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mM3nd 1 wamsananglagluasmuaguanmnessnhauimsigugilueiatalsnena
G187

o MHEuIMs
anana kRt
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Control Level I (n=30)
Mean (mg/dL) 140.6  140.7 148.0  160.8  147.6  145.6  142.7  139.1 1311 151.2  159.8 1351  136.3 140.3 144.2
SD (mg/dL) 2.1 1.8 4.0 5.7 9.9 8.7 4.4 10.0 8.8.0 6.0 6.3 15.7 15.2 1.6 7.2
%CV 1.49 1.28  2.70 3.54 6.71 5.98 3.08 7.19 6.71 3.97 3.94 11.62  11.15  1.14  4.99
%Bias (vs consensuses mean) -2.50  -2.43  2.64  11.51 2.36 0.97  -1.04  -3.54  -9.08  4.85 10.82 -6.31  -5.48 -2.70  0.00
%Bias (vs company target value) 0.43 0.50  5.71  14.86 5.43 4.00 1.93  -0.64  -6.36  8.00 14.14 -3.50 -2.64  0.21  3.00
Control Level TT (n=30)
Mean (mg/dL) 347.1  355.9 368.1  383.9 321 349.2 3512 338.7 310.6  38l.2  377.3 323 347.2  357.4  350.8
SD (mg/dL) 10.6 5.2 203 6.8 28.6 20.1 19.2 21.1 14.7 21.7 17.3 19 35.2 52 175
%CV 3.05 1.46  5.51 1.77 8.91 5.76 5.47 6.23 4.73  5.69 4.59 5.88  10.14  1.45  4.99
%Bias (vs consensuses mean) -1.05 1.45  4.93 9.44  -8.49  -0.46 0.11  -3.45 -11.46  8.67 7.55  -7.92  -1.03  1.88  0.00
%Bias (vs company target value) -4.90 -2.49 0.85 5.18 -12.05 -4.33 -3.78 -7.21  -14.90 4.44 3.37 -11.51 -4.88 -2.08 -3.89
Sagazinnunanvagune 100 100 98.33 100 100 100 100 100 100 98.33 100 96.67  95.00 100 99.17
+ 209% YN consensuses mean (60) (60) (59) (60) (60) (60) (60) (60) (60) (59) (60) (58) (57) (60) (833)
()
Segasnnunansivagunased 100 100 100 100 100 100 100 100 100 100 100 98.33  96.67 100 99.64
+ 20% D3 company target value  (60) (60)  (60) (60) (60) (60) (60) (60) (60) (60) (60) (59) (58)  (60) (837)
(@)
Sagazinnunansvagune 100 100 96.67  95.00  91.67 100 100 98.33 90.00 91.67  88.33  81.67  80.00 100 93.81
+ 15% ¥4 consensuses mean (60) (60)  (58) (57)  (55) (60) (60) (59) (54)  (55) (53) (49) (48)  (60) 788
()
Sawazinnuwanvaglund + 159% w89
company target value (91171) 100 100 98.33  68.33  71.67  98.33  96.67  91.67 61.67 96.67  75.00  75.00  178.33 100  86.55

(60) (60)  (59) (41) (43) (59) (58) (55) (37) (58) (45) (45) (47)  (60) 7217

nEne: Company target value 289 Control Level I = 140 mg/dL (range 112-168), Control Level II = 365 mg/dL (range 292-438)

9 2 walsziiuganwmIanianglealuamsmuauaumwyasrniieuimsdgugily
w3 lsanenunaien b

N WEuIMs
Mmana ket
1 2 3 4 5 6 7 8 9 10 11 12 13 14

Average SDI
(vs consensuses mean)
Control Level I -0.50 -0.49 0.53 2.31 0.47 0.19 -0.21 -0.71 -1.82 0.97 2.17 -1.26 -1.10 -0.54 0.00
Control Level IT -0.21 0.29 0.99 1.89 -1.70 -0.09 0.02 -0.69 -2.30 1.74 1.51 -1.59 -0.21 0.38 0.00
Average SDI*
(vs company target value)
Control Level I 0.08 0.10 111 2.89 1.06 0.78 0.37 -0.13 -1.24 1.56 2.75 -0.68 -0.51 0.04 0.58
Control Level IT -1.02 -0.52 0.18 1.08 -2.51 -0.90 -0.79 -1.50 -3.11 0.93 0.70 -2.40 -1.02 -0.43 -0.81
%Total Error
(vs consensuses mean)
Control Level I 4.96 4.54 7.09 17.36 13.42 10.83 6.13 15.40 20.16 11.40 17.32 25.49 23.88 4.59 8.24
Control Level IT 6.09 3.86  14.03 12.36 23.20 9.95 9.13 18.73 19.27 18.06 15.12 17.63 17.75 4.28 8.23
%Total Error
(vs company target value)
Control Level T 7.49 8.03 7.18 6.28 12.21 11.37 7.99 12.76 11.21 7.84 6.71 19.49 18.81 8.28 10.24
Control Level IT 9.94 4.90 9.95 8.10 26.76 13.83 12.80 17.48 22.71 13.83 10.94 21.21 21.60 4.48 12.12
Sigma Level
(vs consensuses mean)
Control Level T 5.02 5.92 2.72 -0.43 1.14 1.51 2.91 0.90 0.14 1.30 -0.21 0.32 0.41 6.40 2.00
Control Level IT 2.93 5.85 0.92 0.32 0.17 1.66 1.81 1.05 -0.31 0.23 0.53 0.35 0.89 5.58 2.00
Sigma Level
(vs company target value)
Control Level T 6.41 7.43 1.59 -1.37 0.68 1.00 2.62 1.30 0.54 0.50 -1.05 0.56 0.66 8.58 1.40
Control Level IT 1.67 5.14 1.66 2.72  -0.23 0.99 1.14 0.45 -1.04 0.98 1.45  -0.26 0.51 5.44 1.22

winewa: * 14 SD wasdayana 14 mieuins annm SDI
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%Total Error (vs consensuses mean) <13.25% 5 3 6
%Total Error (vs company target value) <13.25% 7 5 2
Sigma Level (vs consensuses mean) > 3.0 2 1 11
Sigma Level (vs company target value) > 3.0 2 1 11

BIEILYIG): *2 SEAY VERERN

ANNLINIU

1 520U VIREGN

ANN NI

Nulieny vinana

a3l

o ‘ﬂ' =
szauanImuaNAMMwilglumsdne
ASTNMINNNT 75 WN./0D. NNFBITLAU MY

J ° U v
NNINATFIUYRA ISO 15197 MUUA™ Joeos
95 ¥BINANTIAAMTRY lNANTBEa: + 20 YBY
A181989" wamsdnwmnuimnvienuld
Han TR Lamunoeiliiazldan consensuses

=~ N <) VY a

mean v3aMNUTENMUATUABNEY (1T
#11) i@ sIuees CLSI mvualiniuu
HANTINIVNAAITBE UG NTBEAE + 15 DRI
Y a 01 N 1 v A v (14-16)

a9 lunsfinAadennnn 75 n./aa.

= ‘gl \ v Y 1

HansAnwiwudn 6114A1 consensuses

I VY a =) 1 PR
mean UumanNdy & 8 wuammﬂwwamn

NUNNENUNRANINTIVTANINUANAMMNENUN TN 2 F20U
NUIUMNENUNIRAMIATIVIANTAIUANAMMWENWNUTLNEN 1 T2OU

PUUNIENUNHAMTATINIA LHHNUN TN 2 TEOUANNLTNTU

Taanaunas wadldarfimuualasudendy
Mads wuhil 3 mhenuiliseasseglu
et (5199 1)

KM IOTIVIANIANIUANAMMWTET UG
wazga 2aannvihenulyia % CV tihnu 4.99
Wapeszey Falihunaet da Jesaz 5.00°
waaI N lUMWIINAN UL U IBINITATIIA
smuauiaNuwiumd udilainsand %
CV 229u@aznigusnMsnud Msansineas
muquﬁ%sé’usﬂ"ntasgawudn ENULNEW9A 5 Ve
u llshunaet 5 wiheanu 8 4 wihenuru
NAGIRNIEMIATARESEEURED (N7 1

UaE NN 3) MSNRNUIURIIBNUENIUN A

230



Usziliunumuwansianglaamenisinglafineas

AaNTO ATITe wazAn

% CV M3ATININTNTAIUANT NG (292 - 438
Nn./09.) Uasuaaaliiui msasataas
AIVANAMUMNNNMGRHANNUANENAUNINNT
MINTIVIPNIAIUANAMMNNNAGN (112 - 168
un./0a.) aany flfiaseenglaiinasnlsli
ANNILNATETNANNRANAIANBIAUAAINMS
anvimnmanglaadnmeinanlunulss
v ' = v = g &
e agnlsiionn % CV fildnnmsdnmasadl
a v Y = .
imlnatasenunansdnzes Solnica B way
v(”)a'w ¥ A v a va v A
A" Nnmihnvesdjuidmsesaiaien
dadnueeliedia % CV iy 4.2 uae
Tnatdssnumslgiadas StatStrip™ as2981s
MmuANlie % CV 3.7 - 4.2 uazlnadesnuns
avnansmuaNiuEensINee (stabilized
whole blood) M#i@ 9% CV 4.1 — 4.9"% a3y
9% CV Tunmsdnmillinadumbhwala udan
M3Anw12a9 Lippi G uazamz"® 1691270
<~ CAl kg d: a o’d‘ v Q}
1AaaRTheMI8LAIINgLANIBSIUANGNNAY 4
a \J = \J
30 Wud % CV d@senin 2.2 - 3.2 uay
HaM3ANYI289 Wehmeier M uazansludl
A.¢. 2006 NANNAMINTANMINTIVIALATDY
nglafitasontiameamsnuaNnu%CVo.7-5.5
FIOINIIMIANIATIH WazHanITAN VDY
Kristensen G (2006)”” wum thenldia3ag
nglafiwasien % CV anasan 5.5% iy 3.7%
d 9o T o = o '
Walduu 3 U Wadsunumsnmiinmlugn
duq M % CV anannila maidaldunuly
9% CV 1azanad
a o g1 a .
nsAMUUANMAAILAAE % bias < 5%

< oAl [ v 1A v -
Wuemnganiulad wuiil 7 uas 6 wieu 7
Wraasiveglunawinimsasaiaaseugu
AMMWIEAUMUIEFUNBTIEUAUA) consen-
suses mean wazAihvianeuIuTENIINSIOY

v < U v P o
aenalsNonueadl 4 uas 3 whanunlirhunoeiil

231

\iiaLfigufiuAn consensuses mean wazaA
thuinezasudem ewaeu Tumwsawum
waasrannmhenulidads % bias aiiieu
numthvaneueIusEnynAUsaeas 3.00 Wax
Soray —3.89 iilanTIATNIMUANAMMNTLTY
Muazssdugamuaau ailduaasliiiumn
mInnaiamImuaiisia 140un./aa. funlih
Teargeannandvang drunisesiaiaas
muaNiiia 365 un./aa. funlinlieinh
anthuane wamsdnnitldadadumsdnen
284 Hawkins R uazagz®” ﬁmmaﬁmuqu
feLaaae Medisense Optium WU % bias He
manlumsanaiaasamuauiisidnisen
145 un./09. waziianfuauiiionmaiams
muANiidienannnd 145 un./0a.
dlafinsanduads SDI < 2 (flueil
gonduld wuh Snnuwheuimsisun o
11 v (alfisufue consensuses mean
woedl 9 wisiishunaiilafisududunsim
TumsaaiamsmuauaumMWIIaasTzay
waznnmisnulafidnds SDI aglunasi
(miw‘?i 3) Fauaaalwiiuiimineusnig
fianmumansaiafisansuldomuinasi SDI
nsdildanads % TE unaminwud
fuade % TE zamnmbenulumsnsiaia
MIMUANAUMNIEAUMUALFTiAITENTI
ooy 8.24 — 12.12 Hlndidssiumsdnm
294 Hawkins R wazaniz iasaiaasmuau
ANNBNTUI ) Fuuaziien % TE agszning
12.5 - 15.6 Y waswuNIMNUMNEUINS
filaishuinau % TE fnuannnhmsldinasi
% CV oz % bias (miwﬁ 3)
idafinsongumwmsnnainde sigma
level Wuh fmheu3msiinunas 2 uiuilo



Quality Assessment of Glucose Measurement by Glucometer

Khunarat Sriweera et al.

(WiBUAUA consensus mean W3BAYBIUIEN
msimbeuimssulualihunaeiiiisnn
% bias M3aTAIavaIeuIMIIUlnad
Mgadatiuwaliil % TE fiesnnaldfiane uddl
WHEUSMS 2 - 3 uraiidl sigma level Bhlng 6
wiaannn 6 & 2 uiadlumheuimalsugi
wazdn 1 unadluvasufuamslsawennaenlv
Juifhuihdunehiimheuimsusuniiciuias
whiluiiaansaasaialdaumnihiuias
ﬂﬁﬂ’amﬂﬂwmmaLﬁaﬂimﬁuﬁaﬂm sigma

level

a 4
AV

NNHANITANENINUNAILLIAUIT U
BUIIUSAM SN UL AN RN UIULAN AN U Y

o PRy a Vg A @ oA
Aunain g Usziin wedumihdanainiia

v 4 ] i = = o 1 =
T nawiagnede@da SDI HuniIgusns
MU ADUTINGIAD 9 -11 Wiie ueLie
Usetiume % TE Wunidigusmsnuunasis
PUIUINDUNFD 5 — 7 uWd waztiiald sigma
level WUBIULAMNLNES 2 — 3 WAALVIINUY
WASHUUIBUIAISLNEITDILT TN IWUN Y
d A = v
nnnaei @a Mmaisinguazlsawenuaen v
MNMSANHINULIBUINNNINTASTINIAES
= a = ) YV

muan Huannuanedndn wazlilaiuyeea
WENNUAIBAMIANE tnzmheUgulinaas
WAL NU B8R DA ULNUNULE way
Tsanegnwawizeliladnavsulianugadi
aatilay Funldidmihnesiaiasseiuauy
Tagraanuznla ludadrnanisidanusag
1P39A5INNEND GlucoDr MPlus 13U Uaaw
munaunaday vastlenaldiiogldnule

& 1 < YV <
4 1Hau wasuuviatiuuaunadaulilugiiiu

o Y a J 3 < d' a
mvtieenuay vesunulilungamgiigs

232

win Mldlaainsasalamuiageninaiasa
yauzpIaensaliaansaasanutdymain
LOUNAFAULA WATUINULVNTNINITATININES
ﬂauquiuaawuﬁqquﬁgqtﬁu 10 - 32 89N
Waiad N 1ie3a9 GlucoDrTMPlus 4ty
o . Hq v P
#ann15 biosensor fildloulyd glucose
dehydrogenase maﬁmlﬁ'@hgaﬂiwmﬁmé
5% HaUITHHUAINENILFN IRLTUN vihausms
Ugugiidulvaimslasumasnannqannms
AN AN LW UIBLNIELIND LR HAMIATID
¥ a’d‘ v £% Q' al' - v 1
aglunawingansula Smswannlaun ms
Tianusunyaainstienuismstiusnwuay
A5 I5MsATFaUAIBInaulFNu 353
Hia309figneae wazdanlsszialuszwinems
o ~ I a a s
[WIdaaLiNanIINMELATBINg AN RS 159
WeNaLNEAIII0 LEdayAaIns lunie
UgugihianuneInumMInTIamMaviesl i
MIUBENMIAIVANAMMNANIATIVIAUIMN A6
wsasngladitnasiiesle Fanmsdnwvas
AU ANedUNS NWuTEmHNmbaUgugi
Tutasar1aTsaneIuIa8a10IUNISBUSH
ANNINMNYBNUJUAMITREA: 60.9 UaziinIg
MIUANAUMNANIATININNMaUaeiITegax
(22) dyI [ BN ] 2 nl v
69.6% UBNMNULTINIVIBUNLIBAITIN L9
TN 5UsL R UUSEANTHANITNIININAIYLATDI
NglANLOBSYRININEUINITON 9] UBUIIHANT
Usziinlinsuaie taazlauSulsaqaunin
M3ANNALFasgIUdeIny Jeeadenly
inainasguidanaulsuddsululdinoed
NOIFIUFNIN TN
= dy o a
mMsanwilidunsdssiliuqguninns
#37I0ETAIVANGILNUINUANENAY AT
ANFUNNLANIIHANITATINIAANIDENNLIDAYD

v v dl' = ] a
HUhaaraaiaenglafitnasluniiauinig



Usziliunumuwansianglaamenisinglafineas

AaNTO ATITe wazAn

Ugugiiene g uaneeanisnsnsaialuias
Ujuanmsuwiely wazeriuanareiinaaanis
an' o o IR A o
waguuwlasnsinwusalal dayanlaannms
P o , 4
dnwilarah Wl lunmswawvmiasnuive
Tmsusmsiianugndausiuuazingaie
NINENYY

neAnIINUsENIA
Wideramaunauimihivasujidns
Tsawenwawanl wazidmhiinihsuins
Ugugiiesadglsamennaen i Saniadssy3
naviuilianueyenslunmsfudaya

YBYBUAMANLNATANSUNNE N1IINEFY

v
=1

Pauuny Natvayunuuna ulumIeasil

AELERSER

1. Tengblad A, Grodzinsky E, Lindstrom
K, Molstad S, Borgquist L, Ostgren CdJ.
Self-monitoring of blood glucose and
glycemic control in type 2 diabetes. Scand
J Prim Health Care 2007; 25: 140-6.

2. Brunner A, Ellmerer M, Sendlhofer G,
Wutte A, Trajanoski Z, Schaupp L, et al.
Validation of home blood glucose meters
with respect to clinical and analytical
approaches. Diabetes Care 1998; 21:
585-90.

3. Alto WA, Meyer D, Schneid J, Bryson P,
Kindig J. Assuring the accuracy of home
glucose monitoring. J Am Board Fam
Pract 2002; 15: 1-6.

4. American Diabetes Association. Standards
of medical care for patients with diabetes
mellitus. Diabetes Care 2003; 26 (Suppl
1): S33-50.

5. Barr T, Betschart J, Bracey A, et al

233

10.

11.

Ancillary (bedside) blood glucose testing
in acute and chronic care facilities.
Villanova, PA: National Committee for
Clinical Laboratory Standards; 1994. p.
1-14.

. Kost GJ, Vu HT, Lee JH, Bourgeois P,

Kiechle FL, Miller SS, et al. Multicenter
study of oxygen-insensitive handheld
glucose point-of-care testing in critical
care/hospital/ambulatory patients in the
United States and Canada. Crit Care Med
1998, 26. 581-90.

. ISO 15197:2003. In vitro diagnostic test

systems -- Requirements for blood-glucose
monitoring systems for self-testing in
managing diabetes mellitus. Geneva,
Switzerland: International Organization

for Standardization; 2003.

. Asavatanabodee P. The evaluation of

primary care unit of Mahasarakham
Hospital. J Med Assoc Thai 2010; 93:
239-44.

. Singh Dhatt G, Agarwal M, Bishawi B.

Evaluation of a glucose meter against
analytical quality specifications for
hospital use. Clin Chim Acta 2004; 343:
217-21.

Products specification for GlucoDrTm
Plus. Gyeonggi-do: All Medicus Co Ltd.;
1999.

Skeie S, Thue G, Sandberg S. Patient
derived quality specification for instrument
used in self-monitoring of blood glucose.
Clin Chem 2001; 47: 67-73.

12. Ricés C, Alvarez V, Cava F, Garcia-
Lario JV, Hernandez A, Jiménez CV, et al.
Current databases on biological variation:

pros, cons, and progress. Scand J Clin Lab



Quality Assessment of Glucose Measurement by Glucometer

Khunarat Sriweera et al.

13.

14.

15.

16.

17

Invest 1999; 59: 491-500.

Sacks DB, Bernhardt P, Dunka LdJ,
Goldstein DE, Hortin GL, Mueller P. Point-
of-care blood glucose testing in acute and
chronic care facilities; approved guideline.
2" ed. Wayne, Pennsylvania: National
Committee for Clinical Laboratory
Standards; 2002 [NCCLS document
C30-Az2].

Vanavanan S, Santanirand P, Chai-
chanajarernkul U, Chittamma A, Dubois
JA, Shirey T, et al. Performance of a new
interference-resistant glucose meter. Clin
Biochem 2010; 43:186-92.

Sacks DB, Bruns DE, Goldstein DE,
Maclaren NK, McDonald JM, Parrott
M. Guidelines and recommendations for
laboratory analysis in the diagnosis and
management of diabetes mellitus. Clin
Chem 2002; 48: 436-72.

Lippi G, Salvagno GL, Guidi GC, Negri
M, Rizzotti P. Evaluation of four portable
self-monitoring blood glucose meters. Ann

Clin Biochem 2006; 43: 408-13.

. Solnica B, Naskalski J, Gernand W.

Analytical evaluation of the Optium Xido
blood glucose meter. Clin Chem Lab Med

18.

19.

20.

21.

22.

2008, 46. 143-17.

Chan PC, Rozmanc M, Seiden-Long I,
Kwa J. Evaluation of a point-of-care
glucose meter for general use in complex
tertiary care facilities. Clin Biochem 2009;
42:1104-12.

Wehmeier M, Arndt BT, Schumann G,
Kiilpmann WR. Evaluation and quality
assessment of glucose concentration
measurement in blood by point-of-care
testing device. Clin Chem Lab Med 2006;
44: 888-93.

Kristensen GB, Nerhus K, Thue G,
Sandberg S. Results and feasibility of
an external quality assessment scheme
for self-monitoring of blood glucose. Clin
Chem 2006; 52: 1311-17.

Hawkins RC. Evaluation of Roche
Accu-Chek Go and Medisense Optium
blood glucose meters. Clin Chim Acta
20055 353: 127-31.

Tadae-in R. An assessment of ability
of laboratory service of the primary
care units under the networking of Yala
Hospital. J Med Tech Assoc Thailand
2011, 39: 3922-17.

234



Usziliunumuwansianglaamenisinglafineas AaNTO ATITe wazAn

Quality Assessment of Glucose Measurement by
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ABSTRACT Glucometer, a point-of-care testing devices, has been widely used to determine blood
glucose level outside central laboratory. Glucometer is also used to measure blood glucose level
in primary care unit (PCU). The study aimed to assess the quality of glucose measurement by
glucometer in 13 PCU under networking of Saohai Hospital, Saraburi. Two levels of control materials
and glucometers were provided for PCU through the study. Thirty assays of control materials of each PCU
were calculated for consensus mean. The quality assessment of the glucometer was analyzed against
consensus mean and company target value. The acceptance limit guidelines were % CV < 5, % bias < 5,
SDI < 2, % TE < 13.25 and Sigma level < 3. The results showed 5, 11, 7, 5 and 2 PCU fell within the
limit compared to consensus mean, and 5, 9, 6, 7 and 2 PCU compared to target value. The percentage
of measured values fell within + 15% and + 20% was 99% and 93% for consensus mean, and 99% and
86% for the target. The results show different number of PCU fall within acceptance limit, however,
only 2 PCU meet all guidelines. Therefore, quality control system should be taken into consideration

to standardize of using glucometer in PCU.

Key words : Glucometer, Primary Care Unit, Quality control assessment, Saohai Hospital

235



