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Diagnostic Approaches to Hemolytic Anemia
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RBC production and destruction
are kept in dynamic balance (P=D)
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HSC: hematopoietic stem cell; CLP: common lymphoid progenitor; CMP: common myeloid progenitor; MEP:
megakaryocyte-erythrocyte progenitor; GMP: granulocyte-macrophage progenitor; TNK: T cell and NK cell

progenitor;

BCP: B cell progenitor
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| Hb is just the right vehicle for oxygen cartrying

LUNGS

HCO, /
NHCOO- 0, 0,
Veins @ Arterie
\q/ A

?CO()'

TISSUES

po2
TISSUES

L Oy )

Muscles (myoglobin)

po2
LUNGS

-Myggi;)bin

pH7.4

AT EMFE (XM,
allostetic enzyme)

S &, & W &, (sigmoidal
oxygen dissociation cutve)
AR TESRLE IS
0,9 F44, FtAKAS
JE 6 SN B BB EO,5 F-
HrEl 8 (cooperativity)

0 20

40 60
pO2 Gnm Hg)

80

100




Hb#rFl % & ( Hb cooperativity)
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Hemoglobin exists in two distinct states. T-state (tense or

deoxyhemoglobin state) and R-state (relax or oxyhemoglobin state)
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Tissue oxygen supply depends not only on Hb content,
but also on Hb structure and oxygen affinity




Hb

is just the right vehicle for oxygen carrying
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Hemolytic anemia is caused by premature destruction of

RBCs in the peripheral circulation due to RBC intrinsic
defects or RBC extrinsic noxious factors, resulting in a

reduction of the average life-span of red blood cells.
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Nutritional deficiency erythroid cells (e.g. aplastic formation (e.g. chronic
(e.g. iron, vitamin By, anaemia, mamow infiltration inflammation,
folate) by leukaemia or thalassaemia, renal
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Increased Failure of Dilution of red
Loss of red cells destruction production of red cells by increased
due to bleeding of red cells cells by the plasma volume
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Table 16-3: Causes of Anemia
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Accelerated red blood cell loss

Blood loss: Cells are normal in size and hemoglobin content
but low in number

Hemolytic anemias: Cells rupture at an abnormall\ high rate

Hereditary

Membrane defects (example: hereditary spherocytosis)

Enzyme defects

Abnormal hcmoglobln (example: sickle cell ancmm)

1(qum d

Parasitic infections (example: malaria)

Drugs

Autoimmune reactions

Decreased red blood cell production

Defective red blood cell or hemoglobin synthesis in the
bone marrow

Aplastic anemia: Can be caused by certain drugs or radiation

Inadequate dietary intake of essential nutrients

Iron deficiency (iron is required for heme production}

Folic acid deficiency (folic acid is required for DNA
synthesis)

Vitamin B, deficiency. May be due to lack of intrinsic
factor for By, absorption (vitamin By, is required for DNA
synthesis)

Inadequate production of erythropoietin
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Intravascular hemolysis: characteristics

Free hemoglobulinemia

Reduced or absent haptoglobin (Hp)

F

F

P Reduced or absent hemopexin

¥ Hemoglobinuria (wine-like urine)
i

hemosiderinuria

phagocytred by mactioph
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Extravascular hemolysis

Intravascular hemolysis

Frequency

Etiology

Jaundice
Splenomegaly
Serum bilirubin
Seum haptoglobin
Hemoglobinemia
Serum LDH
Urine bilirubin
Urine hemosiderin

Urine hemoglobin

Most common

Reduced RBC deformability
resulting in splenic trapping and
destruction

More severe
Mortre prominent
T Unconjugated
J or absent
Normal or T
Variable T

0

0

0

Less common

Direct damage by mechanical injury
or bacterial toxin.
Complement fixation

Generally mild
Less remarkable
T Unconjugated
absent

™

Variable to TT
0

+

+ (in severe cases)
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Jung HL.. A new paradigm in the diagnosis of hereditary hemolytic anemia. Blood Res. 2013; 48(4): 237-239.




R 658 B (Diagnostic Steps)

A LR M (Is there anemia indeed) ?

#2 B 44T (How about the degree) ?

REA B LR o (whether the anemia hemolytic) ?

75 e Pk R fne XA 4e 4T (What type of hemolytic anemia) ?
U e Pt B de g% B (What is the undetlying cause) ?




Stepwise Diagnostic Approaches to Hemolytic Anemias
\ A RR f R HAHE

¥ WHO (19724 (¥4 &) 7 o —
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=" Stepwise Diagnostic Approaches to Hemolytic Anemias
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v Shortened red cell lifespan: #4875 fo bk R o & H 4 09238
v S1Ct, =T or P!I radiolabeling : Clinically impractical (radioactivity)

v" Non-radiolabeling methods: biotin-labeling, glycin-incoporation and

CO production, ect.

Major Applications of Red cell labeling

v Measurement of RBC mass/volume
v Measurement of RBC survival time
v Documentation of RBC destruction
v Blood pool imaging (GI bleeding)

v Selective spleen imaging with

damaged red cells

% B-RBC Survival

¥V NDM 1
A NDM 2
OO NDM 3
O NDM 4
O NDM 5

20 40 60 80 100 120 140

Time after RBC infusion (Days)

Franco RS. Measurement of Red Cell Lifespan and Aging. Transfus Med Hemother 2012;39:302-307.
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Numerous schistocytes (red cell fragments) o mpeye %

documented in microangjopathic hemolytic anemia
(poikilocytosis)
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F HEaF ki (hyperbilirubinemia)
ML H AL
v BRI AT IS AT
v e AR 4 F K- S Hct % o Ad
%o Hctd5%HtiEF LR %4 1mg/dL;
Hct22.5% i iE % b FE £40.5mg/dL
r hFSLRALEE (LDH) #5: #&
12 3 R AP AR
P FESBREG RS ST ER:
4 FAE AR

B TLDH and ¥ haptoglobin: 90% specific for the
diagnosis of hemolysis

B Normal LDH and normal haptoglobin (>25mg/dL):
92% sensitive for excluding haemolysis
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K5 3 A Fe R 3G M R oA 69 B Fe 1) ) 38 AT
FABRT: BotRhfe kot fh
BT FHRBMARR, IDA, ACDF
Normal reticulocyte percentage: 0.5%~1.5%
MR s RK=R R (%) xomiedk
BB HEF: (24-84) X 109L

<X X X

Relative number (reticulocytes %., %) -> |life span of red blood cells
Cell concentration (reticulocytes /ulL) -> lerythropoietic productivity

m Ret Index (RI) = Ret count (%) x (Hcti] E 44 /
HctiE % 48)

B Ret Production Index (RPI) = RI / Maturation
Factor ( 2] 1E W 47 41 49 AE 42 A B N\ . & 43k
K& %5 vm)

v R Rttt (Reticulocyte count) : RBRAHE 4L RiE g & R 7).

- Cas
‘,o .
& »

v’ Immature RBCs containing
remnant RNA and organelles

v’ Ribosomal and residual RNA
coprecipitate with remaining
mitochondtria and ferritin to
form dark-blue clusters and
filaments (reticulum) when
stained with supra-vital dyes




R E T 2R 2 B3 2 (correction factors, CF)

hematocrit (%)  maturation factor (& 42 ¢r.2m it 51 &) . 2 A R 2K

40-45 1.0
35-39 1.5
25-34 2.0
15-24 2.5

Normoblasts and Blood
reticulocytes, reticulocytes,

Hematocrit, percent days days
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B ReFATFT, wRPI<20, AAFHEILRAEARIERE

(hypoproliferative) , T FHMIE ALK T RELBHREF
B R&etFTF, RPI>30, kAR R E RIZEAS
(hypetproliferative) , % LT %k ix

RPI<2
hypoproliferative

(inadequate response)

- Iron def. anemia

- B12/folate def.

- Chronic disease

- Sideroblastic anemia
- Aplastic anemia

- Myeloproliferative

RPI>=2:
hyperproliferative

(adequate response)

- Hemolytic disease

- Hemoglobinopathy
(including thalassemia)

- Treated B12/folate def.

*




Patient A Patient B Patients C Patient D

Haemoglobin 130g/L 50g/L 75 g/L 72 g/L
Erythrocyte Count 4.4 million/mm?> 1.2 million/mm? 2.5 million/mm? 3.5 million/mm?
Hematocrit 40.48% 16.2% 23.25% 25.2%
MCH 29.55 pg 41.67 pg 30 pg 20.57 pg
MCV 92 1l 135 fl 93 1l 72 1l
MCHC 32 g/dL 31 g/dL 32 g/dL 29 ¢/dL
Reticulocyte Count 1.3% 3% 15% 2%

Absolute Reticulocyte count 57200 /mm? 36000/ mm? 375000/ mm? 70000/ mm?

Corrected Reticulocyte Count 1.17 1.08 7.75 1.12
Reticulocyte Production Index 0.78 0.43 3.1 0.56

B Reticulocyte Production Index (RPI) helps to determine if bone marrow is propetly
responding to the body's need for red blood cells
B RPI <2 indicates inadequate BM erythropoietic response



R R dm e tb4] (Immature Reticulocyte Fraction, IRF) :
BB R R AR A WA AR (early marker for
evaluating erythropoietic regeneration) , M & omieH &5

Maturation stages of reticulocytes as determined by flow cytometry

LFR MFR HFR

Low Medium High

Fluorescence Fluorescence Fluorescence
Reticulocytes Reticulocytes Reticulocytes

Little RNA More RNA High level of RNA
Mature reticulocytes Semi-mature reticulocytes Immature reticulocytes
Reference range: Reference range: Reference range:

86.5 - 98.5% 1.5 - 11.3% 0 - 1.4%

IRF = MFR + HFR

Reference range
IRF: f 1.1-15.9 %

m 1.5 - 13.7 %
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| Immature
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Acute Haemolysis
leukaemia

High

Dyserythropoiesis

Normal

Low Aplasia

Low

Normal High Reticulocytes

Reticulocytosis together with

IRF is strongly indicative of hemolytic anemia




VBB A A2 E (Bone marrow cellularity) : B BE-F RS 4r 2 KA K L

Days

Normal

Erythroid hypoplasia,

e.g. aplastic anaemia

Erythroid
hyperplasia,
e.g. haemolytic
anaemia

Ineffective
erythropoiesis,
e.g. megaloblastic
anaemia

R A A B XA E K
¥rertbp|#8 B (reversed GE ratio)

Peripheral blood

——

P EEERFATITRALEE o BE
/& % (hemolytic ctisis)

Normal Erythropoiesis

Proliferation

Apoptosis

Differentiation

Ineffective Erythropoiesis




Stepwise Diagnostic Approaches to Hemolytic Anemias
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Stepwise Diagnostic Approaches to Hemolytic Anemias
A EVHERER R RE X ASER
[ XA thte i &

falE Rk $: GPDE 2 EX-#4E4E) , RAERRY amiely
%% (HS, ¥ 234) FARA(FRESL) F

AFpFe R AR : E#R, £, PERLF

HHE: amielm—RAFE, AR HHEIF
HRIE REZ I,

v G6PD#Z: RMEHEHRR;, ¥5; hitBa ik

vV ERBRE: ARKF, HiTHNE, RPER LB EFE X

v AR R R SWEEL

V SBEARERR: SLEA AN, TAARRNBY 15




y T 8
&o_ %

G6PD#: % JE

P GOPD#:Z AA X RFREAAR LSS JE (enzymopathy)
B AL TXq28, BFITHABFE, FHRAA

2 L. A s AL X Level of
) ‘Ii 1 2 m ;'—— o %(Gd-i_) j(‘& Class  deficiency Enzyme activity
%¥4F(Gd)
=) : . .
L I Severe Chronic nonspherocytic hemolytic
_ 'ﬁ“li " 2 '%ﬂ é@ {5\% anemia in the presence of normal
(Gd+ /Gd+ ) Y= %Q;E /’\%(Gd- erythrocyte function
I Severe Less than 10 percent of normal
/Gd-), 3 H4F(Gd+/Gd)s "
GO6PD @7& = ]i 4]\5‘ JE. ﬁ\? Q’E A ]l Moderate 10 to 60 percent of normal
¥ Z 4] .
v Mild to none 60 to 150 percent of normal
Q e \% None Greater than 150 percent of normal
Father ) Carrier Mother
‘117" ?
X% 3 o
XY ® ‘!a’!ﬁb 7% Yol ,
52 ., 4. B
, &% e
X X xY X X XY ' *
s e (I
ﬁ ﬁ o¥e ’. = A-" (Y
Normal Normal Carrier Affected
Daughter Son Daughter Son
(25%) (25%) (25%) {25%)
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GOPD %k = JE 09 Jm P2 4 22

Lram L 8IS GO6PD4EZ i SN R . BAL

4 4
2149 I GOPD$k 2 GSH 2 i) R & 41 2 i, 1] GSH &4% A GSSG
220 il A GSH K -F R4 & B2 T8, SLAfLae /1 = R 2

Hb TR, 4 BB A B2 AR 1 o 3R o

G6PDE G ZMEK: BF AR EZZMNH . REAREHI R
BB AL, PERR_RAYAREGREN, $X
A ZHERERE fomiett s bt b (CNSHA)

G6PDEsEIL 2 f M4 ARST I I, 7T B BHE A & G 48 2 bk Bk
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0.2 Level needed for protection vs ordinary oxidative stress

G6PD Activity (%
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. Primary
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\ \\\\\\\\\\\\\\\\\\\:\\Q\\\\\\\ e Increased Hb F Hb A
‘ \\\\\\\ \\\\\ \\\\\X\S\\\\\\\)\\ ; " *Selective survival of F cells *Excessive o
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Figure 2. Pathophysiology of hereditary spherocytosis.
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Numerous platelet clumps (aggregates)
resulting in factitious thrombocytopenia




ﬁl & R EE DR 2 (autoimmune hemolytic anemia)
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Primary (idiopathic) AIHA
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* Warm-Reactive (WAIHA)

e Cold Agglutinin Syndrome (CAS)
» Paroxysmal Cold Hemoglobinuria (PCH)

* Mixed-type

v B AW 37%
vV BRERE: 10%
vV B 2B KR 53%

Secondary (associated) AIHA
» Systemic Lupus Erythematosus (SLE)
* Chronic Lymphocytic Leukemia (CLL)

e Evans Syndrome (ES) — AIHA + ITP

e Drug induced
¢ Post-infection

Michel M. Expert Rev Hematol. 2011 Dec;4(6):607-18.

vV B FARA : 70%-80%
v A FARA  15%-20%
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Idiopathic formation of Ab to erythrocytes

* May be secondary to autoimmune disease, infection or malignancy
¢ |gG in wAIHA, IgM in CAS

Ab binding to erythrocyte antigens

e 37°Cin wAHIA, 4°Cin CAS
¢ Complement fixation: IgM > IgG

Erythrocyte destruction

e wAHIA: by macrophage ingestion in spleen
e CAS: by macrophage ingestion in liver + intravascular hemolysis
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Buttertly typically found in SLE



REE KL E (Baseline Lab Investigation)
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Numerous spherocyte in HS Red cell phagocytosed by neutrophil in PCH
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Nucleated red cell, sickle cells, and boat- Target cells in thalassemia
shaped cells in sickle cell anemia (SCA)




Reloase of Microvesicles
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Irregular contracted red cells in unstable Hb Disease

Platelet clumping in TMA
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Red cell
abnormality

Normal

Macrocyte

Target cell

Stomatocyte

Pencil cell

Echinocyte

Acanthocyte

Causes

Liver disease, alcoholism.
Oval in megaloblastic
anaemia

Iron deficiency, liver disease,
haemoglobinopathies,
post-splenectomy

Liver disease, alcoholism

Iron deficiency

Liver disease,
post-splenectomy.
storage artefact

Liver disease, abetalipo-
proteinaemia, renal failure
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Red cell
abnormality

Microspherocyte

Fragments

Elliptocyte

Tear drop
poikilocyte

Basket cell

Sickle cell

Microcyte

Causes

Hereditary spherocytosis,
autoimmune haemolytic
anaemia,

septicaemia

DIC, microangiopathy, HUS,
TTP, burns, cardiac valves

Hereditary elliptocytosis

Myelofibrosis,
extramedullary
haemopoiesis

Oxidant damage-
e.g. G6PD deficiency,
unstable haemoglobin

Sickle cell anaemia

Iron deficiency,
haemoglobinopathy



R A EHE (Specific Lab Investigation)
BA e RS W6 BRE. LA R X kb SR ikE

¥ GOPD#:Z Ji-GOPDEFE N 2, @ & X 2R Lo

E B S EAFEZESRRERL (quantitative spectrophotometric assay)
M| 4140 FANADPH 4 5%, % 4k A #5 G6PD & M 494k $&, WHO
e # Zinkham ik, 3 AFEE X (fluorescent spot test)  mékfn 4r
FOZRALE HEAORKE BRI EZFFEETFTEARERE
X REREZTARBHEAA LT IR LALESET. EF5F
{&: 6-10 IU/gHb

BE GOPDEREF RIEF: SHE 0 )G M IR Fodf-52 41 49 L Lo A) 38
= i




&

Disease

Normal
{or athal trait)

Sickle coll trant

Sickle cell disesse

[-thatassaemia
trait

p%-thatassaemia
major

Sicklo celV
§-thalassaemia

Sickle colVMb €
disease

Haemoglobin
H disease

R-Hbwik; & kAR &%,

Origin A, s
H
c s

% CJE—L’LL %@ ==Y ﬁn

B 2 T A




o, P g A 69 BT RAR B

%i > 4 ﬁﬁ‘ %ﬁ{\
l 2 Ik Fo K
[ meFa. EE. EX.
o )
‘*‘T* "1 Fmewwm. cEnk
- . RBC3#% #. RBC &%k,
ki ﬂ’i’ﬁ’%ﬁ ’{ HbHIT 4
Hb &5k >{ FFHb4% . pH6-78 &
l K4 #rHbHF=HbBarts
HbA,f=HbF 4 G P-H T i
é ...‘-.,...: ...................... . e ‘ )
48 Jo WHDF & -7 B G R AR A, R Lol A



200

HS: (%) etk -
KB F4r-5- kBt B 120-
(eosin-5-maleimide, EMA) 2& 4-13,
B, A kX%, SDS-PAGE, = ll
AEE E R e

Eosin-S-maleimide
Mean channel fluorescence

Normal

Counts

H5

7% Bf X B (diagnostic testing) BEFR
AAMBERKL. ABEREAAFALTEELELER (KW L@EIg 5,
MCHC3g /n. Reticulocyteg /m) 493715 BT HSym 48], & H At F A
TAEF 6/ , R 505 A X B8 (cryohemolysis) fr A7 40-5- 5 sk Bt T2 A

fi (eosin-5-maleimide, EMA) 2% 41X 3& A B T 4 ¥
R R ), TR 4o om L ESDS-PAGE S i 7k 47




HS 5 3 A 1 45 bk £ 20 JEL R B R 69 25 5] 5

B OF st et ey Covobemolysis ot
HS 1 Y% 42 Distinct HS profile ) R AR,
ATHA 1 Y% 42 Similar to HS ? N
pHyerf)e;l)Eakljﬂyocytosis ? ? ? ? W
Ovethydrated HSt T ? Distinct profile ? T
Cryohydrocytosis ? ? Distinct profile ? J
CDA-II 1 ? ? LN EF R
SAO ? ? R ) \

E 10%-20%HS &4 OF £ % £ B R F 2 £ R 2 RAHREFF AL B XE

(Osmolatity fragility, OF)

E FCMBRAEMAS K EameRE O L4 LN RARERRE T REG KT,
BHAHSH R, RBEHR, AR RELLAAXE (RS EL
K Feektacytometry) 48 %, K TFHFERE XL, LA TFTHSERAR OB amie
Fo kT 4a I 3% % Ji (pyropoikilocytosis) &5 %5

B BACH i f XS (acidified glycerol lysis test, AGLT) &R 5 FAebt Rtk £ £

=, 124U R AT



#l"ﬁi%ﬁéﬁ- EA A R AHUS T2 & 5% LA

E  Absence of Shiga toxin-producing bacteria as a triggering factor
Abnormal activation of complement alternative pathway, primarily resulting

i
from loss-of-function mutations of CFH, factor I (CFI) and membrane cofactor
protein (MCP), or due to CFH deficiency caused by anti-CFH antibodies

a b

Gene Location Frequency ;il;:::v(:‘: p:;:';y A:::t'::‘:;e

in aHUS, %

: factor D
CFH RCA gene Chr1  10-30 . \ / l
MCP RCA gene Chr 1 10-15 cs*
CFI Chr 4 5-10 Classical c3
Chr 6 0-3 m < Q_Bb/ ) cabo e
3b c3b (:J

|. Activation Phase

Il. Amplification Phase

CFB
C3 Chr 19 N/A
C\ / Nm* CSb
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Schifferli JA. Atypical hemolytic ] = \ O\
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complement system and what is new. 1 \ i
w .. CFHT, McPt

Nephron Clin Pract. 2010;114(4):
C219-235.
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Table 1. Diagnostic tests recommended in patients presenting with
the clinical features of aHUS

e Serum levels of C3, C4, factor H, and factor |

* Measurement of MCP expression on PBMCs by FACS

e Mutation screening of CFH, CFl, CD46, CFB, C3, and THBD

* Screening for genomic disorders affecting CFHand CFHRs 1-5
* Screening for factor H autoantibodies

® Measurement of ADAMTS 13 activity
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1. Direct Antiglobulin Test (DAT, 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 (AT, indirect Coomb’ s test)

— detects antibody in patient’s serum against red cell antigens

— A positive IAT does not necessarily mean hemolysis is occurting - It may simply mean

allo-immunization due to previous exposure to * foreign” red cell antigens (past

pregnancy ot transfusion).
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BT RAR (Diagnostic ApproacheS)

Low Hct/Hgh: Are reticulocytes increased?
|
vqr; N.o
Hemolysis? Previous normal Het/Hgh?
Tnltrubln, LDM » | .
Haptoglobin
l w]-r. N‘a
- Macrocytosi Hemoglobnopathy
L No l _ Thalassemia
Blood smear Bloog Loss Yes No Fanconi; DBA
Fragmented RBCs? GI; GU | :
Blood donor + Cobalamin, Folata? Micracytosis?
| Rx - AZT, MTX, TMS? |
'i‘és N]O I T 1
f ' 3 No
% _ 'A Yes No ki :
Microangicpathy  Pos. DAT? Fe Deficiency? Renal Failure
Me galoblastic Myelodysplasia L 7f sat., Ferritin Hypothyroidism
I Anemia Hypothyroidism l Inflammation
& $ Congenital Anemla . PRCA
?S NO Fanconi; DBA Ygs N.O
AlHA Membrane Defect (HS;PNH)
Cold Agg. Enzrymopathy (G6PD,PK) gl_ao%ug |m|::::::
el l Biood donor Sideroblastic Anemia
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Coombs’ (DAT)

Positive Negative

Immune Hemolysis
Drug related Hemolysis

Transfusion, Infection, Cancer

G6PD, PK, Spherocytosis,
Eliptocytosis, PNH, TTP, DIC J
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