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Purpose: Medication administration errors remain a persistent issue in the US healthcare system, impacting patient safety and leading
to worsened outcomes, including increased mortality. Smart infusion pump interoperability with electronic health records (EHRs) has
the potential to reduce intravenous (IV) medication administration errors. Smart Infusion pumps safely deliver IV medications using
drug libraries that set standard dosing limits. Interoperability is their ability to wirelessly connect to EHRs to receive medications
orders directly minimizing error-prone manual programming steps. However, despite being implemented over a decade ago, its real-
world impact remains largely underexplored.

Methods and Materials: A systematic literature review (SLR) of PubMed/Medline and Embase in November 2024 identified peer-
reviewed studies assessing medication administration errors pre- and post- interoperability implementation in the inpatient hospital
setting. The primary outcome measured error types directly impacted by interoperability. The secondary outcome assessed the
cumulative reduction in medication administration errors.

Results: Three studies met the inclusion criteria, spanning general community hospitals, pediatric facilities, and intensive care
units (ICUs). For the primary outcome of assessing medication administration errors impactable by interoperability, interoper-
ability implementation resulted in a 15.4% to 54.8% reduction in specific medication administration errors. For the secondary
outcome of all medication administration errors, the cumulative reductions in medication administration errors post-
implementation ranged from 21.2% to 90.5%, with variability influenced by baseline compliance, study setting, and patient
populations.

Conclusion: Smart infusion pump interoperability demonstrated consistent potential to enhance medication safety by addressing key
error types and reducing cumulative errors in real-world settings. However, future research is needed to assess its impact on adverse
drug events, clinician workflows, and patient outcomes. These findings underscore the importance of tailored implementation
strategies to maximize interoperability’s effectiveness in improving patient safety.

Plain Language Summary: Medication administration errors are a common issue in hospitals in the United States, with the potential
to impact patient safety and lead to worsened outcomes. Smart infusion pump interoperability with electronic health records has the
potential to reduce intravenous (IV) medication administration errors. Smart infusion pumps are infusion pumps that have drug
libraries with standardized dosing. Interoperability is the technological advancement that wirelessly connects smart infusion pumps
with EHRs, allowing medication orders to transfer directly instead of being entered manually. However, despite being implemented
over a decade ago, its real-world impact remains largely underexplored in clinical practice. Therefore, we conducted a systematic
literature review to identify studies assessing the impact of implementing smart infusion pump interoperability on medication
administration errors in the inpatient hospital setting. Our review identified three studies assessing this impact. Two of the studies
assessed our primary outcome of assessing medication administration errors impactable by interoperability and saw a post-

implementation reduction ranging from 15.4% to 54.8%. All three of the studies assessed our secondary outcome of all medication
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administration errors and saw post-implementation reductions range from 21.2% to 90.5% post-implementation. Smart infusion pump
interoperability demonstrated consistent potential to enhance medication safety by addressing key error types and reducing cumulative

errors in real-world settings.

Keywords: smart infusion pump, interoperability, auto programming, medication administration errors, infusion errors, preventable
adverse events

Introduction

Medical errors in the United States (US) first received major attention after the publication of To Err is Human: Building
a Safer Health System by the Institute of Medicine in 1999, which brought to light how prevalent medical errors are, and
that 44,000-98,000 deaths occur annually due to preventable medical errors.' In response, policy and facility best
practices have been implemented at local, state, and federal levels to improve patient safety.” However, despite these
efforts, medical errors remain a persistent issue in the US healthcare system.2 Approximately 5% of US adults experience
a diagnostic error in outpatient settings,” while 2.15% of inpatient stays involve an adverse drug event,* and 0.59% of
inpatient stays result in a preventable adverse drug event (pADE).’

In the hospital setting, intravenous (IV) infusions are a major contributor to medications errors,®’ as they represent
the most common route of administration.® It is estimated that 85-90% of hospitalized patients receive IV infusions,” and
more than 50% of adverse drug events in hospitals are attributed to IV medications.'® A systematic review and Bayesian
analysis of nine studies found that 21.7% (95% confidence interval (CI) 6.51-48.8) of medication errors for IV therapy
occur during the administration phase."’

Medication administration errors, particularly those involving high-risk medications, are also a pervasive challenge in
healthcare.? Of particular concern, 3.9% of adverse drug events originating during hospital admissions led to mortality in
2014, resulting in over 18,000 deaths.* These errors, such as incorrect drug selection, undocumented orders, and
bypassing of safety systems, underscore the need for robust interventions like interoperability. Recent evidence suggests
that interoperability not only reduces errors but also minimizes the cascading effects of such errors, which often lead to
severe adverse events in vulnerable populations, particularly in high-risk settings such as neonates and intensive care unit
(ICU) patients.'*"?

Technological advancements, such as smart infusion pumps and interoperability with electronic health records
(EHRs), have emerged as tools to reduce the risk of medication errors and improve patient safety.'* Smart infusion
pumps are medical devices that safely deliver IV medications using built-in drug libraries to standardize dosing.
Interoperability is their ability to connect with EHRs to wirelessly receive and program medication orders, rather than
a user manually programming. Smart pump libraries are designed to catch programming errors, while interoperability
automates the transfer of infusion parameters from the EHR to the smart pump, reducing manual entry (Figure 1).">
Smart pump interoperability is recommended as a potential prevention strategy to help mitigate manual medication
administration errors.'® In 2018, the Institute for Safe Medication Practices (ISMP) published Guidelines for Optimizing
Safe Implementation and Use of Smart Infusion Pumps, emphasizing the importance of interoperability in error
prevention.'> Approximately 87.9% of US hospitals have adopted smart pumps as of 2020 according to a survey
conducted by the American Society of Health-System Pharmacists.'” However, only about 9-15% have implemented
interoperability between these pumps and their EHR.'” 2% This gap highlights the underutilization of available technol-
ogy to improve medication safety.

An analysis by the ECRI Institute found that 28% of infusion-related events could potentially have been prevented
with smart pump drug libraries, and an additional 47% of events could have been averted through smart pump-EHR
interoperability.”’ However, achieving these reductions is inherently more challenging, as interoperability builds upon
smart pump systems already equipped with robust error prevention mechanisms. As a result, interoperability targets
a narrower scope of remaining errors — yet these tend to be the most high-risk and clinically significant errors, with the
potential to cause serious adverse events. A pre-/-post implementation study demonstrated the use of auto-programming
reduced high-risk medication errors, with programming errors involving high-alert drugs dropping from 84% to 16%.%
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Figure | Infusion-Related Medication Administration Errors Impacted by Interoperability*.

Notes: *While some infusion-related medication administration errors may overlap across categories, this figure focuses on their primary impact to highlight interoperability’s role.
Context and use cases should be given consideration when interpreting categorization

Abbreviations: DERS, Dose Error Reduction Software; ID, Identification.

Moreover, manual programming errors, which account for a substantial portion of administration and documentation
errors, were also dramatically reduced. This highlights the importance of evaluating whether interoperability effectively
reduces errors in real-world settings, particularly as improvements become increasingly incremental.

Although interoperability is inherently intended to reduce medication administration errors, its real-world impact has
remained underexplored for over a decade since this advancement in healthcare technology was implemented. It is
essential to assess whether its adoption has effectively reduced medication errors and improved patient safety in clinical
settings. To address this gap, we conducted a systematic literature review (SLR) to evaluate the peer-reviewed literature
and determine whether the implementation of smart infusion pump interoperability has successfully reduced medication
errors and/or adverse drug events in healthcare settings.

Methods

Search Strategy

A SLR was conducted of PubMed/Medline and Embase in November 2024, attempting to identify published peer-
reviewed literature that quantitatively measured the impact that smart infusion pump interoperability has on medication
administration errors in the hospital setting. The search strategy is detailed in Appendix Tables 1 and 2. A review of

citations of the studies undergoing full-text review was also conducted to identify studies that potentially met our
inclusion criteria but were not indexed in the search databases or included different key terms.”> 2® This review was

25728 and was reported according to the Preferred Reporting Items for Systematic

conducted according to best practices
Reviews and Meta-Analyses (PRISMA) guidelines (Appendix Table 3).°>*° A meta-analysis was not performed due to

the limited number of studies and heterogeneity in study designs, methodologies, and outcomes. Given these differences,

a systematic literature review was the most appropriate approach to evaluate and synthesize the available evidence on
smart pump interoperability and medication administration errors. Defining the Population, Intervention, Comparator,
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and Outcomes (PICO) of the SLR, the population of interest was patients receiving infusions in the inpatient setting, the
intervention of smart infusion pumps with interoperability, the comparator was smart infusion pumps without interoper-
ability, and the outcomes were medication administration errors.

Selection Process

Articles were included if they quantitatively measured the impact of interoperability on medication administration errors
in the inpatient setting and were published in English. Published conference abstracts could be included if they provided
enough information regarding the study methodology, intervention of interest, and outcomes in the study and was
consistent with our inclusion/exclusion criteria or if there was a conference poster that went along with the published
abstract that provided this information. Studies were excluded if they only measured the impact that interoperability
could have had on reducing errors, errors that were caught prior to administration, or compliance outcomes. Additional
exclusion criteria consisted of studies assessing only insulin infusion pumps, qualitative studies, narrative reviews,
editorials, SLRs, studies conducted in the outpatient setting only, and non-comparative studies. After removing dupli-
cates, two reviewers independently screened abstracts, followed by a full-text review that passed the abstract screening
phase. Conflicting decisions of study inclusion/exclusion were to be rectified by a third author reviewing the article of
interest and making the final determination. However, conflicting decisions did not occur in this review.

Outcomes of Interest
The primary outcome was assessing the impact of infusion smart pump interoperability on medication administration errors.
We categorized these errors as administration errors directly impacted by interoperability (Table 1), which included:

Table | Types of Infusion Errors That Interoperability Could Prevent

Types of Medication Rationale Supporting
Administration Errors Reference(s)
Wrong Drug Library Interoperability will not auto-program the infusion parameters from the EMR order if the Kirkendall'®

drug library selected in the smart pump is incorrect.

Unauthorized/ Undocumented Unauthorized medication is one that is given without an order. A user can still manually Kirkendall'®
Orders (medication) program an infusion that does not have an order. They bypass using pump integration since
there must be an order to program with interoperability. So, pump interoperability
(integration) does prevent this error if used.

Omitted Medication If the order is discontinued (omitted) a user cannot program an infusion using Kirkendall'®
interoperability. They could still manually program. So, interoperability prevents clinicians

from programming infusions that have been discontinued.

Improper Dose Using interoperability will auto-program infusion parameters such as: rate, dose, duration, | ECRI,*'
patient weight, volume to be infused, concentration, etc. Auto-programming infusion Kirkendall'®

parameters prevents key-press errors resulting in wrong dose, wrong rate, or wrong

duration.
Wrong Rate Using interoperability will auto-program infusion parameters such as: rate, dose, duration, | ECRI,*'
patient weight, volume to be infused, concentration, etc. Auto-programming infusion Kirkendall'®

parameters prevents key-press errors resulting in wrong dose, wrong rate, or wrong

duration.
Wrong Duration Using interoperability will auto-program infusion parameters such as: rate, dose, duration, | ECRI,?'
patient weight, volume to be infused, concentration, etc. Auto-programming infusion Kirkendall'®

parameters prevents key-press errors resulting in wrong dose, wrong rate, or wrong

duration.

(Continued)
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Table | (Continued).

Types of Medication Rationale Supporting
Administration Errors Reference(s)
Wrong Concentration Using interoperability will either pre-select the correct concentration in the drug library, or ECRI,*'

will auto-program the concentration from the order. Kirkendall'®

Wrong Patient / Patient ID The interoperability workflow requires the use of barcode medication administration Kirkendall'®

error (BCMA) within the EMR system which supports validation of the “5-rights”. When the user
scans the patient it is validating “right patient”. This is only within the EMR system and has
nothing to do with the pump, but is nonetheless a required step in the workflow to program
a smart pump with interop. If the patient is incorrect an error message appears in the EMR.

Wrong Drug The interop workflow requires the use of barcode medication administration (BCMA) ECRI,2'
within the EMR system which supports validation of the “5-rights”. When the user scans the | Kirkendall'®
drug it is validating “right drug”, “wright route” and “right time”. This is only within the EMR
system and has nothing to do with the pump, but is nonetheless a required step in the
workflow to program a smart pump with interop. If the drug, route or time is incorrect, an
error message appears in the EMR.

Wrong Route The interoperability workflow requires the use of barcode medication administration ECRI,?!
(BCMA) within the EMR system which supports validation of the “5-rights”. When the user | Kirkendall'®
scans the drug it is validating “right drug”, “wright route” and “right time”. This is only
within the EMR system and has nothing to do with the pump, but is nonetheless a required
step in the workflow to program a smart pump with interop. If the drug, route or time is
incorrect, an error message appears in the EMR.

Wrong Time The interoperability workflow requires the use of barcode medication administration ECRI,?!
(BCMA) within the EMR system which supports validation of the “5-rights”. When the user | Kirkendall'®
scans the drug it is validating “right drug”, “wright route” and “right time”. This is only
within the EMR system and has nothing to do with the pump, but is nonetheless a required
step in the workflow to program a smart pump with interop. If the drug, route or time is
incorrect, an error message appears in the EMR.

Dose Error Reduction Software | Every infusion programmed using interoperability is within the drug library of the pump, Kirkendall'®

(DERS) Limits therefore any changes that may occur after the infusion has started (eg, titrations) will be
protected by the hospital defined DERS limits in the library.

Wrong Weight Programmed Using interoperability will auto-program infusion parameters such as: rate, dose, duration, | ECRI,*'
patient weight, volume to be infused, concentration, etc. Auto-programming infusion Kirkendall'®
parameters prevents key-press errors resulting in wrong weight.

Bypassing Drug Library Every infusion programmed using interoperability is within the drug library of the pump and | Kirkendall'®
therefore the drug library cannot by bypassed.

Primary/Secondary Setting The infusion parameters that come from the EMR include how the infusion is to be Skog??

delivered (primary or secondary) and needs to align with the setup in the pump drug library

when using interoperability.

e Wrong drug library'®

e Unauthorized/undocumented orders (medications)'®

e Omitted medications'®

e Improper dose'®?!

e Wrong rate'®?!

e Wrong duration'®?!

e Wrong concentration

16,21
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e Wrong patient/patient ID error'®

e Wrong medication'®?!

e Wrong route'®2!

e Wrong time'®*'

e Dose error reduction software (DERS) limits'®
e Wrong weight programmed'®*'

e Bypassing drug library'®

e Errors in the primary/secondary setting®

For inclusion in the primary outcome, studies had to stratify medication administration errors by type of error across the
pre-implementation and post-implementation phases or explicitly report the medication administration errors that were
impacted by interoperability.

The secondary outcome assessed the cumulative reduction in medication administration errors before and after
implementing interoperability. This outcome was assessed so that we could include studies that did not stratify errors
by error type but still measured the overall impact on medication administration errors post interoperability

implementation.

Data Abstraction

Data was abstracted from included studies by a single reviewer, with validation performed by a separate reviewer.
Extracted data consisted of title, first author, year of publication, study objective, study design, setting, time period, types
of medication administration errors, results, and key limitations. Quality assessments of included studies were conducted
by two authors utilizing the National Institutes of Health’s Quality Assessment Tool for Observational Cohort and Cross-

Sectional Studies.!

Results

The SLR returned 146 unique studies, with 32 undergoing full-text review and 3 meeting our inclusion criteria
(Figure 2).'3%232 Reasons for exclusion of articles that were not included in our review include outcomes assessed not
being relevant to our inclusion criteria, the intervention of interest not being interoperability, and the analysis not being
quantitative. The quality for the included studies was rated as fair for all three studies (Appendix Table 4). Two of the studies

met the criteria for the primary outcome,**>

while one additional study met the inclusion criteria for the secondary outcome
(Table 2)."* For the primary outcome, the reduction in medication administration errors that could be impacted by
interoperability post-implementation ranged from 15.4% to 54.8% (Figure 3).%*~*? For the secondary outcome, the reduction
in medication administration errors post-implementation ranged from 21.2% to 90.5%."'***>* None of the included studies
included the specific medications that were related to the specific medication administration errors observed,'***=* while one

of the studies included specific medications related to errors caught before administration.*?

Study |: Multi-Hospital Setting

Skog et al conducted a pre-post study at a health system consisting of 3 hospitals in San Diego, California with
bed size ranging from 181 to 524 beds.?” The study assessed the impact of smart pump interoperability on
medication errors during a pre-period (June to August 2017) and a post-period (August to September 2018).%
Among 350 infusions in the pre-period, 144 administration errors (41.1%) were recorded, compared to 110 errors
(32.4%) across 367 infusions in the post-period, showing a 21.2% reduction in the overall errors.>> When focusing
on administration errors directly impacted by interoperability, 132 errors (37.7%) were observed in the pre-period
and 117 errors (31.9%) in the post-period, reflecting a reduction of 15.4%.?* High-risk medication errors were also
significantly reduced, decreasing by 46.9% (12.8% in the pre-period vs 6.8% in the post-period, p=0.01).*
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Figure 2 Flowchart of Studies Identified During the Systematic Literature Review.

Study 2: Pediatric Setting

Articles Identified in
Review of Citation to
be Included in Review:
N=0

VanHorn et al conducted a retrospective pre-post study across two pediatric facilities within the same health system in

Louisville, Kentucky.>?> The analysis spanned a pre-period (January to June 2020) and a post-period (January to
June 2022), covering 143,997 and 165,342 infusions, respectively.>? In the pre-period, 39 errors (0.027%) were observed,
compared to 29 errors (0.018%) in the post-period, resulting in 35.4% reduction in overall errors.** Errors specifically
impacted by interoperability showed a greater reduction, with 27 (0.019%) errors in the pre-period and 14 errors (0.008%)
in the post period, showing a 54.8% reduction in these specific errors.>* Before interoperability, 38% of severe harms

averted were attributed to critical medication errors but this decreased to 24% post-interoperability. (p< 0.001).>?
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Table 2 Included Study Demographic Information and Results

Ist Author | Year | Setting/ Pre/Post # of Infusions Overall MAEs Overall Interop - Types of errors Included in MAE Interop-
Location Periods in Pre and Post MAE Specific MAEs Specific
Periods Reduction MAE
Reduction
Skog? 2022 | San Diego, CA;3 | Pre-Period June to 350 infusions 144 (41.1%) -21.2% 132 (37.7%) Omitted med, unauthorized med, bypassing drug —15.4%
general hospitals August 2017 library, wrong rate, wrong library selected, wrong
dose, primary/secondary setting, wrong med,
Post-Period August to 367 infusions 119 (32.4%) 117 (31.9%) wrong concentration
September 2018
Van Horn®? 2024 Louisville, KY; 2 | Pre-Period January to 143,997 infusions | 39 (0.027%) —35.4% 27 (0.019%) Wrong med, rate reprogramming error, guardrail —54.8%
pediatric facilities June 2020 limits, discontinued- still infusing, wrong weight
programmed
Post-Period January to 165,342 infusions | 29 (0.018%) 14 (0.008%)
June 2022
Chin'? 2024 | Australia; ICU of | Pre-Period February to 1727 infusions 360 (20.8%) —90.5% N/A N/A N/A
tertiary hospital March 2022
Post-Period May to June 2022 | 1505 infusions 30 (2.0%) N/A N/A

Abbreviations:

CA, California; ICU, Intensive Care Unit; Interop, Interoperability; KY, Kentucky; MAE, Medication Administration Error; Med, Medication; N/A, Not Applicable.

Ie 32 24409
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Figure 3 Impact of Smart Pump Interoperability on Medication Administration Errors.

Study 3: Intensive Care Unit

Chin et al conducted a pre-post observational study in the ICU of a tertiary hospital in Australia.'> The pre-period
(February to March 2022) included 1727 infusions, while the post-period (May to June 2022) included 1505 infusions
with interoperability.'* The impact of interoperability was assessed by variances deemed “unintended variance/error” by
a clinical pharmacist.'® These errors included incorrect drug library settings, discrepancies in volume/rate programing,
incorrect start/end time, and others."? During the pre-period, 360 infusions (20.85%) had an unintended variance/error,

which decreased to 30 (1.99%) in the post-period, showing a 90.5% reduction in time-sensitive errors."?

Discussion

Key Findings and Implementation Challenges

This SLR identified three published studies that attempted to assess the impact of implementing smart infusion pump
interoperability on medication administration errors, all of which demonstrated reductions in errors. The three studies
spanned 6 institutions, across different hospital settings including general community hospitals, pediatric hospitals, and
an ICU of a hospital, providing consistent results that highlight interoperability’s potential to reduce medication
administration errors in diverse settings.'>**? However, none of the studies evaluated the impact of interoperability
on adverse drug events, which underscores the need for further research to explore this aspect.

Despite these potential improvements, challenges remain in maximizing the benefits of smart infusion pump
interoperability. Schnock et al emphasized that bypassing embedded safety systems and drug libraries undermines the
full potential of these technologies.'” Their analysis revealed that 50% of errors in their study could have been prevented
if interoperability and safety systems had been used appropriately. This highlights a critical gap in compliance and
workflow adherence, which may limit the overall effectiveness of interoperability in real-world settings. Addressing these
gaps requires focused efforts on training, workflow integration, and policy reinforcement to ensure that automated
infusion programming is utilized as intended, reducing reliance on manual programming and mitigating preventable

CITOrS.
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Variability in Error Reduction Across Studies

The studies included in this review highlight variability in reductions of medication administration errors associated with
interoperability, driven by baseline factors and study-specific contexts. Skog et al reported a 15.4% reduction in errors,
likely influenced by the inclusion of workflow-related issues not directly impacted by interoperability and high baseline
compliance rates, emphasizing the role of existing prevention mechanisms.”*> VanHorn et al, in a pediatric setting,
demonstrated a 54.8% reduction, reflecting interoperability’s effectiveness in high-risk populations but with limited
generalizability due to unique pediatric care factors.>> The complexity of pediatric settings introduces additional
challenges, as errors in this population are often associated with weight-based dosing, frequent changes in infusion
parameters, and heightened vulnerability to adverse outcomes. These factors can amplify the risk of programming
inaccuracies and require tailored solutions to maximize interoperability’s effectiveness.

Chin et al observed a 90.5% reduction in unintended errors in an ICU, showcasing interoperability’s benefits in high-
acuity environments under clinical oversight, though generalizability may be limited to hospitals with differing
workflows."® This reduction may have stemmed from high-risk overrides of drug library settings, a critical issue in
ICU environments where timely administration of medications is essential for patient safety. By mitigating these
overrides, interoperability further enhances the ability to reduce time-sensitive errors, which are particularly common
with complex medication regimens. These findings underscore the need to consider baseline compliance, setting-specific
challenges, and pre-existing prevention mechanisms when evaluating interoperability’s impact.

Comparison to Previous Literature
This SLR advances the findings of previous reviews, such as those conducted by Li et al,** Chaudhry et al,** and Jones

et 31,35

by offering a more targeted and rigorous evaluation of medication administration errors specifically impacted by
smart infusion pump interoperability. Unlike earlier reviews, which broadly assessed health information technologies and
EHR adoption on quality and safety outcomes, this review focuses on quantifying specific error types, including incorrect
infusion rates, undocumented orders, and bypassed safety checks. Additionally, this review incorporates newer studies pub-
lished in recent years, reflecting the most up-to-date evidence on interoperability’s role in medication safety. By analyzing
data from diverse clinical settings, including pediatric, general hospital, and ICU, it provides a comprehensive and globally
relevant perspective. This focused approach fills critical gaps in the literature by demonstrating the measurable impact of

interoperability on medication errors while emphasizing its applicability across high-risk and varied healthcare settings.

Interoperability’s Impact on Medication Errors

Medication administration errors for infused medications are highly prevalent in hospitals, with reported errors ranging
from 5% to 70%.""'#**3%37 A multisite study by Schnock et al at 10 hospitals found that even with dose error reduction
software (DERS), 60% of the 1164 infusions analyzed still contained errors (n=699).'? Notably, 50% of these errors
could have been prevented with interoperability as previously mentioned.'> None of the hospitals included in this study
had smart pump interoperability, further highlighting gaps in implementation and use of available safety technologies.
Despite ECRI’s report over a decade ago showing interoperability’s potential to reduce medication administration
errors,”! our review identified only three eligible studies, underscoring a critical research gap. Some factors for this
may include hospitals conducting this research for internal information only. Additionally, hospitals or health-systems
may be concerned about publishing research showing their medication error rates from a liability or reputational
perspective. One additional potential reason may be that hospitals and health-systems intrinsically know that interoper-
ability reduces medication administration errors, and therefore it is not something that needs to be studied from a research
and/or budget perspective.

While the impact of smart pump interoperability on medication errors remains underexplored, studies have consis-
tently showed its ability to enhance drug library compliance, indirectly contributing to preventing errors. For example,
Skog et al observed compliance rates increasing from 92% pre-interoperability to 94% post-interoperability (no p-value
was provided).”” Similarly, VanHorn et al reported compliance increased from 94% to 96.7% due to interoperability (no
p-value was provided).>? A community hospital in Texas saw a significant increase in compliance from 73.8% to 82.9%
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(p<0.001) post-interoperability.*® Smart-pump interoperability across a large health-system saw significant increases in
compliances in half of the regions (4 of 8), and nonsignificant increases in 3 of the additional regions.39 It is important to
note that while compliance rates seen in the Skog and VanHorn studies at baseline were much higher than typical real-
world settings (eg 74%-80%),*° facilities with lower baseline compliance may experience even greater improvements
post-implementation of interoperability. Increases in compliance are thought to lead to safer medication practices,
ultimately reducing the risk of errors.

Although this review focused only on studies that assessed the impact on the occurrence of medication administration
errors, related literature has shown that interoperability avoided potential medication errors. VanHorn et al showed
a significant decrease in errors caught before administration from 197 to 20 (p<0.001).** An analysis of the implementa-
tion of interoperability at a hospital in New York showed a reduction in significant near-miss medication errors from
1307 in the 12-month period pre-implementation to 400 in the 12-month period post-implementation.*' A general
hospital in Pennsylvania found that after implementation of interoperability, the number of edits to infusion variables
per month significantly reduced for the telemetry clinical care area from 56.9 to 14.2 (p<0.001) and from 61.2 to 14.7
(p<0.001) for the medical-surgical clinical care area.** The previously mentioned community hospital in Texas that
implemented interoperability saw a reduction in infusions generating alerts from 3.5% to 2.6% post-interoperability
(p<0.001).® Further evidence of interoperability’s impact comes from a Biltoft et al study, which noted a 19% monthly
decrease in reprogrammed infusions in a 286-bed hospital due to a DERS alert,”® and a case study which found that
infusion errors related to not following protocol by using pump auto-programming decreased by 50% from 20 errors
per year to 10 errors per year post-interoperability.**

Broader Context and Existent Gaps

The variation in error reductions across studies highlights the influence of baseline error types, study designs, and
contextual factors. VanHorn et al’s study demonstrated a larger reduction in errors directly impacted by interoperability
compared to total errors, likely due to a higher baseline proportion of preventable errors in the pediatric setting, such as
infusion programming issues.>> Conversely, Skog et al’s study showed a smaller relative reduction in interoperability-
specific errors, possibly reflecting a broader inclusion of workflow-related errors not directly tied to interoperability
mechanisms.?” Differences in baseline compliance with drug libraries, staff training, and existing technology may also
account for the variability. These findings emphasize the importance of context in assessing interoperability’s impact and
highlight the need to consider setting-specific factors when implementing and evaluating such interventions.

While not assessed directly in this review, medication errors can lead to adverse events for patients with the best
available literature estimating that 1% of medication errors result in adverse drug events.*> Adverse drug events can be
expensive and even fatal. An analysis of the Healthcare Cost and Utilization Project (HCUP) conducted by the Agency
for Healthcare Research and Quality (AHRQ) of inpatient hospitalizations in the United States in 2014 estimated that the
rate of adverse drug events originating during hospitalizations being 214.9 per 10,000 stays (2.15%), with a mean cost of
$28,089 (in 2014 US$), a mean length of stay of 10.2 days, and an in-hospital mortality rate of 3.9%.* However, not all
adverse events are preventable, and a pooled analysis from a SLR of SLR’s found the pooled incidence of preventable
adverse drug reactions to be 0.59 per 100 patients (0.59%).” The reduction in medication errors seen from implementa-
tion of interoperability has the potential to lead to a reduction in adverse drug events and improved outcomes for patients,
although further research is needed to assess this. In the study by VanHorn et al, the implementation of smart pump
interoperability in pediatric settings was associated with a significant reduction in severe harm averted events, decreasing
from 38% to 24% of total harm events.>> Additionally, Skog et al saw high-risk medication errors significantly decrease
by 46.9%.?* This highlights the critical role of this technology in preventing life-threatening errors and reducing high-risk
medication overrides.

Limitations

This review has several limitations. While this was a targeted SLR of peer-reviewed studies, there is a possibility that we
may have inadvertently missed a study that utilized different key terms or was not indexed in the databases that we
assessed. However, since two databases were utilized for the search and a review of citations was also conducted, the
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likelihood of missing a study is minimal. There is a chance that some research conducted on this topic may be published
as white papers, or as non-peer-reviewed research that may have been omitted. Another potential limitation is publication
bias. If researchers conducted a study or analysis and found negligible or even negative findings, they may be less likely
to seek publication. Furthermore, the small number of included studies (n=3), although diverse, limits the generalizability
of the findings. However, as stated above, one potential reason for the small number of studies on this topic may be due
to hospitals or health-systems not wanting to publish research showing rates of medication errors in their facilities.

Conclusion

Implementation of infusion smart pump interoperability demonstrated significant reductions in medication administration
errors across the three studies identified in this systematic review. These findings underscore the potential of interoper-
ability to enhance patient safety in real-world clinical settings, by addressing key sources of errors, such as omitted
errors, incorrect infusion rates, undocumented orders and others, and incorrect infusion rates, particularly in high-risk
environments like neonatal ICUs (NICUs), ICUs, and pediatric care. While interoperability offers measurable safety
benefits, its success depends on tailored workflows and consistent oversight to mitigate residual risks. Further exploration
is needed to evaluate its broader impact on adverse drug events, cost-effectiveness, and long-term implications on
clinician workload and patient outcomes. Expanding the evidence base will provide greater clarity on the generalizability
and scalability of interoperability as a needed advancement in medication safety technology.
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