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Objective: Medication administration is the last step in the medication process. It can act as a
safety net to prevent unintended harm to patients if detected. However, medication administration errors (MAEs) during this process have been documented and thought to be preventable. In
pediatric medicine, doses are usually administered based on the child’s weight or body surface
area. This in turn increases the risk of drug miscalculations and therefore MAEs. The aim of
this review is to report MAEs occurring in pediatric inpatients.
Methods: Twelve bibliographic databases were searched for studies published between January
2000 and February 2015 using “medication administration errors”, “hospital”, and “children”
related terminologies. Handsearching of relevant publications was also carried out. A second
reviewer screened articles for eligibility and quality in accordance with the inclusion/exclusion criteria.
Key findings: A total of 44 studies were systematically reviewed. MAEs were generally defined
as a deviation of dose given from that prescribed; this included omitted doses and administration at the wrong time. Hospital MAEs in children accounted for a mean of 50% of all reported
medication error reports (n=12,588). It was also identified in a mean of 29% of doses observed
(n=8,894). The most prevalent type of MAEs related to preparation, infusion rate, dose, and
time. This review has identified five types of interventions to reduce hospital MAEs in children:
barcode medicine administration, electronic prescribing, education, use of smart pumps, and
standard concentration.
Conclusion: This review has identified a wide variation in the prevalence of hospital MAEs in
children. This is attributed to the definition and method used to investigate MAEs. The review
also illustrated the complexity and multifaceted nature of MAEs. Therefore, there is a need to
develop a set of safety measures to tackle these errors in pediatric practice.
Keywords: medication administration errors, children’s hospital, pediatric, nature, incidence,
intervention
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Children are a large, vulnerable group, who undergo rapid growth and development.
They face many challenges in this process of development that may require health
care professionals’ advice and a hospital stays. These challenges are most likely to be
treated or managed by the use of medications, which can potentially be subject to a
medication error (ME).
MEs have been defined as “errors in drug ordering, transcribing, dispensing, administering, or monitoring”.1 These errors are mostly preventable and constitute the most
common type of adverse drug events. Kohn et al2 described an adverse drug event as an
injury resulting from medical intervention related to a drug, which can be attributable
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to preventable and non-preventable causes. Administration of
medicine is the last process of the medication cycle for errors
to be detected prior to patients receiving their treatment.
Errors occurring in the administration process could be
attributed to the fact that children receive small doses. These
doses are usually prepared from pharmaceutical formulations
expressed in strengths that are not child-friendly.3,4 Moreover,
in pediatric medicine, doses are usually calculated based on
the child’s weight or body surface area.5 Therefore, calculation
errors are possible in both the prescribing and administration
stages that could result in a tenfold or more overdose.6
Furthermore, most medications are given to children on
an unlicensed and/or off-label basis.7 Unlicensed medicines
are used without a children-specific use license from the
medicine regulatory authorities. Whereas off-label use of
medicine is referring to using a medicine for an indication
that falls outside the licensed indications set by the medicine
regulatory authorities. There is limited evidence suggesting
that unlicensed and off-label use of medications is associated
with the high frequency of MEs.7 This could be due to limited
prescribing information in children for these uses.
There are different methods used to investigate medication administration errors (MAEs) in practice.8 The different methodological approaches could cause confusion and
complexity in understanding the true nature of the problem
since various denominators are used such as the number of
doses observed, number of incident reports, and number of
opportunities for errors.6,8,9
One of the earliest reviews in this area was by Ghaleb
et al6 that identified incidences of MAEs between 0.6 and
27 per 100 administered doses in children’s hospitals. This
review focused on definitions, incidence, and prevalence
of MEs relating to prescribing and administration only.
The review by Ghaleb et al6 explored the need to develop
validated definitions of prescribing and administration
errors. This will help in understanding the true scale of the
problem and to test interventions for reducing these errors.
Another systematic review by Miller et al10 found an MAE
rate between 72 and 75 in every 100 reported MEs. This
review recommended unifying numerators and denominators when collecting data and standardization of definitions.
Rinke et al11 reached a similar conclusion with their review
on interventions that were used to reduce MEs. It is of interest
to note that hospital MAEs in children are more prevalent
than adults. A systematic review found that hospital MAEs in
children occur between 17.4 and 33.8 per 100 opportunities
for error.9 On the other hand, prevalence of MAEs in adults
is between 4.7 and 27.8 per 100 opportunities for error.9
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A systematic literature review12 found that MAEs are mainly
caused by human related factors and other causes such as
health care professionals’ knowledge-based mishaps, workload, distractions/interruptions, and staffing levels.
There have been attempts to reduce MAEs by lowering
the number of interruptions. However, as demonstrated
by a systematic review13 of ten studies, weak supporting
evidence is found for this claim. Therefore, to effectively
reduce MAEs, interventions need to address the multifaceted
nature of MAEs.
Other systematic reviews in this field did not explore thoroughly all the evidence relating to hospital MAEs in children.
In particular, there is a need to review the interventions evaluated to reduce MAEs in children’s hospitals. Therefore, this
systematic review aims to investigate all studies of hospital
MAEs in children. The review objectives are to: 1) explore
definitions used to identify hospital MAEs in children, 2)
report the prevalence of hospital MAEs in children, 3) identify
the nature and severity of these errors, and 4) identify the
interventions used to reduce hospital MAEs in children.

Methods
Data sources and search terms
Studies were searched in March 2015 from 12 databases, which
include PubMed, Science Direct, Web of Knowledge, British
Nursing Index, Scopus, Global Health, EMBASE, NeLM,
CINAHL, International Pharmaceutical Abstracts, PsycInfo,
and PsycExtra. The following search terms were used: (“Medication Error” OR “Medication mistake” OR “Drug error” OR
“Drug mistake” OR “Drug mishap” OR “Adverse drug event”
OR “Near Miss” OR “Death”) AND (“Administration Error”
OR “Medication administration error” OR “Drug administration mistake” OR “Drug administration” OR “preparation
error”) AND (“Hospital” OR “Secondary care” OR “Tertiary
centre”) AND (“Paediatric“ OR “pediatric” OR “Child” OR
“Infant” OR “Adolescent” OR “Toddler” OR “Neonate”
OR “Newborn” OR “Under 16” OR “Teen” OR “Teenager”
OR “Baby”). Also, handsearching of relevant publications
from recent systematic reviews to identify all possible studies
was carried out.

Selection criteria
The following inclusion and exclusion criteria were used to
select studies:
1. Publication date between January 1, 2000 and February
28, 2015. This is to avoid repetitiveness of findings since
earlier studies have been reviewed by other researchers
and build on existing reviewed evidence.
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2. Presented in English language. Studies that are not available in English require a different set of search terms.
These search terms will need to be in different languages
to cover all possible languages. Also to avoid bias, nonEnglish literature databases will need to be searched.
Moreover, professional interpreters with research background would be required to search, retrieve the studies,
and extract data for these reviews.
3. MAEs in hospital settings in children aged between 0 and
18 years old. This is to reflect the population of interest
for this research. This will also ensure that the data collected relate only to the children’s hospital setting.
4. MAEs related to the use of total parenteral nutrition were not
selected. This is to reduce heterogeneity of the findings.
All articles that are not peer reviewed such as opinions,
letters, comments, editorials, and reviews studies were
excluded. However, they were used to handsearch for additional studies from their bibliographies to ensure that all
potential studies were captured. Studies that did not report
child data were also excluded.

Quality assessment and extraction
process
The researchers retrieved studies for review from the above
databases using the search strategy. A rigorous review to
assess suitability against the review criteria was carried out.
An experienced researcher from the Department of Pharmacy
at University of Hertfordshire reviewed all articles identified
for quality assurance and validity purposes. A high level of
agreement was established between the two reviewers and
the studies that were in disagreement (n=4) were resolved
through a discussion and by referring back to the criteria set.
There was no need for a third opinion.
The Preferred Reporting Items for Systematic Reviews
and Meta-Analyses14 standards were used to extract data and
assess the quality of the studies. Citations were imported into
a reference manager EndNote X7 (Thomson Reuters, New
York, NY, USA). Microsoft Excel 2010 (Microsoft Corporation, Redmond, WA, USA) was used to store data extracted
from the selected articles. The following data were recorded:
authors, year of publication, country of origin, study type,
setting, duration, MAE definitions used, method of identifying MAEs, key findings, and recommendations.

Data analysis
Data extracted from each study were aggregated into three
categories: 1) studies that reported specific definition for
hospital MAEs in children, 2) investigational studies that
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found the nature of hospital MAEs in children without testing
an intervention, and 3) studies that evaluated the effectiveness of an intervention. Basic descriptive analysis of data
was conducted for studies that used the same numerator and
denominator of MAEs.

Results
Database search results
The search strategy found 3,466 articles. As illustrated in
Figure 1, 3,422 articles were eliminated in compliance with
the inclusion/exclusion criteria. This yielded 44 studies that
were found to be eligible for the purpose of this review.
These studies were carried out in the following countries:
USA (n=16);1,15–29 UK (n=8);5,30–36 Canada (n=4);37–40 France
(n=2);41,42 Germany (n=2);43,44 Malaysia (n=2);45,46 Argentina
(n=1);47 Australia (n=1);48 Ethiopia (n=1);49 Japan (n=1);50
the Netherlands (n=1);51 Saudi Arabia (n=1);52 Spain (n=1);53
Switzerland (n=1);54 Turkey (n=1);55 and multicenter (n=1).56
Table 1 represents a summary of all the 44 studies that
were reviewed. It contains the core information for each
study and an overview of the key findings. As can be seen,
the studies were themed into three groups: studies that used

Articles retrieved from
databases =3,466

Articles after
duplicates =1,632

Articles after nonrelevant removed =679

Articles after abstract
evaluation =117

Articles after adult
data removed =83

Duplicates removed =1,834

Opinions, letters, comments, editorials,
reviews, studies removed =953

Abstract evaluation removed =562

Adult data only or children data
not excludable =34

No MAE data =39

Articles to be
systematically
reviewed =44
Figure 1 Flow diagram showing article selection for the systematic literature review.
Abbreviation: MAE, medication administration error.
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Prospective observation
Prospective observation

Intervention (workshop)
Intervention (simulation)

Prot et al41 (France)
Sears et al40 (Canada)

Intervention studies
Stewart et al35 (UK)

Pauly-O’Neill21 (USA)

Prospective observation (undisguised)

Marino et al20 (USA)
Prospective observation (undisguised)
Prospective observation (disguised)
Prospective observation (disguised in
Germany and France)

Prospective observation (undisguised)
Prospective observation (undisguised)
Prospective observation (undisguised)
Prospective observation (undisguised)

Chua et al45 (Malaysia)
Conroy et al5 (UK)
Ghaleb et al34 (UK)
Herout and Erstad19 (USA)

Ozkan et al55 (Turkey)
Feleke and Girma49 (Ethiopia)
Cousins et al56 (UK, Germany,
and France)

4 months

Prospective observation (undisguised)

5 hours

2 hours

1 year
3 months

25 days
2 weeks
6 months

5 days

3 months
6 weeks
2 weeks
1 month

4 years
1 year
5 years
2 years
1 year
5 years
2 years
7 months
3 months

1 year
4 years
6 weeks

Retrospective review
Retrospective review
Retrospective review
Retrospective review
Retrospective review
Retrospective review
Retrospective review
Retrospective review
Retrospective review
Retrospective review
Retrospective review
Retrospective review

5 years

Study
duration

Retrospective review

Study type

Manias et al48 (Australia)
Miller et al16 (USA)
Ross et al30 (UK)
Sadat-Ali et al52 (Saudi Arabia)
Simpson et al31 (UK)
Stavroudis et al17 (USA)
Suresh et al18 (USA)
Thomas and Panchagnula32 (UK)
Sakuma et al50 (Japan)
Prospective studies
Alsulami et al33 (UK)

Retrospective studies
Doherty and McDonnell37
(Canada)
Frey et al54 (Switzerland)
Hicks et al15 (USA)
Kaushal et al1 (USA)

Reference (country)

Table 1 Summary of studies relating to hospital MAEs in children

Simulation

Simulation

Teaching hospital (440 beds)
3 children’s hospitals

Teaching hospital (52 beds)
Teaching hospital
6 hospital units

Medical, surgical, NICU, and
PICU wards
Children’s hospital
Children’s hospital (92 beds)
5 hospitals
Surgical intensive care unit
(16 beds)
Teaching hospital

Children’s hospital (334 beds)
Children’s hospital
2 children’s hospitals
Teaching hospital
NICU
MedMARx reports
54 NICUs
NPSA database
2 children’s hospitals

Children’s hospital
MedMARx reports
2 teaching hospitals

Hospital (300 beds)

Study setting

48 medical students and 21 nursing
students
44 students, 3-hour lecture
followed by 2-hour tutoring session
and a stimulation exam after 1 week

784 MEs identified during chart
review
2,344 doses observed
218 doses observed
UK 273 doses observed; Germany
425 doses observed; France
100 doses observed
1,719 doses observed
Spontaneous self-reporting of MAEs
over 3 months. Total of 440 beds

857 doses observed
752 doses observed
2,240 OPE observed
206 doses observed

2,000 Doses observed

275 ME reports
645 ME reports
616 MEs identified during chart
review
2,753 ME reports
140 ME reports
195 ME reports
38 ME reports
105 ME reports
6,749 ME reports
1,230 CI reports
12,084 CI reports
36 ADEs in 826 reported MEs

252 ME reports

Sample size

Improved knowledge and awareness of children
medication safety and MEs
Pre-intervention: 22% of students administered
medication correctly
Post-intervention: rate improved up to 96%

855 MAEs identified (36.5% per dose observed)
196 MAEs identified (89.9% per dose observed)
UK 185 MAEs (67.8% per dose observed);
Germany 262 MAEs (61.6% per dose observed);
and France 34 MAEs (34% per dose observed)
538 MAEs identified (31.3% per dose observed)
372 self-reported MAEs over 3 months

16 MAEs detected (2.1% per ME)

100 MAEs identified (11.7% per dose observed)
150 MAEs identified (20% per dose observed)
429 MAEs identified (19.1% per OPE)
26 MAEs identified (12.6% per dose observed)

191 MAEs identified (9.6% per dose administered)

1,952 MAEs (70.9% per ME report)
79 MAEs (56.4% per ME report)
149 MAE (76.4% per ME report)
15 MAE reports (39.5% per ME report)
30 MAE reports (28.6% per ME report)
3,256 MAE reports (48.2% per ME report)
181 MAE reports (14.7% per CI report)
181 MAE reports (12.2% per CI report)
1 MAE report (3% per ADE report)

200 MAEs (72.7% per ME report)
384 MAEs (59.5% per ME report)
78 MAEs (12.7% per ME)

87 MAEs (34.5% per ME report)

Key findings
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Intervention (standard concentration
and smart pump)
Intervention (new guidelines)

Larsen et al22 (USA)

Integrated Pharmacy Research and Practice 2015:4
Intervention (education)

Intervention (education to staff and
parents)

Intervention (CPOE)

Intervention (CPOE)

Raja Lope et al46 (Malaysia)

Bertsche et al43 (Germany)

Fontan et al42 (France)

Yamamoto and
Kanemori23 (USA)
Sowan et al24 (USA)

Warrick et al36 (UK)

Russell et al25 (USA)

Intervention (education)

Otero et al47 (Argentina)

Intervention (CPOE and smart
pumps)
Intervention (clinical information
system)

Intervention (CPOE simulation)

Intervention (education)

Chedoe et al51
(the Netherlands)

Ellis et al39 (Canada)

Intervention (simulation)

Trbovich et al38 (Canada)

3 weeks

24 days

Not
reported
Not
reported

1 month

7 weeks

1 month

2 years

20 days

22 weeks

2 years

Not
reported

Teaching hospital

Children’s hospital (30 beds)

Emergency department
and PICU
Simulation

Children’s hospital

Children neuro ward
(19 beds)

Teaching hospital (34 beds)

Children’s unit (110 beds)

NICU (14 beds)

Children’s medical center
(242 beds)
Children’s hospital

Simulation

Pre-intervention: 528 scheduled
doses
Post-intervention: 278 scheduled
doses

296 doses administered

108 infusions

38 nurses

CPOE: 3,943 OPE
Handwritten prescription: 646 OPE

Pre-intervention: 646 medication
administration by nurse and 29 by
parents
Post-intervention: 453 medication
administration by nurse and 36 by
parents

Pre-intervention: 311 doses
observed
Post-intervention: 284 doses
observed
Pre-intervention:
1,174 administered dose
Post-intervention:
1,588 administered dose
188 doses administered

Pre-intervention: 12,109 ME reports
Post-intervention: 12,399 ME reports
1,000 morphine doses

24 Nurses, 3 pump type (limited
functionality, smart, and barcode),
and 7 infusion tasks for each
pump type
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Participants found 88% of wrong patient errors
using barcode pump, 58% using smart pump,
and 46% using limited functionality pump.
Smart pump remedied wrong dose high limit
(75%), 79% barcode, and 38% with the limited
functionality pump
Pre-intervention: 28 infusion errors
Post-intervention: 8 infusion errors
No child required morphine antidote or
respiratory support following morphine
administration
Pre-intervention: 151 MAEs identified (49% per
dose observed)
Post-interventions: 87 MAEs identified (31% per
dose observed)
Pre-intervention 99 MAEs identified (8.4% per
administered dose)
Post-intervention 94 MAEs identified (5.9% per
administered dose)
Pre-intervention: 188 non-adherence to the six
rights rule
Post-intervention: non-adherence dropped to 169
Pre-intervention: 261 MAEs identified (40.4%
per administered dose) by nurses and 28 MAEs
identified (96.6% per administered dose) by
parents
Post-intervention: 36 MAEs identified (7.9%
per administered dose) by nurse and 2 MAEs
identified (5.6% per administered dose) by parents
CPOE: 888 MAEs identified (22.5% per OPE)
Handwritten prescription: 189 MAEs identified
(29.3% per OPE)
Conventional method had 70 MAEs whereas
computer-assisted dosing had 27 MAEs
Nurses were able to identify 53% of MAEs in 72
infusions containing MAEs. Whereas, nurses were
able to identify 40% of MAEs in 72 infusions that
contained MAEs of handwritten prescriptions
72 infusion discrepancies (24%) between CPOE
and setting on smart pump
Pre-intervention: 43 omitted doses (8.1% per
scheduled dose)
Post-intervention: 4 omitted doses (1.4% per
scheduled dose)
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Intervention (standard concentration
and education)

Intervention (smart infusion pump)

Intervention (education, smart
infusion pump, audits, and ADE
reporting)
Intervention (education, independent
double-checking, hands-free
communication devices, ME huddle,
checklist, distraction-free zones, and
BCMA)
Intervention (education)

Bullock et al27 (USA)

Manrique-Rodríguez et al53
(Spain)

McClead et al28 (USA)

2 months

4 years

4 years

17 months

Not
reported

9 months

Study
duration

Children’s hospital (18 beds)

Pediatric cardiothoracic
intensive care unit (20 beds)

Children’s hospital

Children’s hospital PICU
(11 beds)

Teaching hospital PICU

Teaching hospital (36 beds)

Study setting

1,920 drug-handling process
(preparation and administration)

46 ME events resulted in patient
harm

Continuous monitoring of ADEs
over 4 years

624,252 infusions were delivered
over 17 months

Retrospectively identified 63 errors
in 196 pre-interventions and
24 errors in 163 infusions

92,398 doses, 475 without barcode
and 483 with barcode

Sample size

MAEs pre-intervention: 527 errors in 581 drughandling processes
MAEs post-intervention: 116 errors in 441 drughandling processes

19 MAEs found in 39 MEs observed with no
BCMA; 12 MAEs found in 20 MEs observed with
BCMA
Pre-intervention: 26 dose errors in 50 infusions,
6 concentration errors in 26 infusions, and 31
infusions with no standardized concentration in
120 infusions
Post-intervention: 7 dose errors in 28 infusions,
0 concentration errors in 7 infusions, and 17
infusions with no standardized concentration in
128 infusions
486,875 infusions were programmed using
the smart pump (78%). The ratio of alerts to
infusions through the drug library was 0.004.
No administration error relating to the smart
infusion pump was reported. Smart infusion pump
intercepted 92 errors. 49% of these intercepted
errors were classified as of moderate, serious, or
catastrophic severity
MAEs pre-intervention accounted for 55% of all
ADEs. Post-intervention MAEs lowered to 38% of
all ADEs (P,0.001)
MAEs pre-intervention: 22 events (67%)
MAEs post-intervention: 3 events (75%)

Key findings

Abbreviations: ADE, adverse drug event; BCMA, barcode medicine administration; CI, critical incident; CPOE, computerized physician order entry; MAE, medication administration error; ME, medication error; NICU, neonatal intensive
care unit; NPSA, National Patient Safety Agency; OPE, opportunities for error; PICU, pediatric intensive care unit.

Niemann et al44 (Germany)

Keiffer et al29 (USA)

Intervention (BCMA)

Study type

Morriss et al26 (USA)

Reference (country)

Table 1 (Continued)
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a retrospective approach to investigate MAEs, prospective
observational studies, and studies that investigated the effect
and impact of an intervention.
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Definitions of hospital MAEs in children
There were eight studies that reported a specific definition for
hospital MAEs in children.19,34,41,42,45,46,49,56 Table 2 illustrates
the key components of the definitions found. As can be seen,
MAEs can generally be defined as a variation of the dose
given from that originally prescribed. The remaining studies did not report a specific MAE definition. However, they
utilized a broad ME definition such as the one by Kaushal
et al1 which describes MEs as “errors in drug ordering, transcribing, dispensing, administering, or monitoring”.

Prevalence of hospital MAEs in children
Studies that investigated the prevalence of hospital MAEs
in children have used two methodological approaches.
The first was a retrospective method that included critical incident review,18,32 analysis of ME specific incident
reports,15–17,30,31,37,48,50,52,54 and review of medication charts.1,20
The second methodological approach was using a prospective
method. This was in the form of either undisguised observation of the medication administration process,19,33,34,41,45,55–57 or
disguised observations.49,56 A further study40 was identified that
prospectively collected self-reported MAEs spontaneously.

in children.1,15,16,18,20,30–32,37,48,50,52,54,58 It involves the review
of records kept by health care professionals that are in the
form of critical incident reports, ME reports, or medication
charts.
Critical incident reports were included MAEs as part of
all other patient safety incidents. Two studies18,32 using this
approach found 362 MAEs in 13,314 critical incidents relating to children in hospital care. This is the equivalent of a
prevalence rate between 12 and 15 MAEs in every 100 critical
incident reports.
Whereas, ME reports relate specifically to incidents
of medication use. This includes prescribing, dispensing,
and administration errors. This approach was used in ten
studies.15,16,30,31,37,48,50,52,54,58 Despite the heterogeneity of data,
there were 12,588 ME reports in children’s hospitals and
MAEs accounted for 50% of the reports (n=6,247). This
yields a prevalence of 29 to 76 hospital MAEs in every
100 ME reports in children.
Another method found was to identify MAEs from medication charts. Screening medication charts for MEs is carried
out first. This is then represented in a breakdown of all ME
types including MAEs. Studies that used this method found
a prevalence of between 2 and 13 MAEs in every 100 MEs
identified.1,20 There was no study that has reviewed medical
records to identify MAEs.

Prospective methods
Retrospective methods
As can be seen in Table 1, retrospective studies are a commonly used method to investigate MAEs. This approach
was utilized by 14 studies to investigate hospital MAEs

The second approach that was found to investigate hospital
MAEs in children is the use of prospective observation of
medication administration practice. This is conducted in
disguised or undisguised manner. The prevalence of MAEs

Table 2 Key definition components used to investigate medication administration errors (MAEs) in children’s hospitals
Study

Definition components
MAE is variation of dose given from

Chua et al45
Cousins et al56

Prescription

Hospital
procedures

Manufacture
procedures









Preparation
errors

Other



Feleke and Girma49

“Occurs while administering a
medication to a patient”

Fontan et al42



Ghaleb et al34



Herout and Erstad19



Prot et al41
Raja Lope et al46
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Includes omission; dosing errors
for weight-based infusion were
defined as a 5% difference
Process of “commission and
omission” by nurse
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is dependent on the denominator used. The studies that measured MAEs against the number of doses observed have found
9 to 90 MAEs in every 100 doses observed.5,19,33,41,45,49,55,56
Despite heterogeneity, cumulatively this represents a total
of 2,537 children’s hospital MAEs (29%) identified in 8,894
doses observed.
As presented in Table 1, only two studies were conducted
in a disguised manner. The first study is multi-centered and
was undisguised in the UK but disguised in Germany and
France.56 The study found prevalence of between 34 and
62 MAEs in every 100 doses observed respectively. However,
using the same definition and method, they found 68 MAEs
per 100 doses observed undisguised in the UK. The second
study that was carried out in a disguised manner was by
Feleke and Girma49 in Ethiopia. They have found at least 90
MAEs in every 100 doses observed.
Another denominator that was used to represent prevalence of MAEs is the number of opportunities for error.
Ghaleb et al34 measured MAEs in ten children’s wards using
this denominator. They found 19 MAEs in every 100 opportunities for error. This denominator assumes that there are
multiple opportunities for error in each dose observed.
Furthermore, a spontaneous self-reporting of MAEs was
investigated to collect MAEs that was carried out by Sears
et al.40 The study was carried out over 3 months in three
children’s hospitals. A survey tool was developed to capture
nurses’ self-reporting of MAEs. A total of 372 MAEs were
self-reported by registered nurses over 3 months.

Nature of MAEs
The following are categories reported to be types of MAEs
among eight studies in this review. 30,33,34,40,41,45,49,56 The
remaining studies did not report specific MAE subtypes but
categorized MAEs along with other ME types:
• Preparation, administration technique, and medicine
infusion rate
• Dosage, extra dose, dose omission, and time of
administration
• Wrong medicine and unauthorized medicine
• Wrong formulation, wrong route, and wrong strength.
In addition, other incidents such as failure to follow
hospital rules or policy and administration of doses without
double-checking were also classified as types of MAEs.
The most reported therapeutic agent that has been associated with hospital MAEs in children is antimicrobials
(between 22.9%16 and 50.3%49). Other agents associated
with MAEs include anticancer, anticonvulsants, steroids,
cardiovascular, opioids, and insulin agents.
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Only two studies40,51 were found to have measured the
severity of MAEs. Chedoe et al51 utilized a panel made up
of a doctor, a nurse, and a pharmacist to assess severity
independently. Each panelist was asked to rank the potential
of harm on a scale of 0 to 10. This was an interventional
study that concluded the pre-intervention harm was 42%
minor (n=67), 57% moderate (n=91), and 1% severe (n=1).
Whereas, post-intervention harm was 23% minor (n=24) and
77% moderate (n=80). This study carried out an observation
of 10 days before and after the intervention. The intervention was based on an educational program, posters for safe
preparation and administration, and updated guidelines for
the medicine administration process.
The second study that assessed the severity of MAEs
was by Sears et al.40 The MAE reporter was asked to select
the potential of harm. Most of the reports were of minimal
error (n=185) and some reported as significant error (n=112).
This was followed by serious error (n=20), potentially lethal
(n=51), and lethal (n=4).

MAE interventions
A review of the literature found five types of interventions
evaluated to reduce hospital MAEs in children: barcode
medicine administration (BCMA), computerized physician
order entry (CPOE), education and training, smart pumps,
and use of standard concentrations.

BCMA
This intervention requires patients to wear a barcoded
wristband. The barcode contains patient identification details
such as patient’s name, date of birth, and hospital number
that can be integrated with patient’s medication record/
prescription. Before each medicine administration, the barcode will need to be scanned against that of the dispensed
medicine in order to confirm that the medicine is for the correct patient and is the correct prescribed medicine. This intervention requires streamlining the medication cycle to align
with the patient. The dose needs to be prescribed correctly,
dispensed, and administered in a standardized approach to
the patient. Morriss et al26 observed the number of MEs
using a review of medication charts and records kept by the
infusion pump. The number of MEs in the pre-intervention
phase that did not use BCMA was 39; out of these, 19 were
MAEs. In the post-intervention phase of using BCMA,
fewer MEs (n=20) were identified. MAEs accounted for 12
incidents. MAEs observed with BCMA related to omission
(n=1), wrong dose given (n=1), administration technique
(n=1), and wrong time (n=9) errors.
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CPOE
CPOE is where a prescription is generated electronically for
dispensing, and administration. This is also known as electronic prescribing. There have been studies that looked at the
use of CPOE and its relation to MAE. The retrospective review
by Fontan et al42 found that MAEs are lower with the aid of
CPOE (22.5%) than handwritten prescriptions (29.3%).
Additionally, Sowan et al24 found in a simulation study
that CPOE increases the probability of detecting an MAE.
The simulation involved 144 infusions that are prepared
either against a handwritten prescription or CPOE form.
The simulation found that nurses were able to identify 53%
of MAEs in infusions that were ordered using CPOE. On
the other hand, nurses identified 40% of the MAEs in the
handwritten infusion prescription. Also, Warrick et al36
evaluated a clinical information system that was integrated
with electronic prescribing. This approach has significantly
reduced the omitted doses from 8.1% (43 omitted doses in
528 doses) to 1.4% (4 omitted doses in 278 doses).
Yamamoto and Kanemori 23 carried out a prospective comparison between two medication administration
practices. The first practice was using a computer-assisted
administration that has the prescription integrated and other
resources. The second practice was using a conventional
method of medicine administration and dosing without access
to a computer program or electronic resources. They have
found that the frequency of MAEs is lower using computerassisted administration practice (n=27 MAEs) compared to
the conventional method (n=70 MAEs) with a significant
difference (P,0.001). This computer-assisted dosing is a
combination of an electronic calculator for preparation and
administration of children’s medicines.

Education and training
Educational programs to raise awareness and reduce hospital
MAEs in children have been delivered to doctors, nurses,
and graduating students. Chedoe et al51 was able to reduce
MAEs by 37% in the Netherlands after implementation of
a comprehensive educational program as well as individual
nurse training of preparation and administration procedures.
The intervention was able to reduce the potential severity of
harm. Notably, the wrong administration rate both of minor
and moderate harm reduced by 23% and 12%, respectively.
However, the frequency of MAEs such as medication incompatibilities or intravenous lines not flushed increased by 20%
in frequency and severity.
Another educational intervention study by Niemann et al44
used a three-step approach of intervention implementation.
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They had utilized a comprehensive program of training,
informative handouts, and a reference book for medicine
administration. The interventions were introduced in a stepwise approach and found that MAEs reduced significantly
by 26% (P,0.001). During the pre-intervention phase,
527 MAEs were identified in 581 drug-handling processes.
This was reduced during the post-intervention phase to
116 MAEs in 441 drug-handling processes.
Otero et al47 looked at the effect of comprehensive educational programs for the nursing team. The intervention
designed and implemented a “10 steps to reduce medication errors” checklist. The checklist was also provided in
a plastic pocket card for nurses to carry around with them.
The study pre-intervention MAE rate was 8.4% and the
post-intervention rate reduced to 5.9% per 100 administered
doses. The intervention has reduced dose omission, incorrect
dosing, and wrong infusion rate errors.
Another interventional study was done by Bertsche et al43
that aimed to provide training on medicine administration
to both the health care team as well as parents. This partnership in improving medication delivery via effective training
has significantly reduced hospital MAEs in children. MAE
rate pre-intervention was 40.4% by the health care team and
96.6% by parents. The post-intervention MAE rate reduced
significantly for the nursing team and parents, 7.9% and
5.6%, respectively, per 100 doses administered.
There have also been interventions that looked at reducing MAEs in the undergraduate education of nursing21,35
and medical35 students. This is to equip newly graduates
with the knowledge and understanding of the medication
administration process. Another one is training of staff to
improve adherence to hospital regulations and policy by
Raja Lope et al.46
Moreover, Ellis et al39 demonstrated that implementation
of new guidelines can prevent harm from MAEs. They have
managed to prevent need for the use of morphine antidote
or respiratory support in children following administration
of a morphine overdose.
A study by Keiffer et al29 investigated the use of educational program in combination of changes to the medication
administration process. These changes included: independent
double-checking, hands-free communication devices at bedside, ME huddle to identify lessons to be learnt from incidents
that caused harm, administration checklist, distraction-free
zones by placing a specific floor mat, and use of BCMA. This
approach of tackling MAEs was able to reduce the number
of events that caused patient harm. Pre-intervention, there
were 22 MAE harmful events; this is reduced to three MAE
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events post-intervention. However, MAE is still the most
prevalent ME.
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Smart pumps and standard concentrations
Smart pumps are devices with an in-built algorithm that
matches the patient’s parameters such as weight or body
surface area with the correct infusion rate, thereby, decreasing
the incidence of MAEs due to the wrong infusion rate, and
intercepting prescribing errors due to incorrect calculation
of dose and infusion rate.
Trbovich et al38 have evaluated three types of infusion
pumps: limited functionality infusion pump, smart infusion pump, and barcode infusion pump. They have found
that overall, barcode pumps helped to minimize wrong
patient and medicine errors by the nurse scanning a patient
wristband against the infusion using a barcode scanner.
However, smart infusion pumps were more useful in reducing MAE relating to doses, this is due to the built-in library
of medicines that it carries with it. This allows the infusion
pump to intercept doses that are outside the safe limits for
specific medicines. However, with a limited functionality
infusion pump, nurses relied more on their skills and experience. A study by Russell et al25 found that 24% of medicine
observed had a discrepancy between the prescribed dose
and the actual dose being given to the patient due to the
infusion pumps.
Additionally, Larsen et al22 explored using standard concentrations of medication combined with the use of smart
pumps. This combination has resulted in a tenfold decrease
of MAEs from 0.41 to 0.08 per 1,000 doses. Another study
by Manrique-Rodríguez et al53 that explored the use of
smart infusion pumps in the pediatric intensive care unit
(PICU) setting found that 78% (n=486,875) of the infusions
were programmed using the in-built library. The ratio of
alerts produced by the smart pump was 0.004. However, no
administration error relating to the smart infusion pump was
reported. Smart infusion pump intercepted 92 errors; 49%
of these intercepted errors were classified as of moderate,
serious, or catastrophic severity.
The use of standardized infusion concentration was also
investigated by Bullock et al.27 They have found that standardized infusion concentration was able to reduce errors
significantly (P,0.05) during the pre-intervention phase:
26 dose errors in 50 infusions, six concentration errors in
26 infusions, and 31 infusions with no standardized concentration in 120 infusions. In comparison, the post-intervention
phase had seven dose errors in 28 infusions, zero concentration errors in seven infusions, and 17 infusions with no
standardized concentration in 128 infusions.
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Another intervention combining use of smart infusion
pumps with use of educational materials improved double
checking practice, nurse led adverse drug event monitoring,
and unit-based audits. This was investigated by McClead et al28
who found that MAEs reduced from 55% of the total adverse
drug events to 38% over 4 years (P,0.001).

Discussion
The review was able to explore definitions, methods, and
interventions used to investigate MAEs in children’s hospitals.
Different definitions for MAEs were identified reflecting the
diversity in understanding of the problem. However, it was
possible to recognize key components that constitute a mutual
definition of MAEs. These components consist of an agreement that MAE is a deviation of medicine administered from
the prescribed instruction. It also includes errors during the
preparation process and the failure to follow hospital standard
procedures. Nevertheless, there is a need to develop a definition for MAEs agreed upon by medication safety experts and
practitioners that provides a clear and precise statement.
The definition should address issues such as prescribing,
dispensing, or monitoring errors that were not intercepted before
the administration process. Such errors should also be considered as MAEs since most hospital standard operating procedures
for medication administration require staff to conduct adequate
clinical checks. The benefit of a standard/agreed MAE definition
is that it can reduce heterogeneity of future studies. This will lead
to a possibility of meta-analysis and can also be used to conduct
randomized control trials of interventions. Also, there is a need
for clearer defined subcategories of MAEs. This will enable
a better standardization of investigations and interpreting of
findings. For example, the majority of the studies identify wrong
time, but there is no clear indication of what exactly constitutes
the wrong time, and many state it is the administration of the
dose ±1 hour of scheduled time. Others state it is ±30 minutes.
The impact of these differences can be vital since it will affect
the number of MAEs identified. Therefore, this is a major cause
for heterogeneity of the data.
Furthermore, this review found various methods used
to investigate hospital MAEs in children. There are indeed
strengths and limitations for each method but a triangulation of methodological approach to study hospital MAEs in
children will lead to a better understanding of the true nature,
causes, and severity of the problem.
There were variations in the denominators of which MAEs
were expressed. This could cause confusion, misunderstanding, or irregularity in interpreting MAE prevalence. Also,
the number of MAEs detected prospectively is dependent on
factors like observer clinical experience and knowledge of
Integrated Pharmacy Research and Practice 2015:4
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the medicine administration process. Similar concerns were
expressed in the review by McLeod et al.8
The review found heterogeneity between studies due to:
study setting, definitions, size, duration of study, and tools
used to identify hospital MAEs in children. If this heterogeneity is to be neglected, the review would find cumulatively a
total of 12,588 ME reported incidents in children’s hospitals;
of these, MAEs account for 50% (n=6,247). Whereas, using
a prospective observation method, a total of 2,537 MAEs
(29%) were detected when 8,894 doses were observed. These
findings demonstrate the scale of the problem when providing
medicine to children in hospital. Yet, data are limited regarding the level of harm this causes or the potential for harm.
Antimicrobials agents were found to be the medicine most
commonly associated with MAEs. This finding is expected
since antimicrobials are considered the most prescribed
agents in this cohort. However, this is also due to difficulties
in dose calculations, giving it at the correct time intervals,
or the preparation of intravenous infusions. Moreover, this
could have been as a result of other errors not intercepted in
the prescribing or dispensing process. Especially as many
medications are used in an unlicensed and/or off-label manner in children. The review found only one study that carried
out an assessment of the potential harm of MAEs. Another
gap in the literature is that no study has carried out exploring
the contributory factors of MAEs in PICU. This is important
since both knowledge of severity of harm and contributing
factors can help to develop interventions and will facilitate
the development of interventions that focus on risky practices
by both the system and practitioners.
In addition, interventional studies in hospital MAEs were
explored and categorized as: BCMA, electronic prescribing,
education and training, use of smart pumps, and standard
concentration. However, evidence is not strong enough to
support their true impact or effects on reducing MAEs. This
is possibly due to the multifaceted nature of MAEs.
For example, BCMA has shown the advantages of reducing MAEs relating to wrong patient, wrong medicine, and
time errors. However, other MAEs may not be reduced such
as errors in preparation, administration technique, or wrong
dose. Additionally, implementation of this BCMA system
will encounter financial costs and require staff training to
ensure competence.
On the other hand, CPOE allows clearer dosage instructions than handwritten prescriptions, hence minimizing the
risk of giving the wrong dose, and can help detect prescribing
errors before administering the medicine. Also, use of pharmaceutical calculation aids can provide better personalized
clinical decisions. Therefore, this will help in ensuring correct
Integrated Pharmacy Research and Practice 2015:4
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administration of medicines by providing information of the
amount of drug to draw out, the diluent volume, and the infusion rate. However, this approach may not address issues such
as wrong patient, wrong time, or wrong medicine and may
introduce new errors, such as discrepancies between what is
electronically recorded and what is actually given. Therefore,
more evaluation is required of these interventions and a study
of the impact of multiple interventions on MAEs.
This review suggests that there is a need for more than one
intervention to reduce MAEs in practice. They should focus
on supporting good medication safety practices that include
no blame culture, promote learning from errors, and involve
new technologies. Nevertheless, it is equally important to put
in place suitable monitoring methods over long periods of
time to assess the suitability of interventions.
However, the review identified a key gap in literature and
that is the limited number of interventions in PICUs. This is
despite the PICU being a high-risk area that provides round
the clock medicine administration. Many of these medicines
are of narrow therapeutic window and use of unlicensed/
off-label medicines are frequent. Although, there have been
a number of studies carried out in PICU to quantify the scale
of the problem. Additionally, no study was found which
investigated the opinions of PICU health care professionals
into the causes of MAEs or sought recommendations from
them to improve their administration practice. As far as the
researchers are aware, there were only two studies carried out
in the UK that tried to reduce MAEs.35,36 Both studies did not
actually address MAEs fully nor did they reduce MAEs in
PICUs. Stewart et al35 investigated the use of education and
simulation of the administration process with undergraduate nurse students. The study is of less application in real
practice since the study was carried out over a very short
period of time. Also, they did not follow-up the students’
performance in real time clinical situations. On the other
hand, Warrick et al36 utilized a clinical information system
for providing support for doctors and nurses. However, they
only measured MAEs in terms of omitted doses. This is by no
means a reflection of the true level of the problem in practice.
Also, they carried out the study in an emergency department
where patients are only likely to stay for a very short period
of time. Hence, many of the scheduled doses will be missed
because they would have either been discharged to another
ward or sent back home. Therefore, there is a serious need
for evidence-based MAE safety measures in PICU.
This review builds upon knowledge found by other
researchers.6,8,9,11 It also agrees with Raban and Westbrook13
that reducing interruption alone is associated with a weak
evidence of reducing MAEs.
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This review did not identify research written in non nglish language due to time constraints and lack of
E
translators. Inclusion of such research would add vital insight
into the type of research and nature of MAEs in different parts
of the world. However, the databases that were searched did
return a number of non-English studies that were judged not to
be relevant for this review. A separate search on non-English
databases would be required along with a trusted translator
who has experience in conducting literature reviews.
Additionally, only interventional studies related to hospital MAEs were reviewed, but it would have been beneficial
to review overall ME interventions as well since this review
has shed light on the multifaceted nature of MAEs. Also, this
review has focused only on hospital interventions to MAEs in
children. A separate review is recommended specifically to
identify all the MAE interventions in both adults and children
for allowing shared learning and adaptation of interventions
across different settings.
Future MAE research should address the need for a
validated expert consensus on a clear practical guide to
carry out MAE studies along with a standard approach to
define, classify, and report MAEs. This will result in a better
understanding of the problem and lead to development of
evidence-based interventions.

Conclusion
This review has identified wide variation in the prevalence of
hospital MAEs in children. This is attributed to the methods
and definitions used to investigate these errors as identified in
this review. Additionally, the review found weak evidence for
a single intervention in reducing hospital MAEs in children.
This illustrates the complexity and multifaceted nature of this
issue. Therefore, there is a need to develop a set of safety
measures to tackle these errors.
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