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NPOMIDKHOro nporpamMHoro 3abesne4yeHHs
3HUIXKYE HacCTOTY NOBTOPHUX AOCNIAXKEHD,
Yac BUKOHaHHSA Ta BUTpaTH
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IKageagpa kniHiYHOI naTosorii, MeEANYHUE (paKy/IbTET,
YriBepcuTeT LUpiBigxas — nikapHs 4OKTopa

Moxammapaa XoeciHa, lNanembaHr, IHAOHE3IS

2 lJeHTpasbHa nabopaTopHa ycTaHoBa, JlikapHs 4OKTopa
Moxammapna XoeciHa, lNanembaHr, IHAOHE3IS

3 BigaineHHs1 Xipyprii Ta IHTEPBEHUIVIHUX HAYK,
paKynbTeT MEANYHUX HAYK, YHIBEDCUTETCbKMNI KOIEAX
JloHaoHa, JIoHAOH, BennkobputaHis

BcTtyn. ABTOMaTm3aLia npouecie Ta oundpyBaHHA AaHMX yKpaW
HeobXxiaHi ansa 3abesnedyeHHs epeKTUBHOCTI po60TK CyYaCcHUX na-
6opaTopii yepes 3pocTarody CKIaAHICTb Npoueayp i 3aKoHOoAAB i
obMmexeHHs. MpoMixxHe nporpamMHe 3abe3neyeHHsa - Le nporpam-
He 3abe3neyeHHs, aKe nepenac NoTiK AaHMX MiX nabopaTtopHu-
MW IHCTpyMeHTaMu Ta nabopaTopHO IHPOPMALIMHOK CUCTEMOO
(LIS, aHrn.: laboratory information system). ®poHTanbHe po3-
BefeHHs (aHrn.: Frontline) — ue npaBwno, cTBopeHe Ans 3acTo-
CYBaHHSA B MPOMIXHOMY nporpaMHoMy 3abesnedeHHi (MM3) na-
6opaTopHMX CUCTEM, 30KpeMa ANS MNOJErweHHs aBTOMaTUYHOIO
po3BeAeHHS 3pa3KiB KpPOBi.

MeTta. [JlocnigHWKM Manu Ha MeTi BUBYUTU nepesBarv BMKOPWU-
ctaHHsa MMN3 ana BUKOHaHHA (GPOHTaNbHOro po3BeAeHHS Mnpu
TecTyBaHHi GepuTuHy.

Metoaum. LLo6 BUBUMTW TEHAEHLLIIO TECTYBAHHSA PEPUTMHY MNiCNS pO3ropTaHHs (POHTaNbHOro po3BeaeH-
Hs, 6yNo NnpoaHanizoBaHO BM/IMB BMPOBaZXXEHHS LbOro niaxoay Ha BCi 3pasku GepuTuHY, NpOTECTOBaHI
MK ceprnHeM i ciuHem 2019 poky (80 pOHTanbHOro po3BeAeHHs) Ta 3 SIKToro no auneHb 2019 poky
(nepwi n'aTb MicsAUIB 3aCcTOCyBaHHSA OPOHTANIbLHOrO po3BeAeHHs). 3roaoM A0CNIAKEHHS Byno npoaoBxe-
He o nuctonaga 2022 poky. Yci 3pa3ku 3 KOHLEHTpaLuisMmn pepuTrHy, L0 NepPeBULLYBaiM BEPXHIO MEXY
BMMIipIOBasibHOro iHTepBasny (21999 MKr/n) ynpoaoBX OCTaHHIX LecTn Micsauis, 6ynu npusHadeHi ans
[ecaTukpatHoro poHTanbHOrO po3BeAeHHS 3 BUMKOpUCTaHHAM Alinity Management System B AKOCTI
MN3. HagaHo iHdopMaLito Npo BUTPATK Yacy Ha BUKOHaHHA aHanisis (TAT, Big aHrn.: turn-around time),
BapTIiCTb Ta ePeKTUBHICTb 3aCTOCYBaHHSA HDEPUTUHOBUX PEaKTUBIB (MOBTOPHI AOCNIIKEHHS).

Pe3ynbtaTn. BusBneHo, Wo YactoTa NOBTOPHMX 0b6CTeXeHb nicns dpoHTanbHOro po3eeaeHHs byna
3HAYHO HUMXXYOHD, HiXK YacToTa TakmMX 06CTeXeHb A0 BCTAHOBEHHS DPOHTaNbHOro po3eeaeHHs (8.23
% npotn 14.20 %, p < 0.001). Takox crnocrepiranocs 3HavyHe 3HmxeHHs TAT Ha 65 XBWUIMH Ha AeHb.
Kpim TOro, ppoHTanbHe po3BeAeHHS 3MEHLUYBaso LWOMICAYHI BUTpaTh npmbamnsHo Ha 3.51 MAH iHao-
He3ilicbkux pynin (~223.57 ponapa CLUA).
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Frontline dilution for ferritin examination in
a middleware system reduces examination
repetition, turnaround time, and cost

Phey Lianat!, Imelda Sari?, Ery Hikmawati?,
Tungki Pratama Umar3

1Clinical Pathology Department, Faculty of Medicine, Universi-
tas Sriwijaya-Dr. Mohammad Hoesin Hospital, Palembang,
Indonesia

2Central Laboratory Installation, Dr. Mohammad Hoesin Hos-
pital, Palembang, Indonesia

3Division of Surgery and Interventional Science, Faculty of
Medical Sciences, University College London, London, UK

Background: Automation and digitization are necessary in lab-
oratories because of the increasing complexity of procedures
and legal limitations. Middleware is a software that transfers
data flow between laboratory instruments and the laboratory
information system (LIS). Frontline dilution is a rule made to
apply in the middleware of lab systems, specifically for facil-
itating automatic dilution of blood samples. The researchers
aimed to explore the advantages of employing middleware to
perform frontline dilution in ferritin testing.

Methods: To examine the trend of ferritin testing following
the deployment of frontline dilution, this study examined the
effects of frontline dilution implementation on all ferritin sam-
ples tested between August 2018 and January 2019 (before
frontline dilution) and February to July 2019 (during the first
five months of frontline dilution application). The study was
extended until November 2022. All samples with ferritin con-
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centrations exceeding the upper limit of the measurement interval (= 1999 pg/L) within the last
six months were assigned to ten-fold frontline dilution using the Alinity Management System as
middleware. Information about turnaround time (TAT), cost, and the efficacy of using ferritin re-
agents (repeated examinations) was provided.

Results: The rate of examination repeat after frontline dilution was found to be significantly
lower than the rate before the installation of frontline dilution (8.23% vs. 14.20%, p < 0.001).
A noteworthy TAT decrease of 65 minutes per day is also observed. Moreover, frontline dilution
reduces monthly examination costs by around IDR 3510000, - (~US$ 223.57).

Conclusion: A middleware system for frontline dilutions can significantly increase laboratory
efficiency, as seen by lower costs, shorter turnaround times, and fewer repeat exams.

Keywords: efficiency, healthcare, laboratory, laboratory information systems
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BucHoBok. Cuctema MMN3 gng nepwimx po3BefeHb MOXE 3Ha4YHO NiABULNTU ePeKTUBHICTb nabo-
paTopii, Mpo WO CBigYaTb MEeHLWIi BUTpaTX, KOPOTLINI Yac BUKOHAHHSA poboTM Ta MeHLIa KifbKiCTb

NMOBTOPHUX AOCNIAXEHb.

KnrouoBi cnoBa: edheKkTUBHICTb, OXOpOHa 340poB’s, nabopaTopisa, nabopaTopHi iHpOpMaUiiHi

CUCTEMMU.

BcTtyn

ABTOMaTuM3auia Ta ouudpyBaHHsa nabopaTto-
pili — HeobXxigHICTb, NOB’A3aHa 3i 3pOCTalO4ol0
CKIagHICTIO KNiHIYHMX mpoueayp i HopMaTuB-
HUMK obMexeHHsAMM [1]. Lle 3HauyHO nigBuULLYE
TOYHICTb NabopaTOpHUX pe3ynbTaTiB, CNpUSE
€KOHOMIT KOLITIB i CKOPOYEHHIO Yacy Ha BUKO-
HaHHS aHanisiB [2]. CyuacHi nabopaTtopii cTn-
KaloTbCHA 3 KiSlbKOMa TpyAHoLWaMu B iHAYCTPIl
4.0, Konu cnpasa AOX0AWUTb A0 poboTn 3 Be-
nMKuMm obcaramu gaHux, 3ibpaHux i3 pisHMX
axepen, i npouenyp y nabopaTtopii, 30kpema
— rnonepeaHi, aHaniTU4Hi Ta nicngaaHaniTU4HiI
da3m [3]. OTxe, BaxXIMBO CTBOpUTM Aobpe
OpraHisoBaHy cucTeMy Ana onTuMisauil npo-
ueayp nabopaTtopHuMX AOCNIAXKEHb.

Na6bopaTtopHa iHdopmauiriHa cuctema (LIS,
aHrn.: laboratory information system) 3patHa
o6’egHaTu BCi npouecn B Kinbkox nabopaTopi-
AX ogHo4YacHo. LIS moxe gonomortu 3 6aratbMa
pi3HMMUK enemMeHTamMu NabopaTopHOro TecTyBaH-
HS1, 30KpeMa, i3 3anuTaMn Ha TecTyBaHHs, 3abo-
pOM 3pas3kiB, 06pobKoto Ta NiArOTOBKO 3pasKiB,
BBEAEHHAM pe3ysbTaTiB TeCTyBaHHSA, IXHbOK
nepeBipKoto i 3BiTHICTIO [4]. He3Baxatoum Ha Te,
WO posropTaHHa LIS gano no3uTWMBHI pesyrib-
TaTh, BCe We icHye notpeba B cuCTeMi, 34aTHIN
06pobnsaTM Ta aHanisyBaTn pesynbTaTv ekcrep-
TN3K, @ CaMe — B eKCNepTHin cuctemi [5; 6].

EkcnepTHa cuctema, §IKy 3a3BM4yal HasuMBa-
IOTb MPOMIXKHWUM NpoOrpaMHMM 3abe3neyvyeHHsM,
€ nporpaMHMM 3abesnevyeHHaM, NpU3HaYeHUM
ONa nepefaBaHHA MOTOKY AAaHUX MiX Mpu-
cTposiMn B nabopatopii Ta LIS [7]. 3aaTHicTb
NPOMIDXXHOIO NporpaMHoro 3abesneyeHHs aHa-
ni3ysatu AaHi BiAMNOBIAHO A0 BKa3iBOK, BCTa-
HoBNeHnx nabopaTtopieo, pobuTb Moro 6inbLu
edeKTMBHMM 3a 3BWYAlHUNA nabopaTopHUi
npotokos. o npuknagiB 3actocyBaHHA LIS
HanexaTb aBTOMaTM4Ha Bepudikalis, NOBTO-
pPEHHS Ta pO3BeAEeHHS AOCNIAXEHb BiaNOBIAHO
00 cneundikauiri nabopatopii [8; 9].

ABTOMatuM4He poO3BeAEHHSA € OOHUM i3 3acTocy-
BaHb [MN3, WO BUKOPUCTOBYETLCHA B KJiHIYHUX
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nabopartopHux cuctemax. BoHO 3abe3neuye
edeKTUBHICTb NPUAHATTS HEOBXIAHMX pilleHb Ha
OCHOBI OTpMMaHMX N1abopaTopHMX pe3ynbTaTis,
Hanpwuknaza, NoBTOpHe TecTyBaHHA [10]. OaHuM
i3 NpMKIagiB TecTy, WO BMKOPUCTOBYE LEe npa-
BWUJSIO B MPOMIKHOMY NporpaMmHoMy 3abe3neveH-
Hi, € TeCT Ha PepUTUH, KOTPUI BU3HAYaE AeNO
3ani3a B opraHi3mi nauieHta [11]. BukopucraHHs
MMN3 ons BU3HAYeHHs piBHS PepUTUMHY € Heob-
XiAHWUM Yepe3 po36iXXHOCTI, WO BUHMKAIOTb Y MO~
Ka3HuKax pizHoro nabopatopHoro obnagHaHHs,
i BMUMaratoTb po3BefeHHS 3pa3KiB KPOBi Y Kiflb-
KoX nauieHTiB [10; 12]. Mpouec, SKuii y uboMy
AOCNiAXeHHI Ha3nBaETbC (PPOHTANBHUM po3Be-
OEHHAM, BCTAHOBUB MiHiMasibHy Ta MakCUMasbHy
MEeXY 34UMTYyBaHHS piBHA (hepUTUHY NauieHTa.

depntnH — ue 6inok, wo 36upae 3aniso Ta Ao-
CTaBfISE MOro perynboBaHUM cnocoboMm. BiH €
[OJATKOBMM peareHToM rocTpoi dasu, i Moxe
BUHWUKHYTW Nig 4ac 3ananbHol peakuil opraHis-
My [13]. BusHaueHHs piBHS DEepUTUHY B KpOBI
KOPUWCHE 3 KifIbKOX NMpUYMH, 30KpeMa Ansa aude-
peHUitoBaHHS Pi3HUX TUNIB aHeMii (Hanpukiag,
3anisogediunTHOI aHeMii, Tanacemii, aHeMii xpo-
HiYHMX 3axXBOPIOBaHb), paKky Ta po3naais i3 Haa-
JMWIKOM 3anisa, Taknx ik remoxpomaTo3 [14].
Y [eakux Bunagkax, K, A0 Npukiagy, 4vacre
nepenuBaHHs KpoBi Npu Tanacemii [11] Ta aBTO-
IMYHHUX po3nafax uu npu remodaroumTapHoMy
nimdorictiounTosi [15], y nauieHTiB BUSBNAIOTb
NOPIBHAHO BULLMI piBEHb DEPUTUHY, LLO MOSC-
HIOETbCA HAKOMWYEHHAM 3ani3a B IXHIX TKaHW-
Hax. Lle wKiannBeo, oCKiNbKy HagMipHa KinbKicTb
3ani3a MoXe MOLKOAUTU cepLe, MO30K Ta iHLLi
opraHu. AKLWo npoueaypy po3BeaeHHSA BUKOHY-
BaTW BPYYHY, TO KiNbKiCTb pecypciB MeauyHUX
nocnyr 3Ha4yHo 36inbwutbcs, ak i TAT [16]. Y
LbOMY CeHCi pOHTasibHe pO3BeAEeHHS aHanisis
depuTuHyY € 0cObnMBO BapTUM yBaru Ans no-
KpalleHHa HagaHHsa nabopaTopHUX Mocnyr y
CUCTEMi OXOPOHW 34,0POB’S.

MeTta pocnip>keHHs. ABTOpM MalTb Ha MeTi
Jocnigutn nepesarn BukKopuctaHHa TM3 ans
KepyBaHHS (pOHTaNbHUM pO3BEeAEHHSAM nij
Yyac TeCTyBaHHS piBHA QepUTUHY.
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Introduction

Automation and digitization are required in
laboratories due to the growing complexity of
clinical procedures and regulatory constraints
[1]. This significantly impacts the accura-
cy of laboratory results, cost-effectiveness,
and assessment time [2]. Modern laborato-
ries face several challenges in Industry 4.0,
particularly in handling extensive amounts
of data gathered from diverse sources and
procedures within the lab, including pre-ana-
lytical, analytical, and post-analytical phases
[3]. Thus, a well-organized system should be
established to facilitate laboratory examina-
tion procedures.

A laboratory information system (LIS) uni-
fies the entire processes across multiple
laboratories. LIS can assist with many dif-
ferent elements of laboratory testing, in-
cluding test demand, specimen collection,
specimen processing and preparation, test
findings input, results validation, and re-
porting [4]. Even though LIS deployment
has yielded positive results, there is still a
need for a system capable of handling and
analyzing examination findings, namely an
expert system [5, 6].

An expert system, commonly referred to as
middleware, is software intended to transmit
data flow between devices in the laboratory
and the LIS [7]. The ability of middleware to
analyze data according to guidelines estab-
lished by the laboratory makes it superior to
conventional laboratory protocol. Examples
of applications include the auto-verification
procedure and the repetition and dilution of
investigations based on the laboratory’s spec-
ifications [8; 9].

Automatic dilution is one application of mid-
dleware used in clinical laboratory systems,
providing the efficacy to undertake required
decisions based on the observed laboratory
results (e.g. repeat testing) [10]. One ex-
ample of a test that used this rule in the
middleware is ferritin, which measures the
body’s iron stores [11]. The use of middle-
ware in the ferritin case is necessary due to
the difference sought by multiple laboratory
equipment readings, which requires blood
sample dilution in several patients [10; 12].
This process, referred to as frontline dilution
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in this manuscript, established a minimum
and maximum reading limit for the patient’s
ferritin level.

Ferritin is a protein that collects iron and de-
livers it in a regulated fashion. It additional-
ly serves as an acute-phase reactant, which
could surge during the inflammatory reac-
tion [13]. Ferritin testing is useful in some
circumstances, particularly in distinguishing
between distinct types of anemia (e.g., iron
deficiency anemia, thalassemia, anemia of
chronic disease), cancer, and iron excess
disorders such as hemochromatosis [14]. In
some situations, such as frequent transfu-
sion in thalassemia [11] and autoimmune
disorders such as hemophagocytic lympho-
histiocytosis [15], patients have increased
ferritin levels attributable to iron accumula-
tion in their tissues. This will be detrimen-
tal because excessive iron may damage the
heart and brain, among other organs. If this
dilution procedure is done manually, the
quantity of health service resources will un-
doubtedly increase, as will the turn-around
time (TAT) [16]. Thus, a frontline dilution of
ferritin assays is a highly intriguing option
for enhancing the health laboratory service
system. The researchers intend to investi-
gate the benefits of using middleware for di-
recting frontline dilution in ferritin testing.

Materials and Methods

The retrospective study was carried out at Dr.
Mohammad Hosein Hospital’s Clinical Pathol-
ogy Laboratory from October to November
2022 to determine the impact of frontline di-
lution implementation on all ferritin samples
tested between August 2018 and January
2019 (before frontline dilution implementa-
tion) and February to July 2019 (during the
first five months of frontline dilution imple-
mentation. Before this adjustment, all blood
specimens intended for ferritin analysis were
initially tested undiluted. Following middle-
ware implementation, patients’ medical his-
tory (i.e. diagnosis and previous ferritin ex-
amination results) can be incorporated into
the system. It allows modification of the lab-
oratory procedure, authorizing an automatic
process employing the frontline dilution rule
to assure accuracy, reliability and immediate
decision-making for the laboratory inspec-
tion. The rule states that samples with ferri-
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MaTepianu Ta metoamn

PeTpocnekTnBHe aocnigxeHHs 6yno npoBeaeHe
B naboparopii kKNiHiYHOI NaToNOrii NiKapHi AOKTO-
pa MoxamMMagza XoceiHa 3 XKOBTHS MO nncronag
2022 poky 3aansd BU3Ha4YeHHS BMNAMBY BrpoBa-
[P>KeHHS PpOHTaNbHOIrO PO3BEAEHHS Ha BCi 3pas-
Kn pepuTmHY, NpoTecTtoBaHi Mix cepriHem 2018
Ta ciyHeM 2019 poky (A0 BNpoBagXXeHHS PpOoH-
TaflbHOrO PO3BEAEHHS) Ta MK JIIOTUM i JIMNHEM
2019 poky (npoTarom nepwux nN'atm Micauis
BNpOBagXeHHs (DPOHTaNbHOro po3seaeHHs). [o
BMNPOBaKEHHSA LbOr0 METoAy BCi 3pasku KpOBi,
npu3HadeHi Ans aHanizy Ha BMICT ¢depuTuHy,
JocnifiXXyBann Hepo3seaeHuMU. [licnsg snposa-
DxeHHsa M3, icTopito xBOpobu nauieHTie (Tob-
TO AiarHo3 i nonepeaHi pesynbTaTtv 06CTEXEeHHS
depuUTUHY) MOXHa BBeCTW y cuctemy. Lle pae
3mory moamdikyBaTu nabopaTopHy npouenypy
3aBAsIKM aBTOMaTM3aLil npouecy i3 3aCToCyBaH-
HAM npaBuia (PPOHTANBHOrO PO3BEAEHHS AN
3abe3neyeHHs TOYHOCTI, HaAIMHOCTI Ta HeramHo-
ro NMpUMHATTS pilleHb ana nabopaTopHoi nepe-
BipKW. 3rigHO 3 UMM NMpaBu/IOM 3pa3ku 3 piBHSAMU
epuUTUHY, LLO NEPEBULLYIOTb BEPXHIO MEXY iH-
TepBany BUMIiptoBaHHsA (21999 Mmkr/n) 3a ocTtaH-
Hi LWiCTb MicaUiB, NOBMHHI 6yTuK BigibpaHi, po3se-
[eHi Ta NOBTOPHO rnpoaHanisoBaHi. JocnigHnKu
BCTAQHOBUNU [HCTPYKLUIT LWOAO AECATUKPATHOro
pO3BEAEeHHS Ha nepLuin NiHii ANna Takux 3paskis
i BNpoBagunu ix y cucrtemy kepysaHHSA Alinity
(Softworks Group Inc., EaMoHTOH, KaHaga). Ans
LbOro 3anuTy He 6yn10 BUKOPUCTAHO XOAHOI 0CO-
6ucToi iHdopMauii nauieHTiB.

Pe3ynbTaTn BU3HAUYeHHS piBHA GepuTuHy 6ynu
OMnucaHi 3a A0NOMOrol AM3anHy aHaniTU4HOro
CrocTepexXeHHd 3 nigxoa0M A0 Ta Micnd OUiH-
kn. CepTudikoBaHi BueHi MeanyHoi nabopatopii
BMKOPUCTOBYBANIN BCi IHCTPYMEHTU, a KNiHiYHa
naboparopia 4oTpuMMyBanacs BCiX BUMOr LLOAO
3abe3neyeHHs SKOCTIi NpPOTAroM nepioay A0CHi-
JXKEHHS, BKJ/IIOYHO 3 ABOMA PiBHAMU KOHTPOJIHO
KOXHi ABadusTb 4YOTUPU TOAMHW. HaBeaeHo
TakoX AaHi Npo edeKTUBHICTb BUKOPUCTAHHS
depnTnHOBOro peareHTy (NOBTOPHE TECTYBaH-
Hs), TAT Ta BapTiCTb gocnigxeHb. Ha goaatok
[0 Mo4YaTKOBOro nepiody OuiHKM, Wo6 gocni-
OUTU TeHAEHUII0 TeCTyBaHHSA (PepUTUHY nicns
po3ropTaHHs (POHTANbLHONO pO3BeAEeHHs, A0-
CNiAHWUKWN NPOAOBXWUIN AOCNIAXKEHHSA A0 JINCTO-
naga 2022 poky. 059 OnNMCcOBOI OLIHKW AaHUX
BuKkopucrosysann Microsoft Excel Bepcii 2410
(Microsoft, PeamoHpa, CLUA). MNponopuii noBTO-
peHHs 06CTeXeHHsa A0 Ta Nif Yac BCTAHOBMEH-
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HA (POHTaNbHOrO pPO3BEAEHHS MOpPIBHIOBANU
3a [O0MOMOrol ABOMPOMNOPLUIMHOrO z-TecTy 3
IBM SPSS Statistics ans Windows, Bepcis 26.0
(ApMOHK, Hblo-Mopk: IBM Corp).

Pe3synbTatn

YnponoBsx nepioay AocnigxeHHs 6yno oTpu-
MaHo 1753 pe3ynbTatn obcTexeHb (85.80 %
i3 HAX Manun HopMasibHe 3HadeHHs, a 14.20 %
notpebyBann po3BeAeHHs) A0 BMPOBAAXKEHHS
(poHTanbHOro posseseHHs Ta 2054 pesynb-
TaTn obcTtexeHb (83.98 % - HOopManbHe 3Ha-
yeHHs, 16.02 % - HeobxigHe po3BeAeHHs) 3
BUKOPUCTAHHAM npasuia ppoHTaNbHOro po3-
BeAEeHHs. Y XoA4i AOoChiAXeHHS (ppoHTanbHOro
po3BeaeHHs 3pa3ku 160/2054 (7.79 %) nia-
XOAWNW ON19 3aCTOCYBaHHA npasuna. YactoTta
NOBTOPHUX 06CTeXeHb 6yna 3HAa4YyHO BULLOKO
nepes BNpoBaAXeHHSAM (PpOHTaNbHOIO po3Be-
AeHHs (14.20 % npotn 8.23 %, p < 0.001).
TAT Takox 6yB WBMALWKMM NiCNa BNPOBaAXeH-
HA NpaBuia GPOHTANIbHOrO PO3BEAEHHS.

Yac, HeobxigHWI Ana oAHOro AOCHIAXEHHS (ke
notpebyBano po3BeAeHHs 4Yepe3 BUCOKUI pi-
BEHb (DEpPUTMHY), A0 BNPOBAAXKEHHS (DPOHTaNb-
HOro po3BefeHHs CTaHoBMB 86 XBWAMH. [licns
BNpPOBafXXeHHSA (POHTANIbHOrO PO3BEAEHHS BiH
3MEeHWMBCA A0 21 XBWAMHMW, WO AEMOHCTPYE
NiABULLEHHA eeKTUBHOCTI Yacy Ha 65 XBW/IMH.
CTOCOBHO MiCAYHMX BUTPAT Ha AOCIAXKEHHS, ne-
peBara 3HWXEHHS BUTPaT OYeBUAHA, OCKIiNbKK
nvwe 51.37 % (169/329) 3pa3kie notpebysanu
py4Horo po3sefeHHsl. OTxe, He 6yno Heobxia-
HOCTi BMKOHYBAaTW pyYHe pO3BeAeHHS ANS npu-
6nm3Ho 48.63 % (160/329) 3paskiB, OCKIiNbKK
ue 6yno 3pobneHo NpoMiKHUM NporpaMHMM 3a-
6e3neyeHHsM. Y rpoLoBOMY eKBiBasieHTi Lie npu-
6113HOo 3.51 MAH iHAOHE3INCbKMX pynitt (~223.57
nonapis CLLUA) WOMICAYHOrO CKOPOYEHHS BUTPAT.

Micnsa 3acTtocyBaHHs (POHTANbHOIro po3BeaeH-
HA cnocTepiranocs 36inbleHHss BUKOPUCTAHHS
uboro metoay 3 2019 poky (317/3770 npob;
8.41 %) po 2021 poky (1559/7360 npob;
21.18 %). OpHak y 2022 poui BNpoBaaXeHHS
(poHTaNbHOro po3BefAeHHs 6yno BigxuneHe
(660/4344 npob6; 15.20 %). TuM 4acom BuU-
KOPUCTAHHS PYYHOro pO3BEAEHHS 3HU3UIIOCH
3 14.2 % (249/1504 3pa3kis) y 2018 poui go
7.21 % (272/3760 3pa3kiB) y 2019 poui. Len
BICOTOK € AOCWUTb CXOXMM [0 pe3ynbTaTiB 3
2020 no 2022 pik (aianasoH: 9.16 % - 9.66
%), puc. 1. 3MeHLIEeHHS NOBTOPHOBAHOCTI pO3-
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tin levels beyond the upper limit of the mea-
surement interval (21999 ug/L) within the
last six months must be recovered, diluted,
and reanalyzed. The researchers established
ten-fold frontline dilution instructions for
such specimens, which are implemented into
the Alinity Management System (Softworks
Group Inc., Edmonton, Canada). No person-
ally identifiable information was collected for
this inquiry.

The ferritin results were described using an
analytical observation research design with a
pre-and post-evaluation approach. Certified
medical laboratory scientists operated all
instruments, and the clinical laboratory ad-
hered to all quality assurance requirements
during the study period, including two lev-
els of control every twenty-four hours. Data
on the effectiveness of ferritin reagent use
(examination repetition), TAT, and cost were
reported. In addition to the initial evaluation
period, to investigate the trend of ferritin
testing after frontline dilution deployment,
researchers have extended the study data
until November 2022.

Microsoft Excel version 2410 (Microsoft, Red-
mond, USA) was used to evaluate the data
descriptively. The proportions of examination
repetition before and during frontline dilution
installation were compared using the two-pro-
portion z-test with IBM SPSS Statistics for
Windows, Version 26.0 (Armonk, NY: IBM
Corp).

Results

Based on ferritin examination within the
study period, we obtained 1753 examinations
(85.80% normal value, 14.20% need dilu-
tion) prior to frontline dilution implementa-
tion and 2054 examinations (83.98% normal
value, 16.02% need dilution) during frontline
dilution implementation. During the frontline
dilution examination period, 160/2054 sam-
ples (7.79%) were suitable for the rule imple-
mentation. The rate of examination repetition
was significantly higher before frontline dilu-
tion implementation (14.20% vs. 8.23%, p <
0.001).

TAT was also quicker following frontline dilution
implementation. The time required per exam-
ination (which needs dilution due to high ferri-

119

Original research: Clinical sciences

tin value) before frontline dilution was 86 min-
utes, while during frontline dilution, it declined
to 21 minutes, which showed an improvement
of time efficiency by 65 minutes. Regard-
ing monthly examination cost, there was a
benefit of cost reduction since only 51.37%
(169/329) of the sample needed manual dilu-
tion. Thus, there is no need to do manual di-
lution for about 48.63% (160/329) of samples
(because it was done by the middleware). It
brings approximately IDR 3510000, - (~US$
223.57) of monthly cost reduction.

Following frontline dilution emergence, there
was an increase in the usage of this method
from 2019 (317/3770 samples; 8.41%) until
2021 (1559/7360 samples; 21.18%). How-
ever, in 2022, frontline dilution implementa-
tion declined (660/4344 samples; 15.20%).
Meanwhile, manual dilution usage dropped
from 14.2% (249/1504 samples) in 2018 to
7.21% (272/3760 samples) in 2019. This per-
centage is quite similar from 2020 to 2022
(range: 9.16%-9.66%) (Figure 1). The de-
crease in dilution repetition based on frontline
dilution is associated with a decrease in the
cost required for ferritin assessment, as de-
scribed previously.

Discussion

A middleware system links the analyzer, the
laboratory, and the crucial laboratory data
produced by other systems with the System
Initiation Protocol (SIP). By arranging import-
ant tasks like reflex testing and automatic
dilution, a middleware system that links the
LIS to the instrument would increase test uti-
lization [17]. Furthermore, if test findings are
negative or within the expected value, this
system employs a rules-based instruction to
halt additional testing. Moreover, by enabling
real-time updates inside such systems, the
middleware can assist in tying together all the
relevant laboratory data with different plat-
forms [18].

This study demonstrated the advantages of
frontline dilution in lowering the repetition
rate associated with the requirement for sam-
ple dilution for ferritin testing by approximate-
ly 57% compared to the previous period. This
achievement holds significant importance,
particularly in thalassemia major cases, where
frequent blood transfusions for anemia man-
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PucyHok 1. TeHAaeHUis gocnigxeHHs1 PepuUTUHY Ta PPOHTANIbHOIO PO3BEAEHHS

BeAEHHSI Ha OCHOBI (PPOHTANIbLHOrO PO3BEAEHHS
noB’si3aHe i3 3MEHLWEHHAM BUTPaT, HEOBXIAHNX
AN OUiHKM (hepUTUHY, K ONMCAHO paHile.

O6roBopeHHA

Cucrtema MMN3 iHTerpye aHanisaTop, nabopaTto-
pito Ta KN4YOoBi NabopaTopHi AaHi, oTpuUMaHi
iHWWMKN cMCTEMaMMK, 3a AOMNOMOro0 NPoOTOKONY
iHiuiawuii cnctemn (SIP, aHrn.: system initiation
protocol). 3aBasikM opraHizauii Takmx Baxnm-
BUX 3aBAaHb, K TECTyBaHHA pedekcy Ta aB-
TOMaTU4He po3BeaeHHd, cuctema M3, aka no-
€AHYE LIS 3 iHCTpyMeHTOM, 36iNbWNTb YacTOTy
BMKOpUCTaHHA TecTty [17]. KpiMm Toro, akuwo
pe3ynbTaTu TeCcTy HeraTuBHi abo nepebysa-
IOTb B MeXaX OYiKyBaHOro 3HayeHHs, usa cu-
CTeMa 3aCTOCOBYE iHCTPYKLil Ha OCHOBI NpaBun
AN NPpUNUHEHHSA [04ATKOBOrO TeCTyBaHHA.
[lo Toro >, 3aBASAKM MOXJIMBOCTi OHOBJIEHHA B
peanibHOMY 4aci B TaKUX CUCTEMAX, MPOMiXKHE
nporpamMHe 3abe3neyeHHs MOXe CrpUATU iH-
Terpauii BCix BignosigHMx nabopaTtopHux aa-
HUX i3 pi3HMMK nNnaTdopmamn [18].

Lle pocnigxeHHsa NpoAeMOHCTpyBano nepesarv
(POHTaANBHOIrO PO3BEAEHHS Y 3HMXKEHHI 4acToTn
NOBTOPEHb, MOB’A3aHOI 3 BMMOIOK PO3BEeAEHHS
3pasKka 415 TeCTyBaHHSA hepuTuHy, NpnbamMsHo
Ha 57 % nopiBHAHO 3 nornepeaHiM nepiogoM. Lle
OOCSArHEHHS Ma€ BEe/IMKE 3HaueHHsi, 0cobanBO
Yy BaXKUX BUMNAAKax Tasacemii, KoM 4yacTi ne-
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pesiBaHHA KpOBi ANA NiKyBaHHA aHeMil MOXYTb
NpU3BECTU A0 NepeBaHTaXeHHS 3ani30M. ToyHe
BUSBNIEHHS PiBHSA (PEepUTUHY Aa€E 3MOry BBOAUTU
Xenartop 3ani3a, 9K NpaBuso, KO piBeHb AOCH-
ra€ >1000 Hr/mn, 3anobiratouy NOLIKOAXKEHHIO
XXUTTEBO BaXX/IMBUX OpraHiB, 30Kpema cepud,
NeYyiHKN Ta eHAOKPUHHMX 3ano3 [19]. Po3se-
OEHHS1 KPOBi € BaX/IMBMM (paKTOPOM, OCKIiSIbKK
Yy MauieHTIB i3 CEpMO3HMM MNepeBaHTAXEHHAM
3ani30M piBeHb HEPUTUHY MOXE MNepeBULLyBa-
TN BCTAHOBJIEHI MeXi 3BMYaiHMX aHanisie. pa-
BUSIbHE BUMIPIOBAHHSA KOHUeEHTpauii deputnHy
BMMarae po3BefeHHs 3pa3ka KpoBi, KoM 1oro
piBeHb Haa3BM4YaMHO Bucokui [12]. MNpaBwuio
(PpOHTaNbLHOIO PO3BEAEHHS MOXE OMNTMMI3yBaTU
rnpoLec A0CNiAXEeHHS KPOoBi NaLuieHTa nepej Tec-
TYBaHHSAM i 3BeCTU A0 MiHIMyMy NMOBTOPHE TECTy-
BaHHSA, AKLWO 3pa3Ku BiANOBIAAOTb YCIM MPOTO-
Konam 1abopaTopHOro AOCNIAXEHHS.

3MEHLLEHHA 4acTOTU MNOBTOPHOrO TeCTyBaHHS
Y3roAXYETbCA 3 IHWWMW AOCNIOXKEHHAMMN, AKI
OEMOHCTPYIOTb, K MOXHa 3acToCcoByBaTW npa-
BMNa ANS BCTAHOBJSIEHHS MOTEHLUIHO HeAoCTOo-
BipHMX 3HA4yeHb ANA KOHKPETHMX aHaniTie, a
TaKOX perysatoBaHHSA aBTOMATUYHUX PO3BeAEeHb
i BMMOr 4O MOBTOPHOro aHanisy 3paskis [20].
Kpim TOro, aBTtomatnyHa Bepudikauisa pesysb-
TaTiB 1abopaTOpHMX TECTiB Ma€ BUpillanbHe
3Ha4YeHHd ANna niaBULIEHHA NPOAYKTMBHOCTI Ta
edeKkTUBHOCTI poboTu KNiHiYHOI nabopaTopii,



Mpaui HTL MeanyHi Hayku
2024, Tom 76, N2 2 ISSN 2708-8634 (print)

Proc Shevchenko Sci Soc Med Sci  www.mspsss.org.ua
ISSN 2708-8642 (online) 2024, Vol. 76, 2

OpuriHanbHi 4OCAIAXEHHS: KNIHIYHI HayKWn

Original research: Clinical sciences

35.00%
30.84%
30.00%
4.36%
25.00%
20.00% —+—Dilution Required
15.20% —m— Manual Dilution
15.00%
Frontline Dilution
10.00% _841% 956%  9.66% —
. (1]
5.00%
0.00%
0.00% . .
2018 2019 2020 2021 2022

Figure 1. Trend of ferritin examination and frontline dilution

agement can lead to iron overload. Accurate
detection allows for the administration of an
iron chelator option, typically when ferritin
levels reach 21.000 ng/mL, thereby prevent-
ing injury to vital organs, including the heart,
liver, and endocrine glands [19]. Blood dilution
is significant because, in patients experienc-
ing severe iron overload, ferritin levels may
exceed the identifiable limits of conventional
assays. Proper measurement of ferritin con-
centrations necessitates dilution of the blood
sample when levels are extremely high [12].
The frontline dilution rule can guide patient
blood examinations prior to testing and mini-
mize repeat testing if the specimens undergo
routine laboratory examination protocols.

A reduction in repeat testing rate is consis-
tent with other research demonstrating how
rules can be applied to establish potentially
ludicrous values for specific analytes and reg-
ulate automated dilutions and requirements
for specimen analysis recurrence [20]. Ad-
ditionally, autoverification of laboratory test
outcomes is crucial to enhancing clinical labo-
ratory productivity and efficiency. It can ver-
ify a substantial number of results or the ne-
cessity for dilution, allowing staff members to
concentrate on fewer specimens and results
that demand manual review and investigation
[8]. Furthermore, adoption of the Artificial
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Neural Network (Multilayer Perceptron neural
network) achieved an accurate prediction per-
centage of 100% for specimens that did not
demand predilution and 86.2% among sam-
ples necessitating predilution for cardiac tro-
ponin I test [21]. A study also found that au-
tomated dilution was equally successful with
manual repeat examination, as seen by high
unneeded testing (74% to 77%). It revealed
laboratory automation capacity to minimize
variability and errors. However, it should be
emphasized that repeating an analysis to ver-
ify accuracy is still required in some cases,
such as delta checks, values above or below
the analytical measurement range (AMR), and
critical values [22].

The use of frontline dilution in the middleware
system for ferritin examination demonstrat-
ed benefits regarding the time for the testing
difference, resulting in a 75.58% examination
time reduction. This is nearly the same as be-
ing able to do three more inspections due to
the time difference. It is crucial to remember
that elevated percentages of manual review
can strain the restricted laboratory resources
and cause delays in response times without
contributing to clinical benefit [23]. According
to a study, using middleware would reduce the
time required for manual hematology test re-
view (~10 minutes for each patient), which
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OCKIi/IbKM MOXe MNepeBipUTM 3HAYHY KiNbKiCTb
pe3ynbTaTtiB abo BU3HAUMTM HEOOXiAHICTb pO3-
BeAEeHHs, Aalym 3Mory cniBpobiTHMKaM 30ce-
peanTUCa Ha MeHLWIA KinbKOCTi 3paskiB i pe-
3ynbTaTiB, AKi NOTPebytoTb PYYHOro nepernsay
Ta gocnigxeHHs [8]. o Toro X, 3acTtocyBaH-
HS WTY4YHOI HEpOHHOI Mepexi (baraTtowaposa
HeNpoHHa Mepexa nepuenTpoHy) Aano 3Mory
OTpMMaTN TOYHUIM BiACOTOK mporHo3y (100 %)
AN 3pa3kiB, AKi He BMMarasaum nonepenHboro
po3BeneHHs, | 86.2 % - cepep 3paskiB, sKi No-
TpebyBanu nonepeaHbLOro po3BeAeHHs ANns Tec-
Ty Ha cepuesuii TponoHiH I [21]. JocniaxeHHs
TaKoX MoKasano, WO aBTOMAaTU4HE pO3BeAeH-
HS 6yNn0 HacCTINbKK X YCMIWHNM, SK i NOBTOPHE
06CTEXEHHS BPYYHY, MpoO O CBiAYNTb BUCOKNUI
piBeHb HenoTpibHOro TecryBaHHsA (Big 74 Ao
77 %). Lle BMSIBMNO MOXIMBOCTI aBTOMaTm3auii
nabopaTopii ans MiHiMi3auii MiHAMBOCTI Ta NoOMU-
nok. OgHak BapTo NiAKPecnnTH, WO NOBTOPHUM
aHani3 ans nepesipKyM TOYHOCTI BCe e noTpib-
HUI Yy AesKux BUMaZkax, Takux sk genbTa-ne-
peBipkn abo KOAWM 3HAYEHHS BULLE / HUXYe Ji-
anasoHy aHanitTMyHoro BuMiptoBaHHa (AMR), a
TakKoX A1 NepeBipKN KPUTUUHUX 3HAYeHb [22].

BukopucTaHHs (pPOHTaNbHOro pO3BEAEHHS B
cuctemi MM3 ana gocnigxeHHs hepuTuHy nNpo-
OEMOHCTpyBasio rnepesBarn LWOAO TPMBANOCTI
TECTYBaAHHS | NPM3BEN0 4O CKOPOYEHHS Yacy A0-
cnipxeHHs Ha 75.58 %. 3aowamxeHnin yac aae
3MOry BWMKOHATM LOHaMMeEHLle TpWU A0AATKOBI
Tectu. BaxnmBo nam’atatv, WO NiABULLEHWN
BiJICOTOK PYYHOIro Ornisay MOXXe HaBaHTaXxyBaTH
obMmexeHi pecypcu nabopartopii Ta ChpUYnHA-
TW 3aTPUMKY BIANOBIAI, HE CNPUAKOYM KiHIYHIN
kopucTti [23]. 3rigHO 3 pocCnigXXeHHAM BUMKOpU-
ctaHHs MMMN3 ckopotmno 6 yac, HeobxiaHW ans
nepernsgy remMaTonoriyHMx TecTtie Bpy4Hy (~10
XBUNWH ANS KOXHOMO nauieHTa), WO O3Hauyae
eKBiBasieHT Malke MOBHOI 3anHATocTi (Npu-
67113H0 300 8-roamHHUX 3MiH abo 100 roamH Ha
pik) [24]. Kpim Toro, mocnigxeHHs, nposeaeHe
B nlaboparopii kNiHiYHOI XiMii, NpoaeMoHCTpyBa-
110, L0 TeXHOOoris aBToBepudikauii 4acTb 3Mory
nabopaTopii oTpumaTtu Buroady Big 3.5 wratHmx
npauiBHUKIB, SIKi NpaLoroTb WopivHo [25]. Kpim
TOoro, 6yno BCTaHOBMIEHO, WO AesKi MeauyHi
TEXHONOrM 34iMCHI0Banu ayToBepudikauio pe-
3y/bTaTiB TECTIB y3roa)eHo. IHLe aocniaxeHHs
TakKoX MPOAEMOHCTPYBano, WO ayTtosBepudika-
uig 3Hmxye TAT, ane ue cTocyBanocsd BUKITHOUHO
npauiBHuKiB AeHHOi 3MiHM (p = 0.009); npauis-
HWUKW HiYHOI 3MiHM Ta Bciei nabopaTopii y gocni-
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[>KEHHSX y4yacTi He 6panu [26]. 3aranom none-
pefHE JOCNIAXKEeHHS nokasasno, Wo 3aTpyMMKa B
TAT 3MeHwWwunnaca Ha 36 % nicnga aBToMaTu3auii
npouecy [22].

LUle oaHMM acnekToM edeKTUMBHOCTI € OuiHKa
BapTOCTi. 3rigHO 3 UMM AOC/IAXEHHSAM, BNpO-
BafXeHHs cuctemu M3 cnpusano LWOMICAYHIn
€KOHOMiIi NpnbnunsHo 3.51 MNH iHAOHE3INCbKNX
pynin (~223.57 ponapa CLUA) Ha BuTpaTax
ANns TecTyBaHHSA depuTuHy. Lle 3HauHOo 3HU3UTb
piBeHb OnepauinHMX BUTPAT, Ki MatoTb NOKPU-
BaTW NiKapHi Ta nauieHTW. MNMopiBHAHHI pe3y/b-
TaTW TakoX crnocTtepirann B KaHapai, e BUKO-
pUCTaHHSA aBTOMaTWU4HOI Bepudikauii nig yac
PO3ropHYTOro aHanisy Kposi Ta audepeHui-
anbHOro aHanisy i AndepeHuianbHOro aHanisy
NenKouunTiB 3MEeHLLMI0 NoTpeby BUMKOPUCTAHHS
TexHonorie y py4yHomy nepernsai 500 cnanais
Lwomicsius, 3aowaamewim npubnusHo 3383.33
CAD i 943.46 CAD y ButpaTtax [27]. BogHouac
[OCNIOKEHHSA 3acBigynio, WO 3aBASKM aBTO-
MaTm3auii nabopaTopii BiAbyBaETLCA 3HMKEHHS
BUTpaT Ha 32 % [22]. Lle TakoX MOSICHIOETb-
CA MOMITHUM 3HMXKEHHAM piBHA MOMWUJIOK Tec-
TyBaHHSA, siKMin cTaHoBmB nuvwe 0.04 % [28].
Lli nepeBarn pasoM i3 MigBULEHOK AOCTYMHi-
CTHO AaHUX CAPUSATIN LULMPOKOMY BUKOPUCTAHHIO
(PpOHTaNbLHOrO po3BeaeHHs B AOCNiAHMX nabo-
paTopisx (3okpema y 2019-2021 pokax).

BoaHouac focnigXXeHHsa Mae€ Kinbka HeaoNiKiB.
He Boanocsa NOBHICTIO peanisyBaTu 3anporpa-
MOBaHi npasuaa 4yepe3s obMexeHi 3B'a3Kn Mix
LIS Ta iHdopMaLiMHMMN cUCTEMAMM NiKapeHb i
yepe3 3abopoHu, MOB’A3aHi 3 KAIHIYHUMK Aa-
HMMW NauieHTiB abo ICTOPIED NpUNMaHHSA NiKiB.
Kpim TOro, gaHi uboro AOCNiAXEHHS OTPUMAHO
Avwe 3 OAHOro LUEHTPY, WO MOoXe 0bMexuTu
MOXJ/IUBICTb y3arasibHeHHSA pe3ynbTaTiB.

Y BUCHOBKaX: MOXEMO 3a3HauuTH, WO PPOH-
TasibHi pO3BeAeHHd 3a A0MNOMOrol CUCTEMM
MNMN3 € edpeKTUBHUM i NMPaAKTUYHUM pilLEHHAM
nigsuweHHs edekTMBHOCTI poboTtn nabopa-
TOpin. OCKiNbKM 3pa3ku 3 BUCOKUMU KOHLLEH-
Tpauiamm depuTuHy po3BOASATLCSH aBTOMATUY-
HO, Ue MOXe 3MeHWUTU BuTpaTn kowrTis, TAT
i KiNbKiCTb NMOBTOPHUX AochigxeHb. Cucrtemy
BapTO perynsapHO NepesipaTy Ha BiAMNOBIAHICTb
cepTU@dikauinHUM i IOPUANYHUM BUMOram. Ta-
KOX peKkoMeHAyeMO, Wwob npaBwunia CUCTEMU
6ynu aganToBaHi 4O YMOB MiCLEBMX MaLEHTIB.
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translates to a position that is almost full-time
equivalent (about 300 8-hour shifts or 100
hours per year) [24]. Furthermore, research
conducted in a clinical chemistry laboratory
revealed that the autoverification technology
would allow the laboratory to gain the benefit
of 3.5 full-time staff working annually [25].
Furthermore, it was discovered that several
medical technologists’ autoverification of test
results was consistent. A different study also
demonstrated that autoverification reduced
TAT, but only applied to day shift employees (p
= 0.009); it did not include night shift workers
or the entire lab [26]. Overall, a prior inves-
tigation showed that the delay in TAT was re-
duced by 36% following the automation pro-
cess [22].

Cost considerations are the other aspect of
efficiency. According to this study, the mid-
dleware system’s implementation resulted in
a monthly savings of about IDR 3510000,-
(~US$ 223.57) on ferritin testing expenses.
This will significantly lower the operating costs
that hospitals and patients must cover. Com-
parable results were also observed in Canada,
where the use of autoverification in complete
blood count and differential (CBCD) and white
blood cell differential (WBCD) exams reduced
the need for technologists to manually review
500 slides each month, saving an estimated

Original research: Clinical sciences

CAD 3383.33 and CAD 943.46 in costs, re-
spectively [27]. Meanwhile, a study showed
that there is 32% of cost reduction following
due to laboratory automation [22]. This is also
explained by a notable decrease in the testing
error rate, which was only 0.04% [28]. These
advantages, along with increased data acces-
sibility, led to the extensive use of frontline
dilution in the laboratories under investigation
(particularly in 2019-2021).

The current study has several drawbacks. We
could not fully utilize the programmed rules
because of the restricted relationships be-
tween the LIS and hospital information sys-
tems. This inhibited any rules connected to
patients’ clinical data or medication history.
Furthermore, this study data originated from
a single center, which may restrict the gener-
alizability of the findings.

In conclusion: frontline dilutions using a
middleware system are a viable way to im-
prove laboratory efficiency. Because samples
with high ferritin concentrations are automati-
cally diluted, it can reduce expenses, TAT, and
examination repetition. The system should
undergo routine validations to comply with
certification and legal requirements. It is also
recommended that the rules be tailored to the
circumstances of the local patient population.
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