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ABSTRACT

Objective: To conduct a systematic review and meta-analysis to assess: 1) changes in medication error rates
and associated patient harm following electronic medication system (EMS) implementation; and 2) evidence of
system-related medication errors facilitated by the use of an EMS.

Materials and Methods: We searched Medline, Scopus, Embase, and CINAHL for studies published between
January 2005 and March 2019, comparing medication errors rates with or without assessments of related harm
(actual or potential) before and after EMS implementation. EMS was defined as a computer-based system en-
abling the prescribing, supply, and/or administration of medicines. Study quality was assessed.

Results: There was substantial heterogeneity in outcomes of the 18 included studies. Only 2 were strong qual-
ity. Meta-analysis of 5 studies reporting change in actual harm post-EMS showed no reduced risk (RR: 1.22,
95% Cl: 0.18-8.38, P=.8) and meta-analysis of 3 studies reporting change in administration errors found a sig-
nificant reduction in error rates (RR: 0.77, 95% ClI: 0.72-0.83, P=.004). Of 10 studies of prescribing error rates, 9
reported a reduction but variable denominators precluded meta-analysis. Twelve studies provided specific
examples of system-related medication errors; 5 quantified their occurrence.

Discussion and Conclusion: Despite the wide-scale adoption of EMS in hospitals around the world, the quality
of evidence about their effectiveness in medication error and associated harm reduction is variable. Some confi-
dence can be placed in the ability of systems to reduce prescribing error rates. However, much is still unknown
about mechanisms which may be most effective in improving medication safety and design features which fa-
cilitate new error risks.
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INTRODUCTION nization (WHO) announced the third Global Patient Safety Chal-

lenge (GPSC) as “Medication Without Harm.”'! To meet the
In an effort to rapidly amplify and focus activities leading to WHO’s target of reducing the prevalence of medication errors caus-
improvements in medication safety, in 2017 the World Health Orga- ing severe patient harm by half within 5 years, it is essential for
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hospitals to introduce interventions with clear evidence of effective-
ness. The Institute of Medicine has promoted the adoption of elec-
tronic medication systems (EMS) (also called electronic prescribing
systems or computerized provider order entry systems) for well over
a decade, and, in the US, incentive payments have been available for
the meaningful use of electronic health records.?

Systematic reviews of the impact of EMS across inpatient settings
have reported significant reductions in medication error rates,>™'* as
well as improvements to practitioner workflow and adherence to
guideline-based care.'®?! However, these reviews have typically fo-
cused only on prescribing errors and omitted administration errors.
Existing systematic reviews have also failed to draw attention to
system-related errors (SREs), which have been cited to be frequent
with electronic systems yet difficult to detect.”> Moreover, reviews
have consistently highlighted the low quality of individual
studies.' %

Several systematic reviews have assessed the impact of EMS on
medication errors that cause actual patient harm (ie, preventable ad-
verse drug events or pADEs) or potential harm to patients. The
assessed outcomes have included reported rates of pADEs;*

10,13,17,24-2 . - y :
6:10.13,17.24-26 average error severity ratings (describing potential

harm);'! average lengths of patient stay (LOS);!518:21.27

and/or hos-
pital mortality.®!%!82427 However, these reviews often include
studies relying upon incident reports, which have been shown to un-
derestimate error rates.”®

Further, many previous reviews have only included studies that
were specific to a ward type (eg, ICU). Only 3 reviews have provided
a meta-analysis of study results, and all focused on intensive care
settings.>®'* Two of these 3 reviews reported no significant change
in measures of medication-related patient harm.®!> The remaining
review included studies published prior to 2014 and reported a sig-
nificant reduction in the rate of pADEs among adult inpatients
(pooled risk ratio 47%; based on 6 studies, 2 of which were con-
ducted prior to 2000).°

Synthesized evidence about the impact of introducing EMS on
the rate of harmjful medication errors across hospital inpatient
groups (eg, for those on different wards, with different clinical con-
ditions or age ranges) is unclear from the available evidence in sys-
tematic reviews. This highlights the need to collate quality research
to determine how effective these systems may be at contributing to
the current WHO GPSC of Medication Without Harm. Thus, our
aims were to conduct a systematic review and meta-analysis of stud-
ies to assess: 1) changes in the rates of medication errors and any as-
sociated patient harm following the introduction of an electronic
medication system; and 2) evidence of medication errors facilitated
by the use of an EMS.

MATERIALS AND METHODS

Search strategy

We searched the Embase and Medline (via Ovid), and the Cumula-
tive Index to Nursing and Allied Health Literature (CINAHL; via
EBSCOhost) databases for English-language literature published be-
tween January 2005 and March 2019. Our search strategy used a
combination of MeSH terms and keywords related to the interven-
tion (computerized provider/physician order entry and clinical deci-
sion support [CDS]) and outcomes of interest (medication errors,
LOS, mortality, and patient harm). We also “hand-searched” the
reference lists of full-text articles that were assessed for potential in-

2.

4.

clusion. The complete search strategy was guided by the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement, including registration with PROSPERO (regis-
tration number CRD42018080778), and is provided in Supplemen-
tary Appendix SA.

Study selection

We executed our search strategy on 25 March 2019 and found 2936
citations. After removing duplicates, 2 researchers (PG, RH)
screened the titles and abstracts of citations. All potential articles
identified from each independent assessment were assigned to full-
text review. The same 2 researchers then reviewed the full-text
articles and discussed reasons for inclusion or exclusion and met to
discuss disagreements and gain consensus. Multiple reports of the
same study were assessed for unique data. No single report of multi-
ple studies was found. The study selection process is presented in
Figure 1.

We defined an electronic medication system (EMS) as a
computer-based system for electronic prescribing and/or administra-
tion of medicines. Systems with or without detailed CDS and those
integrated or not with larger hospital electronic health record sys-
tems were included. All types of study designs conducted in single or
multiple wards were included if they reported on: changes in medi-
cation error rates and/or medication error-related harm before and
after the introduction of an EMS in hospitals that previously used
paper-based ordering; or cross-sectional studies of a single hospital
that randomly allocated patients to a ward using paper-based order-
ing or to an EMS.

Studies were required to report data in at least 1 of 4 outcomes:

rate of medication errors (ME), defined as the combination of er-
ror subtypes including, at a minimum, prescribing errors (PE) and
medication administration errors (MAE);

rate of PE, where the study definition of PE included a minimum
of the 2 most frequent clinical error types of wrong dose and
wrong time;”’

rate of MAE, where the study definition of MAE included multi-
ple types of administration errors that met Shawahna et al’s®° def-
inition of: “any deviation from the prescriber’s medication order
as [directly] observed or [indirectly identified] on the patient’s
chart, manufacturers’ preparation/administration instructions, or
relevant institutional policies”;

rate of potential or actual patient harm associated with ME, PE,
and/or MAE. These studies reported on harm outcomes including
error severity ratings (typically associated with potential harm,
for example the Index published by the National Co-ordinating
Council for Medication Error Reporting and Prevention [NCC-
MERP]*!), number of pADEs (actual harm), LOS, and/or mortal-
ity rate (actual harm).

Exclusion criteria were:

studies solely using incident reports to identify errors (due to the
known underreporting of errors by incident reports).?® Studies iden-
tifying PE by chart review and MAE by observation were included;
studies where EMS was introduced in conjunction with an addi-
tional intervention at the same time which may have confounded
results. Some examples of these excluded studies were EMS
implemented in parallel with an automated unit-dose trolley,** or

4

dispensing system,>® patient barcoding,* and education-based

stewardship programs.®>* We included studies which introduced
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Figure 1. Study selection process.

system training or workflow optimizations to compliment EMS
implementation and describe these where relevant in Supplemen-

tary Appendix SB;

. studies that were highly selective or specialized. For example,

studies which focused only on specific medications,>®3”

or medi-

Non-hospital (n = 13)
Voluntary reporting system (n=13)
Simulation model (n = 1)

EMS system design/evaluation (n= 1)

Not a research paper (n = 4)

Duplicate data (n=1)

cation groups such as chemotherapy;>® as well as studies of a spe-

. . . 3
cific medication error type;*’

4. studies only available as abstracts, posters, editorials, or opinion

pieces;

5. studies conducted outside of inpatient settings (eg, outpatients,

simulation, or primary care clinics);
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6. studies without data from a paper-based setting (eg, the introduc-
tion of clinical decision support to an existing electronic system).

Data extraction

We extracted study details including study author(s), year of publi-
cation, country in which the study was conducted, type of hospital,
study design, full description of the EMS, duration, and timing of
data collection and system implementation. For studies that mea-
sured medication errors and/or prescribing errors, we extracted er-
ror definitions, number of patients, patient days, orders, and
administrations, as well as number of errors or error rates at base-
line and intervention. For studies that measured administration
errors, we also extracted number of opportunities for error (OE, de-
fined as all doses administered plus any doses omitted that could be
classified as either correct or incorrect), and errors per OE, at base-
line and intervention. For studies that measured mortality, we
extracted number of patient deaths in hospital at baseline and post-
EMS. For studies that measured LOS, we extracted mean or median
LOS before and after EMS. For studies that measured patient harm,
we extracted the number of preventable adverse drug events, or
mean severity ratings, before and after intervention. We also
extracted any quantitative or qualitative data regarding SREs. Spe-
cifically, quantitative data included the rate, or proportion, of pre-
scribing errors, or administration errors, that were reportedly
facilitated by the EMS. Qualitative data included information pre-
sented about the types of SRE identified or specific descriptive
accounts of these errors. As the majority of EMS operate with differ-
ing levels of functionality and CDS, from basic alerts for duplicate
orders to patient-specific algorithms,** we extracted all information
describing the EMS and CDS provided in the reviewed articles. As
shown in Table 1, the CDS was classified using the language used by
study authors as: “absent” (3 studies), “basic” (2 studies),
“rudimentary” (1 study), “moderate” (2 studies) and “extensive”
(1 study). In addition, some studies did not specifically describe the
level of CDS but indicated that the EMS had capabilities for alert
notifications (9 studies). Details of the type of EMS and CDS in the
reviewed studies is provided in Supplementary Appendix SB.

Quality assessment

Two researchers (PG, RH) independently assessed the methodologi-
cal quality of the included studies and met to discuss disagreements
and gain consensus. This quality assessment comprised application
of a combination of a previously described 10-point Methodological
Quality Assessment’® and the Effective Public Health Practice Proj-
ect (EPHPP) quality assessment tool for quantitative studies.®® These
tools were selected for their applicability to both randomized and
nonrandomized studies and suitability for use in systematic reviews
through expert judgement'® or previous use.'®1%3%¢! We adapted
these tools to best reflect the complexity of conducting these “real-
world” intervention studies and removed the criterion requiring con-
trol groups as—while highly desirable—opportunities for obtaining
control groups may be very limited for real-world studies of this
type of organization-wide IT intervention.®>® Thus, our quality as-
sessment focused on 6 components: 1) allocation bias, 2) unit of al-
location bias, 3) data collection methods, 4) completeness of the
samples, and 5) assessment of confounders. A further component,
>clarity of reporting’, was added in order to score how clearly the
electronic system being assessed, and the patient population, were
reported. Using these 6 components, each with a score of 0-12, we
describe study quality as weak (score 0-4), moderate (score 5-8),

and strong (score 9-12). Full details of this assessment by individual
study is presented in Supplementary Appendix SC.

Statistical analysis

Authors of articles to be included in the meta-analyses, but contain-
ing insufficient information (n = 18), were sent emails requesting ad-
ditional data to be provided, and, in 4 cases, data were received.
Meta-analyses were performed if there were at least 3 studies with
sufficient data reported in published studies or provided by authors,
using random effects models to pool results examining the impact of
EMS on medication error rates and associated harm. Risk ratios and
their 95% confidence intervals (Cls) were calculated. To be conser-
vative, the Knapp-Hartung approach® was applied to account for
heterogeneity between studies. Forest plots were used to present
meta-analyses results. Between-study heterogeneity was evaluated
using I statistics.> The potential for publication bias for each
meta-analysis was assessed by inspection of funnel plots and statisti-
cal tests based on weighted linear regression of the intervention ef-
fect on its standard error.®® Sensitivity analyses were conducted by
grouping studies by their quality rating, and also for studies with
and without CDS, provided there were at least 3 studies with suffi-
cient information. All statistical tests were 2-sided and were evalu-
ated at a significance level of 0.05. Analyses were carried out using

R version 3.6.1.%7

RESULTS

Study characteristics

Eighteen studies met our inclusion criteria.*'® Characteristics of
the included studies are provided in Table 1. Study publication dates
ranged from 2006 to 2019. All studies used a before-after design,

1,455 and 1 con-

except for 2 interrupted time series without contro
trolled cross-sectional trial.*> One before-after study included a
control group.’® Seven studies were rated as being of weak qual-
iy, A148:50-5357 9 1o derate, 4244475495456
as strong.*>*% Individual study results for each outcome are pre-

sented in Supplementary Appendix SD.

and 2 studies were rated

Changes in medication error (ME) rates pre- and post-
EMS

Five studies assessed the impact of EMS on the incidence of
ME,*#46:49:5056 with 4 studies rated to be of moderate qual-
ity.#*#6:4%:3¢ Differences in the reported numerators and denomina-
tors across studies prevented meta-analysis
association between the introduction of EMS and ME rates. A sig-
nificant reduction in the rate of ME was reported in 2 of the 4 mod-
erate quality studies.*®** One study, conducted in a pediatric

hospital, reported no significant change in error rates at 9 months

examining the

post-EMS, and 1 study, conducted in the intensive care wards of an
adult hospital, reported a significant increase in ME rates at 3
months post-EMS.**

Changes in prescribing error (PE) rates pre- and post-
EMS

Ten studies assessed the impact of EMS on PE rates, with a range of
denominators reported across studies,*1743:45:51:53-55:57.58 Heteroge-
neity in error rate reporting and study settings prevented meta-
analysis of the association between EMS and rates of PE. EMS, with
or without CDS, was associated with a significant reduction in PE
rate in all but 1 study. That study was rated to be of weak quality
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Before After intervention

Authors (Year) Errors Total Errors Total Relative Risk [95% CI]
Jheeta etal. (2017) 18 428 18 528 - 0.81[0.43, 1.54]
Hernandez et al. (2015) 209 1222 200 1413 -l~ 0.83[0.69, 0.99]
Oliveros et al. (2016) 1362 2835 967 2621 = 0.77[0.72, 082
RE Model for All Studies (Q = 0.62, df=2, p=0.73; 1’ = 0.0%) .: 0.77[0.72,0.83]

11

0.3 1. 2

Relative Risk

Figure 2. Relative risk of a medication administration error following the introduction of EMS.

and found no significant change in PE per 100 orders.’” Only 1
study compared before-after changes in a control group.’® That
study identified no statistically significant change in the PE rate in
the control group.

Changes in medication administration error (MAE) rates
pre- and post-EMS

Three studies assessed the impact of EMS on MAE rates, each
assessing the rate of errors per OE. All were included in our meta-
analysis.****% Two studies reported a significant reduction in
MAE rates after the intervention.*>>* Overall, the meta-analysis
showed a significant reduction in MAE rates post-EMS implementa-
tion (pooled RR: 0.77, 95% CI: 0.72-0.83, P=.004) (Figure 2).
There was little evidence of heterogeneity among these studies
(P <.73,17<0.1%). There was evidence of publication bias (P =.5).

Changes in the rate of ME, PE, or MAE with potential for
harm or causing harm pre- and post-EMS

Nine studies assessed the impact of introducing an electronic medi-
cation system (EMS) on the rate of ME, PE, or MAE with potential
for harm or causing actual patient harm using a range of denomina-
tors, #274447:49,54-36.58 Live studies assessing the impact of EMS on
the proportion of ME (n=2)***" and PE (n=3)****% to0 cause ac-
tual harm were included in the meta-analysis. All 5 studies classified
actual harm severity using the NCC-MERP index.>! Two studies
reported results at 1 and 3 months post-EMS,*>** however; as there
were no statistically significant changes in harm across these peri-
ods, the results from both were combined for this analysis. The 5
studies were found to be significantly heterogeneous (heterogeneity
between studies: 1)=97.0%, P <.001). There was no evidence of
publication bias (P =.8). Overall, the meta-analysis results indicated
that the introduction of EMS had no significant effect on patient
harm (pooled RR: 1.22, 95% CI: 0.18-8.38, P =.8) (Figure 3). Sen-
sitivity analysis was conducted for 3 studies of moderate qual-
ity,**>5 and there was no significant effect (pooled RR: 0.83,
95% CI: 0.01-78.26, P = .8).

Results were mixed in the 4 studies not included in the meta-
analysis. One of 2 moderate quality studies assessing the rates of
patients experiencing at least 1 pADE*”%° reported a significant re-
duction post-EMS.*” One strong quality study reported a reduction
in the rate of potentially harmful PE per admission®® The remaining

study assessed the rate of PE that reached the patient with the poten-
tial to cause any harm, was rated to be of strong quality, and
reported a significant reduction post-EMS, from 1.0 per 100 orders
to 0.15 per 100 orders.*?

Changes in length of stay and mortality pre- and post-
EMS

Differences in statistical parameters (ie, mean, median) and patient
groups across studies prevented meta-analysis examining the associ-
ation between introduction of EMS and LOS. Six studies assessed
the association between an EMS and LOS; § in adult hospitals,**~
445155 and 1 in a pediatric hospital.*” Overall, there was little evi-
dence of change up to 1 year post-EMS implementation in the adult
hospitals. The largest moderate quality study, reported a significant
change in the LOS on general wards in 2 adult hospitals 2 months
post-EMS.*® That study also reported the highest baseline average
LOS, with large variation across patients. The only pediatric study
included over 1000 patients in each group, was rated as moderate
quality, and found no significant reduction in mean LOS 15 months
post-EMS using a logistic regression model which included all
variables found to be significantly different between the 2 study
periods.*”

Only 2 studies assessed the association between an EMS and hos-
pital mortality rates, both in adult ICUs.**** The first, a small study
of poor quality, found no significant reduction in mortality 3
months post-EMS with “moderate” CDS.** The second, a large,
moderate quality study, showed a significant increase in mortality in
the first 4 months following system introduction using data adjusted
for patient mortality risk, though reported an overall significant re-

duction in mortality at 5 months postintervention.**

System-related errors (SREs) introduced post-EMS

Twelve studies provided qualitative examples of SREs,*'=**
45,48,49,51-53,56-58 though only § reported on SRE rates.t2°1,92:56,58
We report the full qualitative data extraction in Supplementary
Appendix SD. Regarding the quantitative data, 3 studies reported
rates of SRE as 0.4% of prescribed drugs,** 1.6 SREs per 1000 pa-
tient-days,>® and 0.57 SREs per admission.’® Four studies reported
the percentage of medication errors that were related to

system use,”' > which ranged from 1.2% to 34.8% of all errors,
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173

Before
Authors (Year)

After intervention
Harm Total errors Harm Total errors

Relative Risk [95% CI]

Joyetal. (2012) 0 153 3 348 . - 3.09[0.16, 59.44)
Armada et al. (2014) 0 819 0 76 10.65[0.21, 532.97]
Han et al. (2016) 16 1749 3 2862 —a— 0.11[0.03, 0.39]
Shawahna et al. (2011) 645 3008 385 1147 ! m 1.57 [1.41, 1.74]
van Doormaal etal. (2009)102 5724 55 1355 . 2.28[1.65, 3.14]
RE Model for All Studies (Q = 23.46, df = 4, p = 0.00; I = 97.0%) — 1.22[0.18, 8.38]
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Figure 3. Relative risk of actual patient harm related to medication errors following the introduction of EMS.

with heterogeneity in study quality and in the hospitals and EMS
implemented.

The § studies providing quantitative data also assessed SREs in
relation to the overall effect of EMS on medication error
rates.*>°1:9%:36:58 Thege studies assessed the extent to which the SRE
associated with the introduction of EMS moderated any identified
change in the rate of medication errors following EMS introduction.
Three weak quality studies reported an overall significant decrease
in medication error rates despite new errors associated with system
use and advocated that the impact of new errors can be minimized
with additional training and adherence to EMS use guide-
lines.***192 One moderate quality study of a pediatric hospital
post-EMS reported no significant change in the rate of ME and that
the rate of SRE was low and unlikely to have moderated this lack of
effect.’® The remaining study, of strong quality, reported a signifi-
cant reduction in procedural prescribing error rate despite new
SRE.>® That study also reported a significant reduction in the clini-
cal error rate, though no statistically significant change was found
when new SRE were included. However, the overall proportion of
prescribing errors classified as “potentially serious” was lower post-
EMS.

DISCUSSION

This systematic review and meta-analyses examined the extent to
which introducing an electronic medication system (EMS) in hospi-
tal wards which previously used paper-based medication ordering
was associated with changes in ME rates (including both PE and
MAE at a minimum) and any associated potential or actual patient
harm associated with those errors. Although half of the 18 studies
published between January 2005 and March 2019 assessed potential
or actual patient harm, the impact of EMS on patient harm remains
unclear as studies were heterogeneous and results mixed. Meta-
analysis found no evidence of a significant overall effect on patient
harm related to medication error rates (combining data on ME, PE,
and MAE), with studies showing positive, negative, and no change
following the introduction of EMS. In contrast, there was consistent
evidence across 14 studies that changing from a paper-based medi-
cation system to an EMS is likely to reduce medication error rates,

38,41-43,45,46,49-51 ,53—55,58,68Meta_

particularly  prescribing errors.

analysis results also indicated a significant reduction in administra-

tion error rates, though only 3 studies were included in this analy-
sis.*>**%:32 The very few studies that measured the relationship
between changes in medication error rates and the introduction of
SREs, found that new SREs are likely to marginally limit overall
reductions in medication errors. Those studies reporting SREs con-
sistently reported that system implementations which included on-
going support and the flexibility to adapt systems to respond to user
input could reduce the overall rate of SRE and improve the safety
benefits of these systems.

Consistent with other interventions designed to reduce the rate
of medication error, such as the participation of a clinical pharma-

cist, or the use of checklists and guidelines,®””°

the jury is still out as
to whether introducing EMS will significantly impact rates of
medication-related harm. These results support observations of a
continuing trend where decisions to implement health information
technology such as EMS are based on motivators other than re-
search evidence of effectiveness.”’ The lack of consistent evidence of
effects on patient harm may be explained in several ways. Firstly,

1023 and the present review, have identified an ab-

previous reviews,
sence of high-quality studies. We identified that the use of quasi-
experimental study designs with no control group, inadequate
reporting of data collection methods, and failure to report between
group differences and consider potential confounding variables were
the main contributors to poor study quality. Given that actual pa-

tient harm is reasonably infrequent,*”¢

studies with large samples
are required to assess the impact on harm. We identified only 1
strong quality study which reported outcomes on actual patient
harm.*’

Secondly, EMS represented in the review may not have signifi-
cantly impacted rates of medication-related patient harm due to
CDS functionality. CDS in EMS is an important feature shown to be
effective in targeting particular types of medication errors’” yet was
limited in many systems studied and poorly described by others.
Only 4 studies reported CDS functionality beyond simple system
alert notifications.*>***7-%% One of these studies was included in our
meta-analysis, though that study did not report any actual patient
harm before or after system implementaion.** Among the 4 studies
with advanced CDS, 3 assessed changes to the rate of prescribing

42,4353 and 3 assessed

error and all reported a significant reduction,
actual patient harm, and, excluding the study which found no
harm, the remaining 2 studies reported a significant reduction

postimplementation.*>*” One study assessed 3 hospitals which in-
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troduced 2 different EMS with differing levels of CDS to paper-
based ordering and measured the change in the rate of prescribing
errors.”® In that study, although the authors reported a significant
reduction in prescribing errors that had targeted CDS, no linear as-
sociation was found between CDS functionality and error reduction,
with different results generated across the 2 sites with the same sys-
tem. These authors concluded that the manner of system implemen-
tation may have significantly moderated this association.”>

The successful adoption of EMS requires significant adaption of
work practices, acceptance of innovation, and good organizational
fit, and the methods of implementation and ongoing improvements
in response to user-needs can significantly impact system effective-
ness.”>”7® We found that details of the implementation methods
were only briefly reported in studies or entirely omitted (see Supple-
mentary Appendix SB for details), thus making it difficult to deter-
mine how these factors may moderate system effectiveness. Ignoring
the importance of the organizational and social context in which
EMS is to be implemented may have significant impact on the sys-
tem effectiveness.”> Review of factors associated with successful sys-
tem implementation”” and studies included in this review have

44,49,52,53
47592, and

identified the importance of adequate system training
the use of support staff.** Though the level of training or support
that would be considered adequate is unclear.

Finally, interpretation of results relating to reductions in
medication-related patient harm should consider the overall mix of
medication error types included in the calculation of rates pre- and
post-EMS. EMS implementation brings immediate benefits in terms
of the standardization of orders, almost eliminating “procedural”
errors such as illegible orders, incomplete orders, incorrect units,
etc. These errors are highly prevalent at baseline, yet usually of low
potential severity. Consequently, comparison of the rates of medica-
tion errors causing harm pre- and post-EMS should report
medication-related harm rates for “clinical’ and “procedural” medi-
cation errors separately.

Our results highlight the difficulties faced by those measuring
the effectiveness of interventions designed to reduce medication
error-related harm and meet the goals of the WHO Global Patient
Safety Challenge.”® This review identified several ways to improve
future research as others have called for.”” In particular, outcomes
should be reported as error rates: medication errors per order, or if
this is not feasible, per 1000 patient days; the proportion of errors
with the potential to cause patient harm; the proportion of patients
who experienced actual harm; and the level of harm severity. Actual
harm resulting from medication errors is understudied and should
be an important focus of future studies.

Limitations

This review focused on evidence of the impact of EMS on patient
harm and medication errors; however, we acknowledge that the use
of electronic systems in hospital settings are more widely transfor-
mative and provide other benefits that we did not assess.'®! In ad-
dition, all systematic reviews are limited by the number and quality
of the included studies. We utilized 2 quality assessment tools to de-
scribe the quality of included study methods as weak, moderate, or
strong.>”*® We found only 2 strong quality studies. In addition,
pooling study outcomes was limited by the small number of studies
and variation in the chosen denominator to measure outcomes and
in the chosen methods for describing patient harm. Our review was
limited by the poorly reported, heterogenous, and often short
follow-up periods of less than 7 months across studies postimple-

mentation of EMS. This is important, as factors that would impact
on the outcomes we assessed, such as changes in staff perceptions of
or proficiencies in using these systems, required system improve-
ments or the development of workarounds that would not be cap-
tured.”® A strength of this review was its wide criteria for study
inclusion which were not limited by patient group or hospital set-
ting. Moreover, by excluding studies using incident reports, the in-
cluded studies were less likely to underreport error rates. Finally,
there was heterogeneity in the definitions of medication error and
harm across studies; however, we attempted to address this limita-
tion by including only studies that met our minimum criteria.

CONCLUSION

Our review identified evidence indicating that introducing EMS is
likely to significantly reduce rates of medication errors, particularly
prescribing errors. However, evidence of changes in the rate of
harmful medication errors is less clear. Further, insufficient studies
have investigated the effects on medication administration error
rates. We identified few methodologically strong studies, particu-
larly of advanced systems with substantive clinical decision support.
Future controlled trials should be powered to be able to detect
changes in medication errors resulting in harm but also need to focus
on the identification of specific mechanisms and system features
most effective in improving medication safety along with those that
may facilitate new error risks.

EMS systems have been used in many hospitals around the world
for well over 2 decades. The limited and poor-quality effectiveness
evidence base is somewhat surprising given the size and costs associ-
ated with these interventions and their extensive reach in terms of
potentially impacting the care of all hospital inpatients. The method-
ological challenges in conducting studies of this type is 1 reason for
this deficit, but this situation is also likely a reflection of compla-
cency regarding the necessity for evaluation of large-scale informa-
tion technology (IT) systems.”" Many still view these systems as IT
interventions despite their integral role and desired impact on clini-
cal care. While few would argue with the great potential of clinical
IT systems, it is critical that we assess their actual impact in real-
world settings and identify system, user, and organizational factors
which will allow this potential to be realized in terms of improved
clinical care now and into the future.
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