1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Ann Emerg Med. Author manuscript; available in PMC 2020 August 01.

-, HHS Public Access
«

Published in final edited form as:
Ann Emerg Med. 2019 August ; 74(2): 285-296. doi:10.1016/j.annemergmed.2018.10.034.

Scope and Impact of EHR integrated Clinical Decision Support
in the Emergency Department: A Systematic Review

Brian W. Patterson, MD MPHY2, Michael S. Pulia, MD MS!, Shashank Ravi, MD3, Peter L.T.
Hoonakker, PhD2, Ann Schoofs Hundt, PhD2, Douglas Wiegmann, PhD2:5, Emily J Wirkus,
MPH?2, Stephen Johnson, MLS#, Pascale Carayon, PhD2:°

1.BerbeeWalsh Department of Emergency Medicine, University of Wisconsin-Madison, Madison
WI

2.Center for Quality and Productivity Improvement, University of Wisconsin-Madison, Madison, WI
3-Department of Emergency Medicine, Yale University School of Medicine, New Haven, CT
4Ebling Library, University of Wisconsin-Madison, Madison, WI

5Department of Industrial and Systems Engineering, University of Wisconsin-Madison, Madison,
wi

Abstract

Objective—As electronic health records evolve, integration of computerized clinical decision
support (CDS) offers the promise of sorting, collecting, and presenting this information to improve
patient care. We conducted a systematic review to examine the scope and impact of EHR-
integrated CDS technologies implemented in the ED.

Methods—A literature search was conducted in four databases from their inception through
January 18™, 2018: PubMed, Scopus, CINAHL, Cochrane Central. Studies were included if they
examined the effect of a decision support intervention which was implemented in a comprehensive
electronic health record in the ED setting. Standardized data collection forms were developed and
used to abstract study information and assess risk of bias.

Results: 2,558 potential studies were identified after removing duplicates. Of these, 42 met
inclusion criteria. Common targets for CDS intervention included medication and radiology
ordering practices, as well as more comprehensive systems supporting diagnosis and treatment for
specific disease entities. The majority of studies (83%) reported positive effects on outcomes
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studied. Most studies (76%) employed a pre-post experimental design, with only three (7%)
randomized control trials.

Conclusions: Numerous studies suggest that CDS interventions are effective in changing
physician practice with respect to process outcomes such as guideline adherence, however many
studies are small and poorly controlled. Future studies should consider the inclusion of more
specific information regarding design choices, attempt to improve on uncontrolled before-after
designs, and focus on clinically relevant outcomes wherever possible.

Introduction:

Methods:

Widespread adoption of Electronic Health Records (EHRs) offers an unprecedented
opportunity to apply informatics techniques to clinical and operational data.l: 2 While the
EHR stores a wealth of clinical data that can potentially improve the quality of clinical ED
care,1~4 this information is often lost in the sea of data collected in the EHR. In their brief
patient encounters, emergency physicians are all too often confronted with poorly organized
information, which is difficult to synthesize and act on at the bedside.>~” As EHRs evolve,
integration of computerized clinical decision support (CDS) offers the promise of sorting,
collecting, and presenting this information to improve patient care.8: ® CDS technologies
have demonstrated the ability to improve patient outcomes across a variety of healthcare
settings.10: 11 CDS has been promoted by several organizations such as the Centers for
Medicare and Medicaid Services (CMS), which will continue to increase implementation.12

Considering their promise to improve emergency care, along with regulatory incentives for
their adoption, development and implementation of these technologies are proceeding
rapidly. Given the complexity of the sociotechnical systems (such as ED) in which they are
implemented,3: 14 however, CDS technologies have the potential for negative consequences.
15 As we enter an era of increasing CDS development and use in the emergency department,
it is crucial that implementation of these technologies be based on the best available clinical
evidence indicating improvements in patient care.1® Furthermore, development of these
technologies may benefit from design principles established in both health care and human
factors engineering. These range from simple heuristics such as the “5 rights” of decision
support (the right information, to the right person, in the right format, through the right
channel, at the right time in the workflow)1’ to more comprehensive theories of human
factors engineering such as Parasuraman’s model of human interaction with automation.18

We conducted a systematic review to examine the scope and impact of EHR-integrated CDS
technologies implemented in the ED. After reviewing the results of the systematic review,
we discuss gaps in the current research and propose recommendations for future studies.

This systemic review follows the PRISMA (Preferred Reporting Items for Systemic Reviews
and Meta Analyses) guidelines.1® As a review of existing literature, this study was exempt
from IRB review.

Ann Emerg Med. Author manuscript; available in PMC 2020 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Patterson et al.

Page 3

Definition of CDS

Consistent with previously published reviews of CDS in the general medical literature, we
defined a CDS as any software designed to directly aid in clinical decision making in which
characteristics of individual patients are matched to a computerized knowledge base for the
purpose of generating patient-specific assessments or recommendations that are then
presented to clinicians for consideration.19: 11

Inclusion and Exclusion Criteria

Our literature review considered only peer-reviewed studies published in English. Studies
were included if:

1. They described an intervention which met the above definition of clinical
decision support.

2. They described the implementation of a CDS intervention (as opposed to pre-
implementation testing).

3. The intervention occurred in the ED setting.

During the selection process, we clarified our definition of CDS and added three inclusion
criteria to narrow our sample to those studies most relevant to emergency medicine
practitioners evaluating the effectiveness of decision support interventions:

4. The CDS intervention was integrated within an existing EHR. This excluded
studies in which tools were piloted without integration into existing workflows
(e.g. standalone websites or computers requiring patient information to be
entered for the sole purpose of generating a recommendation, or systems which
may have fulfilled the role of an EHR but were only used for the purpose of
intervention on specific patient populations).

5. The study reported the impact of an intervention on a care process or patient
related outcome (as opposed to outcomes of interest only to further development
of the intervention). For instance, we excluded several studies which created an
alert but only reported its “firing rate” or sensitivity and specificity, as these
evaluated the development of an intervention as opposed to its implementation.

6. We specifically excluded studies whose primary purpose was to perform
automatic triaging of patients into Emergency Severity Index (ESI) or similar
categories as these studies are more concerned with automating a care process
than supporting a decision.

Search Strategy and Study Selection

The search was conducted in four databases from their inception through January 181, 2018:
PubMed, Scopus, CINAHL, Cochrane Central. The search combined terms related to two
domains: (1) CDS and (2) Emergency Department. Terms from different domains were
combined using the Boolean operator ‘AND’; terms within each domain were combined
using the Boolean operator ‘OR’. Table 1 contains the terms used in the search, and
Appendix 1 contains the full search string. Our initial strategy included only the first three
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inclusion criteria. The title and abstract of each study were screened by a single reviewer
with all possibly relevant studies retained for full text review. Full-text articles were then
retrieved for studies retained after the initial screening. These studies were reviewed by two
paired authors who excluded studies which clearly did not meet any of the initial three
inclusion criteria (above). After the first round of full text review, studies were retained for
further screening if either one or both reviewing authors flagged the study article for
possible inclusion. At this point in the study, in response to discussions to obtain consensus
when reviewing authors disagreed on inclusion, the team refined search criteria by adding
selection criteria 4 through 6 (above). These criteria were added to specifically address areas
which the team felt papers were not clearly included or excluded based on the original
criteria. The remaining papers (any in which one of the two reviewers initially assigned
voted to include or keep for further discussion) were then reviewed by two emergency
physicians (BWP and MSP) who included only those studies which met all six inclusion
criteria. In cases of disagreement between these two reviewers, cases were discussed with all
study authors until consensus was reached.

Data Collection

We developed a data collection form which was pilot-tested on three papers and revised
subsequently. Each researcher used the data collection form to extract the following data
from each project: 1) Study Objective, 2) CDS intervention, 3) Study Design, and 4)
Outcomes and Impact, which were further divided into clinical and process measures, and
user experience (e.g. perceived usability, acceptance and use). Pairs of researchers reviewed
each other’s data collection forms to ensure accurate abstraction.

Risk of Bias

Studies were assessed for risk of bias using questions selected from a bank proposed by
Viswanathan et al.20 Risk of bias scoring was completed during the data extraction phase,
with the extracting author completing the risk of bias form, and the paired author reviewing
the other’s form. Differences were discussed until consensus was achieved. In cases of when
consensus could not be reached between the two authors, items were discussed with the full
team.

Results:

After removing duplicates, a total of 2,558 potential studies were identified. Of these, we
retained 296 for full text review after the initial round of abstract review. We excluded an
additional 153 studies in the first round of full text review, leaving 143 studies. After
addition of selection criteria 3 through 6, the final round of full text review excluded 99
additional papers, leaving 42 papers which were included in the systematic review reported
in this paper. Among these 42 papers, there was a trend towards increasing volume by year
(See Figure 2). We did not identify any studies published before 2005 which met our
inclusion criteria.

Characteristics of included studies are included in Table 2. While there were a broad range
of CDS intervention types and targets described, several themes emerged. Twelve studies
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(29%), describe interventions in the form of alerts or other modifications to computerized
physician order entry (CPOE) designed to support decision making surrounding medication
ordering.21: 22 These studies were more prevalent earlier in the review period, with 7 of the
12 published in 2012 or earlier. These interventions generally involved order entry alerts and
were designed to prevent administration of inappropriate medications (e.g. Beers list for
older adults23),22 dosing errors,24 or ensure guideline compliant antibiotic ordering.2®
Another focus was CDS interventions which applied decision support at the time of
radiology ordering with the goal of reducing unnecessary or inappropriate imaging for
diagnostic workup of conditions such as pulmonary embolus2%: 27 or intracranial
hemorrhage?®; these studies accounted for 17 (40%) of the total papers included in the
review. More comprehensive technologies supported several decisions along the diagnostic
and treatment pathway to improve both detection and care for specific conditions including
syncope,2? sepsis,30 asthma management,3! pneumonia,32 and appendicitis.33: 34

Thirty-five studies (83%) reported positive effects on measured outcomes. The most
common outcomes were process measures directly related to workflows altered by CDS
interventions such as rate of compliance with guidelines for imaging3® 36 and medication
orders.3” Nine (21%) studies reported effects on patient-centered clinical outcomes, which
we defined as revisits to the ED, hospital or ED length of stay, and admission and mortality
rates, with five of these reporting improvements. Seven studies (17%) reported at least some
evaluation of the CDS intervention’s usability or acceptance, including either user feedback
or adoption rates for optional interventions.

Thirty-two of the included studies (76%) employed a before/after experimental design, with
only three (7%) randomized control trials. Most studies were single center. Table 3 shows
the results of the bias assessment for each study. We chose not to explicitly score studies, but
noted that studies varied greatly in quality, from RCT’s with overall low risk of bias22 38 to
uncontrolled observational studies with higher risk of bias3°.

Limitations:

As in all systematic reviews, decisions made regarding inclusion and exclusion criteria
influenced our sample. Given the volume of literature and the motivation for our study, we
chose to focus only on computerized decision support integrated with EHR technology.
While this limitation was useful in defining a more cohesive cohort of studies, a few recent,
high quality studies involving non-EHR integrated CDS were excluded, including an RCT.40
Also excluded were several early studies in which investigators created CDS systems to
promote guideline-based documentation and computer aided diagnosis before the era of
modern EHR’s.#1-43 Furthermore, our decision to only include studies which reported the
impact of an intervention on a care process or patient related outcome excluded literature
from our current analysis which evaluated either the design or acceptability of CDS systems
in isolation, without evaluation of the effects of implementation.
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Discussion:

Our PRISMA-based systematic review identified 42 studies which explicitly measured the
clinical impact of EHR-integrated CDS implemented in the ED. The majority of these
studies (83%) reported positive impact although few addressed patient-centered clinical
outcomes or long-term sustainability. Studies were mixed in quality and many had relatively
high risk of bias. Commonly identified biasing factors included uncontrolled or historically
controlled designs, lack of blinding to outcome assessment, and lack of inclusion of
important potential positive and negative outcomes in evaluation of program impact. Among
studies reporting intervention uptake and acceptance, CDS use was often low, even in cases
where interventions had positive effects. Our ED specific results echo those found in the
overall health informatics literature: while numerous studies report positive impact on
process or outcome, well-controlled trials examining clinical outcomes are relatively

rare8: 44 and uptake and acceptance of health IT can be challenging. Given the widespread
clinical rollout of CDS systems driven by health policy,® the relatively small number of
studies identified calls attention to the paucity of high quality literature evaluating actual
implementation of these systems in the ED.

Our systematic review adds new knowledge regarding the scope and effects of CDS in the
ED. Bennet & Hardiker conducted a review of the literature published between 1994 and
2015 to identify the body of CDS research undertaken in EDs, the research methods used,
their quality, and the impact of CDS on clinical care in EDs.*6 While their review had
somewhat similar inclusion criteria, it did not specify that CDS must be integrated into the
EHR, and did not explicitly define CDS for the purpose of inclusion and exclusion. The
authors included 23 studies, with some overlap of our sample, and noted a lower rate of
studies with “positive impact” at 50%, however this is due to excluding studies which
reported outcomes that were deemed not clinically relevant as opposed to identifying a
higher rate of negative studies.

The preponderance of studies included employed a before and after study design. This is
undoubtedly a convenient design for studying a single center intervention, and often the only
possible design to use for evaluating an intervention that will be implemented solely for
quality improvement purposes. Unfortunately, there are several disadvantages of this study
design.#7: 48 Uncontrolled before and after studies are often confounded by changes in
practice pattern over time and in the specific setting of CDS interventions. For example, they
can be confounded by education and attention surrounding the rollout of a new intervention
focused on a condition or process. Fortunately, the included studies also provide proof of
concept that more rigorous designs such as RCT’s%2 31, 38 and interrupted time series
analyses3’: 49 are feasible for the study of CDS interventions. Furthermore, several studies
were able to use a multi-site design to provide better experimental control and
generalizeability.24: 32. 50

Many of the outcomes studied were process measures immediately downstream from
implemented interventions, including documentation, prescribing or ordering of tests in a
manner adherent to guidelines, or timing of interventions supported by CDS systems. While
these are useful as they provide evidence that a given CDS modifies behavior, they do not
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make a strong case for the utility of CDS in improving patient outcomes. Furthermore, few
studies explicitly discussed the potential harms of recommendations from CDS systems,
including potential negative effects on patients when complying with a given practice
guideline. The combination of reporting only process measures while not considering
potential harms lays the groundwork for a potentially misleading assessment of a given
intervention’s overall effect. Several studies did report significant improvement in patient
centered outcomes, including an improved 30-day mortality among pneumonia patients,32
improved rates of screening tests and immunizations,® 2 and decreased imaging utilization
coupled with consistent diagnostic performance for various conditions.28: 33

Overall, few papers discussed explicit human factors design considerations or usability
evaluation of CDS interventions. This was likely due in part to our exclusion of papers
which did not report impact of CDS implementation; many papers were excluded because
they described only the design, without testing, of an intervention. Despite this, among the
included articles there is a notable lack of emphasis on human factors and design
considerations prior to implementation, or usability as an impact measure along with clinical
outcomes. Among studies which did report data on acceptance of CDS, intervention uptake
was often poor.9 53 Several studies described resistance to use of CDS tools and among
those which were optional, rates of CDS use were often low?25: 5 despite positive outcomes
when they were used. This finding is concordant with a recently published review focusing
specifically on acceptance of cognitive support technologies at ED point of care, which
found that, while clinicians acknowledge the value of these technologies, actual use rates are
often low.2® This highlights the importance of careful design of interventions and
consideration of human factors design principles and usability evaluation in the design and
implementation phases.

Based on reviewing the available literature, we propose authors of future studies of CDS
interventions consider the following:

1. While uncontrolled before and after trials remain common, the literature
demonstrates the feasibility of more robust experimental designs including
interrupted time series, controlled before/after studies using multiple sites, or
RCT designs.

2. While process outcomes are often the most convenient from a study design
perspective, potentially impactful studies increasingly are focusing on more
patient centered outcomes. Furthermore, while uncommonly included, potential
negative (e.g. missed diagnoses, return ED visits) as well as positive
consequences of recommendations should be included in studies of CDS
implementation.

3. Given low acceptance rates even among potentially impactful interventions,
usability and acceptance outcomes remain an important component of CDS
evaluation. Additionally, further attention and effort should be dedicated towards
human centered design and implementation of CDS to improve acceptance and
uptake.
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In conclusion, literature evaluating the implementation of CDS technologies within the
emergency department is expanding as hospitals and physicians take advantage of supportive
systems within electronic health records to drive patient-specific recommendations.
Numerous studies suggest that CDS interventions are effective in changing physician
practice with respect to process outcomes such as guideline adherence, however many
studies are small and poorly controlled. Continuing to move from single center to multi-
center study designs will offer the ability to utilize improved experimental designs. While
the results of the current literature review highlight the promise of decision support for
improving care, future studies should consider the inclusion of more specific information
regarding design choices, attempt to improve on uncontrolled before-and-after designs, and
focus on clinically relevant outcomes wherever possible.
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