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Abstract

Background Medication errors are avoidable events that may occur at any stage of the medication use process. Implementing
a clinical pharmacist is one strategy that is believed to reduce the number of medication errors. Pediatric patients, who are
more vulnerable to medication errors due to several contributing factors, may benefit from the interventions of a pharmacist.
Aim of the review To qualitatively and quantitatively evaluate the impact of clinical pharmacist interventions on medication
error rates for hospitalized pediatric patients. Methods PubMed, EMBASE, Cochrane Controlled Trials Register and Google
Scholar search engines were searched from database inception to February 2020. Study selection, data extraction and qual-
ity assessment was conducted by two independent reviewers. Observational and interventional studies were included. Data
extraction was done manually and the Crowe Critical Appraisal Tool was used to critically appraise eligible articles. Odds
ratios (ORs) with 95% confidence intervals (CIs) were calculated using a random-effects model for rates of medication errors.
Results 19 studies were systematically reviewed and 6 studies (29,291 patients) were included in the meta-analysis. Pharma-
cist interventions involved delivering educational sessions, reviewing prescriptions, attending rounds and implementing a
unit-based clinical pharmacist. The systematic review indicated that the most common trigger for pharmacist interventions
was inappropriate dosing. Pharmacist involvement was associated with significant reductions in the overall rate of medication
errors occurrence (OR 0.27; 95% CI 0.15 to 0.49). Conclusion Pharmacist interventions are effective for reducing medication
error rates in hospitalized pediatric patients.

Keywords Clinical pharmacist - Medication error - Pediatrics - Litterature Review

Impacts on practice e Direct pharmacist involvement in education, direct
patient care, therapeutic drug monitoring, drug distri-
bution oversight and quality improvement have been

e A clinical pharmacist caring for pediatric patients can demonstrated to reduce the rates of medication errors in

reduce the rates of medication errors. pediatric patients.

e Dosing errors are the most common medication errors

occurring in hospitalized pediatric patients.
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prescribing, transcribing, dispensing, administering and
monitoring a medication. On the other hand, preventable
ADEs are injuries resulting from medication use and may
sometimes be a result of medication errors [3].

Pediatric patients are more prone to experience a
medication error in a health care setting, and when such
events occur, these errors have three times the potential
to cause direct patient harm as compared to adult patients
[4, 5]. Factors such as complex dosing, varying growth
and development processes, availability and accuracy of
dosage forms, the use of off-label formulations, limited
physiologic reserves to buffer potential overdose errors,
and variable communication capabilities all contribute to
additional risks for medication errors in this population[4,
6-8]. These factors highlight the need for pediatric-spe-
cific prevention strategies for reducing medication errors
and preventable ADEs.

Several strategies have been investigated to reduce the
occurrence of these events in health care settings. One
such strategy is the implementation of a clinical pharma-
cist within the ward. The clinical pharmacist’s role has been
evolving over the past decades as a healthcare practitioner
who has expertise in appropriate safe and effective medica-
tion use [9]. Several systematic reviews and meta-analyses
have indicated that a clinical pharmacists’ interventions may
reduce medication errors and preventable ADEs in hospi-
talized patients, including events that could lead to actual
harm before reaching the patients. In addition, these inter-
ventions improved the quality of care provided to patients
and reduced the overall cost of health which enhanced the
efficiency of healthcare [10—15]. However, the majority of
these studies focus on having a clinical pharmacist interven-
ing with adult patients. Therefore, it is essential to study the
effect of a clinical pharmacist caring for pediatric patients,
given that they are more vulnerable to medication errors.

Aim of the review

The aim of this systematic review and meta-analysis is to
evaluate the impact of clinical pharmacist interventions
on reducing medication errors and preventable ADEs for
pediatric patients in hospital settings and evaluate the
overall quality of the available evidence.

Method

This systematic review and meta-analysis follows the rec-
ommendations by the PRISMA (Preferred Reporting Items
for Systematic reviews and Meta-Analyses) guidelines and
the Cochrane Handbook guidelines, to ensure inclusion of
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relevant information. The protocol of the study is registered
with the International Prospective Register of Systematic
Reviews (PROSPERO)—CRD42019126541[16].

Scope and search strategy

A Systematic review of published works was conducted to
evaluate the role of pharmacist intervention on medication
errors for inpatient pediatric patients. The following elec-
tronic databases were searched from inception until Feb-
ruary 2020 to identify eligible articles: Ovid MEDLINE®,
EMBASE, The Cochrane Database of Systematic Reviews,
and Google Scholar. In addition, reference lists of the
resulted systematic review articles were manually searched
to locate additional relevant articles that were not identified
through the database search.

The following Medical Subject Headings [MeSH] and
keywords were incorporated using ‘OR’: ‘pediatric(s),
‘child’, ‘children’, ‘neonate’, ‘infant(s)’, ‘adolescent(s)’.
These were combined with the following using ‘AND’:
‘pharmacist(s)’, ‘Pharm* intervention’. The results from
this search were combined with the following using ‘AND’:
‘medication errors’, ‘prescribing error’, ‘preventable adverse
drug reaction’, ‘medication discrepancy’, ‘inappropriate
prescribing’, ‘safe prescribing’, ‘mistake’. The result of this
search was limited further to ‘English language’ and ‘Human
species’.

Study selection and eligibility criteria

Studies were considered for inclusion if the primary focus
was the assessment of medication errors as expressed as
a rate or percentage. Appropriate study settings included
hospital environments with a clear designation of including
pediatric patients. A clear intervention directly involving a
clinical pharmacist was necessary for inclusion. Only arti-
cles published in English were included. Editorials, com-
mentaries or case-studies were excluded.

Study selection

Potential articles were first screened by title and abstract. End-
Note X8® (2019 Clarivate) was used to remove duplicates
and organize the reference list. Those that were of potential
relevance were read independently by 2 authors to determine
whether they met the inclusion criteria. Discrepancies were
reviewed by study authors.

Data extraction
Two authors independently extracted study data using a

standardized form which included the study authors and
year, country, study design, hospital unit, study population
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characteristics, pharmacist intervention, and outcomes
obtained for medication errors. Discrepancies were reviewed
by study authors.

Quality assessment

Quality of the included articles was assessed using Crowe
Critical Appraisal Tool (CCAT) version 1.4 [17, 18]. This
tool was selected as it was anticipated from other systematic
reviews that studies included would have significantly different
methodologies. The CCAT is divided into 8 categories and 22
items. Each item has multiple descriptors for ease of appraisal
with each category receiving its own score on a 6 point scale
(0-5). An overall score for each study can be expressed out
of a total score of 40 points. Two independent raters assessed
each study. Discrepancies were resolved after discussion
between authors. Intraclass correlation coefficient (ICC) was
calculated using IBM SPSS® statistical software version 22
to measure the consistency between the two raters in order to
insure reliability.

Statistical analysis

Studies that reported a similar primary outcome measure with
a numerical difference between medication errors for pre- and
post-intervention were included in the meta-analysis. Meta-
analysis was conducted using Cochrane Review Manager
Software (RevMan 5.3; Nordic Cochrane Centre, Copenhagen,
Denmark). A random-effects model was used to estimate the
pooled odds ratios (ORs) for the primary analyses as heteroge-
neity is expected owing to the different settings (departments
within the hospital) and different types of pharmacist inter-
vention. Together with 95% confidence intervals (CIs), ORs
and weighted mean differences were derived for dichotomous
variables. Statistical heterogeneity among studies was evalu-
ated using I? and P values.

Results
Identification and selection of studies

The electronic search yielded 598 citations and 8 additional
records were identified from reference lists of included
studies. After removal of duplicates, a total of 559 title and
abstracts were screened for inclusion. A total of 67 full arti-
cles were screened of which 19 were included in this review.
(Figure 1).

Characteristics of included studies

Major characteristics of the included studies are presented in
Tables 1 and 2 for studies that showed numerical difference
and studies that reported types of errors respectively. Of the
19 studies included, 11 were retrospective or prospective
cohort studies [8, 19-28], 6 before-after studies [4, 29-33]
and two cross—sectional observational studies [9, 34]. Most
of the studies were conducted in the USA (n=5) [8, 19, 21,
22, 24] followed by Spain (n=3) [9, 23, 30], Netherlands
(n=2)[27, 31], Egypt (n=2) [4, 33], one multicenter study
across Europe [28] and one each from Canada[26], Brazil
[34], Malaysia [32], India [25], Pakistan[29] and Saudi Ara-
bia [20]. Only four studies were confined to multicenter [8,
23, 24, 28]. The majority of studies involved various hospi-
tal departments (n=28) [8, 19, 21, 22, 24, 26-28] and three
each from a neonatal intensive care unit (NICU) [25, 30,
31] and general medical ward [20, 29, 32]. Only two studies
were conducted in the pediatric intensive care unit (PICU)
[4, 34] and one in the pediatric surgery department [33],
while the remaining two did not specify the hospital ward
or unit [9, 23]. The two main pharmacist interventions were
educational sessions (n=15) [29-33] and review/validation
of medication orders (n=5) [9, 21, 23, 26, 27]. There were
three studies for implementing a unit-based clinical pharma-
cist [19, 24, 28] and applying multiple interventions, such
as combining monitoring medication orders and attending
rounds [4, 8, 34], two studies for attending rounds [22, 25]
and one study for implementing medication safety program
designed and filled by pharmacist [20].

Quality of included studies

Two raters appraised each of the 19 studies, which resulted
in 38 independent CCAT evaluations, the total score
ranged from 16 to 35.5 out of 40. ICC showed a range of
0.948-0.997 for all studies which indicates high similarity
between raters, thus excellent reliability (Table 3) [35]. The
overall assessment mean for all studies was 27.87 out of 40
points with standard deviation of 6.04. Within the CCAT
the sections the highest scores were for preliminary (4.18/5)
and introduction (4.11/5), while the lowest were for ethics
(2.89/5) and sampling (2.58/5). The mean scores by study
and domain are summarized in Table 3.

Types of medication errors that prompted
pharmacist interventions

Nineteen studies were included in this analysis. Of this, 13
studies had wrong dose as one of the three most common
reasons for intervention [4, 9, 20, 21, 23-28, 30, 33, 34],
reported as inappropriate dosing including overdosing or
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Fig.1 PRISMA flow diagram
of the study selection process

Records identified through database

Additional records identified through

searching other sources
(n=598) (n=28)
A 4 v
Records after duplicates removed Records excluded
— (n=492)
(n=559) 7<) .
- Impact of pharmacist intervention
not clearly reported (n=195)
- Not pediatrics or no isolation of
pediatric results (n=126)
- Not relevant (n=93)
Records title and abstract - Outcome other than medication
screened (n = 559) error or preventable adverse drug
event (n=64)
| - Ineligible study design (n=13)
v | - Comparing pharmacist with
specialized pharmacist (n= 1)
Full-text articles assessed for
eligibility
(n=67) 4
Full-text articles excluded
- (n=48)
”| - No numerical evaluation of outcome
v
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- Outcome other than ME or
preventable ADE (n=8)
v - Impact pf pharmacist intervention
not clear (n=6)
Studies included in

quantitative synthesis (meta-

analysis)
(n=6)

underdosing. Wrong drug was one of the top three causes for
intervention in four articles which resulted in recommending
an alternative therapy [22-24, 26]. Another type of error that
also led to modification of therapy was for drug interaction
and was among the three top reasons for pharmacist involve-
ment in two studies [20, 25]. Three studies reported missing
information (e.g. weight or date of birth) [9, 21, 22], inap-
propriate formulation [23, 26, 27], and wrong frequency [4,
29, 31] among the most common three triggers for interven-
tion. Six studies rated the severity of pharmacist interven-
tions: three showed that most interventions were moderate
[4, 25, 31], and two were severe [9, 23]. One study revealed
that out of 616 preventable errors, only 120 were harmful
[8]. Five studies reported the acceptance rate of pharmacist
interventions, of this, four studies showed an acceptance rate
more than 55% [9, 23, 25, 27]. The remaining study showed
acceptance rate of 83% without changing regimen [28].

Studies reporting quantitative outcomes
of pharmacist interventions

Seven studies were included in this analysis. Six before-after

studies were included in this analysis as they reported the
number of medication errors pre and post intervention [4,

@ Springer

29-33]. One cohort study was excluded because it reported
the results in error per patient-days [19]. Of the six stud-
ies included in the meta-analysis, five implemented an edu-
cational sessions designed and delivered by pharmacist to
nurses and physicians [29, 30, 32, 33]. Five of six studies
showed significant reduction (P <0.0001) in the incidence
of medication errors [4, 29-32]. The pooled OR (n=29 291
patients) across all studies was 0.27 (95% CI 0.15 to 0.49).
However, the results of these studies are substantially het-
erogeneous (Fig. 2). The impact of the unit-based pharmacist
implemented in the cohort study, which measured the total
serious medication errors (SMEs) and SMEs/1000 patient-
days, was significant for the SMEs/1000 patient-days from
the intensive care unit (ICU) (P <0.01). However, there was
no significant difference for the total SMEs in the ICU and
for the total SMEs and SMEs/1000 patient-days in the surgi-
cal and medical wards [19].

Discussion

This systematic review and meta-analysis investigated the
impact of clinical pharmacist interventions on medication
error rates in hospitalized pediatric patients. It provides a
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comprehensive overview and analysis of the most common
types of errors that lead to pharmacist interventions and their
significance grade (mild, moderate, severe) as well as the
rate of acceptance of the pharmacists’ recommendations.
Previous studies and reviews demonstrated the importance
of clinical pharmacists with pediatric patients’ management.
Benefits highlighted included: identifying drug related prob-
lems, recommending suitable medications, improve medi-
cation use and reduce medication related costs as well as
reduce medication errors [36, 37]. Similar benefits were
also observed with interventions targeted at adult population
medication error prevention [10—15]. Such findings highlight
that pharmacist’s involvement is essential to reduce medica-
tion errors regardless of the population involved.

Despite the heterogeneity of studies included in this
meta-analysis the overall aggregate effect of pharmacist’s
interventions demonstrated a significant beneficial outcome
in reducing the odds of medication errors by 73%. Interven-
tions that showed most benefit include correcting prescrib-
ing errors (dosing errors, units of measurement, route, and
frequency) [29, 30]. Previous studies highlight that most
medication errors occur during the prescribing process [36,
38]. Therefore, it is very important to include pharmacists in
clinical ward rounds with prescribers. This gives the phar-
macists the opportunity to prevent prescribing errors in the
first place and therefore reduce the delays which happen
when trying to correct these errors later.

The focus of this review was the hospital setting, since
medication errors are more likely to occur within a tertiary
healthcare setting compared to primary settings. Moreover,
the role of pharmacists in preventing medication errors in
hospital settings can have a far more benefit as compared to
clinics and community settings due to the nature of complex
patients received in hospitals as compared to other settings
[39—-41]. Nonetheless, it is important to investigate the role
of pharmacists in preventing medication errors in other set-
tings separately and highlight whether the same magnitude
of benefit can be observed.

The main pharmacist intervention found in our study was
educational sessions done by pharmacists to other health-
care providers, mainly nurses and physicians. In addition,
reviewing or validating orders and implementing a unit-
based clinical pharmacist were among the most common
interventions in this systematic review. A previous system-
atic review that focused on ICU patients showed that the
most common intervention was implementing a pharmacist
within the medical team which is one of the top interven-
tions in our study [10].

The main strength in this meta-analysis is that up to our
knowledge this is the first review to numerically assess the
impact of pharmacist interventions on medication error rates
for pediatric patients in hospital settings. In addition, the
systematic review included studies from different countries

@ Springer

in various parts of the world which could enhance the gener-
alizability of outcomes. The use of the CCAT offered further
insight into the studies included in this analysis as the gen-
eral quality of data between studies could be compared. The
CCAT was selected in this analysis as it has been found to be
more reliable than an informal appraisal of various research
studies. The uniform manner of appraisal offered through
the CCAT has been found to almost eliminate the rater effect
with no substantial subject matter knowledge effect [42].
This study has some limitations that should be addressed.
First, the overall quality of all components was 27.87 out of
40 which is considered moderate. This was mainly due to
poor reporting of sampling and ethics approval as those two
domains had the lowest overall ranking within the CCAT.
Although sampling is essential to minimize the risk of selec-
tion bias, ethics disclosure does not introduce any particular
type of bias to the study, thus do not affect the internal valid-
ity of the review. Moreover, the included studies were pub-
lished in peer reviewed journals, a majority of which require
ethical disclosure prior to publication. Second, some of the
studies included a combination of pharmacist interventions,
thus it cannot be guaranteed which intervention caused the
reduction in medication errors. Significant heterogeneity
in the studies included in the meta-analysis was identified
which might be due to many reasons including, the variation
in the implemented pharmacist interventions in addition to
the method of detecting medication errors and the definition
of medication discrepancy varied from one study to another.
Moreover, some studies have reported results as medication
errors and others as preventable ADRs. Lastly, this system-
atic review identified studies published between 1987 and
2018. With this wide range of dates, it is likely that clini-
cal pharmacist practice and understanding of medication
errors has changed over this time frame. As such, the out-
comes from earlier conducted studies may report different
outcomes compared to more recent studies due to practice
changes and changes to the context of general healthcare.
Future studies should focus on evaluating the role of phar-
macist interventions on medication errors in outpatient set-
tings. This will allow for a better insight to the pharmacist
impact in society and will enable the healthcare system to
identify the areas or settings in which more attention and
improvements are required. Furthermore, subgroup analysis
of the outcomes of the current study might be required in
order to examine the impact of a pharmacist on particular
types of errors such as prescribing errors or administration
errors; it will be beneficial to overcome this heterogeneity.
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RPh Control Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Ahmed 2017 3134 79985 6718 8179 17.0% 0.14[0.13,0.15) -
Alagha 2011 381 1097 1107 1417 16.8% 0.16(0.13,0.19) ===
Campino 2009 47 1512 868 4182 16.4% 0.12(0.08,0.17) —=—
Chedoe 2012 104 284 159 31 16.2% 0.55(0.40,0.77) —
Chua 2017 496 1401 852 1284 16.9% 0.28 [0.24, 0.33) -
Fawaz 2017 224 693 312 936 16.7% 0.96(0.77,1.18] —.
Total (95% Cl) 12982 16309 100.0% 0.27 [0.15, 0.49] -l
Total events 4396 10016
Heterogeneity: Tau®= 0.54; Chi*= 371.70, df= 5 (P < 0.00001); F=99% 01 02 05 3 : 10

Test for overall effect. Z= 4.31 (P < 0.0001)

Favours [RPh] Favours [control]

Fig.2 Forest plot of registered pharmacist (RPh) effect on medication errors

Conclusion

Medication errors remain to be of great concern especially
when it comes to the pediatric population. Prescribing errors
including inappropriate dosing and selecting inappropri-
ate medications were the main medication errors reported
within the included articles. Pharmacist interventions play
an important role in reducing medication errors in the pedi-
atric population. These interventions include educational
sessions, review/validation of medication orders, and imple-
menting a ward-based pharmacist or a medication safety
program involving a pharmacist [20]. Overall, the findings
from this review support the implementation of a clinical
pharmacist in order to reduce the occurrence of medication
errors in pediatric patients.
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