
IIEMOLYTIC ANEMIA I

slnlr{I fiu" 6 '

Ilemotytic An€mia 6o ntr:6n i
rcd bl<xxl ccll (RBC) llo! Hcnoglobin (Hb)

fou trnnt:rrnnlo.r RBc rd0{0rlrorel

lnlnFnrl rirbiorqto,r RBc 1ufl:!rir
.Jtooffiun?t nn ( nfr t20 iu) u,i

iYnuuylo.t nsc f,ln rrflu nornrrrcyric

rormochronric unt5ldltrn hcrcdirary

. i4
hcmolyltc arrcn a ${lUUfl2 t!Hn nn l.l

riuq n: :1fi rfl ullr,n'rilin 0; lrlJ

abnomrat RtlC ldnruu-alolriu rioi
nr:llnnrirnturo.r RBc rttnnitJner-

irlnroo:inr::-ln-r lnunr:Hnn
.f

eryrhropoirin I rniiu ,irun::{unr: nfin

RBc io crythrolxricsis }ilrnriun.jr
nfr orolrn n'illnfin'l o-8 rrir nrulu

r rnlf,or r riJoli lnon::{ulflfin
eryrhoid hypeqrtasia idrdouro.r ngc 1u

..--4red b{rlc nrarrow !lntUn?1 nn Ttlli
nryclcirJ : crythrolitl (M:E) rario drnir

rJnn trJnfi 3:l) tfin hyp€rceltulariry lu
rcd boDc n)arrow lUuA lat cell l yellow

trrne marrow hianol drutnit bou.

narrow ylncl loludr.rnrurir.rrurdlfilu
n r: { loriunFn nec ldlfiui}rorynrryo

* ntnivr1a n::oufiran:ofifi n

aor: rnnfin n r: rnrrri ln ri.yr0r frurfiu!1 ri

nr:qnrirnroldrilnr:ni nr:n:ro cec fi

n:'hinrnrrir finrJ nn' l:0n21

compcrNatcd hcmolytic a|lcnlia Ol0oiltl.l

luclcatcd RBC'lCrll{lu blood smcar uo:

l'tll Fllychronasia lti0 rcliculocylc ljln
nirrlnfi tinrll hcmotysis u'.rlrj ld:-l
nr:udlvuio:'nur ortlfinnr:nan RBc

$ b.:-!0n l'Un::0n lfiTl:0n21 cxlramcdullary

hcmatolxricsis tdu 1l livcr, sptccn,

kidrrcy, lympnule tto:o'v.l dlttCnrnrrv

tioiwo't hcnrotytic anemia { iJrurvfi

o r n r:6nr'ntourl'o

l. rn'flntl tolu ttttc oriN:rn

r: Ju Jlult:.t 0u li n:rgn'l! i.r llJ t:0

U: Un1 lntluttUutt hrmolylic crisis

z. rfionr:rqoHin nlc nio
na'nldriorro,rhn:lqn rh"ri nec lr
yn rl0 ldriooa{ odr!: rnri r ri ti n 

-i r

rplasric crisis

tunt tl.Ju t!!1fl $l lu untlJ
. .t d-

ryn I ln 0 J T{ 112lfl: I Y1n 10.1 RBC (hall:tifc)

firirirnjrrjnfi lrJna' za iu; n:rtIno

nr:ld 5l cr finqarn nsc tol{rJ-rrrrdr

fi n n du hJlu n : cl ard on{rJ.r on rud r
rud'r in nsc riinr:i.rfi or,,rru.,rn'ri
druhj durn half-life rror RBC o{

:yrir.r zo-28 iu o: tidoon r iri o i n r:
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in rridrsirn'jr uo iu ornr:inw6u 1.2 Acquircd dclccb
d'rJ:rnnlrirriu uoll:triuiattutfiorir 1.2.1 PamxysrDal rocllrrr0l

nir tS iu hcnrogkrbiuuria (PNll)

nr:ttrilnrjllll0.t hcmolytic ancnria 2. Extrrcorpusculrr dcfecls

otnuJr'ld ot0lruLrrrdrrri'jroc0'nltin (0xrrinsichemotyticrocmia)

nt:ln l,iu u .tnuiunoxoldnfiq ltio 2.1 lmmune lrcmoly(ic ancmia

lnlinlrtqlo{nltltnnxo.l RBC lflu 2.1.1 Auronrrmunc hc[rolylic

iltraco4rusoular <lcfcct rio intriusic alcnria (AIHA)

hcmolytic aucnrias alll ql6ni'lnd'? RBC 2.1.2 Drug inducc hcnurlyric

tD{ llag cxtracorpuscular defcct frio ancuria

cxtrirrsic hcnrolytic ancnias dll qln'nuon 2.1.3 Cokl lrcnragglutinin discasc

i': nsc rfluiu uri.rnrufrn:l rlii ngc (crD)
nv4Itnn lnluU imuune hcnDlytrc auenua 2.1.4 Hcmoly(ic discasc ol'rrcwlxrrn

rnnrrnrlnniurlitflJriv uaz Doo- (HDN,

inrnrulc hcnrolyric uue,nia tfinoln fini
2;ul0ucl 1l!Dnt u00 rnulfl: urn!flunu

ruriurluirrufi RBc unfllCrflu

nlr|lnTruu I qlan{uflo

2.1.5 He Drolytic traosl-usi(ru

rcaction (HTR)

2.2lnfcction

iutravascular lremolytic alemia 60 RBC 2.2.1 Malaria

llnnnlulurdula'on llnS cxtravascular 2.2.2 Closrridiunr pcrliiugcns

hcmolytic ancmia 6o RBC ttnnnrouon (Wclclrii) crc.

tdurn'onliolu rericuloendo terial sys(cn 2.3 Chemical au<t Toxin

(RES) rliu rirrl unciu riuiu udnr: 2.4 Physical agclt (Hcat, Cold ctc.)

2,5 Microaugiopatlric aud

Macroangiopathic hcmolytic aucmia

, a i- i a
llll'lultulttntuultuu!u1nTfln R0 llu.l

l lntracorpuscular defects 2.6 Hypenplenism

(lntrinsic hemolyic anemia) 2.7 Othcrs

l.l Hcrcdihry defecls n1rrl.i.tnrrirYllxqfili11{ RBc

l.l,l Dcfcct in RBC membranc llnn ldlilu non-inmunc lln! immunc

1.1.2 Detect ir RBC enzymes typ", n'ld

1.1.3 Hcrnoglobilopathics l. Non-immune hemolytic anemiu

I.1.4 Thalassemia l.l Mcnbranc dclbcts

Hcrcditary sphcrocytosis
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Hcrcdinry clliprocyocis

Hcrcditary pyropoihlocyocis

Hcrcdirrry hydrocyrcis

xctocytosls

1.2 Rcd ccll cnzymc dcficicacy

Glucosc{-p@lhrrr

dehydrcgcoaso &licicncy

Pyruvate kinrsc dcf cicncy

Methernoglobinteductrse

deticicncy

1.3 Hcnogbbil producrbn

&ficicucy rod dcfcce

Thsbsscrnir

Hcrnoglobinoprthics

I .4 Infcction

Mdarir rnd othcr blood prnsitcs

Othcr infcctioa (bcctcrias, furyuf

vfuus)

1.5 Others

Toxins

Vcnoes

Chcmicds

2. Immunc hcmolydc rncmh

2.1 Autoimmunc

Autotmmurc hcmolytic rrcmir

(ArHA)

Drug-inducc hcrmlytic rncmit

(pcnicilli4 <iuininc, rlpha-rnethyl@)

Prroxysmel cold hcrnoglobinuria

(PCH)

Cold hcmrgglutinir di:crsc (CHD)

2.2 Albinmuac

Hanolytic dirosc of ncwbon

(HDN)

Hcmolytic htnsn|siou relctiorc

(HTR)

iinrrt:lt tnrl: hcnolysis

(RaC uin) ||ri{oonrflu z r'urou iio

t, nltr|]o'itml'llin10{ RBC

(Dctcnnirc ratr ofRBC dcsruction)

2. nlrr|,l; ltrllD.rRlfllf,nlo{
RBC (D€lcrmilc c.usc of hemolysis)

l. Rlt la"Qlloltunnlo{ RBc
lr
f'urdorlltr?t|lrr nr-o nrrrhnro ngc riil
f--

l-U nncnrrdfil RBc lii!r,'u

|'l Rltnt?tlnl2snlrrhol!
nsc ritir (Ic!r ror hrcrsc rcd

uniiqn

cctt dcstruction) fifioullo'u

ldrrri Rrtnt2otr scrum

unconjugrrcd (Ldircco bilirubin (t!d.biti)

ifirirqrn'ir 3-4 mgtdt (rjnr' 0.2-t iqgtdl)

udn{il! hcmolysis n![nn{6rntrdo0

nn10 (qtrbotiln) lroit hcme trn RBC d
l|NRrrnr lion-l'ilfiutol RES ui
Ind.Biti rrttlfhjh (ioscnsitivc) rirl
r6O:ril sarcobitinogctr llns uobilirogcD,

:. -Ird-bili. trloiuiiu albumin (alb.) ld
nMtoi tu glomcrulrr firr h knncy

1*f,nuorcdrcrnnarnrrd2rriio{r1r fiar

Qaudicc) llli 'rcholuric" f|]t
nt2tiin2Tlhltn (vcry scrsitivc) lduri
scrum haproglobin(sc,hep.) dlo:uanl
odrrirrhl (rirrjni qo-rrc n/dl) ld.jl
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t!l!! hemolysis lun intsvsscular ll:0

cxtravascuhr fin1}l lldJd{lldfl{fi{R21!

alurl5olunl: dlin hcnroglobiF

haproglobiu corpte* ldodtl:rnrirlno
td

RES tlnfll:nnnl!0'lSc.hcp. fl010Ifln

t1n1ta6!"1 ld rri! heparocellular

:-
diseasc luo{n1n hcptoglobirr flon01n livcr
.iL ar, -dluo livcr ccll tatu l! nr:fl0nnnnn{.

uiolulrrfirrirrSunllrfin n6T1{riuq
i-

ntt!10.1t11to{fihAn hepoglobiu'lCdou
,.:. .., q
(delrcrelcy ol heptoSlobnl, lU acute

inflamaiion lln! malignancy U'l{!finllri
:nl:nnn ovUlntlnn?tu Se.hep. nlUln'l

b ';In I trt0n l! lllx'ln llnS lrlno?uo{nll

hemolysis

2 A'
nlrntl0oudl xuirljonnl2inlfl lnn

1o.r RBc nrulurdurn'onlC[ri

hemoglobiuenria, hemoglobinuria ll0:

hemosideriruria irirq.rnirrJnfi nr:n:rt

hemoglobiuemia do{r:fn ::i{ntrtlrs
rfi rln'on nr:rcnr:ror:hi6 nr:rfi rrn'on

hi6 nuull::160n unlrnonranol'hi

nroln iolriuri{ 0101fia RBc rrf,nlC
rdi
IaurlJ unrr nn lu 0.tu0 u n fl1:l|ltuu

rflurirrlnol hilCrfiaun I:ato.r{rJro

ufrfin0rnn2lrn-nrnrnlunr:nzlo n:nr

lnfi hcmoglobir biurliug capacity tlo.l se.

d;
hep. lnXYl(lqnllnl Hb 03rl1U glomerulus

lu1J a[ha-bera chain dimers udrndllt
:ufrutflu slpha 2'beta 2 t"tr"^"r 1tt

lutor:qnqnndllu tubul. tilnunrru

allln:0 lunr:qnnRll In xn Hb n0:00fl

r.rlu urine Cru d.rn:rtrulC ]noii

spcctoscopic (n1:inn21!8nnfiu ttd{fi
A

520 nnl) tDlt dipstick Tnt20 1 hcmc

riodouq:nouilnntr:drui Prussiau

i.)d
blue i iriur:ndourrdn liron; 1d lu1rl

t 0.l hcmosidcriu ltn: ferlitiD lv rcnal
i rr

tubular ccll T qno0n!'l ln, frec plasma

Hb 0!ln oxidizcd tflu mcrhcmoglobir

irninrflulu'a ferriheme (hemin) t'ldu

alb. tflu nrethemalburui,r n:to'lClnuii

Schumnl's lcst,tr{lUu'lt sDeclroscoDic tln

iidliiarrrh (iuscusitive) niroclfl

nn!2nlCdoliu:riu mikl hcmolysis
I h,tu l! nt:nt20fl0lln1::0nn2n!0.! RBc

Crunr:fiacnrnCro 5l cr orofinrrr,ir

riulu nr:6udunr2!nurnnllo{ RBc

!tnfl?]lJnf,

1.2 nr:n:20fl rnl2!nr:dfi s

.,i. J
RBC l XltU (T.st for incrcase red blood

cell production) 1tn:aqntz

rJiud'rdo{ hcmolysis Inonr:afil RBc
J ,,!lntu lln!!nou yourg RBC ll.llUUo.l

reticulocytcs lli0 polychrourasia 00n{
-t-n:3lrdr00n!1fl1lJ n20orltD.r RBc l n1

do" i mr nr6oo{ rn:odoudzu

supravital slain tdu fi new ne0ylcre blue

nio brilliant crcsyl bluc trdnihuflr
(basic ttye) tiurduetunrolu RBc uidr

dolClu Roruno*sky stai'r !3 n'niitln.t

n er rhv io o o n'l n u ri r.r fl r l:0n
)

polychromasia q{ r€ticulocyte court

Geri) :Jnn'i o.s-2.s% nrtr06{luu,in3iu
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fianntnfrldlnuldri.l rcricurocyrc

productiou iudex (Rpt) lnunr:r iuudr

lollfinttn inmuue

lltooo smeer tol{ rulunijrl

llrnrrr n6rJ::lru l% ro{ RBc 0n

drarul rr:rc nlaotqun:iirdouroio;

rn' r InnJul rnnunllu d ru r ul ndriior riu

Iao nec iiinlunrruarn'onJ::urtu

120 iu rcri. olfirirqldurauo uriofi

-{- (ncmolysrs g.lluUn'ltll:Un2nl! nnt O,f

ltn:lnn nr:rn-l t-uto.t rcri. lun:ltte
rn'ono:qnlnu-rCro nac 16ldio{urn

nr't rrncdr henntysis llJllr.|l|ns rfoi.r

rcti. o1o o0 n o tn h n::q nr5: n,jr n:urn

nr'tJnnlrn rlrbli prcrnarurc rcriculocyrc

un3 nuclcarcd RBC (NRBC) oonrllC?u

rirhlnr:riu rcri. rfianrrlfl'annrnlC G0n

2't shitr rcticulocyrc count ntfltdltn2t!

,. c Y.l 
' 

a.ficl ll uuunnfl0

reti.counl xrtd2U

4s% ndr rdr

reticulocytc

2. nr:urilruqto.rnrlrant0.r RBc

duru*pioirn:lrirbi ngc unn 0r!
nrjlrflu z nrjl luqfi 60 norr-inrn,unc

hcnrolytic ancmia llo3 inrrrrune henrolytic

anenria nt:nt20douir rfinrrnnrjlln

non-irrrnune ltio inununc 1i
n]tnt20 Coombs rcst (auriglobuli rcst)

drino.rrrll 6o dircct Coonrbs rcsr (DcT)

f,:'r0t|1 anribody fiduu naC oEiudtlu

dr'rnru{rJ,o (in vivo) ltog inurrccr

Coombs (csr 0CT) nt2oxt antibody lu
scruur drdur:ofiifliu RBc aurjnn'lu

ltnonllnno{ (i|l virro) ldrriol drnao

dr.rlcodr.rndquioti{ ao{ o dr{ 1x)sirivc

hemotytic ancmir d rin o;in r rirfinrl nq'

rrllltun{u

Spherocytcs

Hcrediury sphcrocytosis

Acute oxidant irrjury (HMp shunt

dcfccs during hcmolytic crisis, oxrdant

drugs, and oxidant chcmicals)

Clostridiunr welchii scpticcmra

Scvcre bums, thornlal itrjurics

Spidcr, bee, snake vcnonrs

Severc hypophosphatcnria

lliz:trrc I'oikilocytcs

Red ccll liagnrentatiou syndronrcs

(micro-and macro-angiopathichcnrolytic

anemia)

maturarior tinrc (rnrt) lno rwttlirfi gct

45% r[rt 1.0 iu, ttct l5% rnlr I.5 iu, Hcr

25yo rma 2.O iu rrnl Hct 15% rrut. 2.5 iu
n'.rqn:

RPI = o/o rcticulocyte count ._ Hct

rmt 45

rir npl ::rr'tl 2.5-3.0 ldn{.iti
hemolysis uin:do.r'hjinrrsrfioaoon

llio hcmorrhagc lu{il:o dlo:rfll6n
dnfllilur{firitl# Rpt {{lCtduriu Rpr

tiliin:roaotur tcmotysis fi6 uifii
n2ltlhil Inun:roliru.jr mr q.rlu

hcmolysis lutnlioocl
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Hereditary c[iptocyloeis

nconatcs

Hereditary pyopoikilocytosis

Elliptocytes

Heredihry ell€ptocylosis

Thalassemia

Stomatocytes

HereditNry stomslocyiosis

rclated disondcrs

Stomatocytic elliptocltosis

Irr€v€rslble Sickle Cells

Sicklc cell auemia

Symptomatic sickle qndromes

Int.aer',throcltic Prrasltcs

Malaria

Babesiosis

Prominent Brrophillc Stippling

Thalassemia

Hmoglobinopaih ics

Pyrimidiue-S-nuclcotidasc

Trrget Cclls

Hcmoglobin S, C, D and E

Tbalrsemir

Heredibry xcrocytosis

Normrl Morpholosl

Enrden-Meycrhof prthwry defecs

HMP chunt defects

Aderosine dcsminrsc

hypcractivity with low rcd cc[ ATP

Unstablc hemoglobin

Paroxysmrl noctumal

hcmoglobinurir

Dys-crythropoictic ancmias

Coppcr toxicity (Wilson's disease)

Cation pcrmcrbility defecs

Erythrppoictic poryhyris

Vitamin E deficiency

Hypcnplerism

uld.rfi6o Hcmolysls

nilrldrfllnolluril 6o unnlu

nrr flrfionxiolll nonrfion riondr

intravascular h€molysis llnnllOnnlglttl

rfioaniouonrdltn'onh REs rdu splcen,

liver, bole mrrrow ligndt extrvrscuhr

he molysis

l. Intravasculer hcmolysls ll10

n'r ngc unnnnrunrolurifurn'on rhtl!
frec Hb o{lu plasma ilril haproblobin

tflu complex nouhJllnr:uar6oa riio

litudtovqn nretabolized lfl! bilirubnr
, :. *rirodn{iirltYrdneruxl.r 0ilA InurJfl 6

dcficiency

Spiculaaed or Crenrted Rcd C€ll

Acute hepatic nccrosis (spur cell

rnemir)

Uremia

lnfantile pyknocytrosis

Abctalipoproteiuemia

Mcleod blood group
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csruh circutariol ld uifio;oonuiqn

iurirnrolnoirurioiu

ErJ.throcytc Survivrt Tcst (EST)

i:J:clo il,unr:drnr

6niinu'.rlunrlnrir Esr fi o nrrll
r6oa ,lunor firrirduldri'u{ilro infusc r{r
tu tu n:llarn'oa{rJro1u 3lruii
drxuall ud:roudoa{rJrooonrrn:ro

nr!:&rl!l?nr za ll. ioo:-.r udrld anri-
; . ,- -scrunl rlli luln:olnOtn-On donor tritfU q

i'trn'on,lono, onolhjrff rrdrl.lurvi.rla fi

ocrr!r:ouirir r u2 rlo.t RBc le{ udii
u linut! ?u cxrrirsic dcfccr 1il16'

rfi:r! hcmolyric agcrr rirultrr! rino;

in r uz ro.r nsc 1&Jo6 ucarir nec
J -.lJ0.r{u ?uuu! dzUrJ:cnounrulr. n6fi

(insrriruic nornrai) dlia t ln rlol RBC
hr;loqlnJt nn rld6ttl RBC r,o.r{rhafi

a:u :cnounrulufin nfi (inrr^src

(ictcc{) 6lriuiinr:n r ESt. i rnlij
1r: ! Iu!'ultln lun t:0! L t0}r0 ttiIl. tnto.r

{itho hcmolyric arcnria

Hereditary Defects of lted Cell

Membrane

Iliochcmical ald Structuro of Rcd

Ccll Mcnrbranc n t tUfrfrur ril
biochcmical ltalg Strucrurc to{Hfi.t nAC

t r oh?r rirl oq tu tlrio t or RBc drii
L Menrbralc dclormability n'o i.lt:

nJ6oulrJir,r ldn rud.ruratlo u

2. Surface/volumc ratio doii'sr: idll
:;rir.rn'ufi fi r riurjiurn:to{ nec

Cr s3lno'ulfll

circulation ,lt0{{

hcmolysis 1un:diorntrhiluu:.! ut'o{0tn

nr:nrronr'adu1 rinn:rolrjrrrlrillin
Intla llll3 extra-vascular hcnolysis

nii'nnr:6old radioactivc

chronrium ( 5l Cr) fiatntn ngg ro.tii

rjrolurnonnnnol 5t

nsc udriinndulillu

' rodrurdurn'onrir

r4rnru nec ri,nro,:{ihounr .io,,.,r 'l

udrurr16on{rJru nloul riu luntndlriu tfirnaotrir

o0ar|tnr1oin i!tEi.rfi nuriuunnnr RBc xo{{thu nrtrsc uir}Jhnurlnn^ dr

riudr.rl lnurillrn 24 hr. xirinra'ori

r{r}l dr rlilrnrirfinRnr r% xdrorn

n-nnr: nRruirnur:: urrntsl 5l c, ii
rt0n2tfit.ttan hatt tite (Tl/2) oon d.J

6o:'r ngc survival rlnn' Inonri nsc nru

lJ un: risooo nlrluriJ::l rtuiuns

l% (oorrual rcdculocyte count d:gttir
0.5-2.5%) unr0!n!drnf.riinrol nnc

lrJilror nec fifii.rfionn{nflru"ltuo
. aa r d I
nlu rl|rtnlit lrl) 0:oq ::utor zs_32 irr
i'rriu rsr 6rerrn:n 1# rirurr un<ri

toss rionzrl6lflulu nr: ransfiaio,r 'lCd

uonorni i fi fir1{drdrulrrrd run n

dnloro.t RBc lddru lqoldlnior

scanning for radiation fiolntit 5l Cr

fi ldloijhoio2i lCltn rriu rirluiori't
'''

ruirn{rroiurcriurfl uu ei{rirnro nec

tl 1r:afr:tnnfiRnr:rrnndriurlnri flfi zo srirfi I fiuuruu 2s;6



3. Cytoplasmic viscosity 60f,21u

lfi nrolrirud:;nolnroh ngc

n t: rdd uuu n.rqnr eurio'rrrirfi'lu

lnrul :vdu idurrqslfl hercdirary defccr

tl0'l red cell membrane lrncrfludut.tlnlfl

tfin Hcnrolysis'ld Red cett membrane

rl::nordru lipid bilaycr ::!drriu
prot€iu tflu cornplcx, lipid firirrrin
' J f, 4 f, Jdll:JIJl nt{l|ll.t 0nflt.ll|!.ll U Drolein

llnc glycoprorcin luriruvo.r lipid riru

ht$tfiu cholcsr"rol tlas phospholipid fifi

lnlar head riloondruuonlolfi'l

bitayer riwolCru i hyr.lrophobic fauy

acyl side chains flln':o{drl1utoI

bilaycr phogholipid n:ntc0'lud20d1.r

?ruqnd:cx?'r.r bilayer laufi choline

phospholipid (sphingorryelin llnJ

phosphatidyl cboline) o{druuon

(Extcrnal) fi aminophmpblipid

(phosphatidylcthano lamine ltng

phosphatidylserire) ogjdruh (tnternat)

fi protein lln! glycoprotein In1!n'lJ tipid

bilayer Inul{ritldriu hyrophobic

ttn'outiutnrsritl{ lldri iotegral

Drambrrne protcin doetllltnntq lipid

bilayer'lnufilr.rriru'lnrioofluon cell

aminophospholipids 6onr'r pcripheral

membrane protcin tldtinttflt!tiulih
irlrrtld iruer membrane r?ondr

membrauc skelctou ttig cyloskcletou n'lt
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