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Abstract 45 

Objective: The objective of this scoping review is to map methods used to study medication safety 46 

following electronic health record (EHR) implementation. Patterns and methodological gaps can provide 47 

insight for future research design. 48 

Methods: We used the Joanna Briggs Institute (JBI) scoping review methodology and a custom data 49 

extraction table to summarize the following data: (1) study demographics (year, country, setting); (2) 50 

study design, study period, data sources, and measures; (3) analysis strategy; (4) identified limitations or 51 

recommendations; (5) quality appraisal; and (6) if a Safety-I or Safety-II perspective was employed.  52 

Results: We screened 5,879 articles. One hundred and fifteen articles met our inclusion criteria and were 53 

assessed for eligibility by full-text review. Twenty-seven articles were eligible for extraction.  54 

Discussion: We found little consistency in how medication safety following EHR implementation was 55 

studied. Three study designs, seven study settings, and ten data sources were used across 27 articles. None 56 

of the articles shared the same combination of design, data sources, study periods, and research settings. 57 

Outcome measures were neither defined nor measured consistently.  58 

Conclusion: It may be difficult for researchers to aggregate and synthesize medication safety findings 59 

following EHR implementation research. All studies but one used a Safety-I perspective to study 60 

medication safety. We offer a conceptual model to support a more consistent approach to studying 61 

medication safety following EHR implementation.  62 

  63 
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BACKGROUND 64 

Medication safety is both the practice and outcome of being free from preventable harm resulting from 65 

medication use (1). In acute care, medication practice refer to the prescription, verification, 66 

preparation/dispensing, delivery/storage, administration, documentation, and monitoring of medications 67 

(2). Upholding medication safety is a healthcare priority around the world where medication-related 68 

incidents result in avoidable morbidity and mortality and cost global healthcare systems upwards of 42 69 

billion USD annually (3–6). Electronic health records (EHRs) have the potential to improve medication 70 

safety through applications that facilitate interdisciplinary medication-related workflows, including 71 

computerized physician order entry (CPOE), clinical decision support (CDS), pharmacy verification, 72 

barcode medication administration (BCMA), and electronic medication administration records (eMARs) 73 

(7). See Table 1 for definitions of common medication-related EHR applications.  74 

Table 1. Common medication-related EHR applications. 75 

Computerized Provider Order 

Entry (CPOE) 

An application for prescribers that facilitates entering and sending 

treatment instructions – including medication, laboratory, and radiology 

orders (8). 

Clinical Decision Support (CDS) An application for prescribers that includes a variety of tools to enhance 

decision-making in clinical workflow, including computerized alerts 

and reminders to care providers and patients, clinical guidelines, and 

condition-specific order sets. (9). 

Pharmacy Integration An application which allows pharmacists to engage in and support 

documentation, medication reconciliation, and patient evaluation (10).  

Barcode medication administration 

(BCMA)  

An application that allows for electronic verification that medications 

are being provided to the right patient, at the right dose, at the right 

time, and via the right route (11). 

Electronic medication 

administration records (eMAR) 

An application that takes the place of a paper-based medication 

administration record. An eMAR can be used to: order and modify 

medication; document medication administration; verify medication 

orders; and access drug references (12).  

 76 

SIGNIFICANCE 77 

Interventions to enhance medication safety are often signaled when prescribing or administration errors 78 

and/or harms are identified in real-life or simulated settings (13,14). This retrospective approach to 79 

understanding and responding to improve safety can be classified as Safety-I, whereby safety is known 80 

and ‘measured’ by the absence of errors, incidents, and risks, and/or conformance to standard operating 81 



procedures (SOPs; i.e., work-as-imagined) (2,15–17). Safety-I is often used as a paradigm for 82 

understanding medication safety, and safety in general. Alternatively, Safety-II and resilience engineering 83 

are newer philosophies within health systems research that aim to expound actual work practices initiated 84 

by direct care providers (i.e. work-as-done), and aspire to use these new learnings to drive improvements 85 

(15,17). In this study, we adopted Safety-II as a complementary paradigm with the aim of elucidating a 86 

more comprehensive insight into the examination of medication safety after the implementation of EHRs. 87 

OBJECTIVE  88 

To date, there are no reviews which map the methods used to study medication safety following EHR 89 

implementation. The purpose of this scoping review is to map the methods used to study medication 90 

safety in acute care settings following EHR implementation and to develop guidance for future research 91 

on this topic. Our review question is, “What methods do researchers use to study medication safety 92 

following EHR implementation in acute care settings?”. 93 

METHODS 94 

This scoping review was conducted in accordance with the Joanna Briggs Institute (JBI) methodology for 95 

scoping reviews (18) and in line with the Preferred Reporting Items for Systematic Reviews and Meta-96 

Analyses extension for Scoping Reviews (PRISMA-ScR) (19). We chose a scoping review methodology 97 

to fulfill this research objective as our goal was to map the methods used to study medication safety in 98 

peer-reviewed literature versus appraise research outcomes (18,20). A preliminary search of PROSPERO, 99 

MEDLINE, the Cochrane Database of Systematic Reviews, and JBI Evidence Synthesis was conducted in 100 

January 2021 and again in March 2023, and no current or in-progress reviews that map the methods used 101 

to study medication safety were identified.  102 

Inclusion Criteria 103 

Population 104 

Our population was limited to global medication safety studies that occurred in acute care settings.  105 

Concept 106 

We considered studies that explored the effect of EHR implementation on medication safety in terms of 107 
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practices and/or outcomes. These could include incidents or successes/efficiencies at any phase of 108 

medication delivery in acute care and/or any good outcome, near miss, or harm of any kind that reaches the 109 

patient.   110 

Context 111 

We included studies where authors clearly described the methods they used to study medication safety 112 

following EHR implementation. We extracted information associated to research setting, design, and 113 

analysis strategies. Studies that use modern electronic medication records (EMRs) and electronic 114 

medication management systems (EMMSs) were included as they often include the same applications as 115 

EHRs (21). We used the term EHR to refer to either EHR, EMR, or EMMSs for the remainder of the 116 

paper.  117 

To be included, studies needed to provide evidence that more than one healthcare discipline and more 118 

than one phase of medication practice was being evaluated. This was essential to capture the complex 119 

adaptive nature of healthcare systems which may include sociotechnical complexity, and/or 120 

interoperability. We excluded simulation-based studies and pre- or post-production usability testing. We 121 

did not limit inclusion by year of publication as we anticipated that the terms EHR, EMR, and EMMS 122 

would be self-limiting to approximately the last two decades.  123 

Types of Sources 124 

We included peer-reviewed qualitative, quantitative, multi-methods, or mixed methods evaluations of 125 

EHRs. We also included peer-reviewed protocols, reviews, and conceptual papers with an explicit focus 126 

on methodology, or practical resources recommended by established health, quality and safety 127 

organizations.  128 

Exclusion Criteria 129 

To focus on the scientific methods used to study medication safety, we excluded editorials, commentaries, 130 

non-peer reviewed book chapters, conference abstracts, anecdotal accounts, discussions, or opinion 131 

papers. We also excluded studies where EHRs were used to study/measure medication safety of specific 132 



medications as these studies did not examine the effect of the EHR on medication safety in general. See 133 

Table 2 for a full list of inclusion and exclusion criteria.  134 

Table 2. Inclusion and exclusion criteria. 135 

Inclusion Criteria Exclusion Criteria 

Peer Reviewed - 

Qualitative, quantitative, multi-methods or mixed-

methods articles, protocols, reviews, book chapters or 

conceptual papers 

Editorials, commentaries, conference abstracts, 

anecdotal accounts, discussion, or opinion papers 

EHR/EMR/EMMS  - 

More than one EHR application, plus evidence of 

multiple disciplines and/or multiple parts of the med 

admin process studied 

- 

Studies that include methods for studying medication-

related patient safety incidents/concerns/successes  

- 

Peer-reviewed articles where 

incidents/concerns/successes are linked to the EHR 

- 

Acute Care settings – Hospitals/Inpatient 

Units/Emergency Departments 

- 

 136 

Search Strategy and Information Sources 137 

In July 2020, we developed a search strategy with a university health sciences librarian, and conducted an 138 

initial search of MEDLINE and CINAHL. We also screened titles, abstracts and index terms of relevant 139 

papers (Appendix I). In February 2021, January 2022, November 2022, and September 2023, we searched 140 

the MEDLINE, CINAHL, and EMBASE databases, which are known for their focus on the health 141 

sciences. We combed the reference lists of included articles and of those authors who specialize in 142 

medication safety research, and used Google Scholar to search for other relevant articles. We also 143 

identified popular health safety and improvement organizations’ websites to search for additional 144 

literature.  145 

Screening Procedures and Study Selection 146 

We used Covidence Systematic Review Software (Veritas Health Innovation, Melbourne, Australia, 147 

2020) to store retrieved titles and abstracts and delete duplicate articles. Reviewers (JD, TK, CC, and 148 

NM) pilot-screened a sample of 40 titles and abstracts per pair to calibrate agreement between reviewers. 149 

Any disagreements were resolved through discussion with the lead author (NP). Once sufficient 150 
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agreement was obtained, NP screened all articles at the title and abstract phase and JD, TK, CC, or NM 151 

completed the second screen, achieving 93% agreement. NP and JD conducted full text reviews in 152 

duplicate. See Table 3 for the list of exclusion decisions at the full-text screen phase. Any disagreements 153 

that arose between the reviewers at each stage of the screening process were resolved through discussion. 154 

The results of the search are reported in the Preferred Reporting Items for Systematic Reviews and Meta-155 

analyses (PRISMA) flow diagram in Figure 1 (22).  156 

Table 3. Examples of exclusion and associated examples at the full-text screen phase. 157 

Reason for Exclusion Example 

Wrong Outcomes The article's primary objective was incident detection 

Wrong Intervention The intervention implemented was not an EHR  

Wrong Topic The primary topic was not about EHR application or medication safety  

No Methods  No methods were described for how to study medication safety 

Missing Study Design Elements Unclear EHR applications related to medication workflow 

Wrong Study Design  Usability study with no direct link to medication safety 

Wrong Setting Study was conducted in a Primary Care setting 

 158 

Data Extraction 159 

Data extraction was completed by two independent reviewers (NP and TH) using a customized data 160 

extraction table. Both reviewers extracted data from all articles, and discussed to reach consensus where 161 

concerns and/or discrepancies arose. Data elements extracted were: (1) study demographics (year, 162 

country, setting); (2) study design, study period, data sources, and measures; (3) analysis strategy and 163 

rationale; (4) author’s identified limitations or recommendations for future studies; and, (5) whether 164 

authors employed a Safety-I or Safety-II perspective.  165 

Quality Appraisal, Meta-Bias and Synthesis 166 

Although quality appraisals are not required for scoping reviews (18), as this is the first review of this 167 

topic, we chose to review the quality of the included studies to better understand the literature. Two 168 

reviewers (NP and TH) used Joanna Briggs Institute Critical Appraisal Tools to appraise the quality of all 169 

included studies (23). Disagreements were discussed and resolved via consensus.  170 



RESULTS 171 

A total of 5,879 abstracts were identified through our literature search. We found no additional articles via 172 

reference list screening. We searched 12 health safety and improvement organizations’ websites found via 173 

Google searches and by expert recommendation, but no additional literature matching our criteria was 174 

found (Appendix II). One hundred and fifteen articles passed title and abstract screening, and one hundred 175 

and eleven were assessed by full-text review. Twenty-six articles met final eligibility criteria, and data 176 

from each of these studies was extracted, mapped, and themed, as below (see Appendix III and IV for 177 

details).  178 

Date, Location, and Setting of Publication 179 

Twenty-one out of 27 of the articles were published from 2016 to 2022 (24–44). The earliest article was 180 

published in 2007 (45). The majority of the studies (n=10) were conducted in the United States (25–181 

27,29,33–35,45–47) and Australia (n=10) (41,48–55), while the remaining ones were published in the 182 

United Kingdom (n=4) (28,44,56,57), Finland (n=2) (58,59), and Singapore (n=1) (60). The studies 183 

covered various acute care settings, including entire hospitals (n=16) 184 

(26,27,33,35,41,42,45,47,48,50,51,54,55,58,60,61), adult intensive care (n=4) (25,29,36,46), a surgical 185 

unit (n=2) (56,57), a medicine unit (n=1) (44), an oncology unit (n=2) (28,52), and an emergency 186 

department (n=1) (34). Additionally, two pairs of studies were conducted by the same authors using data 187 

collected from the same setting and time period (25,46,56,57). 188 

Study Design, Data Collection Method, Data Sources and Measures, and Vendor and Release Date 189 

Twenty-two studies employed a cross-sectional design, utilizing either pre-post evaluation (with control 190 

(n=2) (50,60); without control (n=10) (24–26,28,29,31,34,36,44,56,57)), or post-evaluation (with control 191 

(n=2) (48,54); without control (n=7) (27,47,51–53,55,59)). These studies used various study periods and 192 

collected quantitative data from different sources, including paper and/or electronic charts (n=10) 193 

(25,27,29,34,46,48,50,55,56,61), voluntary organizational incident reports (n=10) 194 

(26,28,35,47,51,52,54,55,58,60), observations (n=6) (29,33,39,44,57,61), and surveillance systems (n=1) 195 

(27). The most commonly measured outcomes were incident type and frequency (n=14) (24–196 
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31,39,43,44,56,60,62) and harm severity/patient outcome (n=8) (25,26,28,46,52,56,58,60) (Figures 2, 3 & 197 

4). 198 

The EHR applications utilized in the studies included at least two of the following: CPOE, CDS, eMARs, 199 

a pharmacy verification/dispensing system, BCMA, automated dispensing, and electronic physician 200 

and/or nursing charting. The most commonly studied EHR applications included a combination of CPOE 201 

(n=20) (24–32,34,36,39,43,44,53,55–57,61,62), eMAR (n=20) 202 

(24,25,27,29,30,32,34,36,37,39,40,43,44,53,55–57,60–62), pharmacy verification/dispensing (n=10) 203 

(25,26,28,34,36,46,52,54,58,60), and BCMA (n=9) (27,29,34,36,47,48,56–58). The studies were designed 204 

to evaluate various phases of medication practice, including ordering/prescribing (n=16) (24–205 

29,31,32,34,43,44,53,55,56,60,62), transcription (n=9) (26–28,46,52–54,58,60), dispensing (n=12) (26–206 

29,34,46,48,52–54,58,60), preparation (n=10) (26–28,46,50,52–54,57,58), administration (n=22) (24–207 

32,34,36,37,39,40,43,44,53,55–57,60,62), monitoring (n=8) (26–28,46,52–54,58), and documentation 208 

(n=12) (26–29,31,32,39,43,44,53,55,62). 209 

Four studies employed a qualitative design to gain insights into the state of medication safety using the 210 

following data sources: direct observation and focus groups (n=1) (33), expert opinion (n=2) (35,45), 211 

literature review (n=1) (35), user-generated feedback (n=1) (45), and records of system updates (n=1) 212 

(41). The EHR applications utilized in these studies included at least two of the following: CPOE (n=3) 213 

(33,41,45), CDS (n=2) (41,45), eMARs (n=2) (33,41), a pharmacy verification/dispensing system (n=1) 214 

(45), and BCMA (n=1) (33). One study did not specify which EHR applications were included in the 215 

system, but instead used local data to develop a taxonomy for studying medication safety following EHR 216 

implementation (35). The outcomes measures in the other three studies included the frequency of 217 

prescribing (n=1) (33), administration errors (n=2) (33,45), time spent on medication administration (n=2) 218 

(33,45), frequency of performing patient identification (n=1) (33), frequency of observing patients taking 219 

oral medications (n=1) (33), accuracy of documentation (n=1) (33), types of system-related updates (n=1) 220 

(41), and the nature of workflow violations (n=1) (33). Out of the 26 studies, 16 included information 221 



about the EHR system's vendor (25,26,28,29,34,35,41,45,46,50,52–58), while only five studies specified 222 

both the EHR vendor and the version or release date (25,34,46,56,57). 223 

One study was designed using a stepped wedge randomized control trial (RCT) (49). Frequency-based 224 

analysis of data from chart reviews, observations, and interviews/focus groups were proposed for an 225 

evaluation of CPOE, CDS, and eMAR systems.   226 

Analysis Strategies  227 

Twenty-one out of the 22 cross sectional studies employed frequency-based analysis as a strategy to 228 

detect change (24,26,28–32,34,36,37,39,40,43,44,55–57,60,62). Four of these also themed results 229 

(26,41,43,44). The remaining three cross-sectional studies employed different approaches: one used 230 

logistic regression to correlate EHR adoption with the occurrence of adverse drug events (27), one themed 231 

survey results (53), and one conducted a sociotechnical analysis by examining charts to identify EHR-232 

related concerns (25). Among the four qualitative studies, one generated themes from user-generated 233 

feedback and expert anecdotal opinions regarding medication safety following EHR implementation (45). 234 

Another performed and evaluated task analysis to assess and evaluate workflows (33). The third 235 

conducted iterative tests of change and consensus building to design a conceptual framework (35), and the 236 

fourth asked directly about the system to elicit feedback (41). 237 

Limitations and Recommendations Identified by Authors 238 

For studies that utilized voluntary incident reports as a data source, authors acknowledged that an 239 

unknown number of incidents and errors go unreported and undetected, so reported data may be under 240 

representative (26,28,47,51,52,54,58,60). When data was collected through chart reviews, it was noted 241 

that the differences in data collection from physical charts to electronic charts could potentially influence 242 

data reliability (29,55). Furthermore, some authors identified the limitation of studying one setting and 243 

one type of EHR at a specific point in time, as the findings may not be applicable to other settings 244 

(25,35,41,46).  245 

In regard to establishing a link between identified errors and the EHR, three authors admitted the 246 

difficulty of establishing such a connection (27,35,58). For studies that relied on observations or physical 247 
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presence for data collection, two study teams acknowledged the possibility of missing incidents or events 248 

(50,57), and a few authors noted the potential influence of the Hawthorne effect (33,48–50). Other 249 

limitations highlighted by authors included the failure to collect participant demographics (33), studying 250 

an EHR system where paper-charting was still required for certain medications (29,55), no randomization 251 

(50), small sample sizes (36,59), variations in patient acuity within intervention and control groups (48), 252 

and studying only one technology despite multiple interventions being implemented (34). Notably, two 253 

studies did not identify any limitations (45,57). 254 

In one pre-post study that utilized incident reports as data, authors proposed that incorporating 255 

observations could enhance researchers' understanding of clinical practices, emphasizing the importance 256 

of considering clinician perspectives (54). Other authors suggested linking to patient-centered outcomes 257 

could strengthen their studies (34,48). Finally, several authors recommended incorporating prospective 258 

data collection methods to capture real-time risks (28), involving multi-disciplinary teams in event 259 

reviews (55), and utilizing improved classification systems to enhance data analysis (55). 260 

Safety-I versus a Safety-II Perspective 261 

Twenty-six studies employed a Safety-I perspective, which involved studying and measuring medication 262 

safety by assessing errors, harms, violations, missed steps, workarounds, delays, and challenges in 263 

medication practice following EHR implementation. One study utilized both Safety-I and Safety-II 264 

perspectives to understand the effect of EHR implementation on medication safety.  265 

Quality Appraisal  266 

Each article was appraised against a Joanna Briggs Institute Critical Appraisal Tool (Appendix V). Out of 267 

the total, twenty-two studies utilized a cross-sectional design, while four employed a qualitative approach, 268 

and one was designed as a stepped wedge randomized control trial. Among the cross-sectional studies, 269 

eight lacked detailed descriptions of their study sites, four of those did not adequately describe the EHR 270 

exposure. This results in uncertainty regarding the adoption of specific EHR applications in comparison 271 

to other sites. One study did not report their outcomes from a study based on voluntary incident reports in 272 

a valid and reliable way. Three cross-sectional studies did not identify potential confounding factors, and 273 



all but one study did not employ strategies to mitigate their effects. Confounding factors can distort the 274 

relationship between the exposure (EHR) and outcome (medication safety); thoughtfulness about 275 

mitigating factors can help increase the validity of findings. In the case of qualitative studies, none of 276 

them addressed important quality indicators, such as stating a philosophical perspective, clarifying the 277 

cultural or theoretical positioning of the researchers, or considering the influence of the researcher on the 278 

researched. This is important as qualitative research requires transparent positionality to increase the 279 

trustworthiness of the findings. Only one of the four qualitative studies provided evidence of ethical 280 

approval. The RCT was not truly a randomized study, decisions on which unit would receive the 281 

intervention were not concealed from participants, nor were researchers blind to the assignment of the 282 

intervention group.  283 

DISCUSSION 284 

Our aim was to map how medication safety has been studied following EHR implementation in acute care 285 

settings. We excluded several articles retrieved through this search due to vague descriptions of the 286 

methods used to evaluate medication safety following EHR implementation and/or ambiguous 287 

descriptions of which medication-related EHR applications were implemented.  288 

We observed a lack of consistency in the study of medication safety following EHR implementation. 289 

Despite the utilization of three study designs, seven study settings, and ten data sources across 27 articles, 290 

none of the articles shared the same combination of design, data sources, study periods, and research 291 

settings. One-third of studies did not include details of the study setting and 15% of all studies did not 292 

include details about the EHR vendor and/or release date. Consequently, aggregating findings from EHR 293 

implementation research becomes challenging. The quality appraisal uncovered areas where authors could 294 

enhance the rigor of their study designs. 295 

Safety-I versus Safety-II: A Resilience Mindset 296 

In 26 out of 27 articles, authors approached their medication safety studies using a failure or deficit-based 297 

perspective known as Safety-I. Their aim was to examine medication safety by identifying incidents, 298 

errors, deviations, and failures from expected norms. We identified only one article that assessed how 299 
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multiple medication-related EHR applications interact and effect patient safety from the perspective of 300 

Safety-II (44). This article used observations to understand changes to processes in complement to their 301 

Safety-I lens on medication administration errors. To understand safety from a Safety-II perspective, one 302 

must appreciate the knowledge, attitudes, and practices used by direct care providers to achieve successful 303 

care outcomes, which was apparent in this study. This understanding of work-as-done may challenge 304 

desired policies and procedures and highlight the difference between work-as-done vs work-as-imagined 305 

(15).   306 

It is easy to overlook the importance of work-as-done when there are no obvious red flags to draw 307 

attention to, what may appear to be, routine work. However, the Safety-II perspective encourages 308 

administrators and leaders to identify and reinforce actions that necessarily deviate from standard 309 

operating procedures to ensure patient safety. This approach allows for a resilience engineering lens, 310 

where work-as-imagined can systematically evolve based on flexible, creative, and contextually adaptive 311 

work-as-done (15,17). 312 

Although Safety-II and resilience engineering have not been widely or formally adopted in the study of 313 

medication safety or healthcare safety, in general, solely using a Safety-I lens poses risks. When the 314 

safety profile of a program or site is determined solely by measuring failures, patient harms, or deviations 315 

from work-as-imagined, it may lead to an incomplete understanding of safety as a holistic phenomenon. 316 

Researchers may misconstrue the safety profile of a site if they solely rely on the Safety-I perspective. 317 

Harvesting Safety-II information and incorporating that learning into policies, procedures, guidelines and 318 

technology can enhance safety in ways that the Safety-I perspective alone cannot achieve.   319 

Recommendations  320 

Below are recommendations including design elements that should be considered for future studies of 321 

medication safety following EHR implementation (Figure 5).  322 

Recommendation One: Uncover Technical and Sociotechnical Dependencies 323 

One crucial factor to consider in EHR and medication safety research is the impact of EHR applications 324 

on work processes from both technical and sociotechnical perspectives. From a technical standpoint, it is 325 



essential to integrate EHR applications to ensure accurate and seamless data transfer between different 326 

applications. This integration is vital for direct care providers to interpret and use data safely. The 327 

sociotechnical perspective of EHR use is equally important. Direct care providers should be able to 328 

understand, utilize, and input data in ways that support workflows, unit culture, norms, as well as the 329 

experiences of clinicians and patients (63).  330 

As we screened articles for this review, we noticed that many authors focused on studying a single 331 

medication-related EHR application or the experiences of a specific discipline. However, studying 332 

medication-related EHR applications in isolation from other related applications and focusing on a single 333 

discipline can lead to incomplete perspectives of the context. For instance, if a program implements 334 

CPOE, CDS, eMAR, pharmacy verification, and BCMA but the evaluation only focuses on pharmacy 335 

verification-related timestamps, the reported outcome improvements may not be solely attributable to that 336 

specific change. The observed changes may be influenced by the other integrated applications that were 337 

not evaluated or described, resulting in an inaccurate representation of a changes to medication safety. 338 

The usability of modern EHRs relies on the integration of multiple embedded applications, and therefore, 339 

understanding the overall impact of EHRs on medication safety requires consideration of these embedded 340 

applications. Moreover, EHRs do not function on their own; they function within complex adaptive 341 

sociotechnical systems involving human beings. Adopting a sociotechnical perspective, such as the one 342 

presented by Sittig, et al. (64), can be beneficial in EHR and medication safety research. This model 343 

illustrates a continuous flow of information between humans and technology. For future research on 344 

EHRs and medication safety, researchers can utilize the eight interacting dimensions of the sociotechnical 345 

model to acknowledge and explore technical and sociotechnical dependencies that might otherwise be 346 

overlooked. The methods required to capture these sociotechnical dependencies are likely qualitative and 347 

experiential in addition to quantitative (44,65–67).  348 

Recommendation Two: Provide EHR-Specific Definitions and Details 349 

When researchers design studies to examine the influence of EHR’s on medication safety, we recommend 350 

beginning by clarifying their operational lens of medication safety. Definitions play a crucial role as they 351 
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influence the data that researchers choose to capture. For instance, when studying medication errors and 352 

the associated degree of harm, researchers often rely on voluntary incident reporting systems. On the 353 

other hand, if researchers aim to understand near misses, close calls, and workflows, they may need to 354 

observe practices or engage in conversations with direct care providers.  355 

Secondly, it is crucial to report details of: (1) the research setting, (2) the data collection periods, and (3) 356 

the EHR applications implemented, including the vendor, version, and release date. This information 357 

enables consumers of research to identify which applications are being evaluated over which time periods 358 

and in which contexts. In EHR and medication safety reviews, researchers often present medication safety 359 

conclusions as if EHR capabilities were equivalent, despite the fact that different instances of EHRs may 360 

vary significantly in terms of application integration and functionality (68). Aggregating findings from 361 

heterogeneous studies can lead to over estimation, misinterpretation, and reduced precision of overall 362 

findings.  363 

Recommendation Three: Capture a Comprehensive Picture of Safety 364 

We recommend utilizing multiple data sources to gain a more well-rounded perspective on medication 365 

safety. While voluntary incident report and chart review data is an important starting point for 366 

understanding the nature and distribution of incidents throughout a healthcare system, it is inaccurate to 367 

draw conclusions on patient safety solely based on these incomplete data sources (69). An important 368 

approach for future consideration is to augment incident reports and chart reviews (Safety-I) with a 369 

resilience engineering approach (Safety-II) by studying workarounds, workflows, work articulation, and 370 

knowledge, attitudes, practice, and process changes (44,65–67,70). By adopting a Safety-II and resilience 371 

engineering approach, researchers can explore the adaptive capacity and resulting solutions direct care 372 

providers employ to promote medication safety despite any challenges they may face (71). Integrating 373 

Safety-II with traditional Safety-I approaches would provide a comprehensive and complementary 374 

analysis of medication safety via a prospective and reactive comparison of policies (work-as-imagined) 375 

and practices (work-as-done). The analysis can offer valuable insights for EHR improvement teams to 376 

implement more effective system design changes (70).  377 



Strengths and Limitations 378 

We followed a comprehensive methodology for scoping reviews as outlined by JBI, and the PRISMA 379 

process was employed to report our findings. All studies underwent a double-blinded review during the 380 

title and abstract screening, as well as the full-text decision making phases. Two reviewers were involved 381 

in data extraction and quality appraisal. Language was not a limiting factor in this review, as we were able 382 

to review English abstracts of studies written in other languages. However, the review is limited by 383 

factors such as inadequate methodological description in some articles, which led to their exclusion from 384 

the review. Additionally, studies that did not specify the medication-related EHR applications being 385 

studied were also excluded. Consequently, important published research on this topic may have been 386 

overlooked. Furthermore, outpatient and community settings were excluded from our review, but future 387 

research could explore these settings. Lastly, since Safety-II is still an emerging concept, there are no 388 

established search terms specifically designed to retrieve research evaluated from this perspective, which 389 

means that some relevant articles may have been missed.   390 

CONCLUSION 391 

The literature on medication safety following EHR implementation is currently characterized by 392 

heterogeneity, making it challenging to synthesize articles that address the same topic. Furthermore, the 393 

predominant use of the Safety-I perspective by researchers may limit a comprehensive understanding of 394 

the real-world challenges and successes associated with working with EHRs. These factors have 395 

implications for the progression of the field over time. 396 

Implications for Research 397 

Based on the findings of this scoping review, we propose a new conceptual framework comprising 398 

important research design elements. To bring consistency to the field, we recommend the following 399 

design elements are included in subsequent studies: (a) acknowledge technical and sociotechnical 400 

dependencies; (b) provide specific definitions and details; and, (c) capture a comprehensive picture of 401 

safety. Consistent reporting of these design elements will facilitate a more meaningful aggregation of 402 

research on this topic. Finally, adopting a Safety-II and resilience engineering approach can offer 403 
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alternative methods and a complementary perspective understanding medication safety. By examining 404 

what goes right and learning from those instances, we can further enhance patient safety and prevent 405 

harm.  406 
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