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Quality planning of Complete blood count (CBC) by using Six sigma and

OPSpecs Chart in Hematology Laboratory Phrae Hospital
Prasert Chantanaskulwong, M.S.* Tanawatchai Suriya, B.Sc.* Skunrat Ariyapet, B.Sc.*

Abstract

Black ground: Quality control planning with the Six-Sigma system and the OPS pecs Chart has
been used to increase laboratory efficiency for a long time. Especially, in the
clinical chemistry laboratories. As for the Hematology and Microscopy
laboratories, more quality control plans have been established. Hematology and
Microscopy laboratory in Phrae Hospital has applied for membership of quality
control by the EQA program of RIQAS. Which has a evaluation (2019) and a Six-
Sigma quality control plan started in 2020.

Objective: To improve the quality control of the Complete Blood Count (CBQ).

Study design: Six CBC blood integrity data were used, including WBC, RBC, HGB, HCT, MCV,
and PLT which were analyzed by Mindray CAL8000 and BC-6800 automatic
blood cell counters in June. By using 3 levels of quality control substances .
The EQA (RIQAS) quality assessment results and the %TEa from the CLIA to
calculate the six-sigma of each item. To Plot normalize Inaccuracy and
normalize Imprecision by using Microsoft Excel to help evaluate laboratory
methods on OPSpecs Chart.

Results: It has been found that the automatic blood count device Mindray CAL8000 is
effective in three world class criteria, RBC (8.40), HGB (11.29) and MCV (6.89).
One excellent level is HCT (5.88). Two Good levels are WBC (4.99) and PLT
(5.25). The Mindray BC-6800 has three world class performance levels - WBC
(6.22), HGB (9.88) and MCV (8.29). Two good levels are RBC (4.81), and PLT (4.03).
One Marginal level is HCT (3.72).

Conclusion: The automatic blood count device CAL8000 has a Sigma value from Good to
World class. Can plan quality control using Sigma Westgard Rule 1 3s to monitor
machine faults analysis results. As for the BC-6800, which is less efficient than
the CALB8000, it requires more stringent quality planning. Use three additional
Westgard Sigma Rules: 1 2s, 2 of 3 2s and R 4s in PLT, MCV and HCT.

Key words: Quality control planning, %TEa, Six-Sigma, OPSpecs Chart, CBC. World class,
Marginal.
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materials 3 AU Export 911 Software U84
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150303579 LU excel file uazyn
FoyavinAsesuInsondoyalulusunsy
Microsoft Excel Niaulag 391ey 1AEIN1TAT

(2010)*2

NAN1SANEN

Aady %Bias YBIN1TMTI WBC,
RBC, HGB, HCT, MCV way PLT 9831A3 04
CAL8000=4.19, 1.18, 0.48, 1.96, 2.46 LLa ¥
6.93 MIUEITU dIuANRAY %Bias VOATOS
C-6800=3.86, 0.99, 0.47, 1.82, 2.16 Wag7.12

(mswﬁ 1)

A15197 1 Inaccuracy (%bias) from EQA (RIQAS) for each complete blood count parameters

on Mindray CAL8000 and BC-6800 Analyzer

Test on Mindray CAL8000 Analyzer Mindray BC-6800 Analyzer
Target %bias Lab result Target
6 Parameters Lab result %bias
value value
WBC 2.42 2.380 1.68 2.46 2.380 3.36
19.61 18.726 4.72 17.75 18.726 -5.21
2.45 2314 5.88 2.46 2.314 6.31
9.08 8.692 4.46 8.74 8.692 0.55
Average %Bias of WBC 4.19 3.86
RBC 2.11 2.094 0.76 4.57 4.555 0.33
5.03 4.980 1.00 4.92 4.980 -1.20
2.10 2.063 1.79 2.08 2.063 0.82
4.58 4.538 1.15 4.61 4.538 1.59
Average %Bias of RBC 1.18 0.99
HGB 6.30 6.300 0.00 6.30 6.300 0.00
15.00 14.986 0.09 15.10 14.986 0.76
6.20 6.187 0.21 6.20 6.187 0.21
14.30 14.071 1.63 14.20 14.071 0.92
Average %Bias of HGB 0.48 0.47
HCT 21.7 23.082 -5.99 22.0 23.082 -4.69
48.3 47.712 1.23 47.3 a7.712 -0.86
21.4 21.358 0.20 21.0 21.358 -1.68
45.1 45.283 -0.40 45.3 45.283 0.04
Average %Bias of HCT 1.96 1.82
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A519T 1 Inaccuracy (%bias) from EQA (RIQAS) for each complete blood count parameters
on Mindray CAL8000 and BC-6800 Analyzer

Test on Mindray CAL8000 Analyzer Mindray BC-6800 Analyzer
Target %bias Lab result Target
6 Parameters Lab result %bias
value value
MCV 102.6 110.226 -6.92 104.8 110.226 -4.92
95.9 95.943 -0.04 96.2 95.943 0.27
101.8 103.224 -1.38 101.2 103.224 -1.96
98.3 99.78 -1.48 98.3 99.78 -1.48
Average %Bias of MCV 2.46 2.16
PLT 151 132.246 14.18 150 132.246 13.42
444 423.310 4.89 441 423.310 4.18
133 130.830 1.66 141 130.830 17.07
273 255.118 7.01 263 255.118 3.09
Average %Bias of PLT 6.93 7.12

A1 Target value A95uanLTuYn

NANEY 3 AU lrARewalalansen

TulUswnsy Microsoft Excel Plot n51

OPSpecs Chart A1 Six-Sigmadzlans3iu A1

%CV (Inaccuracy) 484 WBC, RBC, HGB, HCT,

MCV wae PLT 9941A309 CAL8000 Y1y
2.167, 0.574, 0.577, 0.687, 0.514 way 3.442

AUEINU LATUDILATDI BC-6800 Wi
1.790, 1.042, 0.661, 1.124, 0.463 way 4.438

(mmﬁi 2)

A5197 2 Laboratory mean, SD and % CV from data analysis of Control 3 levels (20 data

per each level) for WBC, RBC, HGB, HCT, MCV wag PLT

Control level Low Control level Normal  Control level High 0.33 Average
Parameters

mean SD %CV mean SD %CV mean SD %CV  %TEa %CV
Test on
Cal8000
WBC 3712 0.061 1.650 7.853 0.174 2215 20385 0536 2636 4950 2.167
RBC 2419  0.016 0.669 4.754 0.033 0.687 5.584 0.020 0365 1980 0.574
HGB 5850 0.051 0.876 13580 0.052 0.385 17.460 0.082 0470 2310 0.577
Hct 19.240 0.150 0.780 43.235 0.301 0.697 56.355 0.330 0.585 1.980 0.687
MCV 79.480 0.482 0.606 90.935 0.402 0.442 100.865 0.499 0.495 1980 0514
PLT 55550 3.103 5586 206.850 5.274 2550 402.450 8811 2189 8250 3.442

-68-
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5197 2 Laboratory mean, SD and % CV from data analysis of Control 3 levels (20 data
per each level) for WBC, RBC, HGB, HCT, MCV uag PLT

Control level Low Control level Normal Control level High 0.33 Average
Parameters

mean SD %CV mean SD %CV mean SD %CV %TEa %CV
Test on
BC-6800
WBC 3.709 0.057 1535 7.658 0.186 2.429 20.464  0.288 1.406 4.950 1.790
RBC 2359 0.028 1.190 4.695 0.045 0.966 5.520 0.053 0970 1980 1.042
HGB 5775 0.044 0.769 13480 0.083 0.618 17.605 0.105 0.596 2310 0.661
HCT 18.845 0.209 1.109 43.020 0.467 1.086 56.235 0.662 1.177 1980 1.124
MCV 79.950 0.445 0557 91.655 0.435 0474 101.845 0.365 0358 1980 0.463
PLT 53.800 4.112 7.642 210.250 6.248 2972 412200 11.138 2702 8250 4.438

'
I )

F’]’WlLLﬁ@Q@?iWQﬁ@QLﬁUﬂ@WﬂaHN 3

AUNUWIUAL INS18A1 Sigma Aruanlaiu

1 )

A9 Plot Tulusinsy Microsoft Excel 984
Joay WEIN19A7 (2010)2 i orua A1
0.33% TEa Udl#ay parameters Wua1 %CV
N parameters 18N 0.33% TEa Fauda
g9U5FUAN Inaccuracy YDIUATDINTIVNIAD
A3eailoldAaie %Bias, Aade %CV uay
%TEa AUNAIVINLANIAILI A7 Six-sigma
NGNS

Six-sigma = (%TEa-%Bias)

%CV

-69-

%A1 Six-sigma 789%9 2 1A% (A51971 3)
AnfilduansfessiuUsraninmusna3omsia
WindendnludRnuszuy Six-sigma aziiule
FF1 HGB fifn Six-sigma >6 FefluszanSam
Tuseiu world class A1 Sigma 767 a0
Juen HCT veaiA3as BC-6800 winfu 3.72
fiuszansainlusedu Good (115197 3)
N13319UNUNITAIVANAN AN (Quality
Control Planning)fi@A1uIuAT Normalized
Inaccuracy (X) wag A1 Normalized Impreci-
sion (Y) @ %3u Plot 3@ Operative point a4
vun3 OPSpecs Chart lun1s@nuniild
n51% Normalized OPSpecs Chart 100% TEa
90% AQA(SE) N=3 tJuns1vlusn
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A543 %TEa, %bias, %CV and sigma values for each complete blood count parameters

on Mindray CAL8000 and BC-6800 Analyzer

Mindray %TEa (CLIA, RIQAS)  Average %bias N=4  Average %CV  Sigma metric

CAL8000
WBC 15 4.19 2.167 4.99
RBC 6 1.18 0.574 8.40
HGB 7 0.48 0.577 11.29
HCT 6 1.96 0.687 5.88
MCV 6 2.46. 0.514 6.89
PLT 25 6.93 3.442 5.25

BC-6800
WBC 15 3.86 1.790 6.22
RBC 6 0.99 1.042 4.81
HGB 7 0.47 0.661 9.88
HCT 6 1.82 1.124 3.72
MCV 6 2.16 0.463 8.29
PLT 25 7.12 4.438 4.02

mnliaunsa Plot 3 Operating
point Igzudewdu OPSpecs Chart 100%
Tea 90% AQA(SE) N=6, OPSpescs Chart
50%TEa 90% AQA(SE) N=3 uazr OPSpecs
Chart 50%TEa 90% AQA(SE) N=6 muanu
N13A1UIAT  Normalized Inaccuracy  (X)

wazA1 Normalized Imprecision (Y) 31ngn3

LAZLARNIAT (AN5199 4)

N lized X = 25V o 100
ormalize = %TEa_

N lized Yy = 2B13S 100
ormalize = %TECZ,

-70-

dMTUNITINUNUNITAIVANANAIN
(Quality Control Planning) w & 9910 L4
OPSpecs Chart ¥84lAiag parameter a9
Junmsdadulafiensemuaununinlundas
parameter siald lun1sdadulann 9
OPSpecs Chart fas8andnnisiianunse
n51249U enor Ifuniga wazd False
rejection Heufign (Pr<0.01) LazazaAINAo

Aenfiunsmuay Usendanuadmiuesans
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A1319% 4 LansA Normalized Inaccuracy (X) wag A1 Normalized Imprecision(Y) Wsiag

parameter U8A309 CAL8000 Waz BC-6800

Mindray CAL8000 Analyzer

Mindray BC-6800 Analyzer

Test on
Impecision Inaccuracy Impecision Inaccuracy
Normalized (xy) (x,y)
x) (y) (x) (y)
WBC 14.44 27.90 (14,28) 11.94 25.73 (12,26)
RBC 9.56 19.61 (10,20) 17.37 16.44 (18,16)
HGB 8.25 6.90 (8,7) 9.45 6.74 9,7
HCT 11.46 32.59 (12,33) 18.74 30.27 (19,30)
MCV 8.57 40.94 (9,41) 7.72 35.98 (8,36)
PLT 13.77 27.74 (14,28) 17.76 28.47 (18,28)
32150l Jolauauz

N15919UNUNITAIUANAUAINAS
asraAuaNyIaivaadiaian (CBC) Tu
nsAnwrfiamnsndinasiagunaldine
wazazANlABLANIE 115 Plot 9@ Operating
point (Imprecision (X), Inaccuracy (y)) a4lu
OPSpecs Chart 100% TEa 90% AQA(SE) lag
T4TU5uNn5U Microsoft Excel 71 3¥1ey vien
1567 WaunTus et 2010 Fudy Software
AUssiuinssimaies fURnsfldineg
A¥AINY8N15 ATUIUAT Sigma bATIALS7
W@ msueslURnismaianisunne
AN OPSpecs Chart Wudalsanu (3U7 3
waz 4) Wisuiflsusunisaneluedin Fold
75n13 Plot 90 Operative point Algilaasuy

OPSpecs Chart

-71-

dmsuiades BC-6800 fiuszansamn
ﬂqﬁmiflﬂ(ﬂ:’qﬂquﬂ%‘@ﬂ CAL8000 g]l@ﬂwc'] non-
statistical QC procedure 21628 LU A15¥N
preventive maintenance 8 813948 47 N
functional check Tuntu v performance

validation check agnetaeUay 2 As9 waly

e>2p

YT auduglunsnsaaiinsg
N1373719UKHUNITATUAN AN AN (Quality
Control Planning) Iaeld OPSpecs Chart Ao
fandnnisfianansansadu eror ldunndige

wazdl False rejection Uo® i an (Pfr<0.01)

[ |

azaInsagaliun1sAtIual Usendaduean

9

dmiueedns ulalinineuazyanssal

AERNS 1SINGIVIBUNTAITYIINTITITILHUANS

6

AIUANNINBE 1Ll dlag TN TIAT 19
Toyaduseiiou azvilin1snsia CBC d
AnugndedwiugnulslevidodUisuas

23AnTeialy MITNITINUHUAIUANAMAINGTY
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vosFiRnslatininerdaisenisnsaadu
7591815 U Six Sigma waz OPSpecs
Chart 11928 QC planning #1713
Usenisnilefe Quality requirement 910
CLIA 2019 Farvualid A1 %TEa Tuuiq
s18n7158iA91a4 WU WBC a1nifu 15 anad
windu 5 1 0udiu egndlsinusieauileuiulse
TilszanSanidstu winlden %TEa ves
CLIA 2019 Hudhmneglunsimuinaninly
Usiold

Test HCT CALS000

..........

AU A1 %Bias WInlsameuIaNivi
N13AIVANAMNINLALDIANITAEUDN (EQA) i
Huaudnuseiiunaduselauna Jaz 3 ads
Yo fURNanLsamAn %Bias LiuseIElY
d15u1m 551 Calibrator 1ngvMn159599
ins1zvidaeiniesduiliniden 10 ad
ATUINTIAT mean WAIATUINATUEGA S

(UsiasuImsgIu Calibrator d59AUN4)

%Bias=

Mean value - Calibrator value

x100

Calibator value

1290 Sigma metric

-72-

Test WBC CALB00O
S~ 1 rul
\\ o
N
F \ﬁ.’\\
. R
' N
- \\
H
ana
Test PLT CALB00O
1 rul o tr rul
o = e
AN
- 5 & e,
4 N o
e . T, s
i
=
"
158 ;l[é‘, [

OPSpecs Chart 484 1384 CAL8000
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Test HGB BC-6800

Test  WBC BC-6800 Test  RAC BC-6800
Mermakzed OPSpecs Chart TEs 100% with 50% AQA(SE)
™
_ Control rule
Fu
Tm
AR
; 3 Nw\ 2ot
z A\ "
2
] iy 2ol Ry
N
i \
m = = - o | fass
kol Trrecion (5, % of TE3) )
Sigma metri 6120 So 4810
Test  HCT BC-6800 Test  MCV BC-6800
Wormanzed ovspec o @ pcs
" Control rule
e i
LR LY L
# R L 0
W 5 R
o \ 1R g, wl| A
Tz i
i 1.
I I
. .
bt i)
Sigma metric ar10 Sigma 8290
9

Tunsfinwasell Auddenuinainise
14 Six-Sigma W& ¥ OPSpecs Chart Ry
\A3BllaNATU TN IENNITAIUANAMAIN
Amunzanlun1919MHEN1TAIVANAUNIN
n1sasIaAdInanysalvendadenann

A v [ & [ va .

LAT09M 32U VLI ALERAS M TULRA Mindray
CAL8000 waz BC-6800 lane19ula Tae

W399 CALB000 @1unsald control rule 1

Ul 4 OPSpecs Chart ¥84 LA399 BC-6800
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......... 2ed OPSpecs Chart TEa 100% with 1% AGASE)
-
- Control rule
g» p
e
‘bi ™ 1
fu 1ROl RSy
2 G
5"
!
i* Gar s
2 el 2o R,
GEET
' P
) £ ¥ Y B
AW MRS DN [y, T OF TES) 000 3 1
Sigma metric = 9.87 0
Test PLT BC-6800
N—— -
—
Gle
" \ \s
i= \ .,
7* \0\
i, \a -
A et "
iu \
.
A mgrecc (S, 91 i)

Sigma metric =

3.55 N=3 R=1 P;,=0.00 lun15m5329 RBC, HGB,
HCT, MCV @24 WBC wag PLT 14 control
rule 1 3s N=3 R-1 7l P<0.01 @1uiA3as
BC-6800 14 control rule 1 3.55s N=3 R=1
P,=0.00 Tun15m599 WBC, HGB ag MCV i

parameter figadld control rule wuu multi
rules @B NNSM529 HCT way RBC 14 1 3.5s,

20f3 2s, Rds, P,<0.01, N=3, R=1 Lagn19
n929 PLT siaslding 1 2s, P;<0.14, N=3, R=1



Journal of the Phrae Hospital

Volume 28 No.2 July-December 2020

M19197 5 KAAS S¥AU Six-Sigma, OPSpecs Chart Wag N133MRUN1TAIUANNITLY Control rule

Y99 WAAY parameters TuweSas CALB000 way BC-6800

32U Sigma

OPSpecs Chart

N1329uHUN5AUANTY

Control rule

CAL8000
WBC 4.99 TEa 100% with 90%AQA(SE) 1 3s, Pfr < 0.01, N=3, R=1
RBC 8.40 TEa 100% with 90%AQA(SE) 1 3.5s, Pfr= 0.00, N=3, R=1
HGB 11.29 TEa 100% with 90%AQA(SE) 1 3.5s, Pfr= 0.00, N=3, R=1
HCT 5.88 TEa 100% with 90%AQA(SE) 1 3.5s, Pfr= 0.00, N=3, R=1
MCV 6.89 TEa 100% with 90%AQA(SE) 1 3.5s, Pfr= 0.00, N=3, R=1
PLT 5.25 TEa 100% with 90%AQA(SE) 1 3s, Pfr < 0.01, N=3, R=1
BC-6800
WBC 6.22 TEa 100% with 90%AQA(SE) 1 3.5s, Pfr= 0.00, N=3, R=1
RBC 4.81 TEa 100% with 90%AQA(SE) 1 3.5s, 20f3 2s, Rds, Pfr< 0.01,
N=3, R=1
HGB 9.88 TEa 100% with 90%AQA(SE) 1 3.5s, Pfr= 0.00, N=3, R=1
HCT 3.72 TEa 100% with 50%AQA(SE) 1 3.5s, 20f3 2s, Rds, Pfr< 0.01,
N=3, R=1
MCV 8.29 TEa 100% with 90%AQA(SE) 1 3.5s, Pfr= 0.00, N=3, R=1
PLT 4.02 TEa 100% with 90%AQA(SE) 1 2s, Pfr< 0.14, N=3, R=1
PLT 4.02 TEa 100% with 909%AQA(SE) 1 2s, Pfr< 0.14, N=3, R=1
LONA1591984 el uinistuansisa. w.Un. vusy

1.

naw1s #3a13. The vital prerequisite
of hematology laboratory quality
control: Know why + Know how.
Asamwe: Tasan153de e W ul
YAaInInIelfuAnisivaans
Fugns; 2555.

3158 wiouuNa. SEUUNITAIUAY

AMAINTURUFIULALTUNANEUTU
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Fugnslsn; 2544.
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[Buwnosidnl. 2562 Ldd il e
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