
















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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