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Introduction / Case

Lab in RBC disorder

Lab in PIt disorder and Coagulopathy

Take home messages
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* (Cellular component : RBC, WBC, Platelet

* Plasma component : Coagulation factor

Q}I‘\ Pediatric Cancer & Hematologic Disorder
% PedHemOnc-PMK




%o

Serum Blood
Collection
Tubes

Whole Blood
Collection
Tubes

Plasma Blood

Collection
Tubes

Color
Coding

(Red)

(Yellow)

”

(Lavender)

(Black)

(Grey)

(Light Blue)

(Green)

Additive

Plain (No Additive)
Clot Activator

Clot Activator with Gel

K3 EDTA
K3 EDTA
K2 EDTA

ESR

Sodium Fluoride +
Potassium Oxalate

Sodium Citrate (3.2%)

Lithium Heparin

Type

Vacuum &
Non - Vacuum

Vacuum &
Non - Vacuum

Vacuum &
Non - Vacuum

Vacuum

Vacuum &
Non - Vacuum

Vacuum &
Non - Vacuum

Vacuum &
Non - Vacuum

Blood

4ml
4 mi
6 mi

4aml
6 mi

2mi
3 mi
2ml

2mi

2mi

2ml

2ml

Blood Collection Tube

Tube
Size
(mm)

13x75
13x75
13 x 100

13X75
13X 100

13X75

13X75

13X75

13X75

13X75

13X75

13x75

Clinical Use

Serum Biochemistry.
Drug Monitoring &
Serum Immunology
Test

- Coag
Serum Biochemistry. faCtOr
Drug Monitoring &
Serum Immunology

Test

Hematology Test

Sedimentation Rate
Test

Glucose Test
(Analysis of Blood

Sugar)

+ Coag

Coagulation Test
factor

Emergency
Biochemistry &
Plasma Biochemistry
Test
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RBC Abnormalities

/ I. Membrane defects \
Primary membrane defects / \

Yithi=pecific momhalogie Secondary membrane defects

abnormalities

/ Abetalipoproteinemia /
neuroacanthocytosis
Hereditary Hereditary _y Over-hydrated stomatocytosis

i« Hereditary :
spherocytosis stomatocytosis :
> v elliptocytosis / y (increased RBC volume)

pyropoikilocytosis \ Dehydrated stomatocytosis/xerocytosis/desicytosis
(decreased RBC volume)

k Rh null - Normal osmotic fragility/normal volume /
Phospho- Pyruvate
fructokinase Hexokinase kinase

f);rl::a(::)sl'\ea " T Il. Enzyme defects
isomerase &— Energy potential defects / \ Abnormalities of erythrocyte nucleotide metabolism
Triose phosphate ‘1’ / / \ \
isomerase DD A e Ad . Adenosine
,3-Diphospho- R . ial def enosine RprT . deaminase
Phosphoglycerate  glyceromutase SOUCTION POONLE GBISOLS triphosphatase seanbie il s
; : S kinase nucleotidase excess
kinase (polycythemia, no deficiency SentancvR(PEN doncien
hemolysis) / / \ \ A AR 7
6-Phosphogluconate = G6PD Glutathione 3 3.Gjutamyl-
dehydrogenase Synthetase cysteine
(6PGD) Glutathione synthetase /
reductase
7/~ lll. Hemoglobin defects (see Chapter 10) "\ (1V. Congenital dyserythropoietic anemias A

(see Chapter 10)

/ \ Qualitative ‘/ / \ \
elo Glebin > Hemoglobinopathies

l (e.g.,HbS, C, M) \ Typel Typell Typelll  Type IV

Congenital erythropoietic Quantitative
(a-and B-

J— porphyria :
%I\_ \\\‘ Pediatric Ca \ tha|assemla) /

PedHemOUNc-PMK

Ref : Lanzkowsky 6th edition



Hemoglobin typing

HPLC

Light

Capillary Electrophoresis source

cap’".ry I
:‘ ©° | ©
‘| Computer \I_/ =]
b= : Data in Photocathode
- Data out

Butfer vial Chart Recorder e
- =)
E
-
QAAJM/\M] o
= +
—_— Buffervial | - -
— Time (min)
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Hemoglobin typing

ANALYTE 1T

w
v

FRL A oY

F

F2

Unknown |
P3

Ao

AZ

32713
HaBL2
V7745
181971
19518798
687043

W
- -] QW

s

—
- N
'

TOTAL AREA 2302232

1.3% A2 28.1%

>
N

Hb E uat Hb A,

\\\\\\\\\\\\\ NANN NSNS

T D T

[§1FF

Hemoglobin Electrophoresis

Fractions % Ref. % Ref. g/dl

Hb A 72.5
Hb E 23.7
Hb A2 3.8

High Pressure Liquid Chromatography Capillary Electrophoresis

-
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Hemoglobin typing

Hb A a2 p2 Hb H B4
Hb A2 a2 02 Hb Bart’s Y4
Hb F a2 Y2

A. Decrease production : Uyannow Hb
Normal : (aa,aa)(B,B) B. Abnormal production (amino acid)
Variant Hb Ex; Hb E, Hb Cs

@‘\ \ pediat ric Cancer & Hematologic Disorder
YI<{<» PedHemOnc-PMK



Case #1

%Hb Bart’s H Present HbF 0.4% HbA, 1.5% Hb-typing : A,ABart’s H

wlana : Hemoglobin H disease

librat Fatention Foak
Poak MName Area’ Area’ Time (min.) Arca
F 04 e 1 107 7544
P2 36 | 127 63280
P3 - 33 1 161 BT1751
AD 908 | 244 1578815 ]
A2 15° . 360 L4056 |

¢ concentzation = 0.4 3 A Genotype B/ 3
a-Thall / a-Thal2

ANaYsSIs comments

|
>
L |
1
+
4+
4
L |
-
L |
L |
. Hb Bart'sH
-
) |
I'4
l: ' |
l“: s 'l‘
"\v Rl SN il L ——
. F——

Tize (min,)




Abnormal : 9:1Wu HbH inclusion body 311111 50%

ABAITIN : D18UDHNT 6 LAY NIBHNANTIE Beta trait 39ua28




Howell Jolly Bodies
Heinz Bodies
Pappenheimer Bodies

Hemoglobin H Inclusion

Basophilic Stippling

ediatric Cancer & Hematologic Disorder
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DNA

Hemoglobin

Supravital stain

iron deposits

Hemoglobin

Supravital stain

O Ribosomes

Hyposplenism
Asplenism

Severe hemolytic anemia

G6PD deficiency
Oxidant drugs
Unstable hemoglobin

Thalassemia
Sideroblastic anemia
Hemolytic anemia
Post-splenectomy

Hemoglobin H disease

Lead poisoning
Thalassemia
Sickle cell anemia
MDS



RBC Membrane Defect

Glyhorin A Glycophorin B Glycophorin A Glycophorin C/D

Vertical linkage

T
Tro Sin
Tropomodulin s

Horizontal linkage




RBC Membrane Defect

Vertical linkage

Glycophorin A Glycophorin B Glycophorin A Glycophorin C/D
D ©9907 0220 @ ©_°, "

, 0090 8 &0 0%
P : v © ™ =
OAC): ’D,‘GOOQ’ 8 DO % .

0 002090.00r0ag P0SE
.@C;fl'O"}éb e o“0" 000080. S0
' ¢ 0 © O
e 09009 o @ © N0
s % ®g fb‘oo(__()%g’ o Q": :
) 80 007 C0 %0 _“.2

- st

A

[

. ‘.0'.2}009"' VWV e
g ©
2

Horizontal linkage

.
oW © 9

/ o q ':)‘;‘ ot
el o O ¢ '
o’ {
148
IS
g .,
>
.
=4

G »
...... Fooa N

@ PedHemOnc.PMK ‘He‘red'itary Elliptocytosis

) L, VN

P

Hereditary Pyropoikilocytosis




Osmotic Fragility test

One tube OF test

—_ . Thal trait
W Fogit
| Positive
~ . / RBC uanginnliiudna
HS, AIHA
Normal Positive

| ——

RBC uandingnindna

Incubated OF test
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Flow Eosin-5-Maleimide

Glyuhorin A

Glycophorin B Glycophorin A

Glycophorin C/D

Y

Hereditary Spherocytosis

e S .. ettt gy

T

Hereditary Pyropoikilocytosis

e . S ——

Southeast Asian Ovalocytosis

— Ry - g

Hereditary Elliptocytosis
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Diagnosis ??? Diagnosis ???
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G6PD Level

Oxidative Stress

H202 H-0

NADP NADPH ----------------- .:,

\_/'
G6PD

2,3 DPG V

NADPH 2:aanaunainaa1aan 340 nm uain laalatasas spectrometry 1 NADPH a1n

N92AN1TNANAULEININ UAZHIAINITAANAULEINIAIUIY enzyme “G6PD” niiag IU/ml. RBC

Aa1dnea 218 159-297 IU/mI.RBC

- Quantitative Method
#teud 197-331 IU/mI.RBC

¢

\ _Lw FTUILICTIHIIVIIVTT IVIIN



G6PD Level

Oxidative Stress

H20: ===
\_/V
/\

Flava bean =G, G-t GSSG
V\/
A/—\

Glucose NADP AP
\_/
l =& ere—]
G6P » 6PG
2,3 DPG
l HMP
PEP Hexose monophosphate pathway

(crenated red blood cells)

l Pyruvate Kinase

Echinocytes

Pyruvate

- \\\ l
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- PBS
- Flow for EMA
- OF test

- G6PD level
- PK level

- PBS
- Hb typing
- Inclusion body

—onuer

<> PedHemONc-PMK

RBC Abnormalities

-~

with specific morphologic

abnormalities
l Hereditary

Hereditary
stomatocytosis

spherocytosis _Hereditary

elliptocytosis /

pyropoikilocytosis l \

. Membrane defects

Primary membrane defects / \

Over-hydrated stomatocytosis
(increased RBC volume)

\ Dehydrated stomatocytosis/xerocytosis/desicytosis
(decreased RBC volume)

~

Secondary membrane defects

Abetalipoproteinemia /
neuroacanthocytosis

\

\ Rhnull Normal osmotic fragility/normal volume /
/ Phospho- Pyruvate
fructokinase Hexokinase kinase
Srl:;(;iz . T Il. Enzyme defects
isomerase &— Energy potential defects L/ \ Abnormalities of erythrocyte nucleotide metabolism

Triose phosphate
isomerase

A,3-Di$\ospho-

glyceromutase

(polycythemia, no
hemolysis) / /

Phosphoglycerate
kinase

Reduction potential defects

\ \deficiency

/ \ \ Adenosine

Adenylate Pyrimidine 5’- deaminase
kinase nucleotidase excess
deficiency (P5N) deficiency

Adenosine
triphosphatase

G-Phosphogluconate G6PD Glutathione 2,3_G|utamy|_
dehydrogenase synthetase cysteine
k (6PGD) Glutathione synthetase
reductase
\

;
/

Heme

|

Congenital erythropoietic

K porphyria

lll. Hemoglobin defects (see Chapter 10)

~

. Qualitative
Globin ——> Hemoglobinopathies
(e.g.,HbS, C, M)
Quantitative
(a-and B-

(1V. Congenital dyserythropoietic anemias

_

thalassemia)

/(see Chapter 10)
Type | Type ll  Type lll Type IV

-

Ref : Lanzkowsky 6th edition



Vessel Injury

Adhesi
esion

Platelet

Injury site

ERE LD collagen exposed

Q}I‘\/\ Pediatric Cancer & Hematologic Disorder
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“#*  Initiation Phase| || & W& Amplification Phase|| [ & .., eswsis
“Extrinsic Pathway”

Activation

Fibrinolysis
Pathway

(4)

Fibrinogen J-

Fragment X

brinogen
 — - Fibrin
Thrombin J—‘ Fibrin Monomerl Clot
Fibrin Polymer |
Il FXllla
DELIEEE

[oamer 0] € 082 o

PLASMIN

| S
» Platelet plug +

Aggregation

Coagulation
Systems

Inhibition of

Coagulation
Systems

Stabilize with FXIII

Inhibition of

Fibrinolysis
Pathway

Tissue plasmino

gen
activator (1PA)
T N“Asmmoseu
Plasminogen activator ¢ Factor Xla, Xlla
Kallikrein

inhibitor 1 & 2 l
i /L'ASMIN -
Urokinase l A

" ~~ ag-antiplasmin
™ azmacroglobulin

FIBRIN 2< FIBRIN DEGRADATION
< T PRODUCTS

THROMBIN —p Thrombin-activatable
e fibrinolysis inhibitor



Primary Hemostasis

Glanzmann

Storage thrombasthenia

pool defect

Injury site ADP, serotonin
collagen exposed

-
~ . a o\ Teh

Sutdadathabdl exsésvellahipmat ic s S @, N @ e

Primary Hemostasis

Bernard-Soulier
syndrome

Coagulation  Fibrin crosslink

A‘

Activaled
Platelet

h e LAl el

-
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e . L " .
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Secondary Hemostasis

@ ‘ Monroe DM, et al. ATVB 2006;26:41-8 In itiation Phase

“Extrinsic Pathway”

Intrinsic Pathway

Small amounts
of Thrombin

generated that
activates more
platelets

Monroe DM, et al.
@

 ATVB 2006,26:41-8 Am DI |f|Cat|0n Pha se

Il;Prothrombin

Monroe DM, et al.
@

CLOFED VP 202s4ts Propaqatlon Phase I;Fibrinogen




Water-fall Model of Coagulation

Intrinsic Pathway

Surface
HK,PK
Xl Xlla Extrinsic Pathway
: =
X Ca,HK Xla ViI
-t
IX Ca IXa
Vila+TF(lll)
Vil Villa o
A Plt Vascular Inj
X Xa X
Vv Va Ca
Plt
Il;Prothrombin lla;Thrombin
vWF/VIII Pit
Xl
I;Fibrinogen la;Fibrin

Xllla
Fibrin polymer /

@I\ Pediatric Cancer & Hematologic Dis
J— PedHemOnc-PA Crosslinked Fibrin polymer



Amplification thauu PIt
— Bwua1n FIL V. VL X

— Key: Vllla/IXa tenase complex
— uafildda FVa, FXa

Propagation 1nauu plt
— 133910 FV, FX

— Key: FXa/Va tenase complex

— NaNnl@fa thrombin ITUIUNAN

Q}I/\\ Pediatric Cancer & Hem
% PedHemOn

Cell-based Model : Summary

Monroe DM, et al. ATVB 2006;26:41-8

Initiation Phase

“Extrinsic Pathway”

Small amounts
of Thrombin

generated that
activates more
platelets

=}
CLOT

Monroe DM, et al.

. ATVB 2006;26:41-8 Am D||f|cat|0n Phase

=}
CLOT

Monroe DM, et al.

_ ATVB 2006:26:41-8 Propaqatlon Phase




Lab in Hemostasis



Lab iIn Hemostasis

CBC+PBS Platelet number and morphology

Vessel Injury Bleeding time Normal < 9 mins
Adhesion
w
Platelet
. ) PFA-100 In vivo haemostasis PFA-100®
High shear rate
Membrane closure time Endothelial cell — >5000/s

Epinephrine
or
ADP

Collagen fibrils — -

Membrane with
collagen coating

|

|

response to

ADP and Epinephrine ) von Willebrand
) | - factor
von Willebrand factor— } oo ot
Fibrinogen —{ . rythrocyte
Required... Hct 25-50 - A ) Platelet
atelet
Plt > 50k B e |

Erythrocyte —{ o ’

Lumen 4 Capillary 200 pm
o
J =N

N

\
| Pediatric Cancer & Hematologic Disorder
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Lab iIn Hemostasis

Platelet Aggregation Study

Vessel Injury

_ Platelet A tion Stud Need to control the affect factor
TAdhesmn atelet Aggregation otudy  paiect : Adhesion - Activation - Aggregation

) APD Ebinephrine Collagen  Arachidonate Ristocetin
Activation
Platelet —>  Platelet plug | Normal /’ / / /- /
Aggregation -
- ,
. BSS, VWD /- / / f
Von Willebrand factor study | SRR
SPD f
GT /

0
%I\ | Pediatric Cancer & Hematologic Disorder
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von Willebrand Disease

)

Undetectable
-VWF:A > -VWF —_—
- or <5 IU/dL o

Present

> Type 1 (severe)

* %

Reduced

O
™
~t
™
O
-~
oY)
S
™

Vv

VWF:RCo*/

>06 W Fvin:c/
\ VWF:Ag
06 ‘ VWE:FVIIIB
<05 5 7ype 2 si|  Rriea Increased s | Type 28/PT-vWD

l HMW absent

> Type 2N***

VWF:Ag

N

> Type 2A

‘ Multimers —_—

HMW present

> Type 2M

w PedHemOnc-PMK
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Lab iIn Hemostasis

(4)

Fibrinolysis
Pathway

Coagulation
Systems

Inhibition of

Systems

Stabilize with FXIII

Inhibition of

Fibrinolysis
Pathway




Lab iIn Hemostasis

activated Partial Thromboplastin time > Mixing test

Detect : Factor def/ Inh/ APS

Normal 25-35 sec
Agent : Normal plasma

Detect : Intrinsic & Common pathway

Agent : Kaolin (#2n5:04) + PL + Plt-poor plasma

531’N!I!! ) g Coagulation
- 8471 5,8 dans } . Systems
- Het 192 > 55, plasma #as# factor niasg @)

Prothrombin Time

+ Fibrin plug
Normal 10-12 sec - :
Detect : Extrinsic & Common pathway \ Stapilize with FXII »
Agent : TF (#n3z6u) + PL + Plt-poor plasma :
eIl Clotting factor
g
- d4'1%152, Het > 55 activity assays
Thrombin time » Reptilase time Fibrinogen
Normal 12-14 sec Normal 15-20 sec
Detect : Fibrinogen § Detect : Fibrinogen
Agent : Thrombin (AIN32Rw) Agent : Reptilase (#n5z6u)

@i‘  PedHemOnc-PMK | 35 filaifinasia Antithrombin (AT)

- Heparin contamination



Lab iIn Hemostasis

Euglobulin lysis time

Facts # 4

The euglobulin fraction contains the important fibrinolytic factors
fibrinogen, PAI-1, tissue plasminogen activator (tPA), plasminogen,
and to a lesser extent alpha 2-antiplasmin

u

3Hour 4Hour GHour

Figure 1. Time course of degradation of an artificial thrombus by the sticky part of
Natto (Picture provided by a JNKA member)

v : Platelet plu Fibrin plu
Abnormal §115Nazansanau 2 hr/ piug  + piug

13D “NanNau 4 hr Stabilize with FXIII

Detect : Hyperfibrinolysis e
How : plasma a1 anti-plasmin 880 wan Fibrinolvsis Inhibition of
v 1¥1iu Euglobulin clot Tasiin CaCl2| [E) y ! Fibrinolysis
¥ o Pathway
LRIIULIRIIUASANL NG Pathway
\ 4
Fibrin
degradation
.

- —
‘ | Pediatric Cancer & Hematologic Disorder
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Lab iIn Hemostasis

Urea clot lysis assay > IE))((IIIIII zc;cir:/;tyg as:gﬂ?\:l

/Urea solubility time _
sequencing

Detect : severe FXIll deficiency
How : Clot a¢gn degrade tia incubate

37 a8 5M urea anlad FXIII
529!
- detect launa severe FXIII def < 1%

Detect : confirm dx of FXIII deficiency

+ Fibrin plug

Stabilize with FXIII

\4

Fibrin
degradation

Q}l\ \ Pediatric Cancer & Hematologic Disorder
K PedHemOnc-PMK
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Lab iIn Hemostasis

Thromboelastography (TEG)

Amicar
+«— (Coagulation ‘k Fibrinolysis >
, |Platelet Transamine
Kinetics of clot L~
[ LY
N
L/
------- GY30
7 aaa )
MA
N/
T\ Percent lysis
\ 30 minutes
after MA
Reaction time, Achievement Maximum amplitude - Detect : global hemostatic test
first significant of certain clot maximum strength of - - wqnn T
oot fornation frmness o How : Lia Clot LN torqug FEHUIN pin NU
cup wlanan2g electronic L@ graph

- upn LARALALSH clot audi fibrinolysis

‘ | Pediatric Cancer & Hematologic Disorder
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Take home message

e Understanding lab in hematology based on the basic physiology

e RBC disorder : Membrane defect vs Enzymatic defect vs
Hemoglobinopathy

e Primary hemostatic disorder : Platelet and vVWF
e Secondary hemostatic disorder : Coagulopathy and Fibrin pathway




