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Abstract

Background Patient safety is a central healthcare policy worldwide. Adverse drug events (ADE) are among the main
threats to patient safety. Children are at a higher risk of ADE in each stage of medication management process. ADE
rate is high in the administration stage, as the final stage of preventing medication errors in pediatrics and neonates.
The most effective way to reduce ADE rate is using medication administration clinical decision support systems
(MACDSSs). The present study reviewed the literature on MACDSS for neonates and pediatrics. It identified and classi-
fied the data elements that mapped onto the Fast Healthcare Interoperability Resources (FHIR) standard and the func-
tionalities of these systems to guide future research.

Methods PubMed/ MEDLINE, Embase, CINAHL, and ProQuest databases were searched from 1995 to June 31, 2021.
Studies that addressed developing or applying medication administration software for neonates and pediatrics were
included. Two authors reviewed the titles, abstracts, and full texts. The quality of eligible studies was assessed based
on the level of evidence. The extracted data elements were mapped onto the FHIR standard.

Results In the initial search, 4,856 papers were identified. After removing duplicates, 3,761 titles, and abstracts were
screened. Finally, 56 full-text papers remained for evaluation. The full-text review of papers led to the retention of 10
papers which met the eligibility criteria. In addition, two papers from the reference lists were included. A total number
of 12 papers were included for analysis. Six papers were categorized as high-level evidence. Only three papers evalu-
ated their systems in a real environment. A variety of data elements and functionalities could be observed. Overall,

84 unique data elements were extracted from the included papers. The analysis of reported functionalities showed
that 18 functionalities were implemented in these systems.

Conclusion Identifying the data elements and functionalities as a roadmap by developers can significantly improve
MACDSS performance. Though many CDSSs have been developed for different medication processes in neonates
and pediatrics, few have actually evaluated MACDSSs in reality. Therefore, further research is needed on the applica-
tion and evaluation of MACDSSs in the real environment.

Protocol Registration (dx.doi.org/10.17504/protocols.io.owbwpape).
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Introduction

Patient safety is a central healthcare policy worldwide. It
is defined by the World Health Organization (WHO) as
the prevention of errors and adverse effects for patients
who receive care services [1]. As the American Medical
Association (AMA) reported, human errors account for
most threats to patient safety [2]. Adverse drug events
(ADE) are among the main threats to patient safety dur-
ing hospitalization and can lead to delayed discharge
(from the hospital) and higher service costs [3, 4]. Unin-
tended events only happen rarely, but the drug prescrip-
tion and administration process are highly risky. ADE can
threaten children more due to their physiological condi-
tion and body growth [5].

The results of a systematic review showed that ADE
rate was three-fold in pediatrics compared to adults [6].
A body of research showed that, in medication admin-
istration, children are considered a vulnerable group of
patients [7]. Children are at a higher risk of ADE in each
stage of the medication management process because
prescribing, dispensing, and administering drugs for
children require better estimation than for adults [5].
A systematic review in 2013 showed that about 26.9%
of hospital errors occurred during medication admin-
istration in pediatrics [7]. As American MEDMARX
reported, 21%, 22%, and 33% of adverse events occurred
in prescription, medication delivery, and medication
administration [8]. Administration is the final stage of
a medication process in which nurses and patients are
directly involved. It is also the last stage of protection
to prevent potential unintentional consequences for
patients [9].

There are several ways to reduce the rate of ADE.
Among the most effective is using a clinical decision
support system (CDSS) [10]. Overall, many CDSSs have
been developed to reduce ADE rates in pediatrics and
neonates. They have proved effective in the prescription
stage. The primary users of CDSSs are physicians [11-
13]. The ADE rate is high in the administration stage, as
the final stage of preventing medication error in pediat-
rics and neonates [7, 9]. Thus, implementing a CDSS for
nurses can be effective in administering proper medica-
tions for pediatrics and neonates [14].

The development of medication administration clini-
cal decision support systems (MACDSS) for pediat-
rics and neonates is quite a challenge. Any failure can
put the patient’s life or the health system at risk [15].

It is essential to identify the useful data elements and
functionalities to have an effective and well-developed
CDSS. To implement a new MACDSS, it is necessary
to identify the related literature and determine the data
elements and functionalities needed to develop these
systems. To have a set of data elements with the same
format, they can be mapped onto standards. Using
standards such as FHIR at the outset of system devel-
opment can accompany the syntactic interoperability
of systems. FIHR standard determines data elements
in the healthcare domain to facilitate data sharing and
integrating health information systems [16].

To our best knowledge, no systematic review has
been conducted to identify the data elements map-
ping onto the FHIR standard and functionalities of
MACDSS for neonates and pediatrics. The existing
systematic reviews have only addressed interventions
to reduce the rate of medication errors in children [7,
17]. In their systematic review and meta-analysis, Ber-
dot et al. investigated interventions to reduce the rate
of nurses’ medication administration errors in different
inpatient conditions [18]. Similarly, Moore et al. pub-
lished a systematic review of the effect of health infor-
mation technology (HIT) on nurses’ timing in different
inpatient settings [19]. Gates et al. conducted a system-
atic review and meta-analysis to compare the preva-
lence and impact of the adverse events of dose errors in
pediatric settings with/without HIT [20].

Another systematic review analyzed the process
of CDSSs development, functionalities, and features
in patients with chronic diseases [15]. Two more sys-
tematic reviews analyzed the effect of HIT function-
alities on patient outcomes [21, 22]. Tummers et al.
mentioned not considering operational functionality
as a barrier to inappropriate implementation of health
information systems [23].

A health information system supporting decision-
making can significantly improve nurses’ performance
and can facilitate medication administration process
[14]. The present study reviewed the literature to iden-
tify the data elements mapped onto the FHIR standard.
It also aimed to identify functionalities used to design
MACDSS for pediatrics and neonates [24]. Identifying
data elements and functionalities of MACDSS can help
health developers and policymakers in the design pro-
cess [25]. The present research can help design an opti-
mal MACDSS.
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Materials and methods

Protocol registration and amendment

We conducted a systematic literature review (SLR) in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-analyses (PRISMA) guidelines
[26] (see S File 1). Our protocol was registered in Proto-
cols.io (dx.doi.org/10.17504/protocols.io.bwbwpape) [27].

Inclusion and exclusion criteria (eligibility criteria)

The present SLR included primary studies that had
designed MACDSS for pediatrics and neonates (popu-
lation below age 18) regardless of the design platform.
Those addressing system design for a specific drug cate-
gory in pediatrics and neonates were included. All papers
described system design for medication administration in
all pediatric and neonate settings, including general pedi-
atric, NICU, PICU, pediatric emergency, and pediatric
oncology. The papers included met the conditions men-
tioned above and had nurses as their primary users.

The related theses or conference papers that met the
eligibility criteria were included. Those regarding the bar-
code medication administration systems and the pediat-
ric nutrition informatics domain were excluded. Letters
to editorials, protocol studies, commentaries, studies
with no full text, and opinion articles were excluded. The
primary papers published between 1995 and 2021 were
included with no limitation set on language.

Search methods and resources (search strategy)

Four databases were searched including PubMed/ MED-
LINE, Embase via Embase.com, and CINAHL (Cumu-
lative Index to Nursing and Allied Health Literature)
via EBSCOhost. ProQuest was an additional source to
capture any relevant thesis. Papers published between
January 1, 1995, and June 31, 2021, were retrieved. The
latest search was run on July 8, 2021. Also, in addition, we
scanned the reference lists of all included papers to find
relevant papers.

To set the relevant key terms, Medical Subject Head-
ings (MeSH), Embase subject headings (EMTREE), and
the keywords mentioned in other related papers were
reviewed. A panel of experts read and commented on the
extracted key terms. Two categories of key terms were
defined, the terms related to health information technol-
ogy (HIT) and those related to medication administra-
tion. For the search, the operator OR was used for each
category. Then, the terms within the two categories were
searched together with the operator AND (see S File 2).

Study selection

All primary papers were included regardless of the
design. The duplicates were excluded, and the remain-
ing papers were imported to the Rayyan website [28]
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for a screen-check. Based on the eligibility criteria, they
were checked independently by two subject experts (SN
and ZG). After title and abstract screening, the full texts
were independently reviewed by the same reviewers to
select the relevant papers. Disagreements were solved
through discussions. A third reviewer (LA) was consulted
if no consensus was made. The reasons for exclusion were
documented.

Data extraction

In this step, a customized data extraction sheet was cre-
ated and completed by two reviewers (SN, ZG) inde-
pendently. The following data were collected from the
included papers: first author’s name, year of publication,
country, objectives, type of study, setting, design plat-
form, key findings, and drug category. The design plat-
form of information systems in the included papers was
categorized into three types, mobile application, com-
puter application, and web application.

The data elements and functionalities were underrepre-
sented in the full texts of the papers. Also, figures, charts,
and tables were used to identify the data elements and
functionalities. In the end, the extracted data elements
were mapped onto the FHIR standard [16]. The extracted
functionalities were further divided into general and spe-
cific MACDSS. The former referred to functionalities
used in other CDSSs. In this step, any disagreement was
resolved through reviewers’ discussions. When needed, a
third reviewer was consulted.

Synthesis of results

After the initial data extraction, thematic analysis was
used for data synthesis. Initially, data elements and func-
tionalities were extracted based on words, descriptions,
and concepts expressed in the full texts of the included
studies (figures, charts, and tables). After carefully ana-
lyzing the data elements, it was decided to map them
onto the FIHR standard to ensure consistency. Through
identifying the similarities and differences between data
elements, a set of data elements was created to adhere to
the standard and easily integrate into other systems. This
process was crucial to ensure accuracy and efficiency of
the data management system. The extracted data (data
elements and functionalities) were categorized using the-
matic analysis. As this study was SLR, no meta-analysis
could be conducted because of the methodological het-
erogeneity of papers.

Assessment of the level of evidence

The present study was SLR, and the included papers were
heterogeneous in terms of search methodology; Thus,
checklists such as Cochrane, JBI, and CASP could not be
used [29-31]. Thus, a similar approach to what Poissant
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et al. and Moore et al. used in their research to assess
the quality of papers was employed [19, 32]. At first,
the methodologies used in papers were analyzed by two
reviewers (SN and ZG). Next, the papers were catego-
rized according to the level of evidence ([33]; www.cebm.
ox.ac.uk/resourcees/levels-of-evidence/oxford-centre-
for-evidence-based-medicine-levels-of-evidence-march-
2009). A third expert reviewer (LA) was consulted in case
of any disagreement.

The first category is clinical trials (CT) in the evidence
pyramid (Fig. 1). The first level of this category com-
prises Multicenter randomized control trials (RCT) at
the top of pyramid. According to the study design (ran-
domization or cross-over), the remaining CT lie at lower
levels. Another category is observational studies, divided
into three levels. The highest level includes studies with
a multicenter pretest and posttest design with a control
group. The next level includes studies with a posttest and
a control group. The next one includes studies with only a
posttest. The last level consists of case studies.

Besides analyzing the methodologies of papers, we
assessed them in terms of the data collection procedure.
The data collection methods were of four types: “medi-
cation error calculation in the real environment,” “medi-
cation error calculation in the simulated environment,
“time and motion observed/video recording and “evalua-
tion by self-report/survey.”

Results

In the initial search, 4,856 papers were identified. After
removing duplicates, 3,761 titles and abstracts remained
according to the eligibility criteria. Finally, 56 full-
text primary studies were retained for evaluation. The
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full-text review of papers led to the retention of 10 papers
which met the inclusion criteria. In addition, two papers
from the reference lists were included. In total, 12 studies
were analyzed in this review [34—45]. Although some met
the inclusion criteria [46—49], they were eventually left
out because their higher level of evidence versions were
already included. Some data elements and functionalities
were extracted from these papers in the data extraction
stage (Fig. 2).

Paper descriptions

The general characteristics of papers are outlined in
Table 1. The most important features are the purpose of
study, detailed technology, target population, setting, and
name of the guideline/standard used in the system.

Technology characteristics

Most studies (n=10) developed their system as home-
grown in academic hospitals. Two (n=2) used commer-
cial systems in a non-academic environment. Eight (n=38)
developed standalone systems, and four (n=4) were
integrated with hospital information systems. Among
all, three (n=3) implemented their system as a mobile
application. The other four (n=4) implemented their
systems on the web. In three studies (n=3), the system
design platforms were computer applications. They also
designed a system with different platforms integrated
into the existing hospital systems [42] (Tables 1 and 3).
Among all included studies, three [34, 39, 43] used the
ATC-code, Micromedex, and national drug code (NDC)
terminologies [50].

!ﬁ RCT, Multicenter 1A
RCT, Crossover 1B
Non-randomized CT, Crossover 1C

g™

Fig. 1 Level of Evidence

Non-randomized CT

Pre-posttest-control, multicenter l 2A

Posttest, control

Case study, development 3A

Posttest
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Records excluded (n=3705)

Full text papers excluded for

the following reasons (n=46):

No available full text (4)

Not pediatrics (16)

Training program (6)

CPOE (8)

Not development system (4)
Not medication Administration (4)

higher level of evidence versions included (4)

Fig. 2 PRISMA flow diagram

Target population & setting characteristics

The papers included investigations of different pediatric
and neonatal settings. Five were conducted in the pedi-
atric emergency setting and two in the pediatric chem-
otherapy setting. One was conducted simultaneously
in the NICU and PICU settings. Others were carried
out in other pediatric and neonatal settings. More than
half of system users were nurses in different pediatric
and neonatal settings (n=7). Other users were clini-
cians (n=4), and paramedics (n=1). Six studies (n=6)
were conducted in the USA, two (n=2) in the UK, four
(n=4) in Canada, Israel, Switzerland, and Germany.

'
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Data elements extracted from the included studies
mapped onto the FHIR standard

Figure 3 and S Table 1 show a complete list of data ele-
ments extracted from the studies. The extracted data ele-
ments were divided into base and clinical categories in
the FHIR standard. Seven items were selected from the
subcategories. Next, 14 resources of these subcatego-
ries were used. A total number of 84 data elements were
extracted and mapped into these resources. Nine data
elements were extracted from the profile extensions of
this standard. If the data element was not mapped to any
of the resources within this standard, it was placed as an



Page 6 of 16

263

(2023) 23

Norouzi et al. BMC Medical Informatics and Decision Making

sjeuolssajoid aied
-yijeay uewan Aq

9pod uofen(eAd syl pue
D1V ‘(sons! Auewiian 10§ (S|Ad)
-1210R1RYD W15AS UOIRPULIOJUI
1oNpo.d Jo Bnup duielpad sy Jo
Alewwings) ouelpad A10151y pueuswdo  juswdojersp [6€1(LZ0T)
Ve V/N Jduws V/N IERED) uepiulD  umolbawoH Quolepuelg JJwspedy  Aueulan -|oA9P 341 3QLIDSIP O} ‘Apnis ased ‘|e1d uyez
sjuaned [e1eUOSU J0)
N wliey 3y|A 21ebniw o3
-ydsuids pue |ernuaiod s,Wa1sAs ay3
‘Suiwedop 91eWNse 01°¢
‘uissaidosen pue ‘uoieibaiul
‘duoul|Iu [e21ul> 01 Joud
‘JAuelusy NDIN Ul 2duewiopad
‘duiydiow WI3SAS 91en|eAd
‘ulnsut ‘spiny Ajoanoadsoid o]z
w1sAs 2yl Aq snou ‘DUl [eaJ Ul SO
sio119 Brup 03 anp -anenul ‘spidi| uofedIpPaW pajeal
wJey 01 ainsodxa ‘NdL ‘suon Buisop 10919p 0}
1uaned Jo awil a3y} -ed|paul pue UOIBWIOJUI YHT DAIS
Buisealdsp suolsnyul -uayaidwod Buizinn
“WIAsAs 2y Aq uon SnouaAeUl WI91sAs pajewolne ue
-D319p Iy Apued eddIN snonupuod dojanap 01| [cv](8L0T)
b4 -yiubis buinoidw ON ysu-ybiy o1 NDIN ueplulD  UMOIBIWOH paielbau dlwspedy VSN :swile dy1pads 15911504 ‘e IN
S;00gPUBY SY1 YIM aled Aousbiawa
pasedwod |endsoyaid ur uon
Jo1e|nd[ed -B|NJ|ed uonedIpaw
o1ydesb sy yum ou1eipad oy paioyiel
S9SOP 91e|Nded 0} Jo1e|Nd[Ed 96ESOP  JSAO SSOID) D
aw buiseanap sbnip Aouab Aouabiaws o1ydelb e 1591 Ajjed paziuopuel [S¥] (020T)
ol Ajueoyiubis V/N -Jawa dLelpad olielpad so|paweied  UMoIBawoH auolepuelg J|uapedy BN -uidws pue ubjisap 0} -UON  ‘|e3d ysnied
uonaaful
SnouaARIUl sbumas
SERISETEIEN wyioble  12au1p Joy sbnup [eydsoy snotlea uj
AIaNI|op Brup pue  1sauie deipied 61 'uoisnjul SUOI1eIDSNSAI Paseq
uopesedasd  duelpad uol  SNONUIIUOD o) -uolenwis bunp JENVER)
Bnip 01 swi ueSW  -BDOSSY 1eSH  sbrup §|'sbrnup Aousbiswia uonedydde ao1A9p [TalN] [/€]1(6102)
Vi ‘SI0119 UONBDIP3|A ued|awy uoneydsNsay DleIpad 9SINN  UmoibawoH auolepuels JIWRPEdY  PUBUDZIMS 9|I0OW B 553558 O 104 ‘led ueqals
walshs
Yy} ui pasn
piepuels wlshs
ERIETITE] /aul@pinb suolnedIpaw 1adojansp suojepuels uonnmsul
Jo [aA9 (s)buipuy Aa) Jo dwepN joadAl  bumas Apms JEH)] wlshs /palebaju| jo adA) Anuno) (s)@Andafqo  Apnas jo adA| Apms

(¢1 =u) papnjoul siaded ayi Jo SdlsHaIdRIRYD L d]qeL



Page 7 of 16

263

(2023) 23

Norouzi et al. BMC Medical Informatics and Decision Making

uoljessiujwpe

suoneinbyuod sy
-ads-Abojoouo pue
SUIISAS UonewIouUl
[e21uld aydnnuw jo
uonelbayul buipnppul

Adesayy ‘'wR1sAs ay1 Jo
-oway) Joy 1uawiAojdap ayi 01
saulRpinb Adersyiowayd uoneal uldusal  JuswdojeAsp [o¥] (LLOZ)
Ve v/N SNO/ODSY  W/N olIeIpad 9SINN  UMOIBaWOH paielbaly] JIWapedY VSN -90x3 3yl 3qIISIP O} ‘Apnis ased ‘[e 18 Ao
uonezinn
SINeFSEIESETN]
$S955€ 0} BIWaD
-A|bodAy jo aousp
-pul 9y uo 1oedull
S1I 2INSeaW pue ‘D1ed
"W1SAS ay) 1uaned jo Aujenb pue
Buisn Aq Aels Jo 'AOUBIDS HIOM UO
yibua| pue sajel 1edwi s)1 jo uondad
eluwadA|bodAy -1ad 119y pue siasn
2I9A3S ‘5918 [BDIUI]D JO UONDBJS!
elwadA|bodAy ul -1BS PUB ‘MO IOM
ERIVEICTIoRIVIRINIIY] Suieipad /001 JO1B|ND[ED Ul |onuod 7] (£10T)
<14 -bis ou sem a1y} V/N uinsu| [SENED) 9SINN  UMOIBIWOH paielbay]| JIwapedY VSN -NsuUl 9y} 9qLIsap O 15911504 ‘|e1d ekory
sol2UodRW
-leyd Joj uonedijdde
3|lgow e ybnoayy
|001 1ioddns uoisidap
[e21ulp e jo adA1o0)
ouelpad -oid e josuondsd  uswdonsp [9€] (1202)
Ve V/N v/N V/N |eJaua 9SINN  UMoIBaWOH Quolepuelg JIwspedY VSN -1ad ay1 91eNjEAS 01 ‘Apnis aseD)  °|e 3@ uospoq
sBbunas aied
w1sAs oy bul dAIsua1Ul dL3elpad ul
-Aojdap Jayje sioue a2lA9p 1oddns
uolesis|ulWpe pue uolIsidap playpuey
peo| aAubod Ul [BIDISUIWIOD B JO |onuod
SodUaIayIp JuedyIu suonedpaw 1039 8yl pue 1591 [L¥] (6102)
-Bis |eanal 10U oddIN pinbi| Jay1o pue sdueidedde dasn  -1s0d-1se1a4d ‘239
4 pIp Apnis iy OON SnouaAeIUl NDId ‘NDIN 9SINN| [eIDIRWIWIOD 2UO[EPUEIS  DILLSPEIE-UON VSN -pua 21eN|eAS O} J21u2d1 NN spjoufay
wid)sAs
3y ul pasn
piepuels wlshs
9OUIpIAg /aulapinb suonedipaw Jadojansp suojepuels uonnsul
JO [9AD7 (s)buipuy Aoy Jo awepN j0oadAl  Bumeas Apnig JEN w1sAs /pa1eibalu| Jo adA) Anuno) (s)®Andafqo  Apnis jo adAL Apms

(PanupuOd) | 3jqey



Page 8 of 16

263

(2023) 23

Norouzi et al. BMC Medical Informatics and Decision Making

S)Nsa4 1sey pue
91eindoe saAID 11 18y}
2INSUD 01 WSAS

suoledIpaw sIy} bunsal pue
2Jedaid 03 swi ay3 onoighuy pue siuawalinbal uopeid
Buiseainap ‘way uo11r1IDSNSal J0) -snsaJ bulenoed Joy [g€] (zooT)
-sAs a1 Aq 10119 sbnip Aouablawa RI[VETe} wsAs pazuoind 1D paziwo ‘|e1d uou
al asop buiseanap /N JUaI21IP 01 ol1eIPad uepiulD  umolbawoH auolepuelg -ede -UON Nl -wod e ubisap 01 -puel-uoN -ueys
FERIIEIETEY]
BuIsop piepuels Yim
pasedwod suop
suopedpaw -B1DSNsal Pale|nwls
2Jedaid 03 swipy ay3 ouepad buunp
Buiseaidsp suonesipaw aled
‘W1SAS aU1 -a1d 01 papasu
Aq sbnip QW Y3 pUe W1SAS J9A0SSOID) [£¥] (#LOT)
$101J2 UoneNd[ed (9pod bnup Aouablawe Aouablrawa MO|9501g3 dY1 JO Adel ‘1D pazIWo ‘le1 yoy
Ol 950p JO Uoneulwl|3  [euoleN) DAN olieIpad oleIpad 9SINN [BIDIDWILIOD) auojepuelg J|uapedy VSN -NJde 3y} $$3sse 0} -pueI-uoN -weq,
uolle|nd|ed
950p Ul Joud
Buiseaidsp
uauisn(pe
950p Ul
S91eIPAUIRIUI AQ
UXe1 awi 3yl uo
1oeduwl
JuedYIUbIS B 2ARY
10U
pIp pue suadxe Aq
uayel W3SAS /S| Y3 Jo
awn ay3 buisealdul uopen|eAs Aleujwi|
3]IYM ‘S9DIA0U BWIN -a1d pue ‘uonejusw
EI ewloj Adesayy  Adessyiowsyd -9|dw ‘'ubisap ayy [8£] (5002)
gl pasnpal ys[1 buisn -04d -owiayd [e10 olIeIpad ueplulD  UMOIBIWOH pa1el6aly| JIWSpPRDY Nl 9Q1IDSaP 01 JDAO SSOID ‘| DY ‘[e 18 Aing
walshs
ayy u pasn
piepuels walshs
ERETJTE] /aulapInb suoned|paw 1adojanap auojepuels uonnlsul
Jo [aA9T (s)buipuy Aa) Jo awepN joadKl Bumoas Apmis 1980 w)shs /pa3eibaju| Jo adA) A1uno> (s)@Andafqo Apnis jo adAL Apms

(panunuod) L ajqey



Page 9 of 16

263

(2023) 23

Norouzi et al. BMC Medical Informatics and Decision Making

1013 UOIIRJISIUILIPE UOIIRIIPI “XSPU| UONUIABIJ pue Hunioday 1013 uonedipay 4oy [1Puno) Huneuipioo) [euonen ‘ddy 9yl Wolj pa1delIxa d19Mm SI1ISLIR1dRIRYD SWIOS ,

sdnoib

OM] Ul UOI1eDIpaW
buyiedaid o1 swin
3U1 24e1 0}
9DU3IAYIP ON
poyiaw [euonipel)
pue walsks syl Aq

sbnip

1Ise-ybIy yum sious
|enusiod Jo a1es 3y}
95npal pue ssadoud
Bunpay-s|gnop ay1
poddns ued 10y
-e|nojed pue |puad
/1aded piepueis 01
uosueduwod ul

10113 Bunda1ep 01 (L102) "Jo1e|Nd|ed asop 19A0SSOID
DU XSP3WOIIN sujydiow Aousbiswia asinu o1ydelb e ssyiaym ‘1D paziuo €] (2102)
ol -Jayip uedyiubis ou  / dowodixa snouaAeU| DUIBIPSd  JUSPNIS ‘BSINU UMOIBIWOH auolepuels epeued S59558 01 -puel-UON le1d sy3
wdlshs
ayy ur pasn
piepuels walshs
ERIETJTE] /aullapIinb suoned|paw 1adojanap auojepuels
Jo [aAdT (s)buipuy Aoy Jo dwepN joadAl Bumoas Apnmis 1980 w)shs /pa3eibaju| A1uno> (s)@Andafqo Apnis jo adAL Apms

(panunuod) L ajqey



Norouzi et al. BMC Medical Informatics and Decision Making (2023) 23:263 Page 10 of 16
MedicationAdministration Medication Administration
Patient. Identifier Medication Administration. instantiates
Medication Administration .partOf
Patient. gender Medication Administration .Status
Patient Medication Administration .Status Reason
Birth date(Age) Medication Administration. medication
Medications| Medication Administration .Category
Identifier - Medication Administration. Subject
Pr e o - .
i pporting
Practitioner.name Modifier Dosage effective
+ practitioner. p | Dosage. sequence | wedication Administration .Performer
ractitioner. Passwor
Dosage .Text Medication Administration. performer. function
* Practitioner. Organization Dosage. timing Medication Administration. performer. actor
Dosage. route Medication Administration. dosage
Practitioner Role |Practitioner role Dosage. method Medication Administration. Event History
Dosage. dose And Rate
Practitioner Role. identifier &
Dosage. dose And Rate. rate
Practitioner Role. practitioner Base Dosage .max Dose Per Period
Practitioner Role. organization Entities#1| Dosage. Max Dose Per Administration
Practitioner Role. code Organizati MedicationKnowledge
. reanization Data Elements
Practitioner Role. Health care Servicd Medication Knowledge
—_— for MACDSS - &
Medication Knowledge. code
licatic Related
Type pa
Clinical Medication Knowledge. Intended Route
Communication. category licati ini: i i
Verification Result. need icati ! dosage
g Communication. medium Patient Characteristics
Verification Result. status worldlow Communication. topic Medicine €
I Request & Response Drug Characteristi
Result. Status D: Verification Communication. sent Medication Knowledge. contraindication

Verification Result. Validation Type

Verification Result. Validation Process
Verification Result. Primary Source. who

Verification Result. Primary Source. Validation Status

Diagnostic Diagnostic

Media

Media

Communication

Care provision
Care Team
Name

Observation

Weight

Body Surface Area

Height

Report
Diagnostic Report. result

Communication. received

Medication Knowledge. regulatory

Communication. recipient | n7odicoion

Communication. sender
Medication

Medication. identifier
Medication. code
Medication. Status

‘Communication. payload

Communication. note

Medication. Form

Medication. amount

Medication. Barcode*

Medication. References *

Medication. Dissolvent. Name *

Medication. Dissolvent Dosage *

Medication. Dissolvent Dosage Range *

Medication. Dissolvent Dosage Unit *
[Medication. Side Effect®

Fig. 3 Classification map, an overview of the identified data elements for the MACDSS mapped onto the FHIR standard. * The data elements are

related to the researcher’s extension

extension in the most relevant resource. Nine data ele-
ments were identified this way.

Functionalities extracted from the included studies

Table 2 and S File 3 show a complete list of extracted
functionalities and their definitions. In total, 18 function-
alities were extracted from the papers. Eleven functional-
ities were categorized as specific for MACDSS and seven
others as general CDSS.

In most papers (n=9), "drug dosage calculation” func-
tionality was identified. All studies in the pediatric emer-
gency setting included this functionality in their system.
Six studies (n=6) included "Calculating Dose-volume
and dilution of the drug” functionalities in their systems.
Another function mentioned for IV drugs was "calculat-
ing the drug rates of infusion.”

Another functionality mentioned in most studies
(n=7) was "using alarms and alerts in the system.” Stud-
ies in various pediatric and neonatal settings used this
functionality to account for out-of-range doses. In

addition, Siebert et al. [37] used this functionality as an
alarm for validating the selection of look-alike or sound-
alike medication.

Risk of bias assessment data

The level of evidence results in the included papers
According to the level of evidence pyramid, half of the
papers (n=6) were CT. One was multicenter and cross-
over, located at the pyramid’s highest point [37]. In this
study, the randomization method was explicitly reported.
An RCT crossover study was conducted in a medi-
cal center. Three studies at the third pyramid level were
non-randomized CT crossovers. In the end, a non-rand-
omized CT was conducted without any crossover.

The other category was observational studies (n=3).
A pretest—posttest study with a control group was con-
ducted as a multicenter, at the highest level. Other papers
in this category (m=2) were a posttest with a control
group and without a control group, located in the next
levels, respectively. At the bottom of the pyramid were
case studies (n=3) that developed a system and intro-
duced its components (Table 1).



Norouzi et al. BMC Medical Informatics and Decision Making

(2023) 23:263

Table 2 List of functionalities extracted from papers (n=12) (see S File 3 for Functionalities definitions)
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Functionality Setting Type of functionality
Pediatric Emergency NICU PICU Pediatric General Pediatric General  Specific
Chemotherapy to
MACDSS
Drug dosage calcula-  +/[34, 35,37, 43, 45] V[41] V[41] \[38] \ [36,44] V
tion
Calculating dilution of  +/[34, 35, 37,43, 45] V[41] V41 v
drug and Dose volume
Calculating drug rates /37,43, 45] V[41] V41 v
of infusion
Keeping the history of /[37] V[41,42] V41 V38, 40] V
information in system
Using alarms and V37] V[42] V41 V38 V [44] v
alerts in the Alarm for validating Real-time notification Alert Weekly advice on Alert for out of range
system & type of alert  selection of look-alike/ ~ about medication for out of modifications of oral insulin dose
sound-alike medication  error event range chemotherapeutic
dose-alert agents,
for high and rational for its
alerts medi-  proposal
V34 V1] cations v 1401
Alert for out-of-range Alert for out of range Alert for missing order,
dose dose -Alert for high Wrong Dose, Wrong
alerts medications route,
Wrong schedule
Displaying the status  /[37] V[41] V41 V [40] v
of stages of the medi-
cation use process
Having the capability  /[37,43] v
to share
information with other
institutions
Having the capability ~ / [37] V4] V4] V [38,40] v
to edit drug informa-
tion in the system
Providing a visual \ 134,37, 45] V41,421 V41 V [36] v
image and color
text in the system
Providing additional  /[34,43] V41] V41 V136,39, 44] V
information
about medicine to
the user
Having the capability  V/[34, 43, 45] v
to clear information in
the system
Having the capability ~ + [43, 45] V41 V41 v
to search information
in the system
Having the capability ~ +/[43] V[38] N
to log in/out of the
system
Having the capability  +/[37, 43, 44] N
to lookup by barcode
in the system
Having the capability  +/[37] N
to modify dose in the
system
Displaying drug \[35,37,43, 45] V[41] V[41] V[38] V
administration route
Displaying dose form/  +/ [37, 45] V[41] V4] V136,39, 44] v
dosage regimen
Displaying medication +/ [37, 45] V41] V41 v

preparation steps
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Data collection methodology

Study design Medication error Medication error Time and Motion Evaluation by
calculation in the real calculation in the Observed/Video Self-report/survey
Platform environment simulated environment Recording
Usability User
Evaluation Perspective
RCT, - Siebertetal. (2019) [37] - Siebert et al. (2019)
Multicenter Mobile application (371
RCT, - Bury et al « Bury et al. (2005) [38] - Bury et al. (2005) 38]
Crossover

Web application

Nonrandomized
CT, Crossover

« Damhoff et al. (2014)
[43]

Web application
- Ellis et al. (2012) [34]

Computer application

Nonrandomized - Shannon et al. (2002)
cT [35]

Web application

Pre-posttestcontrol, -Reynolds et al. (2019)
multicenter [41]

Mobile application

Posttest, control - Ateya et al. (2017) [44]

Posttest - Nietal. (2018) [42]
Web application,
Mobile application,
Computer application
Case study,

development

- Parush et al. (2020) [45]
Computer application

- Parush et al. (2020) [45] - Parush et al. (2020)

- Damhoff et al. (2014) (45]
[43]

- Ellis et al. (2012) [34] - Ellis et al. (2012)

(34]

- Shannon et al. (2002)
[35]

- Reynolds et al (2019)
[41]

- Ateya et al. (2017)
[44]

Computer application

- Dodson et al. (2021)
[36]

Mobile application
- Zahn et al. (2021) [39]
Web application

Data collection methodologies and evaluated outcomes

in the included papers

Half of the studies (#=6) in simulated environments
evaluated the rate of drug error and the time of drug
preparation using the designed system compared to the
traditional method. Four reported a reduced drug prepa-
ration time and error in medication administration.

A small number of studies (#=3) evaluated the medi-
cation error rate in the real environment. Only one
reported an improved MAE diagnosis. This study also
calculated the time of patient exposure to harm due to
drug error with and without the system [42]. Almost half

of papers (n=5) evaluated their system from the user’s
perspective (Tables 1 and 3).

Discussion

The present systematic review aimed to identify the data
elements and functionalities of existing MACDSSs in
pediatrics and neonates. The identified data elements
were mapped onto the FHIR standard. To sum up, the
findings showed that the studies used a variety of data
elements in system development. In total, 84 data ele-
ments were reported in these studies to map the FHIR
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standard. The functionalities reported in studies showed
that 18 functionalities were implemented in their sys-
tems. The included studies showed that a very common
functionality in these systems was "Drug dosage calcula-
tion.” Besides, researchers designed their systems based
on different platforms. However, most of them used
mobile applications.

The analysis showed that the scope of most existing
systems was limited to a specific category of drugs for
pediatrics and neonates, and most of these systems were
implemented standalone. Systems such as PedAMINES
only contained resuscitation drugs [37]. LISA contained
pediatric chemotherapy drugs [38]. Ateya et al. only cal-
culated the insulin dose by developing an insulin calcula-
tor in a pediatric hospital [44].

The present findings showed that a few integrated
MACDSSs were designed in real and unreal environ-
ments for pediatrics and neonates. The overall findings
showed that most MACDSSs were standalone and used
a comprehensive set of data elements and functionalities
in their systems. A standalone design can reduce the use
of the system [41]. Integrating these systems with other
information technology infrastructures in hospitals can
facilitate nurses’ acceptance of these systems. It can also
reduce the MAE and facilitate the medication adminis-
tration process in pediatrics and neonates.

The present findings revealed that the included papers
did not use or report a standard format for identify-
ing the data elements and functionalities for designing
MACDSS in pediatrics and neonates. The lack of a stand-
ard format for designing such systems can prevent the
entrance of the same data elements into the system. It
further challenges reusing or sharing data with other sys-
tems [51]. Souza Pereira et al.,, in their systematic review,
drew attention to the interoperability of CDSS design
[15]. Our study presented a diverse list of data elements.
Yet, their mapping onto the FHIR standard showed most
of these data elements had been included in the exist-
ing standards. Therefore, developers need to use current
standards as well as the present study that mapped the
data elements onto the FIHR in the initial design of their
systems.

Besides variation in data elements, the present study
showed systems designed in medication administration
for pediatrics and neonates did not use the same func-
tionalities. Use of different functionalities in these sys-
tems can affect nurses’ workflow, especially when they
provide services in various institutions. In line with these
findings, studies on CPOE or CDSS have also shown that
these systems use a variety of functionalities [52, 53].
Furthermore, this systematic review assessed the level
of evidence and outcomes in the included studies. These
results showed that studies with a high level of evidence,
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for example, the one conducted by Siebert et.al. [37] used
a comprehensive set of data elements and functionalities
in their systems. Although observational studies were
located at the second level, they were the only type that
evaluated their systems in a real environment.

MACDSSs can be used to improve nurses’ and other
users’ learning. Systems should have a set of functionali-
ties to achieve this aim. One suggested functionality is
"Providing additional information about medicine to the
user.” Miller et al. introduced this functionality for CDSSs
in their review [54]. This functionality in information sys-
tems can be a helpful tool for educating nurses and nurs-
ing students, young physicians, and medical students,
and furthering clinicians’ education.

The use of images and graphs in CDSSs can attract
more user attention. Using images in a crowded and
busy health environment can help better understand and
interpret information. In their study, Miller et al. empha-
sized the importance of this issue in designing CDSSs
[54]. Studies included in this systematic review also men-
tioned a functionality known as "Providing a visual image
and color text in the system”.

The present findings showed a significant gap in the
existing systems using terminologies and standards such
as RxNorm, HL7, and SNOMED CT. However, many
studies recommended using standard terminologies in
CDSS [55-60]. Standard terminologies can contribute
to simplicity, consistency, and efficient interactions [54].
The present study revealed only three studies to report
the use of standard terminologies in MACDSSs.

The present study is the SLR and studies with differ-
ent methodologies were included. One strength is that to
assess the quality of papers, the level of evidence method
was used to report the quality of included studies.

An extended time was set for the search (i.e., 1995—
2021). The majority of newer studies used mobile phones
or tablet computers as the platform. Medication admin-
istration is usually done by a nurse at the point of care.
Using portable platforms can improve the acceptance of
systems by nurses and help reduce MAE.

The main scope of this study was to identify data ele-
ments and functionalities of MACDSSs in pediatrics
and neonates. However, there were certain limitations
in extracting data elements and functionalities in these
systems. Primarily, the focus of the papers reviewed
was specific drug categories; on the other hand, system
components were reported less in manuscripts. For this
reason, as far as possible, we examined the concepts
and explanations provided in papers and the tables and
figures to extract data elements and functionalities. We
managed to identify a variety of data elements. To sum-
marize and structure them, we used the FIHR standard to
achieve a standard classification of findings.
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The results retrieved a small number of studies in
MACDSSs. However, we used a comprehensive search
strategy with numerous keywords on multiple databases.
Overall, this study managed to identify a list of numerous
data elements and functionalities from the included studies.

MACDSSs developers in pediatrics and neonates can
use the present findings for a better and more accurate
design at the beginning of their system design process.
A comprehensive set of data elements and functionali-
ties helps them design a system tailored to their specific
needs and objectives. With the right tools and approach,
users can leverage the power of MACDSSs to make more
informed decisions and achieve better outcomes. The
authors recommend developers that used standard termi-
nology such as RxNorm, HL7, and SNOMED CT before
designing the MACDSSs for easy interoperability and
sharing of data. General functionalities for CDSS can be
used besides specific functionalities for MACDSS in pedi-
atrics and neonates in the design process to reduce the
potential rate of errors in medication administration and
facilitate the drug preparation stage for nurses. Further-
more, they can design the new MACDSS using portable
platforms to improve the acceptance of systems by nurses.

Conclusion

The present systematic review provided a list of data
elements and functionalities of MACDSSs systems in
neonates and pediatrics. It identified the current plat-
forms used in designing these systems. Identifying the
data elements and functionalities used as a roadmap by
developers can significantly improve the performance
of MACDSSs.

Although many CDSSs have been developed for
pediatrics and neonates in different medication pro-
cesses (e.g., medication prescription), the present
small retrieval of papers indicated that a small num-
ber of papers addressed the medication administration
process in pediatrics and neonates. Studies that used
such systems in real settings were scarce; thus, more
research is required on using and evaluating MACDSSs
in the real environment.
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