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Evaluation of Control Materials for Erythrocyte
Sedimentation Rate Measurement

Nundakorn Kittisuk et al.
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U NHANMINATDUUY

| Z|< 2.0
gausule (acceptable)
2.0<| Z|< 3.0 udevhuamINaaasiy
1aede (questionable)
| Z|> 3 WAOTNHAMNaAFa U
gansulyla (unacceptable)
3YTIINMTINY

M5ANEHLASUMITUIBNNNIZEFITNNTINE
Tuau NINeNFesIINAFNS arInenenans svd
1a59mM 33981 66AH041 893UT 16 AANAN W.6. 2566
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modified Westergren
HANIANINUNIFNNTOLATENIFNAFY
anung Teehidaafivueaginulssy esnm
amwifiaideauaslimnsoaglduumnniudas
asnganadladidutu 19 lasnnihuasiiud
faaiigafidemnansninnldld wdnnwieuly
WAAEIBUMMITFNIIBEN NAaMSIOTENTFANATDUY
anuinaszaulniuazsrauiiound Tuseudt 1
550UUN@ AU 1-3 mm/hr szauiiaUné LNy
44-47mm/hr 59U7 2 55GUUNG WU 1-3 mm/hr
52AURAUNR AU 44-47 mm/hr dsudaely

o
MINN 1

M3N{ 1 Amdsransnadauadiggnadauanaingmsinsanmsanaznauliadsauss (ESR)

Y oo . o a o Y o
0835 modified Westergren lumsia3ansauil 1 uazsaun 2 laeldgnaaauanudiugy

1
a

GEN

q

N UKAszIBY 9 8% 10 YA WINBLBYLTAIINNUIUNFNBBNIN

uan1neday ESR (mm/hr)

saud 1 saudi 2
VaaNngau o (A o A (= o a v A (=
ISy szaudnf szauiaUn@ szaudn® szaulaUnG
v (mm/hr) (mm/hr) (mm/hr) (mm/hr)
(n =10)
1 2 47 2 47
2 3 46 3 46
3 2 46 2 45
4 3 46 3 46
5 2 45 2 45
6 2 45 2 46
7 2 45 3 45
8 2 45 2 45
9 2 45 2 46
10 2 46 3 46
Mean 2.20 45.60 2.40 45.70
SD 0.42 0.70 0.50 0.70
Mean + 2SD 2.20 + 0.42 45.60 £0.70 2.40 £ 0.50 45.70 £ 0.70

uansnagauanmiuiadaany
wamanadauanuiuiia@eriuuasiag

nadau ESR szauinduasszauialnd laagy
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NGNS, < 0.3 G, AxBaNENUN U Lo
o lamannamdudenuunasgIueediin sy
Uszidiuanuinnalunaazsou lusaun 1 szaudnd

M S, = 0.24 A 0.3 G,, = 0.64 WALTLAUHAUNA

M S, = 0.29 @A 0.3 G, = 2.26 IUIAUTN 2 32AU
Un@ A1 S, = 0.45 @1 0.3 G, = 0.48 WBLITEAUAAUNG
M S, = 0.21 @ 0.3 G, = 0.59 AaUEAIlUAITIND 3

MM 2 MInedauaNNluLlafeINUIaaIaN 2a9nsnadau ESR szaulnfuazszauiaund

Taeduaiag M 10 MAENABILAU UEIMMINATOUMIBENGE 2 71 UBIMIATLNTBUN 1 Was 2

HanInaday ESR (mm/hr)

saufi 1 saudi 2
Taanadau v | a v A (= o o o a
mﬁrﬁwmm szaulng sauinUnG szaulné seauinUnNG
v (mm/hr) (mm/hr) (mm/hr) (mm/hr)
(n =10)
1 2 2 45 45 3 3 45 45
2 3 3 45 45 3 3 46 45
3 2 2 47 45 2 2 46 44
4 3 3 46 47 3 3 46 47
5 3 3 45 45 2 2 45 45
6 2 2 46 47 2 2 46 47
7 3 3 45 45 3 3 45 45
8 2 2 44 47 3 3 44 47
9 2 2 45 45 2 3 45 45
10 2 2 46 47 3 3 46 47
Mean 2.40 45.60 2.65 45.55
SD 0.52 0.70 0.47 0.69
Mean + 2SD 2.40 £ 0.52 45.60 £ 0.70 2.65 4 0.47 45.55 4 0.69

37 3 MsnadauanuiuiladeniuasiggnagauanudnymsinsanmsanaznauiiaEaues

35 modified Westergren lusaui 1 uazsaud 2

9 PT items S, O, 0.30,, S, < 0.30,,
szauUnd ESR1_1 0.24 2.14 0.64 WU
1 v A a . p
SEAUNAUNG ESR1_3 0.29 7.54 2.26 WD WA
seauUn® ESR2_1 0.45 1.60 0.48 WU
2 o a a . ¢
SEAUNAUNG ESR2_3 0.21 1.96 0.59 WL WA
e sva ESR1_1, ESR1_2 uaz ESR1_3 vangtemsdldnnadausaui 1 284iiaeni 1, 2 uas 3
s%d ESR2_1, ESR2_2 waz ESR2_3 nangdumsaidqnadausaui 2 ueaiiadni 1, 2 was 3
Namiwmﬂaummm(ﬁ%

HAMINAFBUANNANGIYDITINNAFBUANIY
HNMInadau ESR 2nmasnadaumiszaulné
wazHaUNG Paeeas 2 %) YaaNstesaNlusaun 1

Uaz 2 WNAFBUINY 1 o (§UMWn 1, 2, 3, uaz 4)

dauaaslumsneil 4 nuhisgnessushumsnagay
AnuAIFINNIaEaIsaUR 1 uazseudl 2 e
g05 |y1-y2|< 0.30,, azfamunadi lage G,
Tdmnanddndsauuanasgiueesfidi

Usziliuanannaluuaszsau Tusaud 1 szaudnd
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M |y1-y2|=0.10 M 0.3, = 0.64 uazszouiaUnd  szaudn@ @ |y1-y2|= 0.35 @ 0.30,, = 0.48 WAz
M |y1-y2|=0.60 @1 0.30,,= 2.26 lusaud 2 szaviaUn® @ |y1-y2|=0.55 @1 0.30,,= 0.59
Gauaaaluesnn s

MINN 4 NN SNAFIUANNAIAITNEAIDEN 284N NadayU ESR Sammsnadauniscaulnduaziound

MBENNAL 2 7 2aIMSLesaNIUSaUN 1 Wag 2 WNAFDVWIY 1 tHau (FUMWN 1, 2, 3, uas 4)

uan1neday ESR (mm/hr)

saud 1 sl 2
fuaiii szaudni szauinUni szaudni szAURAUNG
(n=4) (mm/hr) (mm/hr) (mm/hr) (mm/hr)
1 3 3 45 44 3 3 45 45
2 2 2 44 45 3 3 45 45
3 2 2 45 45 3 3 45 45
4 3 3 45 45 3 3 45 45

@397 5 MINAFIUANNAIGIIDIIFANATDUANNTNNYMTINDANMINNAznaUlaEaauaszaulnd

uaziaUn@nae35 modified Westergren lusaud 1 uazsaui 2

Mean
sau  PT items (mm/hr) |yi-y2| o, 0.30,, |y1-y2|<o0.30,,
(y1) (y2)
o - ESR1_1 , ’
szeuUn 2.40 2.50 0.10 2.14 0.64  shuLN]
o - ESR1_2 . .
seeuiinUnd 45.60 45.00 0.60 7.54 2.26  EhuLnO
ESR1_3
o - ESR2_1 , ¢
szeulnd 2.65 3.00 0.35 1.60 0.48  shulnowi
2 P ESR2_2 ; p
seeuiiaUnd 45.55 45.00 0.55 1.96 0.59  shuLnai
ESR2_3

vanewe): s%a ESR1_1, ESR1_2 sz ESR1_3 ninagtumsalidqnadausaui 1 4e9iiadni 1, 2 was 3

s%d ESR2_1, ESR2_2 waz ESR2_3 ningtumsaigqnadausaui 2 uaeeiaeni 1, 2 was 3

wanmInadau ESR anvasljifnisaneds

Jaquadauanuduigssdulniuazio  azmhmanadauia 2 AU sEdUas 2 20 Wiiathenil
Undifrunsnagevaniwilaidersunas  Idunmen mean, SD uaz mean+ 28D audna
anuasdngnaslunasau ESR ¢e38 modified  Tuenswdl 6 lusauii 1 seduun@iondu 2-3 mm/hr
Westergren iasfuamssrededadiuiofioms  seduiiaun® Ay 45-46 mm/hr saUd 2
wmaflamsunndilasumnaspunumaiiamsunnd  szduUnd whiu 2-3 mm/hr szuiiaUnd whity
W.6. 2565 91U 3 ure nasoufl 1 waz 2 Tae  44-45 mm/hr ausaslumad 6
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@9 6 WaNINadau ESR 1835 modified Westergren lusiadiad 1y andasUjuianisanads

DU 3 WY N958UN 1 1ae 2 lagazyNNSNAFauny 2 520U 9 8 2 o

Han1Inaday ESR (mm/hr)

saud 1 saud 2
waalfuanis szaulni szauiiaUnd szaulnd szauiinlnG
819849 (n = 3) (n=3) (mm/hr) (mm/hr) (mm/hr)
1 3 3 45 45 2 2 45 45
2 2 3 46 45 3 2 45 44
3 3 3 46 45 2 2 45 45
Mean 2.83 45.33 2.17 44.83
SD 0.29 0.29 0.29 0.29
Mean + 2SD 2.8340.29 45.3340.29 2.17 £ 0.29 44.83£0.29

samsUsziiuiaanagauanadinylosaanin
waslfuimsmadianisunng

womsUsziiuiagnadauamuiingiinann
Juasdmiumsnadau ESR Sadtludaiacfitms
watiamsuwng M 15 us luedanalsinening
Jinanauns neasuLasiudaye 2 5ou lasudas
FAUNIUIY 3 BEN

womanagausoUdl 1 Mndayaitldsuihld
Junnzimeniiiu outliers 1Ml Grubbs® test

WuNIVFMae ESR1_1 Hvananiilu outlier 1 é

Ry

=

svigaIaena ESR1_2 Huayaniilu outliers 2 ¢ 5%d

u
]

e ESR1_3 lifidayaniilu outlier i mean
uaz median filauasdiadsvadiathe ESR1 1
waz sYaaInene ESR1_2 lainu@a mean tnu
3 w8y median WU 2 S¥aa10e ESR1_3 d@
mean AU 45 uaz median WNAU 45 Hathan

AL NAIE Z-score WUNGIDENNAFDUSHE

e ESR1_1 Minasansule uu 14 uvia uaz
gansulile U 1w saage ESR1_2 T
HaaNSULe UIU 12 ure 1aedy DU 1 Wik
wazeansulale Muiu 2 ure svdaede ESR1_3
Tuazandule Sruau 15 uis daudasdumsei 7
wamsnadausoUTl 2 Mndayailldiuihld
Jeszimeniciiu outliers :nms1d Grubbs’ test
NUNSHFNI819 ESR2_1 uaz ESR2_2 ﬁﬁagaﬁtﬂu
outlier agN4ay 1 A sHaMBE1e ESR2_3 hiﬁﬁ'aga
‘ﬁ'lfﬂu outlier A mean, median ﬁlﬁwmé’haahq
swamae ESR2_1 uaz svidaadge ESR2_2 Lo
WNAUAD mean NN 4 Uaz median AU 4 SWd
¢nae1 ESR2_3 §M mean tNNU 43 uaz median
Whiy 43 dathiniensinasie Z-score wuth
MatnadausianIaee ESR2_1 uwaz ESR2_2 T
Haeaysule NI 14 uns uazeansulile uau
1 Wi svamae ESR1_3 IWuagansula aunu

15 WWN AQUEO LUSINN 8
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MINT 7 HAMINAFBUITQNAFBUANNIINIYNTINBATINIANAZNDUIALEAUANRIETE modified
Westergren 284%aUfiuidms Ussiliueie Z-score (|Z|< 2 = 8833y, 2.0 <|Z|< 3.0 Whasdy,
|Z|> 3 = sawsuliile) saudi 1

SWa SW. iaanadauaNNEIUNY
naaay ESR1_1 Z-score ESR1_2 Z-score ESR1_3 Z-score
1 2 -0.523 2 -0.60 41 -0.57
2 2 -0.523 2 -0.60 33 -1.63
3 1 -1.440 1 -1.56 46 0.10
4 3 0.394 3 0.37 45 -0.04
5 2 -0.523 2 -0.60 34 -1.49
6 2 -0.523 2 -0.60 43 -0.30
7 2 -0.523 2 -0.60 42 -0.43
8 2 -0.523 5 2.29 53 1.03
9 2 -0.523 3 0.37 52 0.89
10 5 2.229 3 0.37 40 -0.70
11 3 0.394 3 0.37 48 0.36
12 4 1.312 2 -0.60 60 1.95
13 2 -0.523 4 1.33 55 1.29
14 4 1.312 8 5.17 47 0.23
15 8 4.982 10 7.10 40 -0.70
Mean 3 3 45
Median 2 2 45
SD 1.09 1.04 7.54
Uncertainty 0.35 0.34 2.41
gansule 14 12 15
g 0 1 0
gansulile 1 2 0

WaEe: Standard division (SD) M166 outliers aanua ihenlalulglunmsdae Z-score

M3197 8 HANIINAFDUIFANATIUANNHINYMFTINBATINIANAZNBULTALEDAUAIGIEIT modified
Westergren 29viaaUfuinsusziiiueng Z-score (|Z]< 2 = gandy, 2.0 <|Z|< 3.0 Whaade,
|Z|> 3 = sansulaile) saui 2

SWa . aanadauaNNIINY

waaay ESR1_1 Z-score ESR1_2 Z-score ESR1_3 Z-score
1 4 0.00 10 11.76 45 1.02
2 3 -1.37 4 0.00 42 -0.51
3 5 1.37 5 1.96 40 -1.53
4 4 0.00 4 0.00 45 1.02
5 4 0.00 4 0.00 43 0.00
6 4 0.00 5 1.96 45 1.02
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@990 8 WaNIINAFaUTIQNATIUANNTINYMTINBANMIANAzNBULTAEDALARI8I5 modified

Westergren 2aavieaujuamsussiiiucig Z-score (|Z|<2 = 8oy, 2.0 <|Z|< 3.0 Wasds,

|Z|> 3 = sansulaile) 50U 2 (dd)

Ina IN. TaanadaunNNdY
rinatay ESR1_1 Z-score ESR1_2 Z-score ESR1_3 Z-score
. 3 -1.37 5 1.96 43 0.00
8 3 -1.37 4 0.00 42 -0.51
9 4 0.00 4 0.00 40 -1.53
1o 4 0.00 4 0.00 41 -1.02
11 5 1.37 5 1.96 45 1.02
1o 5 1.37 5 1.96 44 0.51
13 5 1.37 4 0.00 40 -1.53
14 4 0.00 5 1.96 45 1.02
15 10 8.22 4 0.00 43 0.00
Mean 4 4 43
Median 4 4 43
SD 0.73 0.51 1.96
Uncertainty 0.24 0.16 0.63
gansule 14 14 15
haade 0 0 0
gansulaila 1 1 0

WiNEe: Standard division (SD) 766 outliers aanua ihemnlalulglunmsfae Z-score

a 4
AU

Uagiumnaaauanudnngmaviaal juans
ailemsunmgianusdysarammasau tademii
i liwamanaaauiiaomu e msmuauaamw
NNBIANIMEUBN NITNATDUNITATINBATING
anaznaurauiialdeauas (ESR) fluwiidlums
nadauiidasfinsmuauaunn NaranUITed
BN la M INaUIngAIVANAAIWEIHTUMS
ATIRDATINIANAZNBUUDITAFIAUAT DNHDATR
fanuhiargmsldnuszasdu® ludlagiu
fimhanuilduimsliiiaswa 2199ziaan
fetiagaIuaNanmwaIuluadaahignnan
alssmauasdinmum vihsnuiliamsmely
Usmadiiiigawiadeniliuims mbidudedia
lumsliuans

aanuEIAE ldnannIggnagauaNNHINY
msnadayu ESR lagldasnganiadladadiesnm
amuuasKaNwaIae iiggnagauaN NN
LOTENN AN YLD UMIBENIABAITUVINETNT
asihmnlglumsnasau ipsnnilagtiuviesdfuianms
L4 Y A a Y A
naauvivdsdaldidanazelumnedau laaldiden

v
o~

N

= 04 I a <~ =y 1 = <~ v
munuﬂsmmmammaalmwmwa BianaN

-~ v a va J o
maamﬂms‘nﬂaaﬂuwmﬂgummﬂmmamu

Wzidenninnyamnsluiesu fudms uaniidam
#laifcathaasauifioUnd uwseilaanzasiagha
nedpUMIFaREN NN aTlardaBuThmMsnasay
tiaflasmsmsuanzaafia@aauasmnndiiul i 6a
tudhaheiaanagauanuinnginIauiuasds
uiilAedy uenanilgesiadnlszmsuas
fradanagauiithuhanndelssmara s mumn

NsasnsEAInenendasMsunng
U9 67 atiui 1 vaTIAN - Hunaw 2568




Evaluation of Control Materials for Erythrocyte
Sedimentation Rate Measurement

Nundakorn Kittisuk et al.

a

Taamluiisnemas 500 LINGaNAFANT FNAFaU
o d‘ a d?, a v dq’d v 1 A
anungindezuluamisiiidunudulng Ao
msmﬁﬂQm%’aﬁladuasmsﬁmLa’qmﬁumjmm
< = 1 [~ &
LIALADALAY TUFIULHALADALAILAENAIFN
leiymmmﬁaﬂﬁwmmq wanam ldnglumsiese
MIANG NUN LUMSHANRRY 100 UINADNADINT
o YV 1 vV Vv Qs Ya
mbidigaamldhelunuaumneasiasljianms
nsUssiiunsin luldaseeesdiagedag
NAFBUANINTINIUMTINDNTINITANALABULIIA
lHoaUAIA835 modified Westergren a1nviag
Uuamsmatiemsunwnd 91U 15 wiie lueiaine
TSaNENUIaINFNAUAT LagdemIaee MUY 3
MDENFDATY A9 IULAFZATING 3 MIPENN Laaing
SLAUUNG MUY 2 MIDEN WaHAUNG NUIU 1 DB
MaKaNGBNEN 3 (Ia8NEEASY LHBINNGIBENT
Undinududiaeadenny wu soun 1 5%d ESR1_1,
ESR1_2 uaz5aui 2 % ESR2_1, ESR2_2 ¢3¢
ARIMINAFIUANNUNUENYBIFINMINOFDU FE 1K
usmsnadauaiuluaiazlvdiadre U 2 Mo
= YV | dl a a =
fa lagadnundiuaziolnd nKaNITNAFDU
SAUN 1 Was 2 WANISNAFaUNLaINaNIBN
WavlfudanisloaiarsanaInel Z-score uas
M3UsziTagNadauANNENNY WU JFNaaau
nadeludszidivaundndriulvalvussansulaniad
|Z|< 2 fespeas 93.3 uaaen lulinsduninanniag
Tnamsnagaudlumiwela iasanmsanwive
luasetidumsnwilassuiieazannisgnagau
° pu ° v o o
anudnnunianuwmnzduihldldansunageau
ANNTINYMTINDATNIANALNDUVBILIIALEDALAS
35075 modified Westergren Ly
Tosagunis@nwmiiiiunis@nwiiaseu
Amasisinsnadauanuilutiiafeinunay
ANNAIE LBl ATRAARDINUNINTFIUNAINUG
iy ISO 17043:2023 waz ISO 1352812022 1Y
nagavuanadnsninlu1ldvadagaalunmsnagau
anuinale essnndumsdnunidssduy aenu
AABINMTANANLGNIINN TN LHUNTNAFBU

Short-term stability (Transportation stability)
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wasANNA waziladeluldmingniasUfians
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Evaluation of Control Materials for
Erythrocyte Sedimentation Rate
Measurement by Using the Modified
Westergren Method

Nundakorn Kittisuk', Somsak Fongsupa®, Sudawadee Kongkhum?’,

and Pramote Sriwanitchrak"’

!Master of Medical Technology, Faculty of Allied Health Sciences, Thammasat University, Pathum Thani
12120, Thailand

’Department of Medical Technology, Faculty of Allied Health Sciences, Pathumthani University, Pathum
Thani 12000, Thailand
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ABSTRACT Erythrocyte Sedimentation Rate (ESR) measurement is a widely used test to assess
inflammation or response in the acute phase. There is only one service unit available in Thailand which
is insufficient, thus, proficiency testing (PT) materials need to be developed to supply to establish more
test sites. This study aimed to evaluate the control materials prepared for ESR testing with the modified
Westergren method. The materials consisted of glutaraldehyde-preserved red blood cells and plasma
evaluated for homogeneity and stability according to the ISO 13528:2022 standards. Following these, the
material samples were sent to 15 medical technology laboratories for evaluation over 2 rounds. Each round
consisted of 3 samples: 2 samples were at normal levels and 1 sample at abnormal levels. The Z-score
value was used to assess the results, with a value of | Z | < 2 considered passing. The study results showed
that the ESR control materials at both levels in both rounds of preparation were homogeneous and stable.
The evaluation of ESR control material samples by 15 medical technology laboratories found consistent
results. For the normal level, 2 samples had |Z | <2 in 14 laboratories (93.3%), and for the abnormal
level, 1 sample had | Z | < 2 1in all 15 laboratories (100%). This study demonstrated that most laboratories
provide accurate test results. However, increasing the number of laboratories in the evaluation would
further enhance confidence in these control materials. Further development of these control materials will
lead to the self-prepared proficiency testing materials for ESR proficiency testing of the modified
Westergren method.

Keywords: Control materials, Erythrocyte sedimentation rate, Modified Westergren method
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