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Evaluating the Performance of an Automated Chemistry Analyzer Using Sigma Metrics
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Background: Quality control (QC) is important for producing reliable test results in the clinical laboratory. Sigma metrics is used to evaluate the
performance of laboratory instruments. It calculates the sigma value and determines the number of quality control material and strategy for the

internal QC of the laboratory according to the sigma value.

Methods: This study was conducted in the clinical laboratory of Korea University Anam Hospital for 6 months. We evaluated internal quality con-
trol data of 37 analytes on the automated chemistry analyzer. By Sigma metrics, we calculated the sigma value by (TEa-bias %)/ coefficient of vari-

ance.

Results: The analytes that exceeded the 6 sigma value were haptoglobin, ALP AST High level, ALT, amylase, direct & total bilirubin, CK, Fe, Mg
High level, GGT, lipase, LD, HDL-cholesterol High level, protein High level, triglyceride, TIBC High level, ferritin High level, and uric acid. IgA, RF High
level, protein Low level, and TIBC Low level showed 5—6 Sigma values. RF Low level, AST Low level, creatinine, Cl, K, Na, Mg Low level, glucose,
HDL-cholesterol Low level, and ferritin Low level showed 3-5 sigma values. Sigma values below 3 at both Low and High level QC materials were

Ca, LDL-cholesterol, total cholesterol, BUN, and total CO..

Conclusions: In clinical laboratories, sigma metrics should be used as a basis for adopting different Westgard rules for each test and for effi-
cient quality control operations. Also, in the case of analytes with sigma values below 3, improvement in the overall test process is needed.
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Table 1. Defects per million and accuracy according to the sigma value

Sigma value Defects per million (DPM) Accuracy (%)
6 34 99.9997
5 233 99.98
4 6,210 99.4
3 66,807 933
2 308,538 69.1
1 691,462 31

Zqt 391 9= 1009 A 66,807742] error7| B =] o] A=
93.3%0]] 1%k E}E}/ﬂ s1gma value7} 3 o]5}0] 9= dukr|o g
QA Ao BAE SIeks 2 Slelgith B Qs Al
W) A Se) £ go] Hakh A

FPEHE sioma valueS L8131, Fhol| whebA] A E
M4 2 Westgard rule-S 2-83517] ¢J3)) Alaystsich

Mz H A

st e KAt ekt FHARA A Beckman
Coulter AU5821 A}53}8HE-A7|(Beckman Coulter, Brea, USA)=
AR Wi m=ae] HolEE =Askieh Wi ek eli= 2018
| 495 109714 6711 59t 1Y 23] AA]s19=|, 241} &
T 1514 8ARE 7HA0IRlaL, AFESHE R A== S T
o} 377 ARGl Hsto] ARstR o, ARgRE YR H =
=22 oh3- 2k} €3, C4, haptoglobin, IgA, TgG, IgM, rheu-
matoid factor (RF)+= AU5821 ITA control (Beckman Coulter)©|$}
o alkaline phosphatase (ALP), aspartate aminotransferase
(AST), alanine aminotransferase (ALT), albumin, amylase, direct
bilirubin, total bilirubin, creatine kinase (CK), creatinine, calcium
(Ca), chloride (CD, iron (Fe), ferritin, potassium (K), sodium (Na),
magnesium (Mg), gamma-glutamyltransferase (GGT), glucose, li-
pase, lactate dehydrogenase (LD), high-density lipoprotein (HDL)-
cholesterol, low density lipoprotein (LDL)-cholesterol, total cho-
lesterol, phosphate (Pi), protein, total iron-binding capacity (TIBC),
triglyceride (TG), uric acid, blood urea nitrogen (BUN), total car-
bon dioxide (CO,)+= BECKMAN control (Beckman Coulter)S A}
a3k ¢ 3771 AAeHE-& w1 = Beckman CoulterAl2] -8 A]
oFS o] gatol Zaigon] AL HETe] BAE 1)
2 FAER10H Low level, High level2 F-Alof| 43515tk
F B803H: 240l Fustel oJstAR e Thsshes
He SAAR] AR She A elnlgich ol ol 4
gtk § 5180 AR WES O R SH Westgard

Desirable Biological Variation Database®] 12 #a1815oH[3],

ol
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&= 7|9k oA mvke] Ante] HlolEE ARSI, A 7Nt
HAAPY ofd 3] tisfial= HARL T 28 Beckman CoulterA}
P18 ALER 7RSS HELE AFEatel TaTt 22 BAle
2 A

wlolol206=( FAAOIAS] e BRI Tk o)
A eke] argh X 100/ 7]HE o R wake] Jargh

Bjolof 2=t AL @S BT
371859 Bt b X 100/(Z=2 71712 B715t 71352 Htgh

HolAle= 49 WsAdE velle AE2 o
o= Ay

Ho A% = GEEHAY/AAM Htgh X 100

Sigma metricst= $]9] & 3-8 2}, B}o]o]29%, HolA |42 ELE
cheh g AL AN

Sigma metrics = (G &]-§-Q x}-H}0]0]A%)/Ho | Al=%

upR|uko 2 AAE sigma valueo]] waba] -85 Westgard rule

& AeisE 218 7]29] AlekS TET)

2 I

2 GAollA AUS821 A5 3FelRAl7| 2 AJgske] P sigma
valuet= TF2-3} ZcH(Table 2). Sigma valueZ} 62t} 2 HAF S
2 haptoglobin, ALP, AST High level, ALT, amylase, direct biliru-
bin, total bilirubin, CK, Fe, Mg High level, GGT, lipase, LD, HDL-
cholesterol High level, protein High level, triglyceride, TIBC High
level, ferritin High level, uric acid$iat, Z150)| 4= direct bilirubin
o] Low levelof|A] 22.6, High leveloj| 4] 26.69] 7} 2 sigma value
£ HYr} 5-6 sigma valueS 2l AAFSHE-S IgA, RF High level,
protein Low level, TIBC Low level©]$].21, 3-5 sigma valueS =
o] AAFSFE-S C4 High level, IgM High level, IgG Low level, albu-
min High level, Pi High level, RF Low level, AST Low level, creati-
nine, Cl, K, Na, Mg Low level, glucose, HDL-cholesterol Low level,
ferritin Low level®]31th Low leveld} High Levelof| 4] W% 3ETH
AL sigma valueZrS RHQl AAFSHE-S Ca, LDL-cholesterol, total
cholesterol, BUN, total CO,$.01, 1 o]¢]o]] 35T} A& sigma
valuegh2 Hol HARE-2 C4 Low level, IgM Low level, IgG High

level, albumin Low level, Pi Low level©] 1T}, AAHE sigma value
o) W} Westgard rule2- &2] 2-25}9cH(Table 3).
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Table 2. Total allowable error (TEa), average bias %, coefficient of variance (CV), and Sigma value of the 37 analytes

Low level High level
Analyte TEa Average bias %
Sigma v Sigma v

C3 84 09 3.6 2.093 3.8 2.004
C4 16 30 24 5433 3.7 3.497
Haptoglobin 27.3 0.7 10.2 2.609 1.7 2.276
IgA 135 28 5.6 1.941 56 1.945
IgG 8 1.3 3.6 1.838 29 2271
IgM 16.8 6.9 29 3.428 3.7 2.655
RF 135 28 3.2 3.352 56 1917
ALP 30 26 13.7 1.999 1.2 2.455
AST 20 49 43 3.52 7.2 2.109
ALT 20 1.1 7.1 2.652 10.6 1.786
Albumin 10 3.2 2.6 2.618 40 1.701
Amylase 14.6 2.1 8.4 1.496 80 1.561
Bilirubin, direct 44.5 4.6 226 1.766 26.6 1.498
Bilirubin, total 20 0.8 14.7 1.304 16.6 1.158
CK 30 39 10.5 2487 109 2.401
Creatinine 15 54 35 2.75 3.8 2.504
Ca 2.55 19 04 1.526 0.4 1.472
Cl 5 1.5 34 1.022 3.8 0915
Fe 30.7 4.6 9.1 2.875 1.9 2.188
K 6 15 4.6 0976 3.6 1.238
Na 5 22 32 0.894 33 0.853
Mg 25 73 37 4.736 109 1.622
GGT 22.11 1.6 14.8 1.391 19.3 1.061
Glucose 10 4.1 35 1.659 3.7 1.603
Lipase 37.88 1.1 13.3 2.775 17.2 2.144
LD 20 0.6 8.7 2.223 12.1 1.604
HDL-cholesterol 30 83 58 33N 6.2 3.084
LDL-cholesterol 1.9 1.1 12 2233 12 2.151
Cholesterol, total 10 1.1 24 2948 23 3.025
Pi 10.1 3.2 24 2.891 3.1 2.208
Protein 10 1.4 54 1.577 7.7 1.1
TIBC 25 0.6 55 4.475 120 2.042
Triglyceride 25 09 6.2 3.486 13.8 1.561
Uric Acid 17 1.2 10.6 1.5 12.3 1.288
BUN 9 6.6 1.0 2441 1.0 2.376
Ferritin 169 236 3.2 4.022 74 1.765
C0,, total 4.86 35 0.2 7.828 0.2 6.761

Abbreviations: C3, complement component 3; C4, complement component 4; IgA, immunoglobulin A; 1gG, immunoglobulin G; IgM, immunoglobulin M; RF, rheumatoid fac-
tor; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CK, creatine kinase; Ca, calcium; Cl, chloride; Fe, iron; K, potassium; Na, sodi-
um; Mg, magnesium; GGT, gamma-glutamyltransferase; LD, lactate dehydrogenase; Pi, inorganic phosphate; TIBC, total iron binding capacity; BUN, blood urea nitrogen.
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2 direct bilirubin®] Low levelo]| A 22.6, High levelof| 4] 26.69] 7}
A 2 sigma valueE B0 6 o]AFe] 718 Kl &2 hapto-
globin, ALP, AST High level, ALT, amylase, direct & total bilirubin,
CK, Fe, Mg High level, GGT, lipase, LD, HDL-cholesterol High level,
protein High level, triglyceride, TIBC High level, ferritin High level,

uric acidg o0 o] o] e A= 2714 level Q] Awdta] &2
& 5FF0] 31 W AAISE 15 rule S 2-85H= A-S PRSI Q)
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Table 3. Sigma value of the 37 analytes and quality control strategy according to sigma value

Quality Control

Number of Measure-

Sigma value —— High leve control materials  ments Westgard rules
>6 Haptoglobin, ALP, ALT, Amylase, Bilirubin direct ~ Haptoglobin, ALP, AST, ALT, Amylase, Bilirubin direct & 2 1 13s
& total, CK, Fe, GGT, Lipase, LD, Triglyceride, total, CK, Fe, Mg, GGT, Lipase, LD, HDL-cholesterol,
Uric acid Protein, TIBC, Triglyceride, Uric acid, Ferritin
5-6 IgA, HDL-cholesterol, Protein, TIBC IgA, RF 2 1 Tas/225/Ras
3-5 IgG, RF, AST, Creatinine, Cl, K, Na, Mg, Glucose, ~ IgM, Albumin, Creatinine, Cl, K, Na, Glucose, Choles- 2 2 135225/ Ras41s
Ferritin terol, total, Pi
<3 IgM, Albumin, Ca, LDL-cholesterol, total lgG, Ca, LDL-cholesterol, BUN, total Cholesterol, total 3 2 135/225/Ras|415/8x
Cholesterol, Pi, BUN, total CO, CO,

Abbreviations: C3, complement component 3; C4, complement component 4; IgA, immunoglobulin A; IgG, immunoglobulin G; IgM, immunoglobulin M; RF, rheumatoid fac-
tor; ALP, alkaline phosphatase; AST, aspartate aminotransferase; ALT, alanine aminotransferase; CK; creatine kinase; Ca, calcium; Cl, chloride; Fe, iron; K, potassium; Na, sodi-
um; Mg, magnesium; GGT, gamma-glutamyltransferase; LD, lactate dehydrogenase; Pi, inorganic phosphate; TIBC, total iron binding capacity; BUN, blood urea nitrogen.

CHS]. 3T 5-6 sigma valueE HQl FHAFE2] IgA, RF High level,
protein Low level, TIBC Low levelo]| ts]jA]&= 2714] level ] A%
el A2 kol 7 A HARSEY 1iy/2:/Ris rules 2-85h=

AL, 3-5 sigma valueE 221 RF Low level, AST Low level, creati-
nine, Cl, K, Na, Mg Low level, glucose, HDL cholesterol Low level,
ferritin Low levelo]] tial|A]= 2714] level?] A= &2 1%

off x4 7“}0}04 Lss/205/Ris rule2 28510 Hrette|E A%

S} AL Hska QoHs) HhA 37T 2 sigma value S Kol A
/\}z‘%}g_g_ Bl el gAre] dE AT 4 girks

22 olufstol, AAPIES HESVA 298 A eforet ghetd)
A0 2 71 32 sigma value S ® 2l ol = total CO7}
219100 371 levele] Y BAS 552 3N HALZ AT
8]—*7 Lss/ 225/ Ris/41s/8X rule-& 2-8-8}o] WUEF sfjof gtHIL QC
A Low level, 250f 3HT} 22 sigma valued 2ol C4, IgM,
IgG, albumin, Pi% 22 rule Z-g3jjof gtchal Al glc) E313
olsle] W2 sigma values E?l 6‘%201]*1 = ?J°1 < otsp|
el Al A=A , of
I HAEE 9 HEJ*F/] =4 "L}%"‘éoﬂ EH??J S Adstod
of g Zojrt. 123t Fole E-skal o]F B E w2
sigma value S Hol= gH5o] thel A= AloFat Ao Al S 1L
2fsfjoF & Zlojrt.
Ao 4719 AAREEEY sigma value S AL 413
T ATt} o] ATE vl e Mao S{3]2] A4 6 o)A
9] sigma valueE 9l -2 uric acid, HDL-cholesterol, total
bilirubin, ALT, TG, creatinine®|%J3 3 1]7+2] sigma valueE HQl
-2 Nait) El Sharkawy 5110]19] A+t s7RE7Ee] 4717
1] o|Al g AL AT 6 014Fe] sigma valueE: B
-2 total bilirubin, TGHAL 3 B]TEHY] sigma valueE R el &
2 albumin, creatinine, Ca, K, Mgo|%{t}. Kumar 5{111¢] &I+
Eztel Wi eate] 25 AR&sto] ALP, Mg, TG, HDL-

ox &

¢

o st r&
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cholesterol®] 6 ©]AF9] sigma valueE H$J31, total bilirubin, albu-
min, cholesterol, Kol A 3 T]7ke] sigma valueE R STk H H=Lo]
Az A3 ﬁ—?—l_]' o] TG7} 6 014+2] sigma valueS HQl A o]
eJofl= F-54o] %=t ol At ARS-E ] thEan
A8 & 5-8-2.2%, Hho]o] 2962 ALY, WolAle 5ol D7
TeC 2 AZHETE APt FollA 53] Mao 59 Atollb=
12} F2I3t Beckman CoulterA}F2] AUSS00 AHH| 9 & &]-3-
22} HloJeHlo] A5 AREBIIAL HlolAle= 571 B9k 4
FtAE ARSI =R 2 7171E AR 7SS Hate
o]-g-sto] Hio|o] 2% FRE HoflA] & Atet 7P vt 24
o170l Hlae| Zgtairtal TekeETh 6 0]49] sigma values
@1 uric acid, HDL-cholesterol, total bilirubin, ALT, TG+ & &I
A= 6 o]AF9] sigma valueE HATL creatinine®] 73-9- 2 &
o A= 3-5 sigma value & BTk 22 & 01—39_1}—2— A8
MO W 2 R oll2968) 49 Mo 52
Aol B 1S Ao 717 ) R Aol
Ak 2 AT O 7 R UGS 2835
oltaL Azt webA creatinine®] Z-9- 2 ko] Avgl
Arzsteicka Az 3 ojgle]
sigma valueS H 2l Na2] 79 E &I o] 4= 3-5 sigma value S &
S=tl, o= Mao 59 Aol A ®HolA|=gko] Low level, 204
77k 1.21, 14301 QA|E o] Aol A= 0.89, 0.85%2 o] =2 Y
5 ®He7] wFolatarl FASHITh Sigma metricst= HFO]0] 2%
7t AU, & 882t HolAlof| sl AuAA 2 Aol
o] 1519] direct bilirubin, haptoglobin, ALP, GGT, lipase, uric
acid &3} Zro] 3=t sigma value S HolA| T} & o104
sigma value”Z} 714 2| L& CO,, total?] 73-$-= & 3]-8-2 2}
e} 2 Ho| A8 Rt MR AaH) glol L
gk o~ itk 5FA9E Beckman CoulterA}2] CO,, total A]2F2]
manualol| A= B4 WolAl5=7} 3.0-4.5%21H] ¥, ofH Aol A]

t

¢
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o] WolA=7} Low level, 20]4] 22} 7.828, 6.761% 2 =2 Ao &
& 1 CO,, total A= A E20] BotA wiou), 4
AFH]Q] calibration & AJ2FQ] rotation O & 13t CO,, total E&
el ¢ wf2al Yehitekn AR, Y Qe
79712 A7, 10, OIS 16780014 2074 AboIgiA]a o]l &
T PEEPS E A7)0 A AJ&EH= CO,, total 5-& Z3H3E 3770
o] Hukrlo] o) tjst Lol HAL X35t Ho| AFAo|t)
o] A Lo A HojA sigma value®] 84S t}-&u} Zth A

A sigma valueof whe} AAGEHEZR 2 JEa 2 A8
S0 ki) el 4ol 444 E8o] B gk =
3} sigma value”} L;Q HA }%o JJFOHSHH AATA A HA

A3} Aok 2], & HAHe B e

E
_>i
@g

2 A-] AL Bholof A% E A I_f.%} o 2-gek A =
AR Aol ey = AR
I} 22 Beckman Coulter*} 7]7]—E— A28 7|3 E0] B ke o]
f5tof| whe} zF 7|1-Eult} sigma value @] %-5-Al(comparability)
o AI7F $k& 4= Atk Foltk. Sigma value?] 5542 HAME
IS4 AR 7, A A9 Zpol, HAM 2] Ato]
ol 3l WS e 4= ek wEbA 2 AESEshEATIE
ARERE 7159 Hate Ftolztal K ofzen = At

dt R =] Aikgho] Q1 creatinine, HDL-cholesterol, LDL-
cholesterol, total cholesterol & TGO ATt A&3t vlo|o] A%E A
A5 %2 91052, sigma value2] s} 41o] F2lafof g Aolck
EA =BT AT oA 22 AZ2AQ] Beckman Coulter®2 H.11
5 A7k ule] FHu AHE Aloto] BHE 4= 517 ujste] o)
Aol frefstofof gtk o]AH sigma metricsE 0183 AAMIS]
Aeyta] oo AxLAl 71o] 7323} 2 2 S(standardization &
harmonization)7} $&= o] 714} 2 thdo|tH10]. T3t sigma value
2 59 4% Whel S 3 8L AL uololane] vl
AURA & 79ol= st sigma valueZ} AFEE 4= glom,
sigma valueZ} 6 0]AFQ] &Haof| i3] Westgardof| 4] Halst= t=
135 ruleRt 2-8-517] =W random error+= H&0] 7HsoFATE HA
Aot Alore] BebgA bl s systemic errore] %]
Aal 4 9l

ofel FAlE BPaL FAM AR FRUR sigma

valueE AAFSI= 712 $a3)t) £3], sigma valuer HARHEH
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7} ARbet sigma metricsE ©|-§-5t0] A-F3FslEA7]19] 4
HE sigma value S AlAFste] 7§ YR wte] £49] 7H—’F 4
rule?] 71&& AAs|HTh
WH: A-sateiA71o)A HAkshs 377 s ez, 670
o 7]7F &3t skl WA, FAf 7 7HA] B E s Wi
= 2Ee SAT golEE 2483 & 51824}, Hiolof
296, Hol A5 5 E3f sigma valueZ A4S, gholl whapA]
Westgard rule2 7i8 #-8-515ch
Ak AAEE sigma valueZ} 62Tt 2 HAFE-S haptoglobin,
ALP, AST High level, ALT, amylase, direct & total bilirubin, CK, Fe,
Mg High level, GGT, lipase, LD, HDL-cholesterol High level, pro-
tein High level, TG, TIBC High level, ferritin High level, uric acid
0]1a1, T1Z0)| A direct bilirubin®] 7} £ sigma valueS EITh
5-6 sigma values X9l =2 IgA, RF High level, protein Low
level, TIBC Low levelo|2131, 3-5 sigma valueE HQl &2 RF
Low level, AST Low level, creatinine, Cl, K, Na, Mg Low level, glu-
cose, HDL-cholesterol Low level, ferritin Low levelo]$]9™ Ca,
LDL-cholesterol, total cholesterol, BUN, total CO,+= sigma value
7} Low level, 2 R5of| A 3T} ZR2- 718 HATE Low level, 2520])
A Sk 380 2E sigma valuegbe Hel AAREL C4,
IgM, IgG, albumin, PigiT}.
A= JAFEALA sigma metricsE AN EHE T2 West-
gard rule ele] TAoI} BEHGl Hr B 2GS 3 B
Baflobgt gkt 3T sigma value7} 3 WS BRI gof thafA
= AARZ R A 20 tigE H Aol S22 02 F sttt

OlaH=2tA|
Beste] ojugt o] s A= 912 vkl
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