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MIANFUNINGUITEAINONATOUANNANHUTVBIMITIATITHIEAVYN phenytoin, valproic acid, paracetamol,
vancomycin, theophylline, carbamazepine, phenobarbital, tricyclic antidepressants Uag benzodiazepines Tussu
1 A a ¢ v A . . . A a ¢
FENINLATONIATIZHON IUNG Abbott Axsym plus (fluorescence polarization immunoassay) BaglAIONILATIEN
o9 1ul@1¥id Abbott Architect ci4100 (chemiluminescence micropartical immuoassay ¢ enzyme immunoassay)
AwihanlFlumsnsadmngilsziniu lasmmsTengilusinveadihe Ndansn o dealfidmsivineadiin
T5angNa@sne MnUsEAaz 40 Mg nadeuanuduiuslaglisiangimianaesBaudunses IuNd
ANNUADAR ANUINEIULAZAANNAANDIATINYDIIDIATIZHIE HAMIANBINDI 1ATBNIATIZTOAIULRA Abbott
Architect ¢i4100 HanufieogluinnEing (1.22 - 7.12 %CV) HeNnadaudaningaiiaeia1snIugHAMNIW
NAMIATINIATIZHIZAVEN phenytoin, valproic acid, vancomycin, paracetamol, theophylline, carbamazepine,
uag phenobarbital NlgnaNsdeuaToalaNNENRUSAUAINA (r> 0.993, I* > 0.986) G M5UIZAVEN benzodiazepines
WURANNANTUTAUA (r > 0.988, r* > 0.976) HABARBYILHIN -3.562 - 2.51% uazimMANNAANAINTINDYIY
inamingansuld eadhalsamu lumsasaiianeyiseiuen icyclic antidepressants WUNHAMIATIVIATIEHAANN
duiusinties (r = 0.922, r’= 0.85) Hmeafgulszinal -40 % Fwesnueninarineansuld Tumsnyaianem
52AVUEN tricyclic antidepressants dwSuaulinimsasnaamumsinumesluszezen Jaslsaumsimnely
MINBNUND AITULATONLATIZHOAIUTRA Abbott Architect ci 4100 eansaiinlEnTI931ANeisZAUT phenytoin,
valproic acid, paracetamol vancomycin, theophylline, carbamazepine, phenobarbital benzodiazepines uag

tricyclic antidepressants NAUNULATBNLATIZHOR IUNR Abbott Axsym plus 6
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Comparison of automated Abbott Architect ci4100 and Abbott Axsym
plus analyzers for determination of Phenytoin, Valproic acid,
Paracetamol, Vancomycin, Theophylline, Carbamazepine, Phenabarbital,
Tricyclic antidepressant and Benzodiazepine in patient’s serum

Tippanate Keawvijit, Rasda Boonprasert *, Raveewan Klintip, Paiboon Tummarintra,
Supawadee Pakdeenukoolkijja, Marisa Duangkaew, Alisa Wongman, Phakrop Kaeobandit

Abstract

The purpose of this study was to identify the relationship of the quantitative determination of drugs in
serum such as phenytoin, valproic acid, paracetamol, vancomycin, theophylline, carbamazepine, phenobarbital,
tricyclic antidepressants and benzodiazepines between automated Abbott Axsym plus analyzers (fluorescence
polarization immunoassay) and newly developed automated Abbott Architect ci4100 analyzers (chemiluminescent
microparticle immunoassay and enzyme immunoassay) before introduced into a routine determination. This
study included 40 samples for each drug which collected from patients for examination in Clinical Toxicology
Laboratory Siriraj Hospital. The data were assessed using the linear regression analysis, the percentage of bias,
precision and calculated total error. The precision for internal quality control using automated Abbott Architect
ci4100 analyzers were 1.22— 7.12 % CV. The results of phenytoin, valproic acid, vancomycin, theophylline,
carbamazepine, phenobarbital, paracetamol and benzodiazepines revealed an excellent correlation (r > 0.993,
1’ = 0.986). The results of benzodiazepines revealed a good correlation (r > 0.988, r* = 0.976). There were
the percentages of bias between -3.52 — 2.51%. The calculated total errors were in acceptable range. However,
the result of tricyclic antidepressants revealed low correlation (r > 0.922, r* = 0.85). There was nearly a -40
% bias. The calculated total errors were out of acceptable range. We could conclude that automated Abbott
Architect ci4100 analyzers showed good analytical, it could be introduced into a routine determination of
phenytoin, valproic acid, paracetamol, vancomycin, theophylline, carbamazepine, phenobarbital, and benzodiazepines.
In tricyclic antidepressants determination, it should be used to predicted equation for patients with long term

therapeutic drug monitoring.

Keywords: Therapeutic drug monitoring, Method comparison, Automated analyzer
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MINTRAAMNMIINBITIY (therapeutic drug
monitoring, TDM) Wumsanaiianzviseiveluifon
vouftheiildsumssamdsen TaquszasdioTianey
TNseAve10guEIVeINI3NH (therapeutic range) W30
quanlailiiRady dewmnsumedihoudazaud
mameuauasosiiuandai sedualudenvesiihe
UABZAUIZUANANAUNT A SUVNABUABIAU MINTI
famumssnsmesluidenszsigliunndansaliu
wasunnamliienumnzanfufihoudazau fey
arluefifigrewesmsneniinay (narrow therapeutic
index) 15U phenytoin, theophylline mﬁiuﬂué’aqm
sgduiNomasnmuazmuaNsziusfiatlosiumaiin
¥ 1%U vancomycin wazluneiRafinannsi
IAUYINA 19 paracetamol 1iudu

WoufiamsiwInenaddin nuiieine lswenna
A9 andiunumeldngsgu IS0 15189 laliisms
asiansisziueing deeseddiansioaluda
Abbott Axsym plus %ﬂ‘fﬂlﬂéj nM3 fluorescence polarization
immunoassay (FPIA) fhqiiusimawannmalulaglums
asvlangimenieInenazindsiner laglévanms
chemiluminescence micropartical immuoassay (CMIA)
U8 enzyme immunoassay AIBIA3EIIANSHEATLA
Abbott Architect ci4 100 Baiihmanmsiiiuaiie fians
T lumsnadey (analytical sensitivity) uazl¥inams
anviansiinai’ fewdiinfivinenain 3
funfAnfiniiasedianzidaluil@ Abbott Architect
¢i4100 snlflumsansdiansdssiuemaumaseiiois
RldmmsAasulSouifisunamsnsdianeiseaun
ieduduamdiE s akamInTvlinnsivesde
ispanazitorsziiiulszansmnueuasediianisalL
Abbott Architect ¢i4100 lagmIAnINTINIANZH
seduoluduveafihofidinsn a fouljidas
AEINeIAATN NUABINGT 1R9Nead@Ns M 40
o6 udnhdeyafsassgmniSeifsumany
duiuslaeiiianzimmaasuiBadunse® nienain
aumMsIIeIiemuINMBad (% bias) ¥Wieanw
NANAIAYOITZVY (systemic error, SE) AMnamaiany
rﬁm (% coefficient of variation) HI9ANNAANA

g (random error, RE) YIS 0esATUA Architect
ci4100 NAMInageuasAILaNqamnyly udnh
nafldnseiiumanuianaasy (calculated total
error) MuLAUNY8N Clinical Laboratory Improvement
Amendments (CLIA) #30 New York State Department
of Health (NYS)? #slumsdnmninzyhminaaoulu
sedfugmiaue 9 wia ldud phenytoin, valproic acid,
paracetamol, vancomycin, theophylline, carbamazepine,
phenobarbital, paracetamol, tricyclic antidepressants

I8¢ benzodiazepines

FaquagIsmsanm
1. 1n3esiionagqunsal

1.1 1a3edianeidaluia Abbott Axsym
plus ¥BIUTHN Abbott Laboratories Ltd, USA

12 195ee3iAnsoaluilA Abbott Architect
ci4100 Y99UTEN Abbott Laboratories Ltd, USA

1.3 ﬁwmnﬁmswﬁ phenytoin, valproic
acid, paracetamol, vancomycin, theophylline, carbamazepine,
phenobarbital, tricyclic antidepressants la% benzodi-
azepines GWFUIATOIIATZHEAIUIR Abbott Axsym
plus 18 1A3IATIVIANHERTLNG Architect ci4100
U3HM Abbott Laboratories Ltd, USA

14 msmmuammwmaiu (internal quality
control) Abbott Immunoassay-MCC 1sznauaig
Low, Medium, High 989U58N Bio-Rad Laboratories
Ltd, USA d 31 phenytoin, valproic acid, vancomycin,
theophylline, carbamazepine la& phenobarbital

1.5 a@sauguaanmnely (internal
quality control) MAS® TOX TDM isznauéiy Low,
Medium, High 983U38% Thermo Fisher Scientific Inc
a5 benzodiazepines Uag tricyclic Antidepressants

1.6 a@rsauguaanmmely (internal
quality control) MAS® PAR TDM 1l3znauée Low,
Medium, High Y99UIEN Thermo Fisher Scientific,
Inc., USA d 50 paracetamol

2. ngulsgminsitdnin

¥55uMmdonnhmansvdiansiseiunm

UsziTu foiasedianeienTula Abbott Axsym plus
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fivofiiamsfiwinenadin Tneifushetheiidimsam
ITAUANNITNTUYDITZAVYT phenytoin, valproic acid,
paracetamol, vancomycin, theophylline, carbamazepine,
phenobarbital, tricyclic antidepressants k8% benzodi-
azepines U3iadodwaz 100 lulasdas wase
Sianeiiuidheasoddiansisaluia Abbott Architect
ci4100 szAUIazagNtioy 40 Mot lagimmsuyn
iudhedwvesndagzssduenih 3 adu elwldand

nszneAIuEAN nannazg lagldszavelugilums
[y} . o d' I
$A¥N (therapeutics range) Aauaasly msen 1 1
ol Gatl AguAIa szAueas 10 Mednlasimse
AUNNNITAVT INEITUMIZA NgUAINEN TTAY
10g 20 Mg lnsimszaueaglugieszavelugi
TumsSnvuaznguangs szaveas 10 feg13 lagia
FEAVIGINTIZAUB IUEIIINITE

M5NN 1 52AU8IUTNYINSIAET AINGRA uag Allowable total error

52AUYI e szAvslugeves ANNga Allowable total error (TE )
M33NE

Limit Source
Carbamazepine wg/mL 4-12 15 + 25 % CLIA
Phenobarbital Ug/mL 15-40 45 + 20 % CLIA
Phenytoin wg/mL 10-20 25 + 25 % CLIA
Theophylline ug/mL 10-20 20 + 25 % CLIA
Valproic acid wg/mL 50-100 120 + 25 % CLIA
Acetaminophen ug/mL 10-30 150 +15 % NYS
Vancomycin ug/mL 20-40 40 +15% NYS
Tricyclic antidepressants ~ ng/mL 50-100 1000 *20 % NYS
Benzodiazepines ng/mL 100-250 1000 += 20 % NYS

3. BNsnaden

3.1 MMIMUANAUMNAIATINIATIEN
Halursed3iAnzRealuia Abbott Axsym plus uag
1P3BIATZHEATUNR Abbott Architect ¢i4100 Tnel¥
mamuguammumelu ¢, na, ga yaiutewhms
anvinsisede welihilelummmionveaies
arvdensinazlszaninmeeniier Tiwamng
Aianzh fanugndes wiugh iediold

3.2 ifufhetiiddiianziszduen phenytoin,
valproic acid, paracetamol, vancomycin, theophylline,
carbamazepine, phenobarbital, tricyclic antidepressants,
benzodiazepines ﬁ’;ﬂLﬂ%ﬂﬁLﬂiwﬁﬁﬂiuﬁa Abbott
Axsym plus USmaiinedwaz 100 lulasdas 1nse
SianeiiuiidheasoddiansSaluia Abbott Architect
ci4100
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4. MIANHveya

41 hdeyasziuniinnadiensild fdew
WNAFIUANHTNNUTAIENITILATIZHAITNADDYLT
Eun3q (linear regression analysis) Anammdnszans
aVdNAUS (correlation coefficient, 1) ﬁuﬂizaﬂ%{ﬁﬁ
MU (coefficient of determination, r?) #8lUsunsN
SPSS

4.2 MNAUMA0AR (% bias) HIemMANN
RAWAAYBNIZUY (systemic error, SE) feaum g
#lgnn ¥o 4.1

Bias = (a + ch)— X,

Bias

% Bias = x 100

X

C



Tag  a = qadauau Y
b = aNNBU
X = @anngAvesszaue dauaaslu ;e 1

C

4.3 NAGEUANUITBIEININTINIATIZH
sefuendIuIATeesaTul@ Architect ci4100 Tagms
fmnane Sulseansvesanuiungs (% coefficient
of variation) 1INMINTINIATZHANTAILANANAMN B9
wldnamsnsndangiasaiuguamnm 20 Ju

4.4 @UIUMANNAINAIATIN (Calculated
total error, TEcal) wSsuiney AU Allowable total error
(TE) fitmunalag Clinical Laboratory Improvement
Amendments (CLIA) #58 New York State Department
of Health (NYS) lagn an TE mMsHABYAN TE,
fngadly maad 1

TEcal = % Bias + 3 (CV)

HaMsANE

NAMTINATZHAMANNTUNUTYDINANITATI
JANAIZAVYT phenytoin, valproic acid, vancomycin,
paracetamol, theophylline, carbamazepine 8% pheno-
barbital #l§nnieaeasesfianuduiusiufinn Tag
fiendulszansanduiug r > 0.993 wagedulseans
fmrua r* > 0.986 dMSUIZAVYY benzodiazepines
wuflanudiuiing Tnofidnlssansanduiig « >
0.988 nazmdulszansiivun > 0.976 Faudng
lu it 2 waznmluaaeanuduiusly qUa 1
AMSUMIATINIATIZHIZAVEN tricyclic antidepressants
wuhiiemdniusiutios Tnofiehdulsyansandiug
r= 0.922 wazmdulszansimmue = 0.850
Fauaaslu i 2

lay % Bias = moad
CV = &ulszanivesanuiunys

M 2 aumsing mduszansanduriug (r) duszansimuua (%) Mead MANNAANMIATIN LAy

Allowable total error ¥8IMINTINIIATIEHIZAVYIANAIYIATONATIZHOAIUAR Abbott Architect

ci4100 HaZIATNIIATIZHONIUNRA Abbott Axsym plus
AV ANMSNINY r’ Bias % Bias TE(x) TE_
Phenytoin Y = 0.628 + 0.985X 0.996 0.992 0.153 0.61 25 6.97
Na valproate Y =1.941 + 0.979X 0.996 0.992 -0.579 -0.48 25 11.13
Paracetamol Y =-0.143 + 1.026X 0.999 0.997 3.757 2.51 15 14.05
Vancomycin Y = 0.858 + 0.997X 0.994 0.989 0.738 1.85 15 8.75
Theophylline Y =0.012 + 0.997X 0.999 0.997 -0.048 -0.24 25 13.59
Carbamazepine Y =0.073 + 1.006X 0.998 0.996 0.163 1.09 25 22.45
Phenobarbital Y =1.024 + 0.942X 0.993 0.986 -1.586 -3.52 20 12.35
Tricyclic antide-

Y = -35.655 + 0.645X 0.922 0.850 -390.655 -39.07 20 -23.32

pressants
Benzodiazepines Y = 33.256 + 0.988X 0.988 0.976 21.256 213 20 11.98
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Architect Phenobarbital
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20.00-|

R2 Linear = 0.986
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T
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Axsym Phenobarbital

Architect Benzodiazepine

25.00|

20.00|

15.00-

10.00-|

Architect Carbamazepine

5.00-]

R? Linear=0.996

00

T
5.00

T T T T
10.00 15.00 20.00 25.00
Axsym Carbamazepine

T
30.00

200.00—|

150.00

100.00-

Architect Na valproic acid

50.00—

RZ Linear = 0992

.00

T
50.00

T T
100.00 150.00
Axsym Valproic acid

60.00-]

40.00

Architect Vancomycin

20.00-]

RZ Linear = 0.989

00

20.

T T T
.00 40.00 60.00
Axsym Vancomycin
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600.00

400.00—

200.00-
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T T
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T
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gﬂﬁ 1 ANUENAUSYDITZAVYN phenytoin, valproic acid, paracetamol, vancomycin, theophylline, carbamazepine,

phenobarbital uag benzodiazepines NATINIIATIZTHIIYIATOIATIZHONIUNRA Abbott Axsym plus uaz

1ATDIIATZHOAIUNA Abbott Architect ci4100
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1500.00

1000.00

Arthitect TCA

500.007

R2 Linear=0.85

00~ T
.00 200.00

T T T
400.00 600.00 800.00
Axsym TCA

= v w g o . . . A A a ¢ v A a ¢ A
gﬂ‘lﬂ 2 ANUAHNUDIVINTZAVN trlcychc antidepressants 611!615531 NAIVIANSH mﬂmianmswwaﬂum Abbott

Axsym plus LaZIATNIIATIZHONIUNA Abbott Architect ci4100

mMsAANITse BT IAnidIesediiaei
9@lUlA Abbott Architect ¢i4100 Tnsmsmuiannal
Hulszansvesanuiumlslumsasniiansisyduenia
9 /M lagMInmIANT MIMUANANAN 3 T2
i naanazge wudiATeasnluiid Abbott Architect ci

4100 fiemuifinegs Tnefienduszansvesanuiims
oIzwin 1.22 - 7.12 % CV Feegluinamineonsuld
fio fiehifu 10 % CV wagliosnhitszyluionas
miuhen Fudaslu s 3

MINN 3 ANUNZIVDIMIATINILATILHAIYIATOINATIZHOAIUNA Abbott Architect ci4100

Package insert A (n = 20) Anan (n = 20) Fh’gjx‘i (n = 20)

%RV Mean %CV %RV Mean %CV %RV

3$AVY

%CV %RV  Mean %CV
Phenytoin =10 100 =10 6.64 1.62
Na valproate =7 10010 37.35 3.87
Vancomycin =10 10010 7.89 217
Paracetamol =5 100x6.7 249 3.10
Theophylline =10 10010 4.74 3.04
Carbamazepine =7 10010 335 193

Phenobarbital <10 100+ 10 11.08 5.19

Tricyclic

IA

) 10 100 = 15 203.32 1.23
antidepressants

Benzodiazepines =< 10 100 £ 15 33.29 4.36

99.10 14.16 1.82 10043 24.59 2.12 94.58
100.95 73.88 3.3 99.84 129.61 3.64 100.47
106.62 23.18 2.30 109.34 4027 1.60 110.33
99.60 60.3 243 100.50 116.15 3.85 96.79
098.75 1531 1.84 9942 292 4.61 100.69
104.69 958 122 108.86 1732 7.12 101.88
110.80 27.16 3.97 105.27 b53.14 5.29 107.79

99.67 467.72 5.25 96.44 - -

86.69 87.62 449 95.34 - -
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mafnmANugNdIediTiiangidieiaie
IAzdonlud@ Abbott Architect ci4100 lagnns
MUIIMA0ARA (% bias) HIDAMANNRANNAVDITZUY
(systemic error, SE) TnelFaummineiansldnnms
AnEANNENRUSVRNIBIATIZH INAT AN A DARYDY
FNATEH WUHABETHIN -3.52- 2.51% WAAINEA
Ty msit 2 Smumsasiianzdsiuen Tricyclic
antidepressants wuﬁéwaﬂaizwiwamm’%aqqaﬁa
-39.07 %

MIANBIAIANUAANAIATIN T2HINAIATID
Sianzisziuemen Seiaseddianzisaluia Abbott
Architect ci4100 naz1A3o93ATNZHEAIUTR Abbott
Axsym plus iielfifunasilumsagna Taoiwsey
WeunAy Allowable total error (TEa) ﬁﬁmuﬂiﬂﬂ
Clinical Laboratory Improvement Amendments (CLIA)
30 New York State Department of Health (NYS) Ty
1 TE_ adsiienaglugie = TE fifhvua wohmIea
JANLHIZAVYT phenytoin, valproic acid, paracetamol,
vancomycin, theophylline, carbamazepine, phenobar-
bital uag benzodiazepines H@n TECal agﬂum meﬁﬁaau%’u
18 wamsanndandaddumaned 2 uddmumsnge
ANSHIZAVY tricyclic antidepressants WUHA TECal
whity -23.70 Baoenueninaii NYS fmua fe = 20
TE

a
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= 4 =
sanazaslransAne
IATD93ATIZYION 1A Abbott Architect ci4100
1¥wdnms chemiluminescent micropartical immunoassay
(CMIA) dM3UMINTIIUATIZHIZAVY phenytoin,
valproic acid, vancomycin, theophylline, carbamazepine
Iag phenobarbital waglénanms enzyme immunoassay
AMSUMINTNATIZHIZAVY paracetamol, tricyclic
. . . d! ) Qdd'
antidepressants 11a% benzodiazepines #4115 NE1H13D
a ¥ ] < = = o 1y

A5IANLReg I Tagmay 17 i dnsy
nanms CMIA uaz13 Wil dwisunanms Enzyme
Immunoassay Hanuhlumsanaiienzdlndidseiy
1A30IATIZHONIUNA Abbott Axsym plus AaUaAIIY
A519N 4 1IN1ATEITATNZTOA LR Abbott Architect
ci4100 ziidunuMedienzinguuantios udld
fimswanludmvesdiduiavquainudulugeiy
% é o 1Y I~ %’ A 4' 1
MenvoaaTeamilideainvingieenanniaTeie b
Tammsanadianey aatlgrmhendsneuiununeny
A i Qd' ] d'z I
iiesnnmsaglugamainlimingan sawuiutlym
lavioeluiasediianeionlul@ Abbott Axsym plus Uay
9; a g o/ d' =3 o
MedanNziiaNNasilagmasgans 30 Ju @nnsa
UarAnulaneiilesni iesnndmnsaldindiosns
AN thenuazglnialldegnseiiied Inglideanya
MamMnuYeaaInd I¥nanlumsthsnmilsziriules
=) = 1 gj v A - 4
Wee 10 Wi naldannuiu Galimsnan software Wi
Wuale annsaiengeyauaziiudoyaldmnnniuas
luemandiansadaliusmnsnlienviseaue as
LEWAAUAZEANTAN 1A INHTUIEY ecstasy, ethanol, methadone
phencyclidine (PCP), propoxyphene, lithium, quinidine,

. . IS v
tobramycin Uag cholinesterase 1Huau

11



M5 4 QAN Y091A393991U3IA Abbott Architect ci4100

LAY Sensitivity Measurement range Runtime (min)
Axsym Architect Axsym Architect Axsym Architect

Phenytoin 0.5 ng/mL 0.5 ug/mL  0.5-40 ug/mL 0.5-40 ug/mL 17 17
Valproic acid 0.7u/mL =< 2.0 ug/mL 0.7-150.0 ug/mL 2.0-150 pwg/mL 17 17
Paracetamol 2.5 ug/mL 3 ug/mL 2.5-200 ug/mL  3-377 ug/mL 17 13
Vancomycin 2.0 ug/mL 0.24 ug/mL 2.0-100 wg/mL 0.24-100 ug/mL 17 17
Theophylline 0.82ug/mL < 0.05 ug/mL 0.82-40 pg/mL 0.05 - 40 ng/mL 17 17
Carbamazepine 0.5 ug/mL =< 2.0 ug/mL 0.50-20.0 ug/mL 2.0-20 wg/mL 17 17
Phenobarbital 1.10 ug/mL 0.5 ug/mL  1.1-80.0 wg/mL 0.5-80 ug/mL 17 17
Tricyclic 20 ng/mL 40 ng/mL  20-1000 ng/mL 40-500 ng/mL 17 13
antidepressants
Benzodiazepines 10 ng/mL < 4.0 ng/mL  10-200 ng/mL.  10-100 ng/mL 17 13

NAMIAABIANNFNIUTTENNINIdDATDI Y
M13ATIVINATISHIZAVEY phenytoin, valproic acid,

v o J

FUAUTAUR SMSUNAMIANEIANNINGY WUILATOY

a 4
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