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ABSTRACT
Background Emergency department (ED) crowding is
a significant international problem. There is increasing
overseas research into this field. In the UK, the focus has
been on waiting times in EDs, and on the government’s 4
h standard, rather than on crowding itself.
Aims To examine the causes and effects of ED
crowding, along with solutions. To consider whether the
4 h standard has had an effect on ED crowding in the UK.
Methods A structured literature review on ED crowding.
Results The evidence base largely consists of
retrospective or descriptive studies (65% combined) from
North America and Australasia (89% combined).
Measurement of crowding is not well developed, and the
lack of a gold standard additionally limits the quality of
research. The main cause of crowding is access block,
because of high levels of hospital occupancy. Crowding
carries a number of adverse consequences for patients
and staff. Many solutions are described, but with weak
evidence behind them. Most of these focus on
interventions in the ED, despite the fact that the main
causes lie outside. Solutions aimed at achieving the 4 h
standard may mitigate crowding.
Conclusion The extent of ED crowding in the UK is
unknown. The problem is probably mitigated by process
standards such as the 4 h standard. The causes and
effects of crowding are likely to be the same as
overseas, but there is little research to validate this. The
best solutions are not known.

INTRODUCTION
One of the most critical issues affecting emergency
departments (EDs) worldwide is crowding. The
terms ‘crowding’ and ‘overcrowding’ are not widely
used in the UK, where the problem has been framed
as one of ‘waits’. Such waits were a key focus of the
NHS plan1 in 2000. The ‘4 h target’ became a key
feature of emergency medicine (EM) practice in the
UK. Interestingly, this standard attracted attention
from around the world as a potential tool to help
tackle crowding2e4 at the same time as it was de-
emphasised in England within a new suite of
quality indicators introduced in 2011 (box 1).5

While emergency physicians (EPs) in the UK
have been focusing on the 4 h standard, the broader
subject of crowding has been extensively studied
overseas. This article attempts to examine the
causes effects of, and solutions for, ED crowding. I
will also consider whether the 4 h standard has had
an effect on ED crowding in the UK.

SEARCH STRATEGY AND RESULTS
This paper is a summary of a structured literature
review undertaken during early 2010. The full
search strategy is available in online appendix 1. I
searched the Medline, Cochrane and Business

Source Premier databases using terms relating to
crowding. The reference lists from the two most
recent reviews6 7 were also scrutinised. In total, 125
articles were reviewed. The evidence base is
predominantly made up of retrospective observa-
tional or descriptive studies (65% combined) from
North America and Australasia (89% combined).
Most studies (69%) are from single institutions,
mainly urban academic units. Paediatric EDs are
poorly represented. Only five papers originated
from the UK. The overall quality of the literature
is therefore limited, with questions over general-
isability in the UK.

DEFINITIONS OF ED CROWDING
The three main EM societies outside the UK have
published definitions of crowding or overcrowding
(table 1). There is no recognised definition for
crowding in the UK.
The terms crowding and overcrowding are

essentially synonymous, except that crowding
implies a continuum, whereas overcrowding
implies the more extreme end of the spectrum.
In 2004, Hwang and Concato11 identified 23

different definitions in their well-conducted review.
They suggested that the ‘definition of over-
crowding should focus on standardised criteria and
use operational definitions that are easily under-
stood and based on events that occur within the ED
itself ’.
Beniuk et al12 have since published an interna-

tional Delphi-based operational definition
comprising
< Impaired ability of ambulances to offload
< Patients leaving without being seen
< Delays to triage
< High ED occupancy rate
< Patients staying more than 4 h in the ED
< Delays to seeing an EP
< Delays to admission once a decision to admit has

been made
< High proportion of patients in the department

awaiting a bed.
This definition has not yet been validated.

IS ED CROWDING A PROBLEM IN THE UK?
In the USA, a government Accountability Office
report13 concluded that since 2003, when they
found crowding to affect most hospitals in the
USA, ‘crowding continues to occur and some
patients wait longer than recommended time
frames’. In 2006, the Canadian Agency for Drugs
and Technology in Health, reported that 62% of ED
directors regarded crowding as a significant
problem.14 In Australasia, a recent spot survey of all
major EDs found 76% experiencing ‘access block’ in
the morning/early afternoon.15
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The UK model of EM differs from many North American and
Australasian models in that admissions from, for example,
general practitioners, often do not come through the ED but
may go directly to other acute units. It is possible that models of
care where patients are funnelled through a single entry point
create conditions that favour crowding. In addition, the buffers
provided by downstream admission units, along with the
potential effect of the 4 h standard, may have an impact on
crowding in the UK. This, and other differences, means that
figures from overseas cannot be generalised to the UK.

I have been unable to identify any published prevalence
studies looking at crowding in the UK. Indeed, without a defi-
nition, it cannot be measured. Although attainment against
national process standards are routinely measured,16 this gives
no indication of crowding, and has, at least in the past, been
subjected to manipulation.17 Anecdotally, many, if not most,
EDs in the UK experience crowding at some times. The defini-
tion of Beniuk et al12 offers an opportunity, since at least some of

the criteria are starting to be routinely measured as part
of national quality indicators. At the time of writing, only
provisional data are available.18

Measurement of crowding
A fundamental weakness is the lack of a measurement gold
standard. There is a weak literature base describing scoring
systems of crowding. They are summarised in online appendix 2.
The problems associated with the measurement of crowding

feed through into the research. Proxy measures, which are open
to influences other than crowding themselves, are commonly
used. The most popular proxy measures are listed.
1. Ambulance diversion: subject to multiple influences such as

institutional policy, proximity of neighbouring departments,
financial considerations, and system-wide agreements.

2. Left without being seen (LWBS) rate: this is a proxy measure
of waiting time, and is again subject to multiple influences
such as patient attitudes and expectations, information
offered, time of day, age, acuity, etc.

3. ED length of stay (LOS): there is an accepted association
between increased ED LOS for admitted patients and
crowding. This is on the basis that access block/ED boarding
result in increased ED LOS. However, increased ED LOS will
also contribute to crowding. The complicated relationship
between ED LOS, ED efficiency, ED capacity and crowding
has not been fully explored or established.

Causes of crowding
General weaknesses in these mostly small studies include
variable definition of hospital occupancy, use of surrogate
markers of crowding, and implied causal relationship through
demonstration of correlation.

Input factors
Flottemesch et al offer a computer simulation of ED occu-
pancy.19 The model would need validating elsewhere. The most
striking feature was the long-lasting effect of arrivals surges on
ED census. This has congruence with a study demonstrating
‘entry overload’ as the most common reason for ambulance
diversion in one Australian unit.20 As far as case mix is
concerned, the same study described some episodes of ambu-
lance bypass because of high-acuity patients. However, two
studies attempting to examine whether lower-complexity
patients had an effect on crowding found no effect.21 22

Throughput factors
Asaro et al23 linked deterioration in ED process times with
numbers of admitted patients, boarders and inpatient bed
utilisation. Harris and Sharma24 argue that mean patient care
time in the ED is linked to both hospital capacity and numbers
of ED doctors and nurses.

Output factors
The only UK study that looked at causes found a correlation
between hospital occupancy figures and the number of patients
waiting more than 4 h in the ED.25 However, the study was
undertaken at a time when doubt was being expressed over the
reliability of reported data around 4 h figures.17

Dunn demonstrated improved ED performance, and reduced
ED crowding as measured by ED occupancy rate, during
a hospital strike in Australia.26 During the strike, hospital elec-
tive activity was suspended, and inpatient occupancy fell.
Although there is potential for confounding variables (reduced
inpatient activity will increase availability of inpatient teams to

Table 1 International definitions of crowding

Learned society Definition of crowding

American College of
Emergency Physicians8

Crowding occurs when the identified need for
emergency services exceeds available resources
for patient care in the emergency department (ED),
hospital, or both.

Canadian Association of
Emergency Physicians9

Emergency department (ED) overcrowding occurs
when the demand for emergency services exceeds
the ability of an emergency department to provide
quality care within appropriate time frames.

Australasian College of
Emergency Medicine10

Emergency department overcrowding refers to the
situation where emergency department function is
impeded primarily because the number of patients
waiting to be seen, undergoing assessment and
treatment, or waiting for departure exceeds the
physical bed and/or staffing capacity of the
emergency department.

Box 1 The 4 h standard, and the new UK emergency
department (ED) quality indicators

The 4 h standard
Introduced in 2000, this standard required that 98% of patients
attending emergency departments (EDs) were assessed, treated
and admitted or discharged within 4 h of arrival.

New ED quality indicators118

< Ambulatory care: admission rates for cellulitis and deep vein
thrombosis.

< Unplanned reattendance rate within 7 days.
< Total time spent in an ED: median, 95th centile and longest

total time spent in the ED (the standard is now that the 95th

centile should be 4 hours).
< ‘Left without being seen’ rate.
< Service experience.
< Time to initial assessment for ambulance arrivals (brief

history, pain and early warning scores).
< Time to treatment: time from arrival to start of treatment by

a decision-making clinician.
< Consultant sign off (index conditions: adults with non-

traumatic chest pain, febrile children less than 1 year old,
and patients making an unscheduled return visit with the
same condition within 72 h of discharge).
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attend ED and may improve access to diagnostics, etc) the effect
was impressive. Schull et al27 also showed a striking relationship
between systemic hospital capacity and ED crowding, after
hospital restructuring in Toronto.

Other papers examined the effect of hospital occupancy on
ED performance.28e35 The general trend is for an association
between increasing hospital occupancy and increased access
block or LOS in EDs. The point at which crowding develops is
uncertain. Hillier et al33 detected an inflection point in ED
performance from levels of hospital occupancy above 80%, and
Forster et al28 at 90%.

I found two attempts to link access to specialised beds with
ED crowding, neither of which were of sufficient quality to
allow conclusions to be drawn.36 37

EFFECTS OF CROWDING
There is extensive literature on a variety of potential effects of
crowding. Most are retrospective observational studies, often
from single EDs/research groups and usually focused on adult
populations. None of these papers originate from the UK. Most
of the papers demonstrate a negative effect on patient care,
suggesting potential publication bias. General weaknesses
include use of surrogate markers of crowding and implied causal
relationship. However, it is striking that there is an array of
articles, many of high quality, demonstrating adverse conse-
quences of crowding.

The accepted relationship between ED LOS and crowding
has been examined. Bazarian et al found shorter stays for
discharged patients after the opening of a short stay unit for
boarding admitted patients.38 Five other authors demonstrated
relationships between process times and proxy measures of
crowding, although the methodology was variable.39e43

Three studies have demonstrated increased inpatient LOS for
patients admitted during periods of access block. The two
Australian papers were well controlled,44 45 although the older
paper from the USA used much more crude data.46

If patients stay longer, either in ED or in hospital, there will be
an associated opportunity cost. Several papers from the USA
attempt to quantify this and do show a cost.47e50 Stuart
demonstrates how the case mix model used to fund Australasian
EDs underestimates the activity associated with providing care
for patients boarding in the ED.51 This financial model is more
applicable to our setting, although the calculations are based on
longer ED stays then we experience in the UK.

If crowding creates delays and unpleasant conditions in
EDs, one would expect it to be associated with poor patient
experience. A number of papers have examined this.41 43 52e58

There seems to be a clear relationship between crowding and
patients leaving without being seen, or having reduced satis-
faction. Crowding is also reported to reduce physician job
satisfaction.59 60

Clinical outcomes have received substantial attention. A
collection of papers have examined whether analgesia practice is
affected by crowding.61e65 All except one small study demon-
strated delays to analgesia. Other papers have shown: a small
increase in ambulance transport time due to diversion (clinical
significance uncertain)66 67; delays in getting antibiotics in
pneumonia68 69; increased risk of ventilator-associated pneu-
monia in trauma68; delays, reduced compliance with guidelines
and worse outcomes in patients with chest pain70e73; delays to
surgery in fractured neck of femur74; and increased risk of dying
from necrotising fasciitis.75 Finally, three studies have looked at
mortality associated with crowding. Two papers from Australia
have shown increased mortality in patients admitted from

overcrowded departments,34 76 although the definition used in
one of these papers is a little hazy. Two papers I found,77 78 along
with two reported by Pham et al,67 failed to find an association
between ambulance diversion and increased mortality, although
the results may be confounded by system factors (even during
diversion many centres will still receive critically ill patients).
Bernstein et al79 conducted a review of the literature exam-

ining the effect of crowding on clinically orientated outcomes.
There was good crossover of studies identified by this group and
those included here. Of the additional papers identified, one
reported an association between crowding and increased
frequency of medical error, and one suggested that crowding was
more common in hospitals used by socially disadvantaged
patients.
Why should crowding be associated with poorer outcomes for

some groups of patients? One can hypothesise:
< There are delays getting patients into ED spaces to allow

assessment and treatment.
< Patients spend longer in EDs than in the specialised

environments best adapted for their ongoing care. Bundles
of care specific to their needs (eg, intensive care unit
ventilator care) may therefore be delayed.

< Resources are diverted towards caring for patients who
should be in other environments, rather than for new arrivals.

< Staff are busier and therefore more likely to be prone to error/
will have less time for each individual patient.

< General working conditions become suboptimal.
< Access block is typically a daytime phenomenon, so that

patients are admitted to hospital in the evenings and
nights/weekends, when inpatient resource levels also drop.

< If crowding affects hospitals with more vulnerable patient
groups, the risk of adverse outcomes will be higher.

SOLUTIONS FOR CROWDING
The complexity of the crowding problem is evident in the
number of solutions proposed. Most of the literature is from
overseas and characterised by the same difficulties with
measurement and proxy markers as I have previously described.
There are two systematic reviews in this group. Most inter-
ventional studies are retrospective, although there are some
prospective trials and even a couple of randomised controlled
trials.

Reviews and multipronged solutions
Cooke et al80 examined ED waits in 2004. They identified
multiple potential interventions, while acknowledging that
many had limited or no evidence behind them. A subsequent
Canadian systematic review, specifically into crowding,81 high-
lighted similar breadth in potential interventions.
Cameron et al,82 Burns et al83 and Yancer et al84 have

demonstrated the potential efficacy of a broad strategy. Munro
et al,85 in a paper from the UK, described a multiplicity of
temporary interventions used to bring EDs under the 4 h stan-
dard during a ‘monitoring week’. This work carried financial as
well as performance management consequences if hospitals did
not succeed. Cameron et al86 also describes how financial
incentives can drive improvements, although subsequent
research from the same health system seems to suggest that
crowding remained an ongoing problem despite such persuasion.

Input factors
Redirection of patients to alternative facilities from triage is
described in four papers from the USA.87e90 These studies
predominantly looked at feasibility and safety, although one did
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describe reduced overall ED LOS and LWBS rate during the
intervention period.

Ambulance diversion is described in one paper as a potential
solution for crowding, rather than an effect of it.91 Initially, the
intervention was successful, but further into the study this
success was reversed. Proudlove et al,92 in a paper on bed
management, present a possible reason for this, arguing that
ambulance diversion or its equivalents may prevent hospitals
from ‘consuming their own smoke’. For example, in order to
protect its elective capacity, a hospital may elect to divert
patients away, instead of managing such elective capacity
differently.

Throughput factors
Sinreich and Marmor93 offer a computer model suggesting that
the major causes of process delays in ED are imaging, waiting for
blood tests, and waiting for a physician evaluation. Several
authors have shown improvements in ED LOS +/� LWBS rate
from individual process improvements directed at these
components within EDs. These include the use of bedside
registration,94 95 senior physicians seeing patients at triage,96

and improved laboratory systems offering faster turn-
around.97e99 Queue management systems based on lean
(‘streaming’),100 and structural reorganisation to bring teams
forward in the process,101 have both been shown to reduce ED
census. Thornton and Hazell102 describe how ED efficiency and
occupancy were improved when junior doctors went on strike.
The suggestion is that senior doctors are better. The
confounding factor here was that elective surgery was cancelled,
and emergency capacity therefore increased. Finally, Boyle
et al103 describe an ambitious redesign of a complete ED system.
Unfortunately, no ED-based process measures were included
beyond continued success in meeting the 4 h standard.

Output factors
Most of the literature I identified in this domain examined
relatively small-scale solutions to output issues, compared with
the systemic nature of the problem. The survey of Bazzoli
et al104 confirms the feeling among stakeholders in US health
markets that hospital capacity constraints impact on EDs.
Staffing was identified as a key component of capacity. Khare
et al105 modelled an ED and showed that the departure rate was
the key factor in ED LOS, and that simply increasing ED
physical capacity would not cure crowding. This proposition
was supported in the real world by Han et al,106 who reported no
change in ambulance diversion and an increase in ED LOS, when
the number of beds in their ED was doubled. Viccelio et al107

have demonstrated the safety of a protocol allowing patients to
be ‘pushed’ into inpatient hallways, but did not study the effect
on crowding, while Hung and Kissoon108 (computer modelling)
and Quinn et al109 (real world) demonstrated a small reduction
in ED LOS +/� ambulance diversion when patients were
transferred directly into inpatient beds without waiting to be
reviewed by inpatient teams. The best-studied intervention is
the use of holding units, observation units or assessment units
to decant patients from the ED. The computer model108 and five
studies38 110e113 describing this change demonstrate some
potential benefits, although three of the real-world studies used
weak outcome measures, and the effects across all studies were
variable.

Finally, Frank et al114 describe an innovative psychiatric
emergency centre designed to stream away psychiatric patients.
This important subset of patients can consume disproportionate

resources, and tolerate waits poorly. Unfortunately, the paper
does not describe the effect on crowding, or waits, for this group
of patients.

Overall
Multiple solutions have been studied, but few have been studied
well. Solutions aiming to manipulate input have not been
shown to be effective. Improving processes in the ED has been
shown to reduce LOS, although the effect on crowding is
uncertain. Increasing the physical size of the ED is of uncertain
benefit. The use of downstream assessment units, which act as
buffers between the ED and the main hospital, has been shown
to be effective. There is a paucity of research directed at the
known key causes.

HAS THE 4 H STANDARD BEEN AN EFFECTIVE TOOL FOR
COMBATING ED CROWDING?
ED crowding is not measured in the UK. It is therefore not
possible to state whether the 4 h standard has reduced it. It is
possible to state that the 4 h standard has resulted in most
patients spending <4 h in EDs (table 2).
There is a theoretical basis to understanding the potential

effect of the 4 h standard on ED crowding. Little’s law, used to
describe flow on production lines, can be rewritten for the ED:
Mean number of patients in the ED ¼ mean arrival rate 3

mean time spent in the system.116

For an ED, the arrival rate is not open to control. Reducing
overall time in the ED by limiting stays to, for example, 4 h will
reduce the number of patients in the ED, and hence crowding.
The standard has been a powerful driver for multiple inter-

ventions designed to manage demand, improve ED efficiency
and throughput, and drive improved flow through hospitals. As
there is strong crossover between interventions designed to help
achieve the 4 h standard and those that are proposed to reduce
crowding, it is reasonable to assume that crowding has been
reduced as a result. It should be stressed, however, that I found
no objective evidence to support this assertion.

WHAT NEXT?
This study triangulates well with other published research in
this field. In addition, Morris et al117 have recently published
a detailed ‘conceptual synthesis’ aiming to review potential
solutions for ED crowding. They concluded that the ‘literature
on solutions is less well developed and therefore less useful to
practice’. There is a disconnect between research looking at
causes and that studying solutions. While the causes of ED
crowding appear to lie outside the ED, the solutions studied
have predominantly been within EDs. One might speculate that
this is because EPs will research what they can influence
(processes within the ED), or, because other known factors such
as hospital occupancy are extremely difficult to influence and
study. Future research needs to be directed more clearly at the
principal causes.

Table 2 Reported national performance against 4 h
standard115

Period covered by data
Percentage of patients
spending <4 h in EDs

OcteDec 2002 (oldest data available) 78

OcteDec 2009 97.84

ED, emergency department.
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SUMMARY
Crowding is a significant problem in EDs around the world.
There is a substantial but relatively weak evidence base, largely
made up of retrospective observational studies from North
America and Australasia. Most of the research in this area has
been carried out by EPs, with potential for bias.

Measurement of crowding is not well developed, with poor
derivation/validation and gold standards that can be questioned.
Measures that have been developed are not generally used in
crowding research.

Access to inpatient beds is the likely main cause of ED
crowding. There is a reasonable body of evidence correlating
hospital occupancy/capacity with ED crowding. Access to
specialised hospital beds has not been established as a contribu-
tory factor. Arrivals surges can lead to prolonged increases in
ED census. There is no evidence suggesting that low-acuity
patients cause ED crowding, although high-acuity patients may
do so.

A wide range of effects due to crowding have been demon-
strated, and there seems little doubt that it is harmful.
Crowding reduces departmental efficiency and may increase ED
LOS in and of itself. It has been associated with increased
inpatient LOS and poor patient/physician satisfaction. A variety
of effects on morbidity and mortality have been demonstrated.
There is direct and opportunity cost associated with the
phenomenon. Ability to respond to major disasters and
emergencies may be affected.

Multiple potential solutions are described, both individual and
multipronged. There is limited evidence in this domain. Multi-
pronged solutions may be more effective. These are directed at
input, throughput and output domains. The effect of the 4 h
standard on ED crowding in the UK is not known, but is likely
to be beneficial.

Recommendations for action are listed below.
< The problem of ‘waits’ in EDs in the UK should be reframed

as one of ‘crowding,’ to bring us into line with international
EM.

< In your EDs, hospitals and local health communities, educate
clinicians and managers that crowding is a systemic disease
that harms patients.

< Develop a culture in your ED/hospital that crowding is
unacceptable for quality reasons, rather than because it is
associated with failure to hit particular performance
standards.

< Measure ED occupancy frequently/in real time so that the
extent of the problem becomes visible.

< Measure hospital occupancy more frequently/in real time so
that high levels of occupancy, when it matters operationally,
are recognised.

< Include consideration of crowding and access block in
emergency preparedness planning, especially for events such
as pandemic flu.
The following are recommendations for research.

< Develop a definition for crowding.
< Develop a simple validated measure of crowding, based on

that definition, that can be incorporated into the recom-
mended datasets for UK EDs (the opportunity to do this
currently exists).

< Research systems-wide solutions on the basis of existing
evidence and operations theory, with the aim of mitigating
the risk/problem of crowding (box 2).
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