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Abstract
Accuracy of visual assessment of plasma bilirubin concentrations

with the Bilirubin Color Scale

Introduction

Jaundice is a common problem in neonates of which optimal management requires
bilirubin level measurements. Determination of plasma bilirubin level is crucial for
differentiating physiologic jaundice from pathologic jaundice, which can cause brain
damage (bilirubin encephalopathy) and death, and guiding treatment. Pathologic
jaundice requires phototherapy and/or blood exchange transfusion while no treatment for
physiologic jaundice. However, it is not possible to determine serum bilirubin level in more
than 90% of district hospitals (647 of 719 hospitals) in Thailand due to budgetary
constraint. Referring neonates with jaundice or sending blood specimens to provincial
hospitals is a consequence of a lack of bilirubin testing device which can result in the
delay of treatment for pathologic jaundice. A low cost device has been developed to

compensate for the expensive device.

Objective

The aim of this study was to evaluate the accuracy and the inter-observer agreement of
visual assessment of plasma bilirubin concentration with the Bilirubin Color Scale, a
reference color standard developed by the investigators, compared to serum bilirubin

measurements by standard bilirubin tester which is a spectrophotometer.

Material and Method

The research and development study design was conducted in a 2,500-bed university
hospital with a delivery of 10,000 neonates annually. A convenience sample of serum
bilirubin levels was measured in the course of standard newborn care at the maternity
ward, high-risk nursery and an intermediate care unit. There were 5 steps in this study:
developing the device, testing its accuracy and inter-observer agreement, multicenter
study, improving the prototype and knowledge transfer of the technique to the target users

throughout the Kingdom.

In the step of investigating the accuracy and inter-observer agreement of the developed
Bilirubin Color Scale, single-blind technique was used by 1) a technician measured serum
bilirubin in a hematocrit tube by spectrophotometer and 2) the investigator measured the

same specimen by using the Bilirubin Color Scale. The Scale is a reference color with 16

RDG4650010 Page 4 of 56



yellow stripes representing plasma bilirubin levels of increasing intensity from 2 to 30
mg/dL and viewed in a specific condition in the light booth. Each specimen was studied
only once. In investigating the inter-observer agreement, two research assistants blindly
measured the same specimen with the Scale. The readings measured by the Scale and the
spectrophotometer were compared. Data were analyzed by using SPSS for Windows
version 11.0 (Chicago, lllinois) for percentage of differences and agreements on the

bilirubin level at < [1.0], < [1.5], < [2.0], < |3.0] and < |4.0].

Results

A total of 1,829 comparisons were obtained to investigate the accuracy. The majority of

the overall accuracy (59.94%) was at <|1.0].

A total 309 comparisons were made for inter-observer agreement when reading against
the gold standard. The majority of agreement (71.90%) was at <|1.0|. In considering the
manufacturer’s accuracy for standard medical device which is <|2.0|, the agreement was
at 85.14%. The comparisons among the other two imported and expensive bilirubin
testers with the gold standard device (Erma Bilirubin Tester) revealed that the
readings measured by the Scale were more accurate than those from Optima and
Fuchu Giken Bilirubin Testers with ranges of difference of 1.3 to 7.6 mg/dL and 0.1 to 2
mg/dL, respectively. The range of difference between reading from the Scale and the
goal standard device was 0 to 2.2 mg/dL. Furthermore, the two bilirubin testers could
not read the specimens when bilirubin levels were >26 mg/dL and >24 mg/dL,

respectively.

Conclusion

These results suggest that with appropriate training in visual comparison of serum bilirubin
with the Bilirubin Color Scale and in hospitals where standard tester is not available, the
Scale can be compensate for the expensive standard tester and will be useful to district
hospitals by providing valuable clinical information for optimal management of newborns
with jaundice 24 hours a day and for planning discharge and follow-up. The Scale can
help develop the basic newborn care at district hospitals and improve the quality of care
at provincial hospitals since there will be less referral for newborns with jaundice which
can contribute to better care for critically ill neonates and decreased incidence of infection
at provincial hospitals where resource for newborn care is limited. Furthermore, it will
improve the national standard of newborn care since all newborns have accessibility to

bilirubin screening for pathologic jaundice to prevent brain damage.
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[

nylszasAaInisias
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a
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a
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FIUAMNAALUNSIAE

=

AnedagzsuAsiulunatan N 1L undssmeanile 2 35aa
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1. 30 lddenBuinden unisdadagiugau (total bilirubin) aeldiaentFunns

1iagl (0.05 N4.) Marzanduiinussqlunaaauiodunmasm (hematocrit) wazdnsyaudagiu

1%

dl A . dl s o o o dl =
AIELATRNIND electronics mﬂugﬂmmmmgmmmmm FINTIAUTTUUARILAU
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%
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N9INNNULIRNATaNTANAS Aasandudansiad lunisasaadatsuindasiv aaiuansaln

a
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AANTAANNANLUIZINA LATAINATUALNTIAMANEAULNNLANFANAULALATAN1TAN
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U w.a. 2544 usiseananisadaineimun Wiaduwinnssuntn lugnianangnsaintsunme
allal = ] dl ] ' ¥ aa =
NUAMNNUNIU (durable) mgﬂmqmwmeﬂﬂmﬂuﬂ@uﬂ (easy to use) AADAAUNITANEN

= L 3 Yy A4 o
AINNLNEN (reliability) 289N19 MR AN NI AR ANTFNAY
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Snwnnazsamaed e liaiunsnldnineansduaniunuazyrainsnies Lo
v !
GHGH

v
gagguneliunud nsaFanduiusszndnanalliLazgn ann1Imaniiagn
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Traneunaue Salininainsdiuanunuazyaainsg luieane

a

FoaRmUINITA18130ug AN Insninaelszmali lAnInsgIuny

a7 A INIZANNNTDAANTAITAUT AT TR AR ANITNAAUNALTINW

U

a aa o o aly vao
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NAUNUBINITAUTLNA
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N19AL N WN5IAE

= QU a o/ dl o/
gﬂLLuummw: NN9LNANWENUN (research and development)

[

] alag 1 a o |
WUNANET LNz UUNIgIaenilu 2 seay

seesh 1: NIWAUAILLLATANN AN LN M5UN12T A2 AU D AT TUANNANAN AN

a

IFafiunisfimagnisnusniiauasietfiAns NAEINHITNTANERT ALEUNNEANARSA
a dl A o o K o v o
FNTNENLIA HeganiEnsn1saaentlszains 10,000 sesiell awinlidiususinetnaen

49NN AINTUNTANEIUILANTAINNI9AA TN AULLUAN U WU N TN N A eana

o

Tnaannzsetihaaenlungunisnidssauiagiugetaiungunuiain
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ATUATUNS NUNINLNNEI TN
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Antiunsiudeya 5 duneu Al
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1 a [ % ad a a
TINTNAY NNTAVUIITNITNARLLOLA
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¥
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o
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AMNANAIRNIALAT AINUANNN9UBY visual assessment of color difference of textiles

a

(AATCC Evaluation Procedure 9, 1999) dsznaufnsg miﬁmum@mﬁﬂwmmmﬁumﬁ@'m

a

FTALLBIANINATNY FraizinsuaryuneclunIdnszAulagiy wazguuure9deuszAL

aa A 1% dl 4 1 o
umguumﬂmﬂumqmmum

o

FINADI NIWELN FULLILTBILOLA

2 o = 1 o
NI m‘_‘ﬂL‘]_G‘EI‘LILVIE]UF‘W']’]NLLNHEI’]LL@ZF‘W’]N

all o v aa A a‘d? a A dl o o
mmlummmmumguummwmammﬂ?” Ay AUINNNTEANBLDURALNADY (LATRIIATEAL

1 1
= =

u’Luwm@mmmuma bilirubin meter NNl gold

[

UAILA

QQQ

TazHIuANNAIANIAEIA7)

standard

N15LAaBNIASaY bilirubin meter 1waldiily gold standard

iHasanndslipadsnanuideisnanuuiugnungaees bilirubin meter Nldiuating

X o

wnsnanguaza g luiesnatanineu §IR8AIALHWNNIAUMT bilirubin meter NNARATN

' = 1 o d‘ = I Aaa Aa dl { . .
ﬁlﬂﬂﬂ?tLWﬂLL@%NﬂQ’\NLLNuﬂWN’m‘VIQQ I@ﬂﬂﬁz‘]_lquﬂ”lﬂﬂ?‘ﬂllLV]EIUV’]”I‘]JZQE‘LIHVI@’WHI@EI bilirubin

%

meter ANARANN 3 13 Tauflwerasitanldlulszmealng wuqn 1) Bilirubin meter NE@R

ANTIN 3 1ATA9EIBANTATTULANGNNAUNG 7 NN/AR. WAT 2) Bilirubin  meter NHAAATN 2

aa a

1531 lalgunsnenuandasiuluidemnnu manufacturer specification A8 351914 2 NN./A4.

U

04 30 Wn./Aa. NBENHLARTEY eniuATasNATan19A1 Erma Bilirubin Meter (1eiaz1agn
wanslunnseit 4) andumgualunisfindulald Erma Bilirubin Meter duiudnseauiiagiiv

Wailuen gold standard lunnsaseil

msifFainnauan LN uEgILa ﬂ?’)?JL‘VIE]\ﬂiJﬂ’)ﬁ"Dﬂ? ﬂ?.l?.lﬁ??.lu

= o aa a o I A 3 o 1 . . 4
ﬂﬂ‘i:ﬂ’j‘zm‘]_l‘]_laguu@’mmfmm\‘]L@‘ﬂmmuqu 330 mIRE WJEI'Jﬁ single blind Imﬂslu

a <y Ay = @ v ' Y =
fellow @1 NITNLTNLNA 3 mumium’mmmmmmmm Erma Lﬂugfammmmmmam

a

A all 1 v a a % dl o v aa 4
LM@@QGL%W@W@NWW@HSLMM@@@]LLﬂ']Em'WT,VIﬁﬁ‘GI ATELATANIATCALULATUUIIMNNATANIATEFAN
FULLIL WUINEE1WAINIDE AN LA wnAUuza N LAed (+1 8N./08.) i LAy AnAnaely

u

n1gaulaeAL 3 AU (inter-rater reliability) Winny .93

ﬂ%’uﬂﬁaunuﬁwa"@mﬂﬂ“ LS

=)

al

@”muu N@[FILLET]_I@‘V] muma‘mq@mumwLmummvmmmm I@EI‘]J?‘LI‘]JN LOLAN

FRNNNIAENITLAUNNIAANININABNNIAD S LA RNWUOUALUNIZANY FId8ATIRABLLOLA

'
de o 1A
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QQQ
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' Ao ¥ v 9 : A ° o v
2N ‘”I lﬂ’]N‘Vlﬂ'W‘Viu@VL‘J Tmammmuzﬁmmﬂ (final model) WALDUALTENANALATNAIMNLUNAINN

Asaullddn udazunuiaaundng 0.9 gu. 49 2.4 93, HeuNAN 16 uaL uiazuaUBYUY

1o VQQQ

0.5 . wnUANMiEANdNrasdwiussAudaiulunanann 2 un/na. unuANANEY

! ]
==&

QI 49{ aa [~ dd‘d 9V 1 [ o Aaa Aa
NNTUUOUAE 2 NN/AA.  LLOUAN 16 GﬁﬂLﬂuLLﬂU@WNﬁQ’]NLﬂNQQQW Lmﬂmmumguﬂu

v aa IS D

NANANT 30 UN./AA. VJﬂLLﬂUEﬁ?Zﬁﬁ‘U ua mflmmm AnAULOLAT 8 UA1 15 WN./AA.

I
ar

sthunrgaadinisaanuuuluaun 1
AD N385 97 AFULLILLATEINaN NN s WA mFLNsTRssAuTRgiuan@natann Annlinis

Tawdazaitlfuimsgrunaaiu Inenisimunauadng ssazving wazyuluntsdnssaudagiv

AMNANAIANT NITANDUNNITTURANTUNNTIINAL I AN NN AN AR AN AN T NUDI WAL

aay v = ©_ 1
anldannnisAnetingas

TAAUULLNATWLSENAUAIE
(n) wnLANIATFIURTINAINNITAN LAY warHunUAnEANdNTesRInARIsng o (U
(1) unaslinasadneainiaaangaaisadiusiaans 10 ns uay

(A) grudmFLanunLAuazEnunasiuaadng

[
(-

AUN 2 NMMAgaLANNLNLEuazANNITENuNsTRsTAuTATua NANANEaNI T8

WOLRAFUWUILARNTIU (U7 1) Adlunns 2 s2a126aeas single blind

2.1 NMSNARBUAINNLNUEN

' '
o 1 aa

duAnsrAudagiu lnefddemaudAneuiuandimaeiilag bilirubin - meter
fivia Erma Idsiaatingiaan 1,829 faatne usazunudisietinaaanlideandi 20 Aaatnesie

1 wnud luseaudagiu <18 wn/ea. wazlitasnndn 5 sivatnesie 1 woudluszauiagiu

'
a

>19 un./ea. ifasanmienlFFunisinmneniidagivazgeia 19 un.ma. dnldinienduau

o

taaseniseauiagiu >19 un./na.

2.2 negauaNnunadlunsaulaegay 2 Ay
MIFLATHNAIINNTANYBIY TILIAE

L) a o ¥ a a = dl Yar =X
EﬂﬂfJﬂ‘)@ﬂﬂ?iﬁﬂﬂ‘UﬂfJﬂ fellow A12MNITALIALNA LATWEILINITITN ‘VIVLGW?‘]_Iﬂ’]ﬁ‘IiJﬂ
aaa a

= ¥ ¥y a va ¥ -dlI o o
NNTLNELAUA quW@’]'NNWﬂULLﬂU’&muLLUU mﬂmm@ﬂgumiumﬂfﬂmmmLmﬂ\mmm‘u

Tagiuandnananisogen (mﬂmmrm 1)
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NSNARALAIINADAARDITEUTINEDIY 2 AU

oA

¥ 1 a o 1 1 v Aaa A = o ¥ Ve .
NTIEIRE 2 AU ATUANTBANTSALLNTUY IpeneLALAINEN WA Erma Bilirubin

Meter 1dsaasinaiaan 309 Faasing AHUNNMARaLALE single blind method #ail

2.2.1 @Wwihnmatianisunndifiusoatnudenuazinanuiduaesssiuiagiv
lunanaunsfagLAzes Erma Bilirubin Meter

2.2.2 EuihimaiianisunneiunnaAdagiu udaiuan Fifluaaudu

2.2.3 faagdduauszaudaginlunataunsoaunud@nwmun tnalinsudi

ANUANNLATAN Erma Bilirubin Meter

2.2.4 HaaeRdptiunniadesing o NHAAGUATINNIEN UAZ/MTE TUNIUNITETUNA

2.2.5 WA AmARAN U UNANNTAA8 40933 LA

| o o

. L X4
ngAdadugdeTu tive
291391 132 1AI LN NA DA

|
[

AUN 3 N1INAFALFANNTIINEILNS (multicenter study)

[ %

o d ' < v Y ! IS o
ﬂlﬂ\‘Iﬂm%VIWQ’]uLW@?QNIMﬂW?Lﬂ‘].l?fJ‘LIﬁ‘QNLL@%I‘V]?J@N”@ TaatlszanumAnuganiianiy
NULNIINLINLINA INWF;I’W‘]_I’]Z\]FGTHV“\?‘HVIQ: UWANLNFLURUULNU Lﬁ@%ﬂ@@ﬂﬂ’l’]mﬁﬂﬂ"ﬂﬂﬂﬂ’]?

TnazAulagiulunanani AENNUNIU kazANuNIzaN luan nwIARaNA1INNIg Ul

ﬂaﬁmﬁhumm me‘hLﬁummﬁuiﬂaﬂ@mﬁ@uﬁuﬁ 2

AUN 4 n1915uilgaATeIF UL
futlpsanuninaspzassiuiuuainuanimagauluduin 3 wazAiun1suas

wirasinszAudazivananatanduiumisnusniiaiasnming lusaign

& A ] aday A A4 A 9 X |

AUN 5 NNIE1ENBALT HEATEIHENAF19TW I

Tnennaundenunisusseneuiyaa1nsnieanIsunngngaiiinune Adgiseanly
Teananuiaguan Tunisdsegudsinisndaniaeg nenaunde T9ana1u1adeanAnIznsng

ANBITTURT UATTNIHNTANAATNINUINIA AU sz mA Ing

aa
28N15UssNIANA

¥

Anaeidananae SPSS for Windows version 11.0 (Chicago, lllinois) InenfFeuney

a

o =

ANNNLNREN (accuracy) kaZAINIABAAARY (agreement) Tunigdmseaudiasiin

a

!
o =2 [ 1

! \ Ao A A o . . A p
TUIWANNIAAINNLATAINN AN UNAUNLANAARIN  bilirubin - meter ‘V]Lﬂu'ﬂqﬂﬂ?m
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NIMTFU (http://www.igdi.ku.edu/training/ECI_training/ECI_Caculation_sheet-2005.doc)

ANNTUARUAIL

N53LATIZRANNLNUEN lnEdaTuAULAZY

1. WMALANGING (difference) ﬁummﬁagﬁuﬁ@jmé’w 9484979

2. 1FREAZIRIAN BN RN N9 U ﬁrﬂfnmmﬂﬁmmmmﬁagﬁu WEINEINS < [1.0),
<|1.5], <|2.0| wa% < [3.0|

N5ILATIEVANNLNUSILASAMNFDAARD svudwﬁ"a"m 2 AU

1. WALANGNY (difference) a89ANTAZIUNE NUREEAE TaUAAZAL

a a

v v
2. MRAIUIUATILBIANNADAARDY LL@zM@@mmé’@wmﬁﬁﬁ@guu%mﬁmm‘i%
NILAUAIMNWANFIG < [1.0], < [1.5], < [2.0], < [3.0] A% < |4.0| VRILAAZAL
3. WFRYUAZIRIAINNARAAREY 1UN1IBIUTENINNAY (interobserver  agreement)

Tneldgmansil

FRUAZURIANNERAAARG = AUIUATIVBIANADAARD X 100

ANUILASIUAIANADAARDY + ANUIUATITBIANN lAaanAREY

NANI52AEl

>

/3UN 1 Namsﬁmﬁuuazﬁ'ﬁumm’"}m%’mmu“ DulunaaNIA28AN

Q

siulumaamdaam Wupaaunislssfusnansuauilupsaen lulsying

49

dl o/ a
LATANIAL

Tnauazlulan N@mﬁ?ﬁmmtﬁ%ﬁmimua TulunaIauIA8AIRINNITUIUNNTIRY 5

QQQ

TURDU ZQ’]N’]?OZQ‘;};‘]J ?WH@ZLEE@%@QIMM@Lﬁﬁ‘ﬂﬂi@?%@‘u MELHW@WZQNW@QEGI’] 1@@\‘1%

a

AMNBNUYENUDINITAIUAIUBNATANIASEAULIATTU I UNAIFNIAIEIAT

u

Wl uUeUsuIN9n1381ueeAITUA1 gold standard

[

HANNIAN AN LN UENTB9N T8 WAIANIATEIT TR T uANANA AN AaraN Tag

o = ! o , ~ . A A | o
HRNUAULAED ITNNITRTU 1,829 ARUNLADA (ANTINN 1) IHANANTUNAIMN LN UENTAINNS

BNULAAZUOUA WudINNgeuAaet1RanTasNuILA aduluniiesaraadaanuLHugng

=b_

=

< 1.0| (W&e 44.26-100) InaiwaL@N 2 Nn./Aa.04 11 Un/ma.) NFesazaadmdnuuauely

SLALIEY A 51.85 119 100
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P f ' | ' aa a g a o dl ™ .
A1919N 1. V‘WLLmﬂﬁl”l\‘]?‘éﬁﬂqWﬂﬂ’]ﬁ‘ﬂ’]uU@g‘]_lueLHW@W@NW@QEILLE]‘LI’&TTLILF’]?@\? Erma Bilirubin

Meter TnaianuanLang (1,829 Fatia)

tagiulu AU ANAHLANGNG (NN./AR.) minimum | maximum

WANAN Pl (Gasazaadsinasinganm)

(1n./AA.) \aan <1 > |1]1.5| >[1.5]-2| 2-3
2 7 100 - - 0 -1.0
3 11 54.54 45.45 - -04 -1.5
4 31 80.64 9.67 6.45 3.22 -0.1 -2.5
5 148 68.24 25.67 4.72 1.35 0 -2.3
6 84 79.76 11.04 5.95 2.38 0 -2.2
7 97 77.31 15.46 6.18 1.03 0 2.3
8 95 64.21 27.36 6.31 2.10 0.1 -2.6
9 132 73.48 16.66 6.06 3.78 0 2.7
10 162 51.85 29.62 16.04 2.46 0 3.0
11 206 54.22 17.96 12.13 9.22 0 -2.9
12 196 4591 30.10 20.91 2.04 0 -2.3
13 171 67.83 11.69 15.20 5.26 0 2.9
14 180 64.44 22.77 8.88 2.77 0 3.1
15 109 63.30 18.34 14.67 3.66 0 2.3
16 58 51.72 29.31 12.06 6.89 0 2.6
17 61 44.26 31.14 16.39 8.19 0.1 2.7
18 46 52.17 23.91 13.04 10.86 0 2.7
19 17 70.58 11.76 5.88 11.76 0 -2.6
20 9 44 .44 22.22 33.33 - 0.3 1.7
21 6 50.00 16.66 33.33 - -0.6 2.8
22 3 - 33.33 33.33 - 1.2 2.7

Auedy | 59.94 21.43 12.89 3.66
UNNEWE |...| MNNEDS absolute number

WWaRasuA N wHugNIngIsqu (overall accuracy) 2189N1921U (mamﬁ 2) WUl

AANFANedzan Tudae <|1.0] D9 <[3.0] sendnanisdad

a

a a

A0 URNANAIANAEANALAD

a

%

N U dauvayiannnudugnresniseueluted < 1.0l in./na. Aniduiesay 59.94

AN919% 2. ANAHLNLENT89N1981 InaEuAALY (1,829 Fnating)

AAHNWANGINATN gold standard

SRUALURIAIDLNADA*

<|1.0] 59.94
<|1.5] 81.37
<|2.0] 94.26
<|3.0] 100

“FRe AT UBIANLANFANNATANAINNNTE1 1,829 AABEN

UNILUR ... 18 absolute number

AN
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ANUNUELAZ A INADAAADITDINTEUIALEIU 2 AW AINN19811 309 FnBEINY

N y ¥ : ;o o < :
(M13147 3) LHBNATUNTDUAZLBIANABAAREY TUTITBIAINUNUENN < [2.0] Bardupn
manufacturer accuracy 183gnsninisunnseaniulnavialyl wudrwiniu 85.14 Tnadou

Tnjdaanusuginaesnisauag ludag < |1.0] un./ea. AndluFeaay 71.90

A15197 3. AN NN UE AT ANADAARDITTITNNNTTRsEALTAZINANANA AN AL

v ad v 1

VTR U Inagdneddeaesau (309 Aaatina)

. Qs ) = ) Qs 1 = o
ANNLANES GI'J@EI'NLIZ‘]ﬂﬂ (% ABINIDENILADRM) § .
N NRIUAUN FTUIUASY ANUABARRE

gold standard 1 2 #anAaRe | lidanAang ( case AEAN)

<11.0] 210 (67.85) 151 (49.02) 151 59 71.90

<11.5 246 (79.59) 197 (63.91) 197 49 80.08

<12.0| 276 (89.26) 235 (75.92) 235 41 85.14

<13.0] 293 (94.87) | 282(91.12) 282 11 96.24

< 14.0 309 (100) 309 (100) 309 0 100

UNENE ... | MNNE04 absolute number

= a ' ' o o o . . a a
s US L N USEUINNITRIUAILAINLLATDN bilirubin meter NARAAIN
aNilszina

HANNTTE U HUANNLHUENLALANNADAARBIUDINITEN 4 WUAD (ANF197 4) AD

senanepfguldainnisldirsesindagiuain@natasfaa AW fUWee3 bilirubin

¥

meters 3 TaN13A1 A8 Optima, Erma WAy Fuchu Giken ANARANNANNLIZINA WINANUNILAL

. . S

Tdiuethaunsaneludssmalne wudn Angusaaanangeuntnunistnanusoasngly

b

1 |
a o ! 1A G

LA s X 2~ v - | e - .
test kit NNARTUANNNNTIA8N WA INAIALIUTANTLAINENUAINLATAS bilirubin meter LAY

|
Gl |

1filu gold standard Ag Erma Bilirubin Meter @aifluipraananunsaanuanlilu range mu

b

manufacturer specification NFENHNAAZY AD 2-30 1N./AA.

3

[ %

' dll 1% dl aa A = ¥ = | o | dl .
ATNBIUAIEILATENIAUAFLUAMANAIANIATLAT HAITHLNULTNINNTATES Optima

war Fuchu Giken Tpaiilafiauiudi gold standard Asesindiagiuan@nanannsosm i

|
=

NALURIANMNLANFAIFILE O NN/ARA. D9 2.2 NN/AA. TULNLATEY Optima WAL LAsed Fuchu
Giken ANALUBIAMNLANFANNAILA 1.3 NN./AA. D9 7.6 NN./AA. WAT 0.1 NN./AR. 014 2.0 1A/
AR, AINAIAL  wenanHeTesivassdliatunsnuenseAudazivlunananngs o (=24 T

Fuchu Giken uaz > 26 T Optima) $uaz@uAIa9ALANFAINTEUdenIsaubagiuly

WANRNIAQSILDUANULATAY bilirubin meters LaA911MA13797 4

RDG4650010 Page 16 of 56



a !

ANSINN 4. NN FUNE LA NN UENURINN1981UI A UT AT UITUINUATAINW AL T

AzasiNanaINFALsznaA 3 Tan13An WemueAsaed iUl gold

standard WieeususzAudAgu

Lﬂ?ﬂx‘l‘l‘?‘iﬁ'ﬁuu’] Optima (1)* Erma (2)* Fuchu Giken (3)*
28 laigu 28.1 laignu
28 lalgnu 28 lalgnu
26 Talgu 27.3 Taigu
26 34.6 27 laignu
25 32.3 25.7 laignu
25 24 25.3 Taigu
24 23 24.7 lalgnu
24 21.2 23.3 24.0
22 20.4 23.2 21.6
20 19.5 22.2 20.5
20 18.8 21.2 19.7
18 18.1 19.8 18.1
18 16.5 18.87 16.3
16 15.2 17.2 14.8
16 14 15.5 13.5
14 13.0 13.6 11.8
12 11.9 12.4 10.4
11 10.5 11.0 9.3
9 8.8 9.5 8.1
8 7.7 7.8 7.0
7 6.8 6.6 6.3
6 6.1 5.9 5.6
6 5.2 5.5 4.8
4 46 4.8 4.0
3 3.8 4.0 3.4
3 3.5 3.0 2.9

WUNEILIB]

o . dl dl % v 1 [ 1 R
* specification LRNLATANVINTANITAN mammmmmumimm 30 4n./AA.

|
¥ Gl

Fold MHNLDE AHLANANNIANANNBIUAELATANANARANANNLILINARAZN AN BANFNY >3 HN./AA.

Tadau unnee wresliainirauenssdutastulunanann

a

1
1 =

A dl ' o ' ' v aa Aa v o dl g g
LATANN WMWNF]’J’]NLLNMEIW‘IJ@\‘Iﬂqi‘ﬂ’]uﬁqﬁ‘ﬁiﬁﬂﬂﬂgﬂuvlmﬂ@Lﬂilx‘m‘]_l Erma (2) [fNAN1908IUAN

JfRFT ﬁﬁxuﬁlummgm manufacturer specification] 1534%%23@
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d‘ aa a v ad A ¥ o ] A dl
LATAN muaguuiuwm@mmam 35N UAMNITNIaINA1aN JUFREN1 AR AN

usrqeglunasnuiidniinasn duwoudninsgiuiiimuiaindeyandangiuniy
a o v a S Y . .
nszuauNIgIae s1asuulunsuantszann 4,000 v Tddanldaalunns calibration
4 A = o > = @ = o
wp3ad Aieenisilasunseansunudndsananisldeuui 2 U uazsifivunudugesdiinia
P I = ~ iy " Y - o &
INDMANIALILAIUAAYTR ALY o luansas AaunanasnlWWgaasariug 10 dns 91an

Usrinns 65 U Tsndasuilanaanidel

TaAunLINgInuaLnsaliasuAINuN g lumMsaIuAT
Booth : UBAUNLIKASNISWENL

= ' p gy ) A p Py
NANTITANTINULAINNNTINLLAFRAINITAINHNAIINNALUNIC RS AN I@ﬂﬂq?LWﬂU@ﬂQﬂ

aran e Il A NgNAeININfgn Fasa1AtglnialNaiu1snAIuANAINNAINT8Y
annuandanlunisuesFaunauANLaNAsesdiagivanuasauiadun InesaiuaLY

Lmi_l'?immﬂ’]uTmﬂiﬁﬂmﬁﬂm?‘ﬂm visual assessment of color difference (AATCC

Evaluation Procedure 9, 1999) anilszgnsildlunisaanuiin booth AMmiLsuunuad

= o

UANNITUBNANBHUSUDN booth NA AT

AWAARBNTINLTO1FIIIYBIN NN

d” a % a dl 1 aa o v aal 1 1
- NUNIABNTALUUTIUNDTNUAN AN S A (matte surface) LATHALNN 11&71@\‘1?31)1’3’]\‘1
Munsell N6/ D4 N8/
= o Y = o X a da o e ,
- LLD‘LIZQLL@%WJ@EI'N‘V]ﬁl”ﬂ\‘iﬂ”lﬁ‘Lﬂ?‘ﬂULV]EI‘]_IE]@QQ’N‘LIMWHNQVILﬁ‘ﬂ‘]_l AU LL@%N@LWWIM?’N
Munsell N6 214 N8

- siagliNAeddu | agluiBunenug uazlifliuasniauen (ambient light) N1sUN9w

yun1suay (Viewing geometry)

- unag A uadna (illumination source) @l

Luminaire

WA UIU (horizon)
- 9¥AU (plane) MMFUNNFBLHN NN 45+5 °
ALWULE RN
Yo o 0 & o 1 =
- @EAHEIY NYNLUTENI 90 © AUFeENNE

R9NAR booth (Fun1 1,000 L) NBAILAN

NNFAETAULAILAT AN N 19U
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BANSATINATLLN LN Iﬂﬂimmﬂ’]?@?q\‘iLL@ZTJ?']_I']J@\WIHLLU'LI booth NWRNUIRENNARLLAY A7119U

> X o o ~ o X A ~ S o | |
NNAU 5 AT LW@FLV booth HUUTNALAN @ﬂwuVﬂuﬂq?Q"]\? HUTNNUNLLUN LLASINEURNBDNIT

1
a o i

&4 9 o = Y .o vy oA = !
Waauing TN LAY AN FULLLNA U atiN9saLiag @u%mmmugum 5  GNLIN

1 1 v
WHNZANTIZN TUIATBIAULLLUA 5 WA Aund1e 14.1, ANAN 6 163, ANg 11 19,

ANATINUTUINUDUARNHLHIBEN 4290 lux

U9 1 UM 2 U7 3 (pin lamp) U7 4 U0 5

alce 2 o a 2 o
Wﬂﬂ”ﬂ@ﬂun?ﬂ&l'lfﬂﬂ?ﬁ.’ UBAUNLLUASNITNEI U

NANIIANHINUINNTIL LUNNTENINNNAAALA TN INATATLLDLNIZAN N NAFANNT
p Y = = , =2 o o o X
WEUAFA0a@18A7 LNDALIANAYINAITIIDITZEZUNG AWINTRENLN AT
e ¥ = a A % \ a A o2
1. NelanaanniaTuIneIaNalFscaLi19Ra I NLOLUAAIIAAAALIAT WNWNT TR0
Junaanuiaguninass Iegwliaunudlsennn % ou.
o HamuipiasnldnatafinlaNnNAa uuul 1 way 2 Wi, wudnEe ld

WANEANUUY 1 NN, n12Faueud ldudusvinila lMwanamnmun 2 uu.

|’

ANUMLINATNGAN 1 NN, (L) WAT 2 N, (A19)  NianaanuiadunnesnANenaFig I
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mmzlu,ws'e:ﬁummma_(mﬂmmﬂﬁ' 2)

e Poster presentation sluma‘ﬂa‘::ﬂ;u the 12" Asean Pediatric Federation
Conference i Dusit Resort Hotel 17121 TALT dlasufi 27 WO AANEU 2547

e Proceeding “Jlrapaet K, Jirapaet V. Accuracy of visual assessment of plasma
bilirubin with bilirubin color scale.” lu Program and Abstract: The 12" ASEAN
Pediatric Federation Conference & the 58" Thai Congress of Pediatrics. Pattaya,

Cholburi 2004:170”.

nsLuguns g lulssina

o NIALEUTUNEAZIBEATRATANIATTALTA T 11U Tesnenunaguauinlszing

a

I9el 409, (NAKLINT 1)

a e

. ma‘ma‘maLmzmﬁmﬂ?zﬁ;uL%aﬂgummimﬁmma“ﬁﬁlﬁﬂﬁm:ﬁuﬁagﬁu@fm?@'
wa1axn lunisdszguiaanng fianlnansuaunsiy lsanarunaludeinaes
mzmqqmmimmﬁ'qﬂizmﬁ AMELNNYAIAATUBINUITNEAEUDULAY
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1l 2547
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NINYIAN 2547
- 4819044239 TR Aamdanasysnd Jun 2 nangran Hidneusn 290 A
- naiaeNgnaneuNue dnlnsansuunuswialszmealng ussened Grand Hotel
o dl v v
TUN 7 nINIAN ELINBLTN 100 A

- neneunge TeeusiFaneud uunys 13 nangiax fidheusy 200 A

A9UNAN 2547
- Wesszgn ansn3ugadandn dadnFenidn Jun 5 e idneusy 180 AU
- mndnsgninsisalpesummisiwislszmelng usseei Lanna Palace Hotel
Fuit 18 Aenan fidhavan 100 Au
- mMadseguilszand] susngAanMInuINia TaneNLNasman 25-27 AN

fidneusw 700 A
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AANAN 2547
- 199818l Update Neonatology n19a19N928xA Intensive reviews in pediatrics
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2 AANAN NUIULNNE 200 AL
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Poster Presentation:
THE RESEARCH AND DEVELOPMENT OF THE PLASMA COLOR APPRAISAL
BILIRUBINOMETER FOR THE NEONATES

At the 12" ASEAN Pediatric Federation Conference on 27" November 2004

T OF PLASMA BJpiEUIN LE “."", O
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Admiration and enquiry for future
purchase of the invention from
International participants, “This is
what we need in my country” a

pediatrician from Tanzania.

Neonatologist from Isarael, tested

the accuracy of reading.
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FREE PAPER

RDG4650010

The 12* ASEAN Pediatric Federation Conference

FEEE PAPERS TRACK G: NEONATOLOGY
ACCURACY OF VISUAL ASSESSMENT OF PLASMA BILIRUBIN LEVEL
WITH BILIRUBIN COLOR SCALE

Background: It is not possible to determine plasma bilirubin level in more than 90% of
district hospitals in Thailand. A cost-saving device was developed to compensate for
the expensive standard device.

Objectives: To evaluate the accuracy of visual assessment of plasma bilirubin level
with Bilirubin Color Scale compared to plasma bilirubin measurement by
spectrophotometry.

Methods: A convenience sample of plasma bilirubin was measured in the course of
standard newborn care in a university hospital. A rescarch assistant measured plasma
bilirubin in hematocrit tube by spectrophotometry. The principal investigator who was
unaware of the measurements visually compared plasma bilirubin in the same hematocrit
tube with Bilirubin Color Scale under a specific viewing condition in the light booth.
The Scale, developed by the investigators, is a reference color standard with 16 yellow
stripes representing plasma bilirubin levels of increasing intensity from 2-30 mg/dL
ahiernating with white arcas. The values of bilirubin level marked below the vellow
stripes are even numbers with only odd number of 15 mg/dL that is in the middle of the
scale.

Results: A total of 133 | comparisons were obtained, Discrepancies of assessments were
63.71% (range 39.1-100%) for < Img/dL, 22.19% (range 0-29.54%) for >1-1.5 mg/dL
and 10.73% (range 0-28.57%) for >1.5-2. The highest discrepancy was 3 mg/dL..
Conclusions: This method can provide valuable clinical information to peripheral
physicians in developing countries. It can be useful in sereening and monitoring neonatal
jaundice and making decisions for management. The device is cheap and casy 1o use
with very low cost,
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- The Bilirubin Color Scale: a low-cost device for measuring plasma bilirubin
NITUHILNG TUATINTANAUS
NTHEUNINMITAa NN WNATY Tnadn ASauneTf
UINTARNIRL UV 91998 Nmmﬂﬁ‘zawjﬁmﬁuﬂ?zﬁﬂ 2549

NNTLEILNTNINAITHUNINLIRENAAD

L

NTLNEILLNTNIS Website

RDG4650010 Page 45 of 56



