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Abstract

HbA,. is the most important criterion for determining of glycemic control, which could
prevent the progression of the long-term complications of diabetes. Hence, HbA,  point-of-care
analyzer should provide both rapid and reliable results. This study was performed to evaluate the

analytical performance of HbA,. Point-of-Care analyzer and the Quo-Lab HbA,. analyzer was
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selected. The device precision and the accuracy were performed according to CLSI EP5-A2, CLSI
EP9-A2, NGSP/IFCC and ISO15197: 2011. The reportable range and reference interval were also
studied. The results showed the device precision at HbA,. concentration of 5.6 and 12.6 % as
% CV was 1.90 and 1.84 % respectively. The % bias at the medical decision concentration of 7 %
was 0.67 %. The reportable range of Quo-lab HbA,  analyzer was 3.95-15.35 %, while as the
manufacturer reference interval was passed the verification criteria. These results demonstrated

that the Quo-Lab HbA,. analyzer was satisfactory by the standard assessment guidelines.
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N13M9529352AU HbA, . finnudAysions AunMAIniifiveUae

ATIITARY NM5ENET waznsATIaRnANY Bnvad nsAinwiasell §33uldAnwy analytical
Frelunisinaulalunisusudsuununissne performance ¥9435M13M519ATIZA HDA, f78
waznIUTuIAsungAnssueesdasiuivany W39 Quolab HbA. analyzer ifiedoyai
[1,2] nansnsaniAs 1z aiesiRnisezdes LAU1I1URUNITTANITAUNINNITILATI NV
fiemgnies uslug nazaludeiels d4lu WoaUHUANITHALINENITHAININANITILATIZAT
Paqiiumansivdinsigiissu HoA, fwan1smsI9 51m'mmﬂﬁaJ‘LJﬁﬂ’amﬂﬁﬁJumaﬁmmmasﬁau
F181A389M5297LAT T RASTAS TR lulld 386U HbA, vesfeeduuitasedasliunmg
(automate) uaziAdosdofldlunsguadtasdne  awnsalinisiilady Snw wazasiafinnugda
{fis (point-of-care analyzer) nglanzog1ads ogedlUsdnsam

389 point-of-care analyzer Airnduduiifiey
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Wesanazain 194 wavsinsa wadedidgmilu N135Anw" analytical performance  v@3
% o o A A v ! aa a ¢ 1 5
AIUANYNABY WU UazauTeialivasen BN1INTNATIZY HDA . 98LATES Quo-Lab
NIMSI97LATIEI 18991 UlEUIBUTDUUINIG HbA, . analyzer
YuRlussuunismiuauaunmdalinseungy 2.1 n3Useidly imprecision 4843513
ANNMNEINNN [3] AeunisUssidiugunmlag #5993l IRYlaeNSYIRINdeIMUAYeY The
N15%1 analytical performance ¥9435A1971929 Clinical Laboratory and Standard Institute

34A9129 HbA,, fewp3es point-of-care analyzer (CLSI) ¥t EP5-A2 N15AT293bA5189 HDA,. lag
JadudszidunileiesfoRnisazdeanszvdn 14 control material fiansnsn traceable TUdi
wazliarudfaduegrads weliininaia reference method [4-6] 31 control level 1 f@n
AsunmdguivRsnuiulelunisseaunanis HbA,. = 5.6 % Wag control level 2 fA1 HbA, =

Arserwardasiuanulanainiianaiaduiune 12.6 %
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n3UseLdiu imprecision (% CV) 1ngassaluil

Repeatability (within-run precision) = \/average of within — day variance

Intermediated precision (between-run imprecision) = SD of day mean

(m-1)x(Sr)? +(Sp)?

Device precision = \/

n

We n = $2uu replicate Tun1s run @1

(Sr)2 = repeatability

2 .
(S)” = variance ¥849 day mean

repeatability (within-run precision)
Junisussidiuaumiaaidou (eror)  Tuszes
1987 short-term imprecision ¥iMlagA15ILATIZN
Fro81991 9 funreluanieaiu vanely
VesUURnsiiesuraied fliasieiiiiesnusion

¢

wiesflefildfifisnadonioiuarldizhiase
\Wien

intermediated precision (between-
run imprecision) Hunsuszfiuanumaaden
(error) Tuszeziaan long-term  imprecision 1
Tnemsnszsisetedn q fudunandnseiy
vanedu fAlasgivatsau in3esilonansinies
wazle38Aszinanes

device precision Juanueaaden
(error) FildarnnsAamiildanii repeatability
(within-run  precision) W& intermediated
precision (between-run imprecision)

N1391 analytical performance ¥
W repeatability  (within-run  precision) Wag

intermediated precision (between-run

imprecision) f1341191 repeatability ~ (within-run

precision) 9z laid@zNoun1utduaisvesnns
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N5figatl precision TUNUFINIBITNTIATIEN
2.2 M5UsELiU inaccuracy ¥0938N13ATIR

AAs1ziAlagn1sii comparison experiment A1
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4anuUnvad The Clinical
Standard Institute (CLSI) %aUs CLSI EP9-A2 lag

A15AN®N inaccuracy V9 HbA, lifieg1amaaay

Laboratory and

U 40 F29819 MIUTEAIRUAYDY National
Glycohemosglobin  Standardization
(NGSP)/International
Chemistry and Laboratory Medicine (IFCC) wag

ISO 15197: 2011 [7-9] IngA1uIndA % bias U84

Program

Federation of Clinical

\A389 Quo-Lab  HbA,. analyzer AuUNANIS
AnszTileanAIes Mindray BS-400 chemistry
analyzer Faldwannis enzymetic assay method
fiszdupududuiiiinudifgnisaddn
(medical decision concentration) 489 HbA,. =
7%

n15UsELU inaccuracy lagldnannis
Wisuiieuiideanisuseidiu (test method) fiu
FBnsumsgiu (reference method) Faduis
gouFumNNInTgINaIng  tunaufuRveaies
UtRnsvamansanssagualnginos Luiig
reference method JsdinagyinnsilTeuliisuiu
Firigaimle vidovhmssuiisuiuisilaly
nulszd F93EninisdesinunsUssiiu
analytical performance verification #1uLAELY
1n3§7u leUseidiy imprecision (% CV) @
Jan1uun EP15-A2 Lazn15UseLiu inaccuracy

(% bias) NleanusakansnIsaaunauludaseuu
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wmsguanale (unbroken traceability chain)

n3UsELil inaccuracy (% bias) 1ngasHaluil

|Assayed value — Assigned value|

%bias = x 100

Assigned value

2.3 N15U5218U reportable  range 94
WN99999ATIE HDA,. Inen159n reportable
range verification Favilagldiogesuau 5
Freea fiflauiiweswdazsziuaududud
win 9 fu Tneidearssegadifinnuidutugsie
Fregnnnududusiilugnsdising q fu udanh
KaN1TIATIEVIN plot nswliiteadns tolerance
polygon lagldan TE, 99935n1595993LATIZHAIN
wiaad19Bafiumneaiiy [10]
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Tngldfodsynnaitguamudausslaidtadodes

2.4 A15UTELIU reference  interval
FOLIALUNINUANLLNUTIAANTBILIALUIRITUYD
aunANlsALUNIULIIUSEWAlNY 1uau 40 518
Tnguvaduvie 20 AU waynde 20 AU WIHAN1S
nsreiileuiussifiunudasivunves CLS
C28-A2 [11]

2.5 ANTAUIAIAT Sigma  metric Taglaan
TE, % CV udy % bias AIUIUAINEAT Sigma
metric 411 Sigma metric IUTEHUNINTFIY
ANNMNYRIISIATIELaElY Westgard rule of
thumb tJunusilunisiansan quality control
procedure (control rules, 37U control
measurement (N) k8 run (R) Aunzaudngy
NMIATINUATIEN [12]
metric

NNSAIUIN Sigma NGNS

malull
TE, — % Bias

Sigma metric = %V
0

e TE, = allowable total error wae

CV = coefficient of variation

3. HAN13NY
n13@nEN analytical performance ¥84

L4 o

N30 599ATIZISEHU HbA,. faeuA3as Quo-
Lab HbA,. analyzer wuinn13useidiu impreci-
sion Mudafivuaves CLSI EP5-A2 @15miuA
ANANSEAUT 1 Aadiudiu 5.6 % A1 % Cv
Y94nN15UT2L8U repeatability (within-run
precision) = 1.28 % wazA1 % CV U8n15Usuiily
intermediated precision (between-day preci-
sion) = 1.67 % Wwage1 % CV ¥89 device preci-
sion = 1.90 % duANTAIUANANNNTEAUT 2
APLTUTU 12.6 % LA % CV 993n15Useiu
repeatability (within-run precision) = 0.72 %
WazAl %  CV 993n15UTeLU Intermediated
precision (between-day precision) = 1.77 %
wazA1 % CV v83 device precision = 1.84 %
\dlefinnsannutefinunues NGSPAFCC &
frvunlit CV<2 103093 HbA,, 5@§1ummﬁﬁﬁ

gousule sauandlumisen 1

A19197 1 wausziiu imprecision (% CV) 75

AT HbA,. #18LA38s Quo-Lab
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HbA, . analyzer

A13AIUANAMIAN | A1TAIVANAUNIN

Precision seduil 1 sz 2
performance | ALY 5.6 % [AIULTNTU 12.6 %

% CV % CV

Repeatability 1.28 % 0.72 %

Between-day 1.67 % 1.77 %

Device precision 1.90 % 1.84 %

N15AN®Y accuracy Y93I5N1INTID

WAT1EM HbA,.  AIlAT8d  Quo-Lab  HbA,,

analyzer lagldfegns 91uau 40 davgs il
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FEAUAMNTUTUYRY HbA,.  ATOUARUATN  wandlusu?l 2 wudwA3es Quolab  HbA,

Jamnuaued NGSP/IFCC way ISO 15197: 2011

NaN1SAN®Y comparison

experiment  #14

JamnuAued CLSI EP9-A2 iI93LAS1EYNANITIn

A1 HbA,. #18LA309 Quo-Lab HbA,. analyzer

Wiguisuiuan plasma  glucose #inlaann

TECR Mindray BS-400 chemistry analyzer ¥99

WoaUfjuRn159nN3 M scatter plot  wudnden

correlation coefficient () = 0.997 il slope

0.987 Wag A1 y-intercept = 0.14 é’fﬁLLamﬂugﬂﬁ

1 WeaumWansaae  Bland-Altman  plot A4

analyzer #nun1sUseifiulusgauieousula

1esan 100 % vesurunamMaaeuTaeg
551719979 £6 % FaNnIMEEITY 95 % ves
SNAUNSNAADUTIVLA LAYFILIMAN % bias
ﬁizﬁu medical decision concentration U84
HbA,. 7 % 1#A1 % bias = 0.67 % dieuia
% CV uaz % bias 11A1UIa4AT total error (TE)
e = 4.47 % Fatleuninfi NGSP/IFCC fwuali

ANTE <6 %

Test method

18 19

16

y=0.978x|+ 0.14

14

JU# 1 3 scatter plot ¥83n13Y

r=0.997
1z

method comparison Lie®1
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AYLATDY
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n15UszLilU reportable range 98435019
MII9ATIZATERU HDA,. fa8LA3es Quo-Lab
HbA,. analyzer la&n19%1 reportable range
verification  [10] wazldan TE, 999350150573
ATIERIIN WA IS19B s Twans9 L Liloadns

tolerance 1915847 reportable

polygon
range 91NA1 assayed value Tu199AT0INTING

iﬂwqmaﬂuaﬂ tolerance polygon ®819lsAnu
%79004 tolerance polygon %Lmuﬁaﬂ%a%uaaj
Aun1sAmuaAl TE, 81A1 TE, 170 A1 tolerance
polygon Aagniremulusie annn1sAnwInuan
TE, 9INNNUWMAL91484 A1 reportable range 8¢

Y a v

WNAFBN

Y

¥egseming 4.00-15.00 % Fauansluguil 2

I 3.95-15.35 % YIA19199991USEN

Reporisble range : 3

18

16

14

12

10

Assayed value

5U# 3 wausziliu reportable range v@9

357AS189 HbA,  AI8LATDY

8 10 12 14

Expected value

18

Quo-Lab HbA,. analyzer

A1 2 Wans verify A1 reference  interval
BN1IRTINATIEH HDA,. AIBLATEY

Quo-Lab HbA, analyzer

%391 HbA, (%) | 31UUMBE1e | Speazsiiegng
4.0-4.5 6 15
4.6-5.1 15 37.5
5.2-5.7 16 40
>5.7 3 7.5
374 40 100

A15Anw reference interval (RI) w99

BN1IMTITNATIEA HPA,.  f81A3De Quo-Lab

HbA,. analyzer 1NAI8E19VBIUAAATINAUNIN
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LL%QLLiﬂﬁmm'sﬁ]qﬁumWUisﬁw’fJﬁLmuﬂmm
gua Lsamenuiawidlvg dadnveunny 91uu
40 au Fauvnfunds 20 AU uar¥ie 20 AU
WUIWANTIATIZ 7.5 % ogusntiardnsdad
UszLlly WaneamnIuLnagin1sUszLiu (pass)
desmneriananatiosnia 10 % fuufeaunse
147 reference interval muﬁu%ﬁmﬁmﬁmﬁmum
9384 4.0-5.7 % sauanslunsneil 2
NaN1SANYIAT Sigma  metric U BRIGEDY
Quo-Lab HbA,. analyzer laglamn imprecision
(% CV) waza inaccuracy (% bias) Al§a1nnns
Uszillu analytical performance verification ¥84
A8N19M59397LA18 W HDA,, Lﬁaiﬁmamqm

v
¢ &

NNINTEUIUNIT Tuns

@
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ATEUIUNITATIVILATY
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AIUIBAT Sigma  metric 39ldA1 device

imprecision = 1.90 % A" inaccuracy = 0.67 %

=

Wesan CLIA deldlafvunan TE, Auuueuld

o '
[ YY) =

Fetudleduin siema metric  Tagld TE,
AU INUna 181939 iunneneiy wudien TE,
= 6 (uden1vium CAP PT 2013) A1 TE, = 7
(Muamvua CAP PT 2011) A1 TE, = 8 (A

Yoiivun CAP PT 2010) A1 TE, = 10 (A1

Yofinua CAP PT  2009) AMTE, = 14 (A3
Clinical Decision Interval ) WazAn TE, = 18 (A1u
Fofmunve Rilibak) 1iaf1uinudlazlien
Sigma metric = 2.81, 3.33, 3.86, 4.91, 7.02 uag
9.13 puau wandliiiudn TE, Aininagyilaile
A1 Sigma metric RTGRT [13,14] AaLkeng

Tuss199 3

A197199 3 Wan15Useldu Sigma  metric UBIIBN1INTINATIZA HDA,. AI8LAT09 Quo-Lab  HbA,,

analyzer
source TE, % CV TE Sigma metric
CAP PT 2013 6 % 1.90 a.47 281
CAP PT 2011 7% 1.90 a.47 3.33
CAP PT 2010 8 % 1.90 4.47 3.86
CAP PT 2009 10 % 1.90 4.47 491
Clinical Decision Interval 14 % 1.90 a.47 7.02
Rilibak 18 % 1.90 a.47 9.13
College of American Pathologists (CAP) Qmm‘wmmmﬁmiwﬁ HbA,. $78 method

PT (proficiency testing) lavnaaunnnInYasds
N30 193AT19% HoA, Tun 9 T e muaen
allowable total error (TE,) Ingluusazy CAP PT
guivunan TE, MiilAnanasedwoiion sy
Mnmsiiatuvieanawosrn HbA, 0.5 % Ay
Wiy NGSP awilnasiolUAsunuainsinugiae
W feuiadestivuad TE, IMmunzay
wielinnsmsaa HbA,. finuninuazUseleviagng
IR

HAN1TUTEIUANAINYBIITNITATIT

¢

Ased Welden TE, = 6 Ainviualag CAP PT
2013 Fadudermuniieenuinisaian agldan

Sigma metric =281 doldRasuInInTgIU

701

decision chart wudamuameglusedu poor
3 1 . . A o Y @ !
wsziluan Sigma metric 160 wansliliuIAg
WNAUIIDNITNTIVIATIZAAADIVU LilDAIUIN
A1 Sigma metric Iagwdeguan TE, Toidu 7 %
uay 8 % azleiAn Sigma metric = 3.33 uay 3.86

¢

"

@
o

AIUEIRU Sﬁdmmgﬁuﬂmﬂﬁwmaﬂmﬁmﬁ
HbA,. 910 method decision chart Wu31dl
Aunmoglusziu marginal Jeuanslvigiinsizs
MIENUNINIIT analytical performance %agﬂu
naisenuldnuunsgiuaina Ay
anusgdinseialunisavauamaIndienisly
maximum QC procedure Tneianzegnadanis

11 non-statistical QC procedure FIuA LYU
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N15%1 preventive maintenance DEIUANT N3

91 functional check V84ASBIMWDTIU NADAIU

v o o

ABINUUNT performance validation check Wa

'
a va a

U URundanugunglun1siesst win

\donld TE, = 10 % azvlilaen Sigma metric

4.91 WIATFIUAMNINTYBINITIATIEN HDA,
311 method decision chart wuiAuA ey
386U good Faanunsald control procedure #®
ey number of control

single 2.55 rule

measurement (N) AU 2 094 WaLOIuIn

Interval way Rilibak = 14 waz 18 % azlean
9.13 MIUAIAU
HbA,. 910

7.02 uag

Sigma metric
UINTFIUAUNINVBINITIATIEH
method decision chart wuindaaunmeglusedu
world class @unsaaiuauAmnINlaaIg single-
rule i@ 3.0s %30 3.5s WAz number of control
measurement  (N) wihifu 2 fauansluguil 4
Fadunisiiazinen Sigma  metric unl4lunns
Usziuganmueaedosiinsiziaz Aesnsiadou

A1 TE, Mlgluntsauineme

N15USELAU inaccuracy Y0935 LATIEALY
nsenwasly comparison experiment Tun1s
WA % bias 9819l5ARL T5N157A1 % bias &9
anunsanbiannisiu q 8n wu 19 EOA  9n
99ANSAT traceability chain  %38lY certified
reference material il traceability chain f14
reference method @eansinisdnwiUieusdiou

ad 1 A

AMULANAIIAT % bias 7AbelukAarIsIndaIu
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donld  TE, An1uunlae Clinical  Decision
Normalized-Method-Decision-Chart?
100 \\
%0 L\ * CAPPT2013
M cerer2011
0
@ capPT2010
E - ‘ . CAP PT 2009
ol I Cinic¥ Dactionpormrval sU# 4 normalized method
g ‘ Rilibak Y
N ' decision  chart v84
K| 20 ~ .
B N13UTeLiIU analytical
8| = | 2 ‘%o’ Unacceptable f 22
Y [ o N0 N performance 38013
N a ¢
o | \4 " - 733976AT1E% HDA, .
o (L8 * faeLA389  Quo-Lab
o s 10 i 20 23 0 35 &0 as 0
Osarvad- Impracision,- %OV I HbAlC analyzel’
4. 3915ainazasy wanmneiunseliednals tieazladenldla
9

N ANANNTUTIINITATINNATIZAAS 9] VB3
Vo uRns
GRUERY

AsAnwINISlY Sigma  metric

38n015M92397LAS19 HbA,, point-of-care
analyzer Tuniseuae Sigma metric ATLaeN
TE, ﬁﬁaa‘ﬁ'qmﬁ'ﬁﬂﬁm Sigma  metric aglu
1INIFIUAMAINYDINNTATIINATIZH Uaziilold

normalized method decision chart agandlsn
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wWiudalauinaieadlefinunmegluszdu world
class, excellence, good, marginal, poor Lag
unacceptable 3¢ % bias wazAn % CV 7ild
97111991 analytical performance verification
vosusazasUfiRnmsag i fiunnsnaty fedu
Jemsiaenld TE, TMiunzaudinsuunasiod
Ujusng

N13@nNE analytical performance 994
15839 Quo-Lab HbA,. analyzer Wuinen % CV
= 1.90 uae % bias = 0.67 \defuam TE a¢ld
Wiy 4.47 SafanvAidulunsinadiii NGSP/
IFCC fmunlinisnmsdinseniifien % v < 2
war TE < 6 % Saunmduiiseniuld uside
AUIAT Sigma metric Tagld TE, audonivun
¥99 CAP PT: 2013 Fuudordmundian
Muualian TE,= 6 % awlanAn Sigma metric
= 2.81 $§1a¢l¥iAn Sigma metric > 6 Fudusziu
world class quality Shuazdosiien % bias 1w 0
waz % CV < 1 ﬁaﬁu@mamsﬁmﬁwmﬁ%’mﬁa
fauannwuenAIasin HbA,, TsiBsdu Tudau
YIRLTNUNTAIINAT Sigma metric  §l
UszasdLiielifldnsendnindidn Sigma
metric < 4 9¥ADIINUNUNITYI quality control
Tagidanld maximum QC  procedure 9814
\nsann Tnglanizegnsbenisguanaztingadnw
\A3BduAZN15Y patient data QC naenaudali
mmﬁﬂﬁmaamsmuauﬂmmwmzmumiﬁ’ﬂu

Jupou pre-analytical Way post analytical e

a a

5. AnaAnIsuUsEn1A

a aa

HI8v0voUNTEAM SA.NAUNT ATANE

Y

D

SAN.oldnm 3a18 way 5A.A5.UNUNNg Ty

yad Alvmuugihd miuillonuavunasdoya

U

703

n193%81015 sauvieadflunisiinseidiiu
Uszlowddimiunisideluaded vevounm
g81urenislsanenuianaalug uazidming
veafiRnmmnvin Alaruazainlunisviinig
Asavdeszilaviudeyania o dusunuidely

5 dﬂ/ Y o @ ! v v a
Asatllvidnsagalamen
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