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material, PTM) 9anmsanwinouninlagldnssuisnaaillunisudssuaindretiidenuyudi
Iisuuinadanuussuwionannssudsiiannty S1ua 3 lots iolddmiumsetadmialy
\Bansensaemsatanuunnni (Glucose meter) wazidinidonunsdnudusiedsnstuviea
(Centrifuge method) 70 7 1A 91003333 87 Waund usmaasvaruduid eiieau
(Homogeneity) uayA11ALA2 (Stability) LagAmunmi (Characterization) ‘uaqﬁwmaﬂq‘[ﬂauas
Adlaidenunsdauuy Tngldatfnuannsgiu 1SO Guide 35 wan15@nwn wuln PTMs 1Ay
Wuideidieatureshmanglraluiasmageu Tassn F 489 ANOVA Single Factor <F critical na
MsnmdeuAIANIYeIdiaEtTand it lunsnsatinsevisy ﬁ’uﬁwmaﬁlﬁuﬁamwnﬁﬁm
wmmmmmmamauaa 18094 (A1 tcal (1.152) < tcritical (2.145)) mmmanaiﬂa‘lu PTMs
W 3 lots {lansaaiadendnms Isotope Dilution Mass Spectrometry (IDMS) Tﬂaamuumm
v swf lamvindu 93 + 7.18 mg/dL, 130 + 12.16 mg/dL wag 175 + 7.29 mg/dL
mudrdv wazldendadonuassaududenistuni mimsmawgummsmam (Reference
laboratory) Winu 25 + 5.78 % Way 42+ 4.58 % mINaIRU Iﬂsqmswauasﬂlmﬂnssmaw
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Project Title Development of proficiency testing and reference materials for blood
glucose and hematocrit testing in clinical laboratories and point-of
testing according to the standard guidelines ISO/IEC 17043 and I1SO 17034

By Asst. Prof. Wanvisa Treebuphachatsakul, Ph.D.
Napaporn Apiratmeteekul, Ph.D.
Asst. Prof. Kunchit Kongros, Ph.D.

Abstract

This research project had developed a process for preparing of blood material
(PTM) continued from a previous study by using a chemical process for processing from
human donor blood samples. Three processed blood materials were prepared for use in
determination of blood glucose by glucose meter and pack red cell or hematocrit (Hct) by
a centrifuge method. Glucose and Hct in PTMs obtained from the developed process were
investigated for homogeneity, stability and characterization by using statistics according to
ISO Guide 35 standard. The results showed that glucose and Hct in PTMs had homogeneity
with F-values of ANOVA single factor <F critical. PTMs were stable at room temperature at
least 180 days (tcal (1.152) < tcritical (2.145)) Glucose concentrations in all 3 PTMs were
measured by Isotope Dilution Mass Spectrometry (IDMS) at National Institute of Metrology
of Thailand and concentrations were 93 + 7.18 mg / dL, 130 + 12,16 mg / dL and 175 +
7.29 mg / dL, respectively. Glucose contrations in 3 PTMs were also measured by a glucose
meter with using amperometry-GDH and concentrations were within the ranges derived
from IDMS. Hcts in 3 PTMs were also determined by a centrifuge method at the reference
laboratory and percentages were 25 + 5.78% and 42 + 4.58%, respectively. The research
concluded that PTMs from the developed preparing process could be used for the
determinations of blood glucose by glucose meter and Hct by a centrifuge method with
acceptable homogeneity and stability according to the requirements of reference material
in ISO 17034 standard.
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984 PT Provider ﬁ‘fl’aﬁmum?‘hﬁ’m‘luz‘humaﬁaqwﬂaauﬁ‘h’f fio fhogrwvadaudesilinnuliy
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2.1 wmu (Diabetes mellitus, DM) (1)

wqm'mtﬁu‘[sﬂﬁtﬁmﬁ’umaummuaﬁau’luiﬁqma INMTvIngesluuduyiu wse
navihuiihiivesdugAuiiunndes dwalssduthmalunssuaidong Luaamnaa'ﬂuuawau
wum’lumsmwms.,mummaimL‘Uaaumma"lwaa“lusﬂlnaiﬂLﬁ]uwnmmuauaum'u Fatfu
Luaaaﬂuuauegauum'munwsmwlummsnm‘uquwmummalﬂ daraliinaauRaun#ly
SYUUIANUeAANY83319Me BnTduinnnzunsndeu wavaudumailueteazaneg
ilugnisiinlnne niuen seuudsvam dlauasvasadondrulaefufunasiade
ananuduunaiFess 3) T wa. 2555 luussmdlveiisnsnumugtasiumiusiuan 1,050
sessuause lagdrinnulsalifase nsuauaulsa wasnuUlisiummusesay 70 1l
annsamunusziuimalveglunasidealifuasummsinnsumsndeunan Tull as,
2008 wuin lsavaanidenuarauasduaunglinudedioialansn 17.3 &weu uasmadn

sifdedinifandu 20.3 SweusiaUlud am. 2030 dwiudsemelne Tl we. 2555 wy

ftelsnmusulafings (Hypertension) $1uau 1570 s1evieuause Tsandunileialonn
1@9n (Myocardial infarction) 91u2U 228 51868laus e Lazlsavasaiionausd (Stroke)
$1uau 355 Sesauduse lFnnsasaimasasdlilnatue ugiaud Wynasiviuna
dusnnfususuauiihemmuiifissnntuilan saeflugiigelidulss @)

2.2 wdnnsnsadwssiiimaluendlsindewnsaatiaaviiawaw

iwdesnsaatamaludenudionanadl 2 wdnnasAe

Photometric method (5)

dunsashmaludenlnensinainnaduued (color intensity) v

awsﬂszﬂauﬁﬁaeﬂuuaumm (test strip) Faidunaiiinainnisvinufaserveneulesdiv
fegnethaden seruamududuveninaludenavduivdtiunuduvedd LagN1Inn
Fuvoauas (Refractance photometry) neuaansvinufisen

Amperometric method %38 Biosensor (5)

Lﬂuﬂﬁimii‘aﬁéﬁmqa‘lmﬁaﬂiﬂEJﬂ’ﬁ’?ﬂﬁlﬁﬂmiauﬁlﬁﬂ%umﬂﬂﬁﬁ%ﬂﬁi%%’hﬂﬂ;’mﬁa
ﬂq‘[ﬂaﬁ'mauisnﬁﬁLawwc«imfwmangiﬂa (specific enzyme) Uy electrode flaglunnunnasy
FaufRsedanaliiinnsivdsuandudygrainindadudadnlaensetuusne
wamnanglnaluden Tag enzyme 2gvinliifin reoxidize (Anifuansdanansigy
ferricyanideion, ferocene derivative #3® osmium bipyridyl complex vilwianszualiia
Fauseqlriinionun sssudng electrode wargniasAnifuuiine glucose
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AN5M5290ANIAERaALAIDULLUAeLAIRIUUMABY (Hematocrit)
y - o o v s < = YY) a 2 & Y
Juidentunasnunlaaiiniednsiwasiiatni wariausunnsidadonunafion
) @ P & o ) e v o = o A
wiuiilsufuuSinnsiavuageaden sasuduasnamidiidusnsiimaziaandesiigad
0o v & A Y] v | & & Yool W a = . .
idadoauasdauungn name Fafenliislumenasaustiaans (Microhematocrit
method) @9agldAinui§aseuvsanistuiensids 11,500-15,000 saU/u9 wag 19

nay 5 wilunst (6)

N13AIVANAMNINATITNTI AT URNNS

nMsnsameesufindanudfglunsdsunndimadldutaglunsidedelsa
wagBuduran1silady AnnunanissnwgUis nsdeaiuaiunalsn Lagn1sniIgunIm
Y3970 loun MIngaadiesieiviaiesuuiinissmaiiadin sulalininen (Complete
blood count, CBC) 1y Hemoglobin, Hematocrit tSudu 11ugfiduduinga nugansimu
AERs $UNNYBTIINGT UALIUSUIATTIANA sauﬁanwmwmaﬁaWﬁﬁ'ﬁm'ivﬁami
vy o aguadie Loy n'ﬁm'm'muwm‘lutaammamsaatwuwnww w30 nglaaiines
mManTatmuadinantuiesdinunin fanuindede Swsannsniluldvsslsnlunis
SnwfUaeld faduiesu fURnsmadanisunnddeaiinsaruamninaialuysediiu
(Internal quality control, 1QC) LLazmiﬂ’JUﬂuqmmWﬁ?Haﬂﬁnimauaﬂ (External quality
assurance, EQA) 38 Proficiency testing (PT)

Tunsvh 10C tu meuingdninenasifanaunuamnin (n kit control material)
Wiglnlunanegeunou mneuisszansnsamihdegrnglasluinmsaiald Tums
yedauaIzvagounniugq iy fadulunisi 10C awnsausdia precision Ueen1TATIEN
arsiu 41 FOA viFe PT mavesujuinmseedeadrsananudnivesdnsaieuen Tae
asfnsmeuen asvimiid i PT Provider viwihiidsfaogamagau (PT item) tulviasndin
vhnsmsaialasaundnesnainaiioudiegsaniion uazdmansiaftlanaulul T
Provider Yn1sns19iinsieiuazudssanisuseduliuiaingnsialy

NMIATIMTIBWGUANTT o gaguagae (point — of - care testing) (7)
Point - of - care testing (POCT) 11884 N1591593 TN 19l URn190819418 o
2 | de o o o g 1 ¢ v o 14 o/ L] da a a
yaquagUienlinannsaniafisiasi rsuwnddndulalinisinwdUlendussansam

Y
2/
a

899 Taun nmsmsinhmannuaieiiivesae n15nsia blood gas NMIVAEEUNNSAIATSA
M3¥ Urinary analysis feumssindn uagnsasravyidendiaelusaneiuia iusiu

nsUssliugussauznsnagauaNtIugy TaensAuInAl Z-score
nsUsglvaussausnIsagsuAmgyansevildvane s aeAuInuasldan
aa = . = LI o g
neadA Tunisvegeunuumsiitnes (parametric test) Faiinsuranads (mean) wazardiu



aada °

\JeaunannIgIu (standard deviation) anldlunsmien z-scores A ATlauhuldlums
wWisuiigunaseninwinalJURn1ImNNnsgd ISO/IEC 17043

gRIAUINAN Z score

Z = (xi-Xpt/o pt

g x;  fie AvnevieauuRnag
Xpt fi® A1 assign value
Opt #o A1 SD

1 1'% L U A Q =
UBN3INAN z-score wAEaTAT SDI uag VIS Ngnununldlunisussiliunanisvageu
AT



|
unn 3

FFandlueuide

jUkuUN1333e (Research Design)

o

MITeUsTIAMITENAas AU LWusn1sAnwsenilu 6 ns@nwvan mall

P Y a o o o a o [y
nsAnEdl 1 nsaunssuRsniawseutagnasauanudugyuazitnsededmiv

a9 mssinaaludisanasandinfonunednuuy

Tunsn@aianidennsudiudmiunisnsiniiasgiiinianasiandionasudiy

dwmfumansnaliesziediadeaunsdauiuiy Wingundnlunsnindadesuesuiann
ALidulumuunsgruvessurasladiauvisenid wionuaoigliiiy 2 Weu Yrwwiu
nszuIunIsAsan ez lunaniuaisazate D-Glucose waransazay Normal Saline
Wielifianauiflunsnsaienesiimanazandadonuasauiuld Sasussqlunasn
wanadnla Usinesviaanas 0.5 fadans anansauiulilavigamaiivies

tuperlumiananianidennsudndmiunmsnsaliassiinauss Yagdennsu
dudmiumsnninrzidudingesunsamiuiveriitunouiindeutufie Suraunsing
iwaduazasuad Sumeumsiiued FeiiBnssiiuny feil

1.
2.
3.

didensntiunen wasdadinidenunshearsagate 0.85% NSS sterile
ihidlmdenuasiiunisdranifusehenisaduadidiu
wlsuwadidndonunsanwadiindenld wavfesiunismageumiuvasmde
udrgahdudrsuusenanieadiindonuasiogluia Duran sensunuali
daunwadidandenuas aantfudia D-glucose ivnsiiasudrasluiiie
Enties wazihllwgadisaieneg gty vinisuauwadiladonunsiu
ansazany D-glucose Toelifanmeaaurudngiitasmauiidmun
nsiamszsuihmaludendeeies Glucose meter
Lﬁﬂlﬁﬁﬁﬁﬂmauﬂsﬁ%ﬁﬂLﬁamLLmé’mLuiumuﬁG’fmnﬁsLLﬁaduﬁ’qaﬂNaanmﬁﬂmi
iz e Tneld pasture pipette sterile gad7ae19tdanld Screw cap micro
tube sterile 1 fiaddns 91U 5 viaan
sloldiogatandenasuduiissiuinanglaauazadnidenunssnusuny
#oensuds thlunasliidriulaewendierdonnen 7 speed regulator sudu
4.5 Huan 30 uri

fa¥anmunuamnwilnasldudalgamagiviendune 3-7 Fu ud3einnisge
udsisly

Allunsgaudsianldluvasn microtube screw cap wun 1.5 fiadans lngay
ganusTanldnaealuuiuns 0.5 fladins deviaen



M1574 1 waasdasAriagdenasudiudmiunisnsaniinseiarssivdinauazen
dindonunsdauiy

YAINISNAEIU

nande S¥AU p_— v
drma (mg/d)  iatdoauasnUY

Low 70 - 100 41-50%

FaaveaauAUtIgAeNATY
UAMSUNISATITNATIENAT  Medium 101 - 150 36-40%
Umnauasiindonwndnlly

High 151 - 250 25-35%

A3 2 wansdasArdagiiiennsudiudviunisnsaaliaszifiseiudanig

429AN1T

NANNUN S¥eU VRGO

(mg/dD)

U o < 1 [y Y] LOW 70_100
YaanagauANNTIUIRRaAATUAIUEMIUNITATIT _

- 1 ¥ Medium 101-150

AATIZRAUINNG :
High 151-250

A58 3 uansdasAddgdanasududmiUNsnsnTas s lin o aundnuny

¥29AIN3
wanfeusl FEAU Nagavy (%)
o . - , o Low 25-35
'Jﬂﬁ].‘Vlﬂ?l@‘Uﬂ’)’m‘ﬂ’mﬂiyLﬁ@ﬂﬂ'ﬁUﬂ’JUﬁ’MiUﬂ'ﬁ(ﬂi’Jﬁ] )
- 1 o e o Medium 36-40
FAINEUANLUALADALLAIDALL LU i
High 41-50

msAnendl 1.1 mamegeuanuduiedeatu (Homogeneity)

msnadeunduileiieafiy (Homogeneity testing) 1 un1sdnwauiiuiie
\Wenfuresidanaasunauiiasiiluly wIadudunisuandaely wesufuRntsdidnsa
Tassnsiievinnsvaaau Iﬂamaﬁuﬁ’ﬂ‘?ﬁ'aﬁmsﬁﬁaqﬁm?au‘lﬁ'miﬁnmﬁ 1 41Yns
arvinszauinaludendaoirsemsaniauuunam wasnsIsUTnaAlindonun S ALy
shanmslumies LLasﬂszﬁﬁalﬁﬁwmﬁlﬁmnmﬁLﬂi'lzﬁmﬁ']mmmmmmLfJuLﬁaLﬁmﬁu
WAZAIILAIY AIUWUINIVDIEDA 1SO Guide-35



AensAnen
1. dewiuiasmeasuiiouiesudr duiagedeuusiasseiugas 10 fegw
2. Tawvhmsnslaseidanmadeuusazszdugas 10 fegha Tauuy 2 41 fae
\A383 Glucose meter Performa
3. dnwmmaaranduilodientu nuadia 150 Guide-35

nsiATIEidays
o =) L] -y 4 = &l s 1 o
YNan1TIATIEAIINIAIUI N NEDR WaRnwAuuliawieniu nuIanIsATUI
MeaRAR AT BN 1SO Guide-35 BUNITTITABIAT F<Fomw 1oel4emn ANOVA :

. A ko L o @ A 1N 174 L7 d‘l
Single factor isgduiiedndy 0.05 Tunsdiilairulildgaseel
uchar

Sbb, Sr <

Tng S pb WU between-unit component of variance from homogeneity study,
expressed as a standard deviation

Sr WU repeatability standard deviation

Uchar WNU standard uncertainty associated with a value assigned in characterization

study

nsAnEndl 1.2 nMsuasauauAa (Stability)
N1SNAABUAINNAYA (Stability testing) il oUsd AT LAITInaDAYIeTEEEIIANT
Awuslvaundniidnsulassmemeseusidumsvadeuiagmagey Taoiisnisiinm feil
1. dlewiuuiaamasouiFeuiosuds duiannaaeunsiazssiunas 5 Feens Tnevi
nseulutui 7, 14, 21 uag 28 ndsTundn
2. TnevhnsanadiasgiianvaaauudassAudas 5 fog1e Sauuu 2 $1 dae
\A399 Glucose meter Performa
3. FANUIVIANANLAISIAINERRA ISO Guide-35
nsAlaTevidaya .
dwansinseindunameadi Wefnwanududedety uddesdinsdinm
manuasilutisssesnaidndsdituandniidrsulasinsmageumiutiung wud
NANSAMIMNERRATISFawuNaTiveY IS0 Guide-35 Funasinidie

|b1] . W
S D < teritical (0.05",df = n — 2)

Tng bl unu slope
s(b1) WnY standard error of slope
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P 3 1 . . a & a =
n1sANE#l 2 n1simuaAn (Characterization) #2838n159Ug BUIMITFIU UALATVNA
wosufunnns
anzinidelatmuadnimaluiden wazAndeadeaunsdauiuluiandid lng
= o 1 [ v a L% a wa :J 1 s
denldnsfmuaainnnisdsiansedilunssluiesdjifnsisunisiusennsgiu 1SO
L% - 1 - -] U - U A U 1
15189 wavaniusnasineuwsisnd lngdnan1sesiaiauniasieiaadeuazainiinlyl
WUUBUYDINITINVDIUAAZTD
J -4 a L &/ I
Falud 2563 ezirdeyaumuniu lagaeRansanminssatedivesdoyn mindinis
L% &) ) U . v . e‘ o/ a
nszaeiaUnAlaiiAn Uncertainty agld@n Unweighted mean nsalnifinisnszanadiung il
° 1 . v v . acda v a
ANSAMUAA uncertainty 1119 9l9An Weighted mean waslunsainiinisnsgatemilaiuni
LYY . & @) 1 [y 9/ a 5 P v a e = a'f'
lgAnsisegIu (Median) foldurnuaianenadaty mnednideinsentiy

= [ s a . 1 °
ASANET 3 NSAMUAATIEAE1989 (Reference material) 9 ndayariauninirlulely
Tusunsun1suAgaUANNE Y
Angiinideuasusenaunmssididelihiagdededmivasiatiinanhmaluidennie

4 o L. L=y 1 o/ ! v A =
bAIBDIMNITIVIALUUNNN LLﬁ%ﬁi’J'\l’Jﬂ‘Uﬁuﬂmﬂ’]LﬁﬂLgﬂﬂLLﬂ\‘i@ﬂLLuuﬁ?Hﬂ'ﬁﬂuL‘Wﬂ 89 laedinis

Fndslyitulssnenunadaaiuguamie (wan) uaziilelsmennadauaduguameiiva
I sutaqmaaauaudiugidennsuduiineiuinidedaddildinamseiinssias
dananagounauInln ANz 98 WioUsziiuaussourveslsamenUaduaTuguaIwiUa
TnainasinisUssiiuasssaugazldn z score Tnglilsmeniadiaiuguamduaiiian z
score < 2 fiunsUsediunmnn Mntudaden swam. fiunisussdiv (z score < 2) 1h
Afinsraliaseildunldlunmsmuamaianulindusuvesnisnsiata (Uncertainty) Tag
Fnnuenmavdnnsnidlunisnsaia

Falud 2563 asthdeyanmuniu lasaziarsannisnszaneiivesdoya windiang
nsgnesaUnililiidn Uncertainty 95191 Unweighted mean nséifiiinisnssanesuni &
M3V uncertainty 1l aglden Weishted mean waglunsdifiinisnseanedaldund

¥V W . <y [ 1 s Yy a & | (XY < X
ﬁ]&fl‘ﬁﬂ’]&lﬁﬂﬁ’m (Median) amﬂum‘uamaqmqaquu NN WUNIYYRTINVU

nsfinendl 4 mswsuiisuuasmenuduiusvesantsusafiuauniwsziudianadae
NANNTIANN

sdumsdefagvaaeumnuduigidenansudiu dmunselinmgihmarion
3 sediv Inalieseilagannanifunnnsiveuisni (1n.) wavdsiagvaaeuainutiuig
Fonnsudiu dwiunnvinneiimauszdadeaunsuuiiludifenjiinisgeded
HuNTSUTBNnATEIY et mamIvaasutumUIsueuiSinasguiuitsesu Definitive
method tlevihmsilIeuiisumnuduiusvesuiaziiminsatn Tnenansnaftisn
JipseiSsudisumanuddiy drunlagldad Paired t test AissRutiadndty 0.05
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< o Y v < [N ¢ a

nsAnYI 5 WasEuun1sdansdoyaiisnunsalidinsnei uazdssifiunanisnadey
anudrunggruiuled

nsAiuay

o -3 ¢ o v ' ] a a va

W lusunsuvuszuuduledvhauldegrailvssdniaw senuuulviiany
wingaaldaudie syuutayalidudoudmiudldaunentiu (Admin) annsaiirisioya
F3uuimslalas ansafindeyadsuuinis, anunsoudledeyadiuuing, awnsnaudeya

Y

i 5uuintg, awnsadumdeyag 5u3nts uazanunsanadivannan1Iniaalingisvives

e e

L

5UU%ﬂ']iL‘ﬂu1Wﬁ PDF maausioIn1seueniiy

24

< o as Y o = Yoy v
nsANEIN 6 USulgsuasianszuunisdanisdeyansiunsnldfudeya sautiudeya
wazsIBURANTNAgauAINd L Ul

nsANuIY

ASUUINT JFUUin1sanansodenaseuninganda il Lasanansoniiinan

a ¢ o ve a Y 1Y a v & 3 a ¥

FIURANITATIVATIEYINUTUSUN TN L SUUT 1 TainsSuuInslalulve POF 8nvns
gIuuinmsdanansoniiivasnasisnuysediseula



o
unil 4
Wan15IY

n1sAnundl 1 MswanssuIsnswieudagmassuauduguazansededmsiu
nsadinsrziimaludenuasausiadenunsdaui

IINMIANY n'1swﬁﬂui'aﬁléﬂaﬁqﬁlsz’fﬁm%’umswi’wﬂ%mmﬁ']maLLazmaﬁmﬂ%mm
dinidoaunsdauuy wuiausadidenfinunengansunmsid eauimudaenssuitenge
wawfinisufulggestunsiusaduasSnwssiuihmanasadndenundiniseansad
waz¥andnadiwionlidmmunmusegumgiinigs hinunstluladavoadadeauns uasd
pgnslioumesamadeuiifouiuudosuiisuiufapmaaeuihdhanndneusuna
annsahdagdnadanttlunsduiagmeageuautdiung (PT item) lulasansnageuai
FmungastaUsinashmaludesuasdndonunssauduld

nan1sAnud 1.1 manasauanudiuiiadieati (Homogeneity)

annsfin msnaasuaaiuidedeituresiiediiand Bl lunisasie
Seeseiuhmauazandadoaunsdauiy wuiieganguBiniuutusiinedores
drmalusziu Low, Medium waz High winfu 99, 135 uag 179 amddu (1319 4) was
ALadvasAindon LS AuLLIeIsEAU Low, Medium wag High windu 27, 40 uag 49
MUY UARIAIAITN 5
139 4 uansuantsinuauduiiiaifeaiy (Homogeneity) vaaiangradeszdus
na"e wazgs dmiunsaaindnima

bottle 8 Low sEU Medium 561U High

number  AWR1  mhA2  ebi1 ez efii1 a2
1 101 100 133 134 179 178
2 97 99 135 139 175 180
3 98 98 134 135 178 177
4 99 97 132 132 181 180
5 98 98 132 133 177 178
6 99 99 134 137 178 178
7 98 99 136 133 180 181
8 99 100 135 136 175 179
9 97 98 135 136 179 180
10 100 97 134 135 179 180

Mean 99 135 179
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& as . o a o &
A1519 5 uanawantsaneasnduiiiawdeany (Homogeneity) vasdsgdedessaunn
nane wavge dwmdunsiadndndadionuasdnuiy

bottle 5¥6U Low 52AU Medium 5¥AU High

number  ASad 1 adai 2 ﬂ%ﬁ 1 adafl 2 adal 1 adafl 2
1 27 27 38 38 48 49
2 28 28 39 39 50 50
3 27 27 39 40 49 49
4 27 27 39 39 49 49
5 26 26 39 39 48 48
6 27 27 38 39 48 48
7 27 27 40 a0 49 49
8 26 26 a4 a4 49 a8
9 26 26 41 41 48 48
10 26 26 38 39 48 48

Mean 27 40 49

dwunisAamantsagaun ety ﬂuﬂg‘ummmﬂm% ISO Guide 35
Wisuisulnelneldadin ANOVA Single Factor 1nen F ‘ummimsamﬂmmasumum na
waggs Wil 1.53, 2.28 uag 1.43 AWawy FeflAndounia Fui (3.02) W 3 sz Fet
7 =) ] U L7 ’0’ &l .7 4 U L7 1
Fagendsdmiunisasnimihmaiinnuduiledieat luvaeien F 2940159573 AAIR

L 1 L) 0' 1 U L3 U 4 1 1
\HonuasdalULIZAL Nane warge Wity 65535, 40.78 wag 8.67 mua1diu dedlawnnnda
1 q'; LY LA A '3 v W ol o &'
A1 Foical 19 3 520U WebfiaRansanltusnamiseauaaly (Sr < Uga/3) wudndanuiduile

= o/ Q‘: U w
LAEINUYN 3 SEAU AINIT1Y 6

& o N s 1 os a o
A1574 6 uansrantsadaualutiieieaiiy (Homogeneity) vasfitagnedandedad
untsasiadntnnanazainiaanuaidnuuy

Asvsuthana Andindonunsdauuu
Low Medium High Low Medium High
Mean 99 135 179 27 39 49
SD 1.1 1.8 1.7 0.5 0.7 0.5
%CV 1.2 1.3 1.0 1.9 1.8 1.1
F 1.53 2.28 1.43 65535 2.42 2.00
Fritical 3.02 3.02 3.02 4.10 4.10 4,10

F<Faiicat  Sufficient Sufficient Sufficient Insufficient*  Sufficient  Sufficient
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wpwg: Sufficient = qshegnavionfuiinnuiudedufuiomedminiluiddu
FageruauauAMnIsIadeUANTIuIgnIvissUURns Taedldn F da8ndn Focl
AsNA 1SO: Guide 35
Insufficient = ﬂ;ﬂﬁ'aasjwqﬁLm%'au%ulﬁﬁﬂaquLﬂuﬁmﬁmﬁ’u Toedien F 1nn7n Feritical
* = gadegailnsutuhludualnglignsdnlufe Sr< umas/3 auinasl 1SO:
Guide 35

& @ . o Vo a A
M1319 7 uanseantsvadaunaluiiaifientiu (Homogeneity) ¥a4d70E19789 819849
Hluntsnsrdadndiadonunsdauy

AndaEonLaId Al

Low

Sr 0.00

Seb 0.48

Uchar 4.30

Uchar/3 1.43
Sr < Ugpar/3 Sufficient

VINBLWAG) St AR repeatability standard deviation
Sks AB between-unit component of variance from homogeneity study,

expressed as a standard deviation

HaN1SANEIR 1.2 N1IVREBUAYTNAY (Stability)

mnsvesfhegieTandredeiliilunsnssiinnesissduimatssdndanuns
Sawuiviiguugivies ieFsuilsunmuandisasredeiinsoaldluiuiidedig
riunsaaeumubuiaieriuimualibuiud o iWeudutuil 7, 14, 21 uas 28 wdns
AIAIT1 8



15

/ o o 1 [} a o
A1314 8 UAAINANISNARDUAIINASAY (Stability) vasilag19ddnd198eldTunsasn
Ansziszaudinanazandnidonunedaniy

sEfuTana 1981 Mean teat tertical Interpretation
$uil 0 99 - - -
Sul 7 96 533 4.30 Not stability
Low Sufl 14 99 0.04 2.78 Stability
Suil 21 99 0.61 2.45 Stability
Jufl 28 97 0.34 2.31 Stability
Juit 0 135 - - -
Sufl 7 136 1.15 4.30 Stability
Medium  Juil 14 134 0.25 2.78 Stability
Suil 21 133 1.99 2.45 Stability
Suil 28 131 4.01 231 Not stability
Juft 0 179 . k ;
Sufl 7 178 0.98 4.30 Stability
High Suil 14 176 4.04 2.78 Not stability
Jufl 21 184 1.41 2.45 Stability
Juil 28 200 3,54 2.31 Not stability

nsAnunil 2 nasimuadn (Characterization) #28%8n13tugs Aunasgiu uagdinag
WasufjUanas

nmssiunsieieuwaydndsYangnedsdmiuntsasiniinsisinima 3 sedu
lunsraTasiendnnis Isotope Dilution Mass Spectrometry (IDMS) Tnganaduunnsinga
Wi (n.) uasviesURonisiaieadlounnd uviingndousas Tnsinan1smsanliasngid
IdunAinseinasimundn Tnedsgdusiddadominty 92 Sanmuliuiueuviatu 2.16
Aedsvessyiunanawitty 127 feamnuliutuusuwinty 2.82 wasAadssydiugaviafy
183 ualiAaruliuiveuwiriy 5.02 dm1319 9

] - ] R o v ¥
f1314 9 wandAasnasA1 Uncertainty 9aINan13n5239A5SAUUINNE gll’JfJ IDMS

Lot No. Level Mean Uchar MeanxU
BG62-001 Medium 127 2.82 127+2082
BG62-002 Low 92 2.16 92+2.16

BG62-003 High 183 5.02 183+5.02
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mnnsidunswssuuasdadetagerddmsunisasiniinseiaudadenunsdn
1 U 4 a e d o = d =3
Wy 3 seau ludsiesfURnminsosownnd lasimanisnsaliasenlaundwssiuay
° ' ] w6 A P " ) 1o Y ) o
Anuaan lnefiszauaidanadowiadu 28 fararuliuduewmindu 4.30 Aadeves
U ! U J ] 1 1 LY U A p- 24 ] U 1
sEaunaaiiu 39 faauliwduueuwindu 1.08 wagAnadeseiugaviniu 49 uagien
Aaliiwiueuwiriu 0.31 damnsne 10

1 o ] N @ 1 & A (Y [T
A1519 10 LANSALARBLAZAT Uncertainty 9840an15n32990AIALADARAIDAULAYE
o v =]
1589UUMIBY

Lot No. Level Mean Uchar MeanzU
HCT62-001 Medium 39 1.08 39+1.08
HCT62-002 High 49 0.31 49+0.31
HCT62-003 Low 28 4.30 28+4.30

a 14 a

N3Nl 3 n1stwunArTEdneBs (Reference material) Waunsululdluntamesey
ANTIUTRY

snnstiiunisnieuesindsandnedsdmiunsaneleseidnhaauaseude
Bonunidauyy 3 szau Usunms 0.5 Tadans 91U 411 fegis WWislsmerunadussy
qunmsua 411 wis Tngsrwanlsanenunadsiasuguamduaiineurantsnsiaatmng
ndulnessERum 357 Metsdniduievas 86.86 sefunans 357 et Anduseeay
86.86 uavszsiuge 379 feee Anduiesay 92.21 (M3 11) uasilinsneunduran1sngie
Adfiadonunasauuvessyiusi 297 fedisdniduieray 68.27 sedunans 274 Haens

Antuforas 66.67 uasszauge 275 faeths Amufasay 66.91 (m319 12)

A3 11 uandnINIInaundunalagduunaNsERuYasTandnddmiunimmsieseau

W1n1a
° P ° P~ | o
o mu'misewmmadmasuqmmwmuawma‘uwanau/ Y
SYAY R . Soeas
MUIUNAWI N
ol 357/411 86.86
Nag 357/411 86.86

a 379/611 92.21
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A3 12 wARIBAsINTSABUNAUNATRETIMUNATUS TR UL TagB1eBesdmiuntsnsain

HonundnulY
v sunilsmerunadusiugunmduaiinaunandu/ v
AU o A8 Jouas
uudmiavian
i 297/435 68.27
NAY 274/411 66.67
Ak 275/411 66.91

Mnnmiteyailldannisnsaiinniveddsmenaduaiugunmiuausazum
1A z score Tnelilssweruraduasuguaimsiuaiilan z score < 2 HuATs
Usuidluaanmn T,maisqwmmaauasm‘umwwwmmsﬂsumuﬂmmw unsmeiminnad
Wvinnisn s PQQ wass¥A U SEAUNaNLAY TR U amuA 106, 123 UAg117 UM

1
o o

gy uagn1aesratailindnnis FAD vessedush ssfunansuassdugetonum 201,
228 Uay 198 WY AUAWY (1579 13)

] 1 = d 1 o u

drulsangrunadualuguanieiunisUselluaanin (z score < 2) Tunsnsiadn
J < = (Y 1 [V w [y ° 1
ALdALADALAITALUUTDITEAUAT FEAUNANY UALTEAUGY 31U 260, 259 uay 252 W
AWAPIU (1574 14)

° o ° g °
M5 13 uansdnuulsaneruiadadsugunimaiuianilan z score < 2 Tagdwunaiy
o 1Y) a Y o % o = o

szAuLedsndrsdsdmiunsiadadriinialudanuasninnisingain

o e
VMUIU TN E0.71UAN

SYAU HaNNIS Souay
z score < 2

G‘ll"] PQQ 106 82.17
FAD 201 88.16
PQQ 123 95.35

AN
FAD 228 100.00
” PQQ 117 89.31
* FAD 198 80.82

= d d ) (]
A1574 14 ugdnsdruaulsineruradasiuguawdtutaifian z score < 2 Tnaduunanu
sziuvasTandeBidmiunsaaindndiafenundnuiu

] 1 SW.@n Aisen Sovay
WU Zscore < 2
i 260 87.54
na9 259 94.52
a9 252 91.97
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11nmsihfeyavestsanerunadaaiuguaindiutadlden 2 score fruinost
(| z |<2) Wiy srduammArdudsauudmung (Target SD) TngnanisAuInIn
Tiawmmaa'aLa‘%uqmnﬁwv‘fwaﬁmun'ﬁﬂsmﬁwaﬁaqé"m%qﬁm%’umwsaﬁLﬂiwsﬁﬁwma
uanafan13e 15 wagnanssunanTsswenuadaaiuguamsiuadiinunsUseifiuves
Tangdedmsunsnniainsindadonundauiuuaniiinige 16

= d 1 =
N34 15 KaN15UsHAY mean, Target SD uag %CV 210 sw.an. Munsussiliuvas
TandreBedmivinniima

SEAU wannI3s Mean %CV Target SD
. GDH-FAD 94.03 13.52 12.71
#1
GDH-PQQ 93,11 11.33 10.55
GDH-FAD 128..46 14.24 18.29
RGEN
GDH-PQQ 132.96 10.42 13.86
GDH-FAD 173.06 11.51 19.92
a9
y GDH-PQQ 175.09 12.54 21.95

o d (] o
1519 16 NANIFATUI mean, Target SD waz %CV 31N sw.aa. Meiun1sUsziiuves
JandreBadmivinseiadadionun sdauiiu

SEAU Mean %CV Target SD
i 26.29 15.79 4.15
GEN 33.55 22.35 7.50
g 4370 14.34 6.27

nmvAnaliuiueurenisnatn nemldnmsfndenaudnithunaeingg
Uszillu (Satisfactory Result) 1t o149 oy an1snsaaiiasiesimndrmnulaiuyusueanas
#5793 w38 uncertainty nan1sUszlluArAullulusuYeINISASITTRA At en
WARFIIRNNTIN 17



19

¥ o/
A1519 17 uansAranuliudusuvasnisnsiadinsviiinialudendseundnnng PQQ uag
FAD

PQQ FAD

Lot No. Level
Mean U MeanzU Mean U MeanzU

BG62-001 Medium 13292 1228 120.64-1452  128.46 12.28 116.18-140.74

BG62-002 Low 9311 7.34 85.77-100.45 9342 127 86.15-100.69

BG62-003 High 175.09 8.06  167.03-183.15 17525 7.40 167.85-182.65

NBN1SAMMUAATIEAS9DS (Reference material)

Ineiudn3deleidndsTand1eds dwunsiadaUsinashnnaluden fowdemsnda
wuunn waznetausinaddindeaunssaudy Menstumies Wiuaundndidasy
Tsunsunisvaaeunrwd gy TaefaniwIonliaudniiddaanlasinis wadu n1snne
Vnaushnie $1uu 3 s wasmsnsausinasindonunssauty s1uiu 3 seiu dwdu
YasmnaouilazenssiugTandredsldiudefinuaudiamuduidodeaty uasammnai
Tnewaniseasuiermnuansiannsng 18

A1319 18 HANTSIMTNUAAIYRITENAGDY

Qs 3 1 d o
Wsunsumsnegey  Jaqueaseu  aululs  AuAg Aifimunld
AN eI k)
o S8R L WU WO 93 + 7.18 mg/dL
asUTuNAalY W : )
- EAU M W1 WU 130 + 12.16 me/dL
\don ~ , ,
86U H NI W 175 £ 7.29 meg/dL
P N W 25+ 578 %
AT TalsunuAn . , ,
o o S¥HU M W W
\Hendnuiu . ) )
SEAU H pnu Wl 42+ 4.58 %

= o o o d a v Y [y
nsAneil 4 nElSuiisusasmanaduiusveswansusafiuganmssiuiinadie
WANNTTANG
NMUTBTUANAINHANITATINTATIEUT LA aNN1I0 59 lasan T uNIns NG
1 ) _aowe = d 1 Q) Q‘; [ Y] d (-]
WA (12.) uaeeauURin1sd1edeafiiun1sTUseaImIgIuianae 5 wdnnisiflatiun
° | & ] | v V aa alnLu ) =
AnnuANRRY AEDERULIINIFIU agAn %CY wudIBn1snanldudannis IDMS &9
a [y el ' ) Y] ) 4 o v v
\JuAT5eeiU Definitive method ailAn %CV @1 nafilduansfan1se 19 wazdiounadlaun
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UseluaussauznsvaaauANTIuIgnIsiaen1sAIUIN z score 10%Bias wag VIS #an1s

Usziiudlauandlumisns 19

1 A ] d ) o
M11319 19 LEAIALRAE ﬂquULUﬂQL‘U‘uu']miﬂ']u 1azA1%CV Y2INANITATIVIAIIN 5
s P o a s a & [
‘Viﬁﬂﬂ'li'VlLlﬂﬂﬂq\iﬂu‘luqaﬂlél'maQVN 3 930U

o4 y JEAU
NANNIINHNIIVIN

Low Medium High
1. IDMs Mean 88 118 162
SD 1.92 0.98 097
%CV 2.18 0.83 0.60
2.GOX-amperometry Mean 92 125 195
SD 0.75 5.78 9.95
9%CV 0.82 4.61 5.12
3.Enzymatic colorimetic Mean 95 140 206
SD 0.59 3,31 5.55
9%CV 062 2.36 2.70
4.Modifled"gQX Mean 87 125 163
D 2.06 3.46 437
9%CV 2.37 277 2.69
5.PQQ Mean 99 135 179
SD 1.15 1.79 1.70
%CV 1.16 1.33 0.95
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msmeanuduiusssinaiesufinns wuinnthmalutagnlassiunasdnlaen
wiloufu waregaazialdlumnlinilufimmadeiu

A1519 20 uansnan1aUTeuiisuatiinalag1daiin Paired t test VaIUANNIINTIVANGY
P-value (Paired t test)

wdnnIsiinsaaln o edium Hiah

1.IDMS GOX-amperometry 0.007 0.171 0.316
Enzymatic colorimetric  0.008 0.001 0.001

modified-GOX 0.398 0.024 0.416

PQQ 0.005 0.000 0.000

2.GOX-amperometry Enzymatic colorimetric  0.001 0.048 0.449
modified-GOX 0.002 0.769 0.039

PQQ 0.000 0.084 0.134

3.Enzymatic colorimetric modified-GOX 0.000 0.003 0.000
PQQ 0.000 0.010 0.001

4.modified-GOX PQQ 0.000 0.000 0.000

WNBe P-value > 0.05 LaAsdmNan15nsIavi 2 nannmshilmnuunneneiuetwihideiy

d o a ¢ o ~ a Y 1 aa o o
Lll@u'lwaﬂ'ﬁ?Lﬂiqﬁ'ﬂuq'ﬂqﬂ'\ﬂﬂiﬂ‘l‘lL'V]EJUﬂ'J'ngNWUﬁ‘U@QLWlaS’JﬁﬂqﬁmﬁT{nﬂ Iﬂfﬂ‘ﬂ
s e . 1 L% A U 2/ (7] 1 1 ] U 1] U
@06 Paired t-Test IﬂEJWU'J']ﬁ‘U'N‘VIaﬂﬂ']'i‘VIU']\ﬁﬁ’:ﬂUIVINaﬂ']'ﬁc‘]i?ﬁnﬂh.lLLVlﬂm'NaEJ'I\?ﬁUEJa']ﬂfQ
NNERAIN IDMS
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A5 21 Han1sATUIUNMUsTfiuaussaugnisnagauaNdy v iandrededmiu

a ¢« % ¥ ad Yy  w
MNIIVIIAINTUUINIEAIYIGTAN9) ‘h'iwaﬂ\wniq\i

z<2.0 Bias <10% VIS<400
56U WaNNIS p laleiau N Taisivw e lasu
Gowvay) (Goway) (Govaz) (Sowaz) (Gowaz) (Seway)
GDH-FAD 201 27 146 82 208 20
s (88.16) (11.84) (64.04) (3596) (91.23) (8.77)
" GDH-PQQ 106 23 50 79 111 18
(82.17)  (17.83) (38.76) (61.24)  (86.05) (13.95)
GDH-FAD 228 0 169 59 218 10
(100) {0.00) (74.12) (25.88)  (95.61) (4.39)
nen GDH-PQQ 123 6 59 70 127 2
(95.35) (4.65) (45.74) (54.26)  (98.45) (1.55)
GDH-FAD 198 47 148 97 227 18
a4 (80.82)  (19.18) (60.41) (39.59)  (92.65) (7.35)
Y GDH-PQQ 117 14 43 88 125 6
(89.31) (10.69)- (32.82) (67.18)  (95.42) (4.58)

| = ' ) v ¥ P o o
M348 22 LEAIAREEIATAN Uncertalnty %aﬂizﬂuu’lﬁﬂaﬂﬂﬁ’m’mﬁ‘w 5 wannsg

WANN5M52290 SEAU Mean U
Low 88.1 2.70
IDMS
Medium 118.2 3.60
High 161.9 4,90
Low 91.83 7.07
YSI|
Medium 125.17 12.91
High 194.5 10.70
Low 95.00 7.07
Cobas )

Medium 140.25 12.28
High 204.80 7.84
Low 98.55 7.07

Performa
Medium 134,50 12.05
High 178.60 7.00
Low 86.88 7.10

Stat Strip Medium 124.91 12.11
High 162.59 7.21
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Abstract: Hematocrit (Hct) measurement using a centrifuge method is 2 common laboratory testing procedure at primary care units
(PCU). This study evaluated the performance of Het measurement by a centrifuge method in health promotion hospitals (HPH) using two
assigned values from expert laboratories and participant consensus. Two processed blood materials were tested for homogeneity and
stability and then used to evaluate the performance of Hct measurement by a centrifuge method. All the materials were distributed to 132
participants, including 24 hospitals and 108 HPHs through the Proficiency Testing (PT) Scheme, following ISO/IEC 17043:2010 guidelines.
Assigned robust means and standard deviations (SDs) were calculated from three expert laboratories and consensus from all participants
using algorithm A according to ISO 13528: 2015. A paired t-test was used to compare robust means between the expert laboratories and
participant consensus. The performance of the Hct measurement using a centrifuge method was evaluated using z scores. The Hct in
processed blood materials were homogenous and stable for use as PT materials for three weeks. The means of Het assigned from the
expert laboratories were significantly different (p<0.05) from those assigned from participant consensus. Over 80% of HPHs had a
satisfactory performance with z scores = 2.00 when using both assigned means from the expert laboratories and participant consensus, with
the exception of low levels of Hct when using the assigned mean from the expert laboratories. The Het measurement performance at a low
level of Het, , was significantly lower compared to using participant consensus (Chi-square =134.89, p<0.001). This study shows significant
differences in the performance of Hct measurement by a centrifuge method when using assigned means from expert laboratories and from
all participants. Most of the HPHs had a satisfactory performance for Hct measurement by a centrifuge method when using participant
consensus. However, half of HPHs require performance improvement where there are questionable and unsatisfactory evaluations when
assigned means from expert laboratories are used.
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I INTRODUCTION

The centrifuge method is recommended by the World
Health Organization (WHO) to determine packed cell
volume or hematocrit (Hct)'. Hct is a useful laboratory test
to diagnose, monitor, and screen for anaemia’. In Thailand
there are approximately 9,800 primary care units (PCU)—
also referred to as “health promotion hospitals (HPHs)"—
and they all determine hematocrit (Hct) using a centrifuge
method performed by either a nurse or public health staff as
a form of point-of-care testing (POCT). In the Thai Ministry
of Public Health’s (MOPH) 2011 ‘Strategic Plan for Good
Health’ was announced to determine Hct in elderly and
chronic disease patients to screen and monitor anaemia’. The
quality of Hct results depends on the measurement skills of
HPH staff and the accuracy of the Hct centrifuge. The Thai
MOPH provided the national guidelines for laboratory testing
as POCT in 2015 and the proficiency testing (PT) scheme
for Hct determination using a centrifuge method by the
Regional Science Centres to assess and improve the quality
of Het results. However, few HPHs participated in the Het
PT scheme due to limited amounts and quality of blood
material such as homogeneity and stability and the regulation
quality of laboratory testing at PCUs. The present study
assesses the quality of Hct determination by a centrifuge
method in HPHs in Chiang Rai Province, Thailand using
processed blood materials that were investigated for the
homogeneity and stability of the Hct in blood materials.

2. MATERIALS AND METHODS

The study was approved by the Human Research Ethics
Committee of Naresuan University (IRB No.359/20186).
Processed blood materials® with two levels of hematocrit, a
lot#61801, and a lot#61802, was produced by We Med Lab
Center Co., Ltd. using a production process which was
approved by ISO 1348522016 & EN ISO 13485: 2016
(certification number MD 70361 1) and which also followed
standard guidelines for reference material producers, ISO
17034°. The homogeneity and stability of the Hct in the
blood materials were investigated by the technical request of
ISO 17034 and by following statistical methods in ISO Guide
35”. The stability of Hct in processed materials was within 6
months and 30 days after opening.

Molecular biology
2.1 Homogeneity and stability of Hct in PT samples

Before using the processed blood materials with the PT
samples for Het measurement, the homogeneity and stability
of Het in the two blood materials were investigated by
following ISO 13528° to perform statistical analysis with the
PT. Ten vials of each material were randomly selected and
measured in duplications for Hct by a centrifuge method at
an expert laboratory for both within-sample and between-
sample variations. Cochran’s rank statistical analysis was used
for a within-sample variation and deemed acceptable when
the Cochran values did not exceed 95% of the critical values
of Cochran at [0 samples. Between-sample standard
deviations (S)) were calculated according to ISO 13528.
Between-sample variations were acceptable when S, was
within 0.3 fold of sigma pt (Opt). Five vials of each material
were randomly selected and measured in triplicate for Het by
a centrifuge method at the baseline date before use in the
Hct PT Scheme and 3 weeks after the baseline date. Mean
differences of Hct at 3 weeks from the baseline were
accepted when they did not exceed 0.3-fold of opt.

2.2 Performance evaluations of Hct determination
through the PT Scheme

A total of 132 participants, including 24 hospitals and 108
HPHSs in Chiang Rai Province, Thailand were enrolled in the
PT Scheme for Hct determination by a centrifuge method.
Two blood materials were used as PT samples and shipped
to all participants. The assigned values including robust mean
and SD of hematocrit were calculated from the consensus of
all the participants and the three expert laboratories using
robust algorithm A and by following the ANNEX B
worlssheets of ISO/IEC 13528: 2015% Three expert
laboratories were selected based on the following criteria:
Certification of ISO 15189, CV < 2.0%; and accepted
performance for six previous rounds of Het determination by
a centrifuge method. Performance evaluation was performed
by following ISO/IEC 17043 standard guidelines for PT®.
Instructions were provided to the participants in Hct PT
Scheme and the transportation of PT materials was
processed by NU MLC Proficiency Testing Center'', which
collaborated in this study, and its PT process is certified by
ISO/IEC 17043. The performances of Hct was investigated
through the PT Scheme and using z scores calculated using
the following formula:

(x1 - Xpt)
z="P0

D’pt

The x; is the meaning of an individual laboratory. The X, is
an assigned value consensus from all the participants or
calculated from the expert laboratories. The o, was
calculated from the relative standard deviation (RSD) of 15
previous rounds of the PT Scheme of Hct by a centrifuge
method which was 4.95%. The formula to calculate o, is
from the mean of each material multiplied by RSD%, in which
RSD% is 4.95. The performance of the Het determinations
was divided into three categories: Satisfactory (0 < z < 2);
questionable (2<z<3); and unsatisfactory (z>3).

3. STATISTICAL ANALYSIS

The data obtained were analyzed by following I1SO 13528,
Student's (paired) “t” test was used for analysis comparison
between assigned mean from expert laboratories and those

from all participants. Probability value (P) of less than 0.05
was considered statistically significant.

4, RESULTS
4.1  HCT homogeneity and stability

The homogeneity and stability of the three levels of Hct in
the processed blood materials are shown in Tables | and 2.
Within-sample variations of Hct in the two processed blood
materials were accepted with Cochran values which were
less than 95% critical value of Cochran statistic at 10 samples.
Between-sample variations (Ss) were within 0.30,,; for two
PT materials and were accepted according to ISO 13528 for
homogeneity. The mean differences of Hct in the third week
were less than 0.30;,, as shown in Table 2, therefore the Hct
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in the two materials was accepted according to I1SO 13528
for stability in the third week.

4.2  Assigned values of Hct determinations

The assigned values, including the robust mean and SD of the
Hct determinations by a centrifuge method obtained from
the expert laboratories and consensus from all the
participants, are shown in Table 3. The assigned values
obtained from the expert laboratories were significantly
different (p<0.05) compared to those from the participant
consensus, by 1.56% for blood material #61801 and by 1.08%
for blood material #61802.

Molecular biology

4.3 Performance of the Hct determination by a
centrifuge method

Performance evaluations using z scores are shown in Table 4,
Fig.l, and Fig.2. 80% of HPHs had a satisfactory performance
with a z score of 2.00 when using the assigned means from
the participant’s consensus. However, only 54% accepted
performance when using the assigned mean from the expert
laboratories instead of using the assigned mean from the
participant consensus (Table 5). Performance of Hect
measurement at a low level of Het, when classified by z
scores using the assigned means from expert
laboratories,ories was significantly lower than those using the
participant consensus (Chi-square =134.89, p<0.001).

* Significant differences using paired t-test with p <0.05.

rformance evaluations of haema(':;crif determination

d: two
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Table 6 . The detalls of Het determination and quality control at three expert laboratories, 24 hospital laboratories, 2
“and 108 HPHs. ' . i B

priated H:
,med

40 -
# Experts’

30 - *
# All Participants

20 4 *

Z SCoIe

Fig 1. The performance assessment of hematocrit by centrifuge method plotted
by z score in the Laboratory Networking of Chiang Rai (Blood material#61801).

¢ Experts'
40 | m All Participants

Fig 2 The performance assessment of hematocrit by centrifuge method plotted
by z score in the Laboratory Networking of Chiang Rai (Blood material#61802).

5. DISCUSSION of Hct results. Yet only a few HPHs participated in the Hct

PT scheme due to limited blood materials and the high

“ The Thai Ministry of Public Health provided the PT scheme number of HPHs in Thailand. The MOPH provided National
. for Hct determination by a centrifuge method through the Guidelines for laboratory testing in the form of POCT at
Regional Science Centres to assess and improve the quality PCUs*"? pitch to improve medical services and laboratory
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test quality, including Het. This study used processed blood
materials manufactured by We Med Lab Center Co., Ltd. and
the production processes were certified by [SO 13485,
Homogeneity and stability were investigated by the
manufacturer and also before used as the PT samples for Hct
determination by a centrifuge method. The processed blood
materials were homogeneous and stable until the closing date
of the PT Hct Scheme which ensured the quality of the
processed blood material samples during transportation and
the PT process. The homogeneity of Hct in the processed
materials #61801 shows a between-sample variation (s,) not
greater than 0.30,,. In theory, the homogeneity of Hct was
considered to be adequately homogeneous since the s, were
less than 0.30,,% The stability of Hct in the two materials
was accepted at least 3 weeks from the baseline and also at
the closing date of the PT Scheme with biases from the
baseline Hct in the third week were less than 0.30,,. Hct in
both processed blood materials were stable and
appropriated for use as PT materials according to ISO/IEC
17043 (9). A previous study” of CDC used dried blood
specimens for infectious markers in a PT Scheme, but
materials for Hct by a centrifuge method must consist of cells
and plasma portions, and variations in a matrix of material
are broader that dried and lyophilized forms. The SD of the
Hct measurements from all participants was greater than the
variations (data not shown) obtained from the |5 rounds of
Hct PT. This study used o,;. for Hct determination derived
from RSD (%) at 4.95% of the previous |5 rounds of the PT
Scheme of Hct. RSD technically removed the outliers and the
data was provided by NU MLC Proficiency Testing Center
which is certified by ISO/IEC 17043 and PT Scheme ID#
499362 on EPTIS website''. It is thought that assigned values
can be generated from the general consensus of participants
or from a group of expert laboratories. However, the
differences between these assigned values can be an
influential factor for the quality of the Hct results, such as
their measurement skills, the accuracy of Het centrifuge, and
the accuracy of the Hct reading scale. This study therefore
selected three expert laboratories certified by ISO 15189'°
and with certified calibrations for Hct centrifuge and where
professional medical technologists performed the Hct
measurements. A disadvantage of using assigned means from
the participant consensus value is that it can lead to an
inadequate attitude to improve performance and achieve
high-quality Hct using the centrifugation method if most
participants have systemic errors in their Het measurement,
Poor analytical techniques, uncalibrated equipment, and
other errors can lead to unacceptable performance
evaluations. The details of Hct determination and quality
control at three expert laboratories, 24 hospital laboratories,
and 108 HPHs are shown in Table 6. HPHs have used inputs
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such as Hct centrifuge calibration and staff training instead of
performing internal quality control'’, according to a low
source of blood material for Hct determination by a
centrifuge method. Only a few HPHs had appropriated Hct
centrifuge and Hct reader. CLIA 2019" recommends the use
of bias £4% for criteria to accept the performance of Hct
determinations in proficiency testing, and this criteria can be
used for further investigation by using assigned means from
expert laboratories as target values and use cutoff at the bias
that does not exceed 4% of the target values to be
considered as acceptable performance.

6. CONCLUSION

The performance of Hct determination by a centrifuge
method derived from assigned means that obtained from an
expert group and all participants was a significant difference.
Most of the HPHs were satisfied with the performance of the
Hct measurement by a centrifuge method when using
participant consensus. However, approximately half of the
HPHs must improve their performance as they had
questionable and unsatisfactory evaluations when using
assigned means from the expert laboratories. Proficiency
testing based on assigned values that were used to assess the
quality laboratory results for Het. Therefore, PT providers of
the Het measurement should consider using an assigned
mean and criteria for acceptable performance.
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