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Abstract

The assessment of analytical efficiency and quality control (QC) are important for
reliability of laboratory results. Maximum benefits given for patients are accurate laboratory
results with suitable quality control in clinical laboratory. This study aimed to use sigma metric
for performance assessment and QC planning tools in hematological and clinical chemistry
laboratory of Trang Hospital. Imprecision and inaccuracy of individual assays were calculated
from internal quality control (IQC) and proficiency testing (PT) or external quality assessment
(EQAS). Sigma metric was calculated from (%TEa - %bias) / %CV to assess laboratory
competency. A 6-month collective retrospective set of data obtained from October 2016 to March
2017 was analyzed in this study. Data analyses were performed on two analyzers; Beckman
Coulter (LH780) automatic blood cell counting analyzer and Beckman Coulter (AU680) clinical
chemistry analyzers. LH780 was routinely operated to determine platelet count (PLT), red blood
cell count (RBC), hemoglobin concentration (HGB) and mean cell volume (MCYV) parameters at
the world class and excellent performance level. Two AU680 analyzers were operated to
evaluate 26 laboratory items of clinical chemistry laboratory. The calculated sigma metrics have
shown that more than 80% of the evaluated parameters are ranked at world class and excellent
performance levels. The sigma metric results are categorized according to the rule of thumb and
single rule 135, N=2 (Pfr < 0.01, Pe $ > 90) was selected as quality control for the majority of
analyzed parameters. This has been shown to be an appropriate and flexible rule with high error
detection capability and low false rejection rate for clinical laboratory. By using sigma matric,
we have controlled cost effectiveness of quality control planning and a reduction of workload.
However, the sigma analysis of WBC, low-density lipoprotein (LDL), blood urea nitrogen (BUN)
and total protein (TP) has shown marginal performance. In this circumstance, the laboratory
needs to solve and improve the quality of result by increasing the frequency of calibration and

quality control.
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sigma metric Uszgnd l5uuafia six sigma lumsilszivlszanimnmsasiaimnzivaznaway
msmuauaumwitvinzay Tasdszidiuanalliusiugn (imprecision) §asm %CV nnms
muanaamumely IQC) wasdszuiuanulignde (inaccuracy) drsmend (%bias) 91n
proficiency testing (PT) #30 external quality assessment (EQAS) 13z tiiuanuaansavessnams
nAdeY AIBgAI sigma metric = (%TEa - %bias)/ %CV u,azLﬁanﬂg‘ﬁmmmulumsquu
AMMN NNVBYATOUNAT 6 LRoY %ﬂLLﬁLaﬂuqmﬂN .7 2559 DatAeuNINAN W.A. 2560 KA
szdiuanuaainsanie sigma metric YBUA3BINTIVIATEHIBAA TiALEendnluTA Beckman
Coulter S'u LH780 Wy 519msnadaay platelet count (PLT), red blood cell count (RBC),
hemoglobm concentration (HGB) «ag mean cell volume (MCV) Nmmmminﬂﬂlui“ﬂumaﬂ
wazA LB u,auwaﬂsumummmmmmmmsmmsqmmﬂmmwuﬂu Beckman Coulter 3%
AU680 2 1a389 91193 26 :19M3 WU NnAN3esas 80 YBINMINATLY NANAAINIDDY
Tuszdufdauazidon lunemsmagevdiianuainsad@awazideon mmm“l%'m,] single
rule 1, ,N=2,P_<0.01uaz P_>90 “lumiﬂmﬂuﬂmmw"lﬂ N ERE ulunqwummmm auuaz
ﬂﬂﬂﬂum mnwmmwﬂwmﬂ“l,ﬂﬂww waziinatieualsm a3INTAMMIAIVANAMMNENE
1 seunalu m“lmqﬂmnsﬂgummmmnmnmu siulalalsz@ns mmveaniesile anmszay
wazml518U89aNINIVANAMAIN dmunemanaaeudiianuansaluszanhunans laun
white blood cell count (WBC), low-density lipoprotein (LDL), blood urea nitrogen (BUN) ttag
total protein (TP) #evlfiiamsaesunlvuazSudssgamumsasiadanssi Taginanud
VBIMIAIUANAMAIN ‘nummmumsmuquqmmwLtaxﬁmsﬂsmﬁu% Lﬁa%'nm"l%cf;aqmmw
HANINTIVILATIEH

MeaAny: Six-sigma MIAIVANAMMN Sigma metric
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o . a 4 G ¥
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V38N Beckman Coulter ju LH780 ¥@4¥ioq
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AMAN WA 2559 T3 AeUTINAN W.e. 2560
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(complete blood count; CBC) 91uU 5 519M3
iszneude white blood cell count (WBC),
red blood cell count (RBC), hemoglobin
concentration (HGB), hematocrit (Hct) taz
platelet count (PLT)
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serum qu;dl,‘ﬂ‘u CRM traceable material'® v@4
V3 Beckman Coulter 1ULA383A5I93ATIZN
seavansiadludeauuudaludi@ (fully auto-
mated chemistry analyzer) j:u AU 680 w84
1389 Beckman Coulter 91171 2 Lﬂém GNZGE
Ufamsiadiaain Isaneuianis Faustidou
AMAN WA 2559 T3 1AoUNNAN WA, 2560
TngldAnen 26 semsnagen dsil albumin
(ALB), alanine phosphatase (ALP), alanine
aminotransferase (ALT), aspartate aminotrans-
ferase (AST), blood urea nitrogen (BUN),
calcium (Ca), cholesterol (CHOL), creatine
kinase (CK), chloride (CL), creatinine (CREA),
direct bilirubin (DBIL), iron (FE), glucose
(GLU), high-density lipoprotein cholesterol
(HDL- cholesterol), potassium (K), lactate
dehydrogenase (LDH), low-density lipoprotein
(LDL), lipase (LIP), magnesium (MG), sodium
(Na), phosphorus (PHOS), total bilirubin
(TBIL), total protein (TP), triglyceride (TRG),
unsaturated iron binding capacity (UIBC) wa
uric acid (UA)
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2 =y Uszdiuar %CV lagl¥inasived
Clinical Laboratory Improvement Amendments
of 1988 (CLIA’88)"Y Fadmunlimdutlszans
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(within-day imprecision, % CVWd) fodlunu
0.25 tMwe9a1 allowable total error (TEa) way
mdudsyansanuulsdsuvesmsnagenszria
U (between-day imprecision, %vad) f03
NaitAin 0.33 e TEa'®

TEa (allowable total error) 9 A1AN
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gnAad (inaccuracy) FaAannANUAaNaAv8a
LUV (systematic error; SE) Tums ﬁﬂmﬁw TEa
nami CLIAYY fvuaduiiteldduinamily
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2.2 msdszdivanugnasIveans
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msAniAaenl¥iEmsssdiuany
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337 1 @enl¥na EQAS ainlasams
Yszifiuaunmwmaganssaumanindiinlag
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wiaa (EQAM) fMuname %bias 1ngAs
9obias = (laboratory result - peer group result)/
peer group result x 100 d1¥5UNYNITIATIIN
Ta¥inInen

%Qﬁm laboratory result Mu19a9
AMININUNARIDE1NATO UV ISR TANS
wuaz peer group result NaNgaa ARAIMINENL
HAYBINGNNNTIATIZN (peer group) 910 EQAS

350 2 @enl¥ control serum level 1
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waz 2 Fudluassnnaum (CRM traceable

Y 3 nuFeumeufumanududunla

materials
NNATIATIIIATNZHAITIAT AU68O Fnms
A1 %bias 9INgAT %bias = (assay value-
assigned value)/ assigned value x 100 d1w3y
FYMINTIIMLARADTN

Wil assay value Winede A@AsIN
control material (mean) ¥o4MIUHTAMT uaz
assigned value MaNefe mMUe9 CRM traceable

materials 1NIUM

2.3 mImuImm sigma metric

LﬁaﬂixLﬁummmmmiumsmmu
AMMNVDIUARZTIIMINATIY AUIMUAT sigma
metric 9NFAT sigma metric = (%TEa - %bias)
/ %CV

TUMIMUANAUMUIIMIATIVIATIER
A1ruan151¥A1 TEa w81 CLIA (CLIA
proficiency testing criteria for acceptable
analytical performance)(”) Lﬁa‘l%l,ﬂummfvﬂu
MIgouTUENIIOMNIBTalFiams Mswms
asralalaidivualild TEa wes ASVCP
guidelines: Allowable Total Error Hematology
(ASCVP)(IS) wae Canadian Fixed Limits from
the College of Physicians and Surgeons of
Saskatchewan (CFX)"'? Tumsansnimmuas
TEa vaduaazingmsnadey ﬁﬂﬁ

dimfusignianadeunialanaine
91U 4 19ms leun WBC, RBC, HGB, waz
PLT fmviuataena allowable total error (TEa)
1n CLIA’88"" uwhAuSesaz 15, 6, 7 uaz 25
MUAEY wazemMInadgey MCV mwuaiaen
M1 allowable total error (TEa) 311 ASVCP

guidelines: allowable total error hematology

ASCVP)"™® thfu3esar 7

dmSunemsnadeumaalaatinauIu
20 s19m3 1@un ALB, ALP, ALT, AST, BUN,
CHOL, CK, CL, CREA, DBIL, FE, GLU,
HDL- cholesterol, LDH, MG, TBIL, TP, TRG,
UIBC uaz UA mvuatdens allowable total
error (TEa) 911 CLIA 88 wihfiu3asay 10, 30,
20, 20, 9, 10, 30, 5, 15, 20, 20, 10, 10, 20, 25,
20, 10, 25, 20 waz 17 ?uaAU wazieMs
nadou Ca, LDL, LIP,PHOS, K way Na mwua
\@enA1 allowable total error (TEa) 21N
Canadian Fixed Limits from the College of
Physicians and Surgeons of Saskatchewan
CFX)"? whdv¥esay 8, 15, 37, 12, 6 waz 5
muMAY

2.4 1@ sigma metric A& sidiu
i:éﬁ’ummmmmLLazLaaﬂnaﬁmmzauﬁ’uﬁm
dfiamslumsiienziudaznemsnadey (M
Table 1 rules of thumb) lags1gn1snadey
Wwenfuaziaenlden sigma metric @%117‘iqﬂﬁﬁ1mm
”I,éimnmimuquqmmwmﬂ“lul,l,@ia:i:ﬁuLﬁa‘lﬁ
I@ngidanuduaaiiga

msUsziliuszduanuansaviosjia
mslumaianzinemnageuiSeuiieuiuem
sigma metric®”

1. @1 sigma metric > 6 LIUBADIANU
dunsaszaualaa (W = world class perfor-
mance)

2. #1sigma metric 3NANNHIBLINAY
5 uAtieEN N 6 VaveniemuaINIasTEUAD o
(E = excellent performance)

3. #1sigma metric 3NANHIBLINNY
4 uANBYNI 5 UIUBNHIANINEIINTATZALA

(G = good performance)
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4. ¢ sigma metric MANNHIBLINNY
3 wAdasNI 4 VIVBADIANNEANITATLAY

1huna1e (M = marginal performance)

v o
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5. #1sigma metric aANNHIBLMNY
2 wANBHNI 3 LUAUBNIIANNAINTATEHUM

(P = poor performance)

Table 1 Rules of Thumb (apply six sigma principles to QC recommendations)“)

Sigma metric QC Recommendations

<4 sigma Laboratory should use the maximum QC that is affordable. Also maximize preventive
maintenance, individual instrument, and function check, and deploy the most
experienced analysts to perform thus test such as; 138/2 of 323/R4s/31s/6x’
N=6 (Pfr=0.07, Ped:0.77)

4 sigma Laboratory should consider the advantage of multi-rules with additional look back rule
to maximize error detection such as; 138/228/R48/41S’ N=4 (Pfr=0.03) or 12_58, N:4
(P.=0.04)

fr
5 sigma The performance is for 138, N =2 (Pfr<0.01) when above 5-sigma or
1253' N=2 (Pfr<0.03) when below 5-sigma

6 sigma Laboratory should minimize false rejection, so be sure to avoid 2SD control limit. The

performance is 133’ N=2 (Pfr<0.01) or 1353, N=2 (Pfr <0.01)
awv o A o . . s
WNan1slvy TuszdvAlon U1 sigma metric ANIINID

wamadszidiulsza@nsmwuazinaunu
msmuauﬂmmwmmm‘?}:aamaﬁmﬁ:ﬁ‘luqm
Tafindntuaziaiindiind e sigma metric Aaus
eauAMAN WA, 2559 @3 weuTAN WA
2560 9NA1 sigma metric ﬁ@hﬁqwﬁ%’mﬂmi
mnaluudazszavvesansavanammumyly
FIMINAFULALINY WUTIWamMIUsziiuau
ansavesnulafiadnendieiniensiniens
iradifiationdnluid@d Coulter 3u LH 780 iif
sigma metric ﬁ'@i’wqmadiwmimaau WBC,
RBC, HGB, MCV waz PLT whfu 3.35,5.51,
5.13,5.45 waz 7.30 muadu lngngminadou
PLT sinamstszidiuanuainsnegluszduade
i sigma metric 1NANT 6 NeMINAToU RBC,
HGB uaz PLT finamsdszidiuanuamnsaeg

WAy 5 uAtlesndl 6 wazsiemsnagey WBC
IS a 1 s ISP .
uwamsdszidivegluszdvihunana did sigma
metric NANNHIBLNAY 3 uAtleend 4 (Table
2,3 waz 4)
nansdsziduanuaansavesnuall
aa k% 4‘ a 4 s ) =
ABNNAIULATDINTINIATIZNTZAVENITTIAN AU
680 1ATeeN 1 ARENTIUIU 26 T1eMINAdOU
wuh 18 1ems Gevaz 69.23) Anamslsziiiu
anuansaedluszAva@da lasid sigma
metric > 6 'laun ALT, ALB, AST, Ca, CK,
CL, CREA, DBIL, HDL- Cholesterol, LDH,
LIP, MG, PHOS, Na, TBIL,TRG, UIBC as
UA wamsdsziiuanuannsnagluszduaigen
e sigma metric NANTIMSOIAY 5 uatiosn

6 91U 3 1ems (Gevaz 11.5) laun ALP,
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Table 2 Sigma metric values of WBC, RBC, HGB, MCV and PLT parameters by using Beckman

Coulter LH780 Automated Hematology

Beckman Coulter LH780

Test TEa (%) SERIEL | S e Sigma Laboratory
level (by control
level) metric performance
High 5.94
White blood cell (WBC) 15 Normal 5.44 3.35 Marginal performance
Low 3.35
High 6.67
Red blood cell (RBC) 6 Normal 7.32 5.51 Excellent performance
Low 5.51
High 6.83
Hemoglobin (HGB) 7 Normal 7.51 5.13 Excellent performance
Low 513
High 5.45
Mean cell volume (MCV) 7 Normal 6.18 5.45 Excellent Performance
Low 5.67
High 10.98
Platelet (PLT) 25 Normal 11.31 7.30 World class performance
Low 7.30
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Table 3 Sigma metric values of WBC, RBC, HGB, MCV and PLT, classified by laboratory results,

control rule and laboratory performance results.

Beckman Coulter LH780
Test Sigma metric Laboratory )
Control rules from Rule of Thumb
(SM) performance
PLT SM > 6 World class 133 , N=2 (Pfr< 0.01) or
performance 13.53’ N=2 (Pfr < 0.01)
RBC, HGB, 6>SM=>5 Excellent performance 1253’ N=2 (Pfr:0.0S) or
MCV LS N=2 (Pfr< 0.01)
- 5>8M =>4 Good performance 138/22S/R4S/41S’ N=4 (Pfr:0.0S) or
12.53’ N=4 (Pfr:0.04)
WBC 4>8M >3 Marginal performance 133/2 of 323/R4s/31s/6x’N:6 Pfr:0.07,
Ped:O.77) when below 4-sigma
- 3>SM=>2 Poor performance 133/2 of 328/R4S/31S/6X,N=6 Pfr:0.07,
Ped:0.77) when below 4-sigma
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