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abstract
BACKGROUND AND OBJECTIVE: Medication errors cause appreciable
morbidity and mortality in children. The objective was to determine the
effectiveness of interventions to reduce pediatric medication errors,
identify gaps in the literature, and perform meta-analyses on comparable
studies.

METHODS: Relevant studies were identified from searches of PubMed,
Embase, Scopus, Web of Science, the Cochrane Library, and the Cumu-
lative Index to Nursing Allied Health Literature and previous systematic
reviews. Inclusion criteria were peer-reviewed original data in any
language testing an intervention to reduce medication errors in
children. Abstract and full-text article review were conducted by 2
independent authors with sequential data extraction.

RESULTS: A total of 274 full-text articles were reviewed and 63 were
included. Only 1% of studies were conducted at community hospitals,
11% were conducted in ambulatory populations, 10% reported
preventable adverse drug events, 10% examined administering errors,
3% examined dispensing errors, and none reported cost-effectiveness
data, suggesting persistent research gaps. Variation existed in the
methods, definitions, outcomes, and rate denominators for all studies;
and many showed an appreciable risk of bias. Although 26 studies
(41%) involved computerized provider order entry, a meta-analysis was
not performed because of methodologic heterogeneity. Studies of
computerized provider order entry with clinical decision support
compared with studies without clinical decision support reported
a 36% to 87% reduction in prescribing errors; studies of preprinted
order sheets revealed a 27% to 82% reduction in prescribing errors.

CONCLUSIONS: Pediatric medication errors can be reduced, although
our understanding of optimal interventions remains hampered. Re-
search should focus on understudied areas, use standardized def-
initions and outcomes, and evaluate cost-effectiveness. Pediatrics
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Medication errors are common in pedi-
atric patients; 5% to 27% of all pediatric
medication orders result in amedication
error.1–3 Medication errors cause signif-
icant mortality and morbidity, including
7000 patient deaths annually from med-
ication errors in the United States.4,5

Pediatric inpatients may have 3 times
more medication errors than adult
inpatients, and these errors are fre-
quently harmful.2 For children, 1% of all
medication errors carry significant po-
tential for harm, with 0.24% of errors
causing actual harm.2 Children are at
high risk for these errors6 due in part to
the need for weight-based dosing.7,8

To reduce this preventable harm, pedi-
atric health systems, institutions, and
providers must understand, implement,
and augment interventions to reduce
pediatric medication errors.9 Previous
systematic reviews on pediatric medi-
cation error epidemiology or specific
pediatric medication error intervention
subsets,10–20 including 1 review by our
group,10 found appreciable variation in
medication error definitions, popula-
tions, and outcomes, precluding true
synthesis of data. All previous system-
atic reviews looking at interventions to
reduce pediatric medication errors ex-
amined subsets of interventions only,11–18

and all searches in epidemiologic or
intervention reviews were performed
before 2008,10,11,13–18 except 1 that ex-
amined nurse staffing interventions
performed in 2010.12

The large increase in quality improve-
ment intervention publications in the 6
years after our previous review,10,21 the
lack of a systematic review looking at all
interventions to reduce pediatric medi-
cation errors, and the hypothesis that
newer publications might use consis-
tent definitions and outcomes allowing
quantitative data synthesis suggest an
updated systematic review on inter-
ventions to reduce pediatric medication
errors is warranted. By using rigorous
systematic review methodology, we

aimed to determine the effectiveness of
interventions to reduce pediatric medi-
cation errors, identify persistent gaps
in the pediatric medication error re-
duction literature, and perform meta-
analysis on comparable studies.

METHODS

Search Strategy

The authors searched PubMed, Embase,
Scopus,WebofScience,CochraneLibrary,
and the Cumulative Index to Nursing
and Allied Health Literature (CINAHL) for
studies investigating interventions to
reduce pediatric medication errors
(Supplemental Information). The search
included a pediatric concept and a
medication error concept. Terms were
searched as controlled vocabulary in
applicable databases (PubMed, Embase,
CINAHL, Cochrane) and as keywords in all
databases. The search was run as an
update to a previous literature review,10

with the previous search strategy
broadened to ensure complete article
retrieval (Supplemental Information).
The date parameters were limited from
2005 to the search date to capture liter-
ature published since the first review.
Performing a complete search on all
dates was beyond the scope of available
resources. All searches were conducted
on November 22, 2011. Articles included
in previous systematic reviews on pedi-
atric medication errors10–20 were also
included in the full-text review to
augment our previous review and to
ensure all relevant articles published
before 2005 were retrieved.

Eligibility Criteria

The study types for this review included
randomized controlled trials, quasi-
randomized controlled trials, controlled
before and after trials, and interrupted
time-series studies published in any
language and in any country. An in-
tervention was defined as anything
aimed at reducing medication errors.

Computerizedproviderorderentry(CPOE)
was defined broadly as any electronic
system that facilitates medication pre-
scribing.14 Clinical decision support (CDS)
for CPOE was also defined broadly as
any system that prompts users on cor-
rect dosages, alerted prescribers when
dosages were out of prespecified
ranges, or alerted drug-drug inter-
actions.11,14 Preprinted order sheets
were broadly defined as any structured,
paper-based form that prompted or
required providers to enter specific
medication-ordering information. Com-
parator groupswere broadly defined by
the included articles, but studies with-
out a clear comparator group were ex-
cluded. For example, a study reporting
errors discovered by pharmacist med-
ication reconciliation but not reporting
how many errors occurred without
pharmacist medication reconciliation
would be excluded. Studies had to in-
clude subjects,19 years of age in any
care setting. Inpatients were defined as
admitted patients not solely in the ICU,
ambulatory patients were patients not
admitted and excluding emergency de-
partment patients, and emergency de-
partment patientswere patients seen in
the emergency department, whether or
not they were eventually admitted.

Tocapture thebroadestpossible rangeof
definitions, the outcome of interest was
medication errors as defined by the Na-
tional Coordinating Council for Medica-
tion Error Reporting and Prevention: “A
medication error is any preventable
event that may cause or lead to in-
appropriate medication use or patient
harm while the medication is in the
control of the health care professional,
patient, or consumer. Such events may
be related to professional practice,
health care products, procedures, and
systems, including prescribing; order
communication; product labeling, pack-
aging, and nomenclature; compounding;
dispensing; distribution; administration;
education; monitoring; and use.”22
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Secondary outcomes included (1) pre-
ventable adverse drug events (ADEs;
preventable errors that reached a pa-
tient and resulted in harm as defined by
the Institute for Safe Medication Prac-
tices [ISMP] categories 5, 6, or 7 [sig-
nificant temporary harm, permanent
harm, near death or death])23 and (2)
serious preventable ADEs including ISMP
categories 6 or 7 only (permanent harm,
near death or death).23 Studies using
voluntary error reports as their outcome
(numerator or denominator) were ex-
cluded because voluntary error reports
may underestimate the true incidence of
medication errors; it is also difficult to
interpret true denominators for these
interventions.21,24 “Orders” were defined
as inpatient medication prescribing, and
“prescriptions” were defined as ambu-
latory medication prescribing. We ex-
cluded studies conducted in simulation
settings only (eg, nurses administered
medications to a mannequin) because of
concern that they did not represent real-
world efficacy. Studies designed solely to
change the volume of prescribing were
also excluded.

Abstracts fromconferencepresentations
and full-text articles were included. All
authors of abstracts included in the
systematic review were contacted for
additional information (n = 3), and 2
responded.

Data Abstraction and Study Quality
Assessment

Two independent, nonblinded authors
(M.L.R. and C.A.V., S.R., or Y.Z.) reviewed
each title and abstract for inclusion.
Full-text review was also conducted
by 2 independent, nonblinded authors
(M.L.R. and C.A.V., S.R., or Y.Z.) and
discrepancies were resolved through
author consensus discussions. Both
abstract reviews and full-text reviews
were piloted on sample abstracts or
articles respectively, to ensure reviewer
consistency in judging inclusioncriteria.
For non–English-language studies in-

cluded in the full-text review (n = 13),
independent reviewers with fluency in
the article’s language translated and
abstracted data from the article. To
ensure accurate translations, the pri-
mary author (M.L.R) independently
translated all foreign-language articles
with computer translation software,
previously shown to be effective for
systematic reviews.25 As above, 2
authors made inclusion decisions for
non–English-language studies based on
translations.

Using identical methodology as our
previous review,10 data abstraction for
included articles was conducted in
sequential fashion, as the second ab-
stractor (M.L.R.) was able to see the
first reviewer’s or translator’s ab-
stracted data. Data abstraction was
conducted via an electronic abstrac-
tion form, which was pilot tested for
consistency among reviewers (Sup-
plemental Fig 3). When data were un-
clear or missing, the corresponding
author was contacted via e-mail at
least twice. In addition to collecting the
standard systematic review data
points of population, intervention, and
outcomes, we also abstracted data on
quality improvement markers.26 We
selected the following markers to help
assess whether studies used robust
quality improvement methodologies:
sustainability (number of months that
data were collected after beginning the
intervention), cost of intervention, pa-
tient or family involvement at any point
in the design, conduct or interpretation
of the study, and target population ac-
ceptance of the intervention (defined
as any qualitative or quantitative as-
sessment of feedback from the partic-
ipants at whom the intervention was
directed).

To assess article quality, 2 independent
reviewers (M.L.R. and C.A.V., S.R., or Y.Z.)
used the Cochrane Effective Practice
and Organization of Care Review Group
guidelines.27 Individual article poten-

tial bias from funding sources and
aggregate article publication bias (the
number of studies published with
positive and negative findings) were
also assessed. Finally, study rigor was
assessed by examining if a second
person verified that medication errors
met error definitions stated in the
manuscript. This was done because
reviewer discrepancies often exist in
determining whether a medication er-
ror is truly an error.28

Synthesis of Results and Statistical
Analysis

Outcomeswereexpressedas thenumber
of medication errors, defined by the
articles’ authors, per 100 events ob-
served, also defined by the articles’
authors. Events observed included
orders, medication administration op-
portunities (administered doses and
omitted doses), patients, patient days,
admissions, prescriptions, and medica-
tion days (a prescribed medication that
is continued during a day and leads to an
administration). Clinical and methodo-
logic heterogeneity was assessed by ex-
amining potential variations in primary
and secondary outcomes (error def-
initions), interventions, study pop-
ulations, and settings. A random-effects
meta-analytic model was used given the
heterogeneity of included studies and
the nonstandardization of study medi-
cation error definitions. For CPOE stud-
ies, we hypothesized that there was
sufficient homogeneity in subsets of
studies (CPOE with CDS versus manual
order entry, CPOE with CDS versus CPOE,
CPOE with CDS versus manual order en-
try in PICUs, CPOE with CDS for continu-
ous infusions versus manual order
entry) to aggregate outcome statistics.
The I2 statistic was used to calculate the
degree of heterogeneity for meta-
analysis. As noted below, the I2 statistic
was .80% for each subset, suggesting
that studies were too heterogeneous for
meta-analysis.
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RESULTS

Search Results

Our search identified 6246 abstracts
composed of 3788 unique abstracts. A
total of 3588 abstracts were excluded
during abstract review. An additional
74 articles from previous systematic
reviews were identified for full-text re-
view.10–20 A total of 274 articles were
included in full-text review, and of
these, 63 were deemed eligible for in-
clusion in the systematic review
(Fig 1).1,29–91 Ten articles (16%) were
included from previous systematic
reviews, and 53 (84%) were identified
by the current search protocol. The
most common reason for exclusion in
the full-text review was articles dis-
cussing strategies to reduce medica-
tion errors without data that met
inclusion criteria (n = 77). Of these 77
studies, 29 were excluded for using
voluntary error reports only, 27 had no
preintervention or during-intervention
comparator group, 13 discussed qual-
itative outcomes only, and 8 were ex-
cluded for other reasons. A summary
of all articles included in this study is
presented in Table 1.

Aggregate Data Synthesis

Most studies were conducted in the
United States (51%) and in a single site
(95%) that was academic/university-
affiliated (90%). Nine studies (14%)
included emergency department pa-
tients and 7 (11%) included ambulatory
patients. Twenty-six studies (41%) in-
vestigated the effects of CPOE on medi-
cation errors (22 investigated CPOE and
CDS and 4 investigated CPOE without
CDS), 20 studies (32%) investigated the
effectsofeducation,9 (14%)investigated
the effects of preprinted order sheets, 8
(13%)investigatedtheeffectsofprotocol
implementation, 7 (11%) investigated the
effects of publicizing/reporting error
rates, and 5 (8%) investigated the effects
of increased pharmacist participation in
medication ordering. Additional inter-

ventions are described in Table 2. Only
6 studies (10%) investigated solely ad-
ministering errors and 2 (3%) investigated
solely dispensing errors. Twelve articles
(19%) assessed severity of errors by
using variations on “no harm, minor
harm, severe harm, or death,” with
a wide variation in the number of se-
verity categories from 2 to 11 (mean:
3.7). Wide variation also existed in the
denominator used for outcome rates
(Table 2).

With regard to our secondary out-
comes, 6 studies (10%) reported pre-
ventable ADEs and no studies reported
seriouspreventableADEs.Of thestudies

reporting preventable ADEs,1,40,45,62,66,73

2 studies1,45 reported statistically sig-
nificant decreases in ADEs after an
intervention: a 77% reduction in pre-
ventable ADE prescribing errors using
multiple error reduction strategies
(n = 16 of 12 026 pre versus 3 of 9187
post) and a 43% reduction in all types
of preventable ADE errors using CPOE
with CDS (n = 46 of 1197 pre versus 26
of 1210 post), respectively. Two of the
other studies40,66 reported only 1 pre-
ventable ADE during their respective
pre- and postintervention periods, and
a third study62 reported 2 preventable
ADEs, 1 during the pre- and 1 during the
postintervention periods.

FIGURE 1
Summary of search and screening process.
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With regard to the robustness of quality
improvement methodology, only 10
studies (16%) reported whether their
interventionwas accepted by the target
population and 5 studies (8%) involved
patients or families at any point in the
design, conduct, or interpretationof the
study. Sixteen studies (25%) collected
data for #3 months after implement-
ing the intervention.

Therewas an appreciable risk of bias in
most studies (Fig 2), with, for example,
67% of the 52 interrupted time-series
studies not protecting against secular
changes. Sixty studies (95%) reported
positive results for their intervention,
suggesting possible publication bias.
Thirty-four of those studies reported
statistically significant positive results,
7 reported non–statistically significant
results (P. .05), and 19 did not report
statistical inferences for the outcome
of interest. Of the 3 studies included
that did not report positive results for
their intervention, 2 reported non–
statistically significant results. Thirty-
seven studies (59%) did not report
funding sources for their research,
and four of those who did (6%) had
a potential conflict of interest. In 27
studies (43%), no one verified that the
errors collected were truly errors, and
in 9 additional studies (14%) it was
unclear if someone verified errors.

Data Synthesis for Specific
Interventions

Of the 63 studies included, 52 (83%)
were able to be included in qualitative
data synthesis for a specific in-
tervention: 26 for CPOE, 14 for educa-
tion, 9 for preprinted order sheets, and
5 for increased pharmacist participa-
tion in drug therapy. One study1 evalu-
ated both preprinted order sheets and
increased pharmacist preparation,
and 1 study77 evaluated both CPOE and
preprinted order sheets. Although
summary ranges are presented below,
appreciable heterogeneity still existsTA
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between many studies using the same
intervention. All other intervention sub-
sets (protocol implementation, publicizing/
reporting error rates, double checking,
environmental changes, unit drug dose
distribution system, non-CPOE technol-
ogy for medication administration)
were too heterogeneous for synthesis
(Table 3).

Of the 26 CPOE interventions, 4 in-
vestigated the effects of CPOE without
CDS compared with manual order en-
try33,74,77,79 and reported a 44% to 88%
reduction in prescribing errors. Five
studies examined the effect of CPOE
with CDS for multiple medications on
inpatients45,46,51,73,88 and found a 14%
increase in errors to a 99% decrease in
all types of errors. The study reporting
a 14% increase in all types medication
errors73 noted that this change was
non–statistically significant (P . .05)
and also reported a statistically signif-
icant 7% decrease in nonintercepted,
serious medication errors. Ginzburg
et al43 and Kirk et al54 looked at ambu-
latory prescribing errors for acetamin-
ophen or ibuprofen and reported a 36%
reduction (n = 103 of 316 pre vs 46 of
224 post) and an adjusted risk of 56%
(n = 534 of 1893 pre vs 299 of 2381 post)
in these types of prescribing errors,
respectively. When applyingmeta-analytic
models, I2 statistics for each CPOE subset
were.80%. On the basis of criteria in
the Cochrane Handbook for System-
atic Reviews of Interventions,92 this
finding suggests large heterogeneity
and therefore meta-analysis results
are not presented.

Although 20 studies reported provider
education as part of their intervention
to reduce pediatric medication errors,
14 studies31,34,37,40,56,60,65,71,75,76,78,82,85,87

used education as their main in-
tervention to reduce pediatric medi-
cation errors. Seven of these 14 studies
collected data for #3 months after
implementing the intervention and 2
did not report on the months of

TABLE 2 Aggregate Data Synthesis for 63 Included Studies

Characteristic Number of Studies (%)

Population
Location of study
United States 32 (51)
Other North America 5 (8)
Europe 18 (29)
Africa 1 (1)
Asia 5 (8)
Australia 0
South America 2 (3)

Study conducted at 1 site 60 (95)
Type of institution
Academic/university-affiliated site 57 (90)
Community/private practice site 1 (1)
Mix, Army medical center or prehospital emergency care

services
3 (5)

Not reported 2 (3)
Patient locationsa

Inpatients 31 (49)
PICU patients 16 (25)
NICU patients 19 (30)
Emergency department patients 9 (24)
Ambulatory patients 7 (11)
Not reported 2 (3)

Patient ages
All pediatric ages 44 (70)
Infants only (0–1 y) 13 (21)
Children only (2–11 y) 1 (1)
Adolescents only (12–18 y) 0
Mix but not all 5 (8)

Intervention
Type of study
Interrupted time series 52 (82)
Controlled before and after design 8 (13)
Randomized controlled trials 3 (5)

Type of interventiona

CPOE 6 CDS 26 (41)
Education and training 20 (32)
Preprinted order sheet 9 (14)
Protocol implementation 8 (13)
Publicizing/reporting error rates 7 (11)
Increased pharmacist participation in medication ordering 5 (8)
Double checking 4 (6)
Environmental changes 4 (6)
Unit drug dose distribution system 3 (5)
Non-CPOE technology for medication administration 2 (3)
Other 10 (16)

Outcomes
Types of medication errors collected
All types 5 (8)
Prescribing only 38 (60)
Administering only 6 (10)
Dispensing only 2 (3)
Transcribing only 1 (1)
Monitoring patient for effect only 1 (1)
Mix but not all 10 (16)

Error severity
Assessed severity of errors in any way 15 (24)
Reported preventable ADEs 6 (10)
Reported serious preventable ADEs 0
No verification of errors 27 (43)

Types of denominators used
Manual medication orders 31 (49)
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observation after implementation. The
5 studies that collected data for .3
months after implementing the in-
tervention37,60,65,71,85 reported a 49% to
87% reduction in any type of medica-
tion error.

The 9 studies that investigated the
effectiveness of preprinted order
sheets inreducingpediatricmedication
errors1,30,32,35,39,55,57,68,77 reported a
27% to 82% reduction in prescribing
errors. Of the 5 studies investigating
increased pharmacist participation in
drug therapy1,42,50,64,89, 4 reported
a 17% to 50% decrease in medication
errors. The fifth article89 reported
a 16% increase (n = 389 of 856 pre
versus 280 of 540 post) in administer-
ing errors after the intervention but
investigated the impact of opening
a satellite pharmacy; although we as-
sume that closer proximity of phar-
macists led to increased involvement
in the prescribing/administering pro-
cess, it was unclear whether this was
the case and therefore this article may
not be comparable to the others.

DISCUSSION

In this systematic review of all types of
interventions to reduce pediatric medi-
cation errors, multiple interventions
revealed statistically significant effects.
Unfortunately, appreciable gaps in the

pediatric medication error literature
were identified: no studies that met in-
clusion criteria investigated the effects
of medication reconciliation, only 1% of
studies were conducted at community
hospitals, 11% of studies were con-
ducted in ambulatory populations, 10%
of studies reported preventable ADEs,
10% of studies examined administering
errors, 3% of studies examined dis-
pensing errors, and appreciable varia-
tion existed in the methods, definitions,
outcomes, and rate denominators. No
study reported outcomes using a stan-
dard definition of serious preventable
ADEs. Although 41% of studies involved
some version of CPOE, a meta-analysis
could not be performed because of
methodologic heterogeneity. Despite
a large increase in the number of pub-
lishedstudiesaimingtoreducepediatric
medication errors since 2005,10 our
knowledge of interventions to prevent
pediatric medication errors remains
hampered by nonuniform definitions,
nonuniformdata collectionmethodology,
and nonuniform outcome reporting.
The heterogeneity in current pediatric
medication error intervention studies
prevents wide generalizability of re-
sults and yields unclear guidance to
hospitals on which interventions are
best to adopt.

Interestingly, studies implementing
CPOE and those implementing pre-

printed order sheets reported similar
reductions in medication errors despite
vastly different cost levels.93 CPOE with
CDS studies43,51,54,69,90 reported a 36% to
87% reduction in prescribing errors
when compared with CPOE without CDS.
Preprinted order sheet studies re-
ported a 27% to 82% reduction in pre-
scribing errors,1,30,32,35,39,55,57,68,77 when
compared with manual order entry,
a condition comparable to CPOE with
versuswithout CDS. Of CPOE studies that
looked at the broadest range of patients
and outcomes, Holdsworth et al45 and
Trotter andMaier88 reported reductions
in error rates, whereas Walsh et al73

reported a non–statistically significant
increase in all-cause medication errors.
Kadmon et al47 and Potts et al67 looked
at CPOE with CDS for all medications in
PICU settings and reported significant
reductions in prescribing errors (88%
and 95%, respectively), whereas Algaha
et al30 and Burmester et al35 also
reported significant reductions in
errors for all medications using pre-
printed order sheets in PICU settings
(53% and 76%, respectively). Compara-
ble outcomes between CPOE and pre-
printed order sheets could imply that
resource-constrained settings may
wisely focus on implementing in-
tegrated care pathways and preprinted
order sheets if CPOEwith CDS is deemed
too expensive despite national efforts to
incentivize its implementation.94 These
conclusions are limited by the hetero-
geneous nature of outcomes and defi-
nitions in these studies, which likely
contributes to the wide range of out-
comes. The authors would recommend
investigating each relevant study (Ta-
ble 1) to clearly understand its appli-
cability and context before drawing
policy-level conclusions.

In 2001, the ISMP published guidelines
for preventing medication errors in
pediatrics9 that recommended CPOE,
barcoding technology, unit dose-
dispensing systems, and educational

TABLE 2 Continued

Characteristic Number of Studies (%)

Computerized medication orders 20 (32)
Patients/admissions 14 (22)
Patient days 10 (16)
Computerized prescriptions 3 (5)
Manual prescriptions 2 (3)
Medication days 2 (3)
Other 3 (5)

Quality improvement markers
Reported acceptance of intervention by target population 10 (16)
Involved patients or families at any point in the design,

conduct, or interpretation of the study
5 (8)

Median months data were collected after intervention
(interquartile range)

6 (3–12)

Reported the cost of the intervention 0
a Some studies included mixes of locations, interventions, and/or denominators so these n values are.63.
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systems for all providers. More than
a decade later, we are unable to find
bias-free, robust, and rigorous evidence
in the literature to support these rec-
ommendations for children. Clearly, not
all interventions require randomized
controlled trials before implementation,
but it is integral in current resource-
constrained environments to identify
interventions with maximum return on
investment both in terms of dollars and,

more importantly, patient lives. Future
research should focus on determining
the reduction in medication errors
compared with the investment in
resources and time required for an
intervention’s implementation, because
institutions are faced with multiple po-
tential interventions to reduce medica-
tion errors. Applicability and efficacy
of interventions in non–university-
affiliated and/or developing countries

are also prime areas for future study
because 90% of studies were conducted
at academic/university-affiliated medi-
cal centers and 88% of studies were
conducted in North America or Europe.

One of the first steps in remedying the
gaps identified in this study is the
standardization of definitions and re-
search methodologies for medication
error studies. Universal adoption of
the National Coordinating Council for

FIGURE 2
Risk of bias of studies by type of trial. A, Interrupted time-series studies (52 studies). B, Controlled before/after studies (8 studies). C, Randomized controlled
trials (3 studies). Article qualitywas assessedwith the Cochrane Effective Practice and Organization of Care ReviewGroupguidelines,27 and sample definitions
of criteria above can be found on their Web site or on the data collection sheets in Supplemental Fig 3.
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FIGURE 2
Continued.

TABLE 3 Qualitative Synthesis for Selected Intervention Subsets

Intervention First Authors and References Outcomes

CPOEa (N = 26)
CPOE without CDS to reduce prescribing errors Brown,33 Dinning,77 Fontan,79 and Warrick74 44% to 88% reduction in prescribing errors
CPOE without CDS to reduce administering errors Fontan79 and Warrick74 21% to 88% reduction in administering errors
CPOE with CDS for medications on inpatients Holdsworth,45 Jani,46 Kazemi 2011,51 Trotter,88

and Walsh73
14% increase in errors; 99% reduction in all

types of errors
CPOE with CDS for PICU patients Kadmon47 and Potts67 88% to 95% reduction in prescribing errors
CPOE with CDS for continuous infusions Lehmann 200659 and Hilmas80 78% to 100% reduction in prescribing errors
CPOE with CDS for total parenteral nutrition Lehmann 200458 and Skourolaikou70 91% to 100% reduction in prescribing errors
CPOE with CDS for antiinfective medications Abboud,29 Cordero,38 Di Pentima,41 and Mullet62 10% to 100% reduction in prescribing and/or

monitoring patient for effect errors
CPOE with CDS compared with CPOE without CDS Farrar,90 Ginzburg,43 Kazemi 2011,51 Kirk,54

and Sard69
36% to 87% reduction in all prescribing errors;

36% to 59% reduction in ambulatory prescribing
errors for acetaminophen or ibuprofen

Education (N = 14)b

Reduce prescribing errors Campino 2009,37 Davey,40 Eisenhut,78 Kozer 2006,56

Leonard,60 Pallás,65 Sagy,85 and Zukowski87
8% to 87% reduction in prescribing errors

Reduce administering and/or dispensing errors Alemanni,76 Bertsche,31 Burkhart,34 Raja Lope,82

Sullivan,71 and Yamanaka75
14% to 81% reduction in administering and

dispensing errors
Reduce all error types and collect data for .3

months
Campino 2009,37 Leonard,60 Pallás,65 Sagy,85

and Sullivan71
49% to 87% reduction in any type of medication

error
Preprinted order sheets (N = 9)
Reduce prescribing errors for all patients Alagha,30 Broussard,32 Burmester,35 Cimino,1

Cunningham,39 Dinning,77 Kozer 2005,55

Larose,57 and Robinson68

27% to 82% reduction in prescribing errors

Reduce prescribing errors for ICU patients Alagha,30 Burmester,35 and Cimino1 27% to 76% reduction in prescribing errors
Reduce prescribing errors for inpatient

chemotherapy
Dinning77 and Robinson68 39% to 60% reduction in prescribing errors

Reduce prescribing errors for emergency
department patients

Kozer 200555 and Larose57 41% to 78% reduction in prescribing errors

Pharmacist participation in drug therapy (N = 5)
Pharmacists on units Cimino,1 Gibson,42 Kaushal,50 and Otero64 17% to 50% reduction in all types of medication errors.
Satellite pharmacy Olsen89 16% increase in administering errors

Although summary ranges are presented above, appreciable heterogeneity still exists between many studies using the same intervention, likely accounting for the large outcome ranges.
a Unless specified, CPOE interventions were compared with manual order entry.
b Twenty studies used education as part of their intervention; 14 studies used education as their main intervention.
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Medication Error Reporting and Pre-
vention guidelines22 for grading medi-
cation errors would permit providers
to know if an intervention prevents not
only medication errors but also
harmful medication errors. Addition-
ally, consistent denominators for med-
ication error rates that reflect the
total opportunities for error in each
category would allow for better com-
parisons across studies and sites:
prescribing errors per 1000 orders or
prescriptions, administering errors
per 1000 opportunities for medication
administration, and dispensing errors
per 1000 medications dispensed.93 Al-
though patient days and patients are
often easier denominators to collect,
they prevent comparisons between
studies because it is unclear if patients
in tertiary care centers are sicker, have
more medications ordered, and there-
fore are at greater risk for a medica-
tion error. The universal use of the
SQUIRE (Standards for QUality Im-
provement Reporting Excellence) guide-
lines for quality improvement reporting,26

although challenging to implement
in its entirety, would allow readers
to understand the complete quality
improvement process for each in-

tervention and increase the spread of
effective studies. Finally, inclusion of
cost analysis and return on investment
figures in intervention studies, which is
difficult in locally funded quality im-
provement projects, could allow policy
makers and medical leaders to weigh
the costs and benefits of possible in-
terventions before choosing which of
the many potential medication error
interventions to implement.

Implementing these suggestions in
pediatric medication error research
remains challenging. We appreciate
that not all quality improvement re-
search projects can meet every metric
regarding high-quality, bias-free stud-
ies as laid out by the Cochrane Effective
Practice and Organization of Care Re-
view Group guidelines.27 Recognizing
these challenges, front-line quality im-
provement experts would benefit from
training in both quality improvement
and scientific methodology to produce
more impactful research. Further-
more, increased collaboration between
front-line clinicians looking to im-
prove practices and trained clinical
researchers would aid in the quality
and quantity of medication error re-
search, and protect patients from

these harmful errors. Finally, given the
small sample size problem frequently
encountered when researching pedi-
atric patients, medication error re-
duction collaboratives, with larger
groups of pediatric patients to study
and more pediatric centers sharing
resources, could make a larger impact
on both medication error science and
harm prevention.

CONCLUSIONS

Pediatric medication errors can be
reduced throughmultiple interventions
aimed at improving the medication
process. More research is needed in
the areas of ambulatory patients,
nondeveloped countries, administering
and dispensing errors, and community
hospitals and should use standardized
definitions for medication errors and
outcomes. Additional cost-effectiveness
data on interventions to reduce pedi-
atric medication errors would benefit
policy makers and medical leaders as
they choose between multiple possible
interventions. Reducing medication
errors presents an important oppor-
tunity for improving the quality and
diversity of current research.
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