heart valve
(eg. G6PD deficiency) microangiopathic HA

« Hemoglobin



An approach to hemolytic anemia

Hemolytic anemia

Immune

Non-immune

N

Congenital Acquired
Defects of: * Infections

« RBC membrane/ sepsis
 Alloimmune skeleton malaria

(eg. Hereditary spherocytosis)
. Drug_induced  Mechanical

* RBC enzymes prosthetic heart valve
(other causes of (eg. G6PD deficiency) microangiopathic HA

immune hemolysis
are rare) « Hemoglobin



Immune hemolysis

e most frequent cause of hemolysis

e 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

e Most common type of immune hemolysis
e primary (idiopathic)
e secondary

— autoimmune hemolysis secondary to:
e autoimmune condition (such as SLE)
e infection
e 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)

e Types of IgG
— 1gGl1 —  80%
— 1gG2 } -
—1gG3
—1gG4 —  15%
o Affinity for complement
- G3>G1>G2>G4
\_Y_I

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



Coombs’ or antiglobulin test

Jab |'.:l::_

Antiglobulin
reagent

WP —w— Antibody (1gG, IgA, IgM)

« Helps differentiate the cause of hemolysis
» Hapten related: direct +, indirect —
« Immune complext: direct +/ - (complement +)

« Autoimmune: direct + (without hemolysis in some
patients), indirect + in some, remains elevated for
up to 2 years



Indirect antiglobulin test
(aka Indirect Coombs Test)

Patient’s
serum 4 ‘ ‘/
— @@

compatible

‘ ABO Rh incubate ‘ ‘\

red cells

Agglutinatio
n=positive

1gG
Abit or human

anti—1gG and/or
ant1i—C3 Antibody



IMMUNE HEMOLYSIS
Drug-Related

e Immune Complex Mechanism
— Quinidine, Quinine, Isoniazid

e "Haptenic” Immune Mechanism
— Penicillins, Cephalosporins

e True Autoimmune Mechanism

— Methyldopa, L-DOPA, Procaineamide,
Ibuprofen



Treatment of autoimmune
hemolysis
o treat the underlying cause, if there is
one
e stop suspect drugs if possible
e prednisone
e transfuse RBC's, if heeded



An approach to hemolytic anemia

Hemolytic anemia

T

Immune

|

e Autoimmune
* Alloimmune

* Drug-induced

(other causes of
immune hemolysis
are rare)

Non-immune

N

Congenital Acquired
Defects of: * Infections
« RBC membrane/ sepsis
skeleton malaria
(eg. Hereditary spherocytosis)
* Mechanical
* RBC enzymes prosthetic heart valve
(eg. G6PD deficiency) microangiopathic HA

« Hemoglobin



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

e most common inherited red cell
membrane disorder
e 1/5000 in northern European populations
e autosomal dominant

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



Normal

cytoskeleton

Hereditary spherocytosis

° 6 9 o

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



Membrane defects
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Hereditary spherocytosis

e 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

e (Clinical features:
— clinical severity varies
— most have mild to moderate anemia
— splenomegaly, cholelithiasis, jaundice may occur

e Laboratory features
— hemolytic anemia with spherocytes
— osmotic fragility test
— negative DAT



Blood Smear

Spherocytes




Osmotic Fragility

e Normal « HS

[NaCl] % Lysis % Lysis
1.0% NS 0 0

.73% NS 10 20

.50% NS 30 60
25% NS 70 90

00% NS 100 100



Hereditary spherocytosis

e Treatment
— most patients do not need treatment
— splenectomy

— counsel patient and family about
inheritance



Hereditary elliptocytosis

s Autosomal dominant

s DdXx
= Iron deficiency
= Thalassemia
= Megaloblastic anemia



ereditary elliptocytosis




Hereditary stomatocytosis

s Wide transverse slit or stoma

= Few stomatocytes (3-5%) on smear can
be normal



Hereditary stomatocytosis




An approach to hemolytic anemia

Hemolytic anemia

T

Immune

|

e Autoimmune
* Alloimmune

* Drug-induced

(other causes of
immune hemolysis
are rare)

Non-immune

N

Congenital Acquired
Defects of:  Infections
« RBC membrane/ sepsis
skeleton malaria

(eg. Hereditary spherocytosis)

* Mechanical
* RBC enzymes prosthetic heart valve
(eg. G6PD deficiency) microangiopathic HA

« Hemoglobin



Enzyme deficiencies

= Glucose-6-phosphate dehydrogenase
deficiency

= Pyruvate kinase deficiency



G6PD deficiency

e Most common inherited red cell enzymopathy

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

e Over 200 million people worldwide
e ? Survival advantage with malaria infection
e X-linked -Extensive polymorphism

e hemolysis is due to increased oxidative
damage to red cells



G6PD deficiency

e clinical severity highly variable

— Most experience little or no anemia unless
exposed to precipitating event or drug
— precipitants:
e infections
e sulfa, primaquine, dapsone
e fava beans



G6PD deficiency
Oxidative stresses

Acetamilide Sulfamethoxazole
Methylene blue Sulfamilamide
Napthalene Sulfapyridine

Nitrofurantoin Toluidine blue

= Severity of hemolytic anemia depends on
= the type of defect
= the level of enzyme activity
= the severity of oxidant challenge



G6PD deficiency

e |Laboratory diagnosis
— bite cells
— Heinz bodies
— measure G6PD level
e Treatment
— supportive
— avoid precipitants
— counsel patient/family

S




G6PD deficiency (Heinz body anemia)
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Pyruvate kinase deficiency

= Defects in glycolytic pathway
= Decreased production of ATP

s Rare
s Autosomal recessive
= Heterogeneous disorder




PK deficiency




Differential diagnosis
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Paroxysmal Nocturnal
Hemoglobinuria

e Clonal cell disorder

e Ongoing Intra- & Extravascular hemolysis;
classically at night

e Testing
— Acid hemolysis (Ham test)
— Sucrose hemolysis
— CD-59 negative (Product of PIG-A gene)

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



GPI BRIDGE

Ethanolamina

1
FPhosphatidylinositol - = /

Membramna

(18210, 1)
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(224, 5)




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; multlple defects
<nown to cause lack of this bridge

o 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
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Thermal injury
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Hemoglobins in normal adults

X o xk X X
o 13K ‘x < (<

HbA HbF HbA.,

98% ~1% <3.5%






nroximal histidine % haem
P distal histidine b







Hemoglobin synthesis

250 25% 05% 1.5% 48%
XK X 2 X &
XK X 2 X &
250 25% 05% 15% 48%

Chromosome 16 Chromosome 11



Hemoglobinopathy

definition

An Inherited mutation of the globin

genes leading to a qualitative or
guantitative 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
S ESE
alpha thalassemia — reduced alpha
=S ESES



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
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Sickle Cell Anemia — blood film

Sickle .

Ed AL '
<4 Erythroblasts
. B . Howell-

Jolly Body



Sickle Cell
Anemia —

EM of red
cell
showing
‘tactoids’




Fibres of Sickle Hemoglobin




Fibres of
Sickle
Hemoglobin




Sickle cell anemia — clinical features

1. Hemolysis

2. Occlusion of blood vessels
a. bone (‘painful crisis’)
b. lung (‘acute chest syndrome’)
orain
neart
. spleen (‘Acute splenic sequestration’)
hands (dactylitis in children)
. other

Q ™ o a0



Sickle Cell Anemia - treatment

e Opiates and hydration for painful crises
e Pneumococcal vaccination
e Retinal surveillance

e Transfusion for serious manifestations
(eg stroke)

e Hydroxyurea
e Stem cell transplant



Sickle Cell Trait

e Heterozygous state for HbS (HbAS)
e No serious clinical consequences
e Sudden death during intensive training

e Hematuria, isosthenuria (renal papillary
Necrosis)



mpaired
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Beta thalassemia

production of beta chain
assemia minor — heterozygous (or trait)
assemia major - homozygous



Beta thalassemia trait

* NOo symptoms
* Mild microcytic anemia



Beta thalassemia - heterozygous (minor or trait)




Beta thalassemia major

No beta chain produced (no HbA)

Severe microcytic anemia 0CCcurs
gradually In the first year of life

Marrow expansion
lIron overload
Growth failure and death



Beta thalassemia major







Beta thalassemia major
Male 18 years




Beta thalassemia major

treatment

* Transfusion
* [ron chelation
» stem cell transplant



Alpha thalassemia

/ Normal

[ Mild microcytosis

A KX

s</- Mild microcytosis

4

A AKX AKX

s<-/- - 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 o
chains (each elongated by 31 amino acids at the
COOH end) and two normal 3 chains.

= The abnormal o chains are inefficiently synthesized
resulting in an a thal 1 like phenotype (excess 3 chains)

= Homozygous individuals have mild hypochromic,
microcytic anemia similar to a mild a a thalassemia.
= Hemoglobin Lepore — a normal o chain plus a 8-
hybrid (N-terminal 6, and C-terminal B).

There is ineffective synthesis of the hybrid chain leading to
a chain excess and the same problems seen in 3
thalassemia.




Microcytic Anemia

Blocd Smear

| Retleulocyte Count

Pencil cells: lron deflclency

Target cells and basophilic

Lows

Iron Deficiency

/

7 CALSE

Low < 100,000L > 100,000 stippling: Thalassemia
Sarum ]F'Hrmn Hemoglobin Electrophoresis
| , | .
Mormal ar High ThsorF Mormal
serum |ron' B-THALASSEMIA, 7 a-THALASSEMLA,
Tatal Iren-Binding Capadity HETEROZYGOLUS TH'.||¢uT
| T Family studles
? Globin chain
s1LTIBC 4 5”;&::”1“ analysis
ANEMIA OF CHRONIC
DISEASE

Bone Marrow

? Ringed Sideroblasts
SIDERDEBLASTIC ANEMIA



MNaormocytic Anemia

Reticulocyte Count
< 1 00, OO0V L E | | = 100,000/uL
| 1
Post-Hemorrhage
Blood Smear No Diagnostic ar Hemolytic Anemia
| Abnormality
Abnaormal: Target cells: ? liver disease; Dimorphic cells
(large cells and small cells): combined vitamin Bqyiron 8lood Smear
deflciency or sideroblastic anemia
' |
| Medical Elmraluatmn ] No Diagnostic
Abnormality
RO ANEMIA OF CHREONIC DISORDER, REMAL,
ENDOCRINE (hypopituitarism, hypothyroidism) Coombs’ Test

Serum Ferritin, Vitamin By, Folate | |
I MNarrmal ALLOANTIBODY,

| | “' AUTOANTIEODY,
Ly Normal F;‘f‘fu"gﬁglj‘:z i DRUG-INDUCED
L‘f,?ﬂhﬁ'.ffﬁf neh SICKLE CELLS
DEFICIENCY, Bone Marrow Hereditary or
FOLIC ACID [ Acquired;
DEFICIENCY | | SPHEROCYTES
Normoblastic “Megaloblastoid” (immune){liver)
ERYTHROID HYPOPLASIA MYELODYSPLASTIC  ACANTHOLYTES
HYPOPLASTIC/APLASTIC ANEMIA  SYNDROMES (liver, renal)

MARROWY REPLACEMENT



Macrocytic Anermia

Blood Smear
Reticulocyte Count Target cells? liver disease
Leow < 100,000/ L > 100, 000/ L Hypersegmentation and
| | ovalocytes 7 Vitamin By,/folate

Pseudo-Pelger-Huét 7 MDS

I
serum VitaminB,./Serum or
Erythrocyte Folate

| Evaluate for Hemaolytic Anemia

|

VITAMIN Bq; DEFICIENCY

| Serum Intrinsic Factor Antibody |

| |
Folate L Vitamin Bis N Vitamin B,z N Folate N
FOLIC ACID DEFICIENCY:
Diet, Alcohol, Pregnancy,
Malabsorption, Drugs

Bone Marrow

|

Present Absent "Megaloblastoid” MNormablastic
PERNICIOUS ANEMIA Schilling Test* | MYELODYSPLASTIC
SYNDROMES
Add Intrinsic Factor and Repeat ||
[
| |
Correctad Mot Corrected

Maormal or Pernicious Anemia

Small intestinal Disorder



