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PREFACE
The VA Evidence-based Synthesis Program (ESP) was established in 2007 to provide timely and
accurate syntheses of targeted healthcare topics of particular importance to clinicians, managers, and
policymakers as they work to improve the health and healthcare of Veterans. QUERI provides funding
for four ESP Centers, and each Center has an active University affiliation. Center Directors are
recognized leaders in the field of evidence synthesis with close ties to the AHRQ Evidence-based
Practice Centers. The ESP is governed by a Steering Committee comprised of participants from VHA
Policy, Program, and Operations Offices, VISN leadership, field-based investigators, and others as
designated appropriate by QUERI/HSR&D.
The ESP Centers generate evidence syntheses on important clinical practice topics. These reports help:
•

Develop clinical policies informed by evidence;

•

Implement effective services to improve patient outcomes and to support VA clinical practice
guidelines and performance measures; and

•

Set the direction for future research to address gaps in clinical knowledge.

The ESP disseminates these reports throughout VA and in the published literature; some evidence
syntheses have informed the clinical guidelines of large professional organizations.
The ESP Coordinating Center (ESP CC), located in Portland, Oregon, was created in 2009 to expand the
capacity of QUERI/HSR&D and is charged with oversight of national ESP program operations, program
development and evaluation, and dissemination efforts. The ESP CC establishes standard operating
procedures for the production of evidence synthesis reports; facilitates a national topic nomination,
prioritization, and selection process; manages the research portfolio of each Center; facilitates editorial
review processes; ensures methodological consistency and quality of products; produces “rapid response
evidence briefs” at the request of VHA senior leadership; collaborates with HSR&D Center for
Information Dissemination and Education Resources (CIDER) to develop a national dissemination
strategy for all ESP products; and interfaces with stakeholders to effectively engage the program.
Comments on this evidence report are welcome and can be sent to Nicole Floyd, ESP CC Program
Manager, at Nicole.Floyd@va.gov.
Recommended citation: Miake-Lye IM, O’Neil S, Childers C, Gibbons M, Mak S, Shanman R,

Beroes JM, Shekelle PG. Effectiveness of Interventions to Improve Emergency Department Efficiency:
An Evidence Map. VA ESP Project #05-226; 2017.
This report is based on research conducted by the Evidence-based Synthesis Program (ESP) Center located at the
West Los Angeles VA Medical Center, Los Angeles, CA, funded by the Department of Veterans Affairs, Veterans
Health Administration, Office of Research and Development, Quality Enhancement Research Initiative. The findings
and conclusions in this document are those of the author(s) who are responsible for its contents; the findings and
conclusions do not necessarily represent the views of the Department of Veterans Affairs or the United States
government. Therefore, no statement in this article should be construed as an official position of the Department of
Veterans Affairs. No investigators have any affiliations or financial involvement (eg, employment, consultancies,
honoraria, stock ownership or options, expert testimony, grants or patents received or pending, or royalties) that
conflict with material presented in the report.
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ABSTRACT
Objective
Emergency departments are seeking ways to improve efficiency, but to be useful to decisionmakers, studies of such interventions should report information on utilization, cost, and quality
of care. Previous systematic reviews have been limited to specific intervention types, and have
not assessed implementation costs. We used evidence mapping to assess knowledge gaps and
highlight research priorities.

Methods
A systematic literature scan identified studies testing the effect of an improvement intervention
on at least one ED utilization measure (eg, length of stay (LOS), waiting-room time (WT), leftwithout-being-seen (LBWS)). Cost, quality impact, and resource requirement (additional
resources needed, existing resources sufficient, unclear) data were abstracted. Studies limited to
specific clinical conditions (eg, sepsis, acute myocardial infarction) were excluded. Evidence
maps were constructed to illustrate intervention type, resource use, data reporting, and effect size
graphically.

Results
From 139 titles, N=97 publications were included, describing 17 types of interventions, most
commonly physician triage (n=32), nursing scope of practice expansion (n=23), and fast track
(n=12). Studies varied in reporting utilization metrics (LOS 69%, WT 38%, LWBS 35%) and
implementation costs (20%). Only 3 of 97 studies reported on utilization, resource requirements,
costs, and quality measures.
Improvements ranged between 5%-20% for LOS, 10%-50% for WT, and -0.5% to 64.7% for
LWBS.

Conclusions
Few studies reported the types of data needed to fully assess the effectiveness of efficiency
improvement interventions. Future research should emphasize consistent reporting of resource
requirements, cost and quality impact data, and how to achieve efficiency improvements without
investing new resources. Filling these gaps will make ED efficiency studies more useful to
decision-makers.
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EVIDENCE REPORT
INTRODUCTION
Background
Overcrowding in the emergency department (ED) negatively affects patient outcomes, limits
effective treatment for time-sensitive conditions such as pneumonia and sepsis, and reduces the
safety and timeliness of care.1-3 “Efficiency” in ED care is often assessed by using measures of
utilization (eg, length of stay [LOS] or waiting time), but in order to be relevant to policymakers
needs also to include a measure of the unit of resources expended (eg, physician full-timeequivalents) to implement the intervention, and some assessment of quality (eg, the same or
fewer harms and errors). Many ED efficiency interventions have been described, ranging from
structural redesign (eg, “fast track” units) or staffing changes (eg, medical scribes) to
technological solutions (eg, point-of-care lab testing).

Importance
Given the large number and breadth of interventions described, a systematic scoping review
describing the full range of the evidence would be helpful to clinicians, administrators, and
researchers. Previous reviews limited their focus to one or several intervention types, such as
physician triage4 or expanding nurses’ scope of practice.5 Some reviews included multiple types6
but none have sought to purposefully include a broad range of interventions. Simulation of ED
throughput is a robust field of inquiry, but few of these models are implemented and tested in
real-world settings.5,7

Goals of this Investigation
In order to make decisions on strategic priorities, ED leaders need efficiency intervention studies
to be clear and specific, to reflect tests in real-world settings, to define the organizational context
of the intervention, and to report utilization outcomes, costs, and impacts on quality of care such
as harms or errors. We sought to broadly describe a range of ED efficiency improvement studies
using evidence mapping. This approach identifies gaps in knowledge by presenting results in a
graphical format to highlight future research needs.8
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METHODS
TOPIC DEVELOPMENT
This topic was developed in response to a nomination by Dr. Michael Ward on behalf of Dr.
Chad Kessler, National Director of the VA Emergency Medicine Field Advisory Committee.
This report contributed to the Field Advisory Committee’s conference “Toward a VA
Emergency Medicine Research Agenda: Setting Priorities to Improve the Health of Veterans
Seeking Emergency Care.” The scope was further developed with input from the topic
nominators, the ESP Coordinating Center, the review team, and the technical expert panel (TEP).
The scope of this report includes the following:
•

An evidence map that provides a visual overview of the distribution of evidence (both
what is known and where there is little or no evidence base) for interventions to improve
emergency department (ED) efficiency.

•

An accompanying narrative that helps stakeholders interpret the state of the evidence to
inform policy and clinical decision-making.

SEARCH STRATEGY
A literature search conducted by the VA Evidence-Based Synthesis Program (ESP) Coordinating
Center identified peer-reviewed journal articles reporting ED efficiency improvement
interventions, including systematic reviews, which were mined for references. Multiple
databases were included: Cochrane Database of Systematic Reviews: Protocols and Reviews
(2005 through July 20, 2016), MEDLINE (1996 through July 21, 2016), as well as sources of
gray literature (see Appendix A for full search strategy).

INCLUSION/EXCLUSION CRITERIA
To be considered as evidence for inclusion in the evidence map, each study must have tested the
effectiveness of an intervention on one or more specific measures of ED utilization, including,
but not limited to, length of stay (LOS), waiting room time (WT), or left without being seen
(LWBS) rate. These include both randomized controlled trials and observational studies, and
comparisons across institutions or within an institution over time. Studies not providing data on
outcome measures, focusing only on a single clinical condition (eg, acute myocardial infarction),
and simply using inpatient units to offload ED functions (eg, condition-specific, short-term
observation units) were excluded. Studies published more than 20 years ago were excluded.

STUDY SELECTION AND DATA ABSTRACTION
All citations were reviewed by 2 independent reviewers (PGS/SMO or MMG/CPC). Data
extraction and full-text review were completed in duplicate as well. Discrepancies were resolved
with discussion among the reviewer pairs. Full study selection criteria and data abstraction fields
are listed in Appendix B.
We abstracted: unit of analysis, sample size, country, hospital teaching status, type(s) of
utilization, cost and quality impact measures reported, and baseline and post-intervention results.
2
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Relative improvement in outcomes was calculated as a positive percentage improvement over
baseline (eg, a reduction in LOS from 90 minutes to 60 minutes would be a ([90-60]/90 = 33%
improvement). If studies presented multiple versions of a particular outcome, we defined LOS as
the total time from ED bed assignment to final disposition (eg, discharge or transfer to an
inpatient unit), WT as the total time from arrival in the waiting room to ED bed assignment, and
LWBS rate as the percentage of all analyzed visits in which a patient leaves from the ED before
being seen by a physician. While there was heterogeneity in the use of these terms by study
authors, we used the data provided by the authors if they reported using the same term.
We identified the measures of implementation cost that were reported and quantified (eg, fulltime-equivalents [FTEs] added, equipment costs). If costs weren’t quantified, we ascertained
whether implementation was described as being accomplished by reallocating existing resources,
or whether it was described as requiring new resources. Studies that described both reallocation
of existing resources and new resources were classified as requiring new resources.
Studies were classified by intervention, each study was assigned to one intervention type to
produce exhaustive and mutually exclusive categories. In cases where studies could overlap
categories, best fit was determined with group review. We used categories from previous
systematic reviews when possible and pile sort techniques otherwise.

QUALITY ASSESSMENT
This is not applicable for an evidence map.

DATA SYNTHESIS
An evidence map is a systematic search of a broad field to identify gaps in knowledge and future
research needs, which presents the results in a user-friendly format, often a visual figure or
graph, or a searchable database.8 In our case, an overview map plotted the distribution of
intervention types (x-axis) with resources required for implementation (y-axis). Studies were
grouped according to these dimensions and plotted as bubbles, the size of which represented the
number of studies in that group. The color of the bubble additionally corresponds to the nature of
resource use of a study.
A second set of evidence maps illustrated intervention types (x-axis, major sections), resources
required for implementation (color and x-axis, minor sections), effect size (y-axis), and study
size (diameter of markers). These maps are not intended to pool data, but to illustrate the
evidentiary landscape in regard to interventions to improve ED efficiency. Findings from these
maps were derived through observation and discussion among co-authors.

NARRATIVE SYNTHESIS
The narrative synthesis complements the visual evidence maps to provide more details from the
included literature.

TECHNICAL EXPERT PANEL
The technical expert panel (TEP) for the project included: Chad S. Kessler, MD, National
Program Director, VA Emergency; Michael Ward, MD, Department of Emergency Medicine,
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Vanderbilt University Medical Center, VA; Kristina Cordasco, MD, Core Investigator, VA
Greater Los Angeles Center for the Study of Healthcare Innovation, Policy and Practice.

PEER REVIEW
A draft version of the report was reviewed by technical experts and clinical leadership. Reviewer
comments and our responses are documented in Appendix C.
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RESULTS
LITERATURE FLOW
Our literature searches identified 139 titles as potentially relevant for this evidence map. From
these titles, 133 references were included for full-text review. Six were excluded from full-text
review because 5 were pre-1996 and one was unavailable. When reviewing full texts, 36
publications were rejected for the following reasons: 3 were pre-1996; 15 did not have an
outcome of interest (ie, study focused on improvements for a single condition only or no ED
outcome was measured); 12 did not include an ED efficiency intervention; 3 did not have an
intervention; 2 were not an ED study; 3 were systematic reviews; 2 were not retrievable; and one
was a duplicate of another publication included for review. A full list of studies excluded at fulltext review is included in Appendix E.
The 97 included publications described 11 categories of interventions: 32 described triage by a
physician, 23 described expanding nurse scope of practice (SOP), 12 described fast track
interventions, 6 described point of care (POC) testing, 4 described information technology-based
(IT) interventions, 4 described rapid assessment units, 3 described the use of medical scribes, 2
described observation units, 2 described team triage, and 7 described other interventions that
only appeared once. Examples of intervention types reported in one study each included sharing
individual performance data to all providers, intensive bed occupancy tracking, geriatric focused
areas, and comprehensive department re-engineering. A full list of included studies is included in
Appendix D. See Figure 1 for the Literature Flow.
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Figure 1. Literature Flow Chart

Title screen:
139 references*

Excluded = 6 references

Excluded = 36 references
• Pre-1996: 3
• Not outcome of interest: 22
• No intervention: 3
• Not ED study: 2
• Systematic review: 3
• Not available: 2
• Duplicate: 1

Pulled for full text review:
133 references

Included studies:
97 references

Physician
triage: 32
3 RCT
12 NRT
3 Time
13 P/P
1 Other

Nurse
scope of
practice:
23
1 RCT
12 NRT
8 P/P
2 Other

Medical
scribe: 3
3 P/P

Point of
care
testing: 6
3 RCT
1 Time
2 P/P

Fast
track: 12
1 NRT
2 Time
9 P/P

Team
triage: 2
1 NRT
1 Time

Care
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1 RCT
1 Time

RCT = randomized controlled trial
NRT = non-randomized concurrently controlled trial
Time = time-series
P/P = pre/post
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Table 1 presents descriptive information about the 97 included studies. Studies originated from
the United States (41%), Australia (19%), Canada (11%), the United Kingdom (9%), and 13
other nations (19%). Studies were usually located at academically affiliated sites (73%), and
93% were single-site interventions. Samples sizes ranged, with 60% of studies including more
than 1,000 patients, 37% of studies including more than 10,000 patients, and 14% of studies
using shifts or facilities as the unit of analysis. Only one study was at a VA site. The most
common study design was pre/post design (43%).
Table 1. Descriptive Information about the Studies
Country of Origin

Sample size = 97

USA

40

Australia

19

Canada

11

UK

9

Other

18

Site Academically Affiliated
Yes

69

No

11

Both

2

Not reported

15

Sites Involved
One site

90

Multi-site

6

Not reported

1

Sample Sizes
>10,000 patients

36

1,000-9,999 patients

22

500-999 patients

7

100-499 patients

16

Other unit (shift, facility)

14

Unclear

2

VA Setting
No

96

Yes

1

Study Design
Randomized controlled trial

7

Non-randomized concurrently controlled trial

31

Time series

14

Pre/post

42

Other

3
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UTILIZATION, QUALITY, AND SAFETY REPORTED
Reporting of ED utilization outcomes varied, with LOS reported by 69% (n=67), WT by 38%
(n=37), and LWBS by 35% (n=34). Other outcomes reported included the inpatient admission
rate (33% of studies, n=32), other clinical outcomes such as unplanned revisit rate (13%; n=13),
and clinical harms (8%; n=8). In terms of data showing impact on clinical quality, 13% reported
clinical measures (eg, health status or patient satisfaction). 13% reported unplanned revisit rates,
and 8% reported clinical harms.

COSTS AND RESOURCE USE REPORTED
Reporting of costs was limited, as 20% of studies provided a quantitative estimate of
implementation requirements (n=19). We were necessarily generous when determining that
studies met the criterion for quantifying costs. Table 3 presents abridged examples of actual text
from articles, while Appendix F presents the unabridged examples. These varied from formal
cost-effectiveness analyses, such as in the study by Soremekun,9 to stating a physician was added
and what amount of time was necessary (such as in the study by Han10). In reporting
implementation resource requirements: 44 studies described adding new resources (45%), 18
studies described reallocating existing resources (19%), and 35 studies were unclear in regard to
net resource expenditure (36%, lacked sufficient description).
Table 2. Abridged Examples of Key Text Counted as “Quantifying Costs”
Fernandez,
199611

Prior to the present study, no nurse was assigned solely to the FT area. "… addition
of an extra admitting clerk; … addition of an FT nurse; … we expanded our FT area
to include more rooms and stretchers, … having a full-time FT nurse”

Partovi, 200112

"The cost of additional faculty coverage was estimated to be $11.98/patient seen in
ED. … If this is to be implemented on a fulltime basis, the cost per patient would rise
to $19.35. The annual cost will be more than a million dollars for full-time faculty
triage.”

Ardagh, 200213
Richardson,
200414

"an additional nurse and an additional ED registrar were rostered"
"… it was necessary to increase the evening consultant cover from one to two
consultants… Staff were educated... the department was modified to include a
desktop working area for the MDT doctor and a mini assessment/treatment cubicle
behind the triage desk… A diagnostic set and X-ray viewing box was installed on the
wall."
"Funding was allocated for senior clinicians (medical and nursing) to staff the triage
area for 16 hours per week for three months. An emergency medicine consultant and
a senior ED nurse (G or F grade) were chosen as the preferred team.”

Terris, 200415

Rodi, 200616
Levsky, 200817

Ieraci, 200818

"The only new cost of the intervention was hiring a dedicated technician to support
the PA."
"…an emergency physician or physician's assistant, a registered nurse, and a medic
or civilian emergency medical technician… During the intervention, the TNT team
was used 4 days a week: Monday, Tuesday, Thursday, and Sunday from 10:00 a.m.
to 6:00 p.m. …Specifically, during PI, five new registered nurses were hired, as were
three new medical support assistants (clerks), which increased nurse and clerk
coverage by approximately 7% and 15%, respectively. No ED operations or staffing
changes occurred between P2 and P3, other than the addition of TNT."
"The net result of the remodelling was a reduction in the total number of treatment
spaces (beds plus chairs) from 25 to 24… Separate clinical resources were provided
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Singer, 200819

Gerton, 200920

Arya, 201021

Han, 201010

Fry, 201122

Imperato,
201223

Soremekun,
20129,24

Soremekun,
201425
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to staff the FT area with two nurses round the clock, and one senior doctor (career
medical officer, CMO) for 16 h/day."
"The third phase involved hiring seven personnel, at a laboratory technologist level,
so that a new workstation could be covered 24 hours per day in the central
laboratory, 7 days per week. It also involved the purchase of new analyzers, at a cost
of about $46,000, and installation of a dedicated pneumatic tube, at a cost of about
$150,000."
"The PIT provided additional coverage that replaced a triage nurse, but did not
change the physician staffing of the ED… During PIT hrs, 11.5 RVUs more were
billed on average than without PIT (384 vs. 373; 95% CI +/-41). With RVU estimated
at $38.08, charges increased by $438 / 8hr shift. If PIT were 5 d/wk for 1 yr,
increased billing would be $118,000. This would not offset the cost of a physician."
"The scribe training program is 60 hours in length."
"The RVU ⁄ hr increased by 0.18 (95% confidence interval [CI] = 0.04 to 0.32, p =
0.0067) units when the percentage of a shift for which a scribe was utilized increases
by 10%... If a physician in our department changed from 0% to 100% of the patients
seen with a scribe, 0.8 additional patients per hour can be evaluated in a 10-hour
shift, and 24 (2.4/hr) additional RVUs would be generated… Based on the 2008
Medicare RVU reimbursement rate of $38 for one RVU, a scribe being utilized to full
capacity, resulting in an additional 2.4 RVUs ⁄ hr generated, could result in an
additional 91 billed dollars per hour. Scribes at our institution are salaried at
approximately $16–$19 per hour…"
Physician triage was initiated on July 11, 2005, 7 days a week from 1:00 p.m. to 9:00
p.m. A dedicated board certified or board-eligible emergency physician initiated
diagnostic evaluation and treatment of patients in the waiting room after the triage
nurse performed his or her initial evaluation. The triage physician was an additional
physician to the existing staffing model.
"The TENP role, in July 2006, commenced with the employment of 3 full time
equivalent positions, which provided a TENP on duty for 15 h a day Monday—
Sunday (eight o’clock am to eleven o’clock pm)."
(TENP = Transitional Emergency Nurse Practitioner)
“…required the addition of two full-time equivalent attending physicians, at a total cost
of $490,000 in additional salary costs per year plus fringe benefits. The nurse and
technician assigned to the PIT were reallocated from another part of the ED, so no
additional nursing staffing cost was incurred.”
"Three components of the financial impact of the physician triage were considered:
revenue, operational costs, and capital expenditure… The incremental revenue and
operational expense projection generated from physician screening using
aforementioned assumptions are depicted in Table 4. In year 1, the estimated ED
contribution margin from discharged patients is $1 324 338 (growth in medium acuity
patients, $1 137 234; LWBS patients, $187 104) and the estimated contribution
margin from admitted patients is $1 384 718. The estimated operational expense
associated with the physician screening system at year 1 is $1 864 104 ($1 624 104
in salary costs; $240 000 in depreciation costs). The total earnings and CF projection
at year 1 are $844 952 and $1 084 952, respectively. Based on the CF projections
and a discount rate of 5%, the NPV of physician screening was $2 816 263 and the
internal rate of return is 85%, with time to break even of 13 months."
"The midtrack area, however, was staffed with two additional registered nurses (RNs)
for an additional 16 hours or a 3.4% increase in total nursing clinical hours per day."

Inokuchi, 201526 "… the system can be built for less than 5000 US dollars"

9
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Utilization data, resource requirements, quantifiable input costs, and quality outcome measures
were reported together by 3 of 97 studies (3%). All three were single-site studies, and all three
required the addition of new resources. A pre/post study of emergency nurse practitioners from
an Australian academic medical center22required the addition of 3 FTE nurse practitioners, and
yielded a 3% improvement in LOS (207 vs 213 minutes, p < .0001), a 36% improvement in WT
(38 vs 60 minutes, p < .000), and a 44% reduction in LWBS (8.1% vs 4.5%, p < .0001). Of 5,248
patients seen by nurse practitioners, there was one case of missed early appendicitis, and one
case of missed nondisplaced hand fracture, but no adverse outcomes. A fast track intervention,
using a pre/post study design at an Australian academic medical center18 required an increase in
total staff time of 16%, and yielded an 19% improvement in LOS (194 vs 241 minutes, p < .001),
a 42% improvement in WT (32 vs 55 minutes, p < .001), and a 50% improvement in LWBS
(3.1% vs 6.2%, p < .001). However, re-presentation to the ED within 48 hours increased slightly
(4.4% vs 3.7%, p = .056). A new EMR deployment at a Japanese academic medical
center26yielded a 19% reduction in length of stay (108 mins vs 134 mins, p < .001), with no
significant change in 28-day mortality (0.4% vs 0.7%, p = .62). This study used a crossover
design to provide a concurrent comparison group.

DESCRIPTION OF RESOURCE USE BY INTERVENTION TYPE
Physician triage was the most commonly studied intervention, and nearly half of the studies
where costs were quantified were from physician triage studies (47%, see Figure 2). Expanding
nurses’ scope of practice was the next most common intervention, but only one study quantified
costs.
Figure 2. Intervention Type with Costs Quantified

Physician Triage (32)
Expand Nurse Scope of Practice (23)
Fast Track (12)
Point of Care Testing (6)
IT Intervention (4)
Rapid Assessment Unit (4)
Medical Scribe (3)
Team Triage (2)
Care Teams (2)
Observation Unit (2)
Other (7)
0

5

Costs Quantified

10

15

20

25

30

35

Not Quantified

Our first evidence map presents the studies by intervention type and description of resource use
(Figure 3). Four intervention types (physician triage, expanding nurses’ scope of
practice, fast track, and care teams) were implemented at least once without requiring the
10

ED Efficiency Evidence Map

Evidence-based Synthesis Program

addition of new resources to the ED. However, for each of these types, it was more commonly
reported that additional resources were required. There were 6 intervention types that were
never implemented through reallocating existing resources only: point of care testing, rapid
assessment units, information technology (IT) interventions, medical scribes, team triage, and
observation units.
Figure 3. Evidence Map Displaying Amount of Literature by Intervention and Resource Use
Reported (n=97)

EFFECT ON LENGTH OF STAY BY INTERVENTION TYPE
Most studies that reported changes in length of stay (n=67) improved mean LOS by between 10
and 40 minutes. When these improvements are displayed as a percentage relative to baseline
LOS, improvements tended to range between 5% and 20% (Figure 4). Fast Track and Nurse
Scope of Practice interventions had the highest frequency of studies that were able to yield
improvements greater than 30%. No Medical Scribe studies reported Length of Stay outcomes.

11
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Figure 4. Evidence Map Displaying Improvement in Length of Stay (Percent Change from Baseline)
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EFFECT ON WAIT TIME BY INTERVENTION TYPE
Improvements in wait time tended to range between 10 and 40 minutes, or 10% to 50% of
baseline (Figure 5). Physician Triage and Nurse SOP had the highest number of studies with very
high improvements of more than 60%. No IT, Medical Scribe, Observation Unit, or Point of
Care Testing interventions reported effects on Wait Time.
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Figure 5. Evidence Map Displaying Improvement in Wait Time (Percent Change from Baseline)

14

ED Efficiency Evidence Map

Evidence-based Synthesis Program

EFFECT ON LWBS BY INTERVENTION TYPE
Most interventions yielded reductions in LWBS ranging between 0 and 5 absolute percentage
points from their baseline rate. Compared to baseline LWBS, improvements ranged from -0.5%
to 64.7% (Figure 6). Physician Triage and Nurse Scope of Practice had the most number of
consistently positive results. Fast Track yielded both strongly positive and negative results. No
Medical Scribe, Observation Unit, or Point of Care Testing interventions reported effects on
LWBS rate.
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Figure 6. Evidence Map Displaying Change in Left Without Being Seen Rate (Percent Change from Baseline)
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VA PUBLICATIONS
Of the 97 included publications, there was one study conducted in the VA from the St. Louis VA
Medical Center.27 This single-site study included 2,194 patient visits pre-intervention and 2,154
patient visits post-intervention and describes the reassignment of a physician and nurse
practitioner to triage, as well as the results of a discrete event simulation modelling the same
conditions. The modelling accurately predicted the effect of the intervention, which decreased
the daily mean LOS from 247 to 210 minutes (p < .001) and the number of patients with LOS
above 6 hours from 19.9 percent to 14.3% (p < .0001).

SUMMARY AND DISCUSSION
This review illustrates several gaps in the evidence base for interventions improving ED
efficiency. First, very few studies reported utilization, cost, and quality of care outcomes
together. Two-thirds of studies reported data for LOS, and less than half reported data for WT or
LWBS. Only a small fraction reported on patient harms or medical errors. When authors do not
provide a full accounting of an intervention’s effects, this limits the ability of other leaders to
apply the findings of an improvement study.3
Second, only a minority of studies quantified the resources required to implement an
intervention. One-third were unclear even as to whether additional resources would be needed.
Costly interventions are not necessarily more effective in improving efficiency. For example,
simply increasing ED capacity is thought to be a straightforward fix for overcrowding, but this is
expensive, rarely practical in the short-term, and not always beneficial.28 As ED leaders and
decision-makers are often faced with resource constraints, more accurate reporting of resource
requirements is imperative.
Lastly, we found 7 studies that demonstrated improvements in efficiency outcomes solely
through reallocating existing resources. These studies represented 4 different intervention types
(physician triage, fast track, nurse scope of practice expansion, and care teams). Researchers
should prioritize understanding how these interventions effected improvements at relatively little
cost. Generalizing these lessons could be transformative in improving ED throughput. That said,
most studies using these 4 intervention types actually added resources, emphasizing the need to
describe organizational context in better detail. If more resources were needed, why? And if
existing resources could be reallocated, what factors within the organization helped facilitate
this? The SQUIRE guidelines for quality improvement interventions provide a model for
reporting contextual information.8

LIMITATIONS
Several factors may limit interpretation of this report. We excluded simulation studies from the
evidence map, as we focused on interventions tested in the real world, which are likely more
useful to decision-makers. Additionally, the results of simulation studies are not directly
comparable to results from implementations in practice, as a recent review of operations
research/operations management (OR/OM) in regard to ED overcrowding suggests that a
disconnect between theory and practice remains,5 and it would be inappropriate to display them
together in the evidence map. Regardless, simulation and OR/OM approaches have been
beneficial for predicting the effects of policy changes, especially in resource-poor environments
like EDs that may not have the resources to formally test many interventions or policies. For
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example, a recent simulation study based on one urban level 1 trauma center with 85,000 annual
visits examined the effect of “flexing” a certain number of Fast Track beds (where Fast Track
can be used to accommodate higher-acuity patients according to operational demands) on ED
LOS.29 For their 50-bed ED with a 10-bed Fast Track, they found that allowing up to 3 Fast
Track beds to be “flexed” resulted in an optimal improvement in ED LOS. There is a role for
simulation approaches, provided that the findings can be subsequently tested in actual practice
settings.
The outcome measures included in this synthesis raise challenges as well. Outcomes like LOS
can be measured in different ways (e.g., bed assignment to final disposition, arrival-to-exit, etc),
introducing issues with cross-study comparisons. The included publications varied both in the
extent to which they provided definitions for the outcome measures they used, and in how they
measured outcomes when this was reported. Outcomes that are relatively rare, such as LWBS, or
outcomes that may have distributional challenges such as outliers, require additional
consideration. Inspecting both the definitions of outcome measures and the measures of
variability would be important data to gather in a formal systematic review, but would require
detailed reading of each included study that goes beyond the scope of the data abstraction for an
evidence map. This type of analysis would typically focus on a more narrow scope, such as a
particular intervention or particular outcome.
While data limitations and the broad scope of inquiry for this mapping synthesis prevent us from
performing statistical tests of publication bias, such bias is almost certainly present, as ED
efficiency is an issue fundamental to the operations of any ED, and it is unlikely that all
experiences have been written up for publication. Less successful implementations of
interventions to improve ED efficiency may be the most vulnerable to being excluded from
formal publication and consequently from our synthesis, but even successful implementations
may not be published, so we cannot speculate as to how these interventions might impact the
findings we present. Also, while the evidence map approach can generate insights into the state
of the literature, they are not an exhaustive systematic review or meta-analysis, and do not
provide the degree of comprehensiveness or statistical precision expected of those types of
reviews. Despite these limitations, this review has highlighted several important gaps in the
literature and identified priorities for future research efforts.

FUTURE WORK
To better understand the value of ED efficiency interventions, increased measurement and
reporting of costs or value-related data is necessary. The large variability in wait times and
length of stay data also suggest that these may be measured different ways in different studies,
and standardization in future work, or more detailed description about these calculations, would
also be helpful. Most data came from single sites, which may have unique circumstances, so
larger studies of multiple sites would also increase knowledge in this area. In addition, to better
connect theory and practice, a greater understanding of why particular interventions are expected
to improve efficiency is needed. Finally, because VA is a unique context with only one
publication describing an ED efficiency intervention, more work within VA would be helpful in
understanding which of the various interventions might work best in VA’s particular
circumstances. As health care needs continue to increase, EDs are likely to face ever-growing
patient loads, so finding and describing the best practices for optimizing ED efficiency remains
imperative.
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