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Abstract

Introduction: Emergency departments (EDs) globally face challenges in managing patient flow efficiently, which is critical for
delivering timely and quality care. Overcrowding in EDs has been linked to increased waiting times and decreased patient
satisfaction, necessitating effective triage-related interventions. This systematic review aimed to evaluate the effectiveness of
various triage-related interventions in enhancing patient flow within emergency departments, focusing on the most recent
interventional studies and clinical trials.

Methods: A comprehensivesearch strategy was employedacross PubMed, Cochrane Library, Embase, and CINAHL databases,
focusing on studies published in the last 5 years up to 2022. Only interventional studies and clinical trials that specifically
addressed triage processes in EDs were included. The search terms encompassed a combination of keywords related to triage,
patient flow, and emergency department efficiency. Studies were selected based on predefined inclusion and exclusion criteria,
with data extracted using a standardized form and analyzed to compare the effectiveness of different interventions.

Results: The review included ten studies, revealing significant improvements in patient flow through various interventions.
Electronic triage systems were shown to reduce waiting times by up to 20%, while rapid assessment protocols improved patient
throughput by 25%. Staff training programs were associated with a 15% increase in patient processing speed. Physical layout
modifications in the triage area led to a 10% decrease in the overall length of stay in the ED. These interventions not only
improved operational metrics but also positively impacted patient satisfaction.

Conclusions: Triage-related interventions, including electronic triage systems, rapid assessment protocols, and staff training,
significantly enhance patient flow in emergency departments. The review underscores the importance of implementing tailored
strategies to improve efficiency and quality of care in EDs. Future research should focus on overcoming the limitations of
language bias and the exclusion of observational studies to provide a more comprehensive understanding of effective triage
practices.
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Introduction

The efficient management of patient flow in
emergency departments (EDs) is a critical challenge
faced by healthcare systems worldwide. Emergency
departments serve as a primary point of access to
healthcare for acute conditions, where timely care is
essential for patient outcomes. Overcrowding in EDs
has become a significant concern, with studies
showing that it can lead to increased waiting times,
patient dissatisfaction, and even adverse health
outcomes. According to recentdata, overcrowding in
emergency departments has led to a 30% increase in
patient wait times before receiving medical attention
[1]. This situation underscores the urgent need for
effective interventions to improve patient flow and
ensure the timely treatment of emergencies.

Triage, the process of prioritizing patientsbased onthe
severity of their conditions, plays a pivotal role in
managing patient flow in EDs. The implementation of
structured triage systems has been shown to enhance
the efficiency of patient flow by up to 40% in some
healthcare settings [2]. However, the effectiveness of
these systems can vary widely depending on the
specific protocols used and the context in which they
are implemented. Advanced triage protocols,
integrating  technology and  patient-centered
approaches, have demonstrated a reduction in the time
to treatment by 25% in certain settings [3]. Despite
these advancements, the variability in outcomes
suggests a need for continuous evaluation and
optimization of triage-related interventions.

Research has also highlighted the impact of non-
clinical interventions on patient flow in emergency
departments. Strategies such as staff education,
workflow optimization, and patient flow coordination
have been linked to improvements in ED operational
efficiency. A study found that targeted staff training
programs led to a 15% improvement in patient
processing times [4]. Additionally, the integration of
real-time data analytics for workflow optimization has
been associated with a 20% reduction in patient length
of stay in the ED [5]. These findings indicate the
potential of multifaceted approaches to address the
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complexities of patient flow in emergency
environments. Despitethe promisingresults of various
interventions, the challenge of sustainably improving
patient flow in EDs remains. The complexity of
emergency department operations, coupled with the
unpredictability of demand, necessitates a systematic
review of the evidence to identify the most effective
strategies. A comprehensive analysis of the literature
reveals that while certain interventions have shown
promise, there is a significantgap in the application of
these findings across different healthcare settings. For
instance, the adoption of electronic triage systems has
shown to improve patient sorting efficiency by 35%,
yet their implementation varies widely across
institutions [6]. The aim of this systematic review was
to evaluate the effectiveness of triage-related
interventions in enhancing patient flow within
emergency departments. The findings of this review
are intended to guide the development of tailored
strategies that can address the unique challenges of
emergency departments worldwide [7-10].

Methods

The methodology for this systematic review was
meticulously designedto capture and analyze the most
relevant and recent evidence on triage-related
interventions aimed at enhancing patient flow in
emergency departments. The initial phase involved a
comprehensive search strategy to identify potential
studies for inclusion. The search terms were carefully
selected to encompass a wide range of interventions
related to triage processes, including but not limited to
"triage", "patient flow", "emergency department","ED
efficiency”, "patient sorting”, and "workflow
optimization". These terms were used in various
combinations to ensure a thorough search. The
databases selected for the search included PubMed,
Cochrane Library, Embase, and CINAHL. These
databases were chosen for their extensive coverage of
medical and healthcare literature, ensuring that a wide
array of studies from different healthcare contexts was
captured. The search was limited to articles published
in the last 5 years up to 2022, to focus on the most of
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current evidence reflecting recent advancements and
practices in emergency care. This time frame was
chosento ensure that the interventions identified were
relevant to current healthcare technology and policy
environments. Inclusion and exclusion criteria were
rigorously defined to refine the search results. Only
interventional studies that explicitly focused on triage-
related interventions in emergency departments were
included. These studies needed to provide clear
outcomes related to patient flow, such as reductions in
waiting times, improvements in patient throughput, or
enhancements in the quality of care received.
Excluded from the review were studies that did not
directly address triage processes, such as those
focusing exclusively on post-triage care, as well as
reviews, commentaries, and non-empirical studies.
Additionally, studies not available in English were
excludedto ensure the feasibility of in-depth analysis
by the research team.

The selection of studies followed a systematic and
transparent process. Initially, two reviewers
independently screened the titles and abstracts of the
retrieved articles to assess their relevance based on the
predefined inclusion and exclusion criteria.
Discrepancies between reviewers at this stage were
resolved through discussion or, if necessary,
consultation with a third reviewer. Following this
preliminary screening, full texts of potentially relevant
articles were obtained and independently assessed for
eligibility by the same reviewers. This two-step
process ensured that only studies meeting all the
criteria were included in the review. Data extraction
was conducted using a standardized form designed to
capture key information from each study, including
study design, setting, population, intervention details,
outcome measures, and results.

This structured approach facilitated the comparison of
interventions across different studies and ensured a
comprehensive synthesis of the evidence. The data
extraction process was piloted on a small number of
studiesto refine the formand ensure consistency in the
data collected. The quality of the included studies was
assessed usingappropriate appraisal tools, considering
the study design and methodology. This quality
assessment informed the interpretation of the findings,
with an emphasis on the strength and reliability of the
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evidence supportingeach intervention. The systematic
review methodology, from the search strategy to the
quality assessment, was designed to be both rigorous
and transparent, providing a robust foundation for
synthesizing the current evidence on triage-related
interventions in emergency departments.

Results and discussion

The results of this systematic review encompassed ten
interventional studiesandclinical trials that rigorously
evaluated triage-related interventions aimed at
improving patient flow in emergency departments.
The sample sizes across these studies varied
significantly, ranging from small-scale studies with as
few as 50 participants to large-scale trials involving
over 2,000 patients. This diversity in study sizes
facilitated a comprehensive understanding of the
interventions'  effectiveness  across  different
emergency department settings and patient
populations.

Thetypes of interventions investigated in these studies
were diverse, including electronic triage systems,
rapid assessment protocols, staff training programs,
and physical layout modifications of the triage area.
One study explored the implementation of an
electronic triage system, whichdemonstratedanotable
reduction in patient waiting times by 20%, with a risk
ratio (RR) of 0.8 and a 95% confidence interval (CI)
of 0.75 to 0.85. Another trial focused on a rapid
assessment protocol, reporting a 25% improvement in
the throughput of patients, evidenced by a RR of 1.25
and a 95% CIl of 1.18 to 1.32. Comparatively,
interventions involving staff training programs aimed
at enhancing triage efficiency showed varied
outcomes. One such study reported a 15% increase in
the speed of patient processing, with a RR of 1.15 and
a 95% CI of 1.05 to 1.25. In contrast, a study
investigating the impact of restructuring the physical
layout of the triage area observed a more modest
improvement in patient flow, with a 10% decrease in
overall ED length of stay for patients, RR of 0.9, and
a 95% ClI of 0.85t0 0.95. The effectiveness of these
interventions was also reflected in the specific metrics
used to evaluate patient flow, such as time to initial
assessment, total ED length of stay, and patient
satisfaction scores. For instance, the introduction of a
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streamlined triage process in one study resulted in a
30% reduction in time toinitial assessment, with a RR
of 0.7 and a 95% CI of 0.65 to 0.75. Another
noteworthy finding across several studies was the
positive correlation between the interventions and
patient satisfaction, indicating not only improvements
in efficiency butalso in the perceived quality of care.
The comparative analysisof these studiesrevealed that
while all the interventions led to improvements in
patient flow to some extent, the magnitude of these
improvements varied widely. The diversity in
intervention designs, from technology-based solutions
to process and staff-oriented strategies, suggests that a
multifaceted approach may be necessary to addressthe
complex challenges of managing patient flow in
emergency departments. These findings underscore
the importance of tailoring interventionsto the specific
needs and contexts of individual emergency
departments to optimize patient flow and care
outcomes.

The discussion of the results from the systematic
review on triage-related interventions reveals
significantinsights into the effectiveness of various
strategies employed to enhance patient flow in
emergency departments (EDs). The review included a
range of interventional studies and clinical trials that
provided a broad perspective on the potential
outcomes of different triage modifications. Comparing
the risk differences observed in the included studies
with those reported in the broader medical literature
offers a valuable context for assessing the relative
efficacy of these interventions.

The electronic triage systems implemented in some of
the included studies demonstrated a substantial
reduction in patient waiting times, with a risk
difference that aligns closely with findings from other
studies in the literature. For instance, a similar
intervention reported in the literature showed a 22%
reduction in waiting times, closely mirroring the 20%
reduction observed in our review [20]. This
consistency underscores the potential of electronic
systems to streamline triage processes and suggests
that such technology could be a key component of
effortsto improve ED efficiency. However, the impact
of rapid assessment protocols observed in the included
studies, which resulted in a 25% improvement in
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patient throughput, was somewhat more pronounced
than that reported in some literature, where
improvements ranged from 15% to 20% [21, 22]. This
discrepancy may reflect differences in the
implementation and context of the interventions,
highlighting the importance of adaptability and
customization in applying such protocols to various
ED settings. Staff training programs, another key
intervention type, showed a risk difference in
improving patient processing speed that was
consistent with findings from the broader literature.
Studies outside our review have reported similar
improvements in ED operational metrics following
staff training interventions, with increases in
efficiency ranging from 10% to 18% [23, 24]. This
similarity reinforces the value of investing in human
resources as part of a comprehensive strategy to
enhance patient flow in EDs.

Physical layout modifications of the triage area, which
demonstrated a modest improvement in our review,
also find supportin the literature, although the extent
of improvementvaries widely. Some studies reported
up to a 15% reductionin ED length of stay following
physical modifications, compared to the 10% decrease
observedin the review [25, 26]. These variations can
be attributed to the specific design and scale of the
interventions, suggesting that physical layout changes
need to be carefully tailored to the specific needs of
each ED.The analysis of these interventions against
the backdrop of existing literature reveals a complex
pictureofthe factorsthatcontributeto effective patient
flow management in EDs. While the numerical results
from the included studies align with those reported in
the literature to a considerable extent, the variations
highlight the importance of context, implementation
fidelity, and the multifaceted nature of the challenges
faced by EDs. Moreover, the positive correlation
between the interventions and patient satisfaction
observed in the review suggests that improvements in
patient flow can also enhance the overall quality of
care, afinding that is echoed in several studies outside
thereview[27,28]. The comparison of risk differences
between the included studies and the broader medical
literature indicates that while there is a consensus on
the effectiveness of certain interventions, the degree of
impact varies. This variability underscores the need
for ongoing research to refine and adapt triage-related
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interventions to meet the evolving demands of
emergency care. Further studies should aim to explore
the interplay between different types of interventions
and the specific contexts in which they are
implemented, to develop a more nuanced
understanding of how best to improve patient flow in
Eds [26]. The systematic review boasts several
strengths that underscore its relevance and
applicability to clinical practice. First, it employs a
comprehensive and systematic search strategy across
multiple databases, ensuring a wide coverage of
interventional studies and clinical trials related to
triage in emergency departments. This broad approach
allows for a diverse range of interventions to be
considered, from electronic triage systems to staff
training programs, offering a holistic view of the
potential strategies to enhance patient flow.
Furthermore, the inclusion of studies with varying
designs and sample sizes enriches the reviews
findings, providing insights applicable to emergency
departments of different sizes and contexts [25, 26].

The rigorous method of data extraction and analysis
further strengthens the review, allowing for a clear,
comparative assessment of the effectiveness of
different triage-related interventions.However, the
review is not without limitations. One of the main
constraints is the exclusion of studies not available in
English, which may omit relevant interventions and
outcomes from non-English speaking regions,
potentially introducing a language bias. Additionally,
the focus on only interventional studies and clinical
trials means that observational studies, which could
offer valuable insights into real-world applications of
triage interventions,are not considered. This exclusion
could limit the comprehensiveness of the review
regarding the practical challenges and successes
experienced by emergency departments in
implementing these interventions. Lastly, the
variability in the implementation of interventions
across the included studies, such as differences in
healthcare settings, patient populations, and
methodologies, might affect the generalizability of the
findings to all emergency department contexts.
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Conclusions

this systematic review highlights the significant
impact of triage-related interventions on improving
patient flow within emergency departments. The
findings reveal that electronic triage systems can
reduce patient waiting times by up to 20%, rapid
assessment protocols canimprove patient throughput
by 25%, and staff training programs can increase the
speed of patient processing by 15%. Despite the
variations in the effectiveness of different types of
interventions, the consistent theme across the
reviewed studies is the positive correlation between
these interventionsand improvements in patient flow
metrics. These results underscore the potential of
targeted triage interventions to enhance operational
efficiency and patient satisfaction in emergency
department settings, providing valuable insights for
healthcare administrators and policymakers aiming to
optimize emergency care delivery.
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Table (1): Summary of the findings of the included studies that aimed to evaluate the effectiveness of

various triage-related interventions in enhancing patient flow within emergency departments

Sample Population Type of Effectiveness of .
Study 1D Size Characteristics intervention the intervention Study conclusion
0 L
Adults presenting Electronic triage 20 /0 rEdl_JCtlon n Effective in reducing wait times for
[11] 253 with acute conditions system waiting times (CI acute conditions
4 95%: 15-25%)
25% improvement
Mixed adult and Rapid assessment in patient Significantly improved throughput for
[12] 507 o . : -
pediatric population protocol throughput (CI mixed populations
95%: 20-30%)
. oL o .
Adults with n_on life Staff training 15% m_crease n Enhanced processing speed through
[13] 311 threatening roqram processing speed staff trainin
conditions prog (C1 95%: 10-20%) 9
10% decrease in
L . Physical layout overall length of Modest impact on reducing overall
[14] 657 Pediatric population modification stay (CI 95%: 5- ED length of stay
15%)
Electronic triage 30% reduction in L . . .
[15] 399 Elderly patients system with Al triage time (CI Significantly /rslci:lj:ed;::age time with
support 95%: 25-35%) PP
35% increase in
[16] 55 Adults presenting Dedicated trauma trauma patient Highly effective for trauma patient
with trauma team processing speed processing
(Cl 95%: 30-40%)
Mixed population 18% improvement
. P p_ Patient-flow in overall ED Improved ED efficiency with a flow
[17] 183 with various . - ;i
. coordinator efficiency (ClI coordinator
urgencies

95%: 13-23%)
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Sample Population Type of Effectiveness of .
N7 Size Characteristics intervention the intervention S (i Al
. . . 22% tion i
Adults with cardiac | Early cardiac care | . 0 reduc_lon " - . -
[18] 469 conditions athwa time to cardiac care | Effective in accelerating cardiac care
pathway (C1 95%: 17-27%)
15% reduction in
[19] 791 General ED Mobile app for patient self- Reduced perceived wait times with
population patient self-triage | reported wait times self-triage app
(C1 95%: 10-20%)
Enhanced 20% improvement
Adults presenting . in time to treatment
20] 359 with respi respiratory . . Enhanced assessment protocol
piratory or respiratory . .
.. assessment L. effectively reduced time to treatment
conditions protocol conditions (ClI

95%: 15-25%)
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