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What looks like a CBC in lab??

Name: abolfazl poor Date : 2019/06/03

Patient ID: 4546 Tioe '+ 0R:03:9
Sex:

Sample No.: 4546 Ward :

Birth  69(Age) Dy.3

Parameters Normal Ranges RBC

WBC  12.94 + [103/uL] 4.50 - 11.00)

RBC 3.34 - [10%6/ul] 4.00- 5.50)

HGB 9.1 - [g/dL]
HCT 28.3 - [%]
MCV 84.7  [fL]
MCH 272 [pg]

12.5- 17.5)
38.0- 53.0)
80.0- 97.0)
26.0- 34.0)

)

MCHC 322 [g/dL] 31.0- 36.0
RDW-CV 16.3 + [%] 11.0- 14.5)

PLT 362  [10%3/uL] 150 - 450) DIFF
PDW 124 [fL] 9.0- 14.0)

MPV 101 (1 9. 12.0) &

w
Jso0°

PACR 263 o

.0- 43.0)
PCT 0.37 + R

K

O -

(
(
(
(
(
(
(
RDW-SD 486  [fL] ( 37.0- 54.0)
(
(
(
(
(
(

(%]

NEUT 9.62* [10"3/uL] 74.2* [%] ( 54.0- 62.0)
LYMPH 2.00 [1073/uL] 15.5 - [%] (25.0- 35.0)
MONO 1.29 + [1073/uL] 10.0 + [%] ( 3.0- 8.0
EO 0.02 * [1073/ulL] 0.2 * [%] ( 0.0- 1.0
BASO 0.01  [1073/uL] 0.1 [%] ( 05- 3.0

WBC IP Message(s) RBC IP Message(s) PLT IP Message(s)

Monocytosis Anisocytosis .
Leukocytosis Anemia
Left

Shift?
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What looks like a CBC in lab??

wec S.8x03- 0L
RrRBC RL¥* |S5. 6508/ pL
HGB =| 8.4a/d0L

HCT RL% |32.35X

MCW RL%* |S7.5FL
MCH RL¥% |14.9Fs
MCHC | RL* |25, 8s/dL
PLT PUY |1B884x103/ 1L

wecC

100 20 L

T4 (’ ‘45_

LYM3 21.0% 5
MMD* T.2%
NEUTX 71.8% " p
LYM# 1.2x108/ 5L
MMD# Q. 4=103.-21L -
NEUT# 4. 2%109/ 1L ’ 7

N | RBC ':’

- 100 ] [FL]

RDW RL* 32.3X

PLT
0 2 ® 1Ll
PDW  DW -—-.-fL
11/22/2022 MPU PU -=--,-FL
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New Emerging Hematology

11/2

Parameters
CHCM LFR ANC/AGC
CHr MFR PLT-F
PCT HFR
P-LCR RF
P-LCC LUC
MPX PLT-O
WBC-P HDW
|G PF
IMG Ret-He

2/2022




Tailoring your hematology

Productivity

XN-9100 Maximum Workload

XN-9100 Workload Balance

XN-1000

XN-9100 Compact Integration

XN-3100

* DI60 is a registered product of CellaVision AB - www.cellavision.com
+*TOSOH HLC-723 GTl Analyser is a registered product of Tosoh Corporation (Japan) - www.tosoh.com
***interrliner XN is a registered product of RR Mechatronics (The Netherlands) - www.rrmechatronics.com



Types of hematology analyzers

& their development process
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Kinds of hematology analyzer we
have in the hematology Lab.




An example of a CBC result from the

advanced Advia 120R cell counter

Morphology Flags

Header - WB Morphology Flags A Perox Baso ]
SID: 4004 MICRO: -
Time & Date: 5/25/05 10:20:38AM MACRO
HYPO
Selectivity: CBC\DIFF\RETIC HYPER
Sample Type: PATIENT ANISO
Sex & Age HC VAR
System: 30810242 LEFT SHIFT
Sequence: 613 BLASTS
Species: Human ATYPS
NRBC
IG
FOR LABORATORY USE ONLY LARGE PLT
PLT CLUMPS
MPO DEF
RBC FRAG:
Routine CBC RBC GHOSTS
WBC 8.36 x10% CELLS/uL
RBC 4.30 x10° CELLS/uL
HGB 125 g/dL RBC HC o RBC V/HC
HCT 380 %
MCV 884 fL
MCH:  29.1 Pa
MCHC 329 g/dL
CHCM: 327 g/dlL = '
CH 28 7 PO BC Volume ”
RDW 142 %
HDW: 232 g/dL
PLT 332 x10°7 celis/ul
MPV 7.4 fL
Platelet Vol
Routine WBC Differential [ —
x10° celisiul k
WBC 8.36 ‘
Neut 69.3 579
Lymy 21.7 1.81
'&Oﬂp(? 65 0.55
EOS 0.9 0.08
Baso 03 0.03
LUC 1.2 0.10
L 1.96

MPXI 4.3
wBCP: 11/22/2022 888

MICRO:
MACRO
HYPO.
HYPER
ANISO

HC VAR
LEFT SHIFT
BLASTS
ATYPS
NRBC:

IG

LARGE PLT
PLT CLUMPS
MPO DEF
RBC FRAG:
RBC GHOSTS




An example of a CBC result from the

advanced Sysmex XN 1000 cell counter

! WNR \ WNR (SSC-FSC) WNR (SFL-SSC)
Bag Ba{
B
e NRBC a<
AN L o . 3
G G \J:‘..
b \ WBC B \WBC h 'v::"f Xy '» J ,'\WBC
S 25 L1
WDF | ~ WDF (SSC-FSC) WDF (FSC-SFL)
MONO
~ MONO PNN /
i : ~~  LYMPHO
"LY@(;Z" .Ll/ PNN | LYMRHO \ ” \ L PNN
F / PNE N PNE §// PNE
./ L \,’:l \ - T ‘“‘/
Lt oo ()] | | Al MONO (e)| | | e . LD
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1° Blast/Abn Lympho, Atypical Lympo
2° Atypical Lympho

3° Blast/Abn Lympho



Report of an advanced cell counter

vs partial diff one

1]={m 5.8=x03- 8L

rRBC RL%x S5.65=08/pL

HEGB = 8,48 dl

HCT RL%* 32.35

HCU RL* 57.5fL

HCH RL¥x 14.9Fs

MCHC RL% 25.8e~-dl

PLT PUt 1884x03-pL
wBcC

Iy

_HZﬁkﬁ

100 20 3o If

LYMX £1 .04
MDD X T.2%
MEUT X fl.84
L¥YM#& 1. 2x1037 20
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r
j \H |
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Advanced Clinical Hematology Parameters

What are these ***NEW*** tests?

i Advanced
White Blood Cells Clinical
Parameters
/G (Immature Granulocyte)
Red Blood Cells
Retic-Comprehensive
1) Retic

2) IRF (Immature Retic Fraction)
3) RE T-He (Reticulocyte Hemoglobin Equivalent)

%7 Platelets

AU/ FOMATIEFN! | IPF(Immature Platelet Fraction)




Hematology is closer to the clinical setting than
is thought.

Advanced
Clinical
Parameters

I1G ITR and Neonatal Infection
» Infection / sepsis

RET-He

» Anemia Management

» Improved Iron / EPO utilization
» Improved transfusion practice
» Prevent readmission

IPF

» Mechanism of Thrombocytopenia

» Decrease unnecessary bone marrow
biopsies

ITR:immature neutrophils to total neutrophils ratio > Improve transfusion practices




Hematology is

oser to the
inical setting
nan is thought.

The parameters
m HGB (haemoglobin)

m RET-He (reticulocyte haemo-
globin equivalent)

help to evaluate the donor’s Donor safety
blood status.

11/22/2022

The Blood Bank mode

B measures residual white and red
blood cells in blood components.

m determines RBC and platelet

‘ concentrations in blood products.

The advanced clinical parameters
m RET-He
m [PF (immature platelet)

are used for monitoring the patients.



Mechanism of cell counting, cell volume

determination and histogram formation

« Radio frequency current

<—— Direct current

|

_ DC supply
Detection +
chamber ~
® Radio frequency
External supply

electrode (+) ~L § Resistance

By || ]
Electrolyte 9 T Condenser
solution ™~ &L q_ %'?

| M
GC
‘i‘ E |Ea R

Internal electrode ()

e 520500 Opersio Gl JCRd 48 1-2484.2) Hobe, Japan. To

/

~""--..| o

Aperture
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Volumetric Counting: DC detection method

m The cell-counting detector consists of an electrostatic
field, limited by an aperture.

® When blood cells pass through the aperture, an ot \go Diluted blood
electrolyte volume equivalent to that of the blood cell
is displaced. This causes changes in resistance, )
which are detected as a measurable variable.

Aperture

11/22/2022



Volumetric Counting: DC detection method

m The cell-counting detector consists of an electrostatic
field, limited by an aperture.

® When blood cells pass through the aperture, an Diluted blood
electrolyte volume equivalent to that of the blood cell dett
is displaced. This causes changes in resistance, by
which are detected as a measurable variable.

Aperture

11/22/2022



What is a Histogram

& How is formed

LD: lower discriminator Histogram curves

UD: upper discriminator |
» Start and end at the baseline

» Curve between upper and lower discriminator

Example: RBC histogram

UD » PLT, RBC and WBC histograms

base line
/

11/22/2022



RBC, PLT and WBC Histograms

RBC range
PLT range < >
< > LD uD
LD up !
A =0
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(el (o]
o> N
EE PLT ‘Qg).é L
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> [fl] | —y g [fL]
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Analysers counting channels

PLT 4 RBC 5 Lo V- JUS

Debris & Bacteria & Noise=0-2 fL
PLT=2-30 fL

RBC=25-200 fL

Hgb ¢ .5 o5l g Diff g WBC 5 Less :Y- JUlS
Small cell(Lymph)=35-90 fL

Mid cell=90-160 fL

Large cell=160-300 fL

11/22/2022



RBC Histograms

RBC range

E
-%‘i

r__
O
o~
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T

RBC

(relative value)

| Number of cells

-
= 9
W
=3

» [fL]
Cell volume
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Calculation of RBC Indices

HCT RBC

11/22/2022

Parameter Function / meaning | Calculation
MCV (mean Size or volume of =HCT/RBC
corpuscular volume) | one average RBC

MCH (mean Contentof HGBin | =HGB/RBC
corpuscular one average RBC

haemoglobin)

MCHC (mean Average =HGB / HCT
corpuscular concentration of

haemoglobin HGB in RBC

concentration)

MCV = (HCT/RBC) x10

MCH = (HGB/RBC) x 10

MCHC = (HGB/HCT) x 100




Rutzky Rules
(Rule of 3)

Rule # Hb = 3 = Het =2

Rule #2 RBC = 3.3 =Hgb+£l.5
Eule #3 EBC = 9= Hctx3
Rule #4 MCH =3=MCVZ3

—Cuwgaygi €93 51 095 05 31315 3)l9e (a9 crub ¢ Wl S1E1 s BidS (S 559, uilys
S8 Slalidl g Lhs 5l 6 K 9 gl adsl UGS sl 9 35 (o0 G0 p3 S 90,95

Dyl 0,8
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WINTROBE INDICES
AND
THE RULES OF 3 (Rutzky Rules)

MCV = (HCT/RBC) x10
RBC X9 =HCT +/-3%

MCH = (HGB/RBC) x 10
RBC X 3.3=HGB +/-1.5 gmy/dl

MCHC = (HGB/HCT) x 100
HGB X 3 =HCT +/-3%










MCV & Age

Age Lowest Normal Hb (g/dL) Normal Red Blood Cell Size Fetal Hb (%)
Mean Corpuscular Volume (fL)

Birth 14.0 100-130 55-90
1 mo 12.0 90-110 50-80
2 mo 10.5 80-100 30-55
3-6 mo 10.5 75-90 o025
6 mo-1 yr 11.0 70-85 <5
1-4 yr 11.0 70-85 <2
4 yr—puberty 11.5 75-90 <2
Adult female 12.0 80-95 <2
Adult male 14.0 80-95 <2

Hb>22 g/dl is considered neonatal polycythemia and is dangerous because it slows
down brain blood supply

11/22/2022



MCV & RDW in Histogram

The floating area in the range o i 60 fL to 125 fljjdepending upon

the peak and location of histogram V and RDW are calculated

RU

+—— RBC

= macrocytes are
Z> DD present the peak will

i  shift to the right

If microcytes are
present the peak
will shift to the left

/\ Relative number of cells

|
!
|
I
I
I
i
|
|
!
|
|
|
|
|
|
|
1

= v Cell size in e
PLT 25-T751L Mcy femtoliters 200 - 250 fL |

RBC volume histogram
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MCV & RBC Histogram

PltAgg | total RBC= 84102 Lit
w30 Piddebri=6 nRBC=24
Sum= 3284 91 sl

Het= 541012 « 3284 91240684 (68.4%)

WBC WEC

MCV=1368

adios 38

Het= $<1012

Het= MCVx 1= 1368 « 24=3283
3283/24=0.683 (68.3%)

Plt-Agg or Lym

RBC
“RBC —

Micro-RBC

O“ =y | | | | f | | | | | | | | | | | | | | | | | | | | |
170 % 110 80

50 sofl

6 7 § 9 10 11 12 13 M4 15 16 17 18 19 20 21 22 23 M4 25 226 27 28

Debris & Bacteria & Noise=0-2 fL  PLT=2-30 fL RBC=25-200 fL
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450 < SwEIBOl i
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400 f WEC
WEC

350 7

MCV=1368 sy
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MCV & RDW in Histogram
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RDW : Why we need to

MCV

RDW-CV ' Red Cell Distribution Width

RDW-SD | (RDW) 1018 stois ewa sl stigy & atels

Anisocytosis
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RDW (CV & SD)

0‘ ‘ *
ol i MY
100% —
MATH-1SD = 1 SD = width of the histogram, in
femtoliters, at approximately the 68.2% frequency
Frequency in which /4
a certain MCV value RDW-CV=11 - 15%
appears in the analysed o
\ ynamlatl SD
ervthrocyte population 2 — RDW-CY
MCV

RDW-SD=37 - 46 fl

/ ‘ ——RDW-SD = histogram index at the 20% frequency
| \__,

| | fl oo
30 100 150

MCV (fl)

.2“‘:0 -+

38 e MCV lsie 4 75A gl 13 RBC 61,5 st sligy s RDW-CV gasgy 7P+ Slohid b glisyl )5 RBC ol sid (sligs 295 W RDW-SD gl 3 :) +-05 JSi&
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RBC Distribution Width-RDW

# RDW-CV: Red Blood Cell distribution width- # RDW-SD: Red Blood Cell distribution width-
Coefficient Variation Standard Deviation

.-/'

SOOI Tasasts
N o
Ny

Turping paints

N
L
//

20 %

E
—
—
]
U3
> =
,- /

)

RDW-CV = L2-L1 x 1000 RDW-SD is calculated in 20 % of the total

L2+L1 height of the distribution curve.
+/- single standard- deviation equivalent to

68.26 % of the distribution area.
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We need to MCV, both RDWs

because:

Considering that (MCV) only shows the average or mediocrity of a
population if the RDW (SD & CV) is not taken into account, the
correct clinical interpretation of the RBC volume distribution status
is not obtained

RDW-SD takes measurements in "fL" and basically measures the
width of red cells size distribution histogram — it calculates the
width at the 20% height level of the histogram.

RDW-CV is expressed in percentage (%) and is calculated from MCV
and 1SD

The reference range for RDW is as follows:

RDW-SD 37-46 fL in adult RDW-SD 47-70 fL in neonates
RDW-CV 11-15% in adult RDW-CV 13.6-18.0% in neonates

11/22/2022



)O MCV UO.QJ

RDW-SD

1S (P ) (a0 MCV (i
MCV=99, MCV=100, MCV=101.....Mean(MCV)=100 SDx1
MCV=95, MCV=100, MCV=105..... Mean(MCV)=100 SD%5
MCV=50, MCV=100, MCV=150..... Mean(MCV)=100 SD%50

MCV=1, MCV=100, MCV=199.... Mean(MCV)=100 SD%99

D9 S B3 Wlgi (gad b Coprazr ol oy B0 (o0 L 1 (2Silen 92 MICV

Nl o SoS a RDW-SD
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RDW-CV

5-10-15------------- mean(MCV)=10.......SD=5 CV=50%
95-100-105--------- mean(MCV) 100.....SD=5 CV=5%
995-1000-1005---- mean(MCV) 1000...SD=5 CV=0.5%

a2 idigy |, MCV 4 SD jnii U o105l S50 S ail G v bo e
RDW-CV
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Rules of using RDW

& disadvantage of RDWs

Wilo Wl oo idlS OIS ek RDW-SD . il oo sis!33I RBC aSile) 45 cens! o3| RDW-SD i
sgoo (oYU 5 590
Al o0 LS LS & yqas RDW-CV ¢ ssls oo i35 MCV aSiilo 45 sl o) RDW-CV i

S o Ko 9 Secamwg o sl GO.’T olo

D (v-mev)’
.%DZ\ - RDW-CV= (RDW-SDx0.28x100)/MCV

RDW ;i oolaiut 4g38

Gl 9331 Lo’ jloo jgimuga i g jgimwg ySne 1o RDOW-CV

Cowl 9351 yLxo (MCV>100) 5wyl Ko g jgiumwg ;S ;0 RDW-SD

Lol 09l cudliico (ot & yguas pl 35 glimnd 10 Gl S0 YU MCV L RBC coros S )50 wjle o
b Jb i RDW-CV

458l )53 RDW-CV Lol (S 95) S5 (ionin ey MOV s gy yS0 oy 55 il abals 53

Sl
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RDW -Clinical applications

“RDW 15 likely a independent marker for chronic
processes leading ultimately to a fatal outcome in
patients and the general population.”

Elavated RDW has been associated with:
Decreased eGFR in CRF patients
Overall increased myocardial infarction rate in CHDs
Overall cancer mortality rate
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RBC Histogram 1 Mxcrocytic regon

2 Nomocytc regon
3 Macrocytic regon
4 60 L madker
S 120 1L marker

{(microcytic sample) (macrocytic sample)

RBC Veolume histogram (anisocytosis)

MCV(fL)




RBC Histograms

RBC range

RBC

(relative value)

| Number of cells

-
= 9
W
=3

» [fL]
Cell volume
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RBCs Histogram

Volume Histogram
(N |

L Red Cell Discriminators J RBCs Histogram
Volume Histogram
LD upD . .
RL RU The RBC histogram has 2 Flexible

discriminators that discriminate

* - RBC curve from other curves.

25 75 200 250

RL (RBC Low Discriminator)

Fluctuates between 25 and 75 fL

RU (RBC Upper Discriminator)

Fluctuates between 200 and 250 fL

N
¢~ Total Events (N

11/22/2022



RBCs Histogram

Volume Histogram
(S =

In a homogeneous cell population, the RBC curve assumes a RBCS H istog ra m

symmetrical bell-shaped or Gaussian distribution. Volume Histogram

* The area of the peak is used to
calculate the MCV and RDW. This
area represents 60 fL to 125 fL.

~ Total Events (N

\
N

60 125 250 fL

N

11/22/2022



RBCs Histogram

Volume Histogram
(S =

If The RBCs are smaller than normal (= Microcytic) RBCS H istog ram
Volume Histogram

‘- The curve will shift toward the left

Total Events

11/22/2022



RBCs Histogram

Volume Histogram
(S =

If The RBCs are larger than normal (= Macrocytic) RBCS H istog ram
Volume Histogram

-’ The curve will shift towards the Right

Total Events (N

N
~
\/

25 60 125 250 fL

11/22/2022



RBCs Histogram

Volume Histogram
e >

RBCs Histogram
Volume Histogram

The extension of the lower end of the scale
allows for the detection of RBCs fragments,
WBCs fragments and large platelets.

100

F:. Total Events (N

25 60 125 250 fL

11/22/2022



RBCs Histogram

Volume Histogram

e A

RBCs Histogram

Volume Histogram

The MCV is calculated from the area under the peak

100 /0‘\ MCYV is perpendicular line
[ ]\ from peak of the curve to
/ \ the base

/ \ Normal RBC histogram—>
| RBC located between 55-125 fl

, / \
/ l .
0 125 250 §

25 6

~ Total Events

N

11/22/2022



RBCs Histogram

Volume Histogram
(N |

LThe Red cell Distribution Width @ RBCs H istog ram

Volume Histogram

An important parameter for measurement of

degree of variation in RBCs size. RDW has 2 forms:
100
B rowovx
R.DW'C.V * Coefficient of variation percentage
* Calculated by SD/MCV x 100
* The normal range is 11.5% to 14.5%
- | | a RDW-SD fL
=
s RDW-SD _
20 O * Standard Deviation
T f * Obtained by drawing an arbitrary line
' at a height of 20% on the y-axis in fL.
25 60 125 250 fLL + The normal range is 35 —45 fL

11/22/2022



RBCs Histogram

Volume Histogram
[N |

LThe Red cell Distribution Width @ RBCs H istogram

Volume Histogram

An important parameter for measurement of

degree of variation in RBCs size. RDW has 2 forms:
100
| n RDW-CV %
R|DW-CIV » Coefficient of variation percentage

* Calculated by SD/MCV x 100
* The normal range is 11.5% to 14.5%

£
s
3 | RDW-SD fL
s ‘
RDW-SD To avoid interference in the calculations of RDW, the
20 r—Q information < 20% of scale on RBCs histogram are

? t excluded:
| = — « Aperture artifacts

RBC agglutinates, right
25 60 125 25( +  Giant PLts, left

dlljzzjzvse



Clinical application of MCV & RDW

Relationship of RDW and MCV

Normal

RDW

/r

Increased

RDW

11/22/2022

Microcytic

J Mcv

Heterozygous
a or B thalassemia

Anemia of Chronic Disease

Children
teenagers

Iron deficiency

Sideroblastic anemia
Hb H disease
S - B thalassemia

RBCs Histogram

Volume Histogram

Normocytic

Normal MCV

Anemia of Chronic Disease

Anemia of Chronic Disease

Sideroblastic anemia

Hb SS or SC diseases

Mixed deficiencies
Early IDA

Macrocytic

T™ MCcv

Myelodysplasia

Aplastic Anemia

Megaloblastic anemia

Reticulocytosis



RBCs Histogram

Volume Histogram
L ‘

Flags

—; Total Events (N
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RBCs Histogram

Volume Histogram

A >
NO 4 wWL: Abnormal height at lower discriminator
DATE: 810/85 15:11 of WBC Histogram (LD)
oo ""'SHE'-EE';DD&F WU: Abnormal height at upper discriminator
REC 484 x10% of WBC Histogram (UD)
Hee 137 g T1: Valley 1 not found Flags of WBC
(= 868 f T2: Valley 2 not found
e o o F1, F2, F3: Abnormal height at the points
PLT 257 x10%ul T1 or T2; adjacent fractions are marked
WEC . . .
RL: Abnormal height at lower discriminator
500 of RBC Histogram (LD)
LYMPH% 312 % R;J&ﬁé?c:mal heigt;be;)upperdiscrirninator - £ RBC
MXD% 68 % of istogram
v A - Cl O MP: Multiple peaks: Distinguish ?? of two 220
MXD# 04 mﬁ.ﬁ.n RBC Populations
NEUTE 38 0% DW:The distribution (RDW) can not be
; ; ] detected because the Histogram does not
i i 5 cross the 20 % limit twice.
250 PL: Abnormal height at lower discriminator
, ) of PLT Histogram (LD)
ROW-SD 400 f PU: Abnormal height at upper discriminator
i of PLT Histoegram (UD)
i FLT )
I( \| ; MP: Multiple Peaks found FIags of PLT
i 40 DW:The distribution (PDW) can not be
POW 131 f detected because the Histogram does not
. oL cross the 20 % limit twice.

AG: The particle count equal to or less than the LD exceeds a prescribed range.
Probable cause is platelet agglutination, which does not alter WBC count but
may result in decreased platelet count. Therefore, this flag 1s added to the PLT
11/22/2022 parameter.



Flags, Marks and data display

Flags Marks Data display i -
/ I Data outside the range of guaranteed linearity
e i 2, + Data above the upper limit set for normal assessment
weC Wl 6.2 x10%L
RBC i1 0,29 X106/LIL - Data above the lower limit set for normal assessment
(3 B0/
L ?B 108 gral * Data of low reliability
HCT i 2.8 %
MCV mmmy= fL Meaning
MCH Had g
MCHC Ht g ldL +++ +  Data outside the display range
PLT AG f 0 x 103,/uL PR Impossible to calculate the value due to abnormality in

measurement

Value could not be calculated due to data error. The
-/ analysis was performed in pre-diluted mode and for this
reason the particle distribution analysis parameters could
not be calculated

11/22/2022



RBC Histogram Error Flags

RL

Relative frequency for LOWER discriminator (LD) exceeds the range. May be caused by changes in red
blood cell morphology, platelet clumps, or electrical noise.

RU

Relative frequency for UPPER discriminator (UD) exceeds the range. May be caused by electrical
noise.

MP

Two or more peaks in the histogram.

DW

Particle distribution width error when the 20% frequency does not cross the histogram two times. The
peak is taken as 100%.

11/22/2022



RBCs Histogram

Volume Histogram
(S =

Flag i} RLFlag RBCs Histogram

LD Flag Volume Histogram

LD
* Abnormal Height at LD

RL

* The LD exceeds the preset height
by > 10 %

Possible Causes :

* Platelet Clumps
RBCs fragments
Giant Platelets
Micro RBCs

* Noise
FL RBC morphology

\
~ Total Events (N
.

{1

“J
U
+

11/22/2022



RBCs Histogram

Volume Histogram
(.

o J-"H

Thalassemia major—=> WBC / RBC / PLT
- - = -
- - ) ~'

¥ ‘0. o
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RBCs Histogram

Volume Histogram

|

DW y PU RL M) 3308 J siawgiont i shiams 035 8,55 3 CBC (x93 (PL MP WL SMW) SW 0pewlSy 5511 s 995 0 2 9 CBC (sl 21 1-11 JS2

wBC S5.8x103/u00L
RBC RL S5.65x108 /L
HGB - 8.4s/d0L
HCT RLX 32.5X%
MCU RL%x S57.5fL
MCH RLX 14,.9re
MCHC RLX 25.8s/dL
PLT PU! 1884x103/7xL
i wBC
|
A
A% SN
B0 ¥ T M U VO~ J
I 030 (L
LYMZ 21.0%
MXDX% Ky 4,4
NEUTXZ 71.8%
LYM# 1.2x103/760
MXD# Q.4x03 /101
NEUT# 4. 2x103/700L
. RBC
//\
S 1T Y 200 (L
RDW RL¥x 32.3%
PLT
| st
b
;/- - T—
10 Pt 0 [rel
PDW DW ---,-fL
MPU PU ===, =L
P~-LCR PU =-=~-=,=-X




RBCs Histogram

Volume Histogram
(N |

RL flag Schictocytes & extreme microcytes

RBC count, HCT, MCV, MCH and MCHC show RL flag

]
!

RBC Lower Discriminator Error

|
A
J s ~
- - 4 —

W w

LD error e.g. Pit aggregation RBC fragments, noise
'HCT (418 RL |
|MCV | 117.1 RL |
|MCH | 322 RL |
MCHC | 27.5 RL
0 In case of fragmented RBC and extreme microerythrocytosis @ there is
no clear separation in volume between platelets and erythrocytes.

0 Due to high numbers of RBC # platelet result might be false high
and should be checked with alternative methods.

11/22/2022



RBCs Histogram

Volume Histogram
A >

Flag P} RUFlag RBCs Histogram

UD Flag Volume Histogram
= Ab | Heigh uD
RU normal Height at
100
* The UD exceeds the preset height
by >5%
R —
\ .
// e Possible Causes :
2 -
$ / \\ * RBCs Agglutination « %o
= My - " a @~
3 / gl * Cold Agglutinins T
o | Disappear when the samples ;‘,{;{‘ ® ° -
50 / \ are incubated at ;{ ) Q
/ * Nucleated RBCs - §
I + CLL . = o
1 " E NEN 4 when small lvmphoud cells are o 9] - 9
‘ LIV T present in a very high number IS < c

11/22/2022



Case 9 RsCs Agglutination RBCs Histogram
Volume Histogram

Parameters RBC
RU Flag o

WBC 582  [10%3/uL] Lo
RBC 3.05 * [10"6/uL] 3 o - ¢
HGB 12.8 * [g/dL] » G O &

HCT 89 *  [%]

Anisocytosis

MCV [fL] A
MCH [pg] RBC Agglutination?
MCHC / [g/dL]\ Turbidity/HGB Pl.I -

Interf?

RDW-SD 434  [fL]
RDW-CV 16.0 + [%]

11/22/2022



Case 9 RsCs Agglutination RBCs Histogram
Volume Histogram

Parameters

WBC 582 [10%3uL] RUFlag RBC RBC

RBC 3.05 * [10"6/uL]

HGB 12.8 * [g/dL]

HCT 30.9 * [%]

MCV 101.3 * [fL] Before

MCH 42.0 * [pg]

MCHC  41.4 * [g/dL]

RDW-SD 434  [fL] Fi.l

RDW-CV 16.0 + [%]

Parameters

WBC 6.21  [1073/uL]

RBC 417 [10%6/ulL] -

HGB 12.6  [g/dL]

HCT 38.8 [%] Before After
MCV 93.0+ ] After . .
MCH 302 [pg] Cold Agglutination

MCHC 325 [g/dL]

RDW-SD 43.8 [fL] Before & after 30-60 min incubation of blood in 37°C water bath
RDW-CV 13.2  [%]



Case 9  RBCs Agglutination RBCs Histogram
Volume Histogram

RU Fla
RBC-Histogram Results uUD Fra?

RBC RU* 223x10%L

RBC-Histogram Results
RBC  4.36x10%1L

14 4a/d|
:STB RU* 24.99% . HGB 14 5q/d|
MCV RU i17n  Incubation 30 min HCT 43.5%
MCH RU* 84.6p0 mg\é 31:?2;)2
* .
MCH( RU* 57,8 | o L

M/ [(LJROW 254

W A0 (1] ROW 147

MCH= Hb/RBC
MCHC= Hb/HCT

11/22/2022



Flag #P3 RUFlag

Item

Data

Unit

NBC 489.53|@ 10A3 /uL [ Tmm Gran?
REC 3.73 (¥ [T0AG/uL || A2n Ly/L_B!
HGB 9.2 g/dL

HCT 37.01% 1%

MCV 99.2|* | f

\CH 24.7 ¥ |pg

MCHC 24.9 ¥ |g/dL

PLT 209 10A3 /uL

RDOW-SD s fL RBC/RET
ow-cv| ----| (% |[FEC ABDeT
MPV 11.1 fL |

RET%
RET#
IRF
NREC#

NRBC%

|
70 |
10A4 /uL ||
Ratio |

10A3 /uL | PET

/100wWBC

RBCs Histogram

Volume Histogram

oo



Flag #P3 RUFlag

UD Flag

RBCs Histogram

Volume Histogram

VERY HIGH WBC - CLL

Graph

WBC /NRBC

REBC/PLT |Cumulative
Measurement Parameters

Measure

Item Data uUnit Item
| wBC 746.24 (@ |10A3 /uL] | | [NEUT#
RBC 1.37 % |10A6/uL LYMPH#
HGB 2.4 g/dL MONO#
HCT 21.4|* |% EO#
MCV 156.2|* | fL BASO#
MCH 17.5|* |pg INEUT%
MCHC 11.2 1'% 1g7dL LYMPHZ%
PLT 95 10A3 /uL |MONO%
'RDW-SD | ——==| |F EO%
RDW-CV - % | BASO%
MPV 10.2 L
IRET% | -] % LLem
RET# e 1044 fuL LG#
IRF ———-| |ratio 1G%
| NRBC# 0.00| [10A3/uL “Ttem
NRBCZ% 0.0 /100wWBC HPC#

Item Data unit
RET-He - o Pg
IPF - %

Flag(wBC) Flag(RBC/RET)
Imm Gran? =~ | RBC Abn Dst
Atypical Ly? Dimorph Pop

Abn Ly/L_BI1?7 ~ Hypochromia




RBCs Histogram

Volume Histogram
(N |

Flag E} RDW Flag RBCs Histogram

Volume Histogram

100 , * Abnormal RDW

| * This flag is seen when the
/’\\ curve does not match the

| / \\ 20% line twice.

Possible Causes :

~ Total Events (N
LY

RDW-SD * The same as RU fla
ﬂ g

nNY
N/

* RBCs Agglutination

il * Cold Agglutinins
195 250 ¥l Disappear when the samples
are mcubated at

* Nucleated RBCs
« CLL

when small lvmphoud cells are

N
W
(

c

I

present in a very high number

11/22/2022



RBCs Histogram

Volume Histogram
(S =

Flag[E)l DWwFlag RBCs Histogram

Volume Histogram

« Abnormal RDW

* This flag is seen when the
curve does not match the
20% line twice.

Possible Causes :

« The same as RL flag

~ Total Events (N

N

8

11/22/2022



RBCs Histogram

Volume Histogram

[

|

Flag B MP Flag Multiple Peaks RBCS Histogram

100

-~ Total Events

Volume Histogram

* ™ RDW (Anisocyosis)

* Possible causes

1. Iron deficiency in recovery
2. After blood transfusion

3. Dual deficiency anemia
(lron and Vit.B,,/Folic)

11/22/2022
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Clinical
Cases

A—

RBCs Histogram




RBCs Histogram

Volume Histogram
>

[

Case 1

101

~ Total Events

N)
N

Microcytic /
Population

Early Iron Deficiency

MCV

RDW-SD

11/22/2022

N
28

0 f

RBCs Histogram

Volume Histogram

The Base of the curve :

* Wider = RDW is ™

(Earliest indicator)

(-
» Extended toward left side

(Microcytic population)

MCV still normal




RBCs Histogram

Volume Histogram

[

|

Case 2 Advanced Iron Deficiency
10
> JA‘
Z >
5 &0
3 =
RDW-SD

11/22/2022

250 fL

RBCs Histogram

Volume Histogram

The entire curve :
* More Wider=RDW is ™

RBCs heterogeneity

6
 Shifted to the left = MCV J

(Microcytic population)



RBCs Histogram

Volume Histogram
A a

Advanced iron deficiency

™ TTRDW = RDW base very wide

T o , q’ )OO ' ‘,
= 9" o 8o
5 ) - & O e

y © Qn

11/22/2022



RBCs Histogram

Volume Histogram
- >

Case 3 Recovery from Iron Deficiency RBCS Histogram
Volume Histogram

* RBCs countis ™1

* MCV is not normal yet

* 2 Populations could be easily
distinguished :

- Total Events

.
N l
.

§

11/22/2022



RBCs Histogram

Volume Histogram
= >

Case 3 Recovery from Iron Deficiency RBCS Histogram

Volume Histogram

100
| * RBCs countis ™1

* MCV is not normal yet

\

: Newly formed = :
* 2 Populations could be easily

Normocytic RBCs

z > ) distinguished :

3 = ¥ 4
,\E\ The pre-existing microcytic RBCs
- X The newly formed normocytic RBCs

RDW-SD

W
+

N

11/22/2022
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After iron therapy-Early recovery
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RBCs Histogram

Volume Histogram i

After iron therapy-Advanced recovery

T™TRDW —=>RDW base very wide (MP)

A
g

11/22/2022



RBCs Histogram

Volume Histogram
= d

lron Deficiency Anemia being Treated
4th Week of Treatment

2nd Week of Treatment <RBC Histogram> <measurement data> |

<RBC Histogram > <measurement data > b , RBC 5.14X1012/L;
RBC 4.37X10"/L | { HGB 1329L |

HGB 104g/L § HCT 0.425 |

HCT 0.353 | | MCV — 827iL
MCV — 80.8fL ] | MCH — 25.7pg
MCH — 23.8pg ;L a : ; MCHC 311g/L

AT MCHC — 295g/L | fL] RDW MPx0.319
100 200 [fL] RDW MP=x 0.357 f 100 200 [fL] *

I i T W | i .
s £ ;- | ghieom (g - = &
4 2 i ° " . 5 i ¢ L 195
3 v X > - R 4
‘ 3 ; | b Pl Sn b ¥ b |
3 5 | o ~ A P y
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£
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3 4 o B .-'_y'.“ &

W | (X1000)
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RBCs Histogram

Volume Histogram
(S =

Case 4 Early Megaloblastic Anemia RBCs Histogram

Volume Histogram

* MCV is still Normal
but RBCs count and Hgb are slightly J

[ \ The Base of the curve :

|\
/ \ * Wider = RDW is
/ ‘ \ (Earliest indicator)

9
* Extended toward Right side

(Macrocytic population)

- Total Events

P
o
:I
w
o
(/
\
|
J
/
/
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RBCs Histogram

Volume Histogram
(S =

Case 5 Advanced Megaloblastic Anemia RBCS Histogram

Volume Histogram

* RBCs count |
100
* Hb J

The entire curve :

>
§ =2 * More Wider = RDW is ™1
_:; RBCs heterogeneity
20 .Row-so . >
» Shifted to the Right = MCV

Macrocytic population

2OU 1l

11/22/2022



RBCs Histogram

Volume Histogram




RBCs Histogram

Volume Histogram
A >

Case 6 Recovery from Megaloblastic RBCs Histogram

Anemia Volume Histogram

100 RBCs count is ™1

* MCV is not normal yet

Higher than

More T T 1\ RDW Untreated cases

MCV
4

2 Populations could be easily
distinguished :

~ Total Events

!

RDW-SD

11/22/2022



RBCs Histogram

Volume Histogram
A >

Case 6  Recovery from Megaloblastic RBCs Histogram

Anemia Volume Histogram

* RBCs countis ™1

* MCV is not normal yet

Higher than
* More T 1T RDW Untreated cases

3 |I >
2=

& * 2 Populations could be easily
E distinguished :
<0 f ‘ The pre-existing macrocytic RBCs

" The ney normocytic RBCs

11/22/2022



RBCs Histogram

Volume Histogram
A >

Case 7 Bimodal or MP Curve RBCs Histogram

Multiple Peaks Volume Histogram

* Dimorphic RBCs population

* Possible causes

1. Patients on Hematinic treatment
2. Following blood transfusion

3. Dual deficiency anemia
(lron and Vit.B,,/Folic)

~ Total Events

N
I

11/22/2022



RBCs Histogram

Volume Histogram

[\

R
L&\u T
[:\_/—‘—n
SR IR »

11/22/2022

4

A fter blood transfusion-Dimorphic

™ T TRDW =2 RDW base very wide (MP)
-

., A
.‘oD, \ (‘ .'
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RBCs Histogram

Volume Histogram
B 4

Case 8 RBCs Fragmentation RBCs Histogram
Schistocytes Volume Histogram

100

p | * MCV is normal

* RDWis M

» A plateau to the left of the
curve peak

D)
~ Total Events (N

11/22/2022



RBCs Histogram

Volume Histogram
(S =

Case 8  RBCs Fragmentation RBCs Histogram
Schistocytes

Volume Histogram

100 | Possible Causes :

* DIC

« TTP

* HUS

* Burns

* Cardiac prosthetic valves

* Metastatic tumors
* Sickle cell anemia

N
¢~ Total Events (N

* Megaloblastic anemia

) fi * Cytotoxic chemotherapy
« HELLP

11/22/2022



RBCs Histogram

Volume Histogram
A a

RBCs fragmentation

. O ,,0
@ ~

(1)
'''''
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RBCs Histogram

Volume Histogram

e A

Case 9  RsCs Agglutination RBCs Histogram
Volume Histogram

Total Events

A Extension on the Right side
~~— 4= of the histogram curve.

11/22/2022



Normal RBC & PLT Histogram

Parameters Normal Ranges RBC

WBC 5.14  [1073/uL] \ \
RBC 4.57  [106/uL] N.®
HGB 13.7 - [g/dL] wEY
HCT 422 %] ( 41.5- 50.4

MCV 92.3  [fL] 80.0- 96.0 PLT

MCH 30.0 [pg] { 216~ 228

MCHC 32.5 - [g/dL]

RDW-SD 434 [fL]

RDW-CV 13.2  [%]

PLT 213 [1073/uL] L 100~ 490) DIFF
PDW 10.7  [fL] ( 9.0- 14.0 i

MPV 9.2 [fL] 9.0- 12.0) &

P-LCR 19.4 [%] ( 13.0- 43.0) i

PCT 020 o, ( 0.17 - 0.35 s

NEUT 2.50 [1073/uL] 48.7 - [%] ( 54.0- 62.0)

LYMPH 215 [1073/uL] 41.8 + [%] ( 25.0- 35.0)

MONO  0.38  [1073/uL] 74  [%] ( 20- 8.0)

EO 0.10  [1073/uL] 1.9  [%] ( 00- 1.0)

BASO 0.01 [1OA3/UL] 0.2 [0/0] ( 0.5- 30)

WBC IP Message(s) RBC IP Message(s) PLT IP Message(s)

11/22/2022



Parameters RBC

WBC 474  [10°3/uL]

RBC 4.08 - [10%6/uL]

HGB 9.5 - [g/dL]

HCT 29.9 - [%]

MCV 73.3 - [fL]

MCH 23.3 - [pg]

MCHC  31.8 [g/dL]

RDW-SD 51.0 FL] PLT

RDW-CV 214 +

%]




Megalobalstic anemia

Parameters .
WBC 3.70 - [1073/uL]

RBC 2.86 - [1076/uL]

HGB 9.4 - [g/dL]

HCT 29.5 - [%]

MCV  103.1 + [fL]

MCH 329 [pg]

MCHC 319 [g/dL]

RDW-SD 92.7 + [fL]
RDW-CV  27.7 + [%]




Megaloblastic Anemia

Parameters

WBC 429 - [10"3/uL] RBC
RBC 1.85 - [10"6/ulL]

HGB 6.6 - [g/dL]

HCT 20.8 - [%]

MCV  112.4 + [fL]

MCH 30.7 *+ [pg]

MCHC 31.7 - [g/dL]

RDW-SD 106.9 + [fL]
RDW-CV 29.2 + [%]

PLT




Hemolytic Anemia

Parameters Normal Ranges RBC
WBC 3.21 - [1073/uL] ( 4.50- 11.00) : b
RBC 3.50 - [10%6/ulL] ( 4.00- 5.50) L :
HGB 10.2 - [g/dL] ( 12.5- 17.5) \ A
HCT 33.1 - [%)] ( 38.0- 53.0) 3
MCV 946  [fL] ( 80.0- 97.0) PLI
MCH 29.1 [pg] ( 26.0- 34.0)
MCHC 30.8 - [g/dL] ( 31.0- 36.0)
RDW-SD 704 + [fL] ( 37.0- 54.0)
RDW-CV 21.2 + [%] ( 11.0- 14.5)
PLT 259 [1073/ul] { (150 - 450) DIFF
PDW 15.3 + [fL] i () ( 9.0- 14.0) e
MPV 112 ) "(‘t"" P” : ' ( 9.0- 12.0) &
P-LCR 345 o : ( 13.0- 43.0) F
e .. / A \
PCT 020 [l Ciaat Pl (Pes) ( 0.17 - 0.35) L
(%] 5
NEUT 1.73* [10°3/ul] 53.9 * [%] ( 54.0- 62.0) i }
LYMPH 078 - [10%3/uL] 24.3 - [%] ( 25.0- 35.0) [ .
MONO 059 + [10°3/ul] 18.4 + [%] ( 30- 80) e
EO 0.09 * [10°3/ul] 2.8 * [%] ( 0.0- 1.0) P &4
BASO  0.02* [10%3/uL] 0.6 * [%] ( 05- 3.0) [
WBC IP Message(s) RBC IP Message(s) PLT IP Message(s) M3
NEpe |
Lymphopenia Anisocytosis Woc /- OE E.J.?,L
Hypochromia
? : : :
Immature Gran? el ( MoJ) KU,\{,,‘UQ (mild ) s,okzro C m.\J)
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Hemolytic Anemia

Parameters Normal Ranges RBC D, ) & -Q@96 '@06
WBC 3.21 - [1073/uL] ( 4.50 - 11.00) r OQOOOQO.”O O,
RBC 3.50 - [10%6/ul] ( 4.00- 5.50) 3. a0 OO OO Fo)
HGB 10.2 - [g/dL] ( 12.5- 17.5) ’.O. 9°0.0-0°
HCT 33.1 - [%] ( 38.0- 53.0) i > OOQO” o o
MCV 946  [fL] ( 80.0- 97.0) PLT [ 3
| 5D o o 0%¢ ¢0,00
MCH 291  [pg] (26.0- 34.0) D o Y <
MCHC  30.8 - [g/dL] ( 31.0- 36.0) 3 GOO)O 900 =
RDW-SD 70.4 + [fL] ( 37.0- 54.0) L GO o ©O 9
RDW-CV 21.2 + [%] ( 11.0- 14.5) QQO o OQ.Q@‘
PDW 153+ (L] 0 ok '\{'C,N,, ( 9.0- 14.0) i @ Ya ~
MPV 112, Sy S ' ( 9.0- 12.0) & - - - -
P-LCR 345 [[%]] ST ey (13.0- 43.0) F ) 02’0 " 0
RCT 02005 4 Cilzaif S (0.17- 0.35) - s o ’ . 209
o oY _
NEUT  1.73* [10°3ul] 539 * [%] ( 54.0 - 62.0) } )8 %O ) Q
LYMPH 078 - [10%3/ul] 24.3 - [%] (25.0- 35.0) [ . ®oO0 Q\D. ~C
MONO 0.59 + [1073/uL] 18.4 + [%] ( 3.0- 8.0 i ~trer! o o ,-«.'j"' €
EO 0.09 * [10°3/uL] 2.8 * [%] ( 0.0- 1.0) P ¢4 o o 0@‘0 o
BASO 0.02 * [10A3/UL] 06 * [0/0] ( 0.5 - 30) L as Qr;o 0 0 ‘
WBC IP Message(s) RBC IP Message(s) PLT IP Message(s) M3 ) O 3 CD .’
| Nese \Yoof uee 5@ N1 Qe
Lymphopenia Anisocytosis Mo¢ v fo ey wt OQ Q.a- o 9
: Hypochromia b ‘0 0 ©¢ €n
mmeture GEn? ¢\ b (ped) Kenten Git) SSPEIERGEN W a0 SO



Hemolytic Anemia
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Severe Macrocytic Anemia

RDW-SD or CV?

Parometers Unit Reterence Value

wBC 7.31 {(10*27ul] ( 400 1100)

RBC 346- [10%6/ul] ( 420- &40)

HGB 141 [g/dL]) ( 125-. 16.0) KM

HCT 41.5 [%) ( 37.0- 470) : f
MCV 1189+ (1] ( 780 - 100.0) : \ J
MCH 408+ [pol ( 270- 310) 3 \
MCHC 340 [g/dL) { 320- 37.0) - LS , L —
PLT 443 [10"3/ul] ( 140 - 450) 0

RDW-SD 556+ [rL] ( 37.0- 54 0)

ROW-CV 130 [%) ( 11.5- 140) e ciran .

PDW S8 i) ( 90 17.0) o~ ] [
MPY 87- (0 ( 80- 130) D <41
P-LCR 15.5- [%] ({ 17.0- 470) - sl [N T
POT 038+ (%] ( 0.17 - 0.35) | ; ) |
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Treatment of severe IDA &

Megaloblastic crisis MP Flag  hutpepeas
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Treatment of severe IDA &

Megaloblastic crisis
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RBC Histogram after treatment of

severe IDA
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RBC Histogram after treatment of
severe IDA Dimorphic Picture




Hyperglycemia &

Acute swelling phenomenon

OSMOTIC CHANGE DUE TO HYPER GLYCEMIA RBC-4.2 x 100/l l
Relative
frequency %

Hb-12.7 g/dL l

100
80 = Het-42.2% —

60 —
MCW-106.1 fL 1

40 =
20 = RDW-12.7% —>

o=
30 70,410 150 _ 180 230 MCHG-30 gldL l

Particle yolume
Relative

)

A

’

B S

frequency % ¥ RBC-4.2 x 10%uL

' | oy ' |
30 70 110 150 180 230
Particle volume

100 =

Hb-12 7 gldL l
80
80 ™ Hct-38 2% —
40 - MCW-96.9 fL —>
20

ROW-12.7% —>

o !

MCHC-34 g/dL —
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High Serum Glucose

Acute swelling phenomenon

—t
—~
1
3
v

WBC Differential

Data

WBC /.29
RBC 2.57

S

-

e

) (

=
= N O

3
ROW-SD! 100.2
ROW-CV| 22.

10A4 /uL
Ratio

10A3 /uL
/ l 0 '.) WBC

Item Data
NEUT# >.04

LYMPH#

MONO# 0.96

bed 4

™ ™8
(- W
BASO# 0.01

NEUT% 59.1

LYMPH%! 16.9
MONO% 132
EO% 0.7
BASO% 0.1

Unit
10A3 /uL
10A3 /uL
10A3 /uL
10A3 /uL

10A3 /
LUAI /UL

Extended Differential

WBC

Item Data

-~ e NI

{ i) 8l
L ‘_;” V. VO
v O A O
BEY S i ~

Unit

10A3 /uL

Oy

VERY HIGH...... 1494 mg/dL




High Serum Sodium(Na=176)

Acute swelling phenomenon

I1tems

WBC Difterential

Item
WBC
RBC
HGE
HCT

Unit
10A3 /ul
10A6 /uL
g/dL

/
)

MCV
MCH
MCHC

fL
Pg
g/dL

PLT
RDW-SD
RDW-CV
MPV
RET%
RET#
IRF
NRBC#
NRBCY%

1UAZ /UL
fL

fL

%

10A4 /uL
Ratio
10A3 /uL
/100WBC

Item
NEUT#
LYMPH#

MONO#

LYMPH%
MONO%

1 3%

o m

RASO%

v

Extended
WBC

Data

o
o TR =S
QO

)
.)-:

—
<D
<

—_—

,..
. -

OO O L
O

o = G

—t D
r N B WO e

e

Unit
10A3/uL
10A3 /uL
10A3 /uL
10A3 /uL
10A3 /uL

Differential

Ltem
1G#

LG%

Data

0.00]

V.0

Unit
10A3 /uL

Qo
70




Dehydration can cause a high MCHC

Main

Items

Graph |wecC

| RBC

Item

pata

unit

[F THE PATIENT IS DEHYDRATED SO ARE THE RED CELLS

wWBC 11.87 10A3 /ul
RBC 5.52 |+ |10A6/uL
HGE 17.2 +1g/dl
HCT 47.4

MC\ B5.9| |fL

MCH 31.2 pg

MCH( 30 g/dL
L L/ LUAS /Ul
DW- 41.1 f

| Cumulative|Q-Flags | Service|HPC

Item

Data

Unit

NEUTA
LYMPH%
MONO%
EOQ%

BAS :)

Flag(s)

£ {

unit

NEUT# | 6.28| [10A3/uL

LyMPH#! 4.16!+110A3/uL

MONO# | 1.19|+|10A3/uL

EO# 0.21| |10A3/ut

BASO# | 0.03| |10A3/u
Item Data




WBCs Histogram

3-Part Differentiation

NORMAL WBC HISTOGRAM
Population 1 = F1 Population 2 = F2 Population 3 = F3
LD ™ T2 u

Y-axis

SR EE -

Neutrophil

BEARA AT A AR IR AR EEEEEE.- o

Relative frequency of
the cells

=

00 150 200 250
Size of the cell in femtoliters

11/22/2022 m WBC detection is between 30 and 300 fL.

\

' X-axis




WBC Histograms

DC
supply

Register
(constant
current)

External
alactrode

Aperture

Blood cell

Blood cell

Suspansion

| 1[1H

Vacuum

Internal
electrodsa

Transducer

chamber

Before adding lysing reagent

Cell diameter in_um

Neutrophils — 1M-15
Basophils — 0-14
Eosinophils — 11-16
Monocytes * ¢ 12-20
Lymphocytes #——=¢ F-12
0 2 & & & 1 12 1a 18 18 20 22 um
Cell diameter in fl
Lymphocytes 30- 80
_ . Monocytes  60-120
After adding lysing reagent Basophils 70 - 130
Eosinophils 80 - 140
Neutrophils 120 - 25
Lymphncyt&_s
|
! :
Flonocyteb Meutrophils
Easophlles
tosinophils
i
!
0 50 100 150 200 250 300 fl

S5 Juw 13 g 32d J1 321 9 b U oS syl Bl 1) 21 ¥ JSS




WBCs Histogram

3-Part Differentiation

LYSE Reagent effect on WBCs WBCs H ist()g ram

3-Part Differentiation

After adding Lyse Reagent

* Cells will be shown in a histogram according to their size.

; o0-8o0 fL
Lymph Neutrophils Lymphocytes 3

, Mono Monocytes 60-120 fL

/ Eosino f
B hil 0-130 fL

i asophils 7 3
: Eosinophi 80 -140 fL
) . - > Neutrophils 120 —250 fL
100 200 300 fL

11/22/2022 m WBC detection is between 30 and 300 fL.



WBCs Histogram

3-Part Differentiation

WBCs counted between WBCs H istogra m
2 outer discriminators 3-Part Differentiation
WL wu WL  WBCs Lower discriminator
= LD Lower Discriminator
LD uD

[ Flexible ] fluctuates between 30 - 60 fL

WU  WBCs Upper discriminator
= UD upper Discriminator
[ Fixed ] at 300 fL

100 200 300 fL

11/22/2022



WBCs Histogram

3-Part Differentiation

WBCs histogram consists of 2 Troughs WBCs H iStOg ram

[ Valleys ] 3-Part Differentiation

[ Detected by 2 inner discriminators]

+ 3
71 ) 72

LD uD T1:78-114fL
Y% | | R b

: : T2 :>150fL

I |

I |

| |

| |

| |

‘ : ] ]

100 200 300 fL

11/22/2022



WBCs Histogram

3-Part Differentiation

WBCs histogram consists of 2 Troughs WBCs H iStog ram

[ Valleys ] 3-Part Differentiation

[ Detected by 2 inner discriminators]

+ 3

LD TY T2 ubD
%
Peak between LD and T1
represents small cells
i.e. Lymphocytes
i 1 ¢
100 200 300 fL

11/22/2022



WBCs Histogram

3-Part Differentiation

WBCs histogram consists of 2 Troughs
[ valleys ]
[ Detected by 2 inner discriminators]

3

LD Tl T2 uD
Y%
' 1 ~4
100 200 300

11/22/2022

fL

WBCs Histogram

3-Part Differentiation

Peak between T1 and T2 includes:

Eosinophils
Monocytes
Basophils
Blast cells
Promyelocytes
Myelocytes

Metamyelocytes



WBCs Histogram

3-Part Differentiation

WBCs histogram consists of 2 Troughs WBCs H iStOg ram

[ Valleys ] 3-Part Differentiation

[ Detected by 2 inner discriminators]

;—-—’

LD 53 T uD
%
Peak after T2 represents :
Neutrophils Band cell
4 [ [
100 200 300 fL

11/22/2022



WBCs Histogram

3-Part Differentiation

WBCs Histogram

Important Notes

3-Part Differentiation

The distribution curve should be
within the discriminators, starts and
ends at the base line.

LD Tl T2 ubD
Y%
Less than 20%
\ b
O 1 ' ®
100 200

11/22/2022



WBCs Histogram

3-Part Differentiation

Important Notes

LD T T2 ub
Y | at300 L
30 - 60 fL
1 1
100 200 1

11/22/2022

WBCs Histogram

3-Part Differentiation

The distribution curve should be
within the discriminators, starts and
ends at the base line.

The LD is flexible while UD is fixed.

The WBC-channel shows only
WBCs and platelets (RBCs are lysed)

The volume of the platelet is usually
between 8 - 12 fl, therefore the LD at
the WBC Histogram seperates the
WABCs from the platelets.

(Platelets were not counted).



WBCs Histogram

3-Part Differentiation

Prominent peak with broad distribution
between WL/LD and T1

1

LD Tl T2

WBCs Histogram

3-Part Differentiation

uD

-

1
100 200

11/22/2022

In cases of :
* Lymphocytosis
* Neutropenia
-1
300 fL



WBCs Histogram

3-Part Differentiation

Prominent peak with broad distribution
between T2 and WU/UD

WBCs Histogram

3-Part Differentiation

.. -
100 200

11/22/2022

ub In cases of :
* Neutrophilia
* Lymphopenia
4
300 fL



WBCs Histogram

3-Part Differentiation

LD

ubD

1 1
100 200

11/22/2022

WBCs Histogram

3-Part Differentiation



WBCs Histogram

3-Part Differentiation

List of WBC error flags in order of priority

WL Relative frequency for LOWER discriminator (LD) exceeds the range. May be caused by the inclusion
of platelet clumps, large platelets, fibrin, etc.
T Lower TROUGH Discriminator, that distinguishes lymphocytes and mixed cells, cannot be determined.
T2 Higher TROUGH Discriminator, that distinguishes mixed cells and neutrophils, cannot be determined.
F1 Small cell histogram error. Relative frequency for T1 exceeds the range.
F2 Middle cell histogram error. Relative frequency for T1 or T2 exceeds the range.
F3 Large cell histogram error. Relative frequency for T2 exceeds the range.
WU Relative frequency for UPPER discriminator (UD) exceeds the range. May be caused by lyse-resistant
red blood cells, or when numerous abnormal blood cells are present.

AG: The particle count equal to or less than the LD exceeds a prescribed range.
Probable cause is Elatelet ag%lutination, which does not alter WBC count but

may result in decreased platelet count. Therefore, this flag is added to the PLT
narameter.

11/22/2022



WBCs Histogram [ilkess

3-Part Differentiation

» All results marked with ‘WL’ should be controlled.

» WBC count might be incorrect.

WBCs Histogram

3-Part Differentiation
Curve does not start at base line
Possible Causes :

= ! Clotted sample
PLT Clumps | EDTA-Incompatibility
% [ Re-collect on citrate ]

v

Giant Platelets

Nucleated RBCs
Lyse-resistant RBCs
Cryoglobulins s artitacts

- '
Not reach 100 200 300 fL

the Base line

psendolenkocytosis & psendothrombocytosis

neonates ,o  HbF o5 YL : RBC s o) Jle | )LD jos ol Fouan a5 098 oo 7,0 Sloy WL KL
NRBC 5 oo)sl 9 s0uS Sleaslons | a2 )LS jolhas (pl g auS &8 7Y 5l 5YL elas )l o

D9 (o0 Ty A Db

11/22/2022



WBCs Histogram

3-Part Differentiation

Possible causes :

® Nucleated RBC

= Unlysed RBC

® Platelet clumps as in
EDTA incompatidility and
coagulated sample

= (Cold agglutinins
= |[mpedance noise

11/22/2022

® WBC Histogram Error-WL (1A)

WBC

L'D T.1 T2 L{D
00 200 300 [fL]
WBC WL 8.5 [x10%/uL]
LYM% WL 39.3 [%]
MXD% WL 17.6 [%)]
NEUT% WL 43.1 [%]
LYM# WL 3.4 [x10%pL]
MXD# WL 1.5 [x10%pL]

NEUT#

WL 3.6 [x10°/uL]



WBCs Histogram

3-Part Differentiation

WBCs Histogram

u LD Flag (WL Flag) 3-Part Differentiation

WBC-Histogram Results

| WBC  WL* 6.4 x109L
LYM% WL*  41.4%
MXD% WL'  14.0%

: NEUT WL*  44.8% ; :
) .\ l/ \‘\L. , % ’
100 200 300 1) o
PLT-Histogram Results Q‘o .‘
1 ; PLT  PU 55x109L Q
: PDW DW -l ’
MPY — DW -l v
P-LCR DW -=%

10 20 30 |iL|

11/22/2022



WBCs Histogram

3-Part Differentiation

WL & Erythroblastosis

u LD Flag (WL Flag)

O N WBC-Histogram Results

WBC  WL* 561 x109L
LYM% WL* 42 7%
MXD% WL o
NEUT'

' .
0

—

300 [fL]

s Ol byl cpl )5l ad Sl T2 g WL (slhas 553,05 ppr B sSd OannS T i sad 9 iowiluge o6 SW L S(1352100WBC) suad jemllog iyl :) »-Fq JS&
)15 D315 9 L gemie o] s gt 3o 0 9 1 JUSS] o 9id 9 30h ) 4l GLRBC 0 e 3 050 oz 4l 5 835 928 NEUT g MXD oL

WL & T2 flags
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WBCs Histogram

3-Part Differentiation

WL & Erythroblastosis

u LD Flag (WL Flag)

No. 25
Date 83703701 15:30 Sy _
Mode UWB wBC ‘; )& P
/3 S W) 4

weC + 28.5x00/uL . oy |
RBC = 3.,70x06/ 8L 0 220 30 (0 J o @ » ' !
HGB 14.39/dL 1) 3 o @
HCT : LYMZ  + 70.6% - O 0 &
MCV +121.9f MXDZ 12,.8% s \ B ) . i.' | ) . ;7\-‘.
MCH + 38.6Ps NEUT%Z - 16.6% el a®n @ ¢ @
MCHC 31.79/dL LYM# 20. 1x08 /5L A4 TNy i
PLT AB 186xpa/u.  MXD# 3.6x108 /5L D AV Gt

NEUT# 4,8x03/ 5L Y~

RBC PLT Ay & V0 &
) Y.V A 7N\

‘ 2 @ ©0®a D"
&P & T

102 {8} ‘ ')"\\ \:{ \/— { V//\ ) & _/ /
160 tru PDW 12, 0fL T afVOw 3@
3 MPY 10, 2L O O LW K
RDWY + 19.2% P-LCR 26.1% RES. a1 =8 L)@

Slaas als g cuwsad s MCH MCV WBC 2150l el 45 (0js p5 1)+ + gaa PA) o )b 3lje ).\u'._.;:_»)‘,:ul.lg,;.:.ul ,;Sysmex—in ;lisua-CBC BT EE ) g Y
ly 4kt True WBC=(WBC*100)/(100+NRBC) Jgme s = b jl 0T glheol b €5 sl LFV st 2wd 32,3 9) + 21 PO 393> WBC ¢ 51 N-RBC cuwss 353« RBC
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WBCs Histogram

3-Part Differentiation

WBCs Histogram

3-Part Differentiation

Curve does not end at base line

Possible Causes :

e * Sever neutrophilia
LD UD (Linearity exceeds the limit)

% Pre-dilution [eg. 1:5]
of the sample might help
to obtain correct results

v Not reach the Base line
1 1 4
100 200 300 fL * WBCaggregation

*  Satellite phenomenon
*  Hypersegmentation

11/22/2022



WBCs Histogram

3-Part Differentiation

PLT satellitism vs
Neutrophil aggregation

(@) (b)

Figure 3. (a) Platelets surrounding lymphocytes in a patient known for chronic lymphocytic leukaemia. (b) Neutro-
phil-Platelet aggregates; that latter situation is related to PLT satellitism around polymorphs: PLT are ‘bridges’
between PLT-neutrophil rosettes, generating peculiar clumps, differing from neutrophil aggregates, as no PLT is
observed within the latter (peripheral blood smears; MGG staining).

ITiljcc]cucc



WBCs Histogram

3-Part Differentiation

Neutrophil aggregation

u UD Flag (WU Flag)

WBC-Histogram WBC-Histogram

100 200 300 (1L

Results Results

WBC - 2.3x10%L WBC -21x109%L
LYM% 39.7% LYM% 41.9%
MXD% + 32.2% MXD% 17.5%

NEUT% 28.1% NEUT%- 40 6%

11/22/2022



WBCs Histogram

3-Part Differentiation

B T1 Flag WBCs Histogram

3-Part Differentiation

No differentiation between lymphocytes and mixed cells

Causes:
* Blast cells
@ T2 * Eosinophilia
2 * Basophilia
% g T1 could not be detected e Plasma cells

[ No plateau was found at T1 )

* Abnormal/variant lymphs

Blood Smear is

Recommended

100 200 300 fL
T1:78-114 fl

11/22/2022



WBCs Histogram T1:78-114 L

3-Part Differentiation

. WBC +15.4 [x10%/uL]
WBC Histogram -T1 (2
gram Error-T1 (2A) LYMO% Tt e [%]
LD s MXD%  T1  ---.-[%]
WBC : : i
Leukemia??? | | NEUT% T - [%]
‘ LYM# Tl ---[x10%uL]
Lymph: 30-80 fL MXD# T1  ---.-[x10%pL]
NEUT#  T1 --.-[x10%uL]

160 T 200 300 (L]

v A

11/22/2



WBCs Histogram

3-Part Differentiation

u T2 Flag WBCs Histogram

3-Part Differentiation

No differentiation between mixed cells and neutrophils

Causes:
* Eosinophilia
LD Tl @ * Immature granulocytes
T2 could not be detected * Abnormal cell populations

[ No plateau was found at T2 ]

W

Blood Smear is

Recommended

11/22/2022

1 )
100 200 300 fL

T2: > 150 fL



WBCs Histogram

3-Part Differentiation

u T2 Flag WBCs Histogram

3-Part Differentiation

No differentiation between mixed cells and neutrophils
LD T uD

T2 not found auto-
discnmmnator unabdle
to find second valley

oy
e?o" 5 'i-‘ W, o '0? “’150

’b‘Q‘Q. oﬁc

| s 95 &‘94‘ 2L u‘w 9 J‘-°;~.‘ s—«.».-ws-u /-‘W 9 C'—'— & 3*«-0 Slow

a2 0 F3 gF2 T2 s Flag g ups ooily o amdi g S Sl 15 T2 0,0 wilgi o0d y6l5 Jw



WBCs Histogram

3-Part Differentiation

u T2 Flag

No differentiation between mixed cells and neutrophils

® WBC Histogram Error-T2 (3A)

WBC

11/22/2022

LD T1

r—

ub

7100

200

360 [fL]

Eosinophila

WBC
LYM%
MXD%
NEUT%
LYM#
MXD#
NEUT#

Fi
T2
T2
F1
T2
T2

Severe left shift or

5.2 [x10%/uL]
29.7 [%]
—_— A
-==.- [%]
1.5 [x10%/uL]
---.- [x10%/L]
-=-.- [x10%/uL]



WBCs Histogram

3-Part Differentiation

U T2 Flag Severe left shift or

Eosinophila or ...

No differentiation between mixed cells and neutrophils

® WBC Histogram Error-T2 (3C)

LDT1 UD WBC +15.2 [x10°/uL]
WBC P ' LYM% 12.9 [%)]
MXD% T2 .- [%]
NEUT% T2 --—-.-[%]

LYM# 1.6 [x10%/uL]

MXD# T2 --—-.-[x10%pL]

i NEUT# T2 --—-.-[x10%pL]

100 200 300 [fL

11/22/2022



WBCs Histogram

3-Part Differentiation

B F1,F2,F3 Flags

F = Fraction

Tl T2

F1__F2 F3

Valleys are far from base line

100 200

11/22/2022

fL 300

WBCs Histogram

3-Part Differentiation

F1 (small cells) Flag
Height of T1 exceeds limit of 40%

F2 (medium cells) Flag

Height of T1 and T2 exceeds limit of
40% and 50% Respectively

F3 (Large cells) Flag
Height of T2 exceeds limit of 50%



WBCs Histogram

3-Part Differentiation

u F1,F2,F3 Flags WBCs Histogram

3-Part Differentiation

F = Fraction °

WABC total count is correct
T1 or T2 discriminators are set but there is no clear (provided that no other flags)
separation between the different populations.

* T1and T2 were detected.

T T2 * The troughs are away from the
% basis line.

* |tis possible that the fractions are
mixed; i.e. F1and F2, or F2 and F3

merge into each other over large
areas.
F1 F2 F3
' 8

1 4 Manual Differentiation
100 200 fL 300 i necessary

11/22/2022



WBCs Histogram

3-Part Differentiation

B F1, F2, F3 Flags WBCs Histogram

3-Part Differentiation

WBC Histogram Error - Fl WBC Histogram Error - F2
D T1 T2 uD
WBC : i ¢ WBC l:D n T? m
00 200 300 [iL] T S~ W

WBC 8.7 [x10%uL) WBC +18.5 [x10%L]
LYM%  F128.3 [%] LYM% 9.5 (%)
MXD%  F217.4 [%) MXD%  F2 +23.7 (%)
NEUT% 64.3 %) NEUT% F3 66.8[%)
LYM# F1 1.9 [x10%uL] LYM# 1.1 [x10%uL)
MXD# F2 1.2 [x10°%uL) MXD# F2  27[x10%u)
NEUT# 3.6 [x10%uL) NEUT# F3  7.7[x10%uL)

(F2) Jubsis joil Sialsdl 3 (F1) camlly il Sy 6w K21 S 1S Juw F2 g F1 Sl oy g 21 =PV JSb
11, _, ____



WBCs Histogram

3-Part Differentiation

WBCs Histogram
u AG flagmgaggregation 3-Part Diﬁegntiation

Abnormal curve in front of lower discriminator

LD T1 72 , .
large numbers of particles are detected in front
of the lower WBC discriminator.
/ The “AG flag is shown on the PLT result.
Large platelet clumps (> 30fl) are detected
in the area before the lower WBC
discriminator. Due to their enhanced size
they may not affect the PLT histogram
100 200 300 curve. If “AG” mark will be generated, the

sample should be checked for platelet
clumps (e.g. microscopic slide review).

11/22/2022



WBCs Histogram

3-Part Differentiation

AG ﬂdg’Aggregation

WBCs Histogram

3-Part Differentiation

Abnormal curve in front of lower discriminator

LD T1 T2

301L 300 fL

m Possible interference
» PLT aggregation

4

EDTA incompatibility

4

Lyse resistant RBC
» NRBC

z

1. LargePLT  Giant PLT

m Probable cause is PLT aggregation which does not
alter WBC count but may result in decreased PLT
count.

m Therefore this flag is added to the PLT parameters
PLT count.

m Action:

» PLT count should be checked for PLT aggregation.
» The result is not correct and might be low.

» Sample should be recollected and measured again.



WBCs Histogram
B AG ﬂag.Aggregation 3-Part lefegntlatlon

Abnormal curve in front of lower discriminator

WBC-Histogram Results ?‘w
6.0 x10%/L

WBC
LYM% 27.5%
MXD% 7.9% ‘?’
NEUT 84.4% .gc
i \S!.:: - 96
200 300 |11 "‘
PLT-Histogram Results
PLT 86 x10°L
\ PDW 4 18.6f
MPV 12.81l
O \4 P-LCR + 43.7%

IO ﬂ.l

11/22/2022



WBCs Histogram

3-Part Differentiation

WBCs Histogram

3-Part Differentiation

Questions

Which Histogram is suitable for the diagnosis ?

11/22/2022



WBCs Histogram

3-Part Differentiation

Question n

Which Histogram is suitable for the diagnosis ?

WBCs Histogram

3-Part Differentiation

[ Chronic Lymphocytic Leukemia

A A/\/\ ¢ , - S o
N C) - - < °
Do 0@, 920!
=™ C' C)C; (\) C\a 0
B w OQ i - ’ ﬁ,% 0O
DO o Avd‘f:‘ 0 S
J é) ) O¢ O O ‘O (:
M 0 @ & 09 %%

11/22/2022



WBCs Histogram

3-Part Differentiation

Question n

Which Histogram is suitable for the diagnosis ?

Peak

At small cell region

Between WL and T1

BL\/

11/22/2022

WBCs Histogram

3-Part Differentiation

( Chronic Lymphocytic Leukemia




WBCs Histogram

3-Part Differentiation

Question WBCs Histogram

Which Histogram is suitable for the diagnosis ? 3-Part Differentiation

11/22/2022



WBCs Histogram

3-Part Differentiation

Question WBCs Histogram

Which Histogram is suitable for the diagnosis ? 3-Part Differentiation

Peak

At medium cell region

Between T1 and T2

Cﬁ;\/\‘/

11/22/2022

Eosinophils



WBCs Histogram

3-Part Differentiation

Question B WABCs Histogram

Which ngtognm is suitable for the dlagnosls ? 3-Part Differentiation

EDTA-induced

A /\/\/\ Pseudothrombocytopenia

11/22/2022



WBCs Histogram

3-Part Differentiation

Question B WBCs Histogram

Which Histogram is suitable for the diagnosis ? 3-Part Differentiation

EDTA-induced
WL Flag Pseudothrombocytopenia

4

WABCs curve does not start at the Base line

11/22/2022



WBCs Histogram

3-Part Differentiation

Question WBCs Histogram

Which Histogram is suitable for the diagnosis ? 3-furt Diiterentiation

Chronic Myeloid Leukemia
5 . : ‘ | | - .

11/22/2022



WBCs Histogram

3-Part Differentiation

Question n WBCs Histogram

Which Histogram is suitable for the diagnosis ? 3-Part Differentiation

Neutrophils : ] |
Chronic Myeloid Leukemia
Sever
Immature Neutrophilia
granulocytes Curve does not end
at the Base line
WU Flag

11/22/2022



WBCs Histogram

3-Part Differentiation

Question B WBCs Histogram

3-Part Differentiation

Which Histogram is suitable for the diagnosis ?

B Thalassemia Major
; \/\/\/\ - P
Fhe = §

B/\le\ ‘.‘..o....;a, .
€A 53

11/22/2022
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WBCs Histogram

3-Part Differentiation

Question B WBCs Histogram

3-Part Differentiation

Which Histogram is suitable for the diagnosis ?

B Thalassemia Major

A d\/\/\ “ VA 1 ANLE

-
o 5 . . - ‘.'! ”
> a8 N
° DRy o U, -
S b < & - ® .
WL Flag oy B, B v .o & 6
‘_’, . ¢ .
\ : — — D A
WBCs Histogram does not start at the Base line ¢ . ‘ s )
J'ﬂ’A 'Qv
K3¥ Nucleated RBCs W
@ :
b~ A -

11/22/2022



WBCs Histogram

3-Part Differentiation

Question a

WBCs Histogram
Which Histogram is suitable for the diagnosis ? 3-Part Differentiation
AML M5
A
B /J/\

l 3
__ g Y el

2 iaN

11/22/2022



WBCs Histogram

3-Part Differentiation

Question a

WBCs Histogram
Which Histogram is suitable for the diagnosis ? 3-Part Differentiation
AML M5

Peak

At medium cell region

<
P/~ | &

11/22/2022



Lysing resistant RBCs

& WBC histogram

WBC-Histogram Results
e | \ WBC  WL* 49.4 x109/L
LYM% WL

MXD% WL

\ NEUT WL
%
100 | ;'(70 :ujn. [fL]

i) 4B pd pae > 4130 5 9352 pglia jud & Ganud WRBC |\ Jlassty b 3 v 095 €30 9 (F 58 C joguas 4) a5l ginslS gad | 5 5 0315 5 58 0l 2 BIE 11 0- 1A Y8
300 (ol g3 D9 3 (e Jlzel pae culle i )l) # g WL S jg 0 el WBC O3 2150l waglle 03,5 ghd 0L gl )31, WL b (L2l &8ss 0 JSAS WL 0 o
2380 (605 Oljbey 53 39 0313 8Bws & @330 I 5 00k Gy Upkxa e b 093 Sl L 093 1 3Kl (380w Opg o) Cellpack Jylowe b 5 dls o 055 slamilly cul 20

Sl n 2338 5SS iy Sle g Joo 25 )0 28U 2ibly oo glST

(neonates) HbF o4 YL :RBC o 1d Je
NRBC oL olasi' jgde 9 (20590 9 oS Sl slow
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WBC Histogram & clinical
Application

PLT aggregation ‘ * & @ Normal Band in Adults<5%

\'-"'liiv;L /ﬁ /z \ | In Pediatrics <8%

wu
100> i
(‘?- - 2
nRBC il 1
i B P~ :
f 27 a2 152 N2 N3 N4 N5 N6 N7 NE 499 £ |
‘ LD: Lower discriminator UD: Upper discriminator P

TRALL 2cSly jo 45 38L GwsSd 0aalS 51 L lSs o iy S9 ysis LS 2lg 0 WU glas & LCR ob o wulu A U Y gladdyse ol 1) o-19 JSa
b e 3303 EDTA Slinil 35 jl A6 2,182 5 w9559 O gl i gl ol T

Shiftto Left Shift to right

N

WL T T2 wu WL ™ T2 wu

Myeloblast  Promyelocyte Myelocyte Metamyelocyte  Band form  Bilobed neutrophil chm:nta] neutrophil | Neutrophil: 4 lobes Neutrophil: 5 lobes Neutrophil: 6 or more lobes CG P'MGP
(0) - (0) - (0 —  (<05) - (5-8) = (30-35) — 3 lobes (40-50) - (15-20) — (5) - (0)

® ® ® 9 9 P ;e Qo &' W

——i——
Left shift (Right shift (Hypersegmented)

_ Number of lobes Number of lobes ﬁ
11 2 3 | 4| s ! - | R

% of neutrophils 35% | 25% | 21% | 17% 2% % 1% 10% 33% 34% 22%

=St 38 eSilon sl 0 PBS (59, 1 o s8U )l (e 51w 2800 JS g ¥ sladds S0 1) T st 45 e 09 )3 Py S5 At slaes) 203 :) o -F e S

11/22/2022 Spei i ¥ee e 332 531,400X olome )+ sla



Platelet Histogram

%
e e S

20

11/22/2022



Platelets counted

between 2 and 20 fL Platelet Histogram

20 Platelets counted

% between 2 and 20 fL.
100

N -

a fL interference

* * Dust

* EDTA particles
* * Airbubbles * Electric Noise

20 .
mﬂ. interference

* RBCs fragments
* WBCs fragments
* Large PLTs
 Giant PLTs

2 10 20 30 fL

11/22/2022



12-3011 Platelet Histogram
. | —

LD =PL 12&3d PU=UD 2 flexible Discriminators are used

100 LD (Lower Discriminator)

Sometimes called PL (Platelet LD)

Flexible Discriminator between 2 -6 fL

UD (Upper Discriminator)
20 Sometimes called PU (Platelet UD)
Flexible Discriminator between 12 - 30 fL

2 10 20 30 fL | A 3" Fixed Discriminator at 12 fL
may be used.

11/22/2022



100

20

Platelet Curve

11/22/2022

20

30 |

Platelet Histogram

* The platelet histogram curve
should lay within the LD and UD.

Normally, The platelet curve
is left-skewed.

The platelet histogram curve
starts and ends on the base line.




Platelet Histogram

PLT range

Number of cells
(relative value)

» [fL]
& ¢ Cellvolume

R

11/22/2022



Parameters of Platelets Histogram

11/22/2022



Mean Platelet Volume

121

/0
100 /

20

up

2 10 20

11/22/2022

30 L

Platelet Histogram

* The MPV is a measure of the average
volume of the counted platelets.
(analogous to the erythrocytic MCV)

Platelet crite

PCT (%)
PLT (x 10%/uL)

Platelet count

MPV (fL) =

* Reference Range :8-12fL




Platelet Histogram

O P D * The range of platelet size (MPV) varies
% LD 19 1 u according to the platelet count.
100 * In normal patients, MPV has an
inverse relationship with platelet
count.

[T MPV is seen in thrombocytopenia]

* MPV is used to discriminate between :
20

Reactive Malignant
i Thrombocytosis Thrombocytosis
2 10 20 30 /1 PLT Count 4 PLT Count

Normal MPV ™ MPV

11/22/2022



Platelet Histogram

Mean Platelet Volume Causes of Causes of
1)) un
% 12 1
100 A mpv Vv M
* Splenectomy * Hypersplenism
¢ CML * Aplastic Anemia
* Myelofibrosis * Megaloblastic a.
¢ TP * Chemotherapy
20 * Sickle Cell
Anemia

11/22/2022



20 wmap

"18 co:5a

10 14381218200

MOGE

SAMPLE Tvee
LI 12.6m
RBC 5. aasm
HGa 14.2
MCY T
MCY 82,7
MCH 268l
MCHC 32,2
PLY H76m
Ly &, 5M
MO 0.8
GR B.2M

14.3

ADw

(OPEN)
Norms |
10V W
WY
/A

b
i
2] 4

g/aL

WYl

{33.5
{ 5.8
(80.7

%)
%)
%)

11/22/2022

Thrombocytosis = Low MPV
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PDW Platelet Histogram

Platelet Distribution Width

LD un * |tis a measure of variation of platelet size.
%

100 * Itis a coefficient of variation percentage

which is calculated by SD/MPV x 100.

+ Reference range : 9 - 14% (15%)

* PDW also could be expressed by drawing
Platelet Distribution Width an arbitrary line at a height of 20%.

20 Causesof 1 PDW  Causes of False 1 :

Aplastic Anemia * PLT Clumps
Megaloblastic a. * Micro RBCs
2 12 30 fL * CML * Fragments
Chemotherapy * (Schistocytes)

11/22/2022



* (Schistocytes)

11/22/2022



Parameters of Platelets Histogram

1 PDW + 1 P-LCR + 1 MPV

\_r_l

Autoimmune thrombocytopenic purpura (ITP)



Thrombocytosis A Platelet Histogram

) LD upD
100 :
( Thrombocytosis
Curve
| Normal
20 Curve

Abu Jad Caesar

11/22/2022




Thrombocytopenia w BHEIG SISO ENR]

’ LD un
100 |-
Normal
Curve
20 ( Thrombocytopenia
Curve

2 30 L

11/22/2022



Platelet Histogram

D un
100

20

2 12 30 1!

11/22/2022



PL

Platelet Histogram

»
0 5 0 el0 JIUce!l Ol PDIiJ

Relative frequency for LOWER discriminator (LD) exceeds the range. May be caused by electrical

noise.
Lo

PU

Relative frequency for the UPPER discriminator (UD) exceeds the range. May be caused by electrical
noise, platelet clumps, efc.

MP

Two or more peaks in the histogram.

DW

Particle distribution width error when the 20% frequency does not cross the histogram two times. The
peak is taken as 100%.

AG

The particle count equal to or less than the LD exceeds a prescribed range. Probable cause is platelet
agglutination, which does not alter the WBC count, but may result in decrease platelet count.

11/22/2022




100

20

LD Flag (PL Flag)
% Ny
; Not reach
“ the Base line \.‘
i 30 L

11/22/2022

Platelet Histogram

This flag appears when lower discriminator
(LD) exceeds preset height by 10%.

Possible Causes :
* High blank value
e Cell fragments
* Contaminated reagent

* High numbers of bacteria
PLTs count, P-LCR and MPV show PL flag



UD Flag (PU Flag) Platelet Histogram

LD * Abnormal height at upper discriminator.
%

100 * This flag appears when UD exceeds the
preset height by > 40% .
Nk raach Possible Causes :
R e AR | Clotted sample
20 PLT Clumps | £oma-incombatibility
[ Re-collect on citrate )
(X1.1)

* Giant Platelets
* Micro RBCs

* (Schistocytes)

i 30 fL

11/22/2022



UD Flag (PU Flag) Platelet Histogram

1w

/0
100 5 When collect blood in citrate, multiply by 1.1 or use
' this formula ?

PLT count + (PLT count X Dilution with citrate)

Dilution with citrate= 10%

Not reach
the Base line

20
10% of citrate present with 90% blood

11/22/2022



a UD Flag (PU Flag) Platelet Histogram

m Example A curve

100 % [Ak i . : :
] [\\ » Overlapping of both populations (PLT / RBC) is equal.
N /} \“\;-// = Note:
10fi 206 30 40f » Extreme low MCV and the presence of many RBC
Possible cause: fragments might interfere with the PLT result.

e EDTA incompatibility

Clotted sample m Actions:

bllaleiiss Eeheasies » The platelet result might be false and should be

Giant Platelet
lant Flatelets checked and controlled with alternative methods.

PLT aggregates

N

383 e Sl 1 IPF laie ,VsSs, oSl his 9 35sd e P-LCR oS35l (il ol el 93, 45 Joeme =Sl coble oS b (Olsz) JVsSs s <SWy wolle coglis 1) +—FA JSb
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a UD Flag (PU Flag)

SAMPLE TYPE : Normal
wicl 7.8 10¥Yul
RBC 3.685L 10V u
HGA 4.7 g/a0
HCT 17.80 %

Mey 48.8L L
MOH 12.9L s
MCHE 26.4!' g/oL
PLT 267 10V ul
LY 2.4 (31,5 %)
MO 0. { 3.0 %)
GR 5.0 [(66.5 %)
HOw 20.H %
PCT 0.17 :
MPY 8.0 4"
POw 14.7 g 3
' "

| %
jos it ®

oy
- [

11/22/2022

Platelet Histogram

Giant PLTs and Micro RBCs=> PLT/RBC overlap

Abu Jad Caesar



PLT/RBC overlap: Extreme microRBC’s=> no clear separation in volume between PLT & RBCs

“ oA 47 0er 2 1wz \ Nl AL A TR
10 14381157808 ' -
1D ZAINAN © 50 10 14381104157 . i —

MODE (OPEN) ELARLTA-TN
SAMPLE TYPE : N ey (OPEN) £o% {0PEN) it (OPEN) 4

gt et l SAMPLE TYPE & Normal SAMPLE TYPE : Norgal SAMPLE TYpE ‘

L1 20,84 10V W oareal

. wnC 5.6 0%l AL 10.3H 0¥ ul wie 7.8 4 0V

R&C 3.580 10% L RAC 4.07 10V UL RAC 5.1% 10V ul RBC 3. 851 10V
14} 10,80 g/oL (ell} 10,00 g/aL HGH 8L g/oi HoR LI el

WCY 340U 3 MCL 3 4% MeY 27,4 3% MC Tt et ‘
t’Cv 5.0 L MOV  71.5L L MV 83,20 1L MOV 4B AL ¢ ] |
e, W.8.  P¢ MCH  2).4L pg MCH 5. 7L g MCH 12,00 pg

MCHC 32,1 "‘:L ’ MCHC 20,91 g/al MCHC 29,60 g/dl MHE 20,41 g/

PLY 138 W0¥W PLT 283 0% W PLT  ASIH 0V uL PLT 207 tova

\

LY 2.0 [ 9.41) ‘ LY 2.2 (3.3 1) LY 4,04 [47.3 1) LY 2.4 [31s V)
~ n 2 f o8 % ~_a [ (& MO 4.3 | o] ol L3
ROw 16.74 % ROW 22.5H 3 ROW 17.24 % ‘ ROW 20.14 %

PCT 0,000 % PCT  0.18 % PCT 0.23 % PCT 0,17 %

moy 6.8 L nPV 5.4 v LAY 5.1 48 L 8.0 L

PO 18,80 % POV 15,8 % PON 15. 1 2 POw 4.7 b 4

R&C e
e

1 ta K
PLT «w

11/22/2022

R&C in
-
I (e s
PLT "
) " .

.14
ac
[ B o
T T v \ -y ~ b
' pLT
1
LR L)
Y et o Vo W i »5 .
i

| 2403 '8 12::

' 10 11341220014

MODE (OPEN
SAMPLE TYPE : Norma)
wue 2.0 10V Ul
| RBC  6.48M 10Y uL
' T 8.0L g/ol
U MCT. 24,4 %
MCV 44, 70 ﬂ.——]
noH 16,70 [4] S
MCHC G708, g/oL
PLT{ OVER | 10¥ WL
LY  11.24 (53.34 %)
MO .74 [ 6.1 %)
[38.6L %)
ROW 23,44 X%
PCY %
MPY fL
POW 15.86 X%
W
| [ 1)
[N }}
Ty ~JELoNY “YAY
3 %
(o)
108 e s
T
n
‘ T e ¥ »
Abu Jad Caesar



Platelet Histogram

;ﬁ | . PLT
T |/
10 20 30 (fL]

PDW PLX 11.8TL
MPV PLX 8.6fL
P_.LCR PLX 16&6.6#%

wBC 7.0x103/7401
RBC 6.01x1068/7 4L
HGB 13.3s/dLL
HCT 42. 1%

MCV - 70.0FfL

MCH - 22.1pPe
MCHC 31.69s/7dlL
PLT PL X 194 x103/ 1L

11/22/2022

PLT

= (4L
PDW 19« 2TL
MPVY 10 . 0L
P_LCR 28. 3%
wBC 9, 3x03/ 1L
RBC 7.67x108/ 11
HGB 15.5ea/dL
HCT 49 . 5%
MCV 64.5SfL
MCH 20.2FP9
MCHC 1. 38/dlL
PLT 229x108/ 1L

L)

[fL]

- —fL
---.-fL

--—l —./.

7.7x108/ 1
S.30x1068/ 1L
9.5g/dL
32.47%
61.17TL

17.9P9
29.3a/dL
216x108/74



PLT is incorrect Low/high??

In case of platelet aggregation, the PLT count is incorrect low.

1 Check EDTA incombatibility =e.g. re-collect the sample and use citrate as anticoagulance

to avoid clocking caused by EDTA’ or

L Add Amikacin to CBC vial let stay for 15 min. then shake for 1-2 min and apply
to cell counter

In case of extreme microerythrocytes or fragmented RBC the PLT count
might be incorrect high.

J PLT results should be confirmed with alternative methods

11/22/2022



(PU &. Flag)

PLT-Histogram Results Results
PLT 237 x10°L PLT  PU T1x109L
POW  + 18.0fl PDW  DW -
MPV 12.4fl MPV  DW i
P-LCR +  441% P-LCR DW %

L

L —
020 30 [
UDPU o sy 18512 61,5 it o) s 53 sy o 1,50 g s ol 251k il g bl s 4 s o s 4 B3 920 00 ) - F S
RBC o s3gama )l 553 § 5 1 s el 1 21303 Vol g 350 5 50 105 )13 PU o 10 gl Jo sl 1,5 13 Jy bl o T 3 a0 03,5 gl
b g 323 (2 5 20 4 0T puls DW 5 PU 505 o ¢ o) 3sdly a5k 0o g 2l 36 gt b S8 A3 GRBC JI a2 Jlol 22 5 304
32 0 oS § ) UpSd) Sl € ol )55 4 1 bt iy ot 15 1)U g 55 3 WSl sl e LS 3 00 S g U PBS b el s 5
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B MP Flag Multiple Peaks Platelet Histogram

%
100

Possible Causes :

* Platelet transfusion
* Recovery from chemotherapy
* Platelet aggregation

2 12 30 L
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B MP Flag Multiple Peaks Platelet Histogram

%
100

See PLT anisocytosis after chemotherapy

Possible Causes :

* Platelet transfusion

* Recovery from chemotherapy

* Platelet aggregation
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Beta-Thal- minor

Platelet Histogram

Parameters

WBC 9.94 [1073/uL]

RBC 6.14 + [1076/uL]

HGB 11.5 - [g/dL]

HCT 352 « %

MCV 57.3 -+fL]

MCH 18.7 - [pg]

MCHC 32.7 [g/dL]

RDW-SD 36.4 - |[fL]

RDW-CV 20.0 + [%]

PLT 230 * [1073/uL]

PDW - [fL]

MPV —_— My

P-LCR (%)

PCT p— [OA)]

NEUT 8.23 + [1073/uL] 82.8 + [%]
LYMPH 0.95 - [1073/uL] 9.6 - [%]
MONO 0.51 + [1073/uL] 9.1 [%]
EO 0.23 + [1073/uL] 23 [%]
BASO 0.02  [1073/uL] 0.2 [%]

WBC IP Message(s) RBC IP Message(s)

11/22/2022

Anisocytosis
Microcytosis
Erythrocytosis

Normal Ranges RBC

( 4.50 - 11.50)
( 4.10- 5.10)
( 12.0- 16.0)
( 36.0- 46.0)
( 78.0- 90.0)
( 25.0- 35.0)
( 31.0- 36.0)
( 37.0- 54.0)
( 11.0- 14.5)
( 150- 450) —
( 9.0- 14.0) i
( 9.0- 12.0) 5
( 13.0- 43.0) F
( 0.17 - 0.35) 4
{ 370~ 720)
(20.0- 50.0) [ A
( 0.0- 14.0) e
( 0.0- 1.0)
~( 0.0- 6.0)

PLT IP Message(s)
PLT Abn Distribution



Beta-Thal- minor Platelet Histogram

Parameters Normal Ranges RBC
WBC 9.94  [1073/uL] ( 4.50- 11.50)

RBC 6.14 + [10"6/uL] ( 410- 5.10)

HGB 11.5 - [g/dL] ( 12.0- 16.0)

HCT 35.2 - [%] ( 36.0- 46.0) ’
MCV 57.3 - [fL] ( 78.0- 90.0) PLT
MCH 18.7 - [pg] { 25. O - 35.0)

MCHC 327 [g/dL] ( 31 36.0)

RDW-SD 36.4 - [fL] ( 37.0- 54.0)

RDW-CV  20.0 + [%] ( 11.0- 14.5)

M Distribution |
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Examples of PLT, MPV

PLT....decreased
MPV...increased

ITP, TTP, hepatits C, thyrotoxicosis, Lupus, H.pylori infections, HIV

PLT....increased
MPV...increased

MPN(ET,CML, MF,...)

PLT....decreased
MPV...normal

BM failure(malignancies, metastasis, AA,...)

PLT....increased
MPV...decreased

Reactive states, inflammation, rheumatologic diseases infections.....Kawasaki, ...

Wiskott-Aldrich syndrome: MPV....very low & PLT count decreased
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Case 1: A 56-year-old male presented with tiredness and early
satiety. He had a massive splenomegaly. His Hb= 9.7 g/dl, WBC =
of 64,000 per mm

WBC
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Clinical Utility of Blood Cell Histogram

Interpretation Case-1

*Patient in the case 1 has leukocytosis with WBC
distribution curve showing a peak in the region of
neutrophils

*The two differential diagnoses for this WBC
distribution were CML in chronic phase and
leukemoid reaction

* As the patient was having massive splenomegaly,
diagnosis was in favour of CML

*The myelocytes out number the more mature
metamyelocytes in CML and are seen as the
myelocyte bulge in WBC histogram (red arrow )
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Clinical Utility of Blood Cell Histogram

Interpretation Case-2

Case 2: A 44-year-old male presented with tiredness and massive
splenomegaly. His Hb =8.0 g/dl, WBC =2,57,000 per mm , PLT=
96,000 per mm

1IBC

100 200 300

Blast cells -red arrow, basophils -yellow arrow, and cells at various stages of myeloid
maturation are shown in green arrow.
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Clinical Utility of Blood Cell Histogram

Interpretation Case-2

*The patient in case 2 was in blast crisis of CML

*In the WBC distribution curve, the maximum
number of cells was seen in the region of blasts (Red
arrow)

*Blast cells occupy the region between 70-120 fL
*Cells at various stages of myeloid maturation were
also increased (Green arrow)

*There was also marked ( arrow)
*Diagnosis of blastic phase of CML from peripheral
blood requires 220% blasts, which was obvious in
this histogram
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Clinical Utility of Blood Cell Histogram

Interpretation Case-3

Case 3: CBC of a 30-year-old female was done as a part of preoperative
evaluation for an elective surgery. The WBC =3.49 million/micL

100 200

The WBC count in case 3 was 3.49 million/mms3, which is in the range of RBC count.
The histogram here shows a sliding curve. Insufficient lysis of RBCs due to the lack of
stromatolyser solution resulted in the entry of RBCs into the WBC counting block,
causing a spuriously high count. The differential diagnoses for spurious elevations of
the WBC count are platelet clumps, nucleated RBCs, incomplete lysis of RBCs,
cryoglobulins, and cryofibrinogen
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Clinical Utility of Blood Cell Histogram

Interpretation Case-4

A 63-year-old male came to Outpatient Department (OPD) with tiredness
and intermittent fever. His Hb =6.6 g/dl, WBC =41,500, and PLT=20,000

NBC

\

\

100 200 300

The patient in case 4 has very high WBC count, all seen in the area of blasts
(Red arrow). This is suggestive of acute leukemia
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Clinical Utility of Blood Cell Histogram

Interpretation Case-5
A 17-year-old female presented with tiredness. Hb =7.8 g/dl and WBC =24,200

NBC RRC

100 200 300 100 200 |

In the WBC histogram, the dotted curve before the lymphocyte peak
indicates nRBC. nRBCs will be counted as WBC in the cell counter. Looking
into the RBC distribution curve, there are two peaks. The second peak in the
RBC distribution (with higher MCV) curve indicates reticulocytes. Presence of
significant number of nRBCs and reticulocytes are highly suggestive of
hemolytic anemia
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