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Abstract

Crowding in Emergency Departments (EDs) has emerged as a global public health crisis. Current literature has identified causes
and the potential harms of crowding in recent years. The way crowding is measured has also been the source of emerging literature
and debate. We aimed to synthesize the current literature of the causes, harms, and measures of crowding in emergency departments
around the world. The review is guided by the current PRIOR statement, and involved Pubmed, Medline, and Embase searches
for eligible systematic reviews. A risk of bias and quality assessment were performed for each review, and the results were synthe-
sized into a narrative overview. A total of 13 systematic reviews were identified, each targeting the measures, causes, and harms of
crowding in global emergency departments. Key among the results is that the measures of crowding were heterogeneous, even in
geographically proximate areas, and that temporal measures are being utilized more frequently. It was identified that many measures
are associated with crowding, and the literature would benefit from standardization of these metrics to promote improvement efforts
and the generalization of research conclusions. The major causes of crowding were grouped into patient, staff, and system-level
factors; with the most important factor identified as outpatient boarding. The harms of crowding, impacting patients, healthcare
staff, and healthcare spending, highlight the importance of addressing crowding. This overview was intended to synthesize the

current literature on crowding for relevant stakeholders, to assist with advocacy and solution-based decision making.
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Introduction

Emergency Department (ED) crowding presents a global pub-
lic health crisis and results from the inability of health care
systems to provide adequate service, leaving the ED to serve
as the safety valve for dysfunction or insufficient resources.
ED crowding is defined as a situation where demand for emer-
gency services exceeds the ability of an ED to provide care
within an appropriate time frame [1]. Globally, several indi-
vidual healthcare systems and the International Federation of
Emergency Medicine have identified ED crowding as a public
health concern and health equity issue [1-3].

A conceptual framework has been developed to classify
and measure crowding within emergency departments. This
framework includes three “buckets”: input, throughput, and
output [4]. Input is defined as any factor that may increase
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the number of visitors to emergency departments, which can
include a lack of access to primary care, an increase in the
number of acutely presenting patients, and inefficient tri-
age procedures [4, 5]. Throughput is defined as the flow
of patients through the ED, which includes triage, time to
diagnostic testing, and treatment [4]. Discharge of patients
and movement to inpatient units represents the output com-
ponent and represents a commonly cited reason for crowding
in emergency departments [4, 6-9]. Output reflects chal-
lenges within healthcare systems as whole. This is especially
emphasized considering when boarding of admitted inpa-
tients within emergency departments is decreased, crowding
and wait times are significantly reduced [4, 9].

The challenges for both staff and patients related to
crowding and emergency department boarding were high-
lighted particularly during the COVID-19 pandemic, where
ED crowding spiked due to access block and the transmis-
sibility of the coronavirus [10]. Furthermore, access block
causes a dose—response increase in the rate of mortality for
patients boarded in emergency departments [7, 11].
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Further harms associated with crowding and increased
boarding in EDs include longer time to treatment, which
may in turn impact disposition and chances of admission
[12]. Crowding has also been shown to increase chances of
return visits to emergency departments and increased health-
care utilization [13]. These outcomes are also not equal to
every patient, the longstanding impacts of crowding have
been shown to disproportionately impact disadvantaged
populations to a greater degree [3].

The metrics of crowding have been measured and
reported in several ways to optimize reporting of causes and
harms of crowding. Metrics include patient flow in hospital
beds, ED length of stay, or ED volume [5, 14]. These met-
rics were developed to assist in studying and understanding
research to influence clinical practice guidelines.

There is a growing body of literature investigating the
causes, measures, and harms of crowding in emergency
departments. Approximately 200 total studies have been pub-
lished yearly on emergency crowding in the last five years. Of
these, approximately 20 are systematic reviews. The selected
systematic reviews inform further research on interventions
which may then be used to provide solutions to the current
crisis of crowding in emergency departments. However, the
global literature has not yet been summarized in an overview
of reviews format, which aims to summarize the current state
of the literature on these issues. While solutions for the crowd-
ing concerns may be local, there is a need for evidence-based
decision making, thus data synthesis is useful in this field.

This overview of reviews seeks to synthesize the field
of ED crowding with a focus on the causes, harms, and
measures of overcrowding in emergency departments. This
review will apply a global perspective and will cover fac-
ets of emergency department crowding from the perspec-
tive of input, throughput, and output. A second overview of
reviews, which will analyze data from 2010 onwards, will
focus on interventions and solutions and be presented in a
subsequent paper.

Methods

We compiled evidence from self-defined systematic reviews
that assessed the factors that cause ED crowding, appraised
the measures of ED crowding, and analyzed the outcomes
and harms related to crowding. Methodology was sup-
ported by the current PRIOR statement [15] for overview
of reviews.

Eligibility
Articles were considered to be within scope of the study if they

were: self-defined systematic reviews; if the reviews included
an analysis of input, throughput, or output in the emergency
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department; had quantitative data available on the metrics of
overcrowding; included data on the harms of overcrowding;
analyzed the causes of overcrowding; or if the reviews were
emergency department reviews. Studies were excluded based
on being the wrong study type; if they investigated the interven-
tions of crowding in the emergency department; if the studies
were published earlier than 2010; if the reviews investigated
specific conditions related to overcrowding; or were related to
inpatient units; or the reviews were specific to one country.

Search

A health sciences librarian with experience in systematic
reviews (HG) searched MEDLINE and Embase on the Ovid
platform, from inception to October 5, 2022, for subject
headings and keywords related to the concepts of emergency
department and overcrowding. A search filter for systematic
reviews, originally developed by the Canadian Agency for
Drugs and Technologies in Health [16] was slightly modified
to include scoping reviews and applied to the base search.
Complete search strategies can be found in Appendix 1.

Data extraction and quality appraisal

During the extraction process, four reviewers sorted the
reviews by population and intervention comparisons and
extracted the primary studies that were used in the system-
atic review. The authors, populations, and outcomes were
assessed by the reviewers. In the case of overlap, authors
were to choose the newest article and the one of highest
quality. However, given the broad search criteria and the
global nature of this review, none of the reviews were
excluded and moved forward to analysis. Reviewers inde-
pendently extracted data from each systematic review, using
a data table which was piloted by all reviewers. The primary
author then confirmed the extraction data, and conflicts were
resolved vis consensus with the whole team.

Data were extracted and tabulated for the following
details: review title and author, the year of publication, the
journal of publication, the databases which were searched
for the study, the period surveyed by the study, the number
of primary studies included, the types of primary studies
which were included, the comparison groups in the study
(if relevant), and the key findings from the authors. Further-
more, we extracted project specific metrics which included:
the problems contributing to ED crowding, the metrics of
crowding, and the harms of crowding.

Two reviewers independently assessed the risk of bias of
the included systematic reviews using the systematic review
specific JBI checklist tool [17]. The JBI tool evaluates pos-
sible biases in the reviews as well as evaluating the pro-
cess used to establish the reviews. The JBI scores for each
paper are included in Table 1. Two reviewers independently
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assessed the quality of each included article, with disagree-
ments settled by a third reviewer. Scores ranged from low
quality to high quality, with most of the studies being of
moderate quality. These ratings can be accounted for due to
the study design associated with systematic review. How-
ever, when summarizing the results into the narrative syn-
thesis, the results of moderate to high quality articles were
considered more strongly. Risk of bias from the primary
studies was collected using the JBI tool in each of the sys-
tematic reviews.

Data synthesis

We synthesized the data into a narrative review, which is
supported by the tables of statistical outcomes reported in
the original systematic reviews. Given the heterogeneity
across studies in the various outcomes, no additional sta-
tistical analyses were conducted. We reported the results of
the systematic search in a narrative fashion governed by the
PRIOR statement and the Preferred Reporting Items for Sys-
tematic Reviews (PRISMA) statement of reviews [15, 18].

Results
Results of the search process

Two hundred and fifty-eight articles were retrieved from the
seven identified databases. These articles were screened at
the title and abstract stage, then 78 were screened in the full-
text review. Thirteen full-text articles were included in the
final review. These systematic reviews contained one hun-
dred and eighty-seven individual primary studies, of which
the majority consisted of observational studies, followed
closely by randomized control trials. The PRISMA and
Meta-Analyses flowchart of the study selection is depicted
in Fig. 1.

Description of included systematic reviews

Thirteen systematic reviews, each targeting aspects related to
the causes, harms, and measures of emergency department
crowding, were retained for this project. Several studies
covered more than one category. The studies were grouped
according to these categories: (a) Four reviews evaluated
the validity of measures used to study emergency depart-
ment crowding; (b) Four studies investigated the causes of
emergency department overcrowding; and (c) Nine studies
evaluated the possible outcomes and harms of crowding in
emergency departments. Table 1 presents the main find-
ings of each systematic review, as well as the evaluation of
their characteristics and release date. The specific metrics of

crowding that were evaluated by the systematic reviews are
included in Table 2.

The primary studies consisted predominantly of observa-
tional studies. The studies were assessed by authors for over-
lap of the primary research used in the systematic reviews
and determined that the study goals between the systematic
reviews and the papers used were sufficiently unique to uti-
lize the results of each systematic review independently.

Review findings
Metrics used to assess ED crowding

Measures of crowding in the emergency department serve
multiple purposes. They provide a means with which to base
research findings, as well as a quantitative measure that can
be used to evaluate crowding interventions. Several metrics
were noted to be used repeatedly in the systematic reviews
and were appraised by authors for their effectiveness as well
as the frequency of use in quality assurance and interven-
tion research. A summary of the metrics that were evaluated
by the relevant systematic reviews are included in Table 2.
These could be classified broadly based on two headings:
patient flow measures and metrics of patient occupancy [19].
Patient flow measures rely predominantly on time, whereas
nonflow measures evaluate the number of people and utiliza-
tion of resources [19]. Measures can be further subdivided
into their aspect of emergency care: input, throughput, and
output [14, 19-21]. A commonly assessed metric, which
falls under the nonflow input category, is the number of wait-
ing room patients and waiting room wait times, including
time to triage and time to a bed in the emergency depart-
ment [14, 21]. These metrics were found to be reliable across
multiple studies, and reinforced by physician feedback, as a
good evaluation of crowding and boarding in the emergency
department [20]. Furthermore, the number of patients in the
waiting room was linked to quality of care provided in the
ED [22, 23]. A summary of the commonly investigated and
relevant patient flow and occupancy metrics are contained
in Table 3. From these, it was noted that the most prevalent
measures included flow and metrics of occupancy, number
of patients in the waiting room and the department, and the
number of boarders.

Length of stay in the emergency department, a flow
metric reflective of throughput care, was also commonly
used and highly predictive of the degree of crowding in
emergency departments [14, 21, 23]. This was accompa-
nied by various measures of ED occupancy, including at
individual time points and over an established period [14].
These time-based metrics are also used to understand the
treatment load in the emergency department. To better
understand patient experience and the efficiency of emer-
gency departments, time to diagnostic testing from entry to
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Fig. 1 PRISMA flow diagram
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Table 2 Metrics of crowding Citation Crowding metric
in emergency departments in
relevant systematic reviews m LOS

Boarder occupancy
Overcrowding Hazard Scale
No. of admitted patients

ED LOS

Waiting room time

Physician waiting time

ED occupancy

No. of patients in waiting room
No. of patients waiting to see provider
Ambulance diversion

No. of patients arriving in 6 h
Total ED volume

EDWIN score
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Table 2 (continued) Citation Crowding metric

[19] Waiting time
Waiting room filled > 6 h/day
Time to physician
No. of arrivals
No. of patients in waiting room
No of patients registered
No. of ambulance patients
No. of triage patients
Percentage of open appointments in ambulatory clinic
Ambulance diversion episodes
Average EMS waiting time
ED bed
Percentage of time in ED
No, of full rooms
Total no. of patients in the ED
ED occupancy rate
No. of hallway patients
No. of resuscitations
No. of patients waiting for specialty consults disposition by consultant>4 h
No. of ED diagnostic orders
No. of patients waiting test results
No. of nurses working
Patients treated by acuity per bed hours
No. of patients per provider
No. of patients admitted or discharged per physician
Sum of patient care time per shift
ED ancillary service turnaround time
Time to consultation
Time to room placement
ED treatment time
ED LOS
No. of admissions of boarders
Boarding time—Observation unit census
No. of patients waiting discharge/ambulance pick-up
ED admission transfer rate
Hospital admission source
Inpatient occupancy level
Hospital supply/demand forecast
ED inpatient bed capacity
No. of inpatients ready for discharge
No. of staffed acute care beds
Inpatient processing times
Inpatient laboratory/radiology/CT orders
Time from request to bed assignment
Time from bed ready to ward transfer
Agency nursing expenditures
Local home care service availability
Alternate level of care bed availability
Nearby EDs diverting ambulances
ED Work Score
CBS
System complexity
Overcrowding Hazard Scale

[28] Waiting room time
Waiting room census
ED occupancy

[21] PEDOCS
SOTU-PED

Model mapping the flow of patients through the pediatric ED
Model of physician work- load based on patient arrivals, presenting com-
plaints and conditions, and tests ordered
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Table 2 (continued) Citation

Crowding metric

[14] ED occupancy
ED LOS
ED volume
ED boarding time
No. of boarders
ED waiting room census
NEDOCS
EDWIN

[22] Timeliness of care
Time to assessment
Treatment time
Boarding time
ED LOS
Boarding occupancy
ED occupancy
Waiting room occupancy
Hospital occupancy
Hospital LOS
Staff experience

DNW

[23] Door to provider,
Door to order time
Door to disposition
Door to physician
LWBS
LBVC
Waiting time
ED LOS
Ambulance ramping
Delay to FMC

(8] ED LOS
LWBS

DNW

Hours of ambulance diversion
Hours of access block

Boarding hours

Timed patient disposition targets
EDWIN score

NEDOCS

ED census

Table 3 Summary of the division between ED patient flow and occu-
pancy (nonflow) metrics [8, 19, 23]

ED LOS ED Census

Boarding time Waiting room patients

Time to diagnostic imaging Number of boarders
Time to inpatient bed after
being admitted

Percentage of beds occupied by board-

ers within the department
Time in waiting room Number of patients in the waiting room
Time to disposition Number of ED arrivals

Number of hallway patients

Number of ambulance diversions

@ Springer

the ED can be used [14]. These throughput measures have
been associated with patient safety and employee satisfac-
tion and performance [14, 23].

Boarding, a core output metric, is most frequently
measured using comparisons between throughput meas-
ures and more specific metrics. One specific measure of
emergency department output and access block is the num-
ber of admitted patients awaiting inpatient beds, number of
boarders in the department, percentage of beds occupied
by boarders within the department, or time from admit-
ting to movement out of the ED [20, 22]. This has been
compared to the ED output measure of “number of patients
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ready for discharge” to evaluate conditions in the emer-
gency department at a given time [14, 20, 21, 23]. Finally,
the culmination of these factors, or the individual factors
themselves can be correlated with ED mortality rates,
which are commonly used to measure quality of care in
the ED [23].

The combination of the input, throughput, and output
measures can be used to generate objective scores which
have consistently been found to be a better predictive of
crowding in the emergency department [14, 19]. The noted
measures have been mentioned across several primary stud-
ies, however, more research should be performed regard-
ing the generalizability of measures and their performance
across multiple emergency department settings [19, 21].
Two composite mathematical indices assessing crowding
severity include the National Emergency Department Over-
crowding (NEDOC) score and the Emergency Department
Work Index (EDWIN) score [8, 14, 19]. Both metrics have
demonstrated a strong association with clinician opinions of
crowding, patients leaving without being seen, and ambu-
lance diversion [19]. Moreover, both have proven studied
impacts based on quantitative capacity and usage metrics
and correlate with perception of care and objective crowding
[24]. Nonetheless, in their current state these measures are
effective tools to investigate crowding in global EDs and to
investigate causes and possible interventions.

Causes of overcrowding

The causes of overcrowding, like measures of overcrowding,
can be grouped to better understand the intricacies of each
issue and to stratify possible solutions. Causes of crowd-
ing are broken down broadly into patient, service delivery,
and healthcare system-related factors, which can be grouped
further into how they impact input, throughput, and output
service in emergency departments [25, 26].

Patient presentations can impact resource utilization,
therein impacting time spent and possible crowding in global
emergency departments [8]. Factors that may increase time
spent in the ED include being critically ill, extremes of age,
male gender, and social determinants of health [25]. Thus,
the ageing of the population, particularly in North America,
and increasing patient reported loneliness have been cited as
factors that contribute to increased patient presentations and
longer length of stay in the ED [25, 26]. The speed of service
delivery to these patients is impacted by ED staff-related
factors, which may further exacerbate crowding issues [27].

Emergency service delivery via healthcare staff and flow
in the emergency department impacts crowding through
input, throughput, and output metrics [25]. Service deliv-
ery factors include a delay to discharge or imaging and lab
investigations, increased time to inpatient consultation,
staff fatigue, and crowding itself, which causes delays to

diagnostic tools and final diagnoses [8, 25-27]. Inadequate
staffing of nurses, high rates of provider burnout, excessive
workloads, and high staff turnover is strongly associated
with throughput causes and may further aggravate crowd-
ing issues [27]. While these are staff-related factors, they can
be exacerbated by system-related factors, wherein healthcare
system environments can significantly worsen conditions for
staff [8].

Crowding in EDs globally presents a system-wide health-
care related issue, and is worsened by lack of access to both
primary care and tertiary care [25]. Globally, crowding has
also been linked to a lack of access to non-urgent primary
care centers, leading to increased low acuity presentations
in emergency departments [8, 25, 26, 28]. Departments have
also noted an increase in mental health and addictions pres-
entation due to limited access to resources and primary care
physicians [26]. Furthermore, boarding of admitted patients
in the ED, the most commonly cited cause of crowding, is
shown to be caused by a shortage of inpatient beds, which is
a result of challenges in hospital wards manifesting as high
occupancy levels [25]. It is important to acknowledge that
crowding is a global healthcare challenge, but should be
informed by local considerations in order to tailor interven-
tions to identified causes [8].

Health and system impacts

The importance of investigating ED crowding is emphasized
when understanding the impacts to patients, healthcare staff,
and the healthcare system at large. [8, 11, 14, 22-25, 27,
28]. These outcomes are the basis of many measures that
are used for crowding research in the ED and highlight the
importance of this research. Patient harms of crowding, at
its worst, include an increased risk for morbidity, adverse
events, and mortality [6, 25, 28]. Lesser effects of crowd-
ing include delayed time to assessment, decreased quality
of care, or medication errors which may cumulate in low
patient satisfaction [11]. Crowding can also cause increased
walkouts prior to receiving care, which may contribute to an
increased chance of readmission and prolonged time in the
hospital [14, 24, 25]. These patient factors are further exac-
erbated by the impacts that crowding has on the healthcare
system.

Crowding’s influence on the system impacts quality of
care and the health of providers and patients. Crowding
results in an increased workload, which decreases perfor-
mance and efficiency, and increases the amount of time that
patients spend in the ED [8, 14, 28]. Furthermore, as was
observed during the COVID-19 pandemic, a high rate of
bed occupancy can result in poor infection prevention and
the spread of respiratory infections [28]. All these factors,
including poor compliance to quality of care and worse
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understanding of patient conditions can increase the cost of
care and treatment in the ED [11, 13, 28].

Crowding is a major patient safety concern and has a
large impact on the healthcare system and healthcare provid-
ers’ wellbeing. Understanding the magnitude of these effects
should motivate the development of interventions to better
control ED crowding in emergency departments globally.

Discussion

Emergency department crowding presents a global health-
care concern, with many inciting factors and consequential
outcomes. The results of this overview of reviews group the
main problems of overcrowding into the measures, causes,
and consequences of overcrowding. Current literature, while
heterogeneous, presents common themes with regards to the
measurements, causes, and outcomes of crowding in global
emergency departments. The measures that are used in
crowding literature can be stratified based on their aspect of
emergency care: input, throughput, and output. These were
further divided into flow and non-flow metrics, wherein one
review states that flow metrics are growing in use and popu-
larity [20]. This is in alignment with recent works, which
suggests that current literature is difficult to apply clinically
due to heterogeny between measurements and a lack of a
standard definition in many metrics, even when in the same
geographical region [29, 30]. Additionally, it was in accord-
ance with current literature that suggests that time-based
targets may be most effective in evaluating the impacts of
crowding and measuring interventions, which may warrant
further research on these flow metrics [31, 32]

The major causes of ED crowding were broken down
into patient-based, staff-based, and system-based factors.
The most prevalent issue appears to be system based, result-
ing in access block, and exacerbating patient-related and
staff-related factors. These results are consistent with cur-
rent literature, which suggests that patient-based factors may
put a strain on hospital resources and can be alleviated by
systems-based solutions [33]. This is also consistent with
research which identifies staffing shortages as both a cause
and an outcome of crowding in EDs, though lack of stand-
ardization of staffing requirements limits research into its
role as a cause [6, 8, 27]. Current literature, in line with the
results reported in this literature, reports that ED crowding
can be predicted by measuring boarding rates in the emer-
gency department [34, 35]. Thus, it is important to target
healthcare-level solutions to reduce the negative impacts of
emergency department crowding [5].

The importance of managing crowding on an interna-
tional scale cannot be understated as there are several vari-
ous negative outcomes that have emerged due to crowding.
These outcomes predominantly impact patients in terms of

@ Springer

treatment quality and resulting management shortcomings.
However, crowding has impacts on staff burnout and sat-
isfaction, and has a proven financial impact on the health-
care system. The most commonly cited factor, and the most
important in terms of patient care, is that ED crowding
increases the chances of adverse events and mortality for
patients [7]. In some cases, this association is profound; one
study showed that for every 5 h spent in the ED, chance of
mortality increased by over 50% [36]. Chances of poor out-
comes are increased, because crowding is associated with
poorer service delivery, patients leaving without being seen,
and staff burnout [3, 24, 33, 37].

Future investigations should focus on the interventions
which have found to be most effective with regards to the
heterogeneous causes of crowding [14]. A current difficulty
with current interventions is that they do not appear to be
matching the issues that have been presented in the crowding
literature [14, 38]. Thus, it is important to consider the spe-
cific community and national circumstances that are facing
departments when proposing solutions. Furthermore, these
results can be used to help inform the international conver-
sation on the global harms, causes, and measures of crowd-
ing in emergency departments. This is the first overview of
reviews to comprehensively synthesize the global literature
on crowding in this context.

Limitations

A wide range of primary studies were utilized to produce
the systematic reviews that were analyzed for this research.
While this reflects the differences in global literature effec-
tively, it results in differences in measurements and criteria
within studies, making it difficult to standardize the results.
To minimize this, we synthesized the results into a narrative
review to descriptively summarize the outcomes of interest.

Another important factor that was considered is that the
primary studies used to make the reviews were predomi-
nantly conducted in developed countries. Thus, the pre-
sented results may not reflect the current causes and out-
comes of crowding in developing countries, which structure
healthcare in a different way. The presented issues, therefore,
may not manifest in the same way and may not be effec-
tively studied using the same measurements in developed
countries.

Conclusion

This overview outlined the results of 13 systematic reviews,
which analyzed the current state of the literature in global
emergency department overcrowding. The current state of
ED crowding research employs a varied set of measurements
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that analyze all aspects of emergency care, including input,
throughput, and output. While these accurately reflect
crowding measures, there is a need to develop a standard
validated set of measures that may be used to better under-
stand crowding across jurisdictions, and thus on a global
scale. Similarly, there are several factors which cause and
contribute to crowding in global emergency departments.
The foremost of these, reflected in every systematic review
that analyzed causes, is inpatient boarding which causes
access blocks and diverts bed usage from new incoming
ED patients to those awaiting inpatient beds. Worldwide,
ED crowding is having a negative impact on the mission of
emergency care through worsening patient outcomes, ED
staff and infrastructure, and healthcare spending. While the
causes and solutions to ED crowding will be unique and
require tailoring to local circumstances, the 13 systematic
reviews highlighted here serve as a foundation for concerted
evidence-informed efforts.
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tary material available at https://doi.org/10.1007/s11739-023-03239-2.
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